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INTRODUCTION 

FOR A LONG TIME, ostracods have been significant faunal 
constituents. Today, they a r e  found thriving in ocean 
depths, shallow ponds, arct ic  lakes, tropical lagoons, 
estuaries, brackish swamps, subterranean waters, springs, 
water holes, and puddles. Whatever i t s  size, salinity, 
temperature, or depth, nearly every body of water contains 
ostracods. In the geologic past these tiny crustaceans pro- 
duced an impressive record, One entire volume of the 
Treatise on Invertebrate Paleontology is devoted to the 
Ostracoda. 

F o r  animals so diverse and numerous, and adapted to 
so  many aqueous environments, one might expect detailed 
knowledge of their biology and ecology. This is not the 
case. Remarkably little is known of their life history, 
tolerances, and relations to other organisms. 

Still more regrettable is the poor understanding of 
their anatomy. Especially during the las t  half century, 
taxonomy has proliferated until i t  has been suggested 
that ostracodology could stand a s  a field of study of equal 
stature with malacology. Realistic evaluation is overdue. 
Taxonomy should progress  with morphology. Even though 
a multitude of species, genera, families, and higher taxa 
have been erected, however, no living dimorphic species 
has been adequately described. 

This short contribution concerns the morphology of the 
adult male and female of Candona suburbam Hoff, a f resh-  
water ostracod. I cannot claim that it is a complete t reat-  

ment of the species. Immature instars a re  completely 
ignored. But the valves, appendages, and internal organs 
of adults of this species a re  described and illustrated, with 
special emphasis on dimorphism. 

The work is published a s  part  of National Science 
Foundation project GB-26, entitled "Recent and Fossil 
Ostracoda from the Vicinity of Sapelo Island, Georgia. " 
Significant par ts  of the work now underway on the project 
will deal with the ecology and taxonomy of Recent and 
fossi l  species f rom that area. The present study is based 
on specimens collected in Illinois, but the information on 
morphology and dimorphism applies directly to many other 
ostracods. Because it  is deemed fundamental to other 
par t s  of the project, i t  is published first. 

My study of Candona suburbam started in 1948 at the 
University of Illinois under the direction of the late Pro-  
fessor Harley J. Van Cleave. The sections illustrated 
here were prepared by Miss Marion Birkner, his techni- 
cian. Of the numerous slides made of the species, the 
most instructive were selected to show the nature, position, 
and structure of internal organs. 

The species was referred to in a non-technical article 
(Kesling, 19 56) and illustrated in a paper on Zenker 's 
organs (Kesling, 1957) and in the Treatise on Invertebrate 
Paleontology. The choice of Candona suburbam in these 
studies was a matter of convenience, not a piecemeal 
investigation of the species. The following is the f i r s t  
comprehensive report  on this ostracod. 



T A X O N O M I C  P O S I T I O N  O F  RNDONA SUBURBRNA H O F F  

In any study of anatomy, the taxonomic position of the 
subject is important. Whatever characteristics a r e  des- 
cribed affect the concept of the animal in one way or ano- 
ther .  The matter of the specific determination also enters 
into the evaluation of higher taxa -- whether the appenda- 
ges, systems, and dimorphism a r e  typical for the genus 
and for  the family. 

In recent years, Candonu has been subjected to two 
very different interpretations. For  a long time, the genus 
was erroneously based on Cypris candida 0. F .  Mtiller 
1776 a s  the type species, according to the designation of 
Brady & Norman (1889). The literature on Candunu expan- 
ded under this concept, including such works a s  Claus 
(1893), ~ i v r a  (1891), G. W. Mtiller (1912), Sharpe (1918), 
S a r s  (1922-28), and Hoff (1942). This was the accepted 
version of the genus for  over half a century, and micro- 
paleontologists and zoologists learned it  this way. 

In 1955, however, Howe discovered that Candona was 
really a very different kind of ostracod, one which was 
familiar to workers a s  Herpetocyrpis. He pointed out that 
one year after describing Candona, Baird had designated 
(1846, p. 414) his own earl ier  species Cypris reptans Baird 
1835 a s  i ts  type. Since Brady & Norman (1889, p. 84) had 
chosen Candona reptans Baird (1850, p. 160, pl. 19, figs. 
3, 3a) a s  the type species of their genus Erpetocypris, 
Candona became objectively the senior synonym of Erpeto- 
cypris and Sars '  (1890) invalid emendation to Herpetocypris. 
Howe (1955) suggested that the ostracod fitting the current 
concept of Candona might be Typhlocypris. 

In 1956, Sylvester-Bradley took action to preserve the 
widespread concept of Candona and Erpetocypris. He 
petitioned the International Commission of Nomenclature to 
have Cypris candida 0. F .  Mtiller 1776 declared a s  type of 
Candona and Cypris reptans Baird 1835 declared as type of 
Erpetocypris.  His suggestion was followed by Wagner 
(1957) in his important work on detailed carapace descrip- 
tions. 

Nevertheless, in the Treatise on Invertebrate Paleon- 
tology volume on Ostracoda (1961, p. Q233), Swain inter- 
preted Candona in the light of Cypris reptans a s  the type 
and Erpetocypris a s  objective junior synonym. He also 
(1961, p. Q234) se t  Eucandona Daday 1900 as  the genus 
satisfying the content of Candona according to Brady & 
Norman (1889) non Baird (1845). 

In this paper, Candona is interpreted in the light of 
Cypris candida a s  the type species. 

Order Podocopida Mtiller 1894 

Marine and fresh-water ostracods. Dorsal border 
curved, o r  if straight much shorter than total length. No 
permanent anterior opening between valves. No heart.  
Two or  three pa i r s  of thoracic legs. 

Suborder Podocopina Sars  1866 

All the fresh-water and some of the marine ostracods. 
Three pairs of thoracic legs. Exopod of antenna repre -  
sented by at  most a scale and a few setae, never a well- 
developed branch. Furca rodlike rather than larnelliform. 
Eyes present in most. Closing-muscle scars  discrete, 
arranged in distinctive group. 

Family Cyprididae Baird 1845 

Many fresh-water and some marine ostracods. Valves 
in most species reniform, lacking sulcation; their surf ace 
smooth or weakly ornamented. No teeth in hinge. Left 
valve usually larger  than right. 

Endopod of antennule long, with well-developed swim- 
ming setae. Each of three pairs  of thoracic legs different. 
Anterior part of f i r s t  thoracic leg modified as  accessory 
food-gathering structure; posterior part in male a clasping 
organ used in copulation. Second thoracic leg with strong 
terminal claw. Third thoracic leg adapted to clean body 
and appendages. Furcal ramus well-developed in most; 
only in  Cypridopsinae small and ending in whiplike process. 

Subfamily Candoninae Kaufmann 1900 

Valves thin and white o r  light colored, many trans-  
lucent and some nearly transparent. Ventral border long, 
in most species nearly straight or slightly concave. Hinge 
line considerably shorter  than ventral border. Many 
species exhibiting dimorphism in size and shape of valves, 
setae on antenna, palp of f i r s t  thoracic leg, and shape of 
claws of furca. Males with special setae on antenna. No 
swimming setae on antenna. Outer masticatory process of 
maxilla with two o r  three setae modified a s  spines. Palp 
of f i rs t  thoracic leg in male forming unjointed clasping 
organ; right and left clasping organs different. Third 
thoracic leg with three long setae on terminal podomere. 
Furcal ramus well-developed, two claws at or near the 
end. Zenker's organ with seven wreaths of chitin spines. 
Chitin wreaths of Zenker's organs in the male and eggs in 
the female visible through the thin valves. Creeping f o r m s ,  
unable to swim except for brief intervals. Many species 
in ponds, a few in s t reams.  

Genus Candona Baird 1845 

Posterior border in female valve gently convex in 
some species, nearly straight in others, set a t  obtuse 
angle to dorsal border, not evenly rounded between dorsal 
and ventral borders  like that of male; posteroventral 
border of female sharply round to angular. One closing- 
muscle scar  above, the others forming rosette below. 

Antenna with five podomeres in female; penultimate 
podomere in male not divided, but provided with two large 
setae on the inner face at the line of demarcation between 
the two parts.  Two terminal podomeres of mandibular 
palp short, each nearly square in lateral view. Exopod of 
f i r s t  thoracic leg rudimentary, two or three setae. Endo- 



pod of third thoracic leg with three or  four podomeres; 
second podomere in  some species corresponding to second 
and third in others; in species with four podomeres in 
endopod, no se ta  at  junction of second and third podomeres. 
Terminal podomere of third thoracic leg very short, bear-  
ing two backwardly directed setae and one long forwardly 
directed seta, a t  least  one of the backwardly directed 
setae long. Furca well-developed, its ramus large, with 
two strong claws and one or two setae; seta on r e a r  border 
of ramus proximal to subterminal claw by a distance at 
least twice the narrowest width of the ramus. 

Group Acuminata Klie 1938 

Valves elongate; height in most species less  than half 
the length. Mandible with four setae in the group near r e a r  
distal border of f i r s t  podomere in endopod, and middle seta  
at distal edge of second podomere in endopod without secon- 
dary setae. Exopod of f i r s t  thoracic leg consisting of two 
setae. Genital lobe of female pointed and elongate at  rea r .  

Candona suburbam Hoff 1942 

Candona suburbam Hoff, 1942, pp. 88-92, pl. 4, figs. 49- 
54; pl. 5, figs. 55-57; Kesling, 1956, pp. 82-86, 90- 
94, 114-15, figs. 1-7; Kesling, 1957, pp. 179-80, figs. 
1-5, 8-9. 

Length of female valve less  than 1.25 mm. Rear part 
of dorsal border of female valve somewhat angular, not 
evenly curved at  junction with posterodorsal border; pos- 
teroventral border not angular. Posterodorsal margin of 
valve not ornamented. Second podomere in endopod of sec- 
ond thoracic leg a s  long or  longer than the third. Of the 
two setae on posterodorsal border of terminal podomere of 
t h r d  thoracic leg, the longer less  than twice a s  long a s  the 
shorter.  Ramus of furca with front border more than eight 
times a s  long a s  its least width and more than twice a s  long 
a s  the subterminal claw. No seta  on posterior part of body 
above furca. Outer lobe of penis undivided. Genital lobe of 
female a single subconical protuberance, neither bifurcate 
nor finger -like. 



GENERAL A N A T O M Y  

Candona suburbana Hoff is,  in general, a typical f resh-  
water ostracod of the suborder Podocopa. The animal may 
be divided into four parts: carapace, hypodermis, body, and 
appendages. When closed, the two valves of the carapace 
completely encase the r e s t  of the animal. The valves a r e  
the only calcified parts  of the ostracod. The hypodermis, 
which secretes  the valves, is a layer of tissue lining the 
inner surface of each valve. Dorsally the two parts of the 
hypodermis a r e  connected to the soft tissues of the body. 
The body is an elongate sac  hanging down from the dorsal 
par t  of the carapace. The body contains the digestive sys-  
tem, the central nervous system, the endoskeleton, some 
excretory glands, certain secreting glands, and parts of the 
sex  system. The appendages a r e  attached to the body. 

Valves 

The two valves a r e  of nearly equal size. The left i s  
slightly larger  than the right and overlaps it around the f r e e  
edge. The carapace is opened by the contraction of a liga- 
ment, which l ies  along the dorsal border. It is closed by 
contraction of closing muscles, sometimes called the adduc- 
tor muscles, which a r e  attached at  their ends to the valves 
and extend through the body (pl. IX, figs. 4-9). When the 
carapace i s  tightly closed it  i s  hermetically sealed. When 
the animal dies, however, the closing muscles relax and 
the carapace gapes open. The valves not only serve as  a 
protection for the body and appendages, but also as  an 
attachment for muscles operating certain appendages. 

The valves show muscle s c a r s  and, for  some time after 
the death of the animal, the impressions of the testes (fig. 1). 

The valves of Candona suburbana a r e  dimorphic. 
Those of the male a r e  elongate oval in lateral view and 
have no angulation between the dorsal and posterodorsal 
borders  (fig. 1). They a r e  distinctly larger than those of 
the female (compare f igs .  1 and 2). 

Each half of the hypodermis hangs down from i ts  
junction with the body a s  a curved flap of tissue (pl. I, 
figs. 1-3). It has the same curvature a s  the valve to which 
it  is  attached. The inner surface of the hypodermis is 
covered by a thin layer of chitin, which is continuous with 
the layer covering the body. 

Each half of the hypodermis houses testes (fig. 6; pl. I, 
figs. 2-3), a liver (fig. 8; pl. 8, figs. 2-8), and an excre- 
tory gland B or  "shell gland" (fig. 6; pl. VI, figs. 1-9). It 
also contains sensory nerves connected to small hairs o r  
setae, which extend through pores in the valves and warn 
the animal of external objects near the carapace. 

Body 

The body of this ostracod i s  elongate. Although the 
body has no true segmentation, the cephalic region can be 
readily distinguished from the thoracic. There i s  no 
abdominal region in ostracods. The cephalic region has 
much greater  height than the thoracic. 

O F  ADULT MALE 

The cephalic region is made up of a forehead (fig. 3) 
in the anterodorsal, an upper lip (figs. 3, 8; pl. 11, figs. 
1-3) in the anteroventral, a mouth in the ventral, and a 
hypostome (fig. 8; pl. 11, fig. 1) in the posteroventral 
part.  The forehead and upper lip a r e  rigid, but the hypo- 
stome can be moved back and forth in feeding. The ceph- 
alic region has four pairs  of appendages attached to it 
(fig. 3). The antennules a r e  high on the sides of the nar- 
row forehead. The antennae a r e  set  below the antennules 
on the sides of the forehead near its juncture with the 
upper lip. The mandibles a re  located at  the sides of the 
mouth, and their palps extend forward along the sides of 
the upper lip. The maxillae lie along the sides of the 
hypostome. The cephalic region contains the eye, several 
glands, the front part of the digestive tract,  and most of 
the central nervous system. 

The thoracic region has three pairs  of thoracic legs 
attached to its anterior half and a pair of furcae to i ts  pos- 
teroventral end. Between the thoracic legs and the furcae 
a r e  the penes. The thoracic region contains most of the 
sex system. Much of this part of the body i s  occupied by 
the Zenker's organs or ducti ejaculatorii. The thoracic 
region also houses the r e a r  parts of the digestive and 
nervous systems. 

Appendages 

The antennules (fig. 3)  a r e  long, tapering, uniramous 
appendages. The bases (pl. VI, figs. 1-6) a r e  very broad 
and set  close together on the sides of the forehead. The 
other podomeres a r e  nearly cylindrical, distally decrea- 
sing in diameter, so  that the terminal podomere i s  quite 
small.  The antennules a r e  used mostly as  sensory organs 
in walking. Their long setae feel the a rea  in  front of the 
animal. In use the antennules a r e  concave forward, but 
when the carapace closes they a r e  curved convex forward 
to fit along the front of the forehead and upper lip, between 
the antennae. 

The antennae (fig. 3) a re  strongly constructed appen- 
dages of five podomeres each. Their bases  (Pl.  VI, figs. 
1-9; pl. VII, figs. 1-9) a re  reinforced by thick r i m s  of 
chitin. From the bases, which a re  fastened to the sides of 
the forehead near the upper lip, the antennae project for-  
ward, down, and thence posteroventrally to the terminal 
claws, with sharp angulation between the second and third 
and between the third and fourth podomeres. The antennae 
a r e  used in walking. The claws a re  particularly adapted 
for crawling over masses of algae on which the animal 
feeds. On the r e a r  border of the third podomere of each 
antenna is  a modified seta (the "sense club") that i s  
thought to be sensory. 

The mandibles (fig. 3; pl. I, fig. 1) have long basal  
podomeres set at the sides of the mouth. At its dorsal tip, 
each basal podomere i s  pivoted to a chitin structure at- 
tached to the valve by short muscles. At i ts  ventral end! 
the podomere has heavily chitinized teeth used in masti- 
cation. The teeth of the mandibles a r e  curved inward. In 
the chewing process the teeth of the two mandibles meet in 
the center of the mouth (pl. WI: fig. 3). The palp of each 
mandible i s  attached to the lower half of the basal podo- 



mere, and extends forward and down along the sides of the 
upper lip. By the small claws at  i ts  end, the palp drags 
food particles backward to the mouth. From the first 
podomere of the palp, an exopod plate extends upward and 
terminates in long setae. 

The maxillae (fig. 3; pl. I, fig. 1) a r e  curiously modi- 
fied appendages. They a r e  located immediately behind the 
mandibles and at  the sides of the hypostome. The base of 
each maxilla has more or  less  the shape of a diagonally 
truncated cup. It  is dorsally acuminate and slants paral- 
le l  to the basal podomere of the mandible. At the antero- 
ventral end of the base there a r e  four projections of the 
maxilla (pl. Vm, figs. 3-6)) each equipped with several 
setae.  The four projections l ie  side by side, nearly hori- 
zontal along the bottom of the hypostome. The inner three 
a r e  termed "masticatory" processes and the outer is the 
palp. The term "masticatory" i s  not correct,  because the 
processes  function only to push food forward to the mouth. 
The "masticatory" processes a r e  not sharply set  off f rom 
the r e s t  of the base, but project like the fingers from a 
glove. The palp, which is the only projection that can be 
seen in lateral view after removal of the valve, has two 
podomeres. The "masticatory" processes a r e  nearly 
rigid, but the palp can move independent of the base. 
When the animal feeds, the entire maxilla swings back and 
forth and the setae shove particles into the mouth. From 
the middle of the base, an exopod plate extends toward the 
r e a r .  This plate is delicate and bears  many setae along 
i t s  ventral edge. It is sometimes called the branchial 
plate because i ts  beating motion is assumed to aid r e s -  
piration. 

The f i r s t  thoracic legs (fig. 3; pl. I, fig. 1) a re  part 
of the thoracic region, but a r e  intimately associated with 
the hypostome. The upper par t  of each leg is pivoted to a 
la teral  projection from the r e a r  of the hypostome. Each 
f i r s t  thoracic leg consists of a vertical protopod or base, 
an extension of the protopod toward the front, an endopod 
or  palp toward the rea r ,  and a small exopod just above the 
palp. The front ends of the protopods of the two legs bear 
many setae, which a re  used to shove food toward the mouth. 
They a r e  se t  close together along the base of the hypostome 
and a r e  obscured by the maxillae. The palps project out- 
ward a s  well a s  backward, so  that their ends lie along the 
s ides of the second thoracic legs. The palps have their 
ends modified a s  grasping organs, which a r e  used in copu- 
lation to clasp the edges of the female valves. The left 
palp differs slightly from the right. The exopod is only a 
pair of setae extending backward from the base, just above 
the palp. 

The second thoracic legs (fig. 3) a r e  used for walking. 
They a r e  long uniramous appendages with strong terminal 
claws. The bases of these legs a r e  se t  a t  the sides of the 
body behind the f i r s t  thoracic legs (pl. I, fig. 1). Although 
the base of each leg is  vertical, the r e s t  of the leg extends 
toward the r e a r .  The base of the leg is nearly rigid, but 
the other four podomeres can be strongly flexed. 

The third thoracic legs (fig. 3 )  a r e  modified for clean- 
ing the inside of the carapace of debris.  At rest ,  the base 
of each leg is vertical, the second podomere i s  directed 
backward, and the last three podomeres a r e  vertical; thus, 
the leg has nearly a U-shape with the anterior tip of the U 
fastened to the body above and behind the base of the second 
thoracic leg and the posterior tip f ree .  In use, however, 
the long base of each leg can be enrolled on itself a full 180 

degrees. The base can also be swung forward or back, so 
that the tip of the leg can be brought to alraost any point on 
the body. The t ip  of the leg has three long setae, which 
a r e  used to sweep foreign particles out of the carapace. 

Furcae 

The furcae (fig. 3) a r e  attached to the posterior end of 
the animal. Each furca is very long, more than one-third 
the length of the carapace. It  has a long basal podomere or 
ramus and two strong terminal claws. When retracted, the 
furcae extend forward along the genital lobes and their 
claws lie between the second thoracic legs. When extendeq 
they project f rom the posteroventral part of the carapace. 
The furcae a r e  used in walking. 

Digestive Sys  tern 

The digestive system is composed of the mouth, the 
esophagus, the dorsal wulst or pharynx, the stomach, the 
intestine, the r e a r  gut, and the anus. 

The mouth (pl. II, figs. 1-2; pl. VIII,  figs. 3-4) i s  
located behind the upper lip and in front of the hypostome. 
The teeth of the mandibles meet in the mouth in masti- 
cation. The mouth is nearly surrounded by appendages 
which supply it with food. The mandibular palps drag par- 
ticles back to the mouth, and the maxillae and f i r s t  thoracic 
legs shove particles forward to it. Thus, when the animal 
is grazing, great quantities of algae and diatoms a r e  
gathered into the mouth at one time. The action of the 
hypostome moves the food upward in the mouth and con- 
centrates it. 

The esophagus (pl. VII, fig. 9; pl. VIII, fig. 1) is  a 
narrow tube which moves the food upward by peristalsis.  

The dorsal wulst (fig. 8; pl. VIII, figs. 1-8) rakes the 
food particles f rom the esophagus into the stomach. It is 
a tongue-shaped organ covered with hard cuticle and 
fastened to the front part of the stomach. It has several 
rows of short bristles, which catch the particles and move 
them into the stomach, in much the same way that hay i s  
conveyed by a mechanical hay-loader. 

The stomach (fig. 8; pl. I, fig. 2) is large and nearly 
reaches the dorsal  limit of the body. It is constricted at 
i t s  posterior end where it  joins the intestine. Apparently 
all  digestion takes place in the stomach. When food is pre- 
sent in the stomach, i t  forms a ball and is covered with a 
viscous fluid. 

The intestine (fig. 8; pl. I, fig. 2) is short and narrow. 

The r e a r  gut (fig. 8; pl. I, fig. 2; pl. X, figs. 4-9) is 
elongate and smaller than the stomach. Usually it contains 
a fecal pellet made up of diatom skeletons and indigestible 
macerated fragments of algae. 

The anus (fig. 8) is a small opening at the r e a r  of the 
body a little above the furcae.  

T710 pairs  of secreting glands seem to aid digestion. 
The f i r s t  is a pair of small glands in the vpper lip, called 
gland L ' s  (fig. 6; pl. XUt, fig. 3). These glands open into 
the upper part of the mouth at the base of the esophagus. 
The second i s  the livers or hepatopancreases (fig. 8; pl. 
VIE, figs. 2-8), which empty into the sides of the stomach. 
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FIG. 5. Sketches of appendages and furcae made with camera lucida from dissections. All to scale near middle of figure. a. Outer face of female right antennule. b. Outer 
face of male right antennule. 2. Outer face of female left antenna and part of inner face of the right. d. Outer face 07 male right antenna and part of inner faceof the 
left. e. Outer face of female left mandible. f .  Outer face of male right mandible. g. Male left maxilla, somewhat twisted. h. Outer face of male right f i r s t  thoracic 
leg and inner face of palp of left leg. & Outer face of female left f i r s t  thoracic leg. J Outer face of male right second thoraci'c leg. 5. Outer face of female left second 
thoracic leg. 1. Outer face of female left third thoracic leg. m. Outer face of male right third thoracic leg. n. Outer face of male right furca. 2. Outer face of female 
left furca. 



Nervous System Endoskeleton 

The nervous system i s  made up of the central nervous 
system, which includes the cerebrum, circumesophageal 
ganglia, peribuccal ring, and ventral chain of ganglia, the 
ganglia of the appendages, sensory nerves, and motor 
nerves. 

The cerebrum (fig. 8; pl. 11, figs: 2-3) is  the largest  
unit of the central nervous system. It i s  located in the 
forehead. Optic nerves extend upward to the eye, and sen- 
sory nerves to the ganglia of the antennules and antennae. 

The circumesophageal ganglia (pl. 11, fig. 2; pl. VLT, 
f igs. 3-9) fo rm a ring around the esophagus. They connect 
the cerebrum to the ventral chain of ganglia. The peribuc- 
cal r ing (pl. VII, figs. 4-6) extends from the circumeso- 
phageal ganglia into the upper lip. 

The ventral chain of ganglia (pl. 11, figs. 2-3) extends 
from i t s  junction with the circumesophageal ganglia to the 
posterior end of the body. It is very large in the front par t  
(pl. VIII, figs. 4-9) but tapers abruptly behind the maxillae 
and is very small  in the r e a r  half (pl. X, figs. 1-9). It l ies  
below the stomach, intestine and r e a r  gut. Sensory nerves 
connect the ventral chain of ganglia to the ganglia of the 
mandibles and post-oral appendages. 

Motor nerves a r e  small and difficult to distinguish, 
even in stained material.  They extend from the central 
nervous system to the appendages, digestive system, 
closing muscles, genital regions, and the furcae. 

Sensory nerves lead from the appendages and the hypo- 
dermis to the central nervous system. 

Glandular Sys tern 

There a r e  two kinds of glands in this ostracod, those 
which secrete  and those which excrete. There a r e  four 
pairs  of secreting glands and three pairs  of excretory 
glands. 

Two pairs  of secreting glands have already been men- 
tioned in the discussion of the digestive system, gland L ' s  
and the l ivers .  Secreting gland N1s (fig. 6; pl. IX, figs. 
7-9) a r e  found in the central part of the body, behind the 
maxillae. The pair  i s  set  close together, and each emp- 
ties through an opening in one of the f i r s t  thoracic leg. 
The use of these glands is unknown. 

Excretory gland A's  (fig. 6; pl. VII, figs. 8-9) a r e  a 
pair of elongate sacs  which have tubular openings in the 
forehead just below the antennules. Excretory gland B ' s  
(pl. VI, figs. 1-9; pl. VII, figs. 1-7) a re  found in the hypo- 
dermis near the upper part of the forehead. Each gland 
has three parts: diverticulae, r e a r  sac, and end sac  (pl. 
XII, f igs ,  1-6). The diverticulae empty into the r e a r  sac.  
The end sac,  which appears to be a secreting gland, also 
empties into the r e a r  sac.  Only the r e a r  s a c  is connected 
by a tube with the exterior.  It empties through a short 
narrow conduit to the junction of the forehead and the hypo- 
dermis,  near the sides of the antennules. Excretory gland 
C ' s  (pl. M, figs. 6-9) a r e  saclike, and empty through 
curved ducts to openings behind the maxillae. These 
glands l ie  a t  the s ides of the secreting gland N's.  

The endoskeleton (pl. Vm, figs. 5-9; pl. IX, figs. 1- 
5) is  a complex piece of chitin situated behind the esopha- 
gus, below the stomach, and between the bases of the man- 
dibles. It is connected to the closing muscles. The endo- 
skeleton serves a s  an apparatus for  attachment of muscles 
to the appendages, the dorsal par t  of the carapace, the 
hypostome, the oral region, and two pairs  of excretory 
glands. 

Sex System 

The male sex system is complicated. Its volume i s  
greater than that of any other system in the ostracod. The 
system includes testes, vasa deferentia, seminal vesicles, 
Zenker 's  organs, and penes. The left and right halves of 
the sex system a r e  mirror  images, but the two a re  not 
connected in any part. 

Each half of the ostracod contains four tubular testes, 
located in the hypodermis (fig. 6; pl. I, fig. 3) .  They are 
curved parallel to the posteroventral border of the valve 
and thence extend anterodorsally to their junction with the 
vas deferens, a little behind the closing muscles. From 
that place the vas deferens leads forward through the dor- 
sal  part of the body. The following section of the vas de- 
ferens is known as  the "blind" vas deferens (fig. 6; pl. I, 
fig. 2). It enters the hypodermis at the anterodorsal junc- 
tion of the hypodermis and the body and runs parallel to 
the f ree  edge of the valve to the posterodorsal part of the 
body, where it ends. There is,  however, an exit f rom the 
"blind" vas deferens. In the ventral par t  of the hypodermis, 
the "blind" section is joined to another section of vas defer- 
ens in the form of a Y. The latter leads forward parallel 
to the "blind" section and enters the body at the sides of 
the forehead. The vas deferens then loops about in the 
posterior half of the body, encircles the Zenker's organ, 
and joins the seminal vesicle. 

The seminal vesicle (pl. I, fig. 3; pl. W, figs. 1-9; 
pl. wI, figs. 1-9) is a large bladder-shaped storage cham- 
ber for spermatozoa in the anterodorsal part of the body. 
In all specimens examined, the seminal vesicles were dis- 
tended with spermatozoa. Each vesicle begins a s  a gradual 
enlargement of the vas deferens below the Zenker's organ, 
extends forward along the side of the stomach, and reaches 
into the forehead. The vesicle empties into the Zenker's 
organ. 

The Zenkerls organ or  ductus ejaculatorius (pl. I, 
fig. 2; pl. X, figs. 1-9) is  a large complicated cylinder 
that, during copulation, pumps spermatozoa out through 
the penis. The left and right Zenker's organs lie side by 
side in the posterodorsal part of the body. Each consists 
of a central tube through which the spermatozoa pass (pl. 
XIJI, fig. 4), seven wreaths of chitin spines at right angles 
to the central tube and extending from the tube to the outer 
membrane (pl. I, fig. 2), and numerous tiny muscles con- 
necting the wreaths of spines together (pl. XII ,  fig. 5). A 
very narrow tube, the last section of vas deferens, leads 
from the Zenker's organ to the penis (pl. X, fig. 6). 

The penis (pl. II, figs. 1-2; pl. X, figs. 7-10) is very 
large, complicated, and heavily chitinized. It has several 
hard plates along the sides and three lobes. The opening 
of the penis is  in the inner lobe. 







FIG. 8. Candona suburbam Hoff. 5. Sketch of male dissected to show digestive system, nervous system, and framework of the body. Central digestive system and nervous 
system shown in left-half of body, liver and framework of body in the right half. Food ball and fecal pellet contain many remains of diatoms. Scale in upper right corner. 
b. Labeled diagram of digestive system and part of framework of body. 5. Labeled diagram of nervous system and part of framework of body. - 



GENERAL ANATOMY O F  ADULT FEMALE 

Except f o r  i ts  sex system, the female of Candona s u b -  Furca 
urbam is similar to the male. The valves a r e  smaller 
and have a shape slightly different f rom that of the male. Each furca of the female (fig. 50) is wider and straigh- 
Some of the appendages and the furcae also differ in de- ter than that of the male (fig. 5;). The claws also differ 
tails. But the hypodermis, the body, most of the appen- slightly in curvature from those of the male. 
dages, the digestive system, and the nervous system of the 
female a r e  the same shape a s  those of the male although 
they a r e  slightly smaller.  Gland 0 

Valves 

The valves of the female have the same arrangement 
and overlap a s  those of the male. They a r e  distinctly 
smaller ,  however, and have an angulation between the dor- 
sa l  and posterodorsal borders. The muscle s c a r s  of the 
female valves differ somewhat from those of the male. 
The valves retain the impressions of the ovaries fo r  some 
time after the death of the animal. These impressions a re  
evidently only in the chitin lining and not in the calcium 
carbonate layer of the valves. 

Appendages 

Each antenna of the female (fig. 4; pl. IV, fig. 1; pl. 
V, fig. 1) has five distinct podomeres. Each male antenna 
has a line of demarkation in the chitin of the fourth podo- 
mere,  s o  that it  appears to be made of s ix  podomeres; in 
that of the female, there is no such line. The female has 
a group of four slender setae attached to the fourth podo- 
mere. Instead of these setae, the male has two heavy 
clublike setae on this podomere. The antennae of the male 
cling to the sides of the female's valves during copulation, 
and the unusual setae of the male may have a particular 
sensory function not required in the female. 

Each f i r s t  thoracic leg of the female (fig. 4) has an 
elongate, acuminate, delicate palp with three slender setae 
a t  the end. It  i s  not modified into a grasping organ, as  is 
that of the male. No function of the female palp is known. 

Each second thoracic leg of the female (fig. 5g) differs 
in a few proportions from that of the male. The claw of 
the female is shorter than that of the male. In addition, 
the se ta  on the f i r s t  podomere of the endopod is shorter  in 
the female than in the male. 

The female has a pair of glands not found in the male. 
They a r e  the secreting gland 0 ' s  or copulatory glands (fig. 
7). They a r e  located in the genital lobes, and supply a 
secretion to the vaginae. The precise use of this secre -  
tion is not known. 

Sex System 

The female sex system is composed of two paired 
parts .  The f i r s t  part includes the ovaries, uteri, and the 
uterine openings. The second includes the vaginal openings, 
spiral canals, and seminal receptacles. The f i r s t  part is 
not connected to the second within the body of the animal. 
Furthermore, left and right halves of each part a re  com- 
pletely separate. 

Each ovary (fig. 7; pl. ;M, figs. 8-9) is a curved sac 
in the posteroventral par t  of the hypodermis. From its 
syncytium, each ovary curves down, then forward, and 
finally anterodorsally to its junction with the uterus, a 
little behind the closing muscles. 

The uteri (pl. 111, figs. 1-3; pl. V, figs. 1-2; pl. XIII, 
figs. 8-9) in the adult female a r e  normally distended with 
eggs. Each uterus expels eggs through its own opening in 
the genital lobes (pl. XIII, fig. 2). Thus, eggs originating 
in the right ovary pass  through the right uterus and a re  
laid through the uterine opening of the right genital lobe. 

The genital lobes (pl. XUI, figs. 1-2) a re  a pair of 
elongate half ellipsoids suspended from the r e a r  part of 
the body in the same position a s  the penes of the male. 
The r e a r  ends of the genital lobes a r e  conical. 

There is  a vaginal opening (fig. 7) in the front par t  of 
each genital lobe. It is near the uterine opening of i ts  lobe, 
but has no internal connection to it. Each vagina leads to 
a seminal receptacle through a narrow spiral canal. The 
two seminal receptacles (pl. IV, fig. 2; pl. XII, fig. 7 )  
a r e  side by side, but each has a distinct wall. In all  
females that have been examined, the seminal receptacles 
a r e  distended with spermatozoa. 







NON-DIMORPHIC APPENDAGES 

Appendages of this species, like those of other Can- 
dona species, can be divided into those that a r e  the same 
in male and female (non-dimorphic) and those that differ 
(dimorphic). The antennules, mandibles, maxillae, and 
third thoracic legs a r e  essentially non-dimorphic appenda- 
ges. They have the same shape and structure in both sexes, 
although those of the male a r e  slightly larger. The differ- 
ences a r e  negligible, and the non-dimorphic appendages in 
the male a r e  at  most only a few microns longer than those 
in the female. Measurements cited in this section a r e  for  
male appendages. 

Because it  seems  unnecessarily involved to refer  to 
"the articulation of the second podomere of the protopod 
with the f i r s t  podomere of the endopod, " the podomeres 
a r e  given letter designations to signify protopod (P)  o r  
endopod (E) and numbers to show their positions; the ex- 
pression then reduces to "the articulation of P2 with El. " 

Since the lengths of setae on the appendages a r e  not 
considered to have taxonomic value a s  critical as  microns, 
they a r e  here described a s  extremely long (150 microns or  
longer), very long (100 to 149 microns), long (80 to 99), 
medium long (60 to 79), medium (45 to 59), medium short 
(35 to 44), short  (25 to 34), and very short (24 microns or 
shorter).  

Antennules 

Unlike many other appendages, the antennules can be 
readily observed in the living ostracod, extending from the 
anterodorsal par t  of the carapace (pl. XIII, fig. 6). Al- 
though'candona suburbam cannot swim for great distances, 
i t  does sometimes skim just above the bottom for a few 
lengths. In skimming, the animal draws the antennules up- 
ward and back over the anterodorsal region, in repeated 
short thrusts.  The long, feathered setae of the append- 
ages act as oars .  In walking, the ostracod lowers the 
antennules s o  that the long setae explore the a r e a  in front 
of the carapace. The antennules of the female (fig. 5s) a r e  
indisting~ishable f r o m  those of the male (fig. 55). 

The bases of the antennules a r e  se t  close together near 
the top of the forehead, above the antennae (figs. 3-4; pl. 
V, fig. 3), and immediately below the eye (pl. VI, figs. 3- 
6). Each antennule is long, uniramous, tapering, and ex- 
tremely flexible. It  is composed of seven podomeres, two 
in the protopod and five in  the endopod (fig. 11). The ulti- 
mate podomere is directed posteriorly at  the conclusion of 
the skimming stroke and posteroventrally when the anten- 
nule is curved downward to l ie  against the upper lip as the 
valves a r e  closed; thus, this podomere can be turned al- 
most 360 degrees. Each of the other podomeres can be 
turned through a smaller  angle, with the number of degrees 
roughly proportional to the distance from the base of the 
appendage. 

The f i r s t  podomere in the protopod, P1, is rather com- 
plex, and appears to b e  composed of two incompletely 
separated podomeres. It  is broad and subtriangular in 
lateral view and narrow and subquadrate in dorsal view. It 
has a large basal opening, subtriangular to subquadrate, 

which can be seen on the inner face (fig. 10) and around 
which the appendage is joined to the r e s t  of the body. Like 
other podomeres of the ostracod, this one has the chitin 
covering held in place and reinforced by a frame of thick 
chitin. The posterior (or proximal) and the lateral par ts  of 
P1 bear three rodlike elements of the frame, roughly C-, 
Y-, and I-shaped. The f i r s t  two do not lie in  one plane; 
they a re  articulated on the dorsal border and on the inner 
face of the podomere. The C-shaped element, the largest 
of the three, extends along two-thirds of the basal opening. 
It begins on the outer face, extends to the dorsal border, 
where it has a short tip articulating with the Y-shaped ele- 
ment, and thence to the posterodorsal corner, where it 
fo rms  a pronounced projection (fig. 11); along the r e a r  edge 
of the podomere it  is angularly acuminate and has a notch 
at  the posterior apex; a t  the posteroventral corner it curves 
inward and continues a s  one-half of the r e a r  edge of the 
inner face; the ventral end of this element is pointed, and 
articulates with one branch of the Y-shaped element. The 
Y-shaped element lies along the front par t  of the dorsal 
border and the dorsal par t  of the inner face. It bears  a 
prominent notch at the posterior end (the base of the stem 
of the Y, a s  it were), which articulates with a tip on the C- 
shaped element; it extends forward along the dorsal border, 
and one branch continues to the end of the border, where it  
bears  a concave process that serves a s  a stop for dorsal 
movement of P2; the other branch extends from the dorsal 
border along the inner face to the front edge of the podo- 
mere, with a notch near i t s  middle that articulates with 
the ventral end of the C-shaped process. The I-shaped ele- 
ment is a short, straight rod along the anteroventral bor- 
der; i t  reaches the distal edge of the podomere. The anter- 
ior opening of P1 is surrounded by an oval of reinforced 
chitin, which bears  two blunt projections toward the front, 
one on each side, which f i t  above tips on P2 and control 
its movement. 

P1 articulates with the forehead. The notch on the r e a r  
border f i ts  onto the end of a chitin rod along the side of the 
head (figs. 3-4). The framework of the head has an antero- 
dorsal extension, which f i t s  against the posteroventral edge 
of the podomere (compare figs. 3 and 8). P1, therefore, 
pivots on the tip of the chitin rod and cannot be  lowered be- 
yond its contact wiih the extension of the framework of the 
head. Although two of the chitin elements within P1 a re  
articulated at their ends, it  does not appear that par ts  of 
the podomere can move independently. 

P1 bears  four setae. Two, very long, a r e  attached 
close together in the anteroventral part.  The third, very 
long, projects f rom the r e a r  par t  of the dorsal border, and 
the fourth, medium, from the front part of the dorsal bor-  
der .  

The second podomere, P2, is  a short,  elliptical cylin- 
der .  It has r i m s  around the two ends. Each r i m  bears  two 
projections, one on each side. Projections on the r e a r  end 
fit  below projections of P1, and those on the front end fit  
above projections on El. P2  has very limited movement 
independent of P1; there a r e  no muscles attached to it .  The 
only seta, very long, i s  attached to the middle of the dor- 
sa l  border. 



FIG. 11. Candona suburbam Hoff. Outer face of antennule 
showing internal muscles. Compare with figure 3 for 
scale .  

The f i r s t  two podomeres in the endopod, El  and E2, 
have little independent movement, and usually act a s  one 
s t ructural  unit. Both a r e  cylindrical and about the same 
diameter. E l  is about 25 microns long and E2 about 35. 
El  has a chitin r i m  around its proximal end; a projection on 
each side of the r i m  f i ts  under a projection on the r i m  of 
the preceding podomere. The junction of E l  and E2 is 
marked by only a faint line. E2 has no r i m  around i t s  dis- 
ta l  end. E l  bears  30 setae, but E2 has three at i ts  distal 
end, two dorsal  and one ventral. The dorsal  setae, very 
long, bear  fine secondary setae along their edges except in 
the basal par t s  and a r e  said, therefore, to be "feathered." 
The ventral se ta  i s  medium short. 

The third podomere of the endopod, E3, is slightly 
smaller  in diameter than the preceding. It is cylindrical 
and about 30 microns long. There a r e  three setae at  i t s  
distal end; the two dorsal setae a r e  extremely long and 
"feathered, " and the ventral one is medium. Secondary 
setae cannot be seen on the ventral setae of the endopod in 
specimens mounted in diaphane; if present, they a r e  very 
thin. The fourth podomere in the endopod, E4, is distally 
about the s a m e  diameter a s  the third, but tapers proxi- 
mally. It is about 35 microns long. At its distal end i t  
bears  four setae;  of the three dorsal setae, each "feath- 
ered" with secondary setae, two a r e  extremely long and 
one is long, whereas the ventral seta is only medium. 

The terminal podomere in the endopod, E5, is about 
30 microns long and 10 microns in diameter. At i ts  end 
a r e  four setae: extremely long (200 microns), very long, 
medium long, and medium. Each ventral se ta  in the endo- 
pod extends beyond the distal end of the following podomere, 
s o  that, as the antennule is lowered, the ventral setae a r e  
the f i r s t  p a r t s  of the appendage to come in contact with 
foreign objects. 

The basal podomere of the antennule, P1, i s  operated 
by muscles f rom the endoskeleton and from the dorsal  par t  
of the valve. These muscles can only be worked out in s e r -  
ial sections, and their exact places of attachment a r e  diffi- 
cult to  determine. Apparently, P1 has one extensor and two 
flexor muscles from the anterodorsal projection of the 
endoskeleton (fig. 9). It has, in addition, three muscles 
from the dorsal  part of the valve (fig. 10). One! short and 
almost vertical,  i s  attached to the posteroventral part of 
the podomere, but acts a s  an extensor o r  elevator. The 
other two muscles a r e  long and almost horizontal; the dor-  
s a l  one, attached to the anterodorsal par t  of P1, i s  an 
extensor; the ventral muscle, however, attached to the 
anteroventral part of P1, apparently can act a s  either an 
extensor o r  a flexor, depending on the position of the podo- 
mere.  

The musculature within the antennule i s  rather simple 
(fig. 11). One broad, thin muscle i s  located entirely within 
the P1, extending from the posterior to the anterodorsal 
border. The use of this muscle i s  unknown. The presence 
of such a muscle, a s  well as the articulated chitin frame, 
suggests that P1 acts a s  two podomeres. The extensor and 
flexor muscles that control the endopod originate in PI. 
The flexor is attached to the dorsal end of the C-shaped 
chitin element and to the ventral edge of El; the extensor 
i s  attached to the r e a r  end of the Y-shaped element and to 
the proximal dorsal edge of El. Within the endopod there 
a r e  only four muscles, two extensors and two flexors. One 
extensor and one flexor originate at the proximal r i m  of El  
and extend to the proximal edge of E3. The other extensor 
and flexor begin near the proximal edge of E3 and extend 
to the proximal edge of E5, the terminal podomere. 

Within the ventral half of P1 there is a long ganglion, 
which is connected posteriorly to the deutocerebrum and 
anteriorly to a sensory nerve bundle leading to the end of 
the appendage. An "organe chemocepteur, " such a s  Rome 
(1947, p. 90) described in Herpetocypris reptans, has not 
been found in needle dissections nor in microtomed sec-  
tions. 

Mandibles 

The mandibles have two functions, masticating food 
particles and drawing them into the mouth. The former 
may be the more important, for  the mandibles a re  the only 
chewing structures, whereas the maxillae and f i r s t  thora- 
cic legs a r e  also food gathering appendages. The mandi- 
bles lie a t  the sides of the lower part of the head, behind 
the antennae and ahead of the maxillae and closing mus-  
cles (figs. 3-4; pl. I, fig. 1; pl. 111, fig. 3) .  At their ven- 
t ral  ends the mandibles have strong teeth, which can meet 
in the atrium of the mouth, behind the upper lip and in 
front of the hypostome (pl. XII, fig. 3). 

Each mandible consists of a long, nearly vertical 
basal podomere, with teeth on i ts  lower end, and a palp, 
which extends forward from the middle of the basal podo- 
mere and down along the side of the upper lip. The mandi- 
ble is a typical crustacean appendage in having a protopod, 
endopod, and exopod, but it  i s  not typical in the arrange- 
ment of these divisions. The protopod includes the long 
basal podomere and the f i r s t  podomere of the palp; the 
endopod is  made up of the last  three podomeres of the palp; 

FIG. 12. C a n d m  suburbam Hoff. Outer face of third 
thoracic leg showing internal muscles. Compare with 
figure 3 f o r  scale. 



and the exopod stems from the upper side of the f i r s t  podo- 
mere  of the p d p .  The podomeres in the palp function a s  a 
limb and pass  particles of food backward to the mouth. 

The basal podomere, P1, about 270 microns long, i s  
the longest podomere in  the ostracod; i ts  length is greater 
than one-fifth that of the valve. I ts  acuminate dorsal tip is 
articulated with a chitin process shaped like an inverted V, 
which is attached by two tendons to the side of the valve an- 
teroventral to the closing muscles and which may be called 
the mandibular support (figs. 3, 4, 8, 10). The ventral end 
of P1 curves inward and bears  the teeth. The inner face 
is joined to the body around a very large sublanceolate 
opening, nearly three-fourths a s  long as the entire podo- 
mere,  surrounded by a thick chitin r im.  On the outer face 
there is a chitin-rimmed elongate opening to which the 
palp is attached. On the anterior edge of the podomere, 
between the palp and the teeth, is a medium short "feath- 
ered" se ta  (figs. 5 ~ ,  59. At the ventral end of the podo- 
mere,  the five broad, thickly chitinized teeth, with undu- 
lating o r  s e r r a t e  cutting edges, and three very short setae 
a r e  s e t  in  strong chitin. 

P2, the second podomere in the protopod and the f i rs t  
of the palp, is more or less  club-shaped; the proximal end 
is much narrower than the distal. It  is joined to P1 by 
rather  thin flexible chitin. On the dorsal side, a chitin- 
r immed opening leads to the exopod. The frame of chitin 
rods  is not strongly developed in this podomere. The rods 
along the dorsal and ventral sides have their distal ends 
turned sharply inward, and fit  against similar ends of the 
f r a m e  of E l  (fig. 5 ~ ) .  Along the distal one-third of the 
ventral border there a r e  three conspicuous setae. The 
proximal seta, long, has a long tubular basal section and a 
thin filamentous end section; the middle, medium long, 
has a thick base and is "feathered"; and the distal, short, 
has  a wide base, tapers rapidly, and is also "feathered. " 

The exopod is a very delicate, hand-shaped structure 
extending upward from the dorsal par t  of P2. Its seven 
setae a r e  thin walled, "feathered, " and have bulbous bas- 
es ;  one of these setae, medium long, is on the front border 
and the other six, long to very long, on the distal end. The 
longest setae a r e  about 125 microns long and extend upward 
almost a s  far as the dorsal tip of P1. As has been sugges- 
ted, the exopod may be a respiratory organ. 

El,  the f i r s t  podomere in the endopod, is short and 
subcylindrical. It is heavily chitinized along the front and 
r e a r  borders, but not around the ends. It is  provided with 
seven setae on the distal part; two, long, lie near the front 
border and five near the r e a r .  Of those near the r e a r ,  one 
is medium, thick, and "feathered" and four a r e  medium 
long, thin, and spring f rom a protuberance of the podomere. 

E2 is short, cylindrical, and distinctly smaller in dia- 
meter  than the preceding podomere. On the distal border 
it has  three medium long setae at the front,  a medium short 
and a short  on the inner face, and a medium long and a 
medium at  the r e a r .  E3, the terminal podomere, is cylin- 
dr ical  and a t  the end bears  two medium short curved claws 
and two very short setae. 

The musculature of P1 is complex. As noted above, 
this podomere is pivoted to a chitin support that is fastened 
to the side of the valve. Through the large basal opening, 
muscles lead to the podomere from the endoskeleton (fig. 
9) and f r o m  the dorsal part of the valve (fig. 10). Although 
P1 usually moves in and out, as in mastication, i t  can also 
turn a lit t le on the dorsal pivot. The numerous muscles 
f r o m  the endoskeleton a r e  extremely well developed (pl. 

IV, fig. 1; pl. W I ,  figs. 3-9; pl. XI, figs. 1-8). Some of 
the muscles from the dorsal part of the valve a r e  attached 
to the r e a r  part of the podomere and some to the front  
part; they probably serve mostly to turn the podomere and 
adjust the position of the teeth, whereas those f rom the 
endoskeleton a r e  powerful adductors. 

Within the palp there a r e  very few muscles. A long 
flexor to the proximal edge of E3 and another to the edge 
of El  extend back into P1; because their r e a r  ends a r e  
broken loose in all specimens examined, their points of 
attachment a r e  not known. A large flexor to the proximal 
edge of E3 t raverses  E2 and El  obliquely and is fastened 
to the anterodorsal end of P2. The exopod is operated by 
two muscles, which cross  within P2; the one to the front 
edge is from the anteroventral wall of P2 and the one to 
the r e a r  edge is from the distal end of P2. The endopod is 
probably extended by the contraction of the chitin at  the 
junction of the podomeres, since none of the muscles to it  
is  an extensor. 

The ganglia of the mandible a r e  smaller than those of 
the antennule, antenna, o r  maxilla. One lies in the lower 
part of P1 and receives sensory nerves from the ventral 
end of the podomere. The other, in the basal part of the 
palp, is connected to nerves from the claws and setae, 
which form an irregular cord through the center of the 
palp. Proximally both a r e  connected to the thick subeso- 
phageal part of the ventral chain of ganglia. 

Maxillae 

The maxillae (figs. 3, 4, 5g) lie at the sides of the hy- 
postome, close behind the mandTbles (pl. I, fig. l), and in 
front of the f i r s t  thoracic legs (pl. V, fig. 3) .  They have 
accessory food-gathering and respiratory functions. Each 
maxilla appears to have a protopod, exopod, and endopod, 
although there is doubt concerning which podomer e s  belong 
in the endopod. It is a curiously shaped appendage. The 
main part of the appendage resembles, so to speak, a glove 
with one finger and three thumbs. From the basal podo- 
mere, which hangs cuplike down along the sides of the hypo- 
stome (pl. VIII, figs. 6-9; pl. IX, figs. 1-5; pl. XI, figs. 
5-10), there a r e  four cylindrical projections, side-by-side, 
extending below the hypostome to the mouth. The outer- 
most projection is a palp of two podomeres. Of the inner 
three projections, called the "masticatory" processes, only 
the outer two a r e  se t  off f rom the basal podomere. The 
innermost, because it  i s  not separated from the basal podo- 
mere, must be regarded a s  part of the protopod; it  is here 
called the inner "masticatory" process. The middle "mas- 
ticatory" process may be the second podomere of the proto- 
pod, the f i r s t  of the endopod, or just an outgrowth of the 
basal podomere; it is difficult to classify a podomere that 
is  not in  se r ies  with the others. The same problem exists 
for the outer "masticatory" process. The palp probably 
represents the endopod, but may not be the whole of it .  
The three "masticatory" processes and the palp a r e  equip- 
ped with setae, which a re  used to shove food forward to 
the mouth; the processes a r e  misnamed, therefore, since 
the mandibles a r e  the only masticatory structures. 

The exopod is a large branchial plate projecting pos- 
terodorsally from the basal podomere. In the living ostra-  
cod this plate is in constant motion, and can be  seen to beat 
rapidly through the valve. It creates a current inside the 
valve to bring f resh  water alongside the body. 

The basal podomere, as mentioned above, is connected 
to the inner "masticatory" process without constriction or 



line of demarkation. The end of the process is about 160 
microns from the outer dorsal tip and only about 80 mic- 
rons from the i~ lner  dorsal edge. The basal podomere has 
the shape of a beveled cup with the inner "masticatory" 
process forming a thumblike projection on the inner ven- 
t ral  side. The long outer dorsal tip lies in contact with a 
chitin rod in the body wall, which leads to the proximal 
edge of the f i r s t  thoracic leg; it  does not appear to be ar t i -  
culated with the rod. The inner dorsal edge is joined to 
the upper edge of the hypostome. The outer and inner bor- 
ders  of the podomere a r e  reinforced, but the junction with 
the body is very thin chitin. As a result, the basal podo- 
mere  is deformed or torn apart in many needle dissections. 
On the middle of the outer face is an opening to the exopod 
or branchial plate (pl. IX, fig. 5), heavily rimmed with 
chitin. The inner "masticatory" process has two medium 
slender setae on its proximal part, a short strong curved 
eeta near the middle, and four very short thick and five 
very short setae at the distal end. 

The middle "masticatory" process is short and cylin- 
drical, somewhat smaller than the inner, and lies between 
the inner and outer processes  along the ventral edge of the 
hypostome (pl. VIII, fig. 5). Distally it  has very short 
setae, three thick and four thin, set  close together. 

The outer "masticatory" process, sometimes called 
the "masticatory" process because its setae a r e  taxonomi- - 
tally significant, is longer than the middle and more nearly 
cylindrical than the inner process. Proximally it  bears  
one short seta  and distally seven short, of which three a r e  
strong and spinellke and four a r e  thin and delicate. 

The two podomeres of the palp a re  distinctly unequal. 
The f i r s t  is long and cylindrical. It is situated outside the 
"masticatory" processes (pl. VIII, fig. 5). Only the inner 
part of the distal end is in contact with the second poaomere 
of the palp, and the outer par t  bears  four medium long 
setae. The second and terminal podomere is short and has 
a deep notch in i ts  inner border, to which three medium 
setae a r e  attached. The distal end is provided with two 
medium curved claws and a short thin seta. 

The exopod i s  a long branchial plate joined to the basal 
podomere. It extends posterodorsally to posteriorly along 
the side of the body (figs. 3-4). On the ventral and distal 
borders a r e  attached eighteen medium long to extremely 
long, very delicate, "feathered" setae with large bulbous 
bases, and on the anteroventral border four additional 
very long, tapering setae with relatively thin bases. Sec- 
tions of some setae can be seen in plate XIII, figure 1. 

Several small  muscles f rom the endoskeleton a r e  
joined to the ventral par t  of the basal podomere (fig. 9). 
No muscles have been seen f rom the dorsal part of the 
valve to the maxilla. The "masticatory" processes have 
no muscles, and their forward motion, by which food is  
shoved forward to the mouth, is imparted entirely by the 
basal podomere. 

Within the basal podomere there a r e  four muscles to 
the branchial plate; two a r e  fastened to i ts  base, moving 
i t  back and forth, and two a r e  crossed and attached within 
the plate, rotating it. Within the palp there a r e  flexor and 
extensor muscles to the proximal end of the second podo- 
mere. 

The basal podomere contains a large ganglion (pl. XI, 
fig. 7), which i s  connected to the ventral chain of ganglia. 

Third Thoracic Legs 

The third thoracic legs a r e  specialized appendages 
and have retained very few characteristics of a leg. They 
clean foreign particles from between the body and the 
valves. They a re  attached to the sides of the thorax just 
behind the dorsal tips of the second thoracic legs, and, at 
rest ,  lie against the r e a r  part of the body (pls. 3, 4, 9, 
10). 

Each leg is  more or  l ess  U-shaped, with only the an- 
ter ior  end joined to the body. It consists of a complex pro- 
topod of two partly fused podomeres and an endopod of four. 
The last  podomere is very short.  The three well developed 
terminal setae (figs. 51, 5 ~ )  a r e  used to sweep out the in- 
ter ior  of the valve, and the r e s t  of the leg serves as a 
jointed, swivel-based handle that brings the setae to the 
desired positions. The leg can be turned forward, exten- 
ded, and flexed; it is able, therefore, to reach nearly every 
place within the valve. 

The protopod is made of the two most supple podo- 
meres  in the ostracod. By a complex musculature, the 
protopod can not only swing back and forth, but can also 
twist upon i ts  long axis a s  much a s  180 degrees. By this 
enrolling action the entire endopod can be swung ahead of 
the protopod. The two podomeres a re  not strongly chitini- 
zed, and their junction is marked only by the attachment 
of muscles. On the anterior edge of the protopod, approx- 
imately at the junction of the two podomeres, there i s  a 
medium long seta. On the posterior edge of the second 
podomere, near its distal end, i s  a very long, tapering 
seta, which extends backward past the end of the f i r s t  
podomere in the endopod. 

El ,  the f i rs t  podomere in the endopod, normally lies 
nearly horizontal. It is long, straight, and cylindrical. 
Unlike the podomeres of the protopod, it  i s  rigid. It has 
no setae. 

E2 and E3 together correspond to the second podomere 
in the endopod in some species of Candona. Although they 
a r e  separate in C. suburbana and have a distinct line of 
juncture (figs. 51, 5m), they a re  not articulated and move 
a s  one unit. E 2 i s  Gticulated with El  at about a right an- 
gle, and E2 and E3 at r e s t  a r e  carr ied upright. About 15 
microns from the distal end of E3, the podomere has its 
greatest width and bears  a long seta  on the posterior bor- 
der. 

E4, the terminal podomere, is short and blocky. It 
is equipped with three setae used to clean the interior, 
an extremely long and a long on i ts  posterodorsal border 
and an extremely long one on i ts  anterodorsal. The setae 
a r e  tapering and whiplike. 

Muscles connect the base of the protopod to the endo- 
skeleton (fig. 9). Within the protopod there a r e  muscles 
acting as flexors and extensors and some oblique muscles 
that twist o r  enroll the protopod. Several muscles a re  
attached at  the junction of the two partly fused podomeres. 
E l  is  moved up and down by a flexor and an extensor fasten- 
ed to i t s  proximal r i m  and extendmg back into the protopod. 
The flexor and extensor to the ventral end of E2 pass back 
through E l  and a r e  attached to the distal end of the proto- 
pod (fig. 12). No muscles a r e  fastened to E3. E4 is opera- 
ted by a long flexor from the posteroventral end of E2 and 
a short extensor from the anterodorsal edge of the same 
podomere. Since no extensor has been described previous- 



ly f o r  the terminal podomere of the third leg in a cypridid leg, but because the muscle is small and lies close to the 
ostracod, several specimens were examined to check this anterior wall of E3, it is difficult to see  unless the termin- 
occurrence. An extensor is present in each third thoracic al podomere is flexed. 



D I M O R P H I C  APPENDAGES AND T H E  FURCAE 

The appendages that differ in the male and female a r e  
the antennae, f i r s t  thoracic legs, and second thoracic legs. 
The degree of dimorphism is not the same in the three 
pairs .  The f i r s t  thoracic legs can be easily seen to have 
radca l ly  different palps in male and female, but the anten- 
nae must be observed carefully to find the differences in 
the setae, and the second thoracic legs differ only in rela-  
tive proportions of the podomeres. 

Antennae 

Male 
The antennae a r e  not difficult to observe in the living 

animal. They a r e  used in walking and in clinging to s u r -  
faces. Because the animal moves about mostly by walking, 
the antennae may be regarded a s  the chief appendages of 
locomotion. They a r e  powerful, strongly constructed, well 
muscled, and equipped with long claws at  the ends. 

Each antenna has a protopod of two podomeres and an 
endopod of three. The protopod and endopod meet at about 
a right angle (figs. 3, 52, 135). The protopod never ex- 
tends a s  f a r  a s  the border of the valve, and only the endo- 
pod and the terminal claws can be seen in lateral view of 
the living animal. 

The extended and retracted positions of the antenna a r e  
very different. In walking, the end of the protopod i s  
lowered and the endopod is swung forward so  that the claws 
a r e  almost vertical. As a step is taken, the endopod i s  
drawn backward until the claws point posteroventrally. 
When the valves a r e  closed, however, the end of the proto- 
pod i s  lifted and the endopod is strongly flexed backward to 
form an acute angle with the arotoood. In this position the 
antennae lie a t  the sides of tee closely set  antennules, with 
the claws resting just below the upper lip. 

The bases of the two antennae a r e  attached to the sides 
of the head near the junction with the upper lip, below the 
antennules, and in front of the mandibles (figs. 3, 9). In 
each antenna the basal podomere in the protopod, P1, is 
shaped somewhat like an elbow joint used in plumbing; the 
proximal and distal openings l ie  in intersecting planes. It  
has limited movement, and se rves  mostly for hingement 
and attachment of muscles to P2. It has a girdlelike f rame 
of chitin in one piece, which surrounds both the r e a r  and 
front openings (fig. 1 3 ~ ) .  The front half of this f rame bi- 
furcates .  The f r a m e  extends along the r e a r  half of the 
outer face and has a notch in the middle of the posterior 
border; at the upper and lower ends this par t  divides to 
fo rm two continuous branches. The f i r s t  makes the front 
and ventral borders of the outer face; it  has a forward pro- 
jection on the middle of the anterior edge, which articu- 
lates with a notch in P2. The second branch forms both 
the front and r e a r  borders  of the inner face, and its ven- 

f i ts  onto the end of a chitin rod that lies embedded in the 
wall of the head. The upper end of this rod is  in contact 
with the r e a r  tip of the chitin rod leading to the antennule 
(compare figs. 3 and 8). Neither of the chitin rods on the 
head can move, and they serve as buttressed pivots for  the 
two front appendages. P1 is supplied with three setae 
along i ts  ventral edge: a very long, tapering, slender seta 
in the posterior part, and, se t  close together in the anter- 
ior half, a long thin one and a short wide subconical one 
(not shown in fig. 52) "feathered" with coarse secondary 
setae. 

The second podomere in the protopod, P2, i s  ellip- 
tical in c ross  section and elongate subquadrate in lateral 
view. Its median length is 120 microns. A sloping chitin 
r i m  around the posterior edge, dorsally connected to P1 
by a wide band of thin flexible chitin, is hinged to P1 at  
two points: a notch in the middle of the outer face articu- 
lates with a projection and a posterior acumination on the 
ventral edge of the inner face f i ts  against a notch in P1. A 
rod along the dorsal border of P2 has in its r e a r  half two 
subelliptical chitin braces on the sides and at i t s  front end 
a blunt fork, which fits against the outer and proximal 
edges of a long process of El. The ventral border is  made 
of rather thin chitin, except for an unusual process at the 
anterior end, which turns back inside the podomere and 
seems to reinforce the anteroventral corner. The r i m  
around the anterior edge is rather thin, but has two for -  
ward directed tips, one on each side, which articulate with 
the following podomere. At its distal end, P2 bears  four 
setae. The ventral seta is long. On the outer face near 
the dorsal border there i s  a scale with the other three 
setae; two a r e  very short but the other is very long and 
projects beyond the end of the following podomere. This 
last  seta  may be the vestige of the exopod of the appendage. 

The f i r s t  podomere in the endopod, El, meets the pre- 
ceding podomere at about a right angle, and i ts  proximal 
edge slopes steeply toward the rea r .  The strong r i m  
around this edge bears  four projections: two short tips, 
one on each side, fit  below tips on P2 and act a s  fulcra for 
the endopod; a long dorsal extension has a concave end 
that abuts against the blunt fork on P2 and serves a s  a stop 
for  forward movement of the endopod; and a long rod. ex- 
tending f a r  back inside P2, provides attachment for three 
muscles (fig. 13a). The front border of El has a long chitin 
rod that is very thick in the middle and near the distal end. 
The r e a r  border is not strongly chitinized. Its distal ex- 
tension overhangs the edge of E2. On the r e a r  border a 
little way below the junction with P2 there is a seta unlrke 
any other in the ostracod. It is often called the sensilla o r  
sense club, and consists of a narrow stem of heavy chitin 
and an expanded elongate tip of thin chitin (fig. 135). It may 
be, a s  has been suggested, a chemical receptor, but this 
has not been proved. The distal extension of the r e a r  bor- 
der  has two long wide-based setae. 

t r a l  half bifurcates to surround a triangular area; at the 
anteroventral angle, there i s  an  indentation, which f i ts  The second podomere in the endopod, E2, is  nearly 

against the inner posteroventral edge of P2. The length of divided in two. The rear  border is sharply indented a 

the podomere at the dorsal border i s  the thickness of the 
little below the m~ddle,  and the chitin frame of the front 

chitinframe, about 10 microns, and a t  the ventral border 
border is  divided into two articulating rods; furthermore. 

is  about 90 microns. The notch on the posterior border 
there i s  a flexor muscle connected to the r e a r  indentation 
and an extensor muscle to the lower of the two articulating 



rods .  E2 i s  partly divided in this way only in the male. 
The proximal edge of the podomere has a chitin r i m  with 
front  and r e a r  proximal projections to which muscles a r e  
attached. The distal edge has a smaller and thinner chitin 
r i m .  There a r e  several setae and claws on E2. On the 
front  edge just above the articulation of the two rods there 
i s  a short thin seta. On the inner face near the middle of 
the r e a r  border there is a slightly longer seta. Near the 
middle of the inner face two large setae a re  attached, 
called the male setae because they a r e  found only' in that 
sex. Each male se ta  extends to the end of the following 
podomere and is composed of a long, tapering shaft of 
thick chitin and a thin-walled ovoid tip. The male setae 
slope across  the podomere toward the rea r .  The distal 
end i s  equipped with three very long, heavy claws attached 
around the front border, a medium long, strong seta at 
the r e a r  edge of the outer face, and a slightly shorter seta 
near the r e a r  of the inner face. 

The terminal podomere in the endopod, E3, is very 
small,  cylindrical, and short.  It is se t  onto the r e a r  part 
of the distal end of E2, behind the claws. E3 seems to have 
very little independent movement. At the distal end a r e  
two long claws, curved and strongly chitinized like those 
of E2; the front claw extends to the tips of the claws on E2 
and the r e a r  one is a little shorter (fig. 13b). At the end of 
the inner face there a r e  three small  setae- 

P1 is connected by muscles both to the endoskeleton 
and to the dorsal  par t  of the valve, like a puppet with two 
se t s  of controls. It may be that the muscles from the endo- 
skeleton do not produce exactly the same movements as  
those from the dorsal par t  of the valve, and some of the 
muscles may give P1 a lateral o r  twisting movement. 
Since these muscles have been studied only in ser ial  sec-  
tions, their places of attachment a r e  estimated in part and 
may not be precisely shown in figures 9 and 10. From the 
endoskeleton a short  muscle leads to the posteroventral 
edge of P1 and a much longer one to the proximal process 
on E l  (fig. 9) .  The latter is af lexor  for El, but, because 
of the unusual relation of P2 and El, i t  may at the same 
time serve a s  an extensor for P2. From the dorsal part of 
the valve three long muscles reach down to the anterodorsal 
and posteroventral edges of the outer face of PI  and to the 
dorsal edge of the inner face (as in the female valve shown 
in fig. 10). These muscles act a s  extensors for P1. An- 
other extensor, leading to the ventral par t  of P1, is attach- 
ed to the upper part of the chitin rod in the wall of the head, 
the ventral end of which is articulated with P1. The dorsal 
par t  of this rod is linked by a muscle to the dorsal part of 
the valve (fig. 10). This is the only part  of the body frame- 
work known to be connected to the valve. 

Within the antenna there a r e  two flexors to the postero- 
ventral end of P2  f rom the r e a r  edge of P1, and two to the 
proximal process  on E l  f rom the r e a r  edge of P2 (fig. 135). 
A short,  broad extensor stretches from the anterodorsal 
end of P2 to the thick middle part of the front border of El.  
E2 has one extensor, f rom the anterodorsal end of El, and 
two flexors, one from the proximal end of El and another 
from the anterodorsal part of P2. Two extensors and two 
flexors a r e  attached at  the front part of the proximal edge 
of E2; a very thin extensor and a weak flexor lead to the 
edge of E3, an extensor leads to the lower of the two ar t i -  
culating rods on the front border of the podomere, and a 
flexor to the indentation on the r e a r  border. E3 seems to 
have very little movement and the ventral hali of E2 none, 
so  that the four muscles in E2 may be ineffective. 

The protopod contains two elongate ganglia, one in P1 
and another in P2. The f i r s t  is  connected to the deuto- 

cerebrum and the second appears to stem from the f i rs t .  
From P2 a bundle of sensory nerves continues to the end of 
the antenna. 

In copulation the antennae of the male a r e  hooked over 
the dorsal part of the female valve. The male setae have 
no clasping ability, and they probably a re  receptors having 
some special significance in copulation. 

Female 
The female antenna (figs. 4, 52; pl. 111, fig. 3; pl. IV, 

fig. 1; pl. V, fig. 1) has P1, P2, and E l  like those in the 
male. 

E2, however, differs considerably from that in the 
male. The podomere has front and r e a r  borders subparal- 
lel throughout the length. The chitin frame along the front 
border is in one piece. The r e a r  border is nearly straight 
(fig. 5c). Near the middle of the front border is  attached 
a seta%bout half a s  long a s  the podomere. On the inner 
face, instead of two male setae, there is a scale on the 
distal one-third of E2 bearing four unequal, medium to 
long setae. On the outer face near the end is another scale 
with two medium, very thin setae. The three claws a re  
slightly longer than those of the male, and there a re  no 
distal setae. 

E3 is a little more elongate than in the male and dis- 
tally is provided with two long claws and two medium 
short setae. 

First Thoracic Legs 

Male 

The f i rs t  thoracic legs in the male have two uses; they 
shove food forward toward the mouth and they clasp the ven- 
t ral  borders of the female valves in  copulation. The palps 
differ greatly from those of the female, and a r e  modified 
a s  clasping organs. The bases of the f i r s t  thoracic legs 
a re  attached at  the sides of the posterior end of the hypo- 
stome, where the body narrows abruptly at the beginning of 
the thorax, close behind the maxillae, and in front of the 
second thoracic legs (figs. 3, 6;  pl. I, fig. 1). Each leg 
has a protopod, endopod, and exopod. The protopod is  L- 
shaped, with the basal part nearly vertical and the distal 
part extending forward along the ventral edge of the hypo- 
stome. At the angular bend of the protopod, the endopod is 
attached as  a palp extending to the rea r .  The left and right 
palps, unlike other podomeres in the ostracod, a re  not 
mirror  images and have conspicuous differences in shape 
(fig. 5h). The exopod i s  very trivial in this species; ~t 
consists of two setae on the r e a r  of the protopod just above 
the palp. 

The protopod contains only one podomere, which is 
bent abruptly near the middle so  that the proximal half 
hangs vertical and the distal half is nearly horizontal. It 
is about 150 microns long. Only the margin around and 
near the proximal edge i s  strongly chitinized. The inner 
edge i s  articulated with a lateral extension from the poster- 
odorsal end of the hypostome (fig. 9), and the outer edge i s  
in  contact with a chitin rod in the body wall, which leads to 
the outer dorsal tip of the maxilla (not illustrated). The 
leg swings back and forth on these fulcra. The palp, or 
endopod, and the two setae representing the exopod a re  
attached on the r e a r  a t  the sharp bend. The inner face has 
one medium long seta, and the distal or front end is pro- 
vided with a cluster of ten short to medium setae, by which 
food is  passed forward toward the mouth. 



FIG. 13. Candona suburbam Hoff. 5. Outer face  of male 
antenna showing internal muscles. b. Inner face of 
male antenna showing male setae on-~2. Compare 
with figure 5d for scale. - 

The two palps, or endopods, a r e  directed backward 
and diverge, s o  that their r e a r  par ts  lie along the outer 
s ides  of the second thoracic legs (figs. 3, 9).  Each palp 
is one podomere, and consists of a long, strongly chitinized 
shaft, a flexible middle section, and a rather rigid finger- 
iike end section. The palp bends downward at the r e a r  end 
of the shaft. The chela, o r  clasping organ is formed by 
the finger-like end in opposition to two medium short,  
strong, blunt setae, one on each side, near the ventral bor-  
der  at the r e a r  end of the shaft. The left palp is longer 
than the right.  I t s  shaft has nearly parallel sides, i t s  ven- 
t r a l  border is concave a t  the setae, and the section behind 
the setae is narrow and tubular. The right palp, on the 
other hand, has a wider shaft, i ts dorsal border fo rms  a 
hump a litt le way in front of the setae, i ts ventral border 
continues straight beyond the setae, the flexible section is 
very sharply constricted behind the setae, and the end sec-  
tion is broad and subtriangular. It is more thickly chitini- 
zed then the left palp. The shape of each palp is evidently 
a specific character .  In several specimens studied the 
right palps were al l  essentially alike a s  were the left palps. 
In other Candona species examined for  comparison, the 
palps had distinctive shapes different f rom those in C. 
suburbana. 

The exopod is only two medium long setae, and has no 
t race  of a basal plate, such a s  that foundin many genera of 
the Cyprididae. 

The f i r s t  thoracic leg is  swung forward and back by 
muscles f rom the endoskeleton. Muscles a r e  attached to 
the front and r e a r  edges of the proximal margin (fig. 9). 
A broad band of muscle extends from the chitin r i m  at  the 
proximal r e a r  edge of the protopod to the ventral proximal 
end of the palp. Strangely, the palp i s  void of muscles, and 
the clasping action appears to result f rom pressure of the 
palp against the edge of the female valve. 

The vertical half of the protopod contains the efferent 
end of secret ing gland N (fig. 6;  pl. I, fig. 1). The opening 
of the gland i s  near  the exopod. The protopod also contains 
a ganglion, which i s  joined to the ventral chain of ganglia 
by a thin s t rand of sensory nerves. 

Female 
The protopod and exopod a r e  about the same size and 

shape a s  those in the male, except that the protopod ap- 
pears  to have two setae on the inner face and only eight at 
the distal end (figs. 4, 5i). The palp, however, is very dif- 
ferent.  It is a long, delicate, sausage-shaped structure 
with three medium to long, thin setae on the tip of the tap- 
ered distal end. The use of the female palp is  not known. 
Many cells, which appear to be subdermal cells,  can be 
seen through the thin, transparent walls. 

Like that of the male, the female protopod contains 
the efferent part of secreting gland N and a ganglion. 

Second Thoracic Legs 

Male 
The second thoracic legs a r e  long, uniramous appen- 

dages used in walking. In use, the distal ends and the long 
terminal claws a r e  thrust out of the carapace and can be 
observed in the living ostracod. The second thoracic legs 
a r e  attached to the ventral s ides  of the thorax, immediate- 
ly behind the f i r s t  thoracic legs and in front of the third 
(fig. 3; pl. I, fig. 1). The protopods hang down, and their 
ventral ends lie between the palps of the f i r s t  thoracic legs 
(figs. 3, 9).  The long endopods a r e  d i w t e d  backward, 
diverge, and r e s t  against the s ides of the sides of the penes. 

When the animal walks, the podomeres in the endopods 
a re  flexed so  that the tips of the terminal claws point f o r -  
ward and the body i s  balanced on the convex edge of the 
claws. As the endopods a r e  extended, the body rocks fo r -  
ward on the claws until the tips of the claws point downward. 
Then the antennae a r e  extended so that their claws contact 
the substrate, and flexed to pull the body forward. Thus, 
the animal walks forward by alternate actions of the second 
thoracic legs and the antennae. 

When the valves a r e  closed, the endopod is  extended 
and the claws point backward with their convex sides up. 

The two podomeres in the protopod (fig. 14) a r e  partly 
fused and do not appear to have independent motion. P1, 
the long basal podomere, is strongly chitinized only along 
the posterior border, and is  soft and flexible along the 
front and inner borders. P2 is shaped like an elbow; i t s  
front end is subspherical and i t s  posterior i s  blunt a t  the 
junction with El.  The chitin f rame at the rea r  of P2 is  
continuous with that of P1, and bears  a short process on 
each side that articulates with the proximal r i m  of El .  On 
the front edge of P1, just above the junction with P2, there 
is  a medium seta .  

El, the basal podomere in the endopod, is  about 130 
microns long, a little shorter and wider than that in the 
female. The sides of the proximal r i m  articulate with the 
frame of the ventral part of the protopod, so  that the endo- 
pod moves mostly up and down. E l  tapers slightly and has 
a ventral medium short se ta  at  the distal end. 

E2 and E3 have about the same shape; each expands a 
little toward the distal end. E2 is 65 microns long, and E3 
about 55. Each has a ventral short  seta  near its distal end. 
E3 has no muscles attached to it, and moves relative to E2 
only by the flexibility of the chitin at the junction (fig. 14). 

E4 tapers distinctly to the claw. It i s  only about 3 5  
microns long. Near the distal end it  has a short dorsal 
seta and a medium short ventral seta .  The claw i s  formly 



joined to E4.  It i s  170 microns  long and convex dorsally,  
with the d is ta l  half more  strongly curved than the proximal. 

The protopod i s  connected to three  long muscles f rom 
the posterodorsal  extension of the endoskeleton. The f i r s t  
i s  attached to the posterodorsal edge of P l ,  the second to 
the anter ior  pa r t  of P2 (fig. 9), and the third to the poster- 
ior  edge of P2  (fig. 14). 

Within the protopod, two muscles extend f rom P1 to P2; 
one is attached to the r e a r  dorsa l  tip of P1 and one to the 
r e a r  border  (fig. 14). The use  of these muscles is not 
known, and P2 appears  to be firmly joined to P1. El has 
two shor t  f lexor muscles  to i t s  anteroventral edge f rom the 
f ront  border  of P2; i t  has  no extensor muscle. E2 has a 
flexor f r o m  the proximal edge of E l  and an extensor f r o m  
the ventra l  pa r t  of P1. E4 has  one extensor attached to the 
middle of the dorsa l  border  of E2. It has  three flexors,  one 
to the anterodorsal  edge of E2  and two, branching f rom a 
long tendon, leading back to the protopod. The las t  two 
muscles  do not ac t  a s  f lexors  in all positions of the leg; 
when the endopodite is strongly flexed, they touch against 
the ventral  edge and move E4  upward. They a r e  the only 
muscles  within an  appendage that pas s  through three podo- 
m e r e s  before they a r e  attached. 

Female  
The second thoracic l eg  has the same  general shape, 

musculature,  and use  a s  that in the male .  The protopod IS 

exactly the same  a s  In the male .  E l  IS 145 microns long, 
longer and narrower  than In the male .  E2 and E3 have the 
s a m e  s i ze  and shape a s  In the male  E 4  IS only 30 mlcrons 
long, ~t 1s narrow and has  subparallel  sldes.  The termlnal 
claw 1s 140 mlcrons  long, r a the r  evenly curved throughout 
~ t s  length. 

Furcae 

Male 
The fu rcae  a r e  long uniramous s t ructures  se t  close 

together a t  the posteroventral  end of the body, a shor t  dis- 
tance below the anus and behind the genital region (fig. 3 ) .  
The furcae  a r e  used in locomotion and perhaps in cleaning 
the posteroventral  pa r t  of the valve. They lift the animal 
c l ea r  of the subst ra te  by powerful downward kicks. When 
the valves a r e  closed, they a r e  r a i sed  up between the penes. 

Each f u r c a  consis ts  of a long, sinuous, tapering ramus,  
two curved claws, and two se tae .  The r amus  i s  about 210 
microns  long. I t s  proximal edge is oblique and r immed 
with s t rong chitin, which f o r m s  three  projections, one pos- 
t e r io r  and one on each side.  The outer la tera l  projection 
i s  notched and ar t icula tes  with the posteroventral  tip of the 
r e a r  body f ramework.  The r e a r  border  of the r amus  
(called the dorsa l  border  by some authors) i s  posteriorly 
convex in  i t s  proximal pa r t  and concave in i t s  distal .  The 
f ront  border  i s  s imi lar ly  curved, but not a s  strongly (fig. 
5?). The distal  half of the r a m u s  i s  only about 15 microns 

FIG. 14. C a n d m  suburbam Hoff. Outer f ace  of second 
thoracic leg showing internal muscles.  Compare 
with figure 51f for scale.  

wide in  i t s  narrowest par t .  The terminal claw is 130 mi- 
crons  long, tapering, nearly straight in i t s  proximal half 
and curved in i t s  distal .  The subterminal claw, attached 
to a projection near the distal end of the r e a r  border,  i s  
about 100 microns  long, shaped like the terminal claw but 
much narrower .  On the r e a r  border,  where the curvature 
changes and the r a m u s  becomes much narrower,  there i s  
a medium long se ta .  Immediately in front of the terminal  
claw is a medium shor t  seta.  

The fu rca  i s  operated by muscles attached to the r e a r  
body f ramework (fig. 9). The front muscle, which elevates 
the furca ,  i s  very  thin, but the r e a r  muscle,  which lowers 
it, i s  broad and powerful. 

The narrow nerve cord that extends to the furca  i s  a 
branch of the ventral  chain of ganglia, which spli ts  into 
two p a r t s  i n  the genital region. 

Female  
The r amus  of the female  furca  i s  slightly longer and 

distally much thicker than in the male, and the claws a r e  
longer and l e s s  curved (figs. 4, 50, 10). The distal pa r t  
of the r a m u s  is about 20 microns wide, the terminal claw 
i s  150 microns  long, and the subterminal claw i s  almost 
120 long. The f ront  border of the r amus  i s  240 microns 
long, a s  compared with about 230 in the male.  The r amus  
is nearly s t ra ight  in both sexes; a straight l ine f r o m  the 
posterodorsal edge to the shor t  se ta  does not touch either 
the f ron t  o r  r e a r  border .  



D I G E S T I V E  S Y S T E M  

Food G a t h e r i n g  

Although the digestive system by definition s ta r t s  with 
the mouth and ends with the anus, the appendages surround- 
ing the mouth play an important role in providing food to 
the system. The ostracod eats great quantities of algae 
and diatoms. If the several appendages did not rake up and 
c ram foodstuffs into the mouth, the animal would soon 
s tarve on the small amount supplied by the mouth parts 
alone. 

The ends of the mandibular palps, the three "mastica- 
tory" processes and palps of the maxillae, and the proto- 
pods of the f i r s t  thoracic legs a r e  equipped with claws and 
setae, which rake and pitch food to the mouth. The front 
ends of the f i r s t  thoracic legs lie close together and shove 
food to the front of the hypostome. They a r e  flanked by the 
maxillae, which move food forward to the posterolateral 
edges of the mouth. The mandibular palps drag particles 
back past the posterolateral edges of the upper lip. 

The motion of these several food-gathering structures 
is quite rapid, several times a second, a s  can be observed 
in a living ostracod by placing it  in a watch glass suspen- 
ded over an inverted microscope. 

M o u t h  

The mouth is  an atrium leading to the lower end of the 
esophagus. In this space the food particles are  gathered, 
masticated, and concentrated. The mandibles lie at the 
sides of the mouth, the hypostome a t  the r e a r ,  and the up- 
per  lip at the front.  The teeth of the mandibles meet in the 
center of the mouth and masticate food. 

The mouth is the f i r s t  part of the stomadaeum, which 
extends into the stomach. Most of the chitin around the 
mouth is supple, but some structures  a r e  strongly chitini- 
zed, such a s  the Y-shaped process of the upper lip, part of 
the framework of the head, the rake-shaped organs, and 
the front edges of the hypostome. From the posteroventral 
ends of the framework of the head, there a r e  two triangu- 
lar  inwardly-directed processes; their outer edges res t  
immediately inside the front edges of the hypostome and 
their tips touch in the upper r e a r  par t  of the mouth (fig. 8). 

Upper  L i p  

The upper lip is a helmet-shaped structure in the an- 
teroventral part of the head, immediately in front of the 
mouth (figs. 3, 8, 10). It is firmly attached to the frame- 
work of the head and most of it is  immovable. It contains 
secreting gland L (fig. 6), the peribuccal ring of nerves 
(fig. 8), and numerous muscles to the esophagus and the 
dorsal wulst. The posteroventral edge of the upper lip is  
se r ra te ,  and the ventral surface has a few setae. 

In the r e a r  part of the upper lip is the Y-shaped pro- 
cess  (fig. 8), the only movable s t ructure.  It  is almost 
vertical. The spatula-like s tem of the Y i s  ventral, and 
the slender a r m s  extend laterally to the sides of the fixed 
part of the upper lip. The Y-shaped process  i s  swung back 

and forth by muscles connected to the front part of the 
upper lip. It has several setae along the sides, which ap- 
pear to move particles back to the middle of the mouth. 

The most prominent muscles attached to the upper lip 
a r e  a pair called the pharynx muscles, which lead to the 
dorsal wulst o r  pharynx (pl. ID, fig. 3; pl. IV, fig. 3). 
The muscles to the esophagus a r e  much smaller.  

Hy postome 

The hypostome is amvable ,  chitin-framed, sternum- 
like structure (figs. 6, 8-10), which is situated behind the 
mouth and between the maxillae in the posteroventral part 
of the head. The sides of the hypostome converge poster- 
iorly and slope inward ventrally (pl. Vm, fig. 9; pl. IX, 
figs. 1-9; pl. XI, figs. 5-10). The ventral surface is  small, 
flat, and wedge-shaped. The upper edges, at the contact 
with the r e s t  of the body, a re  concave. Ventrally, the 
front edges a r e  sharply acuminate. At the posterodorsal 
end, the hypostome has a pair of laterally-projecting 
chitin loops, which articulate with the inner proximal 
edges of the f i r s t  thoracic legs. 

The broad front end of the hypostome is deeply inden- 
ted and lined with setae along the sides of the median 
groove. It has  three parts that a re  important in feeding: 
the rake-shaped organs, the paragnaths, and the curtain. 

The rake-shaped organs (fig. 8; pl. VIII, fig. 6; pl. 
XI, fig. 3) a r e  side by side at the front of the hypostome. 
Each consists of a nearly vertical basal shaft and a hori- 
zontal bar ,  which has about twelve sharp serrations, often 
called teeth. The inner tips of the horizontal bars  touch; 
it  could not be learned if they a r e  fused or  independent. 
The serrations may assis t  in moving food upward in the 
mouth. The rake-shaped organs a r e  operated by a pair of 
muscles f rom the endoskeleton. The muscles a r e  close 
together, nearly parallel, and lead from the ventral s u r -  
face of the endoskeleton (fig. 9 ;  pl. Vm, fig. 8; pl. XI, fig. 
7) through a hole in the ventral chain of ganglia (pl. IV, 
fig. 2; pl. VIII, figs. 7-8; pl. XI, figs. 4-6) to the lower 
parts  of the rake-shaped organs. This is the only occur- 
rence of a hole through part of the nervous system serving 
only a s  a passageway for muscles. 

The paragnaths a re  soft, saclike lobes at the outer 
front edges of the hypostome (fig. 8; pl. Vm, fig. 5; pl. 
XI, fig. 1). Each paragnath is covered with fine setae 
directed inward. It has no independent movement, and is 
used to retain food passed into the mouth. 

The curtain is formed by setae extending inward from 
the front edges of the hypostome in front of the rake-shaped 
organs. The setae originate in the region of the basal 
shafts of the rake-shaped organs, but do not seem to be 
attached to them. On each side, the setae a r e  arranged in 
five rows and in clusters within each row; the setae in each 
cluster converge to a common apex. The left and right 
setae do not meet in the center of the front surface of the 
hypostome. The curtain is apparently a kind of filtering 
apparatus. The arrangement of this part of the hypostome 



suggests that food particles gathered between the parag- 
naths a r e  lifted forward and upward by the rake-shaped 
organs and pressed against the setae of the curtain before 
being shoved through them o r  over them into the mouth. 

The entire hypostome is controlled by muscles from 
the endoskeleton (fig. 9). It  moves anterodorsally and 
posteroventrally, and pivots near its posterodorsal end. 

Esophagus 
The esophagus is a short vertical tube leading upward 

f r o m  the mouth to the stomach. It is lined with chitin, and 
is part  of the stomadaeum. No setae have been observed 
on i t s  walls, and all  movement of food seems to be by peri- 
staltic action of the strong circular muscles (pl. W, fig. 
9)  and several  pa i r s  of small muscles connected to the 
front par t  of the upper lip. 

DorsalWulat, or Pharynx, and 
Ventral Duplicature 

The upper end of the stomadaeum l ies  in the front part 
of the stomach and consists of two movable projections 
termed the dorsal wulst, o r  pharynx, and the ventral dupli- 
cature. Both a r e  covered with rather f i r m  chitin and bear 
many setae. They a r e  used to move food from the esopha- 
gus into the stomach. 

The dorsal wulst is a large, tongue-shaped structure 
in the anteroventral end of the stomach (fig. 8; pl. III, 
figs. 1-2; pl. IV, fig. 3; pl. VIII, figs. 1-8; pl. XI, figs. 
1-8). It i s  attached at i t s  anterior end, and in use bobs up 
and down. The stiff setae, arranged in several rows 
around the posteroventral side, a r e  directed toward the 
f r e e  end of the dorsal wulst. They engage the food passing 
upward through the esophagus and pitch it  into the stomach. 
The dorsal wulst is moved by a pair of short muscles across  
i t s  base from the front wall of the stomach and by a pair of 
long pharynx muscles f r o m  the front end of the upper lip 
( ~ 1 .  III, fig. 3; pl. IV, fig. 3; pl. VI, figs. 3-9; pl. VII, 
figs. 1-9). In c ross  section and in frontal section, the r e a r  
edge of the dorsal wulst is round, the front surface of the 
ventral duplicature is concave, and the passageway between 
them is crescentic. 

The ventral duplicature (fig. 8) is much smaller than 
the dorsal wulst. It is attached to the floor of the stomach 
immediately behind the upper end of the esophagus. It i s  
thin, but wide and curved, like a section of an eaves' gutter. 
A section of the ventral duplicature can be seen behind the 
dorsal wulst in plate IV, figure 3. The numerous, upward- 
ly -directed setae on the front surface of the ventral dupli- 
cature a r e  not arranged in rows like those of the dorsal 
wulst, but a re  evenly spaced. 

Stomach 

The stomach (fig. 8; pl. I, fig. 2; pl. 111, figs. 1-3; 
pl. IV, fig. 3; pl. V, fig. 3; pl. IX, figs. 1-9) is large, 
baglike, and tapers posteriorly. It is elastic and expands 
when filled with food and contracts when empty. The antero- 
ventral end is connected to the esophagus and the posterior 
to the intestine. The dorsal wulst and the ventral duplica- 
ture a r e  situated in the anterior and anteroventral ends. 
The ducts of the l ivers  empty into the stomach at the sides 
(pl. W I ,  fig. 7; pl. XI, fig. 6). 

The food in the stomach forms a compact ball surround- 
ed by a substance presumably secreted by the livers. All 
or nearly all digestion takes place in the stomach, which 
appears to be the mesenteron of the ostracod. 

Although the stomach exhibits peristaltic motion, which 
can be seen through the valves, the muscular layer around 
i t  is very thin. 

Intestine, Rear Gut, and Anus 

Behind the stomach is  a short narrow section of the ali- 
mentary canal called the intestine (fig. 8; pl. I, fig. 2; pl. 
V, fig. 3; pl. X, fig. 3). This is followed by an expanded 
section, the r e a r  gut (fig. 8; pl. I, fig. 2; pl. III, figs. 1-3; 
pl. IV, figs. 1-3; pl. XII, fig. 7). The intestine and rear  
gut have the same kind of epithelial cells a s  those in the 
stomach. The fecal pellets in the r e a r  gut, however, a re  
more compacted than the food balls in the stomach, and are 
never surrounded by a clinging substance. It is assumed 
that very little or no digestion takes place here. 

The anus (pl. IV, fig. 3; pl. V, fig. 3) i s  a simple 
slitlike opening at  the posterior end of the body. There 
is very little proctodaeum. 



NERVOUS SYSTEM 

The eye of this species can be more readily discerned 
in living ostracods than in sections. In living animals it  
shows up in the anterodorsal part of the valve a s  a tiny, 
bright reflector. In sections, however, i t  is difficult to 
find and difficult to study because i t s  framework has a 
translucent pigment. 

The eye (figs. 3, 8) contains three elements: a frontal 
(pl. VI, figs. 3-4) and two lateral (pl. VI, figs. 5-6). The 
lenses in the elements do not maintain a clear outline in 
any of eight sectioned specimens. The frontal lens is more 
clearly defined than the laterals,  and is small. Projections 
from the la teral  elements a re  embedded in the tissues of 
the head. The eye is connected to the protocerebrum by 
three thin optic nerves. 

Cerebrum 

The cerebrum (fig. 8), the largest par t  of the central 
nervous system, i s  situated in the anterior part of the 
head just above the upper lip. Posteriorly it  is confluent 
with the two branches of the circumesophageal ganglia (pl. 
11, fig. 2). In c ross  section the cerebrum is subquadrate 
(pl. VI, figs. 8-9; pl. W, figs. 1-2)) in frontal section 
broad and subhexagonal, with a deep indentation at the r e a r  
(pl. Ill, figs. 1-2), and in parasagittal section suboval and 
dorsally acuminate (pl. IV, fig. 3; pl. V, figs. 2-3). The 
dorsal,  front, and ventral regions of the cerebrum contain 
numerous nerve cells, clearly defined. The central and 
posterior regions, on the other hand, a r e  filled with synap- 
ses .  

The cerebrum can be divided into the protocerebrum, 
deutocerebrum, and tritocerebrum only by the nerves that 
lead into it, inasmuch a s  the divisions a r e  not marked off 
by separation of ganglia or by constrictions. The proto- 
cerebrum is the part connected to the optic nerves. The 
optic nerves a r e  rather inconspicuous; par t  of one can be 
seen extending into the uppermost part of the cerebrum in 
plate V, figure 3. 

The deutocerebrum has one pair of nerves leading 
f rom the antennules and another f r o m  the hypodermis. 
The proximal par t  of one antennular nerve i s  seen joining 
the cerebrum in plate V, figure 2. The proximal ends of 
the two nerves f rom the hypodermis a r e  clearly shown in 
plate W, figure 4, running into the upper sides of the 
cerebrum. The nerves leave the hypodermis below excre-  
tory gland B ' s  and extend downward to the cerebrum. 

The tritocerebrum has nerves from the antennae. In 
plate III, figure 2, the nerve leading into the right side of 
the cerebrum i s  an antennal nerve. From the r e a r  inner 
edges of the tritocerebrum there is a short loop hanging 
down into the upper part of the upper lip; this has been 
called the stomatogastric nerve or the labial nerve, and 
i s  believed to be the only sympathetic nerve in the ostracod. 
This nerve can be seen in plate W, figures 2-3, looped 
around the paired pharynx muscles. The tritocerebrum is 
continuous with the circumesophageal gangl~a.  

Circumesophageal Ganglia 
and Peribuccal Ring 

The circumesophageal ganglia (fig. 8; pl. 11, fig. 2; 
pl. III, Fig. 3; pl. IV, fig. 1; p1. W ,  figs. 3-4; pl. W, 
figs. 1-2) connect the tritocerebrum to the ventral chain of 
ganglia around the esophagus. Each branch is  vertically 
elongate and subquadrate in c ross  section. Nerve cells a r e  
present in the dorsal, distal, and ventral regions, and 
f ibers  and synapses in the central and proximal regions. 

A little behind and below the junction of the two bran- 
ches of the circumesophageal ganglia and the ventral chain 
of ganglia there is attached a ring of nerves from the upper 
lip, the peribuccal ring (pl. 11, fig. 2; pl. IV, fig. 1; pl. 
VII, figs. 4-6). This ring transmits sensory impulses 
from the upper lip, the front part of the mouth, and the 
esophagus. 

Ventral C h a i n  of Ganglia 

The ventral chain of ganglia (pl. 11, figs. 2-3; pl. IV, 
figs. 2-3; pl. VIII, figs. 4-9; pl. IX, figs. 1-9; pl. X, figs. 
1-5; pl. XI, figs. 1-10) is a long chain of fused ganglia in 
the ventral part of the body, tapering posteriorly to the 
furcae. The front part, sometimes called the subesopha- 
geal ganglion, has a much larger  diameter than the rest  of 
the ventral chain. It is joined to the circumesophageal 
ganglia and the peribuccal ring and lies in the upper region 
of the hypostome below the endoskeleton and behind the 
esophagus (pl. IV, fig. 3). This ganglion receives paired 
bundles of sensory nerves f rom the dorsal and posterior 
par ts  of the body; the flared proximal end of one of these 
bundles is shown in plate II, figures 1-3, joining the dorsal 
side of the ventral chain above the front part of the hypo- 
stome, At the sides the subesophageal ganglion also has 
nerves from the mandibles and maxillae. It has a nearly 
vertical hole through i t s  middle, which forms a conduit fo r  
a pair of muscles from the endoskeleton to the rake-shaped 
organs. A section of one such muscle i s  shown within the 
ganglion in plate II, figure 3;  frontal sections of both mus- 
cles within the ganglion in plate IV, figure 2; and c ross  
sections of both in plate VIE, figures 7-8. 

The ventral chain of ganglia is constricted behind the 
subesophageal ganglion and in front of the section that is  
joined by nerves from the thoracic legs. It decreases in 
diameter in  the genital region and bifurcates, with separ- 
ate thin nerves extending to the furcae. 

Sensory Ganglia of the Appendages 

The appendages contain ganglia within their basal 
parts.  The volume of the ganglia and sensory nerves in 
all the appendages is nearly a s  great a s  that of the central 
nervous system. 

Each antennule has an elongate ganglion more than 
twice the diameter of the sensory nerve bundle in the dis- 
tal part of the appendage. It l ies  in the ventral half of the 
f i r s t  podomere of the protopod. It i s  connected by a so-  
called nerve, actually a cord containing many fibers, to 



the deutocerebrum. Each antenna has two ganglia, one in 
the f i r s t  and another in the second podomere of the proto- 
pod. The ganglia a r e  long and taper at  the ends. Proxi- 
mally the two join in a nerve leading to the tritocerebrum. 

Each mandible contains one ganglion in the lower part 
of the large basal podomere, connected to the teeth, and a 
second in the proximal par t  of the palp, which receives 
nerves f r o m  the claws and setae. Both ganglia a r e  attach- 
ed by nerves to  the subesophageal ganglion of the ventral 
chain. 

The ganglion in the basal podomere of each maxilla is 
very large; i t s  diameter is nearly a s  great as that of the 
subesophageal ganglion to which it  is connected (pl. Vm, 
fig. 9; pl. M, fig. 1; pl. XI, figs. 5-7). This large gang- 
lion is linked by thick nerve bundles to the "masticatory" 
processes  and to the palp. 

Each of the thoracic legs has a narrow, elongate 
ganglion in i t s  basal podomere. The ganglia a r e  joined by 
nerves to  the central par t  of the ventral chain of ganglia. 

Motor Nerves 

The motor nerves a r e  much more difficult to follow in 
sections than the sensory nerves. They lead from the cen- 

t ra l  nervous system to the muscles operating the appenda- 
ges from the dorsal part of the valve and f r o m  the endo- 
skeleton and to the muscles within the appendages. Motor 
nerves could not be traced back from many muscles. 

A pair of nerves from the lateral edges of the proto- 
cerebrum and another from the upper surface of the deuto- 
cerebrum, behind the sensory nerves from the hypodermis, 
extend upward to muscles in the dorsal part of the valve 
that control the antennules and antennae. Whether these 
pairs  also innervate the muscles from the endoskeleton to 
the antennules and antennae could not be determined. 

From the upper edge of each limb of the circumesopha- 
geal ganglion there a re  two motor nerves leading to mus- 
cles in the dorsal part of the valve. From the front part 
of the ventral chain of ganglia there a re  three pairs  of 
nerves: the uppermost, immediately behind the sensory 
nerve f rom the dorsal and posterior part of the valve, acti- 
vates the mandibular muscles, and the two lower pairs  
lead to muscles of the mandibles and the closing muscles. 

Presumably, there a r e  also motor nerves to the mus- 
cles of the maxillae, thoracic legs, furcae, and genital 
regions, but such could not be discerned in sections o r  
preparations. 



GLANDULAR SYSTEM 

In this paper the glands a r e  considered in two groups 
according to their assumed function. The f i rs t  group in- 
cludes three pairs  thought to be excretory, and the second 
four pairs  thought to be secreting. Because the glands a re  
not directly associated with appendages or segments of the 
animal, six of the pa i r s  a r e  designated by letters,  a s  in 
my study of Cypridopsis vidua (1951, p. 15, 50-57). Other 
t e rms  commonly applied to the glands a re  also given. 

Excretory Gland A -- 
Gland of the  Antennule 

This pair of glands is located in the head region, a 
little ahead of the esophagus and a t  the sides of the cere-  
brum (pl. ID, figs. 1-3; pl. VLI, f igs .  8-9; pl. VIII, fig. 1). 
The glands lie in a nearly horizontal position. As seen in 
frontal sections (pl. 111, figs. 1-3), the two glands diverge 
from their junction with the endoskeleton forward to the 
ends of their ducts. 

My interpretation of the morphology of these glands 
differs f r o m  that of Cannon (1925, p. 7-10). The antero- 
lateral projection, which he regarded a s  a tendinous sup- 
porting strand from the end sac to the lateral ectoderm in 
the adult, appears to me to be a duct f rom the end sac. 

The end sac of each gland A is more or less  bladder- 
shaped, about 60 microns long, 35 microns wide, and 30 
microns high. Its front par t  is rather  blunt and i ts  poster- 
ior par t  tapers regularly to the junction with a tendinous 
rod leading to the endoskeleton. All c ross  sections of the 
end sac a r e  subrectangular. The lumen, about 35 microns 
long and 20 microns in diameter, contained no fluid in any 
gland A studied. 

The walls of the end sac have an inner thin membrane 
around the lumen and an outer dense layer embedded in the 
connective tissues of the head. The inner and outer layers 
a r e  separated by about 5 microns of clear tissue crossed 
by numerous irregular membranes. From the front part 
of the gland, long, tapering, tendinous processes extend 
into the surrounding tissue, apparently making the gland 
more rigid. Each of these processes  is,  a t  least  in part,  
continuous with the outer layer of the end sac, so  that it  
may be regarded a s  an apophysis of the end sac. One 
process extends laterally and down and i s  attached to the 
body wall near the base of the antenna. Another projects 
forward along the side of the cerebrum and is attached to 
the side of the forehead. A third is directed inward to the 
region in front of the esophagus. Posteriorly the end sac 
tapers  and is attached to the anterodorsal extension of the 
endoskeleton by a tendinous process .  No muscles have 
been seen between the end sac  and the endoskeleton. 

The structure here regarded a s  an efferent duct i s  a 
narrow tube of cuticular tissue leading f r o m  the end sac 
to the base of the antennule. 

Excretory Gland B-- " s h e l l    land" 
This pair of complex glands is located in the antero- 

dorsal region, a t  the s ides of the head (fig. 6; pl. VI, figs. 
1-9; pl. ViI, figs. 1-7). The glands of males and females 

a r e  about the same size. Each gland is embedded in the 
hypodermis (pl. II, figs. 1-3), and consists of three dis- 
tinct parts: a glandular section containing several diverti- 
cula (pl. X I I ,  figs. 3-6), a large globose r e a r  sac (pl. XII, 
figs. 2-4), and an elongate end sac (pl. XII, figs. 1-2). 

The diverticula of each gland extend forward from the 
r e a r  sac, to  which they connect, a s  a cluster of about ten 
subspherical spaces (pl. 11, figs. 1-3; pl. V, fig. 1; pl. VI, 
f igs .  1-9). They form the lumen of the glandular section. 
Each diverticulum is about 30 microns in diameter. It  is  
connected with another diverticulum or with an opening in 
the base of the r e a r  sac. The cells surrounding the diver- 
ticula a r e  composed of a different kind of protoplasm than 
the r e s t  of the hypodermis; they a r e  vacuolated, have 
large nuclei (up to 20 microns in diameter), and stain 
purplish-brown with Ehrlich's haematoxylin and eosin. 
The cells a r e  held in place by trabecular processes leading 
to the walls of the hypodermis. There a r e  about ten nuclei 
in the glandular section (pl. XU, figs. 2-6). Because some 
nuclei lie distal to the diverticula and some lie between 
them, it  is not known whether each diverticulum has one 
cell around i t  or whether some diverticula have two cells 
and others none. At least five diverticula connect directly 
to the r e a r  sac through a rather large opening. 

The r e a r  sac (pl. W, figs. 1-3; pl. XU, figs. 2-5) i s  
a hollow globe about 80 microns in diameter, which has an 
opening to the diverticula of the gIandular section, a duct 
to the end sac,  and an efferent duct. It appears to be a 
central collecting vessel for the products of the glandular 
section and the end sac. It l ies in the hypodermis at the 
side of the head, a little behind the eye, and above the base 
of the antennule. The tissue surrounding the r e a r  sac is 
finely vacuolated, with a hard membranous lining and a 
dense outer layer. Unlike the protoplasm of the glandular 
section, that around the r e a r  sac has a smooth outer sur-  
face and lacks trabecular processes. The efferent duct is 
a short,  tapering, thin-walled tube that leads from the 
bottom of the r e a r  sac to the inside of the valve; i t s  distal 
opening l i es  at  the junction of the inner wall of the hypo- 
dermis and the body wall, behind the base of the antennule, 
and above the base of the antenna. In one specimen (pl. 
X I I ,  figs. 2-4) the rea r  sac contains a large quantity of a 
clear substance that stained orange with Ehrlich's haema- 
toxylin and eosin. Small lobes of this substance project 
into the adjacent diverticula of the glandular section. 

The end sac (pl. VII, figs. 5-7; pl. XII, figs. 1-2) is  
an elongate bag hanging down along the posterior wall of 
the r e a r  sac,  to which it i s  attached. It has a lobulate 
exterior and is embedded in the connective tissue without 
trabecular processes of any kind. The end sac consists 
of a cluster of cells around an irregular lumen. The cells 
a r e  blocky and vacuolated; when stained with Ehrlich's 
haematoxylin and eosin they strongly resemble those of the 
liver.  The elongate lumen is distally branched and proxi- 
mally connected by a short efferent duct to the dorsal part 
of the r e a r  sac  (pl. X I I ,  fig. 2). The end sac probably 
produces some kind of secretion. 

Gland B differs greatly from all other glands in the 
ostracod. It resembles the green gland of higher crusta- 
ceans. I ts  complexity may be the result of fusion of two 



glands, one represented by the glandular section and the 
other by the end sac,  with the r e a r  sac developed from the 
combination of the two efferent ducts. The function remains 
in doubt, even though Franzl  (1940, p. 202-12) contended 
that these glands in Cyflrinotus incong-/uens Ramdohr pro- 
duce an adhesive substance used to fasten eggs to the sub- 
s t ratum. In Candona suburbam, the glands a r e  developed 
equally a s  well in the male (pl. VI, figs. 1-9; pl. W, figs. 
1-7) a s  in the female. The classification of the glands a s  
excretory may be questioned. 

Excretory Gland C -- Maxillary Gland 

This is the most difficult pair of excretory glands to 
study in Candona suburbam. The glands lie in  the lower 
half of the body, below and behind the closing muscles, a t  
the s ides of gland N's,  and behind the bases of the maxillae 
(pl. IX, figs. 7-9). The end sac of each gland is subcres- 
centic in a c ross  section and elongate in a frontal section, 
and l i es  nearly horizontal. Its anterior end is fastened to 
a posterior branch of the endoskeleton by a short tendinous 
process, and i t s  posterior end to the body wall near the 
base of the second thoracic leg by an apophysis; the end 
sac  appears to be suspended between these terminal attach- 
ments. The base of the end sac connects to a twisted, more 
or  l e s s  S-shaped narrow duct. 

The walls of the end sac resemble those of gland A. 
The long, tubular lumen, only about 7 microns in diameter, 
is surrounded by a hard membrane. Another dense mem- 
brane surrounds the sac.  The inner and outer membranes 
a r e  held apart by numerous irregular partitions throughout 
the interspace (pl. IX, fig. 8). 

The duct that leads from the end sac terminates at  the 
side of the body between the bases of the maxilla and f i r s t  
thoracic leg. The duct is thin and twisted, difficult to 
follow in se r ia l  sections. I have been unable to  ascertain 
whether there is an efferent opening of the duct. No fluid 
has been found in the end sac or  the duct in any specimen. 

Liver, or Hepatopancreas 

This pair of secreting glands is readily seen in living 
animals o r  in sections. Unlike the liver in many other 
cypridid ostracods, that in Candona suburbam is rather 
short,  subpyriform to elongate ovate, and does not extend 
very f a r  into the hypodermis. Each liver (fig. 8; pl. 111, 
figs. 1-3; pl. VLII, figs. 3-8) l ies  a t  the sides of the front 
par t  of the stomach, near the dorsal tip of the mandible, 
and in front of the closing muscles. It is connected to the 
fore par t  of the stomach by a short narrow efferent duct 
(pl. VIII, fig. 7).  

The lumen of the liver is narrow and has many short 
re-entrants.  It is filled with a fluid like that surrounding 
the food ball in the stomach. The surrounding cells a r e  
large, and each tapers  towards the lumen and the efferent 
duct (pl. LI, figs. 1-3; pl. V, fig. 1; pl. XI, figs. 5-9). 
They stain dark brownish purple with Ehrlich's haematoxy- 
lin and eosin and light reddish purple with triple chrome. 
The exterior surface of the liver is strongly lobulate. 

In living ostracods the liver can be seen through the 
valve a s  a golden-yellow mass.  Occasionally it shows a 
peristaltic movement. Inasmuch a s  there a re  no muscles 
attached to the liver,  such movement probably results 
f rom contractions of the stomach. The secretion of the 
two l ivers  apparently fo rms  most o r  all of the digestive 
juice in the stomach. 

Secreting Gland L -- 
Gland of the  Upper Lip 

This pair of glands is located in the upper lip (fig. 6; 
pl. XUI, fig. 3). As compared with gland L ' s  in Cypri- 
dopsis viduu (see Kesling, 1951, p. 54, fig. 3; pl. 6, no. 
21), those in Candona suburbans a r e  very small and incon- 
spicuous. The end sac of each gland is elongate oval, 
about 10 microns in diameter and 20 microns long. It l ies 
in a nearly horizontal position and seems to be held in place 
only by the connective tissue in the upper lip. A very 
narrow, thin-walled efferent duct leads back from the end 
sac to the opening in the fore part of the atrium of the 
mouth near the beginning of the esophagus. The end sac 
contains very few cells; i t  is so small and the cell walls 
so indistinct that the number of cells is difficult to deter- 
mine. The lumen is extremely narrow and continuous 
with the efferent duct. 

These glands, by their positions, appear to be salivary 
glands. The food particles from the esophagus readily 
combine with those already in the stomach to form a con- 
solidated massive food ball. The secretion of the two 
gland L ' s  may cause this coagulation. 

Secreting Gland N -- 
Gland of the  First Thoracic Leg 

This pair of glands, large and easily discernible in 
microtomed sections, is about the same size in male and 
female. The dorsal ends of the two glands lie side by side 
in the ventral half of the body, between the excretory gland 
C's, above the ventral chain of ganglia, and behind the 
closing'muscles (pl. IX, figs. 8-9). Posteroventrally the 
two glands diverge, and one enters the protopod of each 
f i r s t  thoracic leg (pl. I, fig. 1). Each gland is more or 
l ess  sausage-shaped, but large and somewhat lobulate in 
i t s  dorsal half and tapering in i ts  ventral half. The cells 
have distinct boundaries, and a r e  composed of granular, 
vacuolated protoplasm. There a r e  about twelve cells in 
each gland, each with a large nucleus. The lumen, only 
about 5 microns in diameter, is discernible only in the ven- 
t ra l  half of the end sac. The short efferent duct curves 
back from the end sac to the opening in the r e a r  part of the 
protopod of the f i r s t  thoracic leg, near the two setae repre-  
senting the exopod. 

Secreting Gland 0 -- 
Copulation Gland of the Female  

This is the only pair of glands that is not present in 
both sexes. It is found only in the female, in which it is  
part of the sex system. Each gland i s  located in the an- 
terior par t  of the corresponding genital lobe, in front of 
the uterus, and above the vagina (pl. XUI, fig. 1). The end 
sac is elongate, about 60 microns long and 40 microns in 
diameter. It i s  composed of richly vacuolated cells, which 
a r e  stained by haematoxylin and eosin like those of gland N. 
Neither the walls nor the nuclei of the cells can be seen. 
The lumen i s  narrow and has irregular boundaries. The 
end sac has only one outlet, a short efferent duct to the 
vagina. 

Gland 0 is like other glands in the ostracod in that 
neither one of the pair connects with the other. Each 
gland apparently supplies a secretion to one of the paired 
vaginae, but the use of such a secretion i s  not known. 



MUSCULATURE 

Closing Muscles 

The closing muscles, or adductors (pl. IX, figs. 3-S), 
a r e  attached to each valve and to a central tendinous s t ruc-  
ture. When the muscles contract, they draw the two valves 
together, and when they relax, the ligament above the hinge 
contracts and spreads the valves apart.  

The closing muscles a r e  attached to each valve in a 
distinctive pattern (figs. 1-4). Five form a rosette near 
the center of the valve, slightly anterior, and one lies a-  
bove the rosette. After the animal dies, the positions of 
muscle attachment a re  marked by scars .  Valves show 
minor variations in the basic pattern; some have one o r  
more of the five involved in the rosette divided. P a r a -  
sagittal sections (pl. XU, figs. 1-2) reveal that each 
closing muscle is made of several discrete bundles of fib- 
e r s .  As many a s  nineteen bundles have been counted in one 
section. 

In the center of the body, the muscles from each valve 
join a tendinous band of tissue (pl. IX, fig. 4). The upper 
edge of this band is reinforced by a long, thin, cordlike 
tendon (pl. IX, fig. 6) and the lower edge by a short, ven- 
trally concave, rodlike tendon (pl. IX, fig. 5). The ends 
of the rodlike tendon a r e  attached to the posterodorsal ex- 
tensions of the endoskeleton (pl. IV, fig. 1). In this man- 
ner, the position of the endoskeleton is fixed with reference 
to the closing muscles. 

Appendages 

The muscles controllingj each of the appendages have 
already been discussed. They will be reviewed only briefly. 

In addition to internal muscles, the antennules each 
a r e  controlled by s ix muscles, three from the valve and 
three from the endoskeleton. All a r e  attached to P1. The 
t e r m s  flexor and extensor a r e  not very appropriate because 
the appendage i s  concave upward and elevated when used in 
swimming movements, depressed and nearly straight when 
used to explore the area ahead in walking, and depressed 
and concave downward when folded to fit into the closed 
carapace. As used in this study, the antennule is said to 
be flexed when retracted and extended when in the swim- 
ming position. Three muscles a r e  definitely extensors, a s  
defined here: one is nearly vertical, connecting the postero- 
ventral corner  of the podomere to the anterodorsal margin 
of the valve; the second is nearly horizontal, connecting 
the anterodorsal par t  of P1 to the valve hlgh above the 
mandible; and the third leads down and back from the pos- 
terodorsal corner  of the podomere to the anterodorsal tip 
of the endoskeleton. Two muscles a r e  flexors, f rom the 
anterodorsal tip of the endoskeleton to the posteroventral 
and anteroventral par ts  of P1. The last muscle operating 
the antemule may act a s  a flexor or extensor, depending 
upon the position of the podomere with relation to the pivot 
of the base a t  the middle of the posterior edge of P1. 

The antenna i s  controlled from outside the appendage 
by s ix muscles. The strong geniculation of this appendage 
i s  associated with an unusual distribution of muscles. 

Three muscles from the dorsal part of the valve act a s  
extensors; all a r e  attached to P1. One connects the outer 
posteroventral edge of P1 to the valve just behind the anten- 
nule, the second slopes from the outer anterodorsal edge 
of P1 to the valve above the mandible, and the third leads 
f r o m  the inner dorsal edge of the podomere to the valve 
between the positions of the other two extensors. A fourth 
extensor connects the ventral part of P1 to the antenna 
supporting rod in the framework of the head (fig. lo), which 
in turn is connected by a muscle to the dorsal part of the 
valve. The fifth muscle attached to P1 can apparently act 
a s  an extensor or flexor, depending upon the position of the 
podomere; it leads to the endoskeleton. Another muscle 
f rom the endoskeleton extends through the protopod and is  
attached to the proximal process of El. This unusual mus- 
cle serves a s  a flexor for E l  or an extensor for P2; it 
would seem to act in opposition to  muscles within the anten- 
na (fig. 13). 

The most striking muscles of the mandibles a r e  the 
adductors converging centrally to the endoskeleton (fig. 9 ;  
pl. VIII, figs. 4-9). Muscles from the large basal podomere 
also extend to the dorsal par t  of the valve, two from the 
front edge and two from the r e a r  edge. One of the latter 
divides dorsally and produces three s c a r s  on the valve. 
The chitinous support of the mandible leaves two s c a r s  on 
the valve anteroventral to the s c a r s  of the closing muscles. 

The basal podomere of the maxilla i s  controlled by 
muscles to both the valve and the endoskeleton. From the 
front part of the r i m  a muscle extends vertically to the 
valve above the closing muscles. From the r e a r  part of 
the r im,  a muscle extends upward to the valve, although 
i t s  exact place of attachment was not determined. Numer- 
ous muscles from within the podomere lead to the postero- 
ventral edge of the endoskeleton. Movement of the maxilla 
is mostly forward and back. The complexity of the appen- 
dages renders the t e rms  extensor and flexor inappropriate. 

The f i r s t  thoracic leg has muscles from the front and 
r e a r  of the protopod to the posteroventral edge of the endo- 
skeleton. The second thoracic leg has three muscles to 
the posterodorsal part of the endoskeleton, attached to the 
posterior edge of P1, the anterior part of P2, and the pos- 
terior part of P2. The third thoracic leg has muscles from 
the posterior and anterior edges of P1 to the posterodorsal 
process of the endoskeleton. 

The furcae a r e  operated by muscles from the front and 
r e a r  edges to the r e a r  framework of the body. 

Digestive Sys  tern 

Muscles were mentioned in the discussion of this sys- 
tem. In addition to the thin layers of muscles in the walls 
of the stomach, intestine, and r e a r  gut, which allow peri- 
stalsis,  there a r e  strong circular muscles around the eso- 
phagus which also permit peristaltic movement. From the 
walls of the upper lip, muscles extend to the dorsal wulst 
(pharynx muscles, pl. III, fig. 3; pl. IV,  fig. 3; p1. VII: 
fig. 6), the esophagus, and the Y-shaped process at the 
r e a r  of the upper lip. 



Endoskeleton 

F r o m  each half of the endoskeleton (fig. 9), muscles 
radiate in many directions. Most of these muscles mani- 
pulate appendages. There a r e  two to the antennule, two to 
the antenna, five or more to the mandible (pl. Vm, figs. 
5-9) ,  several  to the maxilla, two to the first thoracic leg, 
three to the second thoracic leg, and two to the third thora- 
cic leg; possibly, there a r e  other small muscles undetected. 
Muscles to the rake-shaped organs in the rea r  of the mouth 
a r e  of exceptional interest,  inasmuch a s  they penetrate the 
ventral chain of ganglia (pl. VILI, figs. 7-8). Another pair 
of muscles lead to the dorsal r i m s  of the hypostome. A 
tendinous process  f r o m  gland A is fastened to the antero- 
dorsal  extension of the endoskeleton (fig. 9), and a curved 
chitin rod attached to the closing muscles is  connected to 
the posterodorsal tips of the endoskeleton (pl. IX, fig. 5).  
The endoskeleton itself i s  suspended f rom each valve by 
two muscles, one f rom each of the anterodorsal and postero- 
dorsal tips. The latter can be seen in plate IX, figure 1. 

Body 

The posterior par t  of the body is raised by contraction 
of muscles attached to the posterodorsal part of the valve. 
In the anterior part of the body, the dorsal part of the valve 
is connected by a small  muscle to a chitin rod forming part 
of the framework of the head; this rod articulates with the 
base of the antenna. The anterior par t  of the body may also 
be elevated by contraction of muscles f rom the dorsal part 
of the valve to the endoskeleton and to the appendages. 

Valve 

In addition to the s c a r s  left by the closing muscles and 
mandibular support, each valve has numerous small sca rs  
in  the dorsal  region (fig. 10). These a r e  from muscles that 
extend to appendages, endoskeleton, and body framework. 
The s c a r s  of these small muscles a r e  distributed in four 
groups. 

The f i r s t  group form a long line subparallel to the dor- 
s a l  border and close to it. It  includes nine muscles. The 
f i r s t  is se t  f a r  forward, attached to the valve just above 
the antennule to which it  leads. The following two s c a r s  
a r e  situated above the mandible, and a r e  for muscles 

leading to antenna and antennule. The fourth, above the 
maxilla, is made by a small, long muscle to the postero- 
dorsal tip of the endoskeleton (fig. 9). The next three, 
above and behind the closing-muscle scars ,  a r e  for  mus- 
cles which join together and go to the mandible. Well 
behind these muscles a re  two small s c a r s  of muscles lead- 
ing to the posterior part of the body and attached dorsal to 
the anus. 

The second group form a row just below the f i r s t  row 
and above the mandible. From front to r e a r  they a r e  for 
muscles leading to the antenna supporting rod of the frame- 
work, the antenna, and the mandible. 

The third group a r e  in a row below the second and 
above the mandibles and closing muscles. From the front, 
they a r e  made by muscles leadin g to antenna, mandible, 
maxilla, and antennule. The last  group, two small  s c a r s  
just above the mandible and anterodorsal to the closing 
muscle scars ,  has erroneously been referred to a s  the 
antenna1 scars .  Actually, the dorsal scar  leads to the 
mandible and the ventral to the endoskeleton. The extra 
muscle found in the male is discussed below. 

Copulation Muscles of the Male  

From the ventral part of the body at the front end of 
the penes attachment, large and powerful muscles extend 
to the body wall (fig. 9 ;  pl. I, figs. 1-3; pl. X, figs. 1-4). 
These muscles, used in copulation, produce al l  the action 
of the complicated penes, which, strangely, contain no 
muscles. When the copulation muscles contract, the body 
is sharply constricted, the Zenker's organs a r e  rotated 
about 90 degrees, the chitin plates of the penes unfold, 
and the tips of the inner lobes of the penes a r e  thrust for-  
ward and out of the carapace. 

These a r e  the only muscles found in the male and not 
in the female. Inasmuch a s  they lead to the dorsal par t  of 
the valve, their s c a r s  should offer a means of distinguish- 
ing male and female valves in Recent and fossi l  species. 
But no scar  can be discerned in several male valves 
stained, and the position of the attachment to the valve can 
only be determined a s  posterodorsal to the closing-muscle 
s c a r s  (pl. X, fig. 1). 



ENDOSKELETON 

The endoskeleton i s  a complex structure of fused 
chitin rods. In simple t e rms ,  it resembles antlers.  From 
the four major extremities and the base, muscles lead to 
the dorsal part of the carapace, the appendages, the hypo- 
stome, and the rake-shaped organs (fig. 9) .  

The endoskeleton is suspended from the carapace by 
four muscles. Two muscles lead from the anterior and 
posterior extremities on each side to the dorsal par t  of 
the corresponding valve. The muscles from the posterior 
tip forms a small sca r  in the uppermost row of scars ,  the 
fourth from the front; that f rom the anterior tip is con- 
siderably shorter and forms  the lower of two small s c a r s  
above the mandibles. These muscles serve to adjust and 
control the position of the endoskeleton. 

From the anterior extremity three muscles lead to P1 
of the antennule. They a r e  attached to the posterodorsal 
corner, the anteroventral border, and the posteroventral 
corner of the podomere. 

From about the same part  of the endoskeleton, two 
muscles extend to the antenna. The f i r s t  is relatively 
short,  leading to the posteroventral edge of P1 (pl. IV, 
fig. 1). The second i s  much longer, leading to a process 
on El; this i s  a very unusual attachment for a muscle con- 
trolling an appendage, and probably evolved a s  a modifi- 
cation of muscles within the appendage. 

the endoskeleton, five muscles radiate to the large P1, 
drawing the teeth together by their contraction (pl. IV, fig. 
1; pl. W, figs. 2-9; pl. XI, figs. 1-8). 

Several muscles extend from the lower par t  of the 
endoskeleton. From a small ventral process, small mus- 
cles lead to the rake-shaped organs (pl. XI, figs. 3-7). 
These appear to support and adjust these structures, and 
not to impart masticatory movements. From the postero- 
ventral part of the endoskeleton, several tiny muscles lead 
to each maxilla ( ~ 1 .  VIII, fig. 9; pl, XI, figs. 1-3), another 
pair support the hypostome (pl. XI, fig. 4), and two or  
three lead to each f i rs t  thoracic leg. 

The posterior extremity on each side of the endoskele- 
ton serves a s  the origin of muscles to the other two thoracic 
legs. In the second thoracic leg, they a r e  fastened to the 
posterodorsal edge of P1 and the anterior and posterior 
par ts  of P2. In the third thoracic leg, they a r e  attached 
to the front and r e a r  of the base. The posterior tip of the 
endoskeleton is linked to the central process of the band of 
closing muscles (pl. IV, fig. 1; pl. IX, fig. 5). 

Because the enclosing valves extend completely around 
the appendages in the ostracod, they a r e  not adapted to 
provide rigid supports for muscles controlling the appen- 
dages. The endoskeleton, centrally situated, does provide 
such supports, and thereby assumes greater importance 
for  the ostracod than for most other crustaceans. 

The largest and most numerous muscles of an append- 
age a r e  those of the mandibles. From the lower section of 



SEX S Y S T E M S  

Female System 

The female system consists of two halves, each com- 
plete, with no connection whatsoever between the right and 
left ovaries, uteri,  or seminal receptacles. Each half is 
a mi r ror  image of the other. 

Ovaries 
As in other ostracods of the family, the ovaries a r e  

elongate curved organs in the hypodermis (fig. 7; pl. XII, 
figs. 8-9), one on each side of the animal. Each ovary 
begins in the posterior region, curves down, forward, and 
up, and enters  the uterus near the middle of the valve. 

Although Woltereck (1898, pp. 602-608) distinguished 
the germinal zone, where eggs originate, from the growth 
zone, where they develop, there is no sharp boundary 
between zones in the ovary. Instead, f rom the oocytes in 
the syncytium to the eggs passing into the uterus, pro- 
gressive stages a r e  present along the course of the ovary. 

Cells in the syncytium a r e  irregular in size and not 
sharply defined. These oocytes pass  through a synapsis 
and acquire recognizable nuclei. Sections through the 
ovary (pl. XII, figs. 8-9) show some cells farther along 
the ovary which a r e  distinctly smaller than the others. 
These a r e  the "nurse cells" referred to by Woltereck 
(1898, p. 605) and Claus (1893, p. 21) and thought to be 
abortive eggs serving to supply vitelline content to the 
functional eggs. The "nurse cells" do not appear beyond 
the part of the ovary where the eggs display large, sharply 
defined nuclei and definite borders. 

Genital Lobes 
The paired genital lobes a re  elongate ellipsoidal 

features set close together in front of the furcae (pl. XIII, 
figs. 1-2). The uterine opening i s  near the middle and the 
vagina near the front of each lobe. 

Uterine Openings 
The two uterine openings, left and right, occur near 

the middle of the genital lobes. Each opening seems to be 
a simple, distendable aperture through which eggs can be 
discharged. No complicated musculature has been noted 
in association with the openings. 

Vaginae 
The chitinous framework surroundign the vaginal 

openings is not nearly a s  strongly developed in this species 
a s  in Cyp~idopsis vidua 0. F. MUller (Kesling, 1951, pp. 
45-46, figs. 27-29; pl. 49, fig. 240; pl. 59, fig. 272). On 
the border of the vagina, apparently articulated with the 
frame, is a "chitin stick" similar to that in C. vidua but 
small and inconspicuous. Muscles attached to this buckle- 
l k e  structure radiate to the inner wall of the genital lobe 
(pl. XIII, figs. 1-2). By their contraction, these muscles 
probably serve to swing each opening into the copulatory 
position. 

The vagina tapers rapidly to a canal that leads to the 
seminal receptacle. In Cyp~idopsis  vidua I found this canal 
to be very long and wound up in a ball, so that the t e rm 
spiral canal was quite appropriate. In Candona su6uvbanu, 
however, the canal is relatively short,  although somewhat 
twisted and contorted (fig. 7).  

In the front third of the ovary, that part which leads Seminal Receptacles 
anterodorsally to the junction with the uterus, the egg Each seminal receptacle lies below the corresponding 
cells a r e  crowded together so that their surfaces a r e  uterus, but no direct connection between them can be found. 
beveled against those of adjacent eggs. As a result, the To date, my observations of ser ial  sections lead me to con- 
eggs here have angular outlines in c ross  section (pl. X I ,  clude that each seminal receptacle i s  a blind end, and that 
fig. 8). The diameter of this section of the ovary is about the spiral canal from the vagina is both the adit and exit 
80 microns. f rom it. 

U f  eri 
Jus t  posterodorsal to the closing muscles on each 

side of the female, the ovary in the hypodermis passes 
into the uterus in the body. Both ovary and uterus a r e  
thin-walled egg tubes and the boundary se t  between them is 
one of convenience. 

No conspicuous change in the eggs occurs at the pass-  
age from ovary to uterus. Rather, the development of the 
eggs continues. Within the uterus, the shell is added to 
each egg. This begins a s  numerous granules on the sur -  
face (pl. V, figs. 4-7), which progressively fuse to form 
the cuticular wall. The final form of the wall is not appar- 
ent until the eggs a r e  nearly to the end of the bladder-like 
uterus, ready to be laid. In the central part of the uterus, 
which is normally distended with eggs, the angularity of 
the eggs disappears and they assume the final spherical 
shape (pl. 111, fig. 3; pl. V, figs. 1-2). 

Adult females have masses of long spermatozoa in 
their receptacles (fig. 7; pl. IV, figs. 1-3). As distended, 
each receptacle is bladder-shaped (pl. V, figs. 1-2). 

The male sex products in the receptacles differ 
drastically from those in the seminal vesicles of the males. 
In the receptacle of the female, they appear to be true 
spermatozoa, with a distinct enlargement o r  "head" and a 
long filamentous "tail" (pl. V, fig. l ) ,  whereas in the body 
of the male, they a r e  much wider and have only nodular 
enlargements to disrupt the longitudinal profile at intervals 
(pl. I, fig. 3; pl. VII, figs. 8-9; pl.  VIE,  figs. 1-3). 
These differences suggest that the sex products within the 
male a r e  spermatophores, from which the spermatozoa 
a r e  released prior to their r e a c h n g  the seminal recepta- 
cles in the female. This point needs detailed investigation. 



Zenkeris Organs 
Male System 

Like the system within the female, the sex system of 
the male consists of two halves, each complete in itself, 
with no connection between the right and left halves. Each 
half in the male contains elongate testes, circuitous vas 
deferens, distended seminal vesicle, voluminous Zenker's 
organ, and complicated, enormous penis. 

Testes 
Each half of the system has four testes o r  testicles 

embedded in the hypodermis. They a r e  subparallel, 
curving downward along the posterior margin of the valve, 
then forward and upward to their junction above the closing 
muscles (fig. 6). 

In the syncytium of each test is  (pl. I, fig. 3) the 
developing sex cells begin a s  i r regular  bodies, not sharply 
defined, l e s s  than 5 microns in diameter; they do not differ 
f rom the oocytes in the syncytium of the ovary in the female 
in any particular.  This section is followed by one in which 
the cells a r e  well nucleated and subpolygonal, up to 25 
microns in diameter (pl. I, fig. 3). This section is only 
about 200 microns long. Beyond it, the polygonal cells 
disappear and a r e  replaced by thread-like bodies (pl. I, 
figs. 2-3). These progressively increase in diameter to 
the outlets of the testes  at  their junction. 

Vasa Def erentia 
The union of the testes  is taken a s  the origin of the 

vas deferens in each half of the body. The vas deferens 
follows a curious circuit before enlarging to form the 
seminal vesicle. From the origin it  passes a short dis- 
tance through the body and enters  the hypodermis in the 
anterodorsal region. There it proceeds forward, down, 
back, up, and forward, paralleling the edge of the hypo- 
dermis (fig. 6). This i s  the "blind section" of the vas 
deferens (pl. I, fig. 2; pl. VI, figs. 1-7; pl. XII, figs. 
5-6). Actually, of course, this section is not blind, for 
the exit begins in the ventral section in a Y-junction and 
extends forward and up parallel to the front half of the 
"blind section" (fig. 6). The supposed function of this un- 
usual section, once thought to be a fifth testis (Zenker, 
1850, p. 195), is to permit the developing spermatozoa (or 
perhaps spermatophores) to change their direction. These 
sex  products a r e  each longer than the body of the ostracod, 
and a r e  absolutely the largest  known in the animal kingdom. 

The vas  deferens re-enters  the body in the anterodor- 
sa l  region, parallels the dorsal  border, encircles the 
Zenker's organ (pl. X, figs. 1-5), loops back and forth 
several times (pl. 11, figs. 1-3), and rapidly enlarges to 
fo rm the seminal vesicle (pl. IX, figs. 1-9). Nearly each 
section of the vas deferens contains c ross  sections of 
several spermatozoa. 

Seminal Vesicles 
The pair of seminal vesicles nearly fills the antero- 

dorsal  region of the body (pl. I, fig. 3; pl. VIE, figs. 1-9; 
pl. M, figs. 1-9), extending nearly to the forehead (pl. VI, 
figs. 7-9). Each is  distended with many, many spermato- 
zoa (pl. Vm, figs. 1-9), forming a C-shaped bladder 
leading into the Zenker's organ. Although the spermatozoa 
a r e  in places diverted in bundles, they generally follow a 
course subparallel to  the outer wall of the vesicle (pl. I, 
fig. 3). 

These voluminous seminal pumps fill  much of the 
posterodorsal part of the body (pl. II, figs. 1-3; pl. X, 
figs. 4-5). Their sole known use is to move the extremely 
large spermatozoa out during copulation. 

Each is a complex organ (Kesling, 1957, pp. 175-82). 
The central  tube is composed of numerous chitin rings 
embedded in tissue (fig. 15a; pl. Xm, fig. 4). Nearly all 
c ross  sections of the centrzl tube contain more than one 
spermatozoon (pl. Xm, fig. 5). Spaced along the central 
tube a r e  normally seven wreaths of chitin spines (fig. 15%); 
these wreaths can be seen through the carapace (pl. XIII, 
fig. 7). Each spine is Y-shaped (pl. Xm, fig. 4), the two 
prongs attached to the central tube and the tip at  the outer 
limit of the organ. Numerous tiny muscles lace the spines 
of each wreath together, and others link those of adjacent 
wreaths (pl. I, figs. 1-3; pl. 11, figs. 1-3; pl. X, figs. 3-5). 
A sheath of tissue covers the outer par t  of the organ. Thus, 
the mass  of the Zenker's organ is a cylinder of interlaced 
tiny muscles, given support and rigidity by seven wreaths 
of chitin spines arranged along a central tube. 

PI. 
the 

The front of the organ is funnel-shaped (pl. I, fig. 3; 
X, figs. 1-2)) serving to direct the spermatozoa into 
central tube. At the posterior end, the central tube 

constricts to a narrow tube curving forward and entering 
the penis; this may be considered a s  a continuation of the 
vas deferens (pl. X, fig. 6). 

In use during copulation, the Zenker's organ i s  rota- 
ted about 90 degrees, and ejaculation is accomplished by 
rhythmic motions through the organ. Thus pulsing pro- 
ceeds f rom the front (top) of the organ to the r e a r  (bottom), 
and can be observed through the carapace by the movement 
of the chitin wreaths. 

FIG. 15. Candona suburbans Hoff. a .  Zen- 
k e r f s  organ. b. Outer face of penis. 
Compare with figures 3 and 6 for  scale. 



Penes 
The extremely complicated penes have never been 

fully understood. They seem to be a necessary adaptation 
f o r  copulation by a male encased in a carapace with a 
female encased in another carapace. As compared with 
other crustaceans, the ostracod has penes that a r e  massive, 
capable of unfolding for  copulation and refolding for retrac-  
tion within the carapace. In each penis, the chitinous 
framework f o r m s  a sheath around a smaller sheath (pl. X, 
figs. 7-10). In the passive state, the vas deferens forms 
a large S within the penis and terminates at the inner of 
three lobes (fig. 15b; pl. D, figs. 1-2). 

Another remarkable feature of the penis is  the lack of 
any musculature within i t .  Evidently the chitinous parts  
a r e  intricately hinged, so  that erection and unfolding r e -  
sult f r o m  the pressure caused by contraction of the copu- 
lation muscles (pl. I, fig. 1; pl. X, figs. 1-4), which a r e  
attached immediately in front of the penes. 

The S-shaped vas deferens within each penis is not a 
simple tube. There a r e  three successive thick-walled en- 
largements around the initial curve (pl. 11, figs. 1-2). 
Their function remains a mystery. And nothing is known 

of the use of the outer and middle lobes of each penis, 
which contain no part of the vas deferens. Perhaps they 
a r e  sensory structures utilized to insure insertion of the 
inner lobe into the corresponding vagina of the female. 

Although I have studied these structures in total 
mounts and in thin sections, I cannot reconstruct the de- 
tails of their morphology beyond the sketch presented in 
figure 15b, nor can I explain their operation. 

Powerful muscles (pl. I, fig. 1; pl. X, figs. 1-4) ex- 
tending from the dorsal par t  of each valve to the ventral 
part of the body operate the penis, which contains no mus- 
cles. During copulation, these muscles contract. The 
penis is swung forward and out of the carapace by this 
action, the plates of the penis spring outward, and the Zen2 
k e r f s  organ is rotated to a vertical position. These mus- 
cles a r e  not found in the female. 

The sex system of the male i s  complex a s  a result of 
the large size of the spermatozoa, the necessity of pump- 
ing them out through the penis, and the difficulty of copu- 
lation with a female also enclosed by a large bivalved 
carapace. 



CARAPACES 

Hingement  and Closure 

Wagner (1957, p. 18) characterizes the hingement of 
the genus Candona thus: "La charniere est  t res  simple: l e  
bord dorsal de l a  valve droite s 'articule dans une cannelure 
du bord dorsal de l a  gauche. " Admittedly, the hingement 
of C a n d m  is not a s  strongly developed a s  in many of the 
living marine ostracods, but in my analysis it  can scarcely 
be explained a s  simple. In each valve, the hinge elements 
a r e  in very low relief and must be illuminated at  low ang- 
l e s  to be discerned. Except for the stronger curvature in 
the male valves (fig. l), they have the same hingement a s  
the female valves (fig. 2). 

The long central part of the hinge consists of a ridge 
or  hinge bar in the right valve and a corresponding hinge 
groove in the left valve. At each end, nowever, the ridge 
turns proximally to curve around an elongate sublunate 
depression in the right valve (fig. 2), here called the hinge 
process .  In the corresponding positions in the left valve, 
the groove is terminated by sublunate elevations (fig. l) ,  
which may be termed the hinge flaps. The posterior ele- 
ments of the hinge a r e  nearly twice the size of the anterior.  
The terminal parts,  although much subdued, appear to me 
to function a s  tooth-and-socket arrangements in ostracods 
having stronger hingement. 

The selvage and list of each valve a re  low and incon- 
spicuous, a s  compared with most other ostracods. 

Duplicature 

The anterior duplicature is much wider than the pos- 
terior,  forming a spacious vestibule (figs. 1-2). The ad- 
hesive strip maintains about the same width around the 
f ree  margin. The inner margin has a slight elevation or 
low ridge. In the anterior duplicature, this i s  paralleled 
by another low ridge (figs. 1-2). Numerous radial pore 
canals pass through the adhesive strip; they a r e  not pre- 
cisely radial. The proximal ends of the radial pore canals 
outline the line of concrescence. 

Dimorphic Differences 
The differences of male and female valves have been 

noted previously in studies of Candona. The posterior 
region of the male valves a r e  more plenate in lateral view, 
both from the greater posterodorsal curvature and from the 
ventral extent. In contrast, the female valves have so llttle 
curvature in the posterodorsal part of the border that they 
seem beveled or  truncate. The indentation of the ventral 
border is much stronger in the male than in the female 
(figs. 1-2). 

Along the remainder of the valve, the f ree  edge of the The four testes or testicles in the male valve leave 
left valve embraces that of the right in an overlap or  over- traces after removal of the soft parts. The ovary in the 
reach.  The degree of development varies  from weak at female valve may also leave a trace, but it is much fainter 
the ends to  strong at  the ventral section. than those of the testes in the male. 



UTILIZATION O F  SPACE W I T H I N  CARAPACES 

O F  MALE A N D  F E M A L E  

Here a r e  presented the f i r s t  measurements that have 
been made of the volumes of organs, systems, and other 
par t s  of the body in an ostracod. They were computed to 
determine the relationship between the volume of the cara- 
pace and the volume of the sexual system in each adult 
dimorph of Candonu suburbam Hoff. 

In any problem the quantitative investigation is apt to 
be more laborious than the qualitative. For small organ- 
i s m s  i t  poses a particular challenge. The minute size of 
the ostracod's soft par ts  and their encasement within a 
hard carapace make measuring of volumes a complex 
operation. 

Method 

It  seems impossible to measure s izes  of body parts & 
toto. Individual organs cannot be accurately excised from - 
the r e s t  of the body. Even if they could be isolated without 
shrinkage or  swelling, their weight o r  volume would be 
difficult to determine because nearly al l  instruments and 
procedures a r e  designed for  more massive objects. 

Volumes of organs in  an ostracod can be computed from 
ser ia l  sections of the animal. In microtoming, each organ 
is sliced into slabs o r  sections of known thickness. The 
total volume of the organ is the sum of the volumes of the 
s labs into which it  has been cut. The volume of each slab 
equals the product of the a r e a  and the thickness. Thus, 
the volume of an organ is determined by slicing it into sec- 
tions, measuring the a r e a  and thickness of each section, 

multiplying the a rea  by the thickness for each section, and 
adding up these products. 

The specimens of Candonu suburbam were cut by a 
rotary microtome adjusted to produce 10-micron sections. 
The average thickness of the cross-sections was checked 
by dividing the total length of the animal by the number of 
sections. 

The a r e a  of each section of an organ was more diffi- 
cult to ascertain. The image of the section was projected 
onto paper at a known scale by means of a camera lucida 
attachment on the microscope, the outline traced, the a r e a  
enclosed by the outline measured by a polar planimeter, 
and the a rea  of the section cornputid by applying the neces- 
sary reduction for scale. 

Measurements of volume by this method a r e  only a s  
accurate as those of the thickness of the sections produced 
by the microtome, the scale of enlargement of the image 
by the camera lucida, the outline traced on the paper, and 
the a r e a  registered by the polar planimeter. The signifi- 
cant source of e r ror ,  however, appears to be not in the 
accuracy of the instruments nor in their manipulation, but 
in the assumption that each section of an organ has equal 
a reas  on i t s  two sides. For example, the last section of a 
spherical organ will show a circle on its proximal surface, 
but a t  most only a point on i ts  distal surface. The volume 
is computed for  a cylinder, whereas the part of the organ 
is actually a spherical segment. As a result, the computed 
volume is larger than the actual. The e r ror  is greatly r e -  
duced by making thinner sections of the organ. 

TABLE 1 

VOLUMES OF MALE AND FEMALE SEX SYSTEMS IN Candona subu~banu  HOFF 

(in cubic millimeters) 

----s=.===s===i========0.====3===i:I======i=======a=========i===========~====s======s ---- 
Male system Female system 

I 
............... Penes . .  ..................... 0.0119 Genital lobes, 0.0027 

. . . . . . . . . . . . . . . . . . . . .  ...................... Testes .0043 1 Ovaries .0057 

. . . . . . . . . .  Seminal ves ic les . .  ............ ,0106 Seminal receptacles ,0049 

Vasa deferentia . . . . . . . . . . . . . .  .0043 

. . . . . . . . . . . . . .  Zenker's organs .0123 

* Exclusive of those parts  lying within the genital lobes. 

. . . . . . . . . . . . .  Uteri and eggs * .0115 

. . . . . . .  Muscles operating penes .0011 

. . . . . . . . . . . . . . . . . . . . . . . .  Total .0445 Total . . . . . . . . . . . . . . . . . . . . . . .  .0248 



TABLE 2 

VOLUMES OF MALE AND FEMALE CARAPACES AND SOFT PARTS IN 

Candona suburbans HOFF (in cubic millimeters) 

.P===1=111==IzI==PII====i5..EP=I=====.================================== 

Male Female 

-- -- ~ 

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Carapace 0.1382 0.1127 

Total soft parts* .................................... .I347 . I123 

Sex system (see table 1) ............................. .0445 .0248 

Soft par t s  exclusive os  sex system* ................... ,0902 .0875 

Hypodermis ..................................... .0402 .0402 

Other soft par ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .0500 .0473 

* Exclusive of distal parts of appendages. Basal parts (protopods) of most 
appendages included in measurements of the body. 

Volumes of Sex Systems 

As shown in table 1, the total volume of male sex 
organs is nearly twice that of the female sex organs. In 
each adult, the sex system occupies an exceptional pro- 
portion of the total body. This is the result of two factors: 
the size of the spermatozoa, absolutely a s  well a s  relative- 
ly the largest known in the animal kingdom, and the com- 
plexity of copulation between two individuals each encased 
in a bivalved carapace with narrow opening. Much of the 
volume of the sex  system i s  concerned, therefore, with 
storage of spermatozoa and with accommodation of the in- 
tricate folding penes. 

The male sex system amounts to 0.0445 cubic milli- 
meters ,  o r  about one-third of all  soft par ts  (table 2). By 
f a r ,  the largest elements a r e  the Zenker's organs, penes, 
and seminal vesicles. From selected sections, one might 
suppose that the size was much greater -- for Zenker's 
organs (pl. I, figs. 1-3; pl. X, figs.' 1-9), for penes (pl. I, 
figs. 1-3; pl. 11, figs. 1-3; pl.  X, figs. 6-10), and f o r  
seminal vesicles (pl. W, figs. 1-9; pl. VIII, figs. 1-9). 
Only in total measurements of volume do these features 
appear in their correct  proportions. 

The.female sex  system comprises 0.0248 cubic milli- 
meters, o r  only about one-fifth of the soft par ts  (table 2). 
Most of the system is made up of uteri, distended with 
eggs (pl. III, figs. 1-3). The genitalia of the female (geni- 
ta l  lobes) a r e  l e s s  than one-fourth the volume of those of 
the male (penes). This is an important factor in the rela-  
tionship of carapace to sex system, a s  will be discussed 
below. 

Volumes of Non-Sexual Soft Parts 

One of the significant resu l t s  of these measurements 
i s  the discovery that male and female a r e  nearly the same 
size, apart  f rom the sex  systems.  Table 2 shows that, 
excluding the s e x  system, the male soft par ts  amount to 

0.0902 cubic millimeters and the female soft par t s  to 
0.0875 cubic millimeters. Thus, the male is only slightly 
larger  than the female in non-sexual soft par ts .  This 
appears to be a valid conclusion; however, in the animals 
sectioned and measured the male's stomach was evacuated 
whereas the female's stomach was occupied by a fairly 
large food ball. As shown in table 3, the difference 
amounted to less  than 0.004 cubic millimeters for the en- 
t i re  digestive system. From dissections, it  is obvious that 
the male has slightly larger  appendages (figs. 3, 5b, 5d, 
5 f ,  51, 5& 5 ~ )  than the female (figs. 4, 55, 5 5  5g, 53 
5k, 59 and logically might be supposed to have a larger 
b a y  for  their support. 

Certain organs were found to have only slightly larger 
volume in male than in female (table 3). The closing mus- 
cles, central nervous system, and gland B a r e  proportion- 
ally larger  in the male. 

Relationship of Carapace and Sex Sys tem 

The carapace of the male is larger  than that of the 
female, and houses a larger volume of soft parts. The 
extra  volume of soft par ts  in the male consists mostly of 
sex organs (table 2). The additional space in the anterior 
half of the male carapace is utilized primarily for the large 
seminal vesicles (pl. VI, figs. 7 -9; pl. W, figs. 1-9; pl. 
VIII, figs. 1-9; pl. IX, figs. 1-9), which have no counter- 
par t s  in  the female. 

The most striking dimorphic difference in the carapace, 
however, l ies in the posterior half. The male has a more 
plenate posterodorsal region and a lobate posteroventral 
region not found in the female. The posterodorsal region 
houses the large Zenker's organs (pl. X, figs. 1-9) and the 
posteroventral region the large penes (pl. X, figs. 7-10). 
The posterior part of the female carapace accommodates 
the large uteri,  distended with eggs (pl. m, figs. 1-3; pl. 
V, f igs .  1-2). Measurements show that the combined vol- 
umes of penes and Zenker's organs i s  more than twice the 



TABLE 3 

VOLUMES OF SOME MALE AND FEMALE ORGANS I N  Candona suburbam HOFF 

(in cubic millimeters) 

............................................................................. 
Male Female 

Closing muscles ..................................... 0.00100 0.00085 

Central nervous system ............................... 00139 . 00109 

Cerebrum ....................................... 00024 . 00023 

Circumesophageal ganglia ......................... 00046 . 00030 

Peribuccalr ing .................................. 00006 . 00004 

Ventral chain of ganglia ........................... 00063 . 00052 

Digestive system* .................................... 00218 . 00583 

Gland B ............................................. 00092 . 00084 

Diverticula ...................................... 00059 . 00051 

Rear  sac  ........................................ 00022 . 00021 

End sac  ......................................... 00011 . 00012 

Gland C ............................................. 00007 

GlandN ............................................. 00017 

Eye ................................................. 00005 . 00005 

* Including dorsal wulst and livers . Male stomach evacuated . 

volume of the u te r i  and contained eggs (table 1); if the male sex  system of the male. therefore. requires  accommodation 
carapace were the same size and shape a s  that of the fe-  dorsally and ventrally in the posterior half of the animal. 
male. the penes could not be retracted into the carapace in contrast to the system of the female. which needs space 
(compare f igs  . 3 and 4) . The distribution of the sex only centrally . 
organs also has a relationship to the posterior part of the 
carapace in the female. the uter i  a r e  nearly central; but Obviously. the dimorphic differences in the carapaces 
in  the male. the Zenker's organs lie above the penes . The a r e  directly related to differences in the sex  systems . 
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EXPLANATION OF PLATE I 

(All figures enlarged to scale in figure 1) 

All sections illustrated on this plate cut 10 microns thick and stained with Ehrl ichls  haema- 
toxylin and eosin. Sections selected from one male, but not in succession. They a r e  cut 
parasagittal, slightly inclined; right side of each figure is anterior and top is dorsal.  Copu- 
lation muscles, operating one of penes, designated by m. 

FIG. 1. Section near left side, cut through left Zenkerls organ, muscles operating left penis, 
and proximal par t s  of several appendages. Muscle segments in front of muscles opera- 
ting penis a r e  par t s  of closing muscles. 

FIG. 2.  Section near middle of body, cut through central par t  of digestive tract,  right Zenker's 
organ, and part  of hypodermis. All seven wreaths of chitin spicules in Zenker Is organ 
intersected in this section. Small dark bodies in central tube of Zenkerls organ a r e  
sections through spermatozoa. 

FIG. 3.  Section near right side of body, cut through right Zenkerls organ, seminal vesicle, 
and testes.  P a r t s  of the four right testes present in this section. Spermatozoa in 
seminal vesicle well shown in this section. 
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EXPLANATION OF PLATE IT 

(All f igures  enlarged to scale in figure 1) 

All sections illustrated on this plate cut 10 microns thick and stained with Ehrlich's haematoxy- 
lin and eosin. Sections a r e  f rom one male, the same animal providing sections shown in plate 
I. They a r e  cut parasagittal, slightly inclined; right side of each figure is anterior and the 
top is dorsal.  

FIG. 1. Section in left half of body, cut through upper lip, hypostome, left Zenker's organ, 
penis, and liver. This section shows some of the chitin internal structures of the penis. 

FIG. 2. Section proximal and adjacent to that shown in figure 1. Small dark spots in ventral 
chain of ganglia, cerebrum and peribuccal ring a r e  nerve cells.  Distal end of vas 
deferens shown in inner lobe of penis. 

FIG. 3 .  Section proximal and adjacent to that shown in figure 2, containing cerebrum and 
ventral chain of ganglia of the central nervous system. The two dark objects in front 
par t  of ventral chain of ganglia are muscles connecting rake-shaped organs to endo- 
skeleton; these muscles pass  through a perforation in the ventral chain of ganglia. Parts  
of chitin rings can be seen surrounding central tube of Zenker's organ. 



(All figures enlarged to scale in figure 1) 

All sections illustrated on this plate cut 10 microns thick and stained with Ehrlich's haemat- 
oxylin and eosin. Sections a r e  from one female, cut frontal. Right side of each figure 
anter ior .  

FIG. 1. Section near middle of body, cut through stomach and cerebrum. Several eggs 
shown in the two uter i .  Left side of section cuts through liver,  and right side through 
closing muscles and gland A. Small dark spots in cerebrum a r e  nerve cells. 

FIG. 2. Section below that shown in figure 1, but not adjacent to it, showing the dorsal 
wulst o r  pharynx in the front part  of stomach. Cerebrum intersected near the place 
where i t  joins left and right branches of circumesophageal ganglion. 

FIG. 3.  Section below that shown in figure 2, but not adjacent to it. Section contains junc- 
tu re  of right ovary and uterus, immediately behind closing muscles. It also shows 
the two pharynx muscles connecting dorsal wulst to upper lip, which pass  through 
the circumesophageal ganglion. 
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PLATE 4 



EXPLANATION OF PLATE IV 

(All figures enlarged to scale in figure 1) 

All sections illustrated on this plate cut 10 microns thick and stained with Ehrlich's haemat- 
oxylin and eosin. Sections in figures 1 and 2 f rom same animal a s  those in plate ID, and 
a r e  cut frontal. Section in figure 3 from another female, and is cut parasagittal. Right 
side of figures 1 and 2 i s  anterior; left side of figure 3 is anterior. 

FIG. 1. Section below that shown in plate 111, figure 3, but not adjacent to it. Section cut 
through lower part  of upper lip, endoskeleton, and lower part  of r e a r  gut, showing 
r e a r  fork  of endoskeleton, juncture of left prong of this fork with closing muscles, 
and muscles connecting endoskeleton with mandibles and antennae. 

FIG. 2. Section below that shown in figure 1, but not adjacent to it, cut through mouth and 
seminal receptacles.  The two seminal receptacles contain spermatozoa. Teeth of 
the two mandibles meet in the mouth between the ventral chain of ganglia and the 
upper lip. Two elongate objects in center of the ventral chain of ganglia a r e  muscles 
connecting rake-shaped organs to endoskeleton. 

FIG. 3 .  Section, nearly sagittal, cut through mouth, stomach, r e a r  gut, and anus. 
Seminal receptacle, filled with spermatozoa, is below stomach and r e a r  gut. End* 
skeleton above front par t  of ventral chain of ganglia. Pharynx muscles connect 
dorsal wulst to upper lip. Several subdermal cells can be seen in posteroventral 
par t  of body. 



EXPLANATION OF PLATE V 

(Figures 1-3 enlarged to scale in figure 3; figures 4-7 enlarged to 2 . 4  t imes 
that scale) 

All sections illustrated on this plate cut 10 microns thick and stained with Ehrlich's 
haematoxylin and eosin. Sections a r e  f rom one female, the same that yielded the section 
shown in plate IV, figure 3. They a r e  cut parasagittal; left side of each figure is anterior 
Figure 7 enlarged f rom figure 3. 

FIG. 1. Section through antenna, l iver,  seminal receptacle, and uterus near left side of 
body. Eggs below front part  of seminal receptacle do not have shell completely formed. 

FIG. 2. Section to the right of that shown in figure 1, but not adjacent to it, cut through 
mouth, seminal receptacle, and left uterus. Masses of subdermal cells behind 

uterus.  Seminal receptacle filled with spermatozoa. Teeth of left mandible a r e  in the 
mouth, between upper lip and hypostome. 

FIG. 3.  Section to the right of that shown in figure 2, but not adjacent to i t ,  near that 
shown in plate IV, f i g w e  3. It cuts through stomach, intestine, r e a r  gut, and anus. 
The dorsal  wulst i s  in front par t  of the stomach. 

FIGS. 4-7. Successive sections through an egg in the front part  of the uterus.  This egg 
surrounded by chitin granules, which have not fused to form the shell .  Nucleus 
shown in figure 7.  
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PLATE 6 
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EXPLANATION OF PLATE VI 

(All figures enlarged to scale in plate V, figure 3) 

All sections illustrated on this plate cut 10 microns thick and stained with Ehrlichls haemat- 
oxylin and eosin. They a r e  successive cross  sections through front part  of body of a male, 
in s e r i e s  f rom front to back. Organs and structures 'explained by system or group. 

Nevvous system. The cerebrum (figs. 8-9) contains many nerve cells which appear a s  dark 
spots. The eye (figs. 3-6) is above the bases of the antennules and consists of a 
frontal lens (figs. 3-4) and lateral lenses (figs. 5-6). 

Glandular system. Excretory gland B1s shown in all figures, a s  diverticula (figs. 1-7) and 
r e a r  sacs  (figs. 7 -9). They extend out into the hypodermis. 

Sex system. Seminal vesicle, containing spermatozoa, in the dorsal part  of body (figs. 7-9). 
Sections through proximal par ts  of the "blind" vasa deferentia in dorsal part  of each 
figure. 

Upper lip. The upper lip (figs. 3-9) i s  below the cerebrum. The two dark objects near i ts 
center a r e  c ross  sections of pharynx muscles. 



EXPLANATION OF PLATE VII 

(All figures enlarged to scale in plate V, figure 3) 

All sections illustrated on this plate cut 10 microns thick and stained with Ehrlich's haemat - 
oxylin and eosin. They a r e  successive c ross  sections of one male, and follow those shown 
in plate VI, in s e r i e s  f rom anterior to posterior. 

Digestive system. Pharynx muscles a r e  in all figures, lying below the cerebrum (figs. 1-2) 
and between the two branches of the circumesophageal ganglion (figs. 3-9). Circular 
and longitudinal muscles in front par t  of the esophagus (fig. 9 ) .  

Nervous system. Cerebrum (figs. 1-3)) circumesophageal ganglion (figs. 4-9), and peri-  
buccal r ing (figs. 4-7). 

Glandular system. Excretory gland B 's  shown as  diverticula (figs. 1-6), rear  sacs  (figs. 1-4), 
and end sacs  (figs. 4-7). Excretory gland A's above and distal to the circumesophageal 
ganglion (figs. 8-9). 

Sex system. Seminal vesicles, filled with spermatozoa, in all  f igures.  Sections of vasa 
deferentia above seminal vesicles. 
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EXPLANATION OF PLATE VIII 

(All figures enlarged to scale in plate V, figure 3) 

All sections illustrated on this plate cut 10 microns thick and stained with Ehrlich's haemat- 
oxylin and eosin. They a r e  successive cross  sections of one male, and follow those shown in 
plate VII, in se r ies  f r o m  anterior to posterior. 

Digestive system. Rear par t  of the esophagus (fig. 1) extends into front part  of stomach (figs. 
2-9). Dorsal wulst, or pharynx (figs. 2-9), nearly fills the front part  of the stomach. 
The two l ivers  (figs. 2-8) lie a t  the sides of the stomach, into which they empty (fig. 7). 

Nervous system.  The two branches of circumesophageal ganglion (figs. 1-3) unite at their 
junction with ventral chain of ganglia (figs. 4-9). 

Glandular system.  Excretory gland A's above and distal to the circumesophageal ganglion 
(fig. 1). 

Sex system.  Seminal vesicles, filled with spermatozoa, in all sections. Vasa deferentia 
above seminal vesicles. 

Endoskeleton. This central chitin structure (figs. 5-9) has processes extending forward 
along outer sides of the circumesophageal ganglion (figs. 1-3), to mandibles (figs. 4-9), 
and dorsally around lower part  of stomach (figs. 7-9). From endoskeleton, a pair of 
small  muscles passes  through the ventral chain of ganglia to the rake-shaped organs 
(figs. 7-8). 

Mouth. In this space (figs. 2-4), teeth of mandibles meet (fig. 2). Mouth bounded at front 
by the upper lip (fig. 1) and at back by the hypostome (fig. 5). Front of hypostome has 
lateral lobes called paragnaths (figs. 4-5) and central chitin structures called rake-  
shaped organs (fig. 6) .  Palp and "masticatory" processes  of maxillae (figs. 1-6) 
extend forward along bottom and side of mouth. Mandibular palps (figs. 1-4) extend 
forward. 



EXPLANATION OF PLATE IX 

(All figures enlarged to scale in plate V, figure 3)  

All sections illustrated on this plate cut 10 microns thick and stained with Ehrlich's haemat- 
oxylin and eosin. They a r e  successive c ross  sections of one male, and follow those shown 
in plate VIII, in s e r i e s  f rom anterior to posterior. 

Digestive system. Stomach shown in all figures. 

Nervous system. Ventral chain of ganglia (figs. 1-9) in dorsal par t  of hypostome. 

Glandular system. Secreting gland N's (figs. 7-9) lie at sides of the median plane and above 
the ventral chain of ganglia. They extend into the f i r s t  thoracic legs (fig. 9).  Excretory 
gland C 's  (figs. 6-9) distal to secreting gland N's. 

Sex system. Seminal vesicles and vasa deferentia in all figures. 

Endoskeleton. Dorsal extensions of the central chitin structure (figs. 1-5) connected at their 
distal tips to a curved chitin rod attached to closing muscles (fig. 5). Muscles extend 
f rom the endoskeleton to dorsal par t  of the carapace (fig. 1) and to maxillae (figs. 1-3). 
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EXPLANATION OF PLATE X 

(All figures enlarged to scale between figures 9 and 10) 

Sections illustrated in figures 1-5 cut 10 microns thick and stained with Ehrlich's haematoxylin 
and eosin. They a r e  selected cross  sections of the r e a r  par t  of the body of a male. Sections 
illustrated in figures 6-10 cut 10 microns thick and stained with polychrome. They a r e  selected 
c ross  sections of the r e a r  par t  of the body of another male. 

Digestive system. Intestine (figs. 1-3) extends backward to  r e a r  gut (figs. 4-9). 

Nervous system. Ventral chain of ganglia (figs. 1-10) becomes smaller toward posterior and 
bifurcates. The two ends of the ventral chain a r e  the two small objects in the ventral 
part  of the body (fig. 10). 

Sex system. Zenker's organs (figs. 1-9) show cross  sections of spermatozoa in their central 
tubes (figs. 3-6). Vasa deferentia (figs. 1-10) appear both below and above the Zenker's 
organs; those immediately below (figs. 1-4) extend forward to the seminal vesicles. 
They contain the ends of numerous spermatozoa. Vasa deferentia connect Zenker's 
organs and penes (fig. 6). Penes connected at their front end (fig. 6) but separated 
posteriorly (figs. 7-10). Copulation muscles labeled m (figs. 1-4). 



EXPLANATION OF PLATE XI 

(All figures enlarged to scale in plate X) 

Sections illustrated in this plate cut 10 microns thick and stained with polychrome. They are  
successive c ros s  sections through front part  of body of male. 

Digestive system. Sections begin just behind esophagus. Paragnaths (fig. 1) and rake-shaped 
organs (fig. 3)  at r e a r  of mouth. Dorsal wulst or  pharynx (figs. 1-10) in front part  of 
stomach. Livers  (figs. 2-10) empty into front part  of stomach from sides (fig. 6). 

Nervous system. Ventral chain of ganglia below stomach (figs. 1-10) and in upper part  of 
hypostome (figs. 5-10). It i s  penetrated (figs. 4-7) by muscles f rom endoskeleton to 
rake-shaped organs. 

Sex system. Seminal vesicles, filled with spermatozoa, in all f igures.  

Endoskeleton. Front par t  (figs. 1- 5) is a flat horizontal hub with short  spokes extending for - 
ward fo r  attachment of muscles to antennules and antennae and laterally for  muscies to 
mandibles. Central par t  (figs. 6-9) crescent-shaped with vertical s t ruts  through middle; 
f rom it muscles extend to mandibles (figs. 6-9)) maxillae (figs. 8-9), and rake-shaped 
organs (fig. 7). Rear  par t  (fig. 10) has long dorsal extensions to which muscles a r e  
attached leading to dorsal part  of carapace. 
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EXPLANATION OF PLATE ZBI 

(All figures enlarged to scale in upper left corner) 

Sections illustrated in figures 1-6 and 8-9 cut 10 microns thick and stained with Ehrlich's 
haematoxylin and eosin. Section illustrated in figure 7 cut 10 microns thick and stained with 
polychrome. 

FIGS. 1-6. Successive parasagittal sections through excretory gland B of a male. Anterior at 
right in each figure. Fluid in r e a r  sac  (figs. 2-4). Rear sac  empties between hypo- 
dermis  and body (figs. 5-6). 

FIG. 7 .  Cross  section through r e a r  par t  of body of female. Seminal receptacles filled with 
spermatozoa. 

FIGS. 8-9. Successive parasagittal sections through ovary of female. Anterior at left in  
each figure.  



EXPLANATION OF PLATE XI11 

FIGS. 1-2. Successive f ronta l  sections through genital lobes of female .  Each section 10 
nlicrons thick and stained with Ehr l i ch ' s  haematoxylin and eosin. A11 egg l i e s  in each 
u te rus  (fig. 1). Right uterine opening c lea r  i n  f ig.  2 .  Approximately x 164. 

FIG. 3 .  Fronta l  section through o r a l  region of male ,  cut 10 microns  thick and stained with 
polychrome. Teeth  of mandible extend into mouth between upper lip and hypostome. 
Approximately x 360. 

FIG. 4 .  Pa rasag i t t a l  sec t ion through Zexker ' s  organ of male,  cut 10 microns  thick and 
stained with E h r l i c h ' s  haematoxylin and eosin.  Approximately x 770. 

FIG. 5. Cross  section through Zenker '  s organ, 10 nlicrons thick and stained with Ehr l lch '  s 
haeillatoxylin and eosin.  Dark objects c lus tered nea r  center  of f igure  are c r o s s  
sect lons  of spe rmatozoa  within centra l  tube of the organ.  Approximately x 770. 

FIG. 6. Live female  by t ransmit ted  light. Approximately x 80. 

FIG. 7. Live male  by inclined light f r o m  r e a r .  Dark l ines  in posterodorsal  region a r e  
wreaths  of chitin spines  within Zenker ' s  organs .  Approximately x 67. 

FIGS. 8 -9 .  Live female  by inclined lights f r o m  front  and r e a r .  Eggs appear a s  light spots 
in centrodorsal  a r e a  (fig. 8) .  Eggs and muscle  s c a r s  a r e  dark  spots (fig. 9 ) .  
Approximately x 80. 



furcol gland 0 branchrot p la?e 0 4  egg g e n ~ f a !  lobe  
muscles m a x ~ l l a  

- - 

4 

1 
/ 

genital lobe u t e r u s  v ~ g l n a  2 





E C O L O G Y  A N D  T A X O N O M Y  O F  O S T R A C O D A  

I N  T H E  V I C I N I T Y  O F  

S A P E L O  I S L A N D ,  G E O R G I A  

D A V I D  G .  D A R B Y  

NATIONAL SCIENCE FOUNDATION PROJECT GB-26 

REPORT NO. 2 





A C K N O W L E D G M E N T S  

Thanks a r e  due to the personnel of The Marine 
Institute, Sapelo Island, Georgia, and i t s  supporters, the 
University of Georgia and the Sapelo Island Research 
Foundation. Dr. G. H. Lauff, director during the time 
of sampling, made available to me vessels,  laboratories, 
offices, vehicles, equipment, etc. , without which this 
work could not have been accomplished. Dr. V. J .  Henry, 
present director of the Marine Institute, subsampled for 
my use many of the sediment samples he collected during 
the summer of 1961. He was also generous in supplying 
the data on grain size from these samples. He and Dr. J .  
H. Hoyt have given much valuable t ime and advice to me 
which contributed much to the worth of the paper. Mr.  M. 
B. Grey collected many of the offshore myodocopid ostra- 
cods; he also helped collect other offshore ostracods. 
During offshore sampling I was also greatly aided by Miss 
M. A. Horsfall, Miss Masako Satomi, and Mr. J.  S. Kier. 
Mr. J ames  Rouse, Captain of the R. V. KIT JONES, not 
only took me where I wished to go, but spent many long 
hours helping with the sampling. Dr.  Dirk Frankenberg 
also took offshore samples for me and generously allowed 
the use  of his dredge and other equipment. Dr. L. R. 
Pomeroy allowed the use of tidal current  data from Doboy 
Sound. Dr.  Hiroyo Kawanabe of the University of Kyoto 
helped and advised me on certain phases of the sampling. 
To these people and others of the Marine Institute, who 
gave s o  freely of their time and energies without compen- 
sation, I extend my great appreciation and thanks. 

Mr.  Karoly Kutasi of the Museum of Paleontology of 
the University of Michigan gave valuable advice which 
saved much time on certain phases of the photography. 

D r s .  R. V. Kesling, J.  C. Ayers, L. I .  Briggs, D. 
B. Macurda, C.  F. Powers, and E.  C .  Stumm of the 
University of Michigan critically read and edited the paper. 





C O N T E N T S  

PAGE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Acknowledgments iii 

List  of illustrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vi  

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hydrography 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sediments 3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ostracod population 13 

Methods of collection and preservation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

Dissection techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 

Staining and mounting techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Systematic descriptions 18 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cytheromorphacurta Edwards 18 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cytheromorpha warneri  Howe & Spurgeon 19 

Lepthocythere paracastaneaswain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cyprideis floridana (Howe & Hough) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Semicytherura elongata (Edwards) ....................................................... 
Macrocypris sapeloensis. n . sp  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Philomedes lilljeborgi (Sars) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pseudophilomedes ferulana Kornicker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rutiderma dinochelata Kornicker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rutiderma mollita. n . sp  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Asteropteron oculitristis. n s p  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cyclasterope biminiensis (Kornicker) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cyclindroleberis psitticina. n. sp  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sarsiella nodimarginis. n sp  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sarsiella sculpta Brady 34 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sarsiella pilipollicis. n . sp  35 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sars ie l la  radiicosta. n . sp 35 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sarsiella georgiana. n . sp  36 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sars ie l la  rousei. n . sp  37 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sars ie l la  angusta. n . sp . . . . . . . . . . . . . . . . . . . . . . . .  .. 38 

Sars ie l lagreyi .  n . sp  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 

Sarsiellatubipora,  n . sp  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sars ie l la  disparalis, n . sp  40 

Euconchoeciachierchiae Mueller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 

References cited . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42 



L I S T  O F  I L L U S T R A T I O N S  

TEXT-FIGURE PAGE 

1 . Map of Sapelo Island and adjacent part of mainland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

2 . Areas seasonally sampled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

3 . Tidal currents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

4 . Cross-sectional current flow in Doboy Sound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

5 . Percentages of organic material in sediments ......................................... 9 

6 . Percentages of calcium carbonate in sediments ........................................ 10 

7 . Median phivalues of sediments ...................................................... 11 

8 . Modified Fors te r  -Anchor dredge ..................................................... 12 

9 . Areas sampled and examined for ostracods in summer. 1961 ............................ 14 

10 . Fifth limb of Pseudophilomedes ferulana .............................................. 27 

............................................................. 11 . Euconchoeciachierchiae 41 

PLATE FACING PAGE 

1 . CytheromorphacurtaEdwards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . Cytheromorpha *Edwards. C . warneri Howe & Spurgeon .......................... 
3 . Leptocythere paracastmeaswain ................................................... 
4 . Leptocythere paracastanea Swain ................................................... 
5 . Cyprideis floridana (Howe & Hough) ................................................. 
6 . Cyprideis floridana (Bowe & Hough) ................................................. 
7 . Semicytherura elongata (Edwards) .................................................. 
8 . Macrocypris sapeloensis. n . sp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . Macrocypris sapeloensis. n . sp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 . Philomedes lilljeborgi (Sars) ....................................................... 
11 . Pseudophilomedes ferulana Kornicker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
12 . Pseudophilomedes ferulana Kornicker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
13 . Rutiderma dinochelata Kornicker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
14 . Rutiderma dinochelata Kornicker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
15 . Rutiderma mollita. n . sp . .  Asteropteron oculitristis. n. sp  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
16 . Asteropteron oculitristris.  n . sp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
17 . Cyclasterope biminiensis (Kornicker) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
18 . Cyclasterope biminiensis (Kornicker) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  . 19 . Cyclasterope biminiensis (Kornicker). Cylinderoleberis psitticina. n sp 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 . Cylindroleberis psitticina. n sp 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 . Sarsiella nodimarginis. n sp  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 22 . Sarsiella nodimarginis. n sp. .  sculpta Brady 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 . Sarsiella sculpta Brady. 2 pilipollicis. n sp 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 24 . Sarsiel laradi icosta .  n sp  

. . . . . . . . . . . . . . . . . . . . . . .  . 25 . Sarsiella radiicosta. n sp.. 5 georgiana. n sp..  S rousei. n sp  -- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 . Sarsiella rousei. n . sp . .  S angusta. n sp 

27 . Sarsiel lagreyi .  n . sp  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 . Sarsiella greyi. n s p  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 . Sarsiellatubipora. n . s p  -- 
. .......................................................... . 30 Sarsiella disparalis.  n s p  

. . .......................................................... 31 Sarsiella disparalis. n s p  

..................................................... . 32 Euconchoecia chierchiae Mueller 

.................................................... 33 . Euconchoecia chierchiae Mueller 

vi 



I N T R O D U C T I O N  

The following work describes podocopid ostracods in- 
habiting a complex estuarine-lagoonal environment be- 
tween the mainland and Sapelo Island, Georgia, and the 
myodocopid ostracods offshore f r o m  the island. Twenty- 
four species were found, thirteen of which a re  new. 

Sampling was carr ied out in June through September, 
1961; December, 1961; April, 1962; December, 1962; and 
March through June, 1963. 

Most work on Recent Ostracoda was done during the 
last century and the early part of the present one by Baird, 
Brady, Mueller, and Sars .  With few exceptions, contem- 
porary work has been undertaken by paleontologists who 
wish to extend information on these stratigraphically use- 
ful  microfossils which a r e  common in all  periods from 
Ordovician to Recent. Interpretation of fossil  occurrences 
must be firmly based on modern ecology. Much of the 
ecological data is the product of work by paleontologists. 
Two factors have contributed to the still  separate ostracod 
classifications used in zoology and paleontology. The 
f i r s t  is the inadequate description of carapace morphology, 
e. g. hinge structure, normal and marginal pore canals, 
and central muscle scars ,  by zoologists. The second is 
the description of only the carapace by paleontologists 
working on Recent faunas. Both approaches a r e  under- 
standable, but unfortunate. If a more functional classifi- 
cation is to develop, it  will probably be based upon a 
classification of Recent fo rms  utilizing both carapace. 
and internal morphology. The erection of genera, indeed 
families, upon soft par ts  only, and the subsequent injec- 
tion of these taxa into a classification based wholly upon 
characteristics of the carapace make for  some very 
unusual affinities. Certain features of internal morphology, 
such as gills or mandibular pinchers apparently have no 
expression in the carapace of the animal; these occur, how- 
ever, in Myodocopida only, which a r e  uncommon as  fos- 

s i ls .  The Podocopida is the group most split by the dual 
classification. 

The present work was undertaken to describe an 
estuarine fauna. Initially, over 50 species were found as  
empty carapaces. For most of these species, specimens 
were never found alive, and carapaces were r a r e .  They 
were brought into the a rea  by tidal currents and do not 
make up any significant portion of the death assemblage. 
Time did not allow a detailed analysis of these forms.  The 
death assemblage is complicated in this area by submarine 
erosion of deposits a s  old a s  Miocene and the distribution 
of this material to Recent sediments (Darby and Hoyt, 
1964). The living ostracod fauna in the areas  sampled in- 
shore oroved to be unusual in that it was composed mainly 
of one kxtremely prolific species: ~ ~ t h e r o m o i ~ h a  curta. 
F i r s t  described from the Miocene by Edwards (1944), this 
species has rightly been thought to be characteristic of 
brackish water environments; it has been reported before 
from the Recent in San Antonio Bay by Swain (1955, p. 567, 
etc. ). Better than any other ostracod of the Sapelo Island 
area, it  is able to withstand turbid waters, large and 
rapid daily salinity ranges, and large seasonal tempera- 
ture  range. The great amount of organic matter in the 
water and substrate and the high oxygen content of the 
water support the large population. Geologic formations 
containing numerous specimens of only one or two species 
may have been deposited in such an environment a s  des- 
cribed herein; a t  least the possibility should be considered. 

It is hoped that the simple techniques described for  the 
dissection and staining of the soft par ts  will prove useful 
to others in  examination of internal morphology of ostra-  
cods. 

All specimens described a re  deposited in the Univer- 
sity of Michigan Museum of Paleontology (UMMP). 



H Y D R O G R A P H Y  

Sapelo Island, a remnant bar r ie r  island, lies parallel 
to the Georgia coast about five miles offshore (text-fig. 1). 
The island has wide, relatively deep tidal channels at i ts 
northern and southern boundaries, separating it  f rom 
similar  islands. An elongate a r e a  of salt  marsh dissected 
by open and blind tidal channels l ies  between the island and 
the coast, forming an irregular lagoonal estuary. Fresh  
water f r o m  the Darien and Altamaha rivers, to the south 
of the island, dilutes the saline water in complex patterns. 
Mixing of f resh and saline waters is relatively rapid and 
a r e a s  other than Doboy Sound a r e  only slightly stratified 
(table 1). Measured salinities a r e  lowest up the Darien 
River ( less  than 1.8 O/oo) and highest in Doboy and Sapelo 
sounds (nearly 30 O/oo). The effects of the f resh  water 
f r o m  the r i v e r s  near Sapelo Island and others along the 
coast a r e  evident over 60 miles offshore where the salini- 
ties may st i l l  be l e s s  than 35 o/oo. 

Tides along the Georgia coast a r e  relatively higher 
than adjacent a reas  either north or south, averaging about 
seven feet  (U. S. Coast and Geodetic Survey, 1964). The 
tides in the estuarine-lagoonal a r e a  take the form of a 
standing wave, the currents  being lowest at high and low 
tides. 

Tides a r e  essentially concurrent in Doboy and Sapelo 
sounds. The hydrodynamic pressure from the f resh  water 
entering Doboy Sound from the two r ivers  to the south 
causes the tidal flow in back of the island to be directed 
northward. The confluence of the tidal currents is. there- 

a consequent effect on the biota. The tidal current map 
(text-fig. 3) shows the relative lengths and directions of 
tidal flow from the northern and southern sounds. Text- 
figure 4 shows the tidal current pattern through a cross  
section of Doboy Sound. The greater velocities on the ebb 
a r e  the result of the additional f resh water emptying from 
the estuary. The current pattern in this a rea  is  typical of 
estuaries, and current reversal  occurs near high and low 
tides. The current on the southern side of the sound 
begins the ebb f i rs t ,  due to the pressure from the fresh 
water reinforced by the effect of Coriolis force which 
tends to direct the flow to the right in this hemisphere. 

Table 1 shows typical salinity measurements up the 
Darien River, in back of the island, and in Doboy Sound. 
Sapelo Sound, with no direct influx of f resh water, does 
not exhibit the stratification found in Doboy Sound. Salini- 
ty values there seldom vary more than 1 O/oo between the 
surface and five meters  deep. Water temperatures 
measured in back of the island varied from about 80 C in 
January to 31° in July. 

The water is always turbid, and typical Secchi disc 
readings a r e  approximately 60 cm. The turbidity does not 
decrease noticeably at the outlets of the estuary due to the 
high velocities of the tidal currents through the restricted 
channels (sounds), where a maximum speed of over three 
miles per hour was measured. As discussed in the sec- 
tion following, this elastic suspended material is intro- 
duced principally by the r ivers .  

fo re ,  not approximately midway between the two sounds, 
but near Sapelo Sound; one a r e a  is in the vicinity of points The waters a r e  well oxygenated, although reducing 

17-21 (text-fig. 2). The opposing currents during the flood conditions exist a few millimeters below the surface of the 

cause a velocity decrease in ths area and sedi- finer sediments. Typical values near the bottom varied 

ment deposition in the channel. This situation results in f r o m  3.14 to 4.17 ml/liter of oxygen. 

f resh  water being carr ied northward during the flood, with 



S E D I M  E N T S  

Inshore. - The waters of the estuarine-lagoonal com- 
plex contain large amounts of clastic and organic suspen- 
ded material.  Some of the suspended matter is derived 
from the salt  marshes, some from the reworking of the 
tidal channels themselves, but the greatest portion i s  
directly f r o m  the mainland. Both r ivers  emptying near 
Sapelo Island a r e  turbid, and the rate of allocthonous sedi- 
mentation varies  seasonally with their flow. During times 
of heavy rainfall  many small intermittent s t reams  probably 
contribute a significant amount of clastic material. The 
clay fraction from the fresh water sediment undoubtedly 
flocculates upon encountering brackish water. This in- 
creases  the effective particle size and contributes to the 
sedimentation of the clays. Experiments have shown that 
clays in f r e s h  water fo r  30 months may settle l e s s  than 
the same amount of clay in salt  solution (percent not given) 
in 30 minutes (Grabau, 1913). Without flocculation, much 
more of the clay fraction would be carr ied out to sea. The 
flushing time of this estuary is not known, but the morpho- 
logical complexity of the a rea  and the high degree of mix- 
ing indicate it i s  not rapid. 

The material in suspension contains a large percen- 
tage of organic matter. The predominantly clay and s i l t  
deposits also contain a relatively large percent of organic 
matter,  mainly in the form of plant detritus derived f r o m  
the sal t  marsh. The salt  marsh deposits a r e  the resul t  of 
deposition of fine sediments in a reas  of low current velo- 
city, their subsequent stabilization by vegetation (chiefly 
Spartina alterniflora), and the further supplementation 
during flooding at  atypically high tides when additional 
sediment is trapped by the vegetation. The typical sal t  
marsh deposit stands a foot or two above normal high 
water. 

The organic content of some of the sediment was 
determined by finding the percentage of organic carbon 
using the chromic acid reduction technique. The percent 
organic carbon was multiplied by a factor of 1.8, a recom- 
mended figure based on an assumed 56 percent organic 
carbon of the total organic matter (Trask, 1939). The 
resul ts  a r e  shown in text-figure 5. These data a r e  taken 
f r o m  approximately the upper ten centimeters of sediment 
a s  brought up in a grab sampler. 

Tidal flat sediments have little interstitial migration 
of water, hence little diffusion of dissolved gases. The 
salinity of water about one foot away from a recently ex- 
posed tidal f l a t  was measured and compared to that of 
water seeping into a 6 inch hole dug into the sediment (a  
technique described by Alexander et  al. , 1932). At sample 
point 7 (text-fig. 2) interstitial water was 22.05 o/oo, that 
of the adjacent channel water 18.86; a t  sample point 18 the 
salinity of the interstitial water was 22.94 O/oo, that of 
the channel 19.22; a t  sample point 24, interstitial water 
was 25.23 o/oo, that of the channel 22.75. At high tide 
the salinities over these same a reas  a r e  higher than those 
of the interstitial water: 25. 53 O/oo at point 7, and 27.18 
o/oo at  sample point 18. 

Teal and Kanwisher (1961) have studied some of the 
sediments of a r e a s  still  inundated by normal high tides. 
Nearly all were oxygen-free within a few millimeters of 
the surface, and had pH values varying from 6. 5 to 7.4.  
Hydrogen sulfide was present in the more reduced sedi- 

ments of lower pH. Water samples taken over similar 
areas  just before exposure a t  lower tide levels a t  stations 
4, 11, and 25 (text-fig. 2) in 1963 showed dissolved oxygen 
contents of f rom 3.14 to 4.17 ml/liter (standard Winkler 
method). 

Carbonate content of some samples was measured. 
Large pieces of mollusc shell were removed, but shell 
fragments comparable to the sediment size were included. 
In effect, the results a r e  a measure of the carbonate con- 
tent of the clastic sediment in equilibrium with the environ- 
ment. The results a r e  shown in text-figure 6. 

Grain size was determined for sediments at  the 
stations shown in text-figure 7. These were done by the 
standard pipette method; resul ts  a r e  from a s  yet unpub- 
lished data by V. J .  Henry of the University of Georgia. 
Median phi values a re  high in tidal flat areas ,  indicating 
slower current action and consequent deposition of fine 
sediments. They a r e  generally lower in the sounds and 
open channels where tidal currents  keep the clay -silt f rac-  
tion in suspension. The se r ies  of values along the Darien 
River indicates an increasing grain size upstream, with 
the last three stations over 95 percent sand. The se r ies  
along the tidal channel along the western border of Sapelo 
Island shows a large variation in grain size, owing, no 
doubt, to the supply of sand from the island. Sediments 
sampled from area  A (text-fig. 7) across the channel had 
median phi values varying f rom 9.73 on the side away from 
the island (73.73 '% clay) to 2.16 on the side nearest the 
island (88.66 O/o sand). These conditions a r e  capable of 
rapid change. At a reas  B and C samples were taken one 
week apart. The median phi value at B changed from 7.45 
to 9.08, and that a t  C 2.74 to 7.251 Dr. Henry (personal 
communication) has pointed out that the resampling was 
not done in the precise spot and debris f rom oyster reefs 
could be responsible fo r  the change rather than currents. 
This does, however, indicate the extreme complexity and 
variability of the sediment patterns. 

When lithified these sediments would probably result in 
dark grey to black shale with varying amounts of carbonate 
and arenaceous material. Due to the very high organic 
content, the a rea  is a likely source of future petroleum. 

Offshore. - The benthonic podocopid ostracods living 
offshore a r e  not included in this work. The offshore myo- 
docopids a r e  primarily nektonic, swimming close to the 
sediment-water interface. I do not believe there is a 
close relationship between the substrate and the nekt6nic 
ostracods. With the exception of one planktonic species, 
the myodocopids a r e  not prolific and if there is  a prefer-  
ence for  substrate in any species, it was not evident. For 
these reasons no detailed analysis of the offshore sedi- 
ments is included. 

In general, the shelf off Sapelo Island is very gently 
sloping, about 2.2 feet per mile. The continental slope 
begins approximately 73 miles out from the island. Sedi- 
ment samples were taken with the modified Forster-Anchor 
dredge shown in text-figure 8. The data a r e  shown in 
Table 2. The sediments a r e  nearly all  predominantly sand 
although a reas  do occur where the sediments a r e  very 
silty. The turbidity from the river-borne clastic sedi- 
ments is noticeable ten to fifteen miles offshore. 





TABLE 1 

Depths, salinities, and temperatures  f r o m  selected sample points shown in text-fig. 2. 
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TEXT-FIGURE 2 

Map showing a r e a s  which were seasonally sampled. Line A-B re fe rs  to cross-section shown in text-fig. 4.  



TEXT-FIGURE 3 

Map of t idal cu r ren t s .  All data taken with drogues  re leased a t  low tide. S t a r s  indicate beginning and end of 
movement during flood, dots indicate approximate  hour intervals.  Note difference in length of tidal flow 
between north and south. 



TEXT-FIGURE 4 

Diagram of cross-sectional current flow in centinleters per second along line A-B of text-fig. 2 ac ross  
Doboy Sound. F rom ~mpublished data by Dr. L. R. Poineroy a ~ l d  students, University of Georgia. 



TEXT-FIGURE 5 

Map showing approximate percentages of organic material in sediments. 



TEXT-FIGURE 6 

Map showing approximate percentages  of ca lc ium carbonate in sediments .  



TEXT-FIGURE 7 

Map showing median phi va lues  of s ed imen t s .  Areas  A and B-C a r e  r e f e r r e d  to in Sediment section of text 
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TABLE 2 

Data f rom offshore sample stations, taken May, 1963. 

TEXT-FIGURE 8 

Sketch of modified Forster-Anchor dredge 
used in offshore sampling. 



O S T R A C O D  P O P U L A T I O N  

To my knowledge, no ostracod fauna has been des- 
cribed previously which i s  s o  completely dominated by a 
single species existing in such large numbers. From a 
total of 209 samples examined from the estuarine-lagoonal 
facies in back of Sapelo Island (text-fig. 9), 4, 550 ostra-  
cods were found alive and identified. About 85 percent 
were of one species, Cytheromorpha curta. Of the remain- 
ing 15 percent, ten percent were obtained from one sample 
area,  stations 17-21 (text-fig. 2), where the less  euryhaline 
species seem to be concentrated. 

For  the ostracod fauna, the limiting factor in  this 
environment is salinity. The currents generated by semi- 
diurnal tides attain such velocities in  the sounds and 
channels that the ostracod population i s  in nearly constant 
flux, moving to and f r o  with each tidal cycle. Reducing 
conditions which exist a few millimeters beneath the sedi- 
ment-water interface prevent the ostracods from burrowing 
deeply enough to escape the current. The fresh water f rom 
the r ivers  entering south of the island mixes with the 
marine water and a daily salinity range of over 15 o/oo is 
common in many a reas .  C. & was found alive and 
active in salinities varying from less  than 2 to over 30 O/oo. 

An extremely dense summer population is supported by 
the relatively high organic content of the water and sub- 
s t rate ,  principally in the form of plant detritus, and the 
large oxygen content of the well-mixed water. As many a s  
277 specimens of _C. &a were found in 5 cc of sediment. 

The population boundary between the extremely eury- 
haline C_ytheromorpha curta and the other inshore podo- 
copids lies in the zone of tidal confluence along the south- 
e rn  boundaries of Sapelo Sound. One such zone i s  in the 
vicinity of sample points 17-21 (text-fig. 2), where oppos- 
ing current f rom Sapelo Sound prevents larger amounts of 
f resh water f rom being carried northward. Conflicting 
currents and the consequent reduced velocity in this a rea  
cause much of the suspended load to be deposited in the 
channel near these sample points. The ostracods from 
Sapelo Sound a r e  also deposited, and may be concentrated 
in larger numbers here than in the sound. An interesting 
relationship between Cytheromorpha curta and C y p ~ s  
floridana exists in this region and i s  described in the 
discussion of the latter species. 

Additional information on the habits and habitats of 
each species, including the offshore myodocopids, may be 
found in the discussion sections in  the taxonomic descrip- 
tions. 





M E T H O D S  O F  C O L L E C T I O N  AND P R E S E R V A T I O N  

Inshore ostracods. - The ostracods were usually 
collected from the sample points shown in text-figure 9 by 
means of a modified Van Veen grab sampler mounted on a 
small inboard or  outboard motorboat. A n  "A" frame was 
fitted to the thwarts of the boat and the grab lowered and 
raised with a winch. The Van Veen sampler has a useful 
feature for sampling animals living a t  the sediment-water 
interface: a small door in the flattened top of the grab 
enables the investigator to subsample the full grab without 
dumping out i ts  contents. This preserves, to an extent 
dependent upon bottom conditions, the stratification be- 
tween the substrate and the overlying water. Subsamples 
were taken by reaching with a small j a r  into the top of the 
grab a s  it rested, filled but unopened, on a thwart. I£ 
sediments a r e  f r e e  f rom large shells, sponges, e tc . ,  a 
quantitative subsample could be taken through the door by 
means of a small plastic tube fitted with a piston and 
operating like a typical piston corer; in this turbid environ- 
ment, however, this proved impractical, because of the 
small c ross  sectional a r e a  measured no consistent count 
of living ostracods could be obtained. For  example, in 
five samples taken within a few minutes over a square 
meter of bottom, the count of C. varied by over 200 
percent. 

The jars,  each containing about 25 cc of sediment, 
were filled with seawater,  capped and taken back to the 
laboratory. The greater  par t  of a day could be spent 
sampling, and the ostracods collected in the morning were 
still  alive and active in the evening. The filled jars were 
kept out of direct sunlight. 

In the laboratory a 5 cc subsample was taken f r o m  a 
jar and placed on a large sieve of about 200-micron mesh 
size. If the ostracod population was low, the entire con- 
tents of the jar were used. The sample was then gently 
washed with a small hose. Sea water or f resh water can 
be used without i l l  effects on an estuarine population. When 
the sediment was broken up and the fine fraction washed 
away, the remainder was  transferred, with the aid of a 
wash bottle, to a counting tray. The ostracods were then 
removed, alive, by means of a small brush. A certain 
amount of practice is needed to become proficient a t  pick- 
ing out ostracods, since the sediments usually also contain 
a large quota of decapods, worms, e tc . ,  all  moving 
vigorously. The movement of most ostracods is quite 
characteristic,  even when burrowing beneath the saturated 
sediment: that of other a r t h r o ~ o d s  of similar size tends to 
be much more jerky. When teased with a needle, the 
ostracod withdraws within i t s  shell, whereupon the sur- 
rounding sediment can be pushed aside and the animal 
removed with a brush. It  is then placed in a depression 
square filled with distilled water. Although estuarine 
ostracods will eventually die in a relaxed position in dis- 
tilled water, this takes a very long time due to their 
salinity tolerance. A quicker method is to kill them by 
means of the addition of a crystal o r  two of chloral hydrate 
o r  menthol; this leaves them with the shell agape and the 
appendages relaxed, making dissection and slide mounting 
easier.  The animals can then be transferred to a p reser -  
ving medium o r  immediately dissected. 

J f  necessary the samples can be preserved prior  to 
examination; a small  amount of alcohol is added to the jar,  

which should contain only a small amount of water in 
addition to  the sediment. As soon a s  the animals relax 
more alcohol can be added to bring the solution up to 70 
percent concentration. The addition of preservative prior 
to  examination was avoided whenever possible, because 
dead ostracods were extremely difficult to find and remove 
f rom the washed inshore samples which still  contained 
large amounts of organic detritus. Staining with rose 
bengal, which has proved useful fo r  separating live from 
dead foraminifers, was tried. This proved completely in- 
effective due to the high quantity of organic detritus which 
also took the stain, so  that the ostracods were still incon- 
spicuous. Examination of samples while the ostracods a re  
still  living is not only far  easier ,  but the living and dead 
populations can be determined accurately. 

Ostracods which could not be dissected immediately 
were placed, after being killed gently, in 70 percent alco- 
hol in a small vial which was taped around the cap or 
dipped in paraffin and taped to prevent evaporation. Ex- 
perimentally, some were placed in neutral formalin of 
four percent, and a small amount of magnesium carbonate 
buffer, enough to cover the bottom of the small vial, was 
added. Both of these methods proved adequate, although 
both seemed to cause hardening of the appendages after 
two years .  This inhibited the appendage from leveling 
itself in the slide mounting medium so it  could be photo- 
graphed well. I found it always easier to dissect speci- 
mens within a few months. 

A suggested, but not personally tried, preservative is  
a solution of equal amounts of glycerine, water, and 
alcohol. 

Offshore ostracods. - Collection offshore was done in 
depths up to 625 feet. This requires a well-equipped, 
fair ly  large vessel. All collections were made from the 
65 foot research vessel KIT JONES. To dredge at these 
depths required a cable of nearly 1000 feet. The dredge 
used was a modified Forster-Anchor, a s  shown in text- 
figure 8. With a 12 cm bite on either side, it  was 40 cm 
wide and 50 cm long; i t  was equipped with a canvas bag 
about 50 cm in length. This particular dredge was con- 
structed for  obtaining a representative benthonic fauna 
including molluscs, e tc . ,  which may have burrowed 
several inches into the substrate. Were a dredge of this 
type to be designed expressly to collect ostracods, one 
with a lesser  bite, perhaps three or  four centimeters, 
would be preferable. This would permit the dredge to be 
dragged over a greater surface a r e a  before filling; be- 
cause the littoral ostracod fauna is not dense, this is an 
important factor. 

After the dredge was dragged a few feet and filled, it 
was brought over the side of the vessel  and suspended over 
a large bucket which had a rectangular spout a few inches 
below the r im.  A galvanized corrugated garbage container 
of about 30 gallons capacity se rves  this purpose well. The 
canvas bag was then slowly opened by releasing the slip 
knot in the tying cord, emptying the contents of the dredge 
into the bucket. A hose with running sea  water was shoved 
down into the se&ments, the elutrient carry= the micro- 
fauna passing through the spout onto a sieve or  se r ies  of 



sieves held beneath. Two or  three persons can adequately 
c a r r y  out this procedure and work a great quantity of 
sediment f o r  i ts  fauna. Upon filling, the sieves (the 
smallest of about 200 micron mesh) were washed out into 
a l i ter  bottle. Decay of a marine microfauna begins rela- 
tively rapidly, especially in warm weather, and except 
when the vessel was heading directly for  the laboratory, 
preservative was added to most of the samples. The best 
method of preservation was to add neutral formalin to the 
jar slowly until a 3-4 percent solution was reached. This 
requires  only small amounts of preservative, and when 
added in small doses over an hour period, no contraction 
of appendages was noted. To adequately preserve the 
samples with alcohol requires  not only large amounts of 
alcohol but the mixing with sea  water may form precipi- 
tates. Inasmuch a s  sea  water will additionally buffer the 
neutral formalin, no extra amount of buffer compound 
need be added if the storage period for the samples is 
brief.  To keep the fauna alive in selected samples, the 

D I S S E C T I O N  

The ostracod was removed from the preserving 
medium, placed in distilled water for  a few minutes, and 
t ransferred to a drop of glycerine on a depression square. 
The animal was then removed from the shell with a pair 
of needles which were made by the following method. 
While held with a forceps, a piece of tungsten wire about 
a s  thick a s  a normal commercial dissecting needle and 
about three to five inches long is quickly dipped about an 
inch into molten sodium nitrite which has been melted in a 
small  crucible over a bunsen burner. Initially the flame i s  
strong enough to heat the sodium nitrite such that the im- 
mersed wire incandesces. The wire is then slowly drawn 
f r o m  the seething crucible, tapering itself by the loss  of 
oxidized tungsten. A number of wires a r e  given this 
initial taper, the quick immersion and slow withdrawal 
being done five or  ten times for  each, then the flame is 
lowered. After the sodium nitrite has cooled somewhat, 
each wire is given i t s  final taper; i t  should not incandesce 
at  this point. A microscope should be at  hand for  checking 
the points during the process. Extremely fine dissection 
needles can be cheaply and quickly produced by this method. 
They can be made finer than insect mounting pins usually 
used, do not rust,  and a r e  not springy. The wire can be 
mounted in a dissecting needle holder, a dowel, o r  left a s  

water was oxygenated and the jars immersed in covered 
basins of sea water to maintain nearly normal tempera- 
ture. 

Upon reaching the laboratory, the same procedures 
were used a s  for inshore samples. The dead ostracods 
a r e  generally easily picked out with a brush since there i s  
not obscuring organic detritus and fine sediments such as  
a r e  present in the inshore samples. 

Plankton tows were taken at  each station where 
dredging was carried out. The tows were usually of about 
fifteen minutes duration, about 3000 l i t e r s  passing through 
the Clarke-Bumpus sampler. All were carr ied out close 
to the surface, about ten meters of wire being let out. 
This procedure not only collects the planktonic ostracod 
fauna, but i t  reveals whether planktonic forms a r e  being 
introduced into the benthonic fauna during elutriation by 
running sea water. 

T E C H N I Q U E S  

After the shell has been removed from the ostracod, 
it  is mounted in glycerine jelly, if i t  is  lightly or noncal- 
careous, on a depression slide. If calcareous it  i s  trans- 
fe r red  to a 50 percent Clorox solution for  only a minute or 
two to remove excess organic matter.  It i s  then washed in 
distilled water and placed on a micropaleontology slide 
which has been lightly coated with a gum tragacanth solu- 
tion. Occasionally it was necessary to remove the small 
amount of calcium carbonate of some myodocopid ostra-  
cods s o  that the shell could be mounted in a combination 
staining-mounting medium, which is acid. Decalcifica- 
tion was done in a five percent acetic acid solution. 

Bubbles which lodge inside the vestibule o r  elsewhere 
in the shell inhibit mounting the shell in glycerine jelly or 
stain-mountant; they can be removed by placing the shell 
in glycerine on a slide warmer for an hour. 

Appendages a r e  removed from the animal, one by one, 
with the needles, and each is mounted on a separate slide. 
Usually some whole mounts a r e  made to confirm the 
appendage orientation of a species. Dissections a r e  per-  
formed under magnifications of 2 5  to 80 X, depending upon 
the size of the animal. After a little practice, one can 
remove appendages quite accurately and rapidly. 



S T A I N I N G  AND M O U N T I N G  T E C H N I Q U E S  

As each appendage is removed, i t  i s  mounted. Only a 
few stains work well with chitin, and nearly all  involve 
difficulties due to the minuteness of the appendages and 
the necessity of dehydrating and fixing. All ostracods used 
in this study were stained and mounted with the water- 
soluble staining-mounting medium CMC-S, manufactured 
by General Biological Supply House (Turtox) of Chicago, 
Illinois. This medium is ideal for this use and even if the 
soft par ts  a r e  not to be photographed, the staining greatly 
facilitates observation of morphological details. 

A good working container for  the medium is a small 
weighing bottle, a glass rod being used for a dropper. 
After an appendage has been removed, a drop of the medi- 
um is placed on a clean glass slide; the appendage is 
picked out of the glycerine with a needle; the depression 
wquare removed from beneath the microscope and the 
slide put in i ts  place; the microscope is focused on the 
drop and the appendage placed in the medium with the 
needle. When the appendage is pushed to the bottom of 
the drop its contact with the slide prevents lateraI move- 
ment; then the slide is removed from beneath the micro- 
scope. A coverslip is slowly placed on the staining- 

mounting medium and the whole returned to the microscope 
stage. With the appendage in focus the coverslip is gently 
pressed to spread the medium and shifted a s  necessary to 
orient the appendage. Some practice will facilitate orien- 
tation of the appendage. A high-power microscope is used 
to check the setae and other features to see they a r e  well 
displayed. When the appendage is satisfactorily displayed, 
the slide is set aside and the next appendage dissected off. 
After each slide has set about 24 hours the stain within the 
mounting medium has been absorbed by the appendage, 
coloring it  carmine. The coverslip may then be ringed. 

If a particular structure absorbs too much stain, or 
internal structures of a whole mount a r e  being studied, the 
stain-mountant may be diluted with water. This is seldom 
necessary. 

Since this stain-mountant is acid, no calcareous test 
should be placed in it. Additional care must be taken if 
the ostracod has been eating foraminifers or if calcareous 
algae have grown on i t s  appendages. If this is the case, 
the soft par ts  may be placed in a 5 percent acetic acid 
solution prior to mounting. 



S Y S T E M A T I C  D E S C R I P T I O N S  

Phylum ARTHROPODA 

Class CRUSTACEA 

Subclass ENTOMOSTRACA 

Order OSTRACODA 

Suborder PODOCOPIDA 

Superfamily Cytheracea Baird, 1850 

Family Loxoconcbidae Sars, 1925 

Genus C_ytheromorp& Hirschmann, 1909 

Cytheromorpha curta  Edwards (emended herein) - 
P1. 1, figs. 1-12; pl. 2, figs. 1-6 

Cytheromorpha curta  Edwards, 1944, p. 516, pl. 86, figs. 
19-22; Swain, 1951, p. 49, pl. 7, fig. 22. 

( 2  ) Cy t h e r o m o r p k  pascacoulaensis Mincher ; Swain, 19 55, 
p. 630, pl. 63, fig. 4; pl. 64, fig. 5; text-fig. 34c. 

Carapace. - Female: calcareous, short, highest an- 
teriorly. Broadly rounded anteriorly, dorsally nearly 
straight, steeply sloped toward rounded posterior ; ventral 
margin essentially straight, slightly concave anterior to 
midpoint, more strongly so  on right valve. Length about 
1. 5 times height. 

Surface nearly smooth in adult, slightly punctate; 
ear l ier  instars  conspicuously reticulate. Valves not in- 
flated posteriorly, more gently sloped anteriorly. 
Normal pore canals sieve-type, sparse.  

Inner lamella forming anterior vestibule about twice 
a s  wide a s  adhesive s t r ip ,  a very narrow vestibule postero- 
ventrally. Radial pore canals tapering distally, straight, 
simple - -  about 18. 

Central muscles forming a ventrally forward curved 
vertical row of 4 adductor s c a r s  in mid-ventral region, 
and an irregularly crescent-shaped scar  anteriorly. Man- 
dibular fulcra1 point a circular scar  just anterior to top- 
most adductor s c a r .  

Hinge amphidont. Right valve with a distinct rounded 
tooth in a curved negative a r e a  which forms a more promi- 
nent socket anterior to tooth, entire element overhung by a 
thin "locking" bar;  median portion with a narrow groove; 
posterior element a crescent-shaped tooth, anterior ex- 
tremity being smaller  than posterior,  mid-portion de- 
pressed, serving a s  a distinct socket; left valve comple- 
ment of right, anterior element a crescent-shaped tooth, 
anterior end much more toothlrke than posterior, mid- 
portion depressed, serving a s  a distinct socket; median 
element a narrow ridge; posterior element a crescentric 
socket with a central tooth, entire element overhung with a 
thin "locking" bar .  

Indistinct eye spot may be present close to anterior 
cardinal angle. 

Male: slightly dimorphic. Shell nearly always some- 
what smaller ,  but s ize overlap occurs in adults. Height/ 

length ratio about same. Slightly reticulate on posterior 
two-thirds a s  adult. 

Antennule. - Six segments; basal podomere largest, 
no setae; second podomere dorsoproximally coarsely hir- 
sute, a thin ventrodistal seta; third podomere short, a long 
dorsodistal spine with a short very thin seta  off distal por- 
tion of spine, extending beyond point; fourth podomere a s  
preceding, in addition a flagellum off lateral distal margin; 
fifth podomere slightly elongated, bearing a spine a s  on 
third and fourth podomeres, and two additional distal 
flagella; sixth (terminal) podomere elongated, distally 
bearing a long spine a s  on preceding three segments, two 
flagella-like setae, and a long distally expanded sensory 
seta; latter may not be well developed in every adult. 

No dimorphism observed. 

Antenna. - Protopod elongate, no setae. Exopod 
reduced to a long dorsally situated rodlike flagellum of 
three indistinct segments, distal portion bent downward. 
Endopod of three segments; f i r s t  podomere short, one to 
four dorsoproximal setae and a ventrodistal seta; second 
podomere long, probably a fusion of two segments, proxi- 
mal half dorsally hirsute, two mid-dorsal setae, three 
mid-ventral setae (one quite large), and one large ventro- 
distal seta; third (terminal) podomere very short, one 
ventroproximal and one dorsodistal clawlike spine. 

No dimorphism observed. 

Mandible. - Protopod elongate, heavily chitinous, 
gnathobase of basal podomere with short blunt teeth, a few 
short setae between teeth. Exopod reduced to an antero- 
dorsally directed seta. Endopod of three segments; f i r s t  
podomere with about four ventrodistal setae, one dorso- 
distal seta; second podomere with one ventrodistal seta ,  
two long dorsodistal setae; third (terminal) podomere with 
two or three coarse distal clawlike setae. 

Dimorphic. Endopodal setae of male more numerous, 
longer; masticatory portion of basis of protopod wider. 

Maxilla. - Basal podomere with four distal rami,  the 
anteriormost (maxillary palp) of two segments, f i r s t  seg- 
ment with one or two long distal setae, second segment 
short, distally tipped with three short clawlike setae and 
three or four thinner setae; three other rami  similarly 
distally equipped. Exopod a lobate process with about 18 
long pinnate "branchial" setae. 

No dimorphism observed. 

Fifth limb. - Elongate crusiform, four segments; 
basal podomere with two or  three proximal setae, two 
anterodistal setae; second podomere with an anterodistal 
seta; third podomere with a very short anterodistal spine; 
fourth (terminal) podomere tipped with a long stout forward 
curved claw which is somewhat segmented about one- 
third of way from proximal end. No dimorphism observed. 

Sixth limb. - As fifth limb but longer and with only 
one anterodistal seta on basal podomere. No dimorphism 
observed. 



Seventh limb. - As sixth, but larger. No dimorphism 
observed. 

Furca.  - Very reduced, bilobate pair, hirsute with 
few setae. 

Copulatory appendage. - Paired, very large, complex. -- 
Capable of being extended well below shell such that attach- 
ment point of thoracic limbs i s  also out of shell. 

Eyz. - Paired, situated near anterior cardinal angle. 
~ h i n y u n d e r  reflected light. A mass of irregularly grouped 
granules . 

Habitat. - Estuarine-lagoonal; l e s s  than 2 to over 
29 o/oo salinity. 

Size. - See discussion. - 
Range. - Miocene to Recent. 

T y p ~ .  - Hypotypes UMMP nos. 48754, 48755, 48756, 
48757, 48758, 48759, 48760, 48761, and 48762. 

Remarks.  - Males of this genus have generally been 
found to be distinctly larger than the females, e .  g. C. 
fuscata (Brady, 1869a); however there i s  no sure way to 
determine the males of the species herein without obser- 
vation of internal morphology. 

The young a r e  so distinctly reticulate that a separate 
species could easily be erected if fossil  remains were the 
sole evidence. 

The species is distinguished f r o m  C. fuscata (Brady) 
by i t s  smaller  size, adults being about 390 microns long 
in this environment while those found in the Miocene by 
Edwards varied f rom 380 to 440 microns. The species 
assigned by Swain (1955, p. 630) to C. p ~ o u l a e n s i s  
Mincher vary from about 413 to 420 microns. C. fuscata 
(female) is generally over 550 microns in length, while 
the male is about 700 microns (see Schaefer, 1953, p. 373). 
The exopod of the mandible is much more reduced in C. 
curta. In other respects the internal morphology of the 
two species  is very similar.  

C ,  curta  i s  very similar in carapace outline to C. - -  
p ~ a g o u l a e n s i s  Mincher (1941, p. 344) from the Miocene 
of Mississippi. Although Mincher states the greatest 
height is a t  center, his figures indicate it  is anterior.  He 
saw no normal pore canals o r  muscle scars .  His descrip- 
tion of the hinge is borne out by his figure, and the right 
valve has no distinct posterior tooth, while the left has no 
crescentric-shaped posterior tooth. 

The genus i s  typical of brackish water environments. 

Discussion. - This species makes up, by f a r ,  the 
greatest  percentage of the estuarine-lagoonal ostracod 
assemblage. It is extremely well adapted to the harsh 
environment of salinities ranging from less  than 2 o/oo at  
sample point 6 (text-fig. 2) up the Darien River to salini- 
t i es  of about 30 O/oo at  the northern and southern ends of 
Sapelo Island in the sounds. The water temperature in 
which the species lives varies  from '7.7' C (45.8' F) in 
December to 310 C (87. 80 I?) in  July. The tidal currents  
a r e  of such a magnitude that in most a r e a s  it i s  unlikely 
the animal can withstand being swept along. The entire 
population probably fluctuates to-and-fro with the tidal 
motion. The ability of this one species to withstand such 
ecological r igors  accounts f o r  its predominance over all  
others .  

The population varies in number considerably, being 
quite low in winter, e. g. in December, 1961, 25 samples 
were taken over a period of ten days at sample points 1-25 
(text-fig. 2) - a total of 102 specimens was found alive; in 
July of 1961, 277 specimens were found alive in one 5 cc 
sample, and counts of over 100 specimens per 5 cc were 
common. 

The sampling was done during June-September, 1961; 
December, 1961; April, 1962; December, 1962; March-June, 
1963. Adults were found of both sexes at all periods. 
During April the instars f a r  outnumbered the adults, in 
the ratio of 50 to one. These instars were 195-230 microns 
long. In March the young did not significantly outnumber 
the adults - neither were found in great numbers, although 
very small instars may have been overlooked in the clay- 
silt and organic sediments. The instars were commonly 
only 120 microns long at  this time. It appears that the 
animals hatch in the early spring, mature throughout the 
summer, breed either in the fall, winter, or very early 
spring (no eggs were ever found), and those adults which 
survive the winter may reach 429 microns in length. Most 
female adults, a t  least they have a full complement of 
appendages, a r e  about 380 microns in length, with a 
range of 343-429 microns. Males a re  usually 340-380 
microns long. The adult size range of 343 to 429 microns 
is so large a s  to inhibit the use of growth statistics unless 
one assumes post-maturation molting that still  increases 
the size of the animal by a significant ratio, i. e.  on the 
order of 1.2 - 1.25. Since no appendages a re  being added, 
this is improbable. Since the adults a re  so  variable in 
size, the growth formulae of Kesling (1951), Anderson 
(1964), and others do not appear applicable here for the 
determination of number of instars.  

Instars with only one pair of thoracic limbs developed 
were 195 and 200 microns long, one pair and anlagen of 
the second 215 microns long, and two pair 235 and 240 mi- 
crons long. It may take two molts for the complete devel- 
opment of some appendages, and the well-developed copu- 
latory organs in males about 350 microns in length may 
not yet be functional until another molt. 

The life span appears to be one year. 

Specimens of this species were found in al l  a reas  of 
the estuarine-lagoonal province in back of the island des- 
cribed in the environmental discussion of the area.  

Cytheromorpha warneri Howe & Spurgeon - 
(emended herein) 

P1. 2, figs. 7-10 

Cytheromorpha warneri Howe & Spurgeon, in Howe g-t &. - 
1935, p. 11, pl. 2, f igs .  5, 8, 9 ; p l .  4, fig. 4 ;Vanden  
Bold, 1946, p. 105; Van den Bold, 1950, p. 86; Malkin, 
1953, p. 787, pl. 80, figs. 18: 19; Puri,  1953, p. 277, 
pl. 6, figs. 5-7, text-figs. llf,g; Puri  & Hulings, 1957: 
p. 187, fig. 11, no. 10 (bottom); Puri, 1960, p. 114? pl. 
3, figs. 11, 12, text-fig. 36. 

Carapace. - Entire surface of valves punctate, indis- 
tinct posteriorly, reticulations more distinct posteriorly. 
Marginal pore canals simple, straight; normal pore canals 
sieve type, sparse.  Central muscle s c a r s  a vertical row 
of four adductor scars ,  a V-shaped frontal s c a r .  

Antennule. - Typical of genus (cf. C. &a, pl. 2, fig. 
2). Six segments; basal podomere largest,  no setae; 
second podomere dorsoproximally hirsute, a thin ventro- 
distal seta; third podomere short,  a long dorsodistal spine 



with one or  two short very thin setae off distal portion of 
spine extending beyond point; fourth podomere short with 
two long dorsodistal spines each bearing a distal flagella; 
fifth podomere short bearing two dorsodistal spines with a 
distal flagella and two laterodistal setae (one longer); sixth 
(terminal) podomere elongated, distally bearing a long 
spine a s  on preceding three podomeres, a flagellumlike 
seta, and a long distally expanded sensory seta. 

No dimorphism observed. 

Antenna. - Typical of genus. Protopod elongate, no 
setae.  Exopod reduced to a long dorsally situated rodlike 
flagellum, distally bent downward. Endopod of three seg- 
ments; f i r s t  podomere short,  four to s ix thin hairlike 
dorsoproximal setae and a long ventrodistal seta; second 
podomere long, probably of two fused podomeres, two mid- 
dorsal  setae of unequal length, two mid-ventral setae of 
unequal length, a mid-ventral sensory seta  with distal 
expansion, and one ventrodistal large seta; third (terminal) 
podomere very short, one ventroproximal and one dorso- 
distal clawlike spine. 

No dimorphism observed. 

Mandible, maxilla, fifth, sixth, and seventh limbs, 
labrum, and copulatory appendages. - As in C. curta, but 
proportionally larger  in adult. 

Eys. - Not seen. - 

Habitat. - Brackish water, salinities of 13 to 28 O/oo. 

&. - Length of adult 500-585 microns. 

Types. - Hypotypes UMMP nos. 48763, 48764, and 
48765. 

Remarks. - The animal is easily distinguished from 
others  of i t s  genus by the shell structure. It is not easily 
distinguished f rom Leptocythere paracastanea Swain (see 
herein) by i t s  gross  shell features. Under normal viewing 
with a dissecting microscope of approximately 80 power, 
very close examination did not always serve to distinguish 
the two - especially males. The internal morphology is 
very allke, and grossly the two a r e  homeomorphs. They 
may easily be differentiated under high magnification with 
transmitted light. Leptocythere has polyfurcate radial 
pore canals, open type normal pore canals, and different 
dentition. C. warneri has simple radial pore canals and 
sieve type normal pore canals. 

Discussion. - Adults were found in March in Sapelo 
Sound and adjacent a reas  and were not common. 

Family Leptocytheridae Hanai, 1957 

Genus Leptocythere (Leptocythera, e r r o r e )  Sars, 1925 

P1. 3, figs. 1-10; pl. 4, figs. 1-9 

Leptocythere paracastanea Swain (emended herein) - -- 
paracastanea Swain, 1955, p. 646, pl. 62, 

fig. 7; pl. 63, figs. la-c; text-figs. 39, 5a,b. 

Carapace. - Female: calcareous, somewhat tumid, -- 
greatest  height slightly anterior of mid-line, greatestk 
width nearly central.  Anterior broadly rounded, dorsally 
gently curving to a l ess  broadly rounded posterior, the 
posterior cardinal corner protruding, more so  on left 
valve. Ventral margin nearly straight, sinuous near mid 
portion. Two short shallow sulci anterodorsally; a postero- 

ventral groove creating an indistinct lobe. Anterior two- 
thirds punctate, posterior portion coarsely reticulate. 
Inner lamella usually fused with inner surface of shell 
forming pseudomarginal pore canals, occasionally a nar- 
row anterior and posteroventral vestibule. Normal pore 
canals open type, radial pore canals polyfurcate, each 
with a short marginal seta. 

Central muscle scars  a nearly vertical row of four 
adductors, a curved frontal scar  anterior to topmost 
adductor, very indistinct. 

Teeth of right valve: anterior tooth distinct, slight 
lateral crenulations, indistinct sockets on both s ides of 
tooth; median element a long ridge; posteriorly a distinct 
tooth with dorsal crenulations, an indistinct shallow socket 
posterior to tooth; left valve: anterior elements a small 
tooth followed by a slightly crenulate socket and a poster- 
ior larger  elongate tooth which grades into the lower 
positive portion of a median groove; posterior elements a 
crenulate socket bordered by two teeth and overhung and 
reinforced by extension of upper positive portion of median 
element. 

Male: longer in relation to height, punctations over 
whole surface, reticulations more subdued. Median hinge 
element of left valve dorsally crenulate, more s o  poster- 
iorly. Posteroventral groove less  distinct. 

Antennule. - Five segments; stout; basal podomere 
largest, no setae; second podomere thinner, nearly a s  
long, a thin ventrodistal seta; third podomere short,  a 
stout dorsodistal curved claw; fourth podomere with two 
dorsomedian claws (one small, more distal large with a 
flagellum), three dorsodistal claws (two small, more 
distal one large with a flagellum), and a thin dorsodistal 
seta; fifth (terminal) podomere narrow elongate with a 
short dorsomedian spine, terminated with a stout claw 
bearing a short distal flagellum, a long thin spine, and a 
long sense club (cf. Cytheromorpha warneri, pl. 2, fig. 
lo), usually distally expanded. 

No dimorphism observed. 

Antenna. - Protopod elongate, no setae. Exopod 
reduced to a long thin dorsally situated rodllke flagellum, 
distally bent downward. Endopod of three segments; f i r s t  
podomere short, a long pinnate ventrodistal seta; second 
podomere long, probably two fused segments, a dorso- 
median seta, three ventromedian setae (one heavy, one a 
sense club, and one ventrodistal heavy pinnate seta  with a 
flagellum); third (terminal) podomere short with two 
terminal claws, the dorsal claw off an extended base. 

No dimorphism observed. 

Mandible. - Protopod elongate, heavily chitinous, 
gnathobase of basal podomere with approximately eight 
short teeth and two o r  three short spines; second podomere 
of protopod with two posteriorly directed marginal spines. 
Exopod not seen, probably very reduced. Endopod of 
three segments; f i r s t  podomere with two small dlstal 
setae off la teral  edge and two large pinnate posterodistal 
setae; second podomere with one long pinnate seta, two 
short posterodistal setae, two anteromedian setae, and 
one anterodistal seta; thlrd (terminal) podomere with 
three terminal setae. 

No dimorphism observed. 

Maxilla. - Basal podomere with four distal rami ,  
anteriormost (maxillary palp) of two segments, f i r s t  with 



three long distal pinnate setae, second with three long 
pinnate terminal setae; three other rami  similarly distally 
equipped; exopod a lobate process  with about 18 long pin- 
nate "branchial" setae. 

No dimorphism observed. 

Fifth limb. - Elongate crusiform, four segments. 
Basal podomere with anteromedian seta, posteromedian 
pinnate seta, and two anterodistal setae; second podomere 
with anterodistal seta; third podomere with very short 
distal spines; fourth (terminal) podomere with short distal 
spines, terminated with a long stout anteriorly curved claw 
with a constriction one-third out from base. 

No dimorphism observed. 

Sixth and seventh limbs. - As fifth limb but increas- -- 
ingly larger ,  with only one anterodistal ~ e t a  on basal 
podomere. 

No dimorphism observed. 

-a. - Reduced, lobate, hirsute. Dorsally straight 
on female. 

Genital lobe. - Spinose, vaginae two chitinous rings. 

Copulatory gpendage .  - Very large, complex. Dis- -- 
ta l  extension broad, quickly tapered, lightly chitinous. 

Eyg. - Paired, well forward. Observed to move for -  
wardand  backward. 

Habitat. - Brackish water,  salinities of 13 to 28 O/oo. 

Size and t y p x .  - Hypotypes: UMMP 48769, male, 445 
microns long, 195 microns high; UMMP 48767, female, 
445 microns long, 235 microns high; UMMP nos. 48766, 
48768, 48770, and 48771. 

Remarks. - The genus Leptocythere differs from 
g t h e r o m o r p k a  in the dentition, the presence of open vs.  
sieve type normal pore canals, and in polyfurcate vs. 
straight radial pore canals. The internal morphology of 
the two genera is nearly the same;  the antennule of 
Cytheromorpk has s ix  podomeres, while that of L e p k -  
cythere has five, the fourth and fifth equivalents of - -  
Cytheromorpk being fused. In all  other respects the - 
appendages a r e  essentially alike. 

This species differs f rom L. castanea Sars  (1925, p. 
174, pl. 80, fig. 1) by the presence of reticulations on the 
shell surface, in addition to the punctae, and by the more 
blunt distal process  of the copulatory organ. The length of 
L. castanea i s  given a s  690 microns, the specimens of L. - -  
paracastanea described by Swain from San Antonio Bay, 
Texas, a s  male: 560 microns, female 490 microns; the 
specimens described herein a r e  smaller,  usually 445 
microns long. 

All other species of the genus may be easily distin- 
guished by the shell. 

Discussion. - This species  is typically found in brack- 
ish water. It is not a s  euryhaline a s  _Cytheromorpha curta 
and has a general salinity range of 13 to 28 O/oo. It i s  
found in Sapelo Sound, and occasionally behind the island 
adjacent to the sound. 

Adults have been found in the winter, but a re  uncom- 
mon. The greatest numbers appear to occur in March and 
April. The appendages a r e  quite yellow in appearance. 
The shell is a close homeomorph of Qtheromorpha warn- 
ezi, but smaller.  

The male is capable of extending the copulatory organs 
such that the entire thoracic region is outside of the shell. 
No eggs were found in any female. 

Occurrence uncommon. 

Family CYTHERIDEIDAE Sars, 1925 

Genus Cyprideis Jones, 1856 

Cyprideis floridana (Howe & Hough) 

(emended herein) 

P1. 5, figs. 1-8; pl. 6, figs. 1-8 

Cytheridea floridana Howe & Hough, 1935, in Howe gal_, 
1935, p. 10, pl. 2, figs. 15, 16, 18; pl. 4, figs. 6, 10. 

Anomocytheridea floridana (Howe & Hough), Stephenson, 
1938, p. 142, pl. 23, fig. 15; pl. 24, figs. 7, 8; text- 
figs. 2, 6, 19, 20. Edwards, 1944, p. 510, pl. 85, 
figs. 16, 17. Puri,  1953, p. 229, p1. 2, fig. 10, text- 
figs. 3a,b. Howe, 1961, Q 273, fig. 203, no. la-e. 

( ?  ) Cytheridea ? (Anomocytheridea) floridana Hough & 
Hough, Van den Bold, 1946, p. 82. 

Cyprideis littoralis Brady; Swain, 1955, p. 615, pl. 59, 
figs. Ila-c; text-figs. 38, 5a, b. 

non Cyprideis floridana Puri,  1960, p. 110, pl. 2, fig. 5, 
text-figs. 1-3. 

Carapace. - Normal pore canals sieve type. 

Antennule. - Five segments; basal podomere large, 
nearly a s  wide a s  long, distally hirsute; second podomere 
long, medially hirsute, a long distally segmented ventro- 
distal seta;  third podomere short with a dorsodistal long 
pinnate spine; fourth podomere short, consisting of two 
fused segments, two spines dorsomedially (one pinnate), 
two spines dorsodistally (one pinnate), and a short latero- 
distal seta;  fifth (terminal) podomere narrow, long, with 
three thin terminal setae. 

No dimorphism observed. 

Antenna. - Protopod somewhat smaller than basal 
podomere of antennule, no setae. Exopod reduced to 
dorsally situated rodlike flagellum, distally bent downward. 
Endopod of three segments; basal podomere short, hirsute 
in a reas ,  with a comparatively long ventrodistal seta; 
second podomere long, two dorsal setae of unequal length, 
a long pinnate ventral spine; two long distomedial setae, 
and a ventrodistal pinnate spine; third (terminal) podomere 
very short,  bearing two large clawllke spines. 

Dimorphic. One distomedial ventral seta  on second 
podomere of male i s  longer, reaching as far a s  terminal 
spines of distal podomere. 

Mandible. - Basal podomere of protopod heavily 
chitinous, gnathobase broad, tipped with long blunt spines 



and one or  two blunt setae, a short seta  off the anterior 
portion proximal f r o m  the tip; second podomere of proto- 
pod short  with a long pinnate median se ta  directed 
posteriorly. Exopod of four setae, one very small, three 
l a rge  and very pinnate s imilar  to branchial setae of maxil- 
la.  Endopod of two segments, basal podomere longest, 
with an anteromedian long distally segmented seta, a long 
posteromedian seta, two lateral median setae, six antero- 
distal setae, a la teral  distal seta, and a long postero- 
distal seta; second (terminal) podomere very reduced with 
two long heavy terminal setae. 

No dimorphism observed. 

Maxilla. - Basal podomere with four rami, anterior 
most(mandibu1ar palp) of two segments; f i rs t  segment with 
four long distally segmented anterodistal setae, one poster - 
odistal seta; second (terminal) segment with three terminal 
setae; other three r a m i  with about six heavy terminal setae. 
Exopod with about 16 long pinnate "branchial" setae. 

No dimorphism observed. 

Fifth limb. - Elongate, crusiform, four segments; -- 
basal podomere large, an anteromedian distally segmented 
seta, two anterodistal segmented setae and a large posteri- 
o r  segmented very pinnate se ta  one-fourth way from proxi- 
mal end; second podomere narrow, one short seta and one 
long pinnate anterodistal seta; third podomere with two or 
three small  distal spinules; fourth (terminal) podomere 
with a long anteriorly curved claw a s  long as  last two 
podomeres. 

Dimorphic. Right fifth limb of male has three distal 
podomeres thicker, the anterodistal seta of second podo- 
mere  larger  and clawlike, distal claw heavier. 

Sixth limb. - A s  fifth limbs of female and left fifth -- 
limb of male, but larger  and only one anterodistal seta on 
basal podomere. 

Dimorphic. Right sixth limb of male with normal 
basal podomere, l as t  three podomeres very reduced, 
weakly developed; terminus a small node, not a claw. 

Seventh limb. - As sixth limb but longer and with the -- 
proximally situated posterior seta  of basal podomere dis- 
tinctly smaller ,  not a s  pinnate; las t  three podomeres with 
spinules around distal peripheries. 

Dimorphic. Male has about eight thin, nearly hair- 
like setae along anterior margin of second podomere and a 
like clump of these on proximal portion of basal podomere. 
Both appendages symmetrically developed. 

Furca. - Reduced; nodular with two small setae. - 

Copulatory appendage. - Paired; very large, quadrate; 
lobate extensions, a "copulatory string" of three-fourths 
whorl. Basal quadrate portion of figured male (pl. 5, fig. 
2), 390 microns across .  

9 e .  - Paired, stalked, no lenses. Visual area a mass  
of darkly pigmented granules. Situated near dorsal border 
275 microns from anterior end of female 890 microns in 
length. 

Habitat. - Brackish water of salinities from 13 to 
28 0 J o o . T  

Size and types. - Hypotypes: UMMP 48772, female, --- 
890 microns long, 475 microns high; UMMP 48773, male, 

975 microns long, 500 microns high; UMMP nos. 48774, 
48775, and 48776. 

Range. - Upper Miocene to Recent. 

Remarks. - The internal morphology differs from 
that of C. torosa (Jones) (= C. littoralis Brady) in only a 
very minor way, if at all .  m e  mandible of that species 
has an exopod with three large and two small setae (as 
figured by Sars ,  1925, pl. 71)) while C, floridana has 
three large setae and only one small seta. C. torosa 
possesses a spine on the posteroventral corner of the right 
valve, and the uppermost adductor muscle scar  is not 
directed upward at  an angle a s  in the species herein, hence 
the carapaces a r e  easily distinguished. 

Discussion. - Young instars  were found in December 
and throughout the spring and summer. Adults, the fe-  
males bearing eggs, were f i r s t  found in April. The males 
were comparatively ra re .  The young instars a r e  not 
readily assigned to the species since they taper consider- 
ably toward the posterior,  needing no carapace room for  
penes or eggs. 

It appears that eggs a r e  developed and hatch during 
the early spring. The new-born may only reach maturity 
early the next spring since none were found in winter. TOO 
few adults were found, even in spring, to state categori- 
cally that this is the life cycle. 

The species is confined to Sapelo Sound and directly 
adjacent areas  where the salinity ranges a r e  not a s  great 
a s  in the marsh areas. An interesting occurrence was 
noted in June, 1961, when sampling at  points 17-20 (text- 
fig. 2). At sample point 17, off the tidal bar, 98 specimens 
of Cytheromorpha & were obtained f rom 5 cc of sample 
at  the sediment-water interface; a t  sample point 18, on the 
flank of the bar, 62 specimens of that species were found 
in 5 c c  of sediment plus 50 specimens of Cyprideis f g -  
dana; at sample point 19, on the bar ,  three specimens of 2. - 
curta were found in 5 cc of sediment and 67 specimens of - 
C. floridana; at sample point 20, off the tidal bar near - 
shore, 6 specimens of 2. floridana were found in 5 cc of 
sediment, and no C. curta. This was thought at  f i r s t  to be 
a classic ecological situation wherein Cyrpideis floridana 
preferred the type of substrate and the shallower water of 
the tidal bar, while Cytheromorpha c ,  preferred the 
deeper water and i ts  coarser  substrate. This was the 
f i r s t  time I had been to this area, and was unaware of the 
current situations and the fact that the bar  was exposed at  
low tide - leaving only 100 feet or s o  navigable along the 
western bank of the tidal r iver .  When the tidal currents  
were understood, it was found that an opposing action 
occurs in this area, and is responsible for  the deposition 
of sediments forming the bar .  The tidal map (text-fig. 3) 
shows the incoming tide f rom Sapelo Sound is not strong 
in this a rea  (note length of movement of drogue for  in- 
coming tide) and is confined to the eastern bank of the 
channel. The tide from the south is much greater and 
actually causes opposing current flows on either side of 
the bar for  a period of time. Note the median phi diame- 
t e r s  (text-fig. 7), which reflect the tidal currents in this 
area. C. floridana is brought onto the bar by the tidal 
current%d is deposited there, just a s  a r e  the fine sedi- 
ments which make up the bar, when the current velocity 
drops off due to opposing currents. In fact, there may be 
some increase in concentration of number of specimens 
per unit a rea  higher than i n  the sound. C. curta occurs in 
very high concentrations within the t ida lchae lnn  s in back 
of the island, and is brought from this a r e a  to the sound by 
the tidal current f rom the south, the resultant being the 
lateral stratification of species in  a short distance. 



Sampling on the bar when exposed a t  low tide showed 
that nearly all  specimens were carried back into the sound, 
the population being very reduced. There is generally 
enough moisture to maintain these reduced populations 
during the exposure period. The sediment i s  saturated to 
the point that during sampling of the bar  the investigator 
nearly disappears. Capillary action keeps some moisture 
at  the surface even under the summer sun. 

An adult female placed in a small cup of brackish 
water was noticed to be gravid. After 13 days two young 
were born (April 19) and molts were already noticed. The 
young were 195 microns long at this time. On April 25 six 
young were seen, and the adult was still  alive. The con- 
tents were observed on April 29 and the adult was quite 
weak, doubtless not being fed properly, and only three of 
the s ix  young were seen. To my surprise, the shell of 
the female opened and the other three swam out! At least 
in this case some post-birth parental care  exists.  All 
young died within the following week. 

The thoracic legs of this female were observed to act 
in cleaning the outside of the carapace a s  well a s  the in- 
side. 

Family CYTHERURIDAE Mueller, 1894 

Genus Semicytherura Wagner, 19 57 

Semicytherura elongata (Edwards) 
(emended herein) 

P1. 7, figs. 1-12 

Cytherura elongata Edwards, 1944, p. 526, pl. 88, figs. 
21-25; Swain, 1951, p. 50, pl. 7, figs. 24, 25; Swain, . . 

1955, p. 628, pl. 64, figs.-l2a,b. 

( 7 )  Cytherura johnsoni Mincher; Benson & Coleman, 1963, 
p. 31, pl. 6, figs. 3-5 (E 1,2), text-fig. 18b. 

Carapace. - Teeth; right valve: anterior tooth slightly 
crenulate, followed by a socket; median element a strong 
bar  overhanging a narrow groove; posteriorly a socket 
followed by a slightly crenulate reduced tooth; left valve; 
anterior and posterior elements sockets; median bar  expan- 
ded at  both ends into crenulate teeth (see remarks). Right 
valve overlaps left in median dorsal region, left valve with 
overlapping flanges distally both anterior and posteriorly. 

Male expanded posteriorly, somewhat more elongate; 
la teral  ornamentation much more distinct than c ross  r ibs ,  
some specimens with c ross  r ibs  very indistinct. 

Normal pore canals few, widespread, open. Very 
ra re ly  a sievelike a r e a  exists, no borders  a s  in a sieve- 
type pore, function unknown. Marginal pore canals few, 
long, not all  reaching margin, somewhat grouped. 

Antennule. - Six segments, distal four long and narrow; 
basal podomere largest,  no setae; second podomere with a 
long thin ventromedian seta; third podomere with one dorso- 
distal seta;  fourth podomere with three dorsodistal setae; 
fifth podomere with three dorsodistal setae; sixth ( t e r m i n d  
podomere with three thin terminal setae (one blunt). 

Dimorphism. The seta of the third podomere, and one 
of those of the fourth and fifth podomeres i s  heavier in the 
male. 

Antenna. - Protopod with no setae. Exopod reduced 
to a dorsally situated rodlike flagellum distally bent down- 

ward. Endopod of four segments, penultimate one a 
fusion of two; basal podomere short with two ventrodistal 
setae; second podomere elongate tapering with a ventro- 
distal seta; third podomere long with a short dorsomedian 
and a ventrodistal seta; fourth (terminal) podomere 
short with a dorsodistal short spine and long clawlike seta, 
a ventrodistal clawlike seta, and a small inner lateral 
seta. 

Essentially no dimorphism, male has two bulbous 
glands in back of labrum with tubule into antennae - 
probably leading to sensory setae. 

Mandible. - Basal podomere of protopod heavily 
chitinous, gnathobase with heavy blunt teeth; second podo- 
mere of protopod relatively short. Exopod a long thin 
seta. Endopod with three segments; basal podomere rela- 
tively long with one anterodistal seta  and one postero- 
distal seta; second podomere with three or four antero- 
distal and four or five posterior setae; third (terminal) 
podomere short, narrow, with three or four relatively 
short terminal setae. 

No dimorphism observed. 

Maxilla. - Terminal segments of basal podomere 
relatively elongate, "palp" of two segments, the proximal 
about five times the length of the distal. All four rami  
terminated with four to s i x  setae; branchial plate of exopod 
with about 16 long pinnate setae. 

No dimorphism observed. 

Fifth limb. - Elongate, crusiform, four segments; -- 
basal podomere somewhat ovate, two anterodistal setae, 
one anteromedian seta, and one posteromedian seta; 
second podomere with one anterodistal seta; third podomere 
with no setae; fourth (terminal) podomere with a terminal 
claw anteriorly curved, a s  long a s  podomere. 

No dimorphism observed. 

Sixth limb. - As fifth limb but larger, basal podomere -- 
with only one anterodistal and two anteromedian setae. 

No dimorphism observed. 

Seventh limb. - As sixth limb but larger. -- 

No dimorphism observed. 

Copulatory appendage. - Paired, very large, complex; 
"copulatory string" of only one loop. Much like that of & 
( ? )  intumescens Sars  (1925, p. 96). 

Habitat. - Found in o r  adjacent to Sapelo Sound during 
spring; salinities f rom 13 to 28 o/oo, usually in upper 
range. Uncommon. 

Types. - Hypotypes UMMP nos. 48777, 48778, and 
48779. 

Size. - Adults f rom 460 to 520 microns in length. - 

Range. - Miocene to Recent. 

Remarks. - In all respects  described by Edwards, the 
valves of this species agree with his Cytherura elongata. 
The inner lamella a r e  not a s  wide, especially posteriorly, 
a s  in those species which Wagner lists for his genus Semi- 
cytherura (1957, p. 80-89). The terminal teeth of the 



median element of the left valve a r e  crenulate in the spec- 
i e s  herein (pl. 7 ,  figs. 8, 9) and this is the principal 
difference f rom the genus Cytherura. The crenulations 
a r e  not easily seen. By orienting the shell in glycerine 
jelly with a hot needle, they may be observed from w s  
nearly on the plane between the valves, and under a magni- 
fication of 400-500. 

No differences in internal morphology were noted 
between Cytherura and Semicytherura. 

Discussion. - One female specimen taken in April was 
put in a Nembutal solution and several days later observed. 
Pr io r  to death the animal had laid eggs, all but one of the 
s ix  laid had hatched. The antennules and antennae were 
observable, the young were approximately 190 microns 
long. 

Superfamily BAIRDIACEA Sars  

Family MACROCYPRIDIDAE Mueller, 1912 

Genus Macrocypris Brady, 1868a 

Macrocypris sapeloensis, n. sp. 

P1. 8, figs. 1-9; pl. 9, figs. 1-9 

Carapace. - Male: calcareous, elongate, dorsal mar-  
gin curved, ventral margin slightly concave. Greatest 
height slightly anterior; anterior end broadly rounded, 
posterior sub-acute, rounded, apex nearly on a line with 
ventral margin. Surface smooth. Inner lamella wide 
anteriorly and posteriorly, narrow ventrally; anteriorly 
inner lamella curves close to inner shell surface, poster- 
iorly more parallel to plane of valve contact. Large 
posterior and anterior vestibula. 

Radial pore canals numerous, non-branching, nearly 
all  reach anterior edge. Line of concrescense very irregu- 
lar, following thick pore canals toward edge. Normal pore 
canals simple, open, sparse,  most numerous postero- 
ventrally. 

Central muscle s c a r s  a large group of about 12 adduc- 
to rs  circularly arranged, located slightly ventral of mid- 
point. Two smaller  s c a r s  anteroventrally, two smaller 
s c a r s  anterodor sally. 

Right valve larger ,  overlapping left ventrally. Hinge 
advanced merodont/entomodont; right valve: anteriorly a 
crenulate elongate socket becoming a positive crenulate 
element toward mid-line, f rom mid shell to posterior 
portion slightly curved, essentially acting as  a positive 
ridge curving outward into a more positive comparatively 
short crenulate element which posteriorly becomes an 
elongate crenulate socket; left valve: complementary, the 
a r e a  opposite the median element of the right valve cor res -  
pondingly slightly concave, a long positive ridge overlaps 
the right valve. 

Antennule. - Seven segments; basal podomere about 
a s  wide a s  long; second podomere fused to basal, two long 
ventrodistal setae with very finely saw-toothed distal mar-  
gins; third podomere short, fused to second, one ventro- 
distal seta, distal margins finely toothed, and one dorso- 
distal se ta  of like structure; fourth podomere articulated 
with third, shorter  setae in same arrangement ad prece- 
ding podomere; fifth podomere with a large dorsodistal 

seta, distally nearly smooth, and a smaller ventrodistal 
seta; sixth podomere with two ventrodistal setae, nearly 
smooth; seventh (terminal) podomere with four essentially 
smooth stout setae. 

Antenna. - Similar to antennule, six segments; basal 
podomere with a short sagittal seta  directed ventrally; 
second podomere with a long sagittal seta; third podomere 
with two long, one short dorsoproximal setae, dorsodistal 
edge with three or more very short spines, ventroproxi- 
mally a cluster of s ix  long setae; fourth podomere with two 
dor sodistal setae, one ventroproximal seta, two short 
setae, one long seta, and two sensory setae ventrodistally, 
the latter distally broadened and spinose; fifth podomere 
with one short and one long stout setae ventrodistally, 
dorsodistally four long stout setae, one shorter; sixth 
(terminal) podomere overhung by dorsodistal portion of 
fifth, one or two long stout and two shorter setae terminal- 
ly. 

Mandible. - Basal podomere of protopod elongated for 
leverage of gnathobase. Gnathobase terminated with 
approximately eight chitinous spines posteriorly decreas-  
ing in size, numerous short setae between spines; second 
podomere of protopod with three distal setae. Exopod r e -  
duced to about six long pinnate setae, not heavily chitini- 
zed, off a raised base. Endopod of four segments; basal 
podomere with approximately six long distal setae; second 
podomere with four laterodistal setae, about six marginal 
distal setae; third podomere short, about two distal setae; 
fourth (terminal) podomere very short with approximately 
four terminal setae, one larger and more heavily chitini- 
zed. 

Maxilla. - Basal podomere with two long setae direc- 
ted anteriorly off lateral portion, one short seta  off pos- 
terior margin; terminus of four rami, anteriormost 
(maxillary palp) of two segments, all r ami  distally equip- 
ped with numerous setae, posterior ramus with a long 
marginal proximal seta. Epipod lobate, about 10 long 
pinnate marginal setae, three or more short proximal 
setae. 

Fifth limb. - Short, non-crusiform. Protopod low, -- 
moundshaped; palp (exopod ? )  small, elongate, two or 
three segments, two long proximal setae, three terminal 
setae; endopod essentially two segments, basal podomere 
large with one seta and two blunt stout spines distally, 
second podomere heavily chitinous, curved forward for 
grasping. 

Sixth limb. - Elongate crusiform, five, possibly six, -- 
segments; basal podomere with three long seta on anter- 
ior margin and one posterodistal seta; second podomere 
long, one seta just inside posterior margin somewhat 
proximal of mid-point, distally very finely pinnate, and 
one long anterodistal seta; third podomere long, one long 
anterodistal seta; fourth podomere elongate with one long 
and one short  anterodistal seta; fifth (terminal) podomere 
long, distally a possible segmentation, terminus with one 
short and two long, very stout clawlike setae. 

Seventh limb. - Elongate crusiform, five segments; -- 
basal podomere with four or five setae off anterior mar -  
gin, one off posterior; second podomere long, one antero- 
distal seta; third podomere a s  second, shorter; fourth 
podomere with two anterodistal setae, both shorter than 
preceding setae; fifth (terminal) podomere with two anteri- 
orly directed setae and one poster odor sally directed large 
cleaning seta, distal two-thirds of which is toothed on 
both edges. 



Furca. - Each branch with two segments; f i rs t  seg- - 
merit elongate, with a few very small setae in two spots 
along one edge; second segment a curved claw a s  long a s  
preceding segment. 

Copulatory appendage. - Paired, simple, triangular, 
acute end proximal, affording the entrance for vas deferens. 

Sperm and ejaculatory system. - Sex system paired. 
Sperm very long, no complete one could be determined 
because they a r e  so intertwined. No expanded "head" 
bearing a nucleus was seen. Testes not distinct. Vas 
deferens begins tightly coiled, enters an ampulla (probably 
f o r  sperm storage although sperm seem too long for much 
storage capacity), continues through a muscular ejacula- 
tory apparatus (Zenker's organ), and coils again upon 
emerging. It tapers prior to entering the penis and its 
exit is so narrow that only a few, possibly only one, sperm 
may exit a t  a time. Entire system was tightly packed with 
sperm. 

Eye. - None present in genus. - 

Habitat. - Taken f rom 625 feet  of water, salinity 
approximately 35 o/oo, water temperature 230C, 75 miles 
offshore near edge of Gulf Stream; one living specimen 
f rom Sapelo Sound. 

Size and type. - Holotype UMMP no. 48780, male, -- 
length 1. 56 mm, height 0. 60 mm. 

Remarks. - The genus Macrocypris differs f rom 
Macrocyprina Triebel (1960, p. 118) by the nature of the 
sperm ejaculatory system, Zenker's organ being thicker 
and the vas deferens looped about it in Macrocyprina, and 
a three rather  than two segmented maxillary palp. Triebel 
also states that Macrocyprina has a rounded posterior 
rather  than pointed, however the species herein, and 
others, seem to bridge that gap. 

This species differs f r o m  M. minna (Baird, 1850a, p. 
171) by the non-pointed posterior and the shape of the penes. 
The internal morphology of that species is figured by Sars  
(1923, pls.  26, 27). M. schmitti Tressler  (1949, p. 341) 
differs in the setation of the seventh limb, has a shorter 
terminal segment on the sixth limb, and a somewhat more 
curved shell. 

The shells of the following species a r e  incompletely 
described and no internal morphology is considered, affini- 
t ies  a r e  in doubt: M. decora (Brady, 1866, pl. 57, fig. 13a), 
the figure shows muscle s c a r s  that make generic assign- 
ment to Macrocypris, a s  Brady later did (1880, p. 44), 
questionable; M. maculata (Brady, 1866, p. 367) the anter- 
ior appears to have a much more narrow adhesive strip; 
M, orientalis Brady (1868, p. 61) appears to have a differ- - 
ent hinge line shape; M. hieroglyphica Brady (1868, p. 62) 
appears to have a different hing line shape; M. canariensis 
Brady (1880), M. setigera Brady (1880), E. similis Brady 
(1880, p. 42), a n d m m i d a  - -  Brady (1880, p.-e too 
poorly described; 2. tenuicauda Brady (1880, p. 41) ap- 
pears  to have a more drawn out posterior and the palp of , 

the fifth limb is unsegmented a s  shown in pl. 3, fig. 2a; M. 
turbida Mueller (1908, p. 94) has a higher shell, different 
adductor muscle s c a r s ,  one of the fifth limbs has a distal 
spine elongated, and the furcae have shorter terminal 
claws; M. inaequalis Mueller (1908, p. 95) has different 
adductor muscle scars ,  a narrower anterior adhesive 
strip, the fifth limbs have one, rather than two, blunt dis- 
tal spines on the penultimate segment, and the furcae a r e  
unsymmetrical in length; M. =a Mueller (1908, p. 96) 

has different adductor muscle s c a r s  and short terminal 
claws on the furcae; M. dispar Mueller (1908, p. 96) has 
different adductor muscle scars ,  and the terminal claws 
of the furcae do not appear to be well differentiated; g. 
africana Mueller (1908, p. 97) has different adductor mus- 
cle s c a r s  and short terminal claws on the furcae; E. 
succinea Mueller (1894, p. 242) has been placed in the 
genus Macrocyprina Triebel (1960) by virtue of the three 
segmented maxillary palp (maxillartaster) and the arrange- 
ment of the coils of the vas deferens. 

Suborder MYODOCOPIDA 
Superfamily CYPRIDINACEA Baird, 1850 

Family Cypridinidae Baird, 1850 

Genus Philomedes Liljeborg, 1853 

Philomedes lilljeborgi (Sars) (emended herein) 

P1. 10, figs. 1-10 

Bradycinetus lilljeborgi, Sars, 1866, p. 112. 

Philomedes lilljeborgi, Skogsberg, 1920, p. 402, figs. 70- 
73 and synonymy therein; Poulsen, 1962, p. 346, fig. 
151, and synonymy therein. 

( ? )  Philomedes E s  Mueller, 1894, p. 211, pl. 3, figs. 4, 
18,22, 29-31. 

Carapace. - Female: noncalcareous, subovate, tumid. 
Rostrum very pronounced, anteriorly and posteriorly 
pointed, ventrally concave, lined with broad setae, each 
terminated with approximately five smaller round setae 
("selvage" of Skogsberg, 1920, pl, 70, figs. 1, 2, 4). Inner 
portion of rostrum with a prominent row of setae. Incisure 
rounded. Shell posteroventrally produced. Surface essen- 
tially smooth, checkered with pentagonal "cracks", very 
sparsely covered with either short broad setae similar to 
those of rostrum or long setae. Vestibule wide posteriorly 
and anteriorly, narrow along mid-portion. 

Radial pore canals occasionally branching. 

Adductor muscle scar  pattern a circular group of over 
ten s c a r s  anteroventrally of mid-point. 

See Skogsberg, 1920, for  complete description of 
internal morphology. 

Antennule. - Six, possibly seven, segments; basal 
podomere longest, no setae; second podomere nearly a s  
long, articulated with basal, margins hirsute, three ven- 
trodistal setae with secondary setae and one dorsodistal 
seta; third podomere very short, fused to second and 
fourth, two dorsodistal and one ventrodistal seta; fourth 
podomere with one dorsodistal and three ventrodistal setae, 
all bearing secondary setae (one very long extending beyond 
terminus); fifth podomere articulated with fourth, bearing 
a very long ventrodistal se ta  whose distal portion is 
divided into four or five secondary setae, this seta appears 
to originate from the terminal podomere unless closely 
observed; sixth (terminal) podomere very short, possibly 
two fused podomeres, distally bearing two short or medium 
and five long setae (two thinner and blunt, three distally 
split with secondary setae along length). All setae striated 
normal to length. 

Antenna. - Protopod large, ovoid. Endopod reduced, 
apparently of two segments, basal podomere short bearing 
s ix setae; second podomere proximally bearing a long seta 
with subsetae, a t  about two-thirds way from proximus 
bearing two setae off a nodose area, and a long thin seta 



just short of terminus. Exopod of nine segments; basal 
podomere about a s  long a s  all  succeeding, no setae; second 
through eighth podomeres each bearing a long pinnate 
natatory seta; ninth (terminal) podomere bearing four long 
natatory setae and three smaller setae. All but two 
natatory setae on each antenna broken. 

Mandible. - Protopod with forked pinnate process a t  
distal end, not heavily chitinous for mastication. Exopod 
reduced, dorsally directed, two segments; basal podomere 
terminated in two setae, one pinnate; second podomere 
obliquely off f i r s t ,  terminated in a very short spine. Endo- 
pod of four segments; basal podomere with six lateral 
setae on proximal portion, three large with several teeth 
along one margin, three dorsodistal pinnate setae, and 
seven o r  eight ventral pinnate setae; second podomere with 
about four ventrodistal setae (three long and pinnate); third 
podomere long, approximately five ventrodistal pinnate 
setae in two groups, approximately four dorsoproximal 
setae, and five long dorsal setae at  about mid-point; fourth 
(terminal) podomere with two smooth curved claws and 
several  shorter  setae at  terminus. 

Maxilla. - Protopod with three endites; f i r s t  with ten 
distal pinnate setae, second with about four distal pinnate 
setae; third terminated with about four pinnate setae, 
others  laterally. Endopod with approximately 12 setae 
and three curved claws. 

Fifth limb. - Exopod with about four heavily chitinous -- 
teeth, one larger ,  several with secondary spines, many 
setae proximally. Epipod of approximately 50 broad, 
lightly chitinous very pinnate setae. 

Sixth limb. - Crescent shaped, terminus of essentially -- 
four lobes, anterior three small, each with a lateral seta, 
anterior most with three terminal pinnate setae, middle 
with seven, posterior with about eight; posterior lobe very 
broad, lined with about 22 broad heavily pinnate setae. 

Seventh limb. - Typical of superfamily, vermiform, -- 
segmented. Terminus with opposing rows of short setae 
which have a short oblique branch short of terminus 
(Skogsberg, 1920, fig. 72, no. 14)) four or five typical 
terminal setae with typical cone-in-cone distal portions, 
four to s ix more proximally. 

Furca. - Ten claws distally increasing in length, - 
larger  with secondary spines along concave margin; mar -  
gin hirsute. 

Frontal organ. - Unsegmented, comparatively long, -- 
thin, straight,  end rounded. 

Eye.- Very reduced or  absent in females. 

Habitat. - Taken f rom 405 feet of water, salinity 
approximately 35 O/oo. September. 

Size and types. - Hypotype UMMP no. 48781, female: --- 
length 1.74 mm, height 1. 62 mm. 

Remarks. - The checkered pattern of the shell has 
not been reported for this species, but has for -- P.  rotunda 
Skogsberg (1920, p. 414, pl. 75, fig. 2) and E. interpuncta 
Baird (in - Mueller, 1894, p. 210, pl. 3, figs. 2 & 38). 

This species differs f rom i ts  closest affinity P .  inter- 
puncta Baird (1850b), by the absence of a rostra1 beak, 
different setation of antennules and maxillae, and the 
absence of stout setae between the furcal  claws. P .  inter- 

puncta was so  incompletely described by Baird a s  to leave 
some question a s  to assignment. p .  levis Mueller (1894), 
may not be a valid species, internally the differences do 
not appear to be of greater magnitude than individual 
variations in r, lilljeborgi reported by Skogsberg; the 
shell is somewhat different in the shape of the rostrum, 
but not moreso than in specimens of & lilljeborgi reported 
by Sars  (1922, p. 14-15, pl. 8). 

The broken antenna1 natatory setae probably indicate 
the female is  a mature specimen, even if somewhat shorter 
than others described, and had completed a planktonic 
phase of the sexual cycle (see Skogsberg, 1920, p. 348-368). 
Skogsberg's proposal that colder water might be causal in 
the loss of setae, rather than as a part of a sexual cycle, 
would be doubtful in the case of present occurrence. 

Discussion. - What appear to be developing eggs were 
seen inside the animal. Remains of a diatom and a e- 
gerina type foraminifer were in the stomach. The adduc- 
tor muscle scar  pattern was obscured since the chitinous 
shell broke a t  the attachment point upon dissection. 

Genus Pseudophilomedes Mueller, 1894 

Pseudophilomedes ferulana Kornicker 
(emended herein) 

P1. 11, figs. 1-9; pl. 1, 12, figs. 1-8 

Pseudophilomedes ferulana Kornicker, 1958, p. 23 5, figs. 
46, la, b, 2a, b; 56, a-d. 

Carapace. - Female: weakly or irregularly calcareous, 
ovoid, a blunt non-downcurved rostrum overhanging a 
slight incisure, four or five long setae on inner face.  A 
blunt broad caudal process slightly ventral to mid-line. 
Greatest height central. Shell very tumid. Margins some- 
what nodose, with long setae in several rows. Surface 
reticulate, a sulcus slightly anterior to mid-line extends 
dorsally from mid shell. Surface sparsely covered by 
inter-reticulate setae. About s ix  nodes along the contact 
margin of both valves slightly dorsal to caudal process. 

Radial pore canals appear straight. Adductor muscle 
scar  pattern indistinct, anterior to sulcus. 

Antennule. - Six segments; basal podomere longest, 
articulated distally, four o r  five very small spines on the 
ventral margin; second podomere with one dorsal sensory 
spine, a few very small spines on both margins; third 
podomere short, nearly fused to second, a dorsodistal 
sensory spine with a few secondary setae and a similar 
ventrodistal spine, both margins bearing a few very small 
spines; fourth podomere with one dorsodistal sensory spine 
bearing secondary setae, two similar  ventrodistal sensory 
spines, both extending well beyond terminus, ventral mar - 
gin bearing a few very small spines; fifth podomere dis- 
tally articulated, bearing a short  dorsodistal spine; sixth 
(terminal) podomere with seven long and one medium 
spine, two of long spines smooth and flattened and more 
finely segmented than others which have sparse secondary 
spines and forked tips. 

Antenna. - Protopod large, no setae. Endopod a verru- 
ciform process bearing two lateral spines and a distinctive 
long terminal spine with secondary setae distally. Exopod 
of nine segments; basal podomere nearly a s  long a s  suc- 
ceeding ones, no setae; second through eighth podomeres 
each bearing a long heavily pinnate natatory seta proximally 



TEXT-FIGURE 10 

Drawing of fifth limb of Pseudophilomedes ferulana 

spinose on one margin; ninth (terminal) podomere bearing 
two long and one medium very pinnate setae, no marginal 
spines. 

Mandible. - Basal podomere of protopod with a large 
distinctive forked masticatory process  dorsally off distal 
end, each fork with three or four spines along margin; 
second podomere with two ventral setae, one proximal, one 
comparatively large heavily pinnate distal, and 3 large 
setae dorsally. Exopod reduced to two sparsely pinnate 
setae off a comparatively large basal ramus,  and several 
small  la teral  spines. Endopod of three segments; basal 
podomere with two ventrodistal pinnate setae; second podo- 
mere  long, narrow, apparently a fusion of two segments, 
three la rge  dorsal setae, one proximally, two a t  mid-point, 
and several  small marginal setae and spines; third (termi- 
nal) podomere with about six terminal spines, one longer, 
more  clawlike with distal subsetae. 

Terminal  portion protrudes from shell just beneath 
ros t rum.  

Maxilla. - With three principal rami,  the proximal with 
three heavy spines bearing subspines and a sensory pinnate 
seta, easily broken off, middle ramus  with two heavy 
spines bearing subspines and three setae; distal ramus  
with about seven pinnate basal setae of varying lengths, 
about four  more distal pinnate setae and a large blunt dis- 
tally segmented terminal process with sensory ( ? )  granules 
on distal margin, curved forward. Dorsal margin of 
appendage hirsute. 

Fifth limb. - Distinct for genus. Terminated in a -- 
long claw anteriorly directed; proximal margin of claw's 
base with three or  four pronged elements, generally many 

spinose elements a t  base of claw (text-fig. 10). Epipod 
with about 45 long very pinnate setae. 

Sixth limb. - Essentially four lobed, anterior small, -- 
bearing one or  two pinnate setae; second with two smaller 
pinnate setae and two long pinnate setae; third lobe with 
three or  four smaller and two larger pinnate setae; poster- 
ior lobe relatively wide bearing five to seven typically pin- 
nate setae along the margin and two posteriorly directed 
extremely pinnate setae, latter not striated normal to 
length, also with very fine secondary setae covering entire 
rounded surface rather than being in two rows as on others. 
A small posterior seta  on the margin of basal podomere. 

Seventh limb. - Typical of superf amily, vermiform, -- 
segmented; s ix  setae of various lengths on terminal seg- 
ment, five o r  s ix  more proximally, generally shorter .  
The terminus typical opposing rows of very small  setae. 

Furca. - Terminated in seven to ten claws followed by - 
a short broad spine (more an outgrowth of border chitin 
than with a distinct attachment a s  have claws). Distal 
claw with a secondary claw sagittally off the mid portion, 
not easily observed laterally. All claws with distinct 
secondary spines along exsagittal edge, larger proximally. 
Fourth claw broader and more blunt than others relative to 
length, this typical of genus. Number of claws not always 
equal on both sides. 

Frontal organ. - Long, arising f rom a more-or-less 
bifid frontal ganglion; proximal half segmented; mid portion 
expanded; distal half smooth except for occasional small  
sensory hairs,  tip sharply pointed and covered with sen- 
sory hairs. 

z e .  - Paired; situated near base of antennule - anten- 



n a .  Appear to have three or four large lenses separated 
around the central a r e a  of nerve tissue. Other globules 
attached to outside of anterior portion of ocular membrane, 
of unknown function. Tissue more granular than in large 
lenses. 

Egg. - Not separate within posterior portion of shell, 
but encased within a transparent membrane, four to ten 
observed. 

Habitat. - Taken from 141 to 429 feet of water, off- 
shore,  salinity approximately 3 5 o/oo. 

Types. - Hypotypes UMMP nos. 48785, 1.404 mm 
l o n g , m 5  mm high; 48782, 1.404 mm long, 0.936 mm 
high; 48783, 1.52 mm long, 0.97 mm high; 48784; al l  
f emales .  

Remarks. - The specimen figured by Kornicker differs 
slightly in regards to the setae of the maxilla. The furca 
a s  drawn shows no secondary spines on the claws, nor the 
large secondary claw of the largest distal claw. This 
latter is difficult to see in lateral view. The furca has 
eight claws, and this is mentioned a s  a specific guide, how- 
ever ,  in the specimens from the Sapelo Island area the 
number of claws i s  variable. The principal likeness is  
the blunt sensory distal process of the maxilla. There is 
no detailed description of shell features  or soft par ts  given. 

Three species of thls genus have previously been des- 
crlbed: P ,  foveolata Mueller (1894); P.  angulata Mueller 
(1894); l ' m ( B r a d y  & Norman, %396)ramekodon  
i n € l a t u s - ~ r m ~ o r m a n ) .  Males have been described 
only for  P.  foveolata (Philomedes foveolata, Brady & 
 orm man,-1896),were taken by net tows rather than 
f rom bottom samples; the planktonic occurrence may be 
connected wlth the sexual cycle a s  is known In specles of 
Asterope and Philomedes. The males do not have the 
large dlstal claw on the flfth llmb, although the fourth claw 
on the furca 1s enlarged a s  In the case of the female. Some 
species  of Phllomedes e. g. P, interpuncta Baird, a s  well 
a s  specles of Cypridlna and Sarslella also exhlblt the en- 
largement of the fourth furcal claw. 

The two flattened antennular setae and the forked 
terminus of the other antennular setae a r e  not exclusive 
generic characters, occurring In Phllomedes and Sarsiella. 
The large claw of the flfth limb of the female 1s the most 
dlstlnguishing generlc character; the unusual dlstal maxll- 
lary process  of P.  ferulana is probably, a s  Kornicker 
states, of subgenerlc value. 

Discussion. - There i s  a pair of very pinnate long 
setae extending downward to the shell 's edge f rom the 
vicinity of the base of the fifth limb, I was unable to ascer-  
tain the point of articulation. 

The eggs were cellular clusters and showed no recog- 
nizable development at  the date of capture. 

The muscle-scar pattern was not distinct on the nearly 
non-calcareous specimens found; it  appears to consist of 
three rows, the two posterior ones curved convexly toward 
the r e a r ;  the posterior row is of about five scars ,  the mid- 
dle and anterior of about three. The lack of calcium car -  
bonate in most of the shell prohibited mounting the speci- 
mens dry, and the removal of the body tends to tear the 
inner chitinous layer where the adductors attach. There 
is still  enough calcium carbonate present to prevent 
mounting in CMC-S, an acid medium, so the whole mounts 
 nus st be decalcified in 5 percent acetic acid. 

Family RUTIDERMATIDAE Brady & Norman, 1896 

The family i s  characterized by the presence of an 
articulating pincher (chela) on the mandible. 

Genus Rutiderma Brady & Norman, 1896 

Rutiderma dinochelata Kornicker 
(emended herein) 

P1. 13, figs. 1-9; pl. 14, figs. 1-7 

Rutiderma dinochelata Kornicker, 1958, p. 236, figs. 46, 
8a, b; 57, a-f; 58, a-d; 86, b, f ,  j .  

Carapace. - Female: calcareous or noncalcareous, 
oval in lateral outline with a nodose margin. Posterior 
truncate with a caudal process. Rostrum downcurved, 
not overhanging incisure. Surface coarsely punctate, two 
prominent longitudinal r ibs  joined by a posterior vertical 
rib; faint radial r ibs  anteroventrally. Anterior and ven- 
t ral  margins with two s e t s  of setae, one long emerging 
from thin radial pore canals, other a margin of very thin 
setae, so  close a s  to form a nearly solid chitinous border 
extending outward about one-half the length of the major 
setae. 

Interior of caudal process with an unusual hirsute, 
setiferous flange. Flange with a set of radial pore canals. 
A "reverse vestibule" exists beneath the flange. No por- 
tion of the main body mass of the animal extends into this 
area. 

Adductor muscles form an anteroventral circular 
group of about 12 well spaced ovoid scars .  

Antennule. - Five segments; basal podomere largest,  
no setae; second podomere with a dorsomedian seta, a 
distolateral seta; third podomere with two dorsoproximal 
setae, one dorsodi'stal seta, a ventroproximal seta, and 
two ventrodistal setae (one medium, other long) extending 
nearly a s  f a r  a s  setae off terminal podomere; fourth podo- 
mere with one long ventrodistal seta; fifth (terminal) podo- 
mere very short, with five long setae with occasional 
secondary setae, three or four short setae. 

Antenna. - Protopod large, ovoid. Endopod reduced 
to three or four short setae on a node (verruca). Exopod 
of nine segments; basal podomere with no setae; second 
through fifth podomeres each with a non-pinnate long seta  
with faint dorsal dentition; sixth through eighth podomeres 
each with a long pinnate natatory seta, ninth (terminal) 
podomere with four heavily pinnate setae. 

Mandible. - Protopod of two segments; basal shortest  
with a small  forked process off distal end; second podo- 
mere with four proximal setae, one median seta, and 
three distal setae. Endopod ( ? )  of two segments, the dis- 
tal podomere equipped with a very lleavily chitinized pair 
of articulated claws. Claws with dentition along inner 
margins, a large spine in between claws, five or s ix  short 
setae off distal podomere. 

Maxilla. - Two principal endites: the proximal short- 
est, distally equipped with many spines, some with heavy 
subspines; second endite larger ,  of two segments; basal 
with two distal setae curving around terminus; second 
podomere short,  distally equipped with about five short  
pinnate setae and two stout spines with sub-spines. 
Related in form to Sarsiella.  



Fifth limb. - Distal portion of protopod equipped with -- 
about six heavily chitinized broad spines with broad multi- 
forked tips; a small lobe posterior to distal end of proto- 
pod (endopod ?)  with about eight distal seta; a large 
"branchial" plate (exopod ? )  with about 42 large pinnate 
setae. 

Sixth limb. - Reduced. Platelike, lightly chitinized. -- 
Each plate of about four lobes, all  with distal setae, the 
posterior lobe largest with about seven setae, the posterior 
setae becoming shorter and very hirsute. 

Seventh limb. - Vermiform, segmented, bearing s ix -- 
terminal setae, four more proximally, all  with typical 
cone -in-cone structure distally. 

Furca. - Bearing four claws followed by two spines, - 
hirsute proximally. Secondary spines on claws prominent, 
occurring in a se r ies  of alternating lengths. 

Frontal organ. - Long, an expanded a rea  at about -- 
mid-point. 

Eye. - Only one seen. Four lenses, some bifid. 

Habitat. - Taken f rom depths of 57 to 441 feet, off- 
shore, salinities of 25 to 35 O/oo. June through September. 

Types. - Hypotypes UMMP nos. 48786, 48787, 48788, 
48789,790;  all  females. 

Remarks. - Although these animals differ somewhat 
f rom the photographs, drawings and descriptions of Kornic- 
ker, I have placed them in his species. The specimens 
from the vicinity of Sapelo Island have a stronger caudal 
process, the margin is more nodose, and the inner denti- 
tion of the mandibular chelae differs, note the proximal 
tooth and the spines (pl. 13, fig. 9); this particular denti- 
tion of the chela is the same in all specimens captured 
and is the same for  both the right and left. 

Kornicker uses  the furcal  claws a s  a specific charac- 
ter ,  stating (1958, p. 236): "The caudal furca bears  three 
strong claws which show distinct demarcation lines a t  
their bases, followed by two weak claws. " Yet his drawing 
(fig. 57a) shows four strong claws followed by two weak 
ones. All specimens f r o m  near Sapelo Island have four 
strong and two weak claws. 

Any variances between the populations at Bimini and 
Sapelo Island appear to be subspecific. 

Discussion. - All specimens taken were bearing four 
eggs, each approximately 200 microns in diameter. 

The 
The stomach contents showed the ramains of annelids, 

diatoms, and nearly whole large copepods, attesting to 
the use to which the mandibular chelae a r e  put. 

Rutiderma mollita, n. sp. 

PI. 15, figs. 1, 2 

Carapace. - Female: weakly or noncalcareous, nodose 
margins, reduced ros t rum and caudal p r o c e s s  longitudinal 
r ibs  faint. Surface lightly punctate, radial pore canals 
very thick and prominent, many branching. Flange on 
interior of caudal process  much reduced. 

Internal morphology. - The same a s  for  R. dinochelata 
Kornicker, herein, except furca which has three strong 
claws followed by three reduced spines. 

Habitat. - Taken from 65 feet of water of about 30 
O/oo salinity, off shore. August. 

Size and types. - Holotype UMMP 48791, female, 
length 1.44 mm, height 1.02 mm; paratype UMMP 48792, 
female, length 1.45 mm, height 1.05 mm. 

Remarks. - Differs f rom R_. compressa Brady & Nor- 
man(1896)the nodose margin, the configuration of the 
ribs, the dentition of the mandibular chelae, and the secon- 
dary spines of the furca. 

The morphology of the appendages is strikingly simi- 
lar to 5. dinochelata, even down to the position of indivi- 
dual setae. The character of the dentition on the claw of 
the mandibular chelae i s  the same, a s  well a s  the number 
and position of setae on the seventh limb. Only the furca 
differs. 

Discussion. - Both females were bearing four eggs 
each. 

Genus Asteropteron Skogsberg, 1920 

Asteropteron oculitristis, n. sp. 

P1. 15, figs. 3-7; pl. 16, figs. 1-8 

Carapace. - Male: weakly and irregularly calcareous; 
elliptical in outline, greatest height nearly at  mld-point. 
Large rostrum directed ventrally, overhanging incisure. 
Principal sculpture a ridge paralleling margin, antero- 
dorsally narrow and low, posterodor sally and ventrally 
becoming wide, high, steep with heavy irregular nodes 
which may project over margin. Distinctly incurved 
around rostra1 region. Surface essentially smooth with 
slightly raised porous ( ? )  areas  of irregular size, gener- 
ally larger posteriorly, the pores (? )  appear a s  irregular 
squarish patterns within the raised areas .  

Anterior and ventral margins lined with setae, other 
rows on inner face of rostrum, along posterior contact 
mar gin. 

Vestibule present. Radial pore canals thin, straight. 
Adductor muscle pattern circular,  about 15 closely spaced 
s c a r s  slightly anteroventral to mid-point. 

Antennule. - Six segments; basal podomere largest, 
no setae; second podomere articulated with basal, three or  
four setae along dorsal margin, distal two pinnate, margin 
hirsute; third podomere very short, fused at  both ends, 
one ventrolateral seta, three comparatively large pinnate 
dorsal  setae; fourth podomere with one dorsodistal pinnate 
seta, one ventrodistal pinnate seta, the latter projecting 
well beyond terminus of appendage; fifth podomere with 
one very long ventrodistal seta with s t r iae ceasing at about 
mid-point, seta becoming smooth and forking, the forks 
also dividing; sixth (terminal) podomere with six long 
setae, two thinner and blunt, four larger  and segmented, 
with numerous subsetae and a short heavy blunt spine, 
slightly curved dorsally. 

Antenna. - Protopod large, ovoid. Endopod of three 
segments; basal podomere with four o r  five proximal setae; 
second podomere elongate with two small  laterodistal 



setae; third (terminal) podomere elongate, narrow, termi- 
nus bluntly rounded, a comparatively long thin seta off the 
proximal portion. Exopod of nine segments; basal podo- 
mere  about a s  long a s  succeeding, one proximal seta; 
second through eighth podomeres each with a long heavily 
pinnate natatory seta, occasionally spinose along margin; 
ninth (terminal) podomere with two long natatory setae a s  
preceding, one medium length pinnate seta, one short 
pinnate seta. All setae striated normal to length. 

Mandible. - Protopod with nine distally pinnate ventral 
setae, four very short proximal setae not projecting beyond 
margin, four short dorsoproximal setae, three or  four 
dorsodistal setae (one or  two short, two long and pinnate). 
Exopod reduced, dorsally directed, two long setae off dis- 
ta l  portion, tip pointed, hirsute. Endopod of three seg- 
ments; basal with five ventral pinnate setae increasing in 
length proximally; second podomere with two or three 
ventrodistal setae and about 12 to 15 dorsal setae, gener- 
ally increasing in length distally; third (terminal) podomere 
short,  three o r  four short or medium setae and two long 
heavy nonpinnate setae. All setae striated normal to 
length. 

Maxilla. - Protopod with s ix or more ventroproximal 
setae, two or  three short setae ventrodistally, entire ven- 
t r a l  margin lined with long distally flattened "baleen" 
br is t les ,  two dorsoproximal setae, three dorsodistal setae 
(two short,  one long). Endopod ( ? )  with two to three short 
dorsal  setae, terminus with five long pinnate setae and one 
short  nonpinnate seta. 

Fifth limb. - Highly modified. Comb ventrally lined -- 
with distally pinnate setae; a large pinnate ~ e t a  (exopod ? )  
pointing forward from the mid-lateral a rea  of comb, Epi- 
pod curved, ventral margin lined with very pinnate setae, 
broader and longer than those of comb. 

Sixth limb. - Highly modified, flat, axe-shaped; -- 
rounded anteriorly, two endites, one with thin pinnate 
setae and other with heavier pinnate setae continuing along 
curved margin toward posterior which is pointed and hir- 
stue with no terminal setae. 

Seventh limb. - Vermiform, segmented, with about 20 -- 
typical setae, with distal cone-in-cone structure. 

Furca.  - Three principal claws increasing in size dis- - 
tally, a l l  with spines of cyclical size along concave margin, 
hirsute on convex; followed by four pinnate setae decreas- 
ing in size proximally. 

Gills. - Seven pairs.  - 
Frontal organ. - Gently tapering distally to a rounded, -- 

slightly expanded tip. Central ganglion essentially bi-lobed. 

Eye. - Paired, stalked, very strongly pigmented cen- 
t r a l  =a. Multifaceted, marginal lenses of variable size, 
the larger  being directed ventrally toward substrate. 

Habitat. - Taken from 59 feet of water, offshore, of 
s a l i n m a b o u t  25 o/oo. August. 

Size and types. - Holotype UMMP 48793, male, length --- 
1.74 mm, height 1. 08 mm, width 1.02 mm; paratype UMMP 
48794, male, dimensions a s  holotype. 

Remarks. - Both sexes were described for A. fuscum 
(Mueller, 1890a) and agassizii  (F. Mueller, 1 8 7 0 r  
both, the antenna1 endopod of the male differs from that of 

the female, and strongly resembles that of the species 
herein. Only the female of 4. monambon Kornicker i s  
known. For the f i r s t  two species there i s  no mention of 
sexual dimorphism in the shell, hence the species herein 
stands little chance of being the male of A. monambon. 
since it i s  readily distinguished from thaTand the other 
two species by the sculpture of the shell. 

The unusual, but very functional, distribution of mar-  
ginal lenses of the eyes has been noticed for  A, agassizii 
(F. Mueller, 1870, pl. 9, figs. 15, 16, 20) inboth sexes. 
Only the downward pointing larger  lenses a r e  drawn in 
these figures by Mueller. No eyes were found in A. fus- 
cum; eyes a r e  present, but not described in the case of 4. 
monambon. 

Genus Cyclasterope Brady, 1897 

Cyclasterope biminiensis (Kornicker) 
(emended herein) 

P1. 17, figs. 1-8; pl. 18, figs. 1-7; 
pl. 19, figs. 1, 2 

Cycloberis (misprint for Cycloleberis) biminiensis, Kornic- 
ker, 1958, p. 243, figs. 67a-d; 68a-f; 85a-e. 

( ? )  Cyclasterope brevis (Mueller), Brady, 1902, p. 183, pl. 
24, figs. 16-22, %Asterope brevis Mueller, 1890a, 
p. 239, pl. 25, fig. 10; pl. 26, fig. 7; pl. 27, figs. 7 -  
10, 15, 16. 

Carapace. - Male; slightly and irregularly calcareous; 
smooth, translucent, subcircular, rostrum downcurved 
over incisure. Margin of shell lined on inner edge with 
relatively widely spaced setae; two inner marginal rows, 
one approximately along edge of inner lamella, other in 
between in anterior portion - dorsally more or  l ess  
merging with outer row. Probable line of concrescence 
close to outer margin posteriorly; radial pore canals 
straight, unbranched, profuse. Adductor muscle scar  
pattern of many (30-40) elongate s c a r s  arranged in a near- 
spiral  pattern, typical of genus. 

Antennule. - Six segments; basal podomere largest,  
comparatively wide, no setae; second podomere articula- 
ted with basal, no setae, slightly hirsute on borders; third 
podomere short with five or six dorsal  setae, one very 
small  ventrodistal seta; fourth podomere short, one dor so-  
distal seta and a long thin ventrodistal seta extending be- 
yond end of appendage; fifth podomere longer, with three 
to five prominent dorsal nodes and a ventrodistal heavy 
distally branching seta; sixth (terminal) podomere very 
short,  with a dorsodistal heavy curved claw, generally 
seven additional distal setae, some of which branch dis- 
tally o r  along their margin into relatively large secondary 
setae which in turn terminate in smaller short setae. 

Antenna. - Large protopod. Endopod reduced, three 
segments, generally three setae near base; second podo- 
mere with none or one seta; third (terminal) podomere 
bluntly rounded with a short curved seta at tip, a long 
smooth seta originating about half way back on segment 
(exception in largest specimen, four setae on basal podo- 
mere, no short terminal seta, long seta off tip; possibly a 
secondary sexual character, see remarks) .  Exopod of 
nine segments; basal podomere approximately the length of 
the succeeding eight, overlapping the second with a lateral 
toothlike process; second through eighth podomeres each 
with a marginal slightly curved blunt toothlike spine dis- 



tally directed, the ninth occasionally with two. Second 
podomere with a segmented pinnate curved seta; third 
through eighth each with long segmented grossly pinnate 
natatory setae proximally bearing marginal spines; ninth 
(terminal) podomere usually with four pinnate setae, in 
adult two a r e  long and toothed a s  in third through eighth 
podomeres. 

Dimorphism. - See remarks. 

Mandible. - Protopod with "scythe-shaped" process 
proximally directed off basal podomere (Skogsberg, 1920, 
p. 452); second podomere with a proximally directed 
process  set  with setae, some of which a r e  distally pinnate, 
ventral margin with six to eight distally pinnate setae. 
Exopod reduced, non-muscular, dorsally directed, with 
two major distal setae. Endopod of three segments; f i r s t  
podomere with about five posterior setae; second podomere 
with about ten anterior setae and three posterodistal setae; 
third (terminal) podomere with two small setae, one long 
thin seta, and three long heavy setae-spines. 

Maxilla. - Two endites on protopod with approximately 
five setae each. Exopod ( ? )  dorsal, non-muscular, r e -  
duced, non-segmented; basal endite elongated generally 
bearing over 100 flattened, pinnate, long bris t les  ("baleen") 
distally along ventral margin, some secondary bristles 
ventrally and dorsally. Endopod with about five lightly 
pinnate distal setae. 

Fifth limb. - Highly modified, comb ventrally lined -- 
with marginal pinnate setae, a large pinnate ~ e t a  (exopod ? )  
pointing forward from mid a rea  of comb; epipod curved, 
margin lined with thick very pinnate setae. 

Sucth limb. - Highly modified, flat, axe-shaped, -- 
rounded anteriorly, pointed posteriorly; ventral margin 
rowed with short thick pinnate setae. 

Seventh limb. - Vermiform, dorsally directed, seg- -- 
mented, distally equipped with varying numbers of setae, 
generally increasing in number with size of animal, dis- 
tally with cone-in-cone structure; terminus surrounded by 
opposing rows of short blunt setae. 

Furca.  - Carried tucked up under body; four main 
p a i r s o f u r v e d  claws with one or  more rows of teeth along 
concave borders; a pinnate seta  usually between third and 
fourth claw; fourth claw followed by three to s ix pinnate 
setae, depending on size of animal; margins of furcae hir- 
sute. 

Frontal organ. - Long, thin, probably unsegmented, -- 
non-muscular; base the so-called median eye (here no pig- 
ment seen). 

Gills. - Seven pairs,  posterodorsal. - 

Eye. - Stalked, oval, multifaceted, outer facets un- 
pigmented. Covered with thin membrane. 

Habitat. - Taken from 53 to 121 feet  of water,  offshore, 
salinity about 35 O/oo. May and August. 

Size and types. - Length of s ix  specimens 1. 59 - 3.20 
m m ; h y p o ~ p e s  UMMP nos. 48795, 48796, 48797, 48798, 
48799, and 48800. 

Remarks.  - Mueller (1890a, p. 240) in a discussion of 
Cyclasterope (Asterope) brevis s tates  that the differences 
of the endopod of the antennae a r e  secondary sexual charac- 

teristics. He believed those with a distal short seta, or 
none, and a long seta  emerging further back on the termi- 
nal podomere indicate the male, and that the long seta 
originating at  the tip indicates a female. He was, however, 
unable to describe or figure the sex organs "(Ich zweifle 
nicht daran, dass e s  s ich hier urn secondare Geschlechts- 
merkmale handelt, obwohl ich mir iiber die Beschaffenheit 
der Geschlechtsorgane wegen mangelfafter Conservirung 
kein Urteil bilden konnte. )" C. brevis (Mueller) and 5. 
biminiensis (Kornicker) a r e  very similar, and the form of 
the antennal endopod indicates this is the male. This 
relationship appears to be the same in other genera of the 
family, Asteropteron and Cylindroleberis. In the case of 
the species of Cylindroleberis described on the following 
pages, the vaginae could be seen on the specimen with the 
typical female antennal endopod. 

Brady (1902, p. 183) describes ostracods from the 
West Indies, referring them to Cyclasterope brevis. He 
e r red  in stating that Mueller erected the species from a 
female specimen f rom off the South American coast. Brady 
undoubtedly got this idea from the stated source of C. 
americana, on the same page. Mueller had 16 specimens 
of C. brevis f rom off Enosima, Japan, which he divided, 
a s  just discussed, into male and female. Further compli- 
cating this is the fact that C. americana has five nodes on 
the fifth podomere of the antennule - a s  does the species 
Brady considered conspecific with C. brevis. C, ameri-  
cana has three furcal claws and Brady states the West - 
Indies' specimens have four, therefore it  is probable that 
he misread the source of Mueller's material, rather than 
the species n a m q  had no intention of assigning 
mat~C.~mericana. 

Mueller stated that C. brevis, f rom off Japan, has one 
node on the fifth podomere of the antennule; he does not 
figure this but says: "Erste  Antenne mit einem stumpfen 
Zahn an dem funften Glied (vergl. Fig. 9, Taf. xxvi, von A. 
dentata, wo 5 derartige ZBhne vorhanden). " Mentally con- 
cerned with teeth, he called the figured antennule of s. 
(Asterope) americana "A. dentata, " since this i s  the 
referred to figure; no such species a s  A. dentata exists. 

C. biminiensis differs from C. brevis in the presence 
of tGe to five nodes on the m a r s n  o f f  8 t h  podomere 
of the antennule, the presence of distal clawlike setae on 
the mandible, and probably in other ways since Mueller's 
description of the maxilla i s  incomplete, and the f i r s t  and 
second thoracic legs a r e  not mentioned. The setae arrange- 
ment on the seventh limb i s  too variable with growth to be a 
specific feature between these two species. 

Discussion. - All specimens but the largest have an 
irregularly calcareous shell. They are, without exception, 
partially covered with calcareous spots. Mueller, 1890a, 
p. 239, also mentions this on the Japan specimens: " . . . , 
besteht aus derbem Chitin mit geringer Kalkablagerung." 

Genus Cylindroleberis Brady, 1868b 

Cylindroleberis psitticina, n. sp. 

P1. 19, figs. 5, 6 ;  pl. 20, figs. 1-9 

Carapace. - Oblong, rostrum curved downward over- 
hanging narrow, comparatively deep, incisure. Surface 
smooth, no ornamentation. Short setae line interior of 
rostrum and inner side of anterior and ventral margins. 
Inner lamella wlde anteriorly and posteriorly. Adductor 
muscle scar  pattern apparently about ten round s c a r s  in 
circular a rea  slightly anteroventrally of mid-point. 



Dimorphism. The female is longer in relation to 
height. 

Antennule. - Female: s ix  segments, basal podomere 
with no setae; second podomere with a long dorsodistal 
pinnate seta, a very short ventrodistal seta, a short latero- 
dis tal  seta;  third podomere with seven dorsal pinnate setae, 
two shorter  ventrodistal setae; fourth podomere with a 
large ventrodistal se ta  distally divided into about s ix bare 
sensory setae; fifth podomere with one laterodistal seta; 
sixth (terminal) podomere with a chitinous claw curved up- 
ward, five long setae, four with heavy subsetae. 

Dimorphism. Male with s ix rather  than seven dorsal 
pinnate setae on third podomer e. 

Antenna. - Female: protopod large, ovoid. Endopod 
of three weakly developed segments; a long seta  off tip. 
Exopod of nine segments; basal podomere nearly a s  long 
a s  succeeding eight, no setae; second podomere with a com- 
paratively short pinnate seta; third through eighth podo- 
m e r e s  each with a long pinnate natatory seta, occasionally 
slightly spinose along proximal margin; ninth (terminal) 
podomere with one natatory seta, two shorter setae. Inner 
distal margin (margin opposite natatory setae) of each 
podomere with a very small spine. 

Dimorphism. Male antenna heavier; third podomere 
of endopod with pointed tip, a long se ta  proximally off 
inner margin; ninth podomere (terminal) of exopod with 
four setae, two natatory, rather  than three setae, one 
natatory, a s  in female. 

Mandible. - Female: protopodite large, about seven 
ventral pinnate setae directed proximally, two long dorso- 
distal setae. Exopod reduced, tip hirsute with one small 
forked seta .  Endopod of three segments; basal podomere 
with three long pinnate ventroproximal setae; second podo- 
mere  with s ix long and three short dorsal  setae, one long 
and two medium ventrodistal setae; third (terminal) podo- 
mere  with a nearly straight chitinous claw, one or two 
stout setae, two shorter,  thinner setae. 

Dimorphism. Male mandible heavier, but essentially 
non-dimorphic. This individual has one more distal stout 
se ta  on terminus of endopod. 

Maxilla. - Female: protopod with approximately six 
ventroproximal larger  setae, one ventrodistal seta, two 
dorsoproximal se ta  and one dorsodistal seta, entire ven- 
t r a l  margin lined with long distally flattened "baleen" 
br is t les .  Endopod ( ? )  with one long proximal seta, termi- 
nus with two setae. Exopod ( ? )  dorsal, reduced, unseg- 
mented, pointed. 

Dimorphism. Male with only one terminal seta  on 
endopod ( ? ). 

Fifth limb. - Highly modified, comb ventrally lined -- 
with distally pinnate setae, a long forward directed lateral 
se ta  a t  mid-point (exopod ?). Epipod curved, margin 
lined with many (45-50) long very pinnate setae. 

No dimorphism observed. 

Sixth limb. - Female: highly modified, axe shaped, -- 
flat,  rounded anteriorly, tipped with approximately six 
short  setae, one lateral and one dorsal  setae proximally; 
ventral margin lined on posterior half with short pinnate 
setae;  posterior not seen. 

Dimorphism. Males not seen. 

Seventh limb. - Female: vermiform, segmented, s ix  -- 
setae on distal segments, six others proximally, a l l  dis- 
tally with cone-in-cone structure. Terminus with oppos- 
ing rows of short blunt setae. 

Dimorphism. Male with setae a s  in female, terminus 
appears "closed" rather than two opposing rows of short 
setae. 

Furca. - Female. Six pairs  of claws decreasing in 
sizeproximally, the larger with secondary spines along 
concave margin; a short seta follows claws. Claws easily 
broken out of sockets. 

Dimorphism. Distal three claws of male more dis-  
tinct in size from following, which a r e  more spinelike. 

Frontal organ. - Comparatively long and straight, -- 
simple, terminus rounded; a slight constriction proximal 
to mid-point. Male's possibly slightly shorter and thicker. 

Gills. - Seven pairs  (cf. Cyclasterope biminiensis, 
pl. 1 W g .  3). 

s e .  - Female: absent or very reduced. 

Dimorphism. Very prominent in male. About 20 
separate lenses, some bifid, the larger marginal ones 
directed downward toward substrate. Stalked. 

Habitat. - Taken from 45 to 405 feet of water, off- 
shore, salinity about 25 to 35 O/oo. September. 

Size and types. - Holotype UMMP no. 48801, female, --- 
length 1. 80 mm, height 0. 57 mm; Paratype UMMP no. 
48802, male, length 1.29 mm, height 0. 59 mm. 

Remarks. - The species may be differentiated f rom 
others whose shell shape is similar by the following: C. 
setisparsa (Kornicker, 1958, p. 239) possesses two short 
spines on the mid portion of the male antennal endopod 
(fig. 63b), the anterior of the sixth limb bears  long setae, 
and the ventral margin has only one seta; only three long 
dorsal setae a r e  on the second endopodal segment of the 
mandible. Although Kornicker states that the male of 
this species is unknown, he figures a male antennal endo- 
pod. Other figures of this same specimen a r e  of the 
mandible, seventh limb, antennule, and an outline drawing 
of the shell. This latter figure shows the eyes. Since the 
absence of eyes in the female of this genus is so evident 
due to their prominence in the male, it is unlikely Kornick- 
e r  would miss  this dimorphism were it present. The 
female of C. oblonga a s  figured by Mueller (1894, pl. 8, 
fig. 4) (= C. mariae p a i r d l  1850b, p. 257) also shows 
eyes. It IT therefore probable that not a l l  species of the 
genus exhibit this ocular sexual dimorphism. 

The species herein differs from C. oblonga in the 
lack of eyes in the female, in the lack of two extremely 
long terminal setae on the antennule of the male, and the 
non-grasping form of the male antennal endopod. 

C. elliptica (Philippi, 1840, p. 186) has a l ess  elongate -- 
shell and different setation on the antennule. 

C. grimaldi (Skogsberg, 1920, p. 510) has posterior 
se taeon  the shell of the male, and an antennal exopod with 
basal spines on the distal podomeres. 



Discussion. - The female carried nine eggs within the 
shell. 

Family Sarsiellidae Brady & Norman, 1896 

Genus Sarsiella Norman, 1869 

Characteristics of genus. - Carapace noncalcareous 
to strongly calcareous, heavily ornamented to nearly 
smooth; circular o r  subcircular in outline, with pronounced 
caudal process, ros t rum generally present in males, 
generally absent in females (pl. 22, fig. 1, 2; pl. 25, fig. 
3). 

Antennule generally of five podomeres, possibly four 
in some species (pl. 21, fig. 2); male with sensory hairs  
off third podomere (Pl. 25, fig. 4). 

Antenna with large protopod, heavily muscled for  use 
in locomotion. Endopod in female reduced to a small ver-  
ruca  (node) with o r  without spines, in male less  reduced, 
may be altered for  grasping. Exopod of nine podomeres, 
distal eight with pinnate natatory setae (pl. 31, figs. 3, 4; 
pl. 25, fig. 7).  

Mandible distinctive; basal podomere of protopod with 
a heavy internal chitinous support rod; las t  three podo- 
meres  (endopod ? )  each usually with a distinctive curved 
claw off distal portion (pl. 24, fig. 4). 

Maxilla distinctive; terminal podomere of endopod 
with five stout spines, usually with secondary spines, 
these a r e  articulated t o  move a s  a unit sagittally, function- 
ing a s  a feeding "hand"; penultimate podomere with two 
long setae curving around terminus (pl. 24, fig. 5; pl. 23, 
fig. 4). 

Fifth and sixth limbs distinctive (pl. 31, figs. 5, 7 ) .  

Seventh limb vermiform in female, absent o r  reduced 
in male (pl. 30, fig. 5). 

Frontal organ simple, blunt, club-shaped (pl. 21, fig. 
1). 

Eye paired, generally with five separated usually 
bifid lenses; male possibly dimorphic, up to ten lenses 
(pl. 21, fig. 1). 

Habitat benthonic-nektonic, littoral. 

Sar siella nodimarginis, n. sp. 

P1. 21, figs. 1-8; pl. 22, figs. 1, 2 

Carapace. - Female: calcareous. Circular with a 
prominent caudal process  and a very nodose margin. An 
alar  extension begins slightly anterior to mid-line, the 
anterior portion is rounded and enlarged, affording the 
base for adductor muscles. Ala widens posteriorly and is 
nodose on its margin; posterior portion abruptly truncated. 
Surface smooth, f ree  m a r p n  lined with setae. Inner 
lamella narrow, radial pore canals thickened, apparently 
simple. 

Antennule. - Five segments; basal podomere with no 
setae; second podomere with one dorsal seta; third podo- 
mere with one dorsoproximal seta, one ventroproximal 
seta, one dorsodistal seta ,  and three ventrodistal setae; 

fourth podomere with one short distal seta; fifth (terminal) 
podomere with six long setae, one m e b u m  seta and one 
short seta, all nonpinnate, long setae tipped with a very 
small spine. All setae striated normal to length. 

Antenna. - Protopod large, ovoid. Endopod a verruca 
with two lateral setae and a very small central seta. Exo- 
pod of nine segments; basal podomere long, no setae; 
second through eighth podomeres each with a long very 
pinnate natatory seta, some becoming proximally spinose 
along one margin; ninth (terminal) podomere with one 
long natatory seta a s  preceding plus a second shorter non- 
pinnate seta. 

Mandible. - Typical of genus. Protopod with two seg- 
ments; basal podomere elongate with a strong chitinous 
support rod; second podomere short, rounded, with four 
setae on inner margin, one seta on median outer margin, 
two distal setae on outer margin; las t  three podomeres 
(endopod ? )  each with a long claw and two very small 
proximal setae on outer margin. 

Maxilla. - Typical of genus. Terminus of endopod 
bearing five short blunt spines bearing secondary spines; 
three short setae more proximally on posterior portion; 
penultimate podomere with two long marginal setae curved 
around terminus. Coxa, pre-coxa essentially bilobate, 
larger lobe with about 10 spines, smaller with about six. 

Fifth limb. - Typical of genus. Essentially asym- -- 
metrically bilobed, larger lobe with about eight setae, 
smaller with two; epipod with about 35 long thick very 
pinnate "branchial" setae. 

Sixth limb. - Typical of genus. Terminal lobe with -- 
15 to 26 faintly pinnate setae; posteriorly two long wide 
very pinnate setae. 

Seventh limb. - Vermiform, segmented; terminus -- 
opposing rows of very short setae; terminal segment bear - 
ing six setae of varying lengths, four more setae 11 to 15 
segments proximally - all with distal cone-in-cone struc- 
ture. 

Furca. - Five, occasionally four, major claws, larger - 
with secondary spines along concave margin, claws follow- 
ed by three or four minor spines. Gradation from major 
to minor claws is fairly constant, upon further growth 
animal might have more major ones. 

Frontal organ. - Simple, comparatively short, club- -- 
shaped. 

Eye. - Paired, medially situated, each with five bifid 
1enseTwhole covered by a membrane. 

Habitat. - Taken from 99 to 373 feet of water, off- 
shore, of salinities from 25 to 35 o/oo. August, Septem- 
ber. 

Size and types. - Holotype UMMP 48803, female, --- 
length 1.68 mm, height 1.44 mm; paratype UMMP 48804, 
female. 

Remarks. - The species i s  readily distinguished by 
i t s  shell characteristics. 

Discussion. - The specimens each bore ten eggs of 
about 230 microns. 



Sarsiel la  sculpta Brady (emended herein) 

P1. 22, figs. 3-8; P1. 23, fig. I 

Sarsiel la  sculpta Brady, 1890, p. 516, pl. 1, figs. 17, 18 
non 19, 20; Kornicker, 1958, p. 252, figs. 47 - 6a, b, - 
82d, e, 88d, k, e,  o, s ;  ( ? )  Brady, 1897, p. 93, pl. 17, 
f igs .  12, 13. 

Carapace. - Female: weakly and irregularly calcar - 
eous; subcircular,  a broad caudal process posteroventrally 
Contact margin slightly crenulate, occasionally with small 
secondary crenulations. Anterior and ventral margins 
with long setae which disappear posteriorly, except on 
caudal process. Highest point posterior of mid-line, wider 
posteriorly, abruptly sloped dorsally - posterodorsally. 
A distinct depression beginning anterior of mid-point, 
elongated toward caudal process. Surface coarsely and 
i rregular ly reticulate. Adductor muscle scar pattern 
slightly anterior to mid-line, consisting of about 12 circu- 
l a r  or elongate s c a r s  which may be divided, spacing 
i rregular .  Radial pore canals straight. 

Antennule. - Typical of genus. Five segments; basal 
podomere largest,  distally articulated, no setae; second 
podomere with one dorsal seta; third podomere with one 
dorsoproximal seta, one dorsodistal seta, one ventro- 
proximal seta, and three ventrodistal setae (two longest 
extending past terminal podomere); fourth podomere with 
one short distal seta; fifth (terminal) podomere very short, 
one short and s ix  long setae. All setae striated normal to 
length. 

Antenna. - Protopod large, ovoid. Endopod verrucl- 
form, one seta  near base, dlrected toward base of exopod. 
Exopod of nlne segments; basal podomere nearly a s  long a s  
succeeding podomeres, no setae; second through elghth 
podomeres each wlth a long plnnate natatory seta, occas- 
lonally marginally spinose proximally; nlnth (terminal) 
podomere wlth one long natatory seta  a s  preceding and one 
short  very flnely plnnate seta. All setae striated normal 
to length. 

Mandible. - Typical of genus. Protopod with two seg- 
ments, basal large with heavy chitin support rod; second 
podomere with three or  four spines on inner margin, one 
on outer; las t  three segments (endopod ? )  each with a 
strong curved claw and a small  distal spine on outer side. 

Maxilla. - Typical of genus. Terminus of endopod 
with five short  blunt very stout spines, each with two rows 
of secondary spines; two short setae proximally on poster- 
ior half of podomere; penultimate podomere with two long 
marginal slightly pinnate setae curving around terminus. 
Coxa, pre-coxa rounded, bearing about 15 spines, some 
with secondary spines. 

Fifth limb. - Typical of genus. Terminal segment -- 
with three lobes, anterior bearing two spines distally; 
middle bearing three distal and one posterolateral spine; 
posterior division bearing two distal and one very short 
proximal spine. Epipod with about 35 long very pinnate 
"branchial" setae. 

Sixth limb. - Typical of genus. Short, rounded, -- 
terminus bearing about 12 spines ventrally directed; two 
long pinnate posterior setae. 

a l l  with distal cone-in-cone structure. Terminus with 
opposing rows of very short setae. 

Furca. - Five major claws with secondary spines - 
along concave margin, a small spine a t  posterior base of 
fourth and fifth claws; the two plates of the furcae some- 
what more separated than usual. 

Frontal organ. - Simple, club-shaped, the basal -- 
ganglion comparatively large. 

Eye. - Paired, each with about five separated bifid 
1enses;whole covered by a membrane. 

Habitat. - Taken from 121 feet of water, offshore, of 
salinity of about 34 o/oo. July. 

Size and types. - Holotype UMMP 48805, female, -- 
length 1.20 mm, height 0. 96 mm. 

Remarks. - The shell is less  calcareous than other 
specimens reported by Brady and by Kornicker. It also 
has a l ess  prominent caudal process, possibly due to the 
lack of CaC03. Since only one specimen was found, and 
it  is very like descriptions of S. sculpta, I have tentatively 
placed the specimen found off Sapelo Island in that species. 

The orlginal description by Brady (1890) was only of 
the shell, and what appear to be two species were figured; 
I consider the f i rs t  two drawings only a s  of S. sculpta. The 
original was taken in water of two to four fathoms in the 
South Seas (Noumea, etc. ). Subsequently (1897) Brady 
figured a seventh llmb and furca of a specimen f rom Flin- 
der 's  Passage (off northeastern Australia ?), but did not 
figure the shell; hence there is no way of knowing which of 
the two sets  of figures of the original description, 17-18 o r  
19-20, this specimen resembled. Kornicker figures these 
same two parts  f rom a specimen f rom the Bahama Islands. 
The specimen from off Sapelo Island has less  setae on the 
seventh limb than that of Kornicker, and the furca does 
not have proximal short spines following the major claws 
a s  do the specimens of both other authors. 

Discussion. - Six eggs were found inside the specimen. 
Some were very near to hatching, but still  within a mem- 
brane. No calcium carbonate was formed (the adult was 
only weakly calcified). The marginal setae of the shell 
and, remarkably, nearly all the appendages were well- 
developed. Only the sixth and seventh limbs were not seen, 
either because they had not been formed, or ,  in the case of 
the seventh limb, because they were males. The appen- 
dages did not stain well, since there was little muscle 
development; I noted that the antenna had al l  of i ts  seg- . 
ments and setae. This i s  important in the identification of 
young instars,  since in most species of the genus the young 
have antennae similar to those of the adult. The anten- 
nules have six long setae extending beyond the terminus, 
a s  does the adult, but they appear to originate within more 
proximal segments. Segmentation is difficult to ascertain 
in the antennules, but all appear to  be there, although not 
in the precise form of the adult. The epipod of the fifth 
limb was noticed on several unborn specimens. 

The chitinous outer lining of the vaginae were unusual 
in that the left one was only 42 microns in diameter while 
the right was 68 microns. 

Seventh limb. - Vermiform, segmented, with six -- 
terminal setae of variable length, four more proximally, 



Sarsiella pilipollicis, n. sp. 

P1. 23, figs. 2-9 

Carapace. - Female: slightly and irregularly calcare- 
ous. Elliptical outline, a very prominent posteroventral 
caudal process, ventrally directed. Shell prominently 
nodose. Nodes form three prominent la teral  rows, dorsal 
row with additional nodes posteriorly, margin nodose. 
Nodes bear many sensory setae, generally one more pro- 
minent. Surface reticulate, small sensory hairs  border 
reticules. Anterior and ventral margins with long setae, 
entire margin and submargin with short setae. Radial 
pore canals straight, thin, profuse. Adductor muscles 
attach anteroventrally of central area,  seven to ten scars ,  
some bifid, no distinct pattern. 

Antennule. - Five segments; basal podomere longest, 
no setae; second podomere articulated with basal, one 
dorsodistal seta; third podomere fused to second, one 
dorsodistal seta, one dorsoproximal seta, one ventroproxi- 
mal seta, and two ventrodistal setae extending beyond 
terminus of appendage; fourth podomere articulated with 
third, three or four short distal setae; fifth (terminal) 
podomere with six long terminal seta, four pointed, rarely 
with secondary setae, and two blunt. All setae striated 
normal to length. 

Antenna. - Protopod large, ovoid. Endopod a verruca 
bearing two lateral spines directed toward base of exopod. 
Exopod of nine segments; basal podomere about a s  long as  
succeeding, no setae; second through eighth podomeres 
each bearing a long pinnate natatory seta; ninth (terminal) 
podomere with one long natatory se ta  a s  preceding and one 
short  nonpinnate seta. 

Mandible. - Typical of genus. Basal segment of 
protopod large, elongate, with a heavy chitinous support 
rod; second podomere with about four short  spines on 
inner margin. Last  three podomeres (endopod ? )  each 
with a large curved terminal claw and a very short spine 
on the outer distal edge of each podomere. 

Maxilla. - Typical of genus. Terminus of endopod 
with five stout spines, each with heavy secondary spines, 
the anterior one curved distally toward posterior,  more 
pointed; two short spines more proximally on posterior 
inner portion; penultimate podomere with two long margin- 
al spines curving around terminus; coxa, pre-coxa bi- 
lobate with about 12 spines. 

Fifth limb. - Typical of genus. Terminus rounded, -- 
asymmetrically bilobed, larger  lobe with approximately 
nine setae, smaller,  anterior, lobe with two setae; a 
short  se ta  more proximally off anterior portion; epipod 
with about 33 long very pinnate broad "branchial" setae. 

Sixth limb. - Typical of genus. Terminus broadly -- 
rounded, very asymmetrically bilobed, smaller  anterior 
lobe bearing three short setae, larger  bearing about 12 
finely pinnate setae ventrally directed; posteriorly with 
two broad, l ess  chitinous, very pinnate setae. 

Seventh limb. - Vermiform, segmented, terminus -- 
with opposing rows of very small  setae; s i x  terminal setae, 

some very reduced, two other setae about ten segments 
proximally, all with distal cone-in-cone structure. 

Furca. - Five major claws, distal one very large, 
distal three with secondary spines along concave margin; 
followed by three or  four small marginal spines. 

Frontal organ. - Short, club-shaped, off an essen- -- 
tially bilobed ganglion. 

x e .  - Not observed. 

Habitat, - Taken from 373 feet of water, offshore, of 
salinity of about 35 O/oo. September. 

Size and types. - Holotype UMMP 48806, female, -- 
length 1.37 mm, height 1.17 mm. 

Remarks. - The species is easily distinguished from 
others of the genus by the setzerous nodes on the shell. 

Discussion. - The specimen bore ten eggs. It had 
portions of several copepods in i ts  stomach, one about 
one-third the body size of the ostracod, and relatively 
complete! 

Sarsiella radiicosta, n, sp. 

P1. 24, figs. 1-11; pl. 25, fig. 1 

Carapace. - Female: calcareous, subcircular, a 
blunt caudal process  posteroventrally; caudal process with 
interior vestibule. Anterior and ventral margins very 
slightly crenulated. Two principal positive areas ,  one 
slightly ventral of mid-point, other posterodorsal of mid- 
point. Anteroventral region marked by faint radial r ibs  
originating from a more ventral positive a rea .  Entire sur-  
face slightly punctate. Setae approximately 30 microns 
long along anterior and ventral margins. 

Radial pore canals not evident. 

Adductor muscle pattern a group of about 12 circular 
comparatively widely spaced scars .  

Antennule. - Five (? ) segments; setation variable with 
age; basal podomere largest, no setae; second podomere 
with a dorsomedian seta; third podomere with one long and 
one short ventrodistal setae, one short ventroproximal 
seta, one dorsodistal seta, and one dorsoproximal seta; 
fourth podomere with two short distal setae; fifth ( ? )  
(terminal) podomere very short, indistinctly separated, 
possibly not a rea l  podomere, seven terminal setae, two 
medium, five large and nonpinnate. All setae striated 
normal to length. 

Antenna. - Protopod large, ovoid. Endopod verruci- 
form, no setae observed. Exopod with nine segments; 
basal nearly a s  long a s  succeeding podomeres, no setae; 
second through eighth podomeres each with a long very 
pinnate natatory seta, subsetae becoming spinose along 
proximal margin. Ninth (terminal) podomere with two 
setae, one a s  preceding, other short and apparently non- 
pinnate. 



Mandible. - Typical of genus. Basal podomere elon- 
gate, large, with a heavy chitinous support; second podo- 
m e r e  short  with a small dorsodistal seta, a small ventro- 
dis tal  seta .  Last  three podomeres (endopod ?)  each with a 
long terminal  claw, distal longest, each with a short dis- 
ta l  s e t a  off outer margin. 

Maxilla. - Typical of genus. Terminus of endopod 
with five stout claws, each with heavy secondary spines, 
the anter ior  one curved distally toward posterior, and 
two short  spines more proximally on posterior inner mar-  
gin; penultimate podomere with two long marginal setae 
curving around terminus; coxa, pre-coxa essentially bi- 
lobate with about 15 spines. 

Fifth limb. - Typical of genus. Terminus rounded w -- 
with about five spines distally; epipod with over 30 large 
very pinnate "branchial" setae. 

Sixth limb. - Typical of genus. Terminus broadly -- 
rounded, asymmetrically bilobed, larger  lobe bearing 
about ten ventrally directed setae, smaller lobe with about 
four short  setae; posteriorly with two broad, l ess  chiti- 
nous very pinnate setae. 

Seventh limb. - Vermiform, segmented, generally -- 
four  setae near terminus, four tohers eight to twelve seg- 
ments proximally, all  somewhat blunt and stout, with 
typical cone-in-cone distal structure. Terminus with op- 
posing rows of very short setae. 

Furca.  - Five curved principal claws, larger  with - 
i r regular ly sized secondary spines along concave margin; 
none to two very small spines proximally follow claws. 

Eye. - Paired, not generally visible through shell, 
a p p e a r r e d  under reflected light, six separated lenses. 

Habitat. - Taken from 81 feet of water, offshore, of a 
salinity of about 25 O/oo. April, May. 

Size and types. - Holotype UMMP 48807, female, --- 
length 0.975 mm, height 0.775 mm; paratypes UMMP nos. 
48808, female; 48809, female. 

Frontal organ. - Comparatively thick, medium length, 
simple, rounded terminus. 

Remarks.  - The most diagnostic features of this 
species  a r e  the shape of the shell, the length and position 
of the anteroventral r ibs ,  and the lack of setae on the 
antenna1 endopod. The species is closely allied to both S. 
capsula Norman (1869) and S. costata Kornicker (1958), but 
does not have the long dorsal ridge of either; when viewed 
dorsally the species herein shows two positive areas, not a 
la teral  ridge. 

Sarsiella georgiana, n. sp. 

P1. 25, figs. 2-9 

Carapace. - Male: chitinous, ovoid, a blunt rostrum 
and large caudal process. Ventral margin nodose, anter- 
iormost  node largest.  Ventral margin and inner margin of 
inner lamella lined with large setae. Three posterior mar -  
ginal nodes, two prominent, one a t  mid-line, other dorsal,  
third much reduced, posteroventral. Each tipped with a 
long sensory seta. Surface essentially smooth. Ornamen- 
tation consists of a three par t  lateral extension, central 

juncture slightly posteroventral to mid-point; one extension 
directed anteriorly, one posteroventrally, and a third 
posterodorsally, latter emanded into a dorsally directed 
ala with a process  terminally bearing a long sensory seta. 

Radial pore canals not easily observed, apparently 
straight. 

Adductor muscles attach within central portion of 
lateral ornamentation, s c a r s  therefore spread over a 
curved surface, not prominent. 

Antennule. - Five segments; basal podomere with no 
setae; second podomere with one dorsodistal seta; third 
podomere with one dorsoproximal seta, one dorsodistal 
seta and two ventrodistal units - one a very long non- 
pinnate seta extending a s  f a r  a s  terminal setae of appen- 
dage, other, typical in males of the genus, a mass of 
hundreds of sensory hairs  depending like medusoid 
tentacles; fourth podomere with a short distal seta; fifth 
(terminal) podomere with two short, one medium, and 
five long nonpinnate setae with secondary setae along 
their length. All setae striated normal to length. 

Antenna. - Protopod typically large, ovoid. Endopod 
with three segments; basal podomere with two very short 
lateral spines; second podomere with three comparatively 
large stout spines; third (terminal) podomere curved a s  a 
clasping organ and tipped with a small spine. Exopod of 
nine segments; basal nearly a s  long a s  succeeding eight, 
no setae; second through eighth podomeres each with a 
long pinnate natatory seta, proximal secondary setae being 
somewhat spinose on one margin of second podomere's 
seta; ninth (terminal) podomere with two setae, one a s  
preceding, other much shorter and nonpinnate. 

Mandible. - Typical of genus. Three terminal seg- 
m e n t m o d  ?)  each with a stout claw. Comparatively 
smaller than in female. A stout seta  on convex margin of 
penultimate podomere, a small seta on concave margin of 
terminal podomere. 

Maxilla. - None seen. 

Fifth limb. - Only epipod seen; typical of genus, with -- 
about 35 very pinnate "branchial" setae. 

Sixth limb. - Typical of genus. Subcircular ventrally, -- 
about ten long and eight shorter very pinnate setae on mar - 
gin in two rows; two typical long very pinnate setae exten- 
ded posteriorly. 

Seventh limb. - Not present on male. 
p- 

Copulatory appendage. - Paired, highly modified, 
terminated by one large and one smaller chitinous claw 
both curved anteriorly; a small spine between them. A 
tubule and some glandular tissue visible just proximal to 
claws. A large muscle along anterior margin. 

Furca. - Five major claws with secondary spines of - 
cyclical size along concave margin; claws followed by a 
few very small marginal spines. 

Frontal organ. - Short, simple, club-shaped. -- 

Eye. - Paired, each with about ten bifid lenses of 
different sizes, generally not in contact and forming no 
distinct pattern. Whole covered by a thin membrane. 

Habitat. - Taken from 81 feet of water, off shore, 
salin-out 25 O/oo. July. 



Size and types. - Holotype UMMP 48810, male, length 
1. 09 =;height 0. 62 mm. 

Remarks. - Only a male was found. The specimen did 
not bear any seventh appendage that could be seen. As 
Skogsberg (1920, p. 88) has stated: " . . . we know that in 
the males of this genus [Sarsiella the 7th limb is quite 
absent. Mueller (1894, m i m m e n t e d  that the 
seventh appendage is rudimentary to the point of useless- 
ness  f o r  cleaning, and the posterior portion of the shell 
and the appendages become fouled. 

I was unable to  observe even vestigial t races of a 
male seventh appendage. 

Kornicker (1958, p. 286, fig. 75c) figured a seventh 
appendage of a male of S. carinata Scott (1905) which i s  
very typical of the female seventh appendage except for 
the absence of the terminal opposing rows of very short 
spines. There is no doubt of it being a male, since a 
penis is also figured. Unfortunately Kornicker did not 
describe or figure the internal anatomy of the male of his 
new species, 5. gigacantha, although he found three and the 
line drawing of the shell shows close affinities with the 
species herein. Kornicker may have been unaware that 
males have, to my knowledge, never been found with a 
developed seventh limb, and does not comment upon his 
finding one. 

S. gigacantha Kornicker has a less  nodose ventral 
margin, and the juncture point of the lateral ornamenta- 
tion is somewhat anterodorsal to the mid-point, whereas 
it  is posteroventral in the species herein. Kornicker did 
not describe the maxilla of his species, nor can I; it is 
probably very reduced. 

The male differs principally from S. carinata Scott in 
having a complex antennal endopod a s  compared with the 
simple one of that species, in having three mandibular 
claws rather  than two, and in having a non-segmented 
frontal organ. 

The posterior nodes and the nodose margin separate 
this species f r o m  S ,  zostericola Cushman (1906) although 
the appendages a r e q u i t e  similar.  

Sarsiel la  rousei, n. sp. 

P1. 25, figs. 10-12; pl. 26, figs. 1-3 

Carapace. - Female: subcircular, rounded caudal 
process  posteroventrally. A very slight anterior rostrum, 
more evident on left valve, presence atypical of female of 
genus. Tumid, steeply sloped posteriorly. Surface ret i -  
culate, interstices covered with raised hollow tubercules. 
Margin hispid, ventrally bordered with long setae. Radial 
pore canals straight,  apparently unbranched. Adductor 
muscle scar  pattern not seen. 

Antemule. - Five segments; basal podomere with no 
setae; second podomere articulated with basal, with one 
dorsal  seta; third podomere with one dorsoproximal seta, 
one dorsodistal seta ,  one ventroproximal seta, and two 
or  three long ventrodistal setae extending past terminus; 
fourth podomere articulated with third, two dorsal setae; 
fifth (terminal) podomere short,  with six long setae, two 
blunt (sensory ?), four pointed. All setae striated normal 
to length. 

Antenna. - Protopod large, ovoid. Endopod verruci- 
form, a comparatively long finely pinnate seta distally, 
two short lateral setae directed toward base of exopod. 
Exopod of nine segments; basal podomere nearly a s  long a s  
succeeding podomeres, no setae; second through eighth 
podomeres each with a long pinnate natatory seta which is  
proximally spinose along one margin; ninth (terminal) 
podomere with two terminal setae, one long pinnate nata- 
tory and one short nonpinnate. 

Mandible. - Typical of genus. Basal podomere elon- 
gate, large, with a heavy chitinous support; second podo- 
mere with about three short setae off inner margin; last 
three podomeres (endopod ? )  each terminated with a long 
claw, each with a short distal se ta  off outer margin. 

Maxilla. - Typical of genus. Terminus of endopod 
with five stout claws, each with heavy secondary spines, 
the anterior one curved distally toward posterior and more 
pointed, two short spines more proximally on posterior 
inner margin; penultimate podomere with two long marginal 
setae curving around terminus; coxa, pre-coxa essentially 
bi-lobate with about 12 spines. 

Fifth limb. - Typical of genus. Terminus rounded, -- 
asymmetrically bilobed, the larger  with five setae, smaller 
with two; a short spine more proximally off anterior 
portion; epipod with about 30 very pinnate broad "branchial" 
setae. 

Sixth limb. - Typical of genus. Terminus broadly -- 
rounded, asymmetrically bilobed, larger bearing about ten 
ventrally directed setae, smaller with about three short 
setae; posteriorly with two broad, l ess  chitinous, very 
pinnate setae. 

Seventh limb. - Vermiform, segmented; terminus -- 
opposing rows of very small spines, s ix  terminal setae of 
varying lengths, two more about seven segments proxi- 
mally, all with distal cone-in-cone structure. 

Furca. - Five principal claws decreasing in size - 
proximally, each bearing small spines along concave mar-  
gin, followed by about three very small marginal spines. 

Frontal organ. - Short, club-shaped, off a subspheri- -- 
cal somewhat bilobed ganglion. 

Eye. - Paired, each with five separate lenses, a l l  
somewhat bifid. Whole encompassed by a membrane. 
Comparatively large. 

Habitat. - Taken f rom 77 to 96 feet of water, offshore, 
s a l i n w a b o u t  32 O/oo. July and August. 

Size and types. - Holotype UMMP 48811, female, -- 
length 1.26 mm, height 0.96 mm, width 0.78 mm maximum; 
paratype UMMP 48812, female, length 1.13 mm, height 
0.94 mm. 

Remarks. - The species i s  easily differentiated from 
other known species of the genus by the structure and his- 
pid nature of the shell. The presence of a slight rostral  
incisure, probably not providing any permanent opening in 
the shell in this species, i s  atypical of females of the genus. 
The female i s  often generically described a s  having no 
antennal sinus o r  rostrum (e .  g. Treatise, 1961, p .  Q403) 
although Scott (1905, p. 368, pl. 1, fig. 3) described and 
figured a female, S. - -  gracilis,  with a small,  but distinct, 
rostrum. 



Discussion. - The holotype had four eggs inside the 
posterior of the carapace. 

The species i s  named for  Mr. James Rouse, Captain, 
R. V. KIT JONES. 

Sarsiella angusta, n. sp. 

P1. 26, figs. 4-6 

Carapace. - Female: chitinous, elliptical in outline, 
very thin. A posteroventral caudal process. Surface 
smooth, sole ornamentation a ridge just inside and paral- 
lel to margin. Margin finely nodose. Long setae along 
anterior and ventral margin. Adductor muscle scars  in- 
distinct, apparently eitht or more circular,  occasionally 
bifid or trifid s c a r s  in irregular pattern. 

Antennule. - Five segments; basal podomere largest, 
no setae; second podomere articulated with basal, with 
one dorsodistal seta, three or  four very small dorsal 
marginal spines; third podomere fused to second, with 
two dorsal setae, one proximal - one distal, two ventro- 
distal setae extending beyond terminus; fourth podomere 
articulated with third, with two distal setae; fifth (terminal) 
podomere very short, with six long setae, four pointed, 
two blunt. All setae striated normal to length. 

Antenna. - Protopod large, ovoid. Endopod verruci- 
form with two lateral setae directed toward base of exopod. 
Exopod of nine segments; basal approximately as  long as 
succeeding, no setae; second through eighth podomeres 
each with a long pinnate natatory seta; ninth (terminal) 
podomere with two setae, one long natatory a s  preceding, 
one short, non-pinnate. 

Mandible. - Typical of genus. Basal podomere large, 
elongate with a heavy chitinous support; second podomere 
with about four short setae off inner margin, two off outer 
margin. Last three podomeres (endopod ? )  each termina- 
ted with a long claw, each with a short distal seta on the 
outer margin. 

Maxilla. - Typical of genus. Terminus of endopod 
with five stout claws, each with heavy secondary spines, 
two short spines more proximally off posterior inner 
surface; penultimate podomere with two long marginal 
setae curving around terminus; coxa, pre-coxa essentially 
bilobate with about 12 spines. 

Fifth limb. - Terminus rounded, asymmetrically bi- -- 
lobed, the smaller,  anterior, with two terminal setae, the 
larger  with seven setae; a short seta  more proximally off 
anterior portion; epipod with over 20 long very pinnate 
broad "branchial" setae. 

Sixth limb. - Terminus broadly rounded, very asym- -- 
metrically bilobed, the smaller anterior lobe bearing 
three short setae, larger bearing about seven finely pin- 
nate setae ventrally directed; posterior with two broad, 
l e s s  chitinous, very pinnate setae. 

Seventh limb. - Vermiform, segmented, terminus -- 
with two opposing se r ies  of short spines, six terminal 
setae of varying lengths, four more setae seven to ten 
segments proximally, all  with distal cone-in-cone struc- 
ture .  

Furca. - Five curved claws increasing in size distally, - 
each with secondary spines along concave margin. 

Frontal organ. - Short, club-shaped, off an essentially -- 
bilobed ganglion. 

Eye. - Paired. Five separate lenses, whole encased 
by amembrane. 

Habitat. - Taken from 41 feet of water, offshore, 
salinity about 25 O/oo. September. 

Size and types. - Holotype UMMP no. 48813, female, 
l e n g t m 4 4 m f l e i g h t  1.08 mm, width 0. 45 mm maximum. 

Remarks. - The thinness and simplicity of the shell 
suffices to differentiate this from other known species. 

Sarsiella greyi, n, sp. -- 
P1. 27, figs. 1-10; pl. 28, figs. 1-7 

Carapace. - Weakly or irregularly calcareous. Sub- 
circular,  somewhat flattened along hinge line; a compara- 
tively long caudal process posteroventrally. Anterior and 
ventral margins somewhat nodose, occasionally nodes on 
posterior. Surface smooth to slightly reticulate; gently 
sloped laterally, expanded posterodorsally into a hollow 
"wing, " the interior acting a s  a brood pouch. Free mar- 
gin lined with numerous long setae, occasional setae on 
lateral surface. Adductor muscle scar  pattern central, 
apparently seven or eight rounded subdivided scars  in 
irregular pattern. 

Dimorphism. Alar extension (brood pouch) reduced in 
male (?). 

Antennule. - Five segments; basal podomere longest, 
no setae; second podomere with one dorsal seta; third 
podomere with one dorsoproximal seta, one dorsodistal 
seta; one small ventroproximal seta, and two ventrodistal 
setae; fourth podomere with two distal setae; fifth (termi- 
nal) podomere with six long nonpinnate setae with occasion- 
al secondary setae, four pointed and two blunt. All setae 
striated normal to length. 

No dimorphism observed. 

Antenna. - Female: protopod large, ovoid. Endopod a 
verruciform process terminated by a small spine, two 
lateral setae directed toward base of exopod. Exopod of 
nine segments; basal podomere nearly a s  long as  succeed- 
ing, no setae; second through eighth podomeres each with a 
long pinnate natatory seta, proximally becoming spinose 
along margin; ninth (terminal) podomere with one natatory 
seta  as preceding, one short nonpinnate seta. 

Dimorphism. Endopod of male ( ? )  a verruciform pro- 
cess  a s  in female, also with two lateral setae. Terminus 
a node with two setae, right and left alike, apparently not 
fitted for grasping. 

Mandible. - Typical of genus. Basal podomere of 
protopod large, with heavy chitinous support rod, a hirsute 
bulge posterodistally; second podomere with four short and 
one large setae along inner margin, two short setae on 
outer distal edge. Last three podomeres (endopod ? )  each 
terminated with a large claw, each with a small spine on 
outer distal edge. 

No dimorphism observed. 

Maxilla. - Typical of genus. Terminus of endopod 
with five stout spines with heavy secondary spines, proxi- 
mally two setae off posterior half; penultimate podomere 
with two long marginal setae curving around terminus; 
coxa, pre-coxa of about three nodes, each very spinose, 
some with secondary spines. 



No dimorphism observed. 

Fifth limb. - Typical of genus. Terminal podomere -- 
bilobate, posterior lobe with five setae, anterior with 
three;  penultimate podomere directed anteriorly, termi- 
nated with two long setae; epipod with about 35 broad very 
pinnate "branchial" setae. 

No dimorphism observed 

Sixth limb. - Typical of genus. Terminus rounded -- 
with about 14 setae in two longitudinal rows; posteriorly 
two broad, l ess  chitinous, very pinnate setae. 

No dimorphism observed. 

Seventh limb. - Female: vermiform, segmented; termi- 
nal segment with s ix setae of varying length, two to four 
more ten to fifteen segments proximally, all  with distal 
cone-in-cone structure. Terminus with opposing rows of 
very short setae. In central portion of distal third of 
appendage a re  chitinous vertebraelike supports. 

Dimorphism. Appendage not observed in male (?).  

Furca. - Five major claws, larger with secondary 
spines along concave margin followed by three to five 
marginal spines. 

No dimorphism observed. 

Frontal organ. - Short, club-shaped, off a somewhat 
bif idbasalganglion. 

No dimorphism observed. 

Eye. - Female: paired, each with five separated 
distinctly bifid lenses. Whole covered by a membrane. 

Dimorphism. Male ( ? )  has non-bifid lenses. 

Habitat. - Taken f rom 81 feet of water, offshore, 
s a l i n m a b o u t  25 O/oo. July. 

Size and types. - Holotype UMMP 48814, female, --- 
length 1.14 mm, height 1.02 mm; paratypes UMMP 48816, 
male ( ? )  length 1. 09 mm, height 0.936 mm; UMMP 48815, 
female, length 0.90 mm, height 0. 84 mm. 

Remarks. - The structure of the carapace serves to 
differentiate this f rom other known species. 

Discussion. - The male, if it i s  the male, is quite un- 
usual fo r  the genus. There is  no rostrum and no setifer- 
ous process on the antennule which a r e  characters of all  
previously described Sarsiella males known to the author. 
Neither antenna1 endopod i s  formed for  clasping. The 
only masculine features a r e  the absence of a seventh limb 
and the possession of what appear to be near-vestigial 
copulatory appendages. Conceivable, the latter could be 
the posterior portion of a parasitic degenerative isopod, 
s imilar  to one described by S a r s  (1889, pl. 97, fig. 5). 
The growth of the seventh limbs would have been inhibited 
by the parasite.  

Both females were bearing eggs, the larger  holotype 
had eight in each brood pouch, the smaller paratype had 
four in each; the s ize difference in these mature adults 
may indicate post-maturation molting. 

The species i s  named for Mr. Milton S. Grey, who 
collected and gave it to the author. 

Sarsiella tubipora, n. sp. -- 
P1. 29, figs. 1-11 

Carapace. - Female: irregularly calcareous: subcir- 
cular in outline, somewhat flattened along hinge line; a 
distinct posteroventral caudal process. Central portion 
of valve essentially flat, posteriorly steeply sloping to 
margin, otherwise gently sloped. Surface very reticulate. 
Inter-reticulate area covered with large pores which a r e  
raised above the surface a s  tubes with a distal expansion. 
Margin edged with tube-pores and with large setae anter- 
iorly extending ventrally and disappearing posteriorly 
except a t  caudal process. Adductor muscles attached 
anteroventral to mid-point, appear to be below reticules, 
about 12 ovoid, occasionally divided, s c a r s  in irregular 
pattern. 

Antennule. - Five segments; basal podomere largest,  
no setae; second podomere with one dorsal seta; third 
podomere with one dorsodistal seta, one dorsoproximal 
seta, one ventroproximal seta, and two ventrodistal long 
setae extending beyond terminus of appendage; fourth 
podomere with one distal seta; fifth (terminal) podomere 
short, with s ix  long terminal setae, one shorter on right 
appendage, two shorter on left. All setae striated normal 
to length. 

Antenna. - Protopod large, ovoid. Endopod verruci- 
form, two short spines near base directed toward base of 
exopod, a comparatively long very finely pinnate spine off 
the terminus. Exopod of nine segments; basal podonlere 
nearly a s  long a s  succeeding, no setae; second through 
eighth podomeres each with a long pinnate proxi~nally 
spinose natatory seta; ninth (terminal) podomere with one 
long and one short pinnate setae. 

Mandible. - Typical of genus. Large ovoid basal seg- 
ment of protopod with heavy chitinous support rod; second 
podomere with two medial spines on posterior margin and 
one distal spine on posterior margin; las t  three podomeres 
(endopod ? )  each with a long curved distal claw and a small 
distal spine on outer margin. 

Maxilla. - Typical of genus. Terminal podomere of 
endopod with five broad blunt spines bearing two rows of 
strong secondary spines, distal portion of anteriormost 
spine thinner and finely pinnate; two more proximal setae 
on posterior portion. Penultimate podomere with two long 
finely pinnate setae curving around terminus. 

Fifth limb. - Typical of genus. Terminus rounded, -- 
lobate. A small anterior lobe off penultimate podomere 
with a short  terminal seta; a larger anterior lobe off 
terminus with two setae, principal lobe with four distal 
setae, one proximal. Epipod with more than 20 long 
broad, weakly chitinous very pinnate "branchial" setae. 

Sixth limb. - Typical of genus. Rounded. lobate; -- 
small  anterior lobe with one to three setae, large terminal 
lobe with about 12 smooth to finely pinnate setae extending 
downward; two broad, less  chitinous very plnnate setae 
posteriorly. Posterior margin hirsute. 



Seventh limb. - Vermiform, segmented; distal seg- 
p- 

ment with s ix  setae, two other setae about eight segments 
proximally, a l l  with cone-in-cone structure distally. 
Terminus with opposing rows of very small setae. 

Furca.  - Five major claws with secondary spines 
d o n g  concave margin, followed on left plate by about eight 
smaller  spines; on right three smaller spines between 
claws three and four, about five follow fifth claw. 

Frontal  organ. - Simple, club-shaped. -- 
Eye. - Paired, with five separated bifid lenses. Whole 

covered by a membrane. 

Habitat. - Taken f rom 121 feet of water, offshore, of 
s a l i n w a b o u t  30 O/oo. July. 

Size and types. - Holotype UMMP 48817, female, 
len-5 mm, height 0.98 mm. 

Remarks.  - The species is easily recognized by its 
unusual pores  . 

Discussion. - The specimen bore a cluster of s ix  
eggs, mutually attached, one in center bounded by five 
others. 

Sarsiel la  disparalis,  n. sp. 

P1. 30, figs. 1-7; pl. 31, figs. 1-8 

Carapace. - Female: very weakly calcareous. Sub- 
circular ,  anterior and ventral margins slightly crenulate. 
A posteroventral caudal process. Surface comparatively 
smooth. Ornamentation of valves extremely variable in 
degree, not so  much in morphology; consists of a large 
median horizontal ridge with anterior and posterior alar 
projections, a shorter  dorsal ridge also with anterior and 
posterior extensions, and a ventral ridge with an extension 
at  about mid-point. A median posterior node usually occurs 
at  margin. Dorsal and ventral marginal ridges may be 
lacking and median ridge reduced to a low elongate mound. 
This may occur on only one valve of a specimen. Some 
specimens fairly symmetrical; on very asymmetrical ones, 
lack of ornamentation was on left valve. Anterior and 
ventral margins bear  setae. Inner lamella slightly spinose 
posteriorly. Radial pore canals simple, unbranching. 
Adductor muscles attach in hollow of anterior alar portion 
of median ridge, difficult to distinguish scar pattern; 
apparently a small  central cluster of about seven closely 
spaced s c a r s  with about eight more, some bifid, around 
these. 

Antennule. - Five ( ? )  segments; basal longest, no 
setae; second podomere with one dorsal seta; third podo- 
mere  with one dorsoproximal seta, one dorsodistal seta, 
and two ventrodistal long setae extending past terminus of 
appendage; fourth podomere with one short distal seta; 
fifth (terminal) podomere very short, indistinctly separa- 
ted, possibly not a t rue podomere, usually four long 
pointed setae, two shorter  blunt setae, and two short setae. 
All setae striated normal to length. 

Antenna. - Protopod large, ovoid. Endopod a verruci- 
fo rm process with two short lateral setae pointing toward 
base of exopod, a very short se ta  on terminus. Exopod of 
nine segments; basal podomere nearly a s  long as succeed- 
ing, no setae; second through eighth podomeres each with a 
long pinnate natatory seta; ninth (terminal) podomere with 
two terminal setae, one a s  preceding, other shorter,  only 
slightly pinnate. All setae striated normal to length. 

Mandible. - Typical of genus. Basal podomere of 
protopod large, with a heavy chitinous support rod; second 
podomere with two or three setae on outer margin, three 
or four on inner. Last three podomeres (endopod ? )  each 
with a long distal claw and a short distal spine on outer 
mar gin. 

Maxilla. - Typical of genus. Terminal podomere with 
five heavy blunt spines with coarse secondary spines, two 
smaller setae proximally off posterior half; penultimate 
podomere with two finely pinnate marginal setae curving 
around terminus; coxa, pre-coxa rounded terminally with 
a total of about 15 spines. 

Fifth limb. - Typical of genus. Terminus asymme- -- 
trically bilobed, smaller lobe with two long setae, larger  
with about five. Epipod with about 40 long very pinnate 
"branchial" setae. 

Sixth limb. - Typical of genus. Terminus asymme- -- 
trically bilobed, rounded, distally bearing about 12 faintly 
pinnate stout setae, posteriorly bearing two large less  
chitinous pinnate setae. 

Seventh limb. - Vermiform, segmented; six terminal -- 
setae, four proximally at intervals, all with distal cone-in- 
cone structure. Terminus with opposing rows of very 
short setae. 

Furca. - Five major claws with secondary spines 
along concave margin, followed by about two very minute 
- 

spines. 

Frontal organ. - Simple, club-shaped, basal ganglion -- 
large with pigmented tissue. 

Eye. - Paired, each with five separated bifid lenses. 
w h o l e o v e r e d  by a membrane. 

Habitat. - Taken from 41 to 61 feet of water, offshore, 
of salinities of about 25 O/oo. August, September. 

Size and types. - Holotype UMMP 48819, female, 
length 1. 50 mm, height 1. 26 mm; paratypes UMMP 48818, 
female, length 1.44 mm, height 1.20 mm; 48820. Five 
specimens found. 

Remarks. - The unusual features of shell morphology 
serve to differentiate this f rom other known species. 

Discussion. - Both females dissected bore six eggs 
which appeared to be in various stages of development. 
About five more eggs were still  within the body mass. 



Superfamily Halocypridacea Dana, 1852 

Family Halocyprididae Dana, 1852 

Genus Euconchoecia Mueller, 1890b 

Euconchoecia chierchiae Mueller 

PI .  32, f igs .  1-9; pl .  33, f igs .  1-9 

Size and types.  - Length of adults 1.1 to 1.28 mm; --- 
height of males  about one-half length, females  slightly 
l e s s .  Hypotype UMMP nos.  48821, 48822, 48823, 48824. 
48825, 48826, and 48827. 

Remarks .  - This genus differs f r o m  Conchoecia Dana 
( 1 8 4 8 m t h e  poster ior  glands (Drusengrup~en of 
Mueller ) open symmetr ica l ly  near the posterodor s a l  
co rne r s  of the shell ,  and, according to Skogsberg (1920, 
o. 738) by the distal  node (verruca)  on the second podomere 
bf the male antenna. Mueller erected the genus and des -  

Euconchoecia chierchiae Mueller, 1890b, p. 277, pl. 28, cribed the species  on the bas i s  of males  found off the 

f igs .  1-10; Skogsberg, 1920, p. 740, figs.  148-151. coast  of Brazil ;  I found f ema les  predominant, f r o m  60 to 
80 percent of each sample; these were  collected in May. 

Carapace .  - Noncalcareous. Rost rum pointed, deeply 
incised, f ema le  with spine on tip of left ro s t rum.  Right 
pos t e r io r  spine on both sexes.  Poster ior  gland openings 
symmet r i ca l ,  slightly ventral  to posterior co rne r .  Dorsal 
a r e a  depres sed  near mid-line, possibly due to adductor 
muscle  tension on noncalcareous shell .  Normal pore  
cana l s  evident upon staining, unaltered tes t  appears  smooth. 

In ternal  morphology. - See Skogsberg (1920) fo r  com- 
plete description; I les  (1961) gives functions of appendages 
of a halocyprid. 

Habitat .  - Planktonic. Occurrences variable,  a l l  off - 
shore ,  population generally increasing fur ther  f r o m  shore ,  
maximum number taken on edge of Gulf St ream,  75 miles  
f r o m  land; water of 20-26O C . ,  salinit ies 25 to over 35 
O/oo. Tows taken both day and night at  three  to f ive  met-  
e r s  depth.  

Discussion. - The se tae  of the fourth podomere of the 
antennule were  seen to be used for  rowing the animal 
through the water .  All appendages were seen to be  moved 
rapidly, even the furca ,  a s  the animal swam. The action 
i s  jerky, much llke some copepods. 

Upon placing a freshly killed specimen in distilled 
water,  occasionally the inner and outer chitin layers  of 
the shell  would expand apa r t  a s  osmotic transfer of water 
occurred. It is possible that some degree of regulation of 
fluid between these two l aye r s  may aid the animal in 
buoyancy maintainance. 

The eggs of the living female  have a greenish blue 
cas t ;  nearly a l l  f ema les  were  bearing eggs. 

The stomach contents revealed diatoms a s  the major 
food source,  and what appeared to be portions of arthropod 
appendages were  a lso  seen.  

TEXT-FIGURE 11 

Drawing of planktonic spec ie s  Euconchoecia chierchiae; penis i s  unpaired in th is  group. 
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EXPLANATION OF PLATE 1 

FIGS. 1-12 Cytheromorpha c u r t a  Edwards 

1, 3 -5  UMMP 48754, f emale ;  1, left valve exter ior ,  x100; 3 ,  r ight  valve in ter ior .  xiOO; 
4, left valve in te r io r ,  x100; 5, dorsa l  view of teeth,  AL anter ior  left,  AR anter ior  
r ight ,  P L  pos te r io r  left,  PR posterior right, x500. 

2,11 UMMP 48755, male ;  2, left valve exter ior  showing more  ret iculate pat tern  and 
s m a l l e r  s i ze ,  x100; 11, internal  morphology, penes on left,  x120. 

6,12 UMMP 48756, f emale ;  6, r ight  valve, t ransmit ted  light showing adult lack of 
ret iculat ion,  d a r k  spots  a r e  normal pores ,  x100; 12, internal  morphology, d a r k  spots 
in upper r ight  a r e  eyes ,  x120. 

7 UMMP 48757, male ;  r ight  valve, t ransmit ted  light showing reticulations and smal le r  
s i z e  of adult,  x100. 

8 UMMP 487 58, i m m a t u r e  specimen, t ransmit ted  light showing ret iculate pat tern .  x 100. 

9 UMMP 48759, adductor muscle s c a r s ,  exter ior  left valve, anterior to right. x500. 

10 UMMP 48760, an te r io r  of left valve f r o m  inside - showing radial  pore canals  and 
vestibule. x500. 
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EXPLANATION OF PLATE 2 

FIGS. 1-6 Cytheromorpha c u r t a  Edwards 

1 UMMP 48755, male ,  showing penes, x300. 

2 ,  6 UMMP 48761, ma le ;  2, mandible, x300; 6 ,  antenna, exopod the dorsa l  rod,  
x300. 

3 UMMP 48762, f emale ,  antennule, x300. 

4 UMMP 48754, female ,  normal sieve type pores ,  x1200. 

5 UMMP 48760, f emale ,  maxilla (exopod with branchia l  se tae  out of focal plane).  
x300. 

FIGS. 7 -10 Cytheromorpha warner i  Howe & Spurgeon 

7 .  8 UMMP 48763. f emale :  7,  dorsa l  view of teeth,  AL anter ior  left.  AR anter ior  r lg l~ t  
PL poster ior  left .  P R  poster ior  r ight ,  x500; 8, left valve exter ior .  x100. 

9 UMMP 48764. left valve exter ior ,  xiOO. 

10 UMMP 48765. male .  sensory  distal  se ta  of antennule. x1300. 



EXPLANATION OF PLATE 3 

FIGS. 1-10 Leptocythere paracastanea Swain 

1, 3-6, 8 UMMP 48766, male; 1, left valve interior, x100; 3, left valve exterior,  x100; 
4, left valve, dorsal view, tipped outward to show teeth, anterior toward top, x200; 
5, right valve, dorsal view, anterior toward top, x200; 6, dorsal view of teeth, AL 

anterior left, AR anterior right, PL posterior left, PR posterior right, x500; 8, left 
valve, posterior portion of median hinge element, dorsal view, posterior to left, 
x500. 

2 ,7 ,  UMMP 48767, female; 2, left valve exterior, x100; 6, dorsal  view of teeth, 
A1 anterior left, AR anterior right, x500. 

9, UMMP 48768, female, internal morphology, dark posterior spot i s  vaginae, ~ 1 5 0 .  

10, UMMP 48769, male, internal morphology, note diatoms in stomach, just above 
penes, x150. 
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EXPLANATION OF PLATE 4 

FIGS. 1-9 Leptocythere paracastanea Swain 

1-4 UMMP 48770, female; 1, antenna, x400; 2, mandible, x400; 3, antennule, x400; 
4, maxilla, x400. 

5-7 UMMP 48767, female; 5, normal pore canals, exterior view, ~ 1 0 0 0 ;  6, fifth, sixth 
and seventh limbs, anterior to right, x400; 7, gut with diatoms, x400. 

8 UMMP 48766, male, anterior of right valve f rom inside showing polyfurcate radial 
pore canals, x500. 

9 UMMP 48771, male, copulatory appendages, x500. 



EXPLANATION O F  PLATE 5 

FIGS. 1-8 Cyprideis f lor idana (Howe & Hough) 

1, 3-4, 6 UMMP 48772, female;  1, left valve exter ior ,  x100; 3, left valve in ter ior ,  x100; 
4, r ight  valve in ter ior ,  x100; 6, dorsa l  view of teeth, anterior toward top, x200. 

2, 5 UMMP 48773, male;  2, left valve exter ior ,  ~ 1 0 0 ;  5, dorsal  view of teeth showing slight 
variat ion within species ,  anterior toward top; x200. 

7 UMMP 48774, s ieve type normal pores ,  note l a rger  main pore  in upper centra l  region, 
x1200. 

8 UMMP 48775, adductor muscle s c a r s  of left valve exter ior ,  note distinctive angle of 
upper s c a r  of row, da rk  a r e a  between upper s c a r  of row and V-shaped s c a r  is mandibular 
fulcra1 point, x500. 
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EXPLANATION O F  PLATE 6 

FIGS. 1-8 Cyprideis floridana (Howe & Hough) 

1, 2, 7 UMMP 48773, male; 1, antennule, x200; 2, antenna, x200; 7, radial pore canals, 
inside right valve, x500. 

3-5 UMMP 48776, female; 3, maxilla, x200; 4, mandible, x200; 5, sixth limb, x200. 

6, 8 UMMP 48772, female; 6, genital region showing a vagina and tubules, x500; 8, 
whole mount showing arrangement of appendages, an antennule and antenna have been 
removed, furca  at  right angles to normal position, x100. 



EXPLANATION OF PLATE 7 

FIGS. 1-12 Semicytherura elongata (Edwards) 

1 UMMP 48777, female, dorsal view of valves, anterior to left, note overlap by left 
valve anteriorly,  x100. 

3 ,  4 UMMP 48778, male; 3 ,  dorsal view of valves, anterior to left, note overlap by 
left valve anteriorly, x100; 4, left valve exterior,  x100. 

2, 5-12 UMMP 48779, female; 2, left valve exterior, x100; 5, right valve interior,  
x100; 6, left valve interior,  x100; 7, dorsal view of teeth, AL anterior left, AR 
anterior right, P L  posterior left, PR posterior right, x500; 8, posterior left tooth 
f rom inside, showing crenulations, x500; 9, anterior left tooth from inside showing 
crenulations, x500; 10, normal open type pore canal, a r ea  to left is not a sieve pore, 
x1200; 11, radial pore canals, x500; 12, whole mount showing internal morphology, 
x200. 
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EXPLANATION O F  PLATE 8 

FIGS. 1-9 Macrocypris sapeloensis, n. sp.  

1-9 UMMP 48780, holotype, male; 1, left valve, exterior view, x60; 2, right valve external 
view, x60; 3, hinge elements, dorsal view, anterior i s  upward, x100; 4, antennule, x100; 
5, antenna, x100; 6, adductor muscle scars ,  inside right valve, anterior to left, x200; 
7, mandible, distal portion, x100; 8, posterior of right valve, external view, showing 
radial pore canals and vestibule, x200; 9, anterior of right valve, external view, showing 
radial pore canals and vestibule, xl25. 



EXPLANATION OF P L A T E  9 

FIGS. 1-9 Macrocypris sapeloensis, n. sp.  

1-9 UMMP 48780, holotype, male; 1, distal portion of maxilla, x300; 2, sixth limb, 
x100;3, seventh limb, x100; 4, labrum and fifth limbs, x200; 5, furca and copulatory organ 
x100;6, sperm, x100; 7, furca, x300; 8, distal seta  of seventh limb, x600; 9 ,  vas 
deferens (detached f rom ampullae a t  top of photomicrograph) and Zenker's organs, x100. 
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EXPLANATION OF PLATE 10 

FIGS. 1-11 Philomedes lilljeborgi (Sars) 

1-11 UMMP 48781, female; 1, antennule, x100; 2, right valve exterior,  x50; 3, mandible, 
x100; 4, maxilla, x100; 5, fifth limb, x100; 6, rostrum, internal view, x100; 7, sixth 
limb, x100; 8, furca, x100; 9, frontal organ, x100; 10, seventh limb, x100; 11, endopod of 
antenna, a distal s e t a  i s  broken off, x150. 



EXPLANATION O F  PLATE 11 

FIGS. 1-9 Pseudophilomedes ferulana Kornicker 

1, 3, 4, 8 UMMP 48782, female; 1, dorsal view of furca, showing small lateral spines off 
principal claws, x100; 3, tip of distal process of maxilla, x1000; 4, tip of distal seta  of 
antennule, x1000; 8, left valve from exterior, x50. 

2, 6, 9 UMMP 48783, female; 2, distal portion of mandible showing palp, ~ 2 0 0 ;  6, 
internal view of caudal process showing row of nodes, x150; 9, antenna, note verruciform 
endopod with terminal s e t a  coming f rom behind basal podomere of exopod, x200. 

5 UMMP 48784, female, furca, x100. 

7 UMMP 48785, female, dorsal view of carapace showing sulci, x50. 
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EXPLANATION OF PLATE 12 

FIGS. 1-8 Pseudophilomedes f erulana Kornicker 

1, 3, 4, 8 UMMP 48782, female; 1, antennule, dark spot near base is eye, ~ 1 0 0 ;  3, 
maxilla, x100; 4, mandible, x100; 8, frontal organ, x100. 

2, 5-7 UMMP 48783, female; 2, antenna, x100; 5, fifth limb, x100; 6, sixth limb, x100; 
7 ,  seventh limb, x100. 



EXPLANATION O F  P L A T E  13 

FIGS. 1-9 Rutiderma dinochelata Kornicker 

1-4, 6-9 UMMP 48786, female; 1, antennule, x100; 2, antenna, x100; 3, mandible and 
maxilla, x100; 4, seventh limb, x100; 6, furcae, x100; 7, "toothed" portion of margin of 
antenna1 seta,  ~ 1 0 0 0 ;  8, frontal organ and eye, x200; 9, articulating chela, x500. 

5 UMMP 48787, female; mandible, maxilla and fifth limb, x100. 







EXPLANATION OF PLATE 14 

FIGS, 1-7 Rutiderma dinochelata Kornicker 

1 UMMP 48788, female, whole mount showing appendage orientation, note sixth limb by 
furcae, x100. 

2 UMMP 48786, female, major claws of furcae showing secondary setation, x500. 

3 - 5  UMMP 48789, female; 3, adductor muscle scar  pattern, right valve exterior, x100; 
4, adductor muscle scar  pattern, left valve exterior, x100; 5, left valve exterior, x60. 

6 UMMP 48790, female, copepod in stomach, x500. 

7 UMMP 48787, female, inside view left caudal process showing setiferous flange, x500. 



EXPLANATION OF PLATE 15 

FIGS. 1, 2 Rutiderma mollita, n. sp.  

1 UMMP 48791, female, holotype; right valve exterior, x60. 

2 UMMP 48792, female, schematic of adductor muscle scar  pattern, arrow indicates 
anterior.  

FIGS. 3-7 Asteropteron oculitristis, n. sp. 

3, 5-7 UMMP 48793, male, holotype; 3, seventh limb, x100; 5, left valve exterior,  
x50; 6, adductor muscle s ca r  pattern, inside left valve, anterior to right, x100; 7, 
ra ised pore cluster,  x500. 

4 UMMP 48794, male, paratype, furca,  x60. 
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EXPLANATION OF PLATE 16 

FIGS. 1-8 Asteropteron oculitristis, n. sp.  

1, 2, 5 , 7  UMMP 48794, male, paratype; 1, portion of antennule, x100; 2, antenna, note 
endopod on left, x100; 5, eye, note position of larger  lenses - downward toward sub- 
s t rate ,  x200; 7, sixth limb, x100. 

3, 4, 6, 8 UMMP 48793, male, holotype; 3, maxilla, X87; 4, mandible, x100; 6, frontal 
organ, x100; 8, a pair of fifth limbs, x100. 



EXPLANATION OF PLATE 17 

FIGS. 1-8 Cyclasterope biminiensis (Kornicker ) 

1 UMMP 4879 5, male,  antennule, x75. 

2, 8 UMMP 48796, male;  2, antenna, x50; 8, showing f o r m  of endopod of male, note shor t  
basa l  spines  (somewhat masked by natatory se tae)  of exopod podomeres,  x200. 

3 UMMP 48797, left valve exter ior ,  showing i r regu la r  ca lcareous  pattern,  x30. 

4, 7 UMMP 48798, male;  4, frontal organ, note bilobation of basal  ganglion, x100; 7, 
natatory se tae  of antenna, showing spinose pattern and subsetae,  x500. 

5, 6 UMMP 48799, male;  5, eye lense pattern, x300; 6, inner view of ros t rum,  x500. 
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EXPLANATION OF PLATE 18 

FIGS. 1-7 Cyclasterope biminiensis (Kornicker) 

1, 5, 6 UMMP 48798, male; 1, mandible, x100; 5, furcae, x100; 6, sixth limbs, x100. 

2 UMMP 48795, male, maxilla, x100. 

3 UMMP 48799, male, seventh limb, x100. 

4 UMMP 48796, male, setae f rom ventral portion of second podomere of protopod of 
mandible, x500. 

7 UMMP 48800, male, fifth limb, x75. 



EXPLANATION O F  PLATE 19 

FIGS. 1-4 Cyclasterope biminiensis (Kornicker) 

1 UMMP 48795, male,  se tae  of seventh l imb showing calcareous  algae growth, x500. 

2 UMMP 48800, male ,  seventh l imb, x100. 

3 UMMP 48799, male ,  gil ls ,  anter ior  to right, x100. 

4, schematic drawing of adductor muscles  s c a r  pattern, a r r o w  indicates anterior . 

FIGS. 5, 6 Cylindroleberis  psitticina, n. sp.  

5 UMMP 48802, male,  antenna, x100. 

6 UMMP 48801, female ,  holotype, l e f t  valve exterior,  x60. 
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EXPLANATION OF PLATE 20 

FIGS. 1-9 Cylindroleberis  psit t icina,  n. sp .  

1, 2, 5, 8 UMMP 48801, female ,  holotype; 1, antennule, x100; 2, mandible, x100; 5, 
frontal  organ, x500; 8, furcae ,  l a rges t  distal  pa i r  of claws broken off at bases ,  x200. 

3 ,  4, 6 , 7 , 9  UMMP 48802, male;  3, maxilla, x100; 4, f ronta l  organ, x500; 6, fifth limb, 
x100; 7, eye, x500; 9, antenna1 endopod, x500. 



EXPLANATION OF PLATE 21 

FIGS. 1-8 Sarsiella nodimarginis, n. sp. 

1-8 UMMP 48803, female, holotype; 1, frontal organ and eye, x200; 2, antenna, x50; 
3 ,  antennule, x100; 4, mandible, x100; 5, maxilla and sixth limb, ~ 1 0 0 ;  6, furcae, x100; 
7,  fifth limb, x100; 8, antenna1 endopod, on left i s  elongate basal podomere of exopod, 
x500. 
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EXPLANATION OF PLATE 22 

FIGS. 1, 2 Sarsiella nodimarginis, n. sp.  

1, 2 UMMP 48804, female; 1, dorsal view of valves showing alae, x50; 2, right valve 
exterior,  x50. 

FIGS. 3-8 Sarsiella sculpta Brady 

3-8 UMMP 48805, female; 3, frontal organ, x100; 4, fifth limb, x100; 5, mandible, x100; 
6, caudal process ,  x500; 7, left valve exterior,  x50; 8, adductor muscle s ca r s ,  anterior 
to left, x500. 



EXPLANATION OF PLATE 23 

FIG. Sarsiella sculpta Brady 

1 UMMP 48805, newborn emerging from egg capsule, x100. 

FIGS. 2-9 Sarsiella pilipollicis, n. sp. 

2-9 UMMP 48806, female,  holotype; 2, end of seventh limb, x500; 3, antennule, x100; 
4, maxilla, x100; 5, adductor muscle s ca r s ,  right valve, anterior to right, x100; 6, furcae, 
note two vaginae at upper right,x100; 7,  nodes, x200; 8, carapace surface, x500; 9 ,  left 
valve exterior , x60. 
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EXPLANATION OF PLATE 24 

FIGS. 1-11 Sarsiella radiicosta, n. sp. 

1, 5 UMMP 48807, female, holotype; 1, whole mount showing appendage orientation, an 
antennule and antenna have been removed, note two eyes, seventh limbs projecting dor- 
sally, x60; 5, two terminal podomeres of maxillary endopod, typical of genus, ~ 5 0 0 .  

2-4, 6,7,10,11 UMMP 48808, female; 2, antennule, x100; 3, antenna, x100; 4, mandible, 
x100;6, left valve exterior,  x60; 7, right valve exterior,  x60; 10, maxilla and fifth 
limb, x100; 11, eye, x500. 

8, 9 UMMP 48809, female; 8, left valve exterior, x60; 9, right valve exterior, x60. 



EXPLANATION OF PLATE 25 

FIG. 1 Sarsiel la  radiicosta, n. sp. 

1 UMMP 48808, female, adductor muscle scars ,  left valve, anterior to left, x300. 

FIGS. 2-9 Sarsiella georgiana, n. sp. 

2-9 UMMP 48810, male, holotype; 2, frontal organ, dark mass  i s  an eye, x100; 3, left 
valve exterior,  x60; 4, antennule, note br is t les  "baleen" off third podomere, typical of 
males  of genus, x100; 5, endopod (?), x200; 6, antenna, x100; 7, antenna showing 
grasping fo rm of endopod, ~ 2 0 0 ;  8, sixth limb, x100; 9, furcae and penis, x100. 

FIGS. 10-12 Sarsiella rousei,  n. sp. 

10-12 UMMP 48811, female, holotype; 10, furcae, x100; 11, frontal organ, x100; 12, 
antennule, xl00. 
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EXPLANATION O F  PLATE 26 

FIGS. 1-3 Sarsiella rousei,  n. sp. 

1-3 UMMP 48811, female,  holotype; 1, left valve interior showing slight rostrum, atypical 
of female of genus,x100; 2, whole mount both antennae removed, note arthropod remains 
in gut, x100; 3, left valve exterior, x60. 

FIGS. 4-6 Sarsiella angusta, n. sp.  

4-6 UMMP 48813, female, holotype; 4, left valve exterior x60; 5, antennule, x100; 6, 
seventh limb, x100. 



EXPLANATION OF PLATE 27 

FIGS. 1-19 Sarsiella greyi, n. sp. 

1-9 UMMP 48814, female, holotype; 1, antennule, x100; 2, fifth limb, x100; 3 ,  mandible. 
x100;4, frontal organ, ~ 1 0 0 ;  5, seventh limb, x100; 6, sixth limb, x100; 7, furcae, x100; 
8,  copepod in stomach, x200; 9 ,  right valve exterior showing irregular groarth of calcium 
carbonate, x50. 

10 UMMP 48815, female, right valve exterior, noncalcareous specimen, note the 
posterodorsal outpouching serving a s  brood space, x50. 







EXPLANATION O F  PLATE 28 

FIGS. 1-7 Sarsiella greyi, n. sp.  

1-7 UMMP 48816, male; 1, antennule, x100; 2, mandible, x100; 3, maxilla, x100; 4, left 
valve exterior,  x50; 5, furca and what may be a reduced copulatory organ, x300: 6. 
antenna1 endopod, exopod has been removed, x300; 7, furcae and possible copulatory 
organ, reverse view of figure 5, x300. 



EXPLANATION OF PLATE 29 

FIGS. 1-11 Sarsiella tubipora, n. sp. 

1-11 UMMP 48817, female, holotype; 1, antennule, x100; 2, mandible, x100; 3, antenna, 
x100; 4, maxilla, x100; 5, sixth limb, x100; 6, fifth limb, x100; 7, antenna1 setae, x500; 
8, furcae, x200; 9, shell surface showing tube -pores surrounding reticules, x500; 
10, edge of shell surface showing tube-pores, x500; 11, left valve exterior, x50. 



PLATE 29 



PLATE 39 



EXPLANATION O F  PLATE 30 

FIGS. 1-7 Sarsiella disparalis, n. sp. 

1 UMMP 48818, female, left valve exterior showing median lateral ridge, dorsal and 
ventral alar projections a r e  present but do not stand out; x50. 

2-6 UMMP 48819, female, holotype; 2, left valve exterior showing lack of ornamentation, 
cf. figure 2, plate 31, the right valve of this specimen has alae as does figure 1, this 
plate, x50; 3,  egg with f i r s t  instar emerging, note rudimentary antennule and antenna, 
x200; 4, frontal organ, x100; 5, seventh limb, x200; 6, vagina, x1000. 

7 UMMP 48820, female, glands in proximal portion of furca, x200. 



EXPLANATION O F  PLATE 31 

FIGS. 1-8 Sarsiel la  disparalis, n. sp.  

1, 2, 4-7 UMMP 48819, female, holotype; 1, antennule, x100; 2, silhouette, ventral view, of 
valves showing extreme asymmetrical ornamentation, x50; 4, antenna1 endopod, exopod 
broken off, x300; 5, sixth limb,. x100; 6, furcae, x100; 7, fifth limb, x100. 

3, 8 UMMP 48818, female; 3, antenna, x100; 8, mandible, maxilla, portion of fifth limb, 
x100. 
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EXPLANATION OF PLATE 32 

FIGS. 1-9 Euconchoecia chierchiae Mueller 

1, 3, 4, 6, 7 UMMP 48821, male; 1, antennule and labrum, x100; 3, fifth limb, x100; 4, 
mandible, x100; 5, sixth limb, x100; 6, maxilla, x100; 7, seventh limb, x100. 

2 UMMP 48822, male, whole mount, an antennule and antenna have been removed, note 
long sexually distinctive antenna1 seta,  dark mass in main body is stomach, x60. 

8 UMMP 48823, male, grasping organ of right endopod of antenna, x500. 

9 UMMP 48824, male, antenna, x100. 



EXPLANATION O F  PLATE 33 

FIGS. 1-9 Euconchoecia chierchiae Mueller 

1 UMMP 48825, female, complete animal bearing eggs, x60. 

2 UMMP 48826, female,  diatom entering mouth, maxillae aiding, x500. 

3 UMMP 48827, female,  antennule, x100. 

4,7-9 UMMP 48824, male; 4, dorsal view of posterior of valves showing glands and spine 
off right valve, x100; 7, adductor muscle scar  of right valve, anterior toward top, dorsal  
to left, cf. fig. 6, x500; 8, adductor muscle scar  of left valve, anterior toward top, 
dorsal  to right, cf. fig. 6, x500; 9 ,  external view of valves, central overlap caused by 
flattening the chitinous test ,  x60. 

5 UMMP 48821, male, penis, ~ 1 0 0 .  

6 UMMP 48822, male, adductor muscle scar  of left  valve, internal view, anterior toward 
top, dorsal  to left, note variance with the more common type sca r s  of figs. 7 & 8, x500. 
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INTRODUCTION 

The classification of recent  ostracods i s  based p r imar i -  
ly upon the morphology of their  appendages and other soft 
body pa r t s .  As the appendages a r e  very r a re ly  preserved, 
fos s i l  os t racods  a r e  classified on features of the carapace 
such a s  hinge, shape, lobation, sulcation, ornamentation, 
and muscle s c a r s .  The resul t  is a dual system of classifi-  
cation; the paleontologic and the zoologic. The two sys tems 
of classification a r e  not mutually exclusive, however, a s  
many foss i l  Mesozoic and Cenozoic genera have been r e l a -  
ted to their  living re la t ives  on the bas is  of hinge s t ructure  
and muscle-scar  pat terns .  

The importance of os t racods  a s  stratigraphic marke r s  
and paleoecologic indicators has greatly increased within 
the pas t  few decades. In some  sediments ostracods a r e  
more  abundant than foraminifera,  a s  ostracods inhabit 
f resh-water  and brackish  environments in which foramini- 
f e r a  a r e  lacking o r  great ly  res t r ic ted .  If ostracods a r e  to 
be  of increasing value in paleoecologic and stratigraphic 
studies,  the two sys tems of classification must be made 
more  compatible. The c loser  foss i l  ostracods can be 
re la ted  to their  living counterparts,  the more  reliable 
will be  the paleoecologic and stratigraphic interpretations. 

The lack of correlation of foss i l  ostracods to their 
living counterparts can be  explained in severa l  ways. 
Zoologists studying recent  ostracods a r e  pr imar i ly  con- 
cerned with the soft p a r t  morphology and only r a re ly  do 
they give an adequate description of the carapace. On the 
other hand paleontologists working with recent fo rms  have 
been known to descr ibe  a new living species  on the bas is  of 
the valve without any description of the soft pa r t s  or  
appendages. 

Very l i t t le is known about the ba res t  essentials of 
morphology of th is  group of organisms which i s  s o  common 
and prolific in all types of aquatic environments. Much of 
what i s  known about os t racod morphology has  been written 
by paleontologists seeking a better understanding of Recent 
f o r m s  in o rde r  to find solutions to press ing paleontological 
problems. Excellent examples of these types of studies 
a r e  to be  found in the works  of Alexander (1933), Bradley 
(1941), Tr iebel  (1941), and Kesling (19 51). 

The difficulty of understanding foss i l  and recent  o s t r a -  
cods i s  compounded by thei r  life cycle and sexual charac-  
t e r i s t i c s .  Ostracods pass  through eight ins tars  between 
the egg and adult s tages .  At the t ime of each molt new 
appendages a r e  added and/or the existing appendages a r e  
changed in their  s t ruc tu re  and function. Changes also 
occur in the s ize ,  shape, and configuration of the valves a t  
the t ime of each molt. Although many fresh-water species  
a r e  parthenogenetic, the majority of ostracods a r e  thought 
to be syngamic. In these  species ,  sexual dimorphic 
differences in the appendages and body as well a s  differ- 
ences  in the s i ze ,  shape, and other fea tures  of the ca ra -  
pace a r e  common. Due to these  many variables it i s  often 
difficult, if not impossible,  to determine if the species 
that a r e  being studied a r e  immature  in s t a r s  of known 
species ,  adults,  o r  male  and female  valves of one species.  

By plotting the height and length of a s e r i e s  of speci-  
mens it i s  possible to determine,  with some assurance,  

the various in s t a r s  of a species.  Much of the classification, 
however, is based on features  which a r e  fully developed 
only on the valves of the adults. Little or  nothing i s  known 
about the development through the ins tars  of such impor- 
tant classification features a s  the hinge, ornamentation, 
marginal characters,  canals, pores ,  and muscle-scar 
pat terns .  Because of this lack of knowledge new species 
have been erected on late in s t a r s  which show a partial  
development of adult characters .  

Obviously, if ostracods a r e  to be of increasing value 
in paleoecological and stratigraphic studies, a fuller under- 
standing of their life history, soft par ts ,  and hard-part  
relationships must be made known. All available features 
must be  utilized in determining specific, generic, and h 
higher taxonomic levels, and a lso  for determining ins tars  
and sexual dimorphs. The development of characters  and 
the t rend of their change throughout the ontogeny of os t ra-  
cods must be understood. It also is equally important to 
determine the characters  which remain constant throughout 
the ontogeny. Until much more  work has  been done on all 
the major groups of ostracods, specific pat terns  of charac- 
t e r s  and character changes present in one group probably 
should not be indiscriminately applied to other groups. 

The muscle-scar patterns found on ostracod valves 
provide one of the few common meeting grounds between 
the paleontologic and zoologic sys t ems  of classification. 
Muscles originating in various pa r t s  of the body terminate 
on the valve where they form muscle s c a r s  which a r e  
often preserved on the valves of foss i l  ostracods.  The 
morphology of the soft body of the various groups of os t ra-  
cods is quite different. The number, function, and s t ruc-  
tu re  of the appendages i s  variable.  Therefore,  the muscle- 
s ca r  patterns of the various groups also differ. 

The s c a r s  which l ie  in the centra l  a r e a  of the valve and 
f o r m  the central-muscle field have been widely used with 
varying degrees of importance in the classification of 
o rde r s ,  suborders,  superfamilies,  families,  and genera.  
Muscle s c a r s  a r e  generally poorly preserved in Paleozoic 
fo rms ;  and in these they a r e  used pr imar i ly  to distinguish 
o rde r s .  In Mesozoic fo rms  muscle s c a r s  a r e  commonly 
well preserved and, when used in conjunction with hinge 
strut-tures, some fbss i l  genera can be related to t h e i r  
living relatives.  Many genera of the suborders  Platycopina, 
Metacopina, and Podocopina a r e  distinguished on the basis 
of the pattern of the central-muscle field. 

In contrast, the s c a r s  which l ie  in the dorsa l  a rea  of 
the valve and fo rm the dorsal-muscle field, with one 
exception, have not been used in the classification of os t ra-  
cods. These s c a r s  a r e  formed by extensor and flexor 
muscles  which operate the appendages and a lso  by muscles 
which support other internal pa r t s  of the body. Very little 
data have been published on the arrangement,  number, and 
taxonomic importance of the s c a r s  of the dorsal-muscle 
field.  

Present  Study 

The musculature and muscle-scar patterns on the 
valves of two species of fresh-water cypridid ostracods,  



Chlamydotheca arcuata (Sars), and Cypridopsis vidua (0. 
F .  MUller) were studied. Primary imoortance was at- 
tached to the muscles which form the ;cars of the dorsal- 
muscle field. The musculature and muscle scars  were 
studied in the adults a s  well a s  the complete instar ser ies  
f o r  each species. The object of the study was to determine 
if any taxonomic importance can be attached to the scars  of 
the dorsal-muscle field. 

The two species were chosen because they a re  both 
parthenogenetic, so that any observed differences in the 
immature instars cannot be attributed to sexual dimorph- 
ism.  Both species a re  easily cultured in the laboratory, 
insuring a plentiful supply of living specimens and valves 
of all  growth stages. 

In addition to the primary study of the muscles which 
form the s c a r s  of the dorsal-muscle field, other problems 
were also considered. The method of attachment of the 
closing and other body muscles was studied, and the 
determination of instars investigated. A revised terminol- 
ogy for the classification of the muscle scars  found on the 
valves i s  proposed. Some of the biological techniques that 
a r e  particularly well adapted to the study of ostracod 

morphqlogy a r e  reviewed and a simple, easy method for 
the study of the internal morphology in its natural relation- 
ship to the valve is  presented. The development of the 
muscle-scar pattern of the central-muscle field of both 
species is  discussed in conjunction with the development 
of the muscle-scar pattern of the dorsal-muscle field. 

The morphology of the living specimens was studied 
by the use of microtome thin sections, dissections, and 
free-hand sections. Many specimens were permanently 
mounted in Canada balsam for further study. Measure- 
ments of the valves for instar determination were made 
with a binocular microscope fitted with a micrometer eye- 
piece. Photographs of the valves and soft par ts  were 
taken on Adox K. B. 14 film utilizing an A. 0. Spencer 
compound binocular microscope with an attached 3 5-mm. 
camera. 

Because of their delicate nature many of the valves 
used to illustrate the muscle s c a r s  were destroyed in 
handling. The permanent slides of the soft parts a re  de- 
posited in the Museum of Paleontology of the University 
of Michigan. 

PREVIOUS WORK 

Few attempts have been made to correlate the muscles 
which extend from the body to the dorsal region of the 
valve with the dorsal-muscle scars .  The development of 
the muscle-scar patterns of the dorsal- and central-mus- 
cle fields throughout the ontogenetic ser ies  of a species 
has never been adequately investigated. 

In his study of the nervous system of Herpetocypris 
reptans Baird, Rome (1947) described muscles extending 
from the appendages and other body parts to the dorsal 
area of the valve. In addition, he was the first to identify 
muscles which extend from the maxillae and thoracic legs 
to the dorsal area of the valve. He did not, however, r e -  
late the muscles to the s c a r s  found on the dorsal area of 
the valve. In his complete morphological and ontogenetic 
study of Cypridopsis vidua (0. F .  M ~ l l e r ) ,  Kesling (1951, 

Figs. 5, 5a) identified and figured muscles extending from 
the cephalic region and furca to the dorsal region, but did 
not correlate the muscles with their muscle scars .  Later, 
Kesling (1956, Figs. 3 ,  7a) figured the musculature and 
the dorsal-muscle scars  of an adult female of Candona 
suburbana Hoff. 

Benson and MacDonald (1963) f i rs t  utilized the patterns 
of the dorsal-muscle scars  a s  an aid in taxonomy. They 
used the dorsal-muscle-scar pattern a s  an aid in distin- 
guishing three fossilized Pleistocene species of Candona. 
They also used the dorsal-muscle-scar pattern to identify 
the instars of the three species a s  well a s  to identify the 
male dimorphs of the species. Their utilization of dorsal- 
muscle-scar patterns was based on the consistency within 
a species, which has been corroborated in part by this 
present study. 

BIOLOGICAL TECHNIQUES 

The study of ostracod morphology and anatomy often 
requires special techniques because of the size and con- 
struction of the short, laterally compressed body enclosed 
within a bivalve carapace. Many of the organs and all  of 
the appendages a re  paired. The body is firmly attached 
to the calcareous part of the valves and held in place by 
the chitinous lamella. Numerous muscles from the appen- 
dages and other parts  of the body a re  attached to the valves. 
With the exception of some members of the suborder Myo- 
docopa, the carapace is  calcified. The adults of many 
species a r e  commonly l e s s  than a millimeter in length. 

In the study of living forms,  the purpose dictates the 
types of techniques to be used. I£ the study i s  aimed at 

identification and classification, then it i s  necessary to 
remove the valves and appendages, inasmuch a s  the classi- 
fication of recent forms is based primarily on the morphol- 
ogy of the appendages. Detailed study of the internal 
anatomy requires more refined techniques. Microtome 
thin sectioning has been used almost exclusively for this 
purpose but the preparation of thin sections i s  exacting and 
time-consuming, and requires a great deal of expensive 
equipment. 

Needle dissection and thin-section methods have their 
limitations. Needle dissection requires removal of the 
valve to expose the body. Removal of the valve is  often 
difficult because of the firm attachment of the centrally 



located closing muscles and the muscles  in the dorsa l  
region of the valve. In many attempts, the body is mangled 
dur ing the removal of the valves. Once the valve i s  r e -  
moved the appendages can be separated f r o m  the body, but 
the remainder  of the ostracod i s  usually completely dis- 
torted.  

The  study of ostracod anatomy by the u s e  of micro- 
tome thin sections has severa l  disadvantages. Sections 
a r e  generally cut 10 =icrgns thick silhich may produce a s  
many as a hundred sections for  a single specimen. Many 
f e a t u r e s  t r ave r se  much of the body, and they can be  identi- 
f i ed  and t raced through a se r i e s  of sections only with 
g rea t  difficulty. Orientation of the specimens in  the em- 
bedding media is difficult and specimens a r e  usually 
sectioned a t  an angle to the plane desired. Three-dimen- 
sional reconstruction of portions of the anatomy f r o m  a 
s e r i e s  of s l ides  i s  possible, but i t  is laborious and not 
p rec i se .  The mechanics of s e r i a l  sectioning provides no 
guarantee  that the sections will be the same  thickness. 
The reagents  and processes  used in the preparation of the 
specimens  resul t  in appreciable shrinkage and distortion 
of the body. The ostracod body contains a great  deal of 
chitin, which, because it becomes quite brit t le during the 
prepara t ion processes ,  resul ts  in torn and flaked sections. 
The poster ior  region of adult females,  in par t icular ,  a r e  
often completely shattered because of the ext reme hard- 
ness  of the chitin-coated eggs. 

In this investigation, many previously described 
techniques were  utilized and a new one devised to deter-  
mine the  relationship between the musculature of the body 
and the muscle s c a r s  found on the valves. Since very  few 
zoologists work on ostracods,  l i t t le has been published on 
the biological techniques adaptable to their  study. Conse- 
quently, a great deal of effort was expended in both 
searching the l i tera ture  for methods and experimenting to 
determine suitable biological techniques. In o rde r  to 
fac i l i ta te  work by others,  a brief review i s  given of some 
of the techniques that were  tried in th is  study. 

Preparation of Specimens for Dissection and 

Sectioning 

Relaxation of specimens. - -  Specimens may b e  killed 
suddenly by the addition of a fixative solution to the water. 
However, os t racods  killed in this manner usually die with 
thei r  valves tightly closed. While some specimens will 
partially open their  valves within a few minutes, a large  
number remain tightly closed af ter  death. Dissection of a 
specimen with tightly closed valves i s  nearly impossible a s  
the chitin coating of the ostracod body r e s i s t s  penetration 
of fixing solutions and other reagents.  Instead, the greater  
the gape of the valves after death, the more  efficient i s  
the penetration of chemical solutions. 

It i s ,  therefore,  desirable to re lax  or  narcot ise  os t r a -  
cods  before  the addition of the fixing agent. Three  methods 
of relaxation were tried.  In the f i r s t  method, add a few 
drops  of a 10% solution of sodium nebutol to the specimen 
dish. Add more  of the solution over a period of hours  
until the specimens a r e  relaxed. 

In the second method, add a few drops  of a so lu t~on  of 
96 p a r t s  water,  3 pa r t s  95% alcohol, and 1 par t  propylene- 
phenoxetol to the specimen dish. This will lead to relaxa- 
tion in about thirty to forty minutes. 

The most consistent and s imples t  method i s  the use of 

a mixture of menthol and chloral  hydrate crystals.  Sprink- 
l e  a mixture of 3 pa r t s  menthol crys ta ls  and one par t  
chloral  hydrate crys ta ls  i n  the specimen dish. Remove the 
dish f r o m  strong light or  the ostracods may swim to the 
surface and become trapped in the surface  fi lm of the d is-  
solving crys ta ls .  By this method most specimens a r e  com- 
pletely relaxed in about twenty minutes. Menthol alone 
will re lax  the ostracods quickly but may not be sufficient 
to prevent contraction when exposed to the fixing agent; 
the addition of chlnral  hydrate plrl1;:zec thc c!osifig mss -  
c l e s  s o  that they are unable to contract. 

The preceding methods of relaxation a r e  convenient 
only in the laboratory. F o r  a simple and useful f ield 
method, use a mixture of equal par ts  of 95% alcohol and 
water.  According to Hoff (1942, p. 19), this method will 
kil l  the individuals of most species with their  valves agape. 
After a few hours t ransfer  the specimens to 70% alcohol. 
If the specimens a r e  to be sectioned, fixation in 30-35% 
alcohol i s  preferable,  providing the specimens a r e  t r ans -  
f e r r ed  to 70% alcohol within a half hour. Fixation with 
intermediate grades  of alcohol causes excessive distortion 
while higher concentrations of alcohol and formalin induce 
many specimens to sea l  their  valves tightly. 

Fixation, washing, and preservation. -- Fixation con- 
s i s t s  of using chemical means  t c  a r r e s t  the life processes  
and to preserve  and harden tissue.  Preservat ion is simply 
storage of specimens in a medium that will prevent deter i -  
oration. The processes  of fixation and preservation a r e  
the same  in many cases ,  but in others they a r e  distinct. 
The choice of fixation and preservation methods is governed 
by the purpose of the study. If the specimens have been 
relaxed before fixation, they should be fixed a s  soon a s  
they a r e  unable to contract.  Washing i s  used to r id  the 
specimen of the fixation chemicals in those procedures 
where the fixing and preservative agents a r e  different. 

Ethyl alcohol i s  a common fixative and preservative.  
Except fo r  special  purposes,  such a s  needle dissection, 
alcohol alone i s  a second-class agent in that it shrinks 
soft t issue extensively. If specimens a r e  placed into 
intermediate o r  high grades  of alcohol, violent diffusion 
currents  a r e  se t  up between the water in the t issues and 
the alcohol causing extreme distortion of the body s o  
changes in the percentage of alcohol must be gradational. 
A se r i e s  of 30, 50,70, 95, and 100% grades of alcohol i s  
recommended. Fifteen o r  twenty minutes in each grade is  
required to prevent violent-diffusion currents .  If the 
specimens a r e  left in l e s s  than 70% alcohol for  more  than 
a few hours, the t i ssues  will s t a r t  to macerate.  

Biological specimens a r e  commonly preserved in 70- 
80% alcohol fo r  long periods of time. After an interval of 
severa l  weeks or  months, however, the t i ssues  begin to 
lose their  staining capacity. Specimens which a r e  to be 
stored for  long periods of t ime a r e  better preserved in a 
solution of 95% ethyl alcohol, glycerine, and distilled 
water in equal pa r t s .  Specimens preserved in this solu- 
tion may later be used for dissection o r  thin sectioning 
and the t issue re ta ins  i t s  capacity for staining. 

A 10% solution of buffered-neutral formalin may be 
used for  fixation and preservation but if the solution i s  not 
neutralized, the ostracod valves will decalcify. Pormalin 
tends to harden t issue and chitin more  rapidly than alcohol 
but often does not harden the t issues sufficiently to ensure  
good resul ts  when embedded in paraffin f o r  ser ia l  section- 
ing. If formalin solutions a r e  not kept in a dark  or cool 
place the formaldehyde may decon~pose  and coat the speci-  
mens with a white deposit of paraformaldehyde. Storage 



of os t r acods  fo r  long periods of t ime in formalin is not 
recommended. Formal in  is highly soluble in alcohol and 
eas i ly  washed out during dehydration. 

Bouin's f luid (picric acid, commercial  formalin, and 
glacial  acetic acid) i s  an excellent fixing agent for ostra- 
cads. P ic r i c  acid penetrates the chitin rapidly, formal in  
hardens,  and acet ic  acid reduces  shrinkage. Because the 
solution is acid, ostracods should not be allowed to remain 
in Bouin's f luid fo r  extended periods of time. One hour i s  
sufficient t o  f ix  os t racods .  Ostracods fixed in Bouin's 
f luid should never be  exposed to water or  alcohol of l e s s  
than 50% until the fixing solution is washed out. Gradually 
add 50% alcohol to the fixed specimens and change the 
solution until the dish contains 50% alcohol. Then add 70% 
alcohol, and change severa l  t imes  until every t race  of 
yellow color i s  removed f r o m  the specimens and the liquid. 
The only disadvantage in the use  of Bouin's fluid i s  the ca re  
that must  be  exerc ised in quickly bringing the specimens to 
a concentration of 50% alcohol without creating violent 
diffusion cu r ren t s  in the liquid. 

AFA (alcohol-formalin-acetic acid) is another excel- 
lent fixative fo r  ostracods.  A solution of 85 p a r t s  70% 
alcohol, 10 p a r t s  commercial  formalin,  and 5 par ts  glacial 
acet ic  ac id  i s  satisfactory.  This solution fixes rapidly and 
penetra tes  well because of the formalin.  The acetic acid 
counteracts  shrinking of the t i ssues .  Again, because of 
the alcohol, add the solution gradually to avoid diffusion 
cu r ren t s .  One hour in full strength AFA i s  sufficient to 
f ix  os t racods .  Wash by t ransferr ing the specimens to 70% 
alcohol and change the alcohol a t  l ea s t  once within an hour. 

Dehydration. --  Specimens which a r e  to b e  mounted in 
ba l sam o r  other resinous media, or  embedded in paraffin 
f o r  thin sectioning must have all water removed f r o m  the 
t i ssues .  This  is usually accomplished by changing the 70% 
alcohol to  95% and then loo%, allowing twenty or  thirty 
minutes between changes. The 100% alcohol should be  
changed a t  leas t  once more  to ensure  complete dehydration. 

The re  i s  considerable shrinkage of the t i ssues  some-  
where  between the grades  of 60-90% alcohol. Higher 
g rades  of alcohol a lso  harden the t i ssue  a s  well a s  the 
chitin. If the specimens a r e  to be simply dissected in bal- 
s a m ,  then th is  hardening is no great  disadvantage. How- 
ever ,  excess  hardening and shrinkage a r e  disadvantages 
when specimens  a r e  to be sectioned. 

In the pas t  few y e a r s  cellosolve (ethylene glycol mono- 
ethyl e ther)  has  come into use  a s  a dehydrating agent. 
Cellosolve i s  a much l e s s  violent dehydrating agent than 
alcohol and i t  does not excessively harden the t issue or 
chitin. Cellosolve a lso  causes  l e s s  t issue shrinkage than 
high g rades  of alcohol. Specimens in  any grade of alcohol 
may be  directly t r ans fe r r ed  to solution of equal pa r t s  of 
cellosolve and the grade of alcohol f r o m  which the speci-  
mens  were  taken. After about a half hour, change the 
solution to 100% cellosolve. A second change of 100% cello- 
solve is des i rable .  The use  of cellosolve is particularly 
recommended for  thin section preparation. 

Clearing. -- Clearing agents a r e  liquids that replace 
the dehydration agents in the t i ssues  and also facilitate the 
infiltration of the t i ssue  by the embedding media or  r e s in -  
ous  mounting media such a s  balsam.  Of the severa l  c lear-  
ing agents available, the most commonly used is  xylol, but 
it tends to harden the t i ssues  and chitin. Toluol i s  more  
expensive than xylol, but does not harden the t issue and 
chitin a s  much. The use  of cellosolve and toluol f o r  dehy- 
drating and c lear ing os t racods  for  thin-section work is  

strongly recommended. Glycerine i s  a good clearing 
agent for  studying unstained ostracods on temporary s l ides  
a s  i t  c l ea r s  enough to permit  study of the par ts ,  but not to 
the point where  unstained s t ructures  a r e  rendered invisible. 

Needle Dissection 

The majority of ostracod dissection is done in g lycer-  
ine a s  i t  r ende r s  the body soft and pliable. Small amounts 
of glycerine jelly may be dissolved in the glycerine to in- 
c rease  i t s  viscosity and facilitate the dissection. After 
fixation, run  the specimens down through the grades of 
alcohols to  water and then transfer to glycerine, or  t r ans -  
f e r  the specimens to a solution of 10% glycerine in 70% 
alcohol and allow the alcohol to evaporate. 

Because of i t s  fluidity glycerine i s  unsuited for pe rma-  
nent mounts of dissected ostracods, but glycerine jelly i s  
practical .  Remove the dissected pa r t s  f rom glycerine 
with a warm needle and transfer them to a slide on which 
a small  drop of glycerine jelly has been spread out. 
Arrange appendages in their  proper order  on the glycerine 
jelly and cover them with another smal l  drop of glycerine 
jelly. Place  a heated cover sl ip on the second drop of 
jelly and gently heat the slide.  The heat will cause the 
glycerine jelly to spread out evenly without seriously 
disarranging the par ts .  

Permanent mounts of dissected ostracods a r e  made in 
balsam. After fixation, dehydration, and clearing infil- 
t r a t e  the specimens with balsam. Place a specimen in a 
drop of balsam on a slide and dissect off the valves. The 
valves may be placed in  a second drop of balsam on the 
same  slide but the cover sl ip should be supported by bits of 
g lass  to prevent crushing them. Leave the dissected pa r t s  
in the f i r s t  drop of balsam and cover with a cover s l ip .  

Staining the specimen before dissection and mounting 
greatly increases  i t s  value. Several staining methods 
work well. Hoff (1942, p. 20) described a method of 
staining with acid fuchsin. Borax-carmine i s  a useful 
stain for ostracods; the formula  and directions for this 
stain a r e  given by Pantin (1948, p. 23). Acid fuchsin and 
borax-carmine stain the body and appendages bright r ed .  

Another stain which has been used with great success  
i s  chlorazol black E which will stain chitin a s  well a s  
t issue.  Stain the specimens for  thirty or  forty minutes in 
a saturated solution of chlorazol black E in a 70% alcohol. 
Wash in 70 or  90% alcohol until the alcohol becomes c l ea r .  

Needle dissection of ostracods requires  very smal l  
needles. Insect pins mounted in a match stick a r e  very  
useful, but, when dissecting small  ostracods even the 
smallest  of the insect pins, the minuten nadeln, s e e m  huge 

Very fine dissecting needles tapered to a point of a 
few tens of microns a r e  easily made. When dipped into a 
crucible of boiling or nearly boiling sodium nitrite, tung- 
sten wire  is rapidly oxidized. Repeated dipping of the wire  
in hot sodium nitrite produces a needle with a point a s  
fine a s  des i red .  Dulled or  bent points a r e  easily r e sha rp -  
ened by the same  method. Mount the needles in a wooden 
handle fo r  convenience. 

Whole Mounts 

Whole mounts of many animals have the advantage of 
showing the general topography of the specimen. In the 
case  of os t racods  whole mounts a re  of little value, even 



with the valves decalcified. The body of an  ostracod i s  
much too compact and complicated to be able to observe or  
t r ace  any feature more  than a fraction of a millimeter f r o m  
the surface  of the valve. 

Microtome-Serial Sectioning 

Good se r i a l  sections of ostracods a r e  very difficult to 
obtain. In the f i r s t  place, co r rec t  orientation of ostracods 
in the embedding media i s  difficult because of their  smal l  
s ize .  In addition: decalcification of the valve usually 
causes  distortion of the  body. Ii the chitin has been 
hardened, the sections t ea r  and split. 

Bouin's fluid or  AFA a r e  good fixatives when preparing 
os t racods  for  microtome-ser ia l  sectioning. Decalcify the 
specimens in 70% alcohol by adding a few drops of a solu- 
tion of 0 .25% HC1 in 70% alcohol to the dish daily for s eve r -  
al days.  An attempt to decalcify rapidly will cause the 
formation of C 0 2  bubbles, which become trapped in the 
valves and completely d is tor t  the body. Placing the dish 
in a partial  vacuum reduces  the formation of C02 bubbles 
in the body and valves.  Chelating agents such a s  versene 
or  sequestrene (ethylenediaminetetracetic acid) may be 
used in place of HCl fo r  decalcification. These chelating 
agents a r e  supposedly a l e s s  violent treatment than HC1. 
A s  chelating agents must be  dissolved in an aqueous solu- 
tion of 10% formalin,  the specimens must be run back to 
water after they have been washed and fixed. As much 
distortion can occur in the os t racods  by running them back 
to water and then back to alcohol a s  can occur when decal-  
cifying with HC1 in 70% alcohol. 

Heavily pigmented f o r m s  should be  bleached before 
s e r i a l  sectioning. Add a few drops of clorox to the 70% 
alcohol and change the solution each day until the pigment 
i s  reduced and then wash in  seve ra l  changes of 70% alcohol. 
Final dehydration and c lear ing should be done with cello- 
solve and toluol fo r  the r easons  previously mentioned. 
Orientation of the specimens in the embedding media i s  
facilitated by the addition of a drop o r  two of a weak 
aqueous solution of acid fuchsin (0. 5%) to the dish after 
bleaching. 

Paraffin Method. --  Bioloid paraffin is commonly used -- 
fo r  ser ia l -sect ion embedding, but t issuemat is preferred 
to paraffin because i t  r ibbons better and allows cutting and 
ribboning of thicker sections.  Two changes of paraffin 
allowing thirty minutes in the oven for  each change i s  
sufficient fo r  infiltrating ostracods.  

Several specimens may be  embedded and oriented in 
the s a m e  box. Small boxes a r e  made f rom heavy non- 
porous paper.  During embedding, place severa l  glass 
plates or  flat  dish covers  in the oven. Place  a warmed 
plate or  cover on the s tage  of a low-power binocular micro-  
scope. Pipette the specimens  and paraffin by means of a 
heated eyedropper into a box and place it on the warmed 
plate. The warmed plate will sufficiently r e t a r d  the ha r -  
dening of the paraffin s o  that the specimens may be  orien- 
tated with heated needles.  Keep the surface  of the paraffin 
liquid with the heated needles until paraffin a t  the bottom 
of the box congeals enough to re ta in  the orientation of the 
specimens  and then gently blow on the surface  of the paraf- 
fin to fo rm a congealed layer .  Then carefully immerse  the 
plate and box in a dish of cold water to harden the paraffin 
quickly. 

Ostracods dehydrated in alcohol and cleared in xylol 
do not section well and the tear ing and flaking render  many 
specimens worthless .  The use  of cellosolve. toluol, and 

t issuemat cannot be recommended too strongly. With tile 
u se  of these reagents,  excellent ribboned sections were 
obtained a t  thicknesses of 25 to 50 microns.  

Specimens may also be  sectioned a s  thick as 100 or  
150 microns  but ribboning of the sections i s  impossible at  
these thicknesses. Stain specimens in toto before sec -  
tioning. Set the microtome a t  i t s  maximum advance. 
After each section i s  cut, remove the blade and advance 
the specimen the desired number of microns  n d  the11 re-  
place the blade to cut the section. Sections obtained in 
th is  manner a r e  too thick to  adhere to  a slide. but may be 
deparaffinized in a dish and mounted in balsam. 

Celloidin-paraffin double embedding. - -  The celloidin- --- 
paraffin double embedding method was a lso  tried utilizing 
celloidin concentrations of 4, 6, and 8%. Embed the speci- 
men in the celloidin block, harden with chloroform, and 
run the block down to a solution of 70% alcohol. Since the 
celloidin block i s  permeable,  the specimen may be decalci- 
f ied af ter  embedding. Place +he block in a solution of 
0 .25% HC1 in 70% alcohol under a vacuum. Add a few 
drops  of the solution daily. The specimen will decalcify in 
seve ra l  days with l i t t le distortion. After decalcification. 
dehydrate with alcohol, c lear  with chloroform and then 
xylol, and embed the block in paraffin according to normal 
embedding procedures.  Celloidin-paraffin sections ribbon 
well and the valves and body retain their  shape. However, 
chloroform causes extreme hardening of the t issue and 
chitin, which resul ts  in tearing and flaking of the sections, 
s o  that this method of sectioning for  ostracods i s  worth- 
l e s s .  

Gauthier (1939, p. 209) described a somewhat similar 
method of celloidin-paraffin embedding, except that he did 
not decalcify the valves before sectioning. This method 
was t r i ed  and only resulted in a well dulled blade, and 
shat tered and otherwise useless  sections.  

Thin sections s ta in  well in H a r r i s  haematoxylin and 
eosin fo r  s ix  to eight minutes. 

Free-Hand Sectioning and Mounting 

Free-hand sectioning and mounting i s  preferred to 
microtome sectioning o r  needle dissection, because it per-  
mi t s  the study of the internal organs and other s t ructures  
in thei r  natural  orientation. The anatomy along any given 
plane through the body i s  easily exposed and studied. I t  i s  
s imple  and does not require the elaborate equipment and 
techniques necessary fo r  microtome work. Organs and 
muscles  may be traced through the body without the intri-  
cate reconstruction that i s  necessary  when using thin sec-  
tions. Using this method the body is not disarranged a s  in 
needle dissection. While this method i s  more  exacting and 
time-consuming than standard needle dissection, the value 
of the r e su l t s  f a r  exceeds the ex t r a  t ime and effort required. 

Specimens a r e  relaxed, fixed, decalcified, bleached, 
stained, dehydrated, and then cleared. The use of cello- 
solve i s  again recommended to reduce shrinkage and dis-  
tortion of the body. Either xylol o r  toluol may be used for 
c lear ing.  Xylol hardens the body s o  that it better retains 
i t s  shape during handling after deparaffinization, but also 
makes  dissection more  difficult. Next, embed the speci-  
mens  in paraffin. Infiltration with paraffin i s  not as crit i-  
ca l  in this method a s  i t  i s  for  the se r i a l  section method. If 
an  oven i s  not readily available, melt  the paraffin on a hot 
plate.  Paraffin may be kept liquid during infiltration s im-  
ply by placing the embedding dish on a table under a goose- 



neck table lamp. After embedding the specimens in paper 
boxes and hardening the paraffin in  cold water, peel the 
box f r o m  the paraffin block. Attach the block to a smal l  
rec tangle  of wood, which has  had one end previously infil- 
t ra ted  with paraffin, gently heat the ends of the wooden and 
paraffin blocks and join them together. 

T r i m  the paraffin until a specimen becomes visible. 
P l ace  the specimen block under a low-power dissecting 
microscope and hold the block with one hand. Carefully 
t r i m  the paraffin with a sha rp  r azo r  blade, until the orien- 
tation of the specimen becomes c lear .  Rotate the block 
and continue t r imming until the t r im  plane corresponds to 
the des i r ed  plane of sectioning. 

The specimen may be  sectioned by two methods. In 
the f i r s t  method, continue trimming the paraffin block by 
thin s l i ces .  Rotate the block to maintain the desired sec -  
tion of the specimen. Cease  trimming when the desired 
position i s  reached. This method, of course,  resul ts  in 
l o s s  of pa r t  of the specimen. If the specimen is  tr immed 
f r o m  the side this l o s s  i s  not ser ious  because ostracods 
a r e  bilaterally symmetr ica l .  

In the second method, carefully estimate the des i red  
plane of section and make one quick slice through the 
specimen. In most cases  both sections of the specimen 
rema in  intact. La rge  specimens may be sectioned into 
two o r  three  pieces by this method. 

Then cut the specimen f r o m  the paraffin block and, 
along with any other pieces worth saving, deparaffinize 
and c l ea r  in two o r  three changes of xylol. Sections may 
e i ther  be mounted in balsam a s  permanent mounts o r  they 
may be  run  down to 70% alcohol o r  glycerine for further 
dissection and study. 

Specimens a s  smal l  a s  . 6  mm. in length have been 
successfully sectioned by this method. Figures 1 and 2 on 
Pla te  7 show sections of a specimen of Cypridopsis vidua 
prepared by this method. 

Polarized Light for  Study of Muscles 

Striated muscle t issue exhibits a high degree of b i re-  
fringence when polarized. Unstained muscle produces the 
best resul ts ,  but lightly stained muscle will polarize to 
some extent. The internal musculature of unstained os t ra-  
cods sectioned by the free-hand method and mounted in 
balsam i s  strikingly displayed in polarized light. 

Any microscope may be easily adapted for  the study of 
muscle by polarized light. P lace  a smal l  piece of Polaroid 
plastic (the polarizer) on top of a slide. Cut out and tape 
c i rcular  pieces of Polaroid plastic (the analyzers) over 
the eyepieces in such a manner so  a s  not to interfere with 
the rotation of the eyepieces. Bring the axes  of the 
polarizer and the analyzer into proper orientation by 
turning the eyepieces. 

Staining Molted Valves 

The valves of many recent  ostracods,  especially the 
younger instars,  become quite transparent and difficult to 
see  when immersed in a liquid. The calcium carbonate of 
the valves may be stained by appropriate methods, but the 
valves of the younger ins tars  a r e  lightly calcified and 
calcium carbonate staining methods a r e  then of l i t t le value. 
A method has  been devised to stain the chitin of the valves, 
ra ther  than the calcium carbonate. 

Immerse  the valves in a solution of equal pa r t s  of 
water and clorox for about thirty minutes, and then r inse  
with severa l  changes of water.  If the valves a r e  not 
thoroughly rinsed, the stain will not take and the valves 
will deteriorate in time. Decant the l a s t  r i n se  water and 
add a saturated solution of chlorazol black E in 70% alcohol. 
The necessary length of t ime in the stain depends on the 
species,  but twenty or thirty minutes is usually sufficient. 
Wash out the stain by repeated changes of 95% alcohol. 

This method will stain the valves of most species a 
medium greenish-black color. The clorox converts the 
chitin of the valve to chitosan enabling i t  to pick up the 
stain.  Because muscle s c a r s  s ta in  differently f rom the 
chitin on the r e s t  of the valve, they a r e  easily distinguished 
even in the young ins tars .  Immature valves which other- 
wise a r e  impossible to handle in water or  glycerine be- 
cause of their transparency become plainly visible. 



MUSCLE -SCAR TERMINOLOGY 

A review of the literature reveals inconsistencies in 
the terminology for the groups of scars  found on the inter- 
ior of ostracod valves. For the most part, these groups of 
s c a r s  a r e  formed by the termination of various body mus- 
cles. With one or possibly two exceptions, the origins of 
the s c a r  groups have been correctly identified. However, 
the terminology used for the various groups of scars  has 
varied f rom author to author. 

After a discussion of the position and origin of the 
groups of scars  and a review of some of the previous 
terminology, a revised terminology i s  proposed. In order 
to avoid confusion, the revised terms a r e  used in the 
following discussion of the location and origin of the scar 
groups. 

Muscle scars  represent the points of attachment of 
various body muscles on the valve of an ostracod. Muscles 
a r e  connected to the outer chitin coating of the hypodermis 
layer of the valve. When soft parts a re  no longer present, 
the former points of muscle attachment a r e  represented by 
depressions or raised areas on the calcareous layer of the 
valve. Other parts of the soft body also form scars  or 
imprints on the valves. As will be seen, some of these 
s c a r s  very closely resemble the s c a r s  formed by muscles. 

The closing- or adductor-muscle scars  a r e  imprints 
formed by the termination of the closing or adductor mus- 
cles, which traverse the ostracod body from valve to valve. 
Except in the family Conchoeciidae of the suborder Myodo- 
copa, the closing muscles a r e  situated somewhat in front 
of the middle of the valve. Though quite variable in size, 
number, and arrangement, this group of s c a r s  is easily 
identified, and is usually the most prominent scar  feature 
on the interior of the valve. 

Anterior and ventral to the closing-muscle scars  lie 
the mandibular scars ,  which a re  elongated and often some- 
what elliptical in shape. The mandibular s c a r s  a r e  usually 
paired, but in some groups of ostracods only a single 
mandibular scar  can be discerned. Such a single scar 
probably represents the fusion of two scars .  The mandibu- 
l a r  s c a r s  represent the point of attachment on the valve of 
a pair of chitinous rods which extend dorsally and attach to 
the dorsal apex of the basal podomere of the mandible. 
These s c a r s  a r e  often referred to in the literature a s  the 
mandibular-muscle scars  or the mandibular-adjustor- 
muscle scars .  

Another group of scars  located near the center of the 
valve is the frontal group. In most of the literature these 
s c a r s  have been erroneously called the antennal group or 
antennal scars .  The frontal scar  group i s  located anterior 
to the closing muscles and dorsal to the mandibular scars .  
In the Cyprididae the frontal s c a r s  a r e  often anterodorsal 
to the closing-muscle group. According to Van Morkhoven 
(1962), the frontal scars  a re  inconspicuous or appear to be 
lacking in the suborder Cladocopa, the family Cytherelli- 
dae of the suborder Platycopa, and the family Darwinulidae 
of the suborder Podocopa. The group is  prominent in the 
Cyprididae where they form a pair of closely related scars ,  
which, however, may coalesce to a single scar .  In the 
Cytheridae the frontal group is usually represented by a 

single V-shaped scar ,  or ,  occasionally by two or three 
separate small scars .  The origin of this group is further 
considered under the discussion of the revised terminology. 

In addition to the mandibular scars, the mandible 
occasionally leaves another mark of its presence on the 
valves. The dorsal apex of the basal podomere of the 
mandible tapers to a heavily chitinized, rounded point. 
The pointed dorsal apex lies in close proximity to the 
interior of the valve. As the mandible performs its func- 
tion of mastication, the dorsal apex pivots against the body 
wall and the valve. Thus the apex of the mandible acts as 
a fulcrum and a spot or scar  may be formed on the valve 
at this point. Triebel (1960, p. 111) described the forma- 
tion of this scar in a species of the genus Chlamydotheca. 
He shows (1960, P1. 18, Fig. 33) a piece of valve with the 
mandible still  attached. The dorsal apex of the mandible 
and the scar which it  has formed a re  quite apparent. Trie- 
be1 (1960, p. 111) called this scar the mancbbular "Stutz- 
fleck" (mandibular support scar).  The two chitinous rods 
which form the mandibular scars  a re  also shown. 

The mandibular fulcral scar is generally poorly 
developed on the valves and often goes unnotices. Its 
position i s  variable. The scar  may lie anterior to the 
dorsalmost of the closing-muscle scars, or anterior to 
and closely associated with the closing muscles. In any 
event, i t  invariably l ies  between the closing-muscle scars  
and the frontal scars .  The mandibular fulcral scar  i s  well 
developed in most members of the families Cyprididae and 
Cytheridae of the suborder Podocopa. 

The dorsal-muscle scars  occupy the dorsal part of the 
valve, with the exception of i ts  posterior and anterior 
extremes. In relation to the closing-muscle scars, the 
dorsal-muscle scars  a re  quite small and a r e  usually diffi- 
cult to observe. As most of the dorsal-muscle scars  are  
situated on the dorsolateral curvature of the valve, the 
valve must be tilted in order to study them. The dorsal- 
muscle scars  represent a complex array of muscles con- 
necting the appendages and other parts of the body to the 
valve. 

Previous Work 

A brief review of a few pertinent papers in which the 
muscle scars  have been considered will illustrate the lack 
of a consistent terminology for the various groups of scars .  

Triebel (1941, p. 297) recognized four groups of scars: 
the closing muscles, mandibular, antennal, and the dorsal 
group of scars .  He stated (p. 297) that the closing muscle 
and mandibular groups correspond to the central-muscle 
field of Zal5nyi (1929, p. ll), and the antennal and dorsal 
groups correspond to z a l h Y i f s  peripheral group of scars .  

In 1949 Triebel (p. 205) referred to the lateral muscle 
field of Candona candida (0. F. MUller) a s  being composed 
of the closing-muscle scars ,  mandibular scars ,  and of a 
pair of scars  formed by insertion of the chitinous "Stutz- 
leisten" or support ridge of the antenna. The pair of 
scars  formed by the antennal "Stutzleisten" correspond to 
the position of the frontal scars .  





Pokorny' (1958, p. 89-91) divided the scars  into two 
areas of the valve. The f i r s t  area, located nearly in the 
center of the valve, he designated the central group or 
central-muscle field. He assigned three groups of scars  
to the central-muscle field; the closing muscles, mandibu- 
lar scars ,  and the antennal scars .  The second scar a rea  
which he termed the peripheral group is located in the 
dorsal a rea  of the valve. The peripheral group contains 
only the dorsal-muscle scars .  However, on TJokorn$'s 
dizgrar~i of tine muscle s c a r s  (Fig. 629, p. 89j the group 
which he termed the peripheral group in the text, is 
labeled a s  the dorsal group of muscle scars .  The three 
groups which comprise the central-muscle field are  not 
clearly set off a s  the central-muscle field. No mention is 
made of the mandibular fulcral point. 

Triebel in 1960 (p. ll0) referred to the closing muscles 
a s  the closing-muscle field and then shortly thereafter (p. 
111) he called the closing muscles a group. The pair of 
s c a r s  which he described in 1949 (p. 205) a s  being formed 
by the insertion of the chitinous Stutzleisten of the antenna 
he termed the frontal scars .  

In the Ostracod Volume of the Treatise on Invertebrate 
Paleontology (1961), the groups of scars  mentioned a re  the 
adductor or closing muscles, mandibular-adjustor muscles, 
dorsal-muscle scars ,  and the antennal scars .  The mandi- 
bular-adjustor muscle s c a r s  a r e  also called the mandibu- 
lar  scars .  It i s  noted (P. Q17) that the mandibular scars  
a re  often included in the closing-muscle group. 

In his recent volume on Post-Paleozoic Ostracoda, 
Van Morkhoven (1962, p. 47-49) recognized two distinct 
groups of muscle scars ,  which he termed the central- (or 
adductor-) muscle scars ,  and the dorsal-muscle scars. In 
addition, he distinguished the mandibular scars, (the two 
scars  anteroventral to the closing-muscle scars) and indi- 
cated that the scars  a r e  formed by chitinous rods from the 
apex of the mandible rather than true muscles. He also 
introduced the term fulcral point for the scar formed on 
the valve by the pivoting motion of the dorsal apex of the 
basal podomere of the mandible. Van Morkhoven proposed 
the term frontal scar  for  the single V-shaped scar  or the 
occasional two or three separate small sca rs  which a re  
present just anterior to the vertical row of closing-muscle 
s c a r s  in the family Cytheridae of the suborder Podocopa. 
He also used the term frontal scar  for the scars  in other 
groups of ostracods which l ie  in a similar position. 

On a diagram of a cytherid ostracod, Van Morkhoven 
(1962, Fig. 3) illustrated the scars  in two areas of the 
valve. The dorsal a rea  included only the dorsal-muscle 
scars .  The central area i s  designated a s  the central-mus- 
cle-scar area and includes the adductor and mandibular 
scars ,  frontal scar ,  and fulcral point. In the text the 
central-muscle-scar a rea  is often simply referred to a s  
the central-muscle scars .  This is the same term that was 
used to designate the closing- or adductor-muscle scars .  

Benson and MacDonald (1963, p, 7; P1. 4) designated 
the scar  groups a s  the adductor, antennal, mandibular- 
muscle scars ,  and the dorsal-body scars .  The dorsal- 
body s c a r s  a r e  further subdivided by them into the major 
dorsal-body s c a r s  and the minor dorsal-body scars .  

The lack of a uniform terminology of the scars  and 
their groups is apparent in the foregoing discussion. With 
this in mind, the author proposes a revision of the termi- 
nology of the s c a r s  and their groups. This revision 
attempts to encompass the existing knowledge of the origin 

and the variation in the scar  groups. Further investi- 
gations may alter this terminology, but even at our present 
state of knowledge there is a need for a more uniform set 
of terms. The introduction of new terms is avoided a s  
much a s  possible by the clarification and use of those 
existing. 

Text-figure 1 is  a diagrammatic presentation of the 
scar  patterns of a recent cypridid ostracod. The figure 
and the arrangement of the scars  a r e  only intended to 
illustrate the proposed terminology. While there is a 
great variation in the scar patterns of ostracod groups, the 
author believes that this terminology may be applied to all 
groups of ostracods. 

Muscle Fields 

The terms central- and dorsal-muscle fields refer to 
the a reas  of the valves which contain prominent groups of 
scars .  The muscle fields a r e  composed of one or more 
separate groups of scars. This use of the term, "muscle 
field, " a s  being composed of separate and identifiable 
groups of scars  conforms to the sense of the term, "mus- 
cle field, " a s  used by Za lhy i  (1929, p. ll), Pokorn? (1958, 
pp. 89 -91), and Triebel (1949, p. 205). It also corresponds 
to the term, "area, " a s  used by Van Morkhoven (1962, Fig. 
2) in designating the central-muscle-scar area.  

At the r isk of introducing further ambiguity in the 
terminology, the use of the word muscle in the terms 
central- and dorsal-muscle fields i s  retained, even though 
some of the scars  of the central-muscle field a re ,  or may 
not be, formed by muscles. The alternative to this usage 
would be to introduce some new terms such as, "dorsal- 
and central-scar fields, " but this would lead to other 
complications. 

The muscle scars  and other scars  referred to in this 
discussion are, strictly speaking, merely the t races or 
imprints of various soft parts of the body left on the inter- 
ior of the valve of the ostracod. If the term, "scar field, " 
were to be used, then the definition should include other 
imprints, which heretofore have never been included by any 
worker in the distinction of scar groups or fields, such as 
the liver, ovaries, testes, and eyespots. The s c a r s  or 
imprints of these organs would in many cases traverse the 
two fields. The liver imprint of Chlamydotheca arcata 
(Sars) is visible on Figures 1, 2, 3, 4, 5, and 6 of Plate 8. 
The anterior end of the liver scar lies dorsal to the closing- 
muscle group and ventral to the dorsal-muscle field. It 
t raverses  the area of the central-muscle field and termi- 
nates near the posteroventral margin of the valve. Van 
Morkhoven (1962, Fig. 18) illustrated the imprints or scars  
of testes on the left valve of Candona studeri Kauimann. 
The testes scars  loop through the central- and dorsal- 
muscle fields a s  well a s  over other extensive areas  of the 
valve. 

For  these reasons the terms central- and dorsal- 
muscle fields a s  used in the revised terminology include 
only the scars  which a re  formed by individual muscles or 
support structures of the body. The s c a r s  formed by 
entire organs a r e  not included in this category. 

In most cases the scars  can be readily separated into 
the two fields. The ventralmost scars  of the dorsal- 
muscle field a r e  usually far  enough removed from the 
s c a r s  of the central-muscle field to allow a clear distinc- 
tion behveen the two fields. However, in a few genera of 



the family Cytheridae of the suborder Podocopa, there  a r e  
some  sma l l  s c a r s  closely associated with the dorsalmost 
s c a r s  of the closing-muscle group. Van Morkhoven (1962, 
p. 58) thought that these smal l  s c a r s  probably represent  
unusually centrally placed dorsal-muscle sca r s .  

Centra l -muscle  field.  - -  The central-muscle field 
(Fig.ca=thcentral a r e a  of the valve, is com- 
posed of four more  o r  l e s s  distinct groups of s ca r s :  the 
closing- o r  adductor-muscle sca r s ,  mandibular s ca r s ,  
f ronta l  s c a r s ,  and the mandibular fu lcra l  scar .  The four 
groups occupy approximately the same  relative position 
to each other in all  groups of ostracods.  

Both the t e rms ,  "closing muscles,  " and "adductor 
muscles ,  " a r e  widely used in the l i tera ture .  The t e r m s  
a r e  synonymous and no misunderstanding ever a r i se s  f r o m  
the use  of either of these t e r m s .  Therefore, the s c a r s  
fo rmed  by these muscles  may be termed the closing- o r  
adductor-muscle s c a r s  with equal validity. 

The mandibular-scar group should definitely not in-  
clude the word muscle in i t s  terminology a s  the s c a r s  a r e  
not formed by t rue  muscles,  but ra ther  by the chitinous 
support  rods  which were  previously described. The s c a r s  
should be  simply r e f e r r e d  to a s  the mandibular s ca r s .  

The t e r m  mandibular fu lcra l  s c a r  i s  introduced here  
in preference  to the t e r m s  "Stutzleisten" and fulcral  point 
fo r  the s c a r  formed by the pivoting motion of the dorsa l  
apex of the mandible against the body wall and valve. It 
i s  fe l t  that  this t e r m  best  expres ses  the origin of i t s  
formation. 

The mandibular fu lcra l  s c a r  should be given careful 
attention a s  it is often included in the closing-muscle group. 
A s  this s c a r  i s  often only distinguished with difficulty, it 
should be  noted whenever it occurs  and clearly excluded 
f r o m  the closing-muscle group. The mandibular fu lcra l  
s c a r  i s  visible on the right valve of Chlamydotheca arcuata 
(Sars)  (Pl .  8, Fig.  1) a s  an i r regular ly  rounded sca r  be- 
tween the dorsa lmost  s c a r s  of the closing-muscle group 
and the f ronta l  group. It is also faintly visible in the same  
position on the left valve of the adult Chlamydotheca 
arcuata  (P l .  8, Fig.  2) .  The mandibular fulcral  s ca r  i s  

, not visible on the valves of the in s t a r s  of Chlamydotheca 
arcuata  (P l .  8, Figs.  3 ,  4, 5, 6; P1. 9, Figs.  1-10). No 
illandibular fu lcra l  s ca r  i s  awwarent on anv of the valves 
of Cypridopsis vidua 0. F. ~ u l l e r  (P l s .  i0-11). 

The f ronta l  s ca r  group poses  a problem in termino- 
logy. With the exception of Tr iebel  (1960, p. 111) and Van 
Morkhoven (1962, p. 48), authors have designated these a s  
antennal s c a r s .  The author has  been unable to determine 
f r o m  the l i tera ture  who f i r s t  re la ted  these s c a r s  to the 
antennae and designated them a s  antennal scars ,  but the 
t e r m  "antennal s c a r ,  " has been ca r r i ed  in the l i terature 
f o r  a t  l ea s t  severa l  decades and i s  s t i l l  the most commonly 

used t e r m  today. 

The t e rm frontal  s c a r s  or  frontal-scar group is  best 
suited fo r  these s c a r s  for severa l  reasons .  During the 
investigation of the musculature of Chlamydotheca arcuata,  
i t  was determined by thin sections and dissection that the 
f ronta l  s c a r s  a r e  formed by two separa te  muscles.  One of 
the muscles has i t s  origin on the ventral  a r e a  of the mandi- 
ble and the other muscle originates on the anterior portion 
of the endoskeleton. In addition, Kesling (in p res s )  has 
reached the same conclusion in the study of the anatomy of 
the anatomy of Candona suburbana Hoff. No evidence was 
found that the frontal  s c a r s  represent  the point of insertion 
on the valves of the chitinous support rods  (Stutzleisten) of 
the antenna a s  suggested by Tr iebel  (1949, p. 205) f o r  
Candona candida (0. F .  Muller).  Therefore,  a t  leas t  in -- 
the family Cyprididae of the suborder Podocopa, these 
s c a r s  a r e  in no way related to the antenna. 

As f a r  a s  can be determined, the frontal  s c a r s  when 
observed in a l l  groups of os t racods  occupy the same re la-  
tive position with respect to the other groups of s c a r s  in 
the central-muscle field. The origin of these s c a r s  in the 
other groups of ostracods i s  unknown. In the case  of the 
family Cytheridae of the suborder Podocopa, Van Morkho- 
ven (1962, p. 48) stated that the origin of these s c a r s  i s  
not known, but they do not s eem to represent  places of 
muscle attachment. Certainly only a morphological inves- 
tigation of living cytherids and other groups of ostracods 
will provide an answer to this problem. However, i t  seems 
likely that the frontal s c a r s  in other ostracods will be  
found to be similar to those in the Cyprididae. Therefore,  
the bes t  t e r m  for  this group is simply the frontal  s c a r s  but 
the origin of the frontal s c a r s  should not be r e fe r r ed  to 
except i n  the groups where i t  is definitely known. 

Dorsal-muscle field. - -  The dorsal-muscle field i s  --- 
composed of a single group of s c a r s ,  the dorsal-muscle 
s c a r s .  With a few exceptions, they a r e  easily distinguished 
f r o m  the s c a r s  of the central-muscle field by their position 
on the dorsa l  a r e a  of the valve. The t e rm dorsal-muscle 
s c a r s  is preferred for this group because of i t s  widespread 
usage. 

The origin of the individual dorsal-muscle s c a r s  i s  
known fo r  only a few species.  There  appears  to be a great 
variation in the patterns between different species .  As the 
patterns a r e  known for only a few species,  and they vary 
greatly, i t  i s  not felt advisable a t  this t ime to attempt to 
subdivide the dorsal-muscle s c a r s  into groups.  There 
does, however, appear to be some trend in the patterns of 
the few species in which they a r e  known. When the origin 
of the individual s c a r s  in the dorsal-muscle-scar group i s  
determined for  more species,  then perhaps a more  refined 
classification of the dorsal-muscle s c a r s  will be possible. 
The dorsal-muscle s c a r s  and their  origins in two species 
of fresh-water ostracods i s  discussed in detail in another 
section of this paper. 



INSTAR DETERMINATION 

During the investigation of ostracod musculature and 
muscle  s c a r s  i t  was necessary to determine the ins tars  of 
the two species,  both in the living specimens and in the - - 
mslted valves. CL:aniydotheca arcuata  (Sars)  was the 
f i r s t  species  studied, and it was during work on this 
spec ie s  that some of the problems of instar determination 
became apparent. 

Chlamydotheca arcuata  (Sars)  

The adult is easily recognized by the conspicuous 
anter ior  flange on both valves (Pl .  8, Figs.  1, 2). This 
flange i s  completely lacking on the valves of all the ins tars .  
Spines a r e  present on the margin of the posteroventral  
co rne r  of the valves of the fifth, sixth, seventh, and eighth 
i n s t a r s  (PI.  8, Figs .  3-6, P1. 9, Figs.  1-4). 

The instar determination of large  numbers  of living 
specimens  and molted valves was  accomplished by measur-  
ing the  height and length of the specimens or valves and 
plotting the resul ts  on a graph. Kesling (1953) discussed 
and reviewed the bas is  and the validity of this method for 
the determination of ostracod ins tars .  The assignment of 
a l iving specimen to i t s  correct  instar may be easily con- 
f i r m e d  by examination of the soft par ts .  However, the 
c o r r e c t  determination of the ins tar  of a molted valve was 
found to present unsuspected problems. 

Two hundred and ninety-seven valves were  collected 
f r o m  the bottom of a culture tank on August 8, 1962. The 
height and length of the valves were  measured and plotted 
on a graph to determine the l imi ts  of each ins tar .  The 
r e s u l t s  a r e  recorded on Chart 1 a s  population 1. The in- 
s t a r s  of population 1 can be readily distinguished on the 
bas i s  of their  height and length. The separation of the in- 
s t a r s  on the bas is  of measurements  was  confirmed by a 
check of the soft pa r t s  of various ins tars .  Due to the ex- 
t remely fragile nature of the f i r s t  instar valve, only one 
valve of the f i r s t  instar was found and measured. 

A year  la ter  i t  was necessary  to collect another group 
of valves of a l l  the growth s tages  fo r  the purpose of photo- 
graphing the muscle s c a r s  on the valves. The valves were 
collected f rom the bottom of the s a m e  tank f r o m  which the 
valves of population 1 were  collected. During the initial 
s t ages  of the photographic work i t  suddenly became appar- 
ent that the instar l imi ts  calculated f o r  population 1 did not 
apply to the in s t a r s  of the second population. Three  hun- 
d red  and two valves were  then measured and plotted on a 
graph.  The r e su l t s  a r e  recorded on Chart  1 a s  population 
2. No valves of the f i r s t  instar were  found intact in the 
second population. 

A s  shown on Chart  1: the height and length l imi ts  and 
the ave rages  of the height and length a r e  quite s imi lar  for 
the second and third in s t a r s  of the two populations. Start-  
ing with the fourth ins tar  and proceeding toward the adult 
the differences in the l imi ts  and the averages  of the height 
and length for  corresponding ins t a r s  of the two populations 
becomes more  and more  pronounced. If the two popula- 
t ions of the single species  shown on Char t  1 were  to be con- 
s ide red  a s  a single population, then the l imi ts  of height 

between adjacent i n s t a r s  would overlap, and the l imi ts  of 
length would be near the point of overlap. Kesling (1951, p. 
101) pointed out that in Cypridopsis (0. F. Mtlller) 
there  is also a s imi lar  overlap in the height of adjacent in- 
s t a r s .  

Immediately after the second group of valves was 
measured, about 100 adults were  removed f r o m  the tank 
and placed in a clean tank with a clean sand bottom and a 
plentiful supply of filamentous green algae. The ostracods 
were  allowed to reproduce for severa l  generations in the 
clean tank. About five months later a group of valves was 
collected f r o m  the bottom of the tank. Although the os t ra-  
cods had passed through severa l  generations in the tank, 
few valves other than the las t  two growth s tages  were found. 
The other younger ins tar  valves were  destroyed in the 
organic sediment which had formed on the bottom of the 
tank a s  a resul t  of an  accidental overfeeding of f i sh  food 
about a month before the valves were  collected. Fifty 
adult valves and eighty-four immature valves were  collec- 
ted and measured. Seventy-six of the eighty-four immature 
valves were  thought to be of the eighth instar.  The adult 
valves ranged in height f rom 1.33 to 1.63 mm, and in 
length f r o m  2.25 to 2.73 mm. The valves assumed to be 
of the eighth instar ranged in height f rom 1.11 to 1.24 mm, 
and in length f r o m  1.89 to 2.07 mm. The average height- 
length of the adults and the eighth instar was  1. 51-2. 60 mm 
and 1.18-1.98 m m  respectively.  

If these measurements  for  the incomplete instar s e r i e s  
a r e  superimposed on those for the f i r s t  two populations on 
Chart 1, then the three  populations for  the single species 
overlap in length a s  well a s  height. Of the total measured 
specimens, the adult and the eighth instar range in length 
f r o m  2.03 to 2.73 m m  and f rom 1. 53 to 2.07 mm respec-  
tively. If a complete s e r i e s  of ins tars  were  available for 
the third population, and their measurements plotted on 
the chart ,  the height-length l imits of a l l  of the growth 
stages would probably overlap. In the absence of other 
c r i t e r i a  such as ornamentation, change in shape, and 
change in outline of the valve, the three populations plotted 
together on the same  char t  would be difficult to separate 
into proper ins tars .  

The implications of this observed overlap in the length, 
as well a s  the height, between adjacent i n s t a r s  in an  os t ra-  
cod population a r e  numerous.  In a cultured population over 
an  extended period of t ime,  the s ize  l imi ts  of each instar 
change. Particularly,  when using predetermined size 
l imi ts  fo r  molted valves,  the population s ize  l imits should 
be periodically checked to insure that the valves a r e  
assigned to the co r rec t  ins tar .  If the size l imits of popula- 
tion two had been applied to the incomplete third population 
many valves would have been undoubtedly assigned to the 
incorrect  ins tar .  

A large  number of specimens o r  valves should be 
measured when determining the l imi ts  of the ins tars .  If 
the specimens o r  valves a r e  used for  study an added pre-  
caution i s  selection of only specimens or  valves which fall 
near the average i o r  the instar.  Other characters  such a s  
ornamentation, and change in outline and shape should be 
noted io r  each ins tar  and used a s  a check against the 
measured l imi ts .  
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Descriptions of species  should include the observed 
s i ze  range of a l l  specimens available, ra ther  than just an 
average s i ze  for  the species .  In the l i terature the lengths 
given fo r  CNamydotheca arcuata  a r e  2.68, 2.70, and 2.60 
mm. Very few of the specimens cultured in the tanks 
attained those lengths. 

The s i zes  of the male and female of many ostracod 
species  a r e  known to differ. If the valves of a group of 
fos s i l  os t racods  is measured and plotted on a graph and 
there  appears  to be no natural  break between the ins tars ,  
this may indicate e i ther  the population contains male and 
female  members  or  that i t  is only a se r i e s  of valves f r o m  
a parthenogenetic population with an  extremely wide range 
of s ize  f o r  each ins tar .  Both the adult and the eighth in- 
s t a r  of Chlamydotheca arcuata  exhibit a variation in length 
of 26%. 

Several  reasons  have been proposed for the variation 
of s ize  within an ins tar  of a living ostracod species,  Kes- 
ling (1953, p. 103) l i s ted  five reasons:  (1) sex, (2) individual 
variation, (3 )  diet, (4)  paras i t i sm,  and (5) temperature.  
No accurate  r eco rds  were  kept of the environmental condi- 
tions in the tanks because of lack of control facil i t ies and 
the problem of variation only became apparent in the latter 
s tages  of the study. However, i t  is f e l t  that a few general 
conclusions may be drawn f r o m  the available information. 

In this study the tanks were  supplied wlth a calcareous 
sand bottom, clty tap water,  and aeration. Food consisted 
of filamentous green algae, smal l  spherical algae, troplcal 
f l sh  food, and crushed snalls.  Water was added to replace 
that los t  by evaporation. The tanks were  kept near a win- 
dow, and the water temperature  approxlmated that of the 
room throughout the year .  

Sexual variation may be ruled out-as  a cause of varia- 
tion, a s  Chlamydotheca arcuata  is parthenogenetic. Several 
dozen living specimens of each population were  checked to 
insure  that the species  had not become syngamic, a s  this 
change has  been known to occur in some  species of f r e sh -  
water ostracods.  Individual variation occurred within each 
ins tar ,  but there  was  also variation in the s ize  between the 
in s t a r s  of different populations. The food supply of the 
cultures was  adequate a t  a l l  t imes,  though somewhat varia- 
ble. Kesling (1952, p. 268) concluded that deficiencies in 

the diet of an immature ostracod nlerely prolong the period 
of t ime until molting and do not cause a dwarfing of the 
animal.  No evidence of paras i t i sm was found in the many 
specimens that were  studied. Elofsen (1941, p. 399) sugges- 
ted that temperature may cause a variation in the s ize .  The 
author believes that temperature variation in the cultures of 
Chlamydotheca arcuata  was not significant enough to induce 
the variation found in the different populations. 

Reyment and Br2hnstrt)m (1962) conducted experiments 
on cultures of Cypridopsis vidua and found that specimens 
r a i sed  in either a calcareous o r  stagnant environmeilt were  
smal ler  than those ra ised in a normal environment. Stunt- 
ing of snai ls  in laboratory cultures is a common phenome- 
non. The stunting of snails has  been attributed to the ac-  
cumulation of excretory products. 

The variation found in the different populations of 
Chlamydotheca arcuata may be due in par t  to the accumula- 
tion of excretory products, inasmuch a s  the tanks were  
never cleaned. During the period between the collection of 
the f i r s t  and second population f rom the s a m e  tank, the 
bottom of the tank had become quite foul. Organic mater ia l  
had collected to a depth of several mill imeters.  The 
ostracods collected f rom this environment had the smal les t  
average adult size.  When specimens were  t r ans fe r red  
f r o m  this environment to a clean tank the average adult 
s ize  increased to 2.60 mm within five o r  s i x  generations. 
The bottom of the tank was foul at  the t ime of collection of 
the valves of the third population, but this fouling was  
caused by an accidental overfeeding of f i sh  food only a few 
weeks before the tank was sampled. 

Cypridopsis % (0 .  F. Mliller) 

Kesllng (1951, Chart  1) plotted the s lze  distrlbutlon of 
flve hundred valves of Cyprldopsls + and found that the 
adult valves ranged In length f rom . 585 to . 655 inm. The 
author had severa l  laboratory cultures of C.  vidua through- 
out thls study. Because of the differences that were  ob- 
served In the cultures of Chlamydotheca arcuata,  a popu- 
lation w h c h  approxlmated the slze of the population 
measured by Kesllng was  selected for  study. Only specl-  
mens  whlch fe l l  near the average measurements f o r  each 
lnstar were  studied to Insure correct  lnstar determlnatlon. 

A T T A C H M E N T  O F  M U S C L E S  T O  T H E  V A L V E S  

The valve of a living ostracod is composed of many 
layers .  Progress ing f rom the outside toward the inside of 
the valve the following l aye r s  a r e  encountered: (1) chitin, 
( 2 )  calciunl carbonate, ( 3 )  chitin, (4)  hypodermis, and (5 )  
chitin. The calcareous  layer  i s  lacking in some groups of 
os t racods .  The chitin layer  on the outside of the valve i s  
called the chitin coating of the calcareous layer .  The 
chitin which l i e s  between tile calcareous layer and the hypo- 

de rmis  is termed the chitin coating of the hypodermis. The 
innermost layer of chitin, which hangs in a fold f rom the 
dorsa l  a r e a  of the body and completely encases  the soft  
pa r t s  of the body, i s  termed the chitin lining of the hypo- 
de rmis .  4 recently molted ostracod valve is  composed of 
three  layers :  (1) the chitin coating of the ca lcareous  l aye r .  
(2) the calcareous layer ,  and ( 3 )  the chitin coating of the 
hypodermis. 



The closing muscles,  a s  well as muscles f rom the 
appendages and other p a r t s  of the body, penetrate the 
hypodermis layer  and terminate on the chitin coating of 
the hypodermis. There  is a distinct difference between 
the closing muscles  and the muscles f rom other pa r t s  of 
the body near  thei r  point of termination. These differen- 
ces  were  found in both species of fresh-water Cyprididae 
that were  studied. 

Closing Muscles 

At the outer ends of the closing muscles, the hypo- 
de rmis  is greatly reduced in thickness. In these a r e a s  the 
hypodermis i s  composed of granular protoplasm, and a s  
the closing muscles  p a s s  through these areas ,  they lose 
their s t r ia ted  character  (Pl.  5, Figs.  1, 3, 5). The distal  
t ips of the myofibrille of the striated muscle a r e  interlaced 
with unstriated tonofibrille. The tonofibrille extend through 
the chitin coating of the hypodermis. At their  point of 
termination, the ends of the muscles diverge to cover a 
slightly l a rge r  surface  a r e a  (Pl.  5, Figs.  1, 5). Because 
the hypodermis is in c lose  contact with the chitin coating 
of the hypodermis, the unstriated portion of the muscle is 
very shor t  (Pl.  5, Figs .  1, 3, 5). 

A low, f la t  boss  is developed within o r  on the chitin 
coating of the hypodermis at  the point where the end of the 
muscles a r e  in contact (PI.  5, Figs. 1, 3-5). The boss  
extends into the ca lcareous  layer of the valve. It i s  within 
this chitin boss  that the tonofibrille a r e  developed. 
Schreiber (1922, p. 533) stated that in the case  of Cyprino- 
tus inconguens Ramdohr,  the myofibrille of the closing - 
muscles a r e  continuous with the tonofibrille. However, 
Richards (1951, p .  240) pointed out that careful observation 
of good prepara t ions  shows that muscle attachments in 
both crayfish and dragonfly larvae  a r e  not continuous, but 
that the tonofibrille spli t  and interlace with the ends of myo- 
fibril le.  According to Dennell (& Waterman, 1960, p. 452), 
the tonofibrilles a r e  fo rmed  during the deposition of the 
cuticle and a r e  renewed a t  each molt. 

On severa l  t r ansve r se  se r i a l  microtome sections 
through the closing muscles  of Chlamydotheca arcuata 
(Sars)  the ends of the closing muscles were  pulled away 
f rom the chitin bosses  (Pl .  5, Fig. 3). Under very hlgh 
magnification the tonofibrille a r e  plainly visible in the 
chitin boss.  On some  of the sections where the muscle 
was pulled away f rom the boss,  the base of the boss was 
fringed with protruding tonofibrille, which had evidently 
extended and interlaced with the ends of the myofibrille of 
the closing muscle.  The individual tonofibrilles within 
the boss  a r e  very  sma l l  in comparison to the diameter of 
the closing muscle myofibril les.  Interlacing of the tono- 
fibril le of the boss  with the ends of the myofibrille of the 
muscle provides a s t rong  attachment between the muscle 
and rigid valve. The interlacing with the non-striated 
tonofibrille a t  the end of the muscles evidently obscures  
the s t r ia ted  character  of the muscle myofibrille. 

Kesling (1951, p. 73) stated that he believed the bosses  
at the ends of the closing muscles a r e  molted with the hard 
p a r t s  of the valves. Th i s  opinion i s  confirmed by the 
wr i t e r ' s  observations on recently molted valves, which 
were  stained by the previously mentioned technique. The 
muscle s c a r s  of stained valves stand out in great contrast  
to the r e s t  of the valve. because the chitin bosses  which 
were  molted with the chitin coating of the hypodernlis. a r e  
thicker and pick up a g rea te r  aniount of the stain.  It was  
a lso  observed, on specimens  that had been left i o r  too 

long a time in clorox, that chitin bosses  of the closing 
muscles had actually lifted and pulled away f r o m  the mus- 
cle sca r s .  

The situation of the tonofibrille of the chitin boss 
interlacing with the tips of the closing muscle myofibrille 
is compatible with the fact that the bosses  a r e  shed with 
the valve during molting. If the myofibrille were  contin- 
uous with the tonofibrille, then the f i b e r s  would have to be 
broken o r  &sassociated a t  the point of junction between 
the muscle and boss  and following the molt the ends of the 
f ibe r s  would have to grow o r  otherwise be extended through 
the newly formed bosses.  

Appendage and other Body Muscles 

According to Richards (1951, p. 241), one of the most 
common methods of muscle attachment in arthropods i s  
the extension of the muscle to the basement membrane of 
the integument and i t s  continuation by tonofibrille. This 
is essentially the method of attachment of the closing 
muscles  in the two species of os t racods  that were  studied. 
However, the method of attachment of the other body mus- 
c l e s  i s  quite different. 

The terminal-distal portion of the body muscles com- 
pletely lose their  striated character  and a r e  transformed 
into a band of translucent, unstriated connective t issue 
(Pl .  5, Fig. 3). The relative distance f r o m  the chitin 
coating of the hypodermis that this transformation of the 
muscles takes place i s  different fo r  each muscle.  In the 
case  of Chlamydotheca arcuata,  the distal ,  terminal third 
of the ventral antennal muscle i s  connective t issue,  where- 
a s  the dorsal antennal muscle is s t r ia ted  t issue for  nearly 
i t s  entire length (Pl.  1, Fig. 2). The muscles  leading to 
the dorsa l  a r e a  f rom the thoracic legs and the maxilla a r e  
connective t issue for  nearly half their  length (Pl.  4: Fig.  
3). On the other hand the connective t i ssue  on the distal .  
terminal ends of the dorsa l  antennule, posterior-body wall, 
and furcal  rod muscles i s  extremely shor t  (PI.  1, Fig. 1). 

At the point of attachment of the body muscles  on the 
valves, the translucent, unstriated connective t issue 
passes  through the granulated hypodermis and f l a r e s  out 
to cover a wider a r e a  (Pl.  1, Fig. 3). Chitin bosses  with 
tonofibrille a r e  present in the chitin coating of the hypo- 
de rmis  a t  the point of attachment. The tonofibrille of the 
chitin boss interlace with the ends of the connective tissue 
f ibe r s  a t  the end of the muscle. 

The major difference between the attachment of the 
closing muscles and the body muscles i s  presence of the 
band of translucent, unstriated connective t issue a t  the 
terminal  ends of the body muscles.  The presence of the 
somet imes  lengthy band of translucent connective t issue 011 

the distal  ends of the body muscles often makes i t  very 
difficult to determine their point of termination on the 
valves.  This is particularly true for the very smal l  mus- 
c l e s  extending f rom the thoracic legs  and maxillae to the 
do r sa l  a rea ,  a s  approximately their  distal  half i s  con~posed 
of this connective t issue.  

No evidence was found that any f ibe r s  of any so r t  
penetrate through the chitin boss  of the chitin coating of 
the hypodermis into the calcareous layer .  The bosses  
which penetrate the calcareous layer probably decay during 
fossilization and leave depressed a r e a s  ;vhich a r e  called 
muscle s c a r s  on fossil ized valves.  



MUSCULATURE AND MUSCLE SCARS OF CHLAMYDOTHECA ARCUATA (Sars) 

The species of Chlamydotheca used in this study was 
identified a s  Chlamydotheca arcuata (Sars). Identification 
was based on the original description by Sars (1901, pp. 23- 
24; PI. 5, Figs. 10-12), and subsequent additions by Fur- 
tos (1933, pp. 440-441; P1. 2, Figs. 5-8)) and Tressler 
(1949, p. 70; Fig. 13h-i). These adequately cover the 
general morphology of the soft par ts  and valves, so that 
no further description of these features is necessary for 
the purpose of the study. 

The musculature of ostracods is very complex. Sever- 
al dozen muscles a r e  found in the body of an ostracod. 
The majority of these do not connect to the valve, but 
rather join and operate individual parts of the anatomy. A 
description of all  the muscles of the ostracod body is 
beyond the scope of this study. The complex musculature 
of the appendages and other internal parts of Chlamydo- 
theca arcuata (Sars) generally corresponds to that des- 
cribed by Kesling (1951) in his study of Cypridopsis 
(0 .  F.  Mliller). The muscles considered here a re  
primarily those which originate in the appendages and 
other parts  of the body and terminate on the valves to 
form muscle scars .  Several muscles which operate and 
s u p ~ o r t  the furca, a s  well a s  those which extend to the 
furcal rod from the thoracic appendages, are  also des- 
cribed in this study, because the origin and function of 
these muscles i s  not well known. The origin and function 
of the adductor or closing muscles of ostracods is well 
known and will not be further commented on in this paper. 
However, the developmental pattern of the closing-muscle- 
scar  group i s  considered. 

Figure 2a is a diagrammatic drawing of the right half 
of an adult specimen, viewed through the external surface 
of the valve. Consequently, some of the muscles that a r e  
connected to the inner surface of the appendages a re  r e -  
presented by dashed lines. This drawing was constructed 
from a specimen that was sectioned along the median 
plane by the freehand method. All of the muscles illus- 
trated have corresponding muscles in the other half of the 
body. In the following discussions it is understood that 
each muscle and feature discussed i s  duplicated on the 
other half of the body. 

Figure 2b i s  an overlay of the same valve indicating 
the muscle origin of the s c a r s  of the dorsal-muscle field 
and the frontal scars  of the central-muscle field. 

In the following discussions of the muscles, the fune- 
tion of several muscles i s  noted. Following Kesling's 
suggestion (1951, p. 44), the muscles which move podo- 
meres or appendages ventrally a r e  labeled a s  flexors, and 
those which move podomeres o r  appendages dorsally a re  
labeled a s  extensors. The same system is  followed in the 
discussion of the musculature of Cypridopsis s. 

Musculature and Muscle Scars of the Adult 

Except where noted, the following discussion of the 
musculature and muscle s c a r s  i s  limited to those muscles 
which terminate and form a scar  in the dorsal-muscle 
field. The arrangement of the muscle scars  in the dorsal- 
muscle field. The arrangement of the muscle scars  in the 

dorsal-muscle field does not lend itself to a description of 
the scars  in any particular order. Therefore, the muscles 
and the scars  formed by these muscles a r e  described for 
each appendage or body part. The general order of dis- 
cussion s tar ts  with the antennular muscles and proceeds 
from the anterior toward the posterior of the animal. The 
s c a r s  formed by endoskeletal muscles and the muscles 
which form the scars  of the frontal group a r e  discussed 
last. 

Antennular muscles and muscle scars .  - -  Five mus- 
cles originate from each antennule and terminate on the 
dorsal area of the valve. Three of these form individual 
scars ,  while the other two merge a t  their termination with 
muscles from other parts of the body to form a single 
large scar  (Fig. 2a-b). 

The dorsal antennular muscle is the largest and most 
prominent (Pl. 1, Fig. 1; Pl. 3, Fig. 4; P1. 4, Fig. 2; P1. 
5, Fig. 1). It originates on the dorsal r i m  of the basal 
podomere of the antennule (Pl. 3, Fig. 4) and extends at a 
low angle toward the posterodorsal part of the body. The 
dorsal antemular muscle acts as  an extensor for the anten- 
nule. Its termination forms the most posterior muscle 
scar  in the dorsal-muscle field. The scar  lies just behind 
the large oval scar formed by the large posterlor mandibu- 
lar muscle (Fig. 2a-b; P1. 8, Figs. 1-2). 

A small muscle, which also acts a s  an extensor, 
ar ises  on the dorsal r i m  of the basal podomere (Fig. 2a-b) 
close to the origin of the dorsal antennular muscle. The 
exact point of origin of this muscle i s  difficult to discern, 
but it appears to originate either just dorsal or ventral to 
the dorsal antennular muscle. On P1. 5, Fig. 4, this 
small muscle i s  faintly visible where it blsects the right 
angle formed by the crossing of the dorsal antennular and 
endoskeletal muscles. This small muscle from the dorsal 
r i m  of the antennule does not form a distinct scar but 
merges at  i ts termination with the large anterior m~lscle  
from the mandible and other smaller muscles to form a 
single, large scar (Fig. 2 a-b; PI. 8, Figs. 1-2). 

A third small muscle originates on the medioproximal 
r i m  of the basal podomere (Fig. 2a-b) and extends at a 
high angle to the dorsal area where it forms a distinct 
muscle scar. This small, rounded muscle scar  lies just 
anterior to the large, elongate scar  formed by muscles 
from the mandible and other body parts  (Fig. 2a-b; P1. 8, 
Figs. 1-2). The function of this muscle is  not known. 

A fourth muscle, which acts a s  a flexor, originates 
within the ventral part of the basal podomere of the anten- 
nule (Fig. 2a-b). It extends out through the opening of the 
basal podomere and terminates just anterior to the large 
anterior mandibular muscle. Its scar  i s  not distinct, but 
rather merges with the scars  of the mandible and other 
muscles to form a large ovate scar  (Fig. 2a-b; P1. 8, 
Figs. 1-2). 

Another small, yet important muscle, which acts a s  a 
flexor, originates oa the ventroproximal r i m  of the anten- 
nule (Fig. 2a-b). It extends posteriorly and terminates 
near the midline of the valve (Fig. 2a-b). The terminal 
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TEXT-FIGURE 2. Chlam dotheca arcuata (Sars). hfusculature of right side (below) and muscle sca r s  of 
- ' m e e d  with origin of muscles in dorsal-muscle field. 



half of this muscle is labeled on P1. 2, Fig. 1. Figure 4 
of the same plate i s  an enlargement of its terminal area. 
It forms a distinct scar ,  which i s  the anteriormost scar 
of the small  pair in the ventroposterior area of the dorsal- 
muscle field (Fig. 2a-b; P1. 8, Figs. 1-2). 

Antennal muscles and muscle scars .  -- The basal 
po mere of the antenna is attached to the head region by a 
chitin framework, so  that i ts  movement is restricted. 
Consequently, the extensor and flexor muscles which raise 
and lower the antenna pass through the basal podomere and 
attach to the proximal portion of the second podomere. 
One small  and three large muscles originate from the 
second podomere of each antenna. Two of the large mus- 
cles a r e  closely associated for nearly their entire length 
and form a single muscle scar .  The other two form 
individual scars .  

The dorsalmost of the muscles extending from the 
antenna is a small extensor muscle. It originates on the 
dorsoproximal r i m  of the second podomere and extends 
through the basal podomere, terminating just above the 
large scar  formed by the mandible muscle and the other 
small muscles (Fig. 2a-b). The scar  formed by this 
small muscle from the dorsal r i m  of the antenna is some- 
times difficult to distinguish, a s  it may merge with the 
large scar  just below it  (Fig. 2a-b; P1. 8, Figs. 1-2). 

The point of origin of the two muscles which a re  close- 
ly associated for most of their length lies just ventral to 
the point of origin of the small dorsal muscle. The dorsal- 
most of this pair originates near the dorsal r im of the 
second podomere of the antenna. The ventral muscle of 
the pair originates on the ventral floor of the second podo- 
mere. As these two muscles pass through the basal podo- 
mere they merge and appear as a single muscle (Fig. 2a- 
b; P1. 1, Fig. 2; P1. 3, Fig. 4; P1. 6, Fig. 1). Even 
though they a r e  very closely associated throughout their 
length and form a single scar ,  each muscle probably has a 
separate function. The dorsal muscle of the pair probably 
acts  a s  an extensor and the ventral muscle a s  a flexor. 
The single scar  formed by these two muscles lies near the 
center of the dorsal-muscle field (Fig. 2a-b; P1. 8, Fig. 
1-2). 

The third large muscle from the antenna, which acts 
a s  a flexor, originates on the ventroproximal r im of the 
second podomere (Fig. 2a-b; P1, Fig. 2). The ventral 
antennal muscle terminates near the center of the dorsal- 
muscle field slightly posterior and ventral to the dorsal 
antennal muscle (Fig. 2a-b; P1. 8, Figs. 1-2). 

Forehead muscle and muscle scar .  --  The forehead 
region is connected to the dorsal area of each valve by a 
single muscle (Fig. 2a-b; P1. 1, Figs. 1, 4; P1. 3,  Fig. 1). 
It l ies  just anterior to the pharynx and may appear a s  if i t  
actually attaches to the pharynx and may appear a s  if it 
actually attaches to the pharynx, but a s  shown on P1. 1, 
Fig. 4, the forehead muscle does not attach to the pharynx. 
On this figure the forehead muscle appears a s  a dark band 
of muscle tissue extending dorsally from the area of the 
dorsal wulst. Ventrally from the dorsal wulst, i t  appears 
a s  a chitinous tendon, extending beyond the cerebrum and 
attaching to the forehead just above the upper lip. This is 
the only muscle observed which is  attached at its point of 
origin by a chitinous tendon. The forehead muscle probab- 
ly functions a s  a retractor for the forehead and upper lip. 
It extends dorsally and merges at  i ts  termination with 
other muscles to form a single scar  (Fig. 2a-b, P1. 8, 
Figs. 1-2). 

Mandibular muscles and muscle scars .  - -  Each mandi- 
ble is connected to the valve by four muscles and three of 
these terminate on the dorsal region of the valve. The 
smallest of the four muscles terminates on the lateral sur-  
face of the valve forming a scar  in the frontal group of the 
central-muscle field. Discussion of this small muscle is  
deferred to the discussion on the origin of the scars  of the 
frontal group. 

The two largest mandibular muscles form a V, with 
its point of origin on the inner face of the large, canoe- 
shapedbasal podomere (Fig. 2a-b; P1. 1, Fig. 2; P1. 2, 
Fig. 1; P1. 3, Figs. 2-3; P1. 4, Fig. 3; P1. 6, Fig. 1). 
Kesling (1951, p. 26) suggested that these two muscles act 
a s  retractors and also perhaps a s  diductors. They form 
large, prominent scars  on the valve (Fig. 2a-b; Pl.  8, 
Figs. 1-2). As previously noted, several smaller muscles 
merge a t  their termination with the anterior muscle of 
this pair to form a single large scar .  The posterior mus- 
cle of the pair does not merge with other muscles at i ts 
termination (Fig. 2a-b). 

The third muscle leading from the mandible to the 
dorsal area is about one-third the diameter of the V-shaped 
pair (Fig. 2a-b). It originates on the inner face, near the 
distal end, of the basal podomere (Pl.  3, Fig. 2). As 
shown on this figure the other two large muscles from the 
mandible extend vertically upward. This third muscle 
extends at an angle to the dorsal area, and evidently func- 
tions to draw the apex of the mandible toward the center of 
the body, which would then swing the basal parts of the 
mandible outward from the side of the mouth. Its scar  i s  
just dorsal and anterior to the scar  formed by the poster- 
ior muscle of the large V-shaped pair (Fig. 2a-b; P1. 8, 
Figs. 1-2). 

Maxilla and first thoracic leg muscles and muscle - - - - - - - - 
scars .  - -  The muscles of the maxilla and the first thoracic - 
leg a re  discussed a s  a unit, because a single scar in the 
dorsal-muscle field appears to be formed by muscles wh 
which ar ise  from the maxilla and the f i rs t  thoracic leg 
(Fig. 2a-b). 

As indicated on figure 2a-b, a muscle from the rear  
part of the maxilla and a muscle from the front part of 
the f i rs t  thoracic leg appear to merge and form a single 
muscle extending to the dorsal area of the valve. Whether 
or not these two muscles actually fuse, which seems un- 
likely, they a re  at least so intimately associated for most 
of their length that they a r e  indistinguishable a s  individual 
muscles. The scar formed by the combined muscles of 
the maxilla and the f i rs t  thoracic leg is the posterior scar  
of the small pair which lies In the ventroposterior area of 
the dorsal-muscle field (Fig. 2a-b; P1. 8, Figs. 1-2). 

A pair of closely associated muscles, not associated 
with muscles from the thoracic legs, originates in the 
basal podomere of the maxilla. The exact point of origin 
and the function of this pair i s  not obvious. They extend to 
the dorsal area in a position just in front of the transverse 
closing muscles and behind the basal podomere of the 
mandible (Pl. 2, Fig. 5). The maxilla muscle pair forms 
a single scar, which i s  the anterior scar of the small pair 
located in the ventroanterior area of the dorsal-muscle 
field (Fig. 2a-b; P1. 8, Figs. 1-2). Perhaps the muscles 
which a r e  attached to the anterior and posterior of the 
maxilla serve to move the maxilla backward and forward. 

The thoracic legs a re  unique in that they have not 
only a direct muscle connection to the valve, but also have 



muscles  which attach to the anterior branch of the furcal  
rod.  The anter ior  furcal-rod branch in turn has  a d i rec t  
muscle  connection to the valve (Fig. 2a-b). A pai r  of 
closely associated muscles extends f rom the dorsa l  r i m  
of the basal  podomere of the f i r s t  thoracic leg and attaches 
to the anter ior  branch of the furcal rod (Fig. 2a-b; PI.  1, 
Fig.  2; P1. 2, Fig.  3; P1. 4, Fig. 3) .  The exact point of 
origin of these muscles on the basal podomere is difficult 
to determine, but if they a r e  attached in slightly different 
positions, then the muscles may serve  to ro ta te  the f i r s t  
thoracic leg.  

Second and third thoracic leg muscles and muscle  - - -- - - - - 
s c a r s .  -- The second and third thoracic legs  a l so  appear - 
to sha re  a common muscle which connects to the dorsa l  
a r e a  of the valve (Fig. 2a-b; P1. 2, Figs.  1, 3; P1. 4, Fig. 
3). Again, in much the same manner a s  the muscles  of 
the f i r s t  thoracic leg and the maxilla, these  individual 
muscles  become indistinguishable a s  they extend toward 
the do r sa l  a rea .  The muscles f rom the basal  podomeres 
of the second and third thoracic legs merge near the cen- 
t e r  of the body and continue to the dorsa l  a r e a  where they 
f o r m  a singie s c a r  (Fig. 2a-b; P1. 8, Figs.  1-2). The 
s c a r  i s  the r e a r  one of the smal l  pair  in the anteroventral  
a r e a  of the dorsal-muscle field. The exact nature of the 
function of these muscles is not c lear ,  but they probably 
aid in the movements of the appendages. 

The second thoracic leg  also has a pai r  of muscles  
leading to the anterior branch of the furcal  rod (Fig. 2a-b; 
P1. 4, Fig.  3). In addition, a single muscle extends to-  
ward the posterodorsal a r e a  of the body; in Figure  2a, the 
uncertainty of the termination of this muscle is indicated 
by a question mark. Determination of the muscles in the 
poster ior  a r e a  of the body is difficult because they a r e  very 
sma l l  and usually obscured by the r e a r  gut, l iver ,  ovar ies ,  
and other body tissues.  

The th i rd  thoracic leg  a lso  has  a pai r  of muscles  ex- 
tending f r o m  i t s  basal podomere to the anter ior  branch of 
the furcal  rod  (Fig.  2a-b). 

F u r c a  and posterior-body-wall muscles  and muscle -- 
s c a r s .  -- The musculature which operates  the fu rca  is - 
complex. The furca ,  a s  well a s  the whole posterior pa r t  
of the body, is capable of a great  deal of movement. The 
base  of the furca  i s  supported by a rod embedded in the 
posterior-body wall. The furcal  rod  ac t s  as a fu lcrum for  
the base  of the furca .  The furcal  rod branches on i t s  dor- 
s a l  end with one branch extending backward and the other 
forward.  In Figure  2a the furcal  rod is drawn in solid 
black. 

A s  previously mentioned, muscles  f r o m  the thoracic 
l egs  attach to the anterior branch of the furcal  rod. The 
anter ior  branch of the furcal  rod i s  in turn  connected to 
the dorsa l  a r e a  of the valve by a single muscle (Fig. 2a-b; 
P1. 4, Fig.  3), which evidently adds stability to the anter-  
i o r  branch when the muscles f r o m  the thoracic appendages 
pull against  the rod. Some of the thoracic l eg  muscles  
which attach to the anter ior  branch of the furcal  rod a r e  
shown on f igure  1 of Plate 4. 

Three  muscles  which aid in the operation and extension 
of the fu rca  attach to the posterior branch of the furcal  rod 
(Fig.  2a; P1. 1, Fig.  2; P1. 2, Fig. 1: P1. 4, Fig.  2). The 
l a rges t  of the three  l ies  posterior to the furcal  rod and 
a t taches  to the poster ior  base of the furca .  This  muscle 
a c t s  a s  an extensor,  a s  i t s  contraction extends the fu rca  
out of the opened valves. A pai r  of s ~ n a l l e r  n ~ u s c l e s ,  
which act a s  flexors,  connect near the anter ior  base of 
f u r c a  (Fig.  2a-b). 

The posterior branch of the furcal  rod i s  supported by 
a t  leas t  three muscles  which extend to the dorsal a r e a  of 
the valve. There i s  also a t  l ea s t  one muscle originating 
in the dorsoposterior-body wall  just above the posterior 
branch of the fu rca l  rod. These f o r m  a loosely knit group 
extending to the dorsoanterior a r e a  of the valve (Fig. 2a- 
b;  P1. 1, Fig. 1; P1. 3, Fig.  3; P1. 4, Figs.  1-2; Pl.  6, 
Fig. 1). The posterior pa r t  of the body i s  not firmly 
attached to the valve. The muscles  connecting the poster- 
ior  branch of the fu rca l  r o d  to the valves compensate for  
the fo rces  created by the operation of the furca .  Sca r s  of 
muscles f rom the posterior branch of the furcal  rod and 
the posterior-body wall lead to the dorsocentral  a r e a  of 
the dorsal-muscle field (Fig. 2a-b; P1. 8, Figs.  1-2). 

The furcal  rod  i s  a lso  connected to the endoskeleton 
by two muscles (Fig. 2a-b; P1. 1, Fig. 2; P1. 2, Fig. 3) .  
One muscle connects to the dorsa l  end of the rod a t  a point 
near where i t  branches.  Contraction of this muscle draws 
the apex of the furcal  rod forward and forces  the base of 
the fu rca  backward. A pai r  of muscles extend within the 
ventral  par t  of the body f rom the endoskeleton to the base 
of the furca.  They probably ac t  to draw the base of the 
furca  forward. 

Endoskeletal muscles  and muscle s c a r s .  - -  The endo- 
skeleton of Chlamydotheca arcuata  is a chitinous, saddle- 
shaped s t ructure .  I t  l i e s  in the center of the body between 
the mandibles (Pl.  3, Fig. 2; P1. 5, Figs.  7-8). The re  
a r e  two dorsal  prongs on each side of the endoskeleton; 
one prong points anteriorly and the other points posteriorly 
(Pl.  5, Figs.  7-8). A large  muscle originates on each 
prong. The endoskeleton is not shown in the diagram on 
figure 2a in order  to avoid confusion, but the muscles 
which extend f r o m  the endoskeleton a r e  shown in their  
approximate position on the diagram. 

The muscles supporting the right and left side of the 
anterior end of the endoskeleton a r e  shown on Fig. 2, P1. 
3, and the muscles  supporting the right and left s ides  of 
the posterior end of the endoskeleton a r e  shown in the 
same relative position on Fig.  3, P1. 3.  

The muscle f r o m  the anter ior  end of the endoskeleton 
f o r m s  the anteriormost s c a r  in the dorsal-muscle field 
(Fig. 2a-b; P1. 8, Figs .  1-2). The muscle f r o m  the pos- 
ter ior  of the endoskeleton f o r m s  a sca r  just anteroventral 
to the sca r  of the posterior muscle of the large  V-shaped 
mandibular muscles (Fig.  2a-b; PI. 8, Figs.  1-2). 

In addition to the two l a rge  muscles which support 
each side of the endoskeleton, there  i s  a third small  mus- 
cle which extends laterally to the a r e a  of the central-mus- 
cle field.  Discussion of this smal l  nluscle i s  deferred to 
the following section on the muscles  and origin of the 
f ronta l  group. 

Muscles which f o r m  fronta l  s c a r s  of central-muscle - -- - -- - 
field. - -  As oreviouslv mentioned in the discussion of 
muscle-scar terminology, two distinct and unrelated mus- 
- 

c le s  form the frontal  s c a r s  of the central-muscle field.  
In the l i terature,  the origin of these s c a r s  almost exclus- 
ively has  been attributed to antenna1 muscles.  During 
this study it was  found that these two muscles a r e  in no 
manner associated with the antenna. The a r e a  f rom which 
these muscles a r i s e  i s  exceedingly complex and a quick o r  
casual observation could easily lead to the conclusion that 
these two muscles a r e  associated with the antenna. 

The two muscles  that f o r m  the s c a r s  of the frontal  
group originate in two different pa r t s  of the body. The 

dorsal  s ca r  of the frontal  group (Pi.  8. Figs.  1-2) i s  



fo rmed  by a sma l l  muscle which i s  attached to the ventral  
inside f ace  of the basal  podomere of the mandible (Fig. 2a- 
b;  P1. 2, Fig. 2). The ventral  s c a r  of the frontal group 
(Pl .  8, Figs .  1-2) is formed by a sma l l  muscle which i s  
attached to the endoskeleton (Fig.  2a-b; P1. 2, Fig. 2; P1. 
5, Figs .  7-8). The ventral  mandibular muscle draws the 
mandible toward the body wall. The muscle to the endo- 
skeleton s e r v e s  to stabil ize the position of the endoskele- 
ton in the center of the body. The two muscles a r e  shown 
on Figs .  2, 5 of P1. 2, a s  they penetra te  the body in a 
position between the anter ior  edge of the mandible and the 
poster ior  edge of the basal  podomere of the antenna. 

The mandibles were  dissected f r o m  severa l  adult 
specimens. The mandibles a r e  f i rmly attached to the 
endoskeleton by severa l  muscles ,  and during the dissec- 
tion seve ra l  mandibles were  obtained which were  s t i l l  
associated with portions of the endoskeleton. Figures  4-5 
of Pla te  4 show a dissected mandible, pa r t  of the body 
wall, and p a r t  of the endoskeleton, which retain the two 
muscles  that f o r m  the frontal  s c a r s .  Figure 6 of Plate 4 
shows another mandible dissection with the two muscles. 

These muscles  a r e  a lso  well shown in their natural 
position on t ransverse  thin sect ions  (Pl.  5, Figs.  7-9). 
F igu res  8-9 shows two success ive  sections cut through a 
specimen. The center p a r t  of the ventral  mandibular mus- 
cle miss ing on Fig. 9 is present  in i t s  correct  position on 
Fig.  8. 

Closing-muscle scars. -- There  a r e  five large  and 
two smal l  s c a r s  in the closing-muscle group. One smal l  
s c a r  is located just behind the middle s c a r  of the posterior 
row, and the other is ventroposterior to the l a rge  ventral  
s c a r  (Pl.  8, Figs .  1-2). The l a rge  ventral  s ca r  on the 
right valve (Pl.  8, Fig.  1) i s  strongly constricted in i t s  
center  but the constriction is not complete and the sca r  is 
not actually divided. This s c a r  on the left valve is much 
l e s s  constricted (Pl. 8, Fig. 2). 

Musculature and Muscle Sca r s  of Immature Ins tars  

The soft p a r t s  and the valves of the ins tars  were  
studied to determine the changes that occur in the muscula- 
t u re  and resulting muscle-scar  pat terns  found on the valves 
of the ins tars .  The ent i re  muscle sys tem will not be r e -  
viewed fo r  each ins tar .  Only the important differences in  
the musculature and the muscle-scar  patterns including the 
central-muscle field a r e  considered. The ins tars  a r e  d is-  
cussed in their  r eve r se  o rde r  proceeding f rom the oldest to 
the youngest s o  that the in s t a r s  may be compared to the 
adult. 

Eighth ins tar .  - -  All of the appendages and most of the 
body is in i t s  f inal form.  The sexual organs a r e  in the an- 
lagen s tage  of development. The musculature of the eighth 
ins tar  (Pl .  6, Figs .  2-3) is identical to that of the adult (Pl.  
6, Fig.  1). 

The dorsal -muscle-scar  pattern of the eighth instar 
(Pl .  8, Figs .  3-4) i s  identical to the adult (Pl. 8, Figs.  1- 
2). With one exception, the central-muscle field of the 
eighth ins tar  (Pl .  8, Figs.  3-4) is the same  a s  the adult 
(P l .  8, Figs .  1-2). The mandibular fulcra1 sca r  present 
on the valves of the adult (Pl.  8, Figs .  1-2) i s  missing on 
the valves of the eighth and younger in s t a r s  (Pl .  8, Figs.  
3-8; P1. 9, Figs .  1-10). The ventral  closing-muscle sca r  
i s  sma l l e r  than that of the adult and i s  not constricted (Pl .  
8, Figs .  3-4). 

Seventh in s t a r .  - -  All of the appendages a r e  well de- -- 

fined and the musculature (Pl .  6, Fig. 4) corresponds to 
the musculature of the adult. 

The dorsal-muscle-scar patterns (Pl .  8, Figs .  5-6) 
a r e  s imi lar  to those of the eighth instar and the adult (PI. 
8, Figs .  1-4). The closing-muscle s c a r s  a r e  grouped more  
closely and the two dorsal  s c a r s  l ie  close together. 

Sixth ins tar .  - -  All of the appendages a r e  present  even -- 
though many a r e  not fully developed. The third thoracic 
leg  is in the anlagen stage.  The muscles extending to the 
valve (Pl. 6, Figs.  5-6) a r e  s imi lar  to those of the adult. 

The muscle s c a r  i n  the dorsal-muscle field formed in 
the adult by the merging of the second and third thoracic 
legs  (Fig. 2a-b) i s  present on the valve of the sixth instar 
(Pl.  9, Figs.  1-2). The author was unable to determine 
whether this s ca r  was formed by muscles f r o m  both the 
second and third leg or  only by muscles f rom the second 
leg. In any event, the overall  dorsal-muscle-scar pattern 
of the sixth instar (Pl.  9, Figs.  1-2) st i l l  corresponds to 
the pat tern  of the older growth stages (Pl .  8, Figs .  1-6). 
The dorsal-closing muscles fo rm only one sca r  (Pl .  9, 
Figs.  1-2). 

Fifth ins tar .  -- The muscles which fo rm the most -- 
prominent s c a r s  in the dorsal-muscle field a r e  well 
developed (Pl.  6, Figs.  7-8). However, in the younger 
ins tars ,  i t  was impossible to determine the smal l  muscles  
which extend dorsally f rom the thoracic legs,  maxilla, 
and ventral  r i m  of the antennule. The presence o r  absence 
of these muscles can only be inferred by the muscle s c a r s  
found in the dorsal-muscle field. The s c a r s  formed by 
the sma l l  muscles f r o m  the thoracic legs, maxilla, and 
ventral  r i m  of the antennule a r e  difficult to recognize on 
the valves of the older growth stages.  On the valves of 
the fifth and younger ins tars ,  these small  muscle s c a r s  
approximate the s ize  and appearance of the normal pore  
canals.  Therefore, no conclusions may be drawn with 
certainty about the presence or  absence of the muscles  
which f o r m  these s c a r s .  

The valves of the fifth instar (Pl.  9, Figs.  3-4) exhi- 
bit the f i r s t  departure f rom the dorsal-muscle-scar pat- 
tern  found in the older growth stages.  The two s c a r s  
formed by the muscles f rom the dorsal-body wall  and the 
furcal  rod (Fig.  2a-b) a r e  conspicuously absent. No sca r  
of the l a rge  dorsa l  antennular muscle (Fig.  2a-b) can be 
seen in  the valve of the fifth instar (Pl .  9, Figs .  3-4), but 
i t  i s  definitely present on the valves of the fourth and third 
in s t a r s  (Pl.  9, Figs.  5-8). The dorsal antennular muscle 
is well developed in the fifth instar (Pl.  6, Figs .  7-8). 
The absence of i t s  s ca r  on the valve photographed i s  pro-  
bably due to a quirk of preservation. As previously noted, 
the two pa i r s  of smal l  s c a r s  in the ventral a r e a  of the 
dorsal-muscle field a r e  indistinguishable on the valves of 
the fifth and younger ins tars .  

The closing-muscle s c a r s  resemble those of the sixth 
ins tar .  

Fourth ins tar .  - -  With the exception of the anlagen of -- 
the f i r s t  thoracic appendage, only the appendages of the 
head region a r e  present .  The muscles extending f rom the 
head appendages to the dorsa l  region (Pl .  6, Figs .  9-10) 
a r e  s t i l l  remarkably s imi lar  in arrangement to those of 
the adult. 

The pattern of the muscle s c a r s  in the dorsa l -muscle  
field (Pl .  9: Figs .  5-6) closely resembles  that of the fifth 
instar (Pl .  9, Figs .  3-4). The two middle s c a r s  of the 



closing-muscle group a r e  nearly joined (Pl.  9, Figs. 5-6). 

Third ins tar .  - -  The musculature of the third instar -- 
r e sembles  that of the fourth ins tar .  The musculature of 
the third instar was observed through the transparent 
valve. 

The dorsal-muscle-scar pattern (Pl. 9, Figs. 7-8) is 
s imi lar  to the pattern of the fourth instar (Pl .  9, Figs.  5- 
6). The two smal l  closing-muscie s c a r s  present on the 
valves of all  older growth s tages  (Pl.  8, Figs.  1-6; P1. 9, 
Figs .  1-6) a r e  lacking on the valves of the third and younger 
in s t a r s  (Pl.  9, Figs.  7-10). 

Second ins tar .  -- All the head appendages a r e  present -- 
in the second ins tar .  The musculature of the second instar 
was not clearly observed, but the muscle-scar pattern of 
the dorsal-muscle field (Pl. 9, Figs.  9-10) is s imi lar  to 
the pattern of the third instar (Pl .  9, Figs.  7-8). 

An important difference is noted in the central-muscle 
field. The chitinous supporting rods  joining the mandible 
to the la tera l  surface of the valve a r e  not developed, so  
that the mandibular s c a r s  a r e  absent (Pl.  9, Figs.  9-10). 
The two middle closing-muscle s c a r s  no longer appear to 
be nearly joined a s  they a r e  on the valves of the third and 
fourth ins tars .  

F i r s t  ins tar .  --  No living specimens of the f i r s t  instar -- 
were observed, and only a single molted carapace of the 
f i r s t  instar was found (Pl.  8, Fig.  7). The valves of the 
f i r s t  instar a r e  weakly calcified, if a t  all. No s c a r s  of 
any so r t  were  found on the single valve that was studied 
(Pl .  8, Fig. 8). However, judging f rom the relationships 
of the second ins tar ,  the s c a r s ,  if found on the valve of the 
f i r s t  instar would probably be much the same  a s  those of 
the second ins tar .  

Summary of the Muscle-scar Pa t t e rns  of the Nine Ins tars  
of Chlamydotheca arcuata  (Sars) 

The muscle-scar pat terns  were  studied on many valves, 
both right and left, of all the in s t a r s  and the adult with the 
exception of the f i r s t  ins tar .  The patterns a r e  the same  
on both right and left valves of each growth stage. The 
muscle-scar  patterns a r e  constant on all  of the valves with- 
in each growth stage.  

On some valves all of the s c a r s  do not appear to be 
present  a t  f i r s t  glance o r  if they a r e  present  the shape of 
the s c a r s  appears  to be different. Careful observation in 
such cases  confirms that the s c a r  patterns a r e  complete. 

The apparent differences a r e  merely due to the p r e s e r -  
vation o r  the lack of i t  on the different valves. 

Dorsal-muscle field. --  The muscle s c a r s  formed by 
the p-or-body wall and the furcal  rod do not appear 
until the sixth instar.  The presence of the two pa i r s  of 
sma l l  s c a r s  in the ventral  a r e a  of the dorsal-muscle field 
is uncertain until the sixth instar.  F rom the sixth instar 
to the adult the pattern of the dorsal-muscle field i s  con- 
stant. Each dorsal-muscie sca r  re ta ins  i t s  position re ia-  
tive to other s c a r s  in  the dorsal-muscle field and to s c a r s  
of the central-muscle field throughout the pa r t  of the onto- 
geny in which i t  i s  developed. 

Central-muscle f-. -- The pattern of the closing- 
muscle group changes through the ins tars .  In their  order 
of appearance in life, f r o m  the f i r s t  to the ninth or  adult 
ins tar ,  individual s c a r s  become more  complex by division. 
The closing-muscle s c a r s  were  not observed on the valve 
of the f i r s t  ins tar .  There a r e  four  large  s c a r s  in the sec-  
ond and third instars.  A pai r  of sma l l  s c a r s  a r e  added in 
the fourth instar,  and the closing-muscle group then con- 
s i s t s  of four large  and two smal l  s ca r s .  This pattern i s  
maintained through the sixth instar.  In the seventh instar 
the do r sa l  s ca r  i s  nearly divided into two separa te  sca r s .  
This division is complete in the eighth ins tar  s o  that the 
closing-muscle group then consists of five l a rge  and two 
sma l l  s c a r s .  In the adult the ventral  large  s c a r  i s  elon- 
gated and often so  sharply constricted a t  i t s  center that 
i t  appears  to be  two separate sca r s .  However, the ventral 
s c a r  usually retains i t s  identity a s  a single, but constric- 
ted sca r .  Because of this more  o r  l e s s  continuous change, 
the f inal  closing-muscle-scar pattern is only attained in 
the adult stage.  

With the exception of the f i r s t  instar,  which was not 
observed, two frontal  s c a r s  a r e  present  in all of the in- 
s t a r s  and the adult. 

Two mandibular s c a r s  a r e  present f r o m  the third in- 
s t a r  to the adult. These s c a r s  a r e  missing on the valves 
of the second and perhaps the f i r s t  ins tar .  With their 
f i r s t  appearance in the third instar,  the mandibular s c a r s  
a r e  approximately equal in length to the large  s c a r s  of the 
closing-muscle group (Pl.  9, Figs.  7-8). The mandibular 
s c a r s  become progressively more  elongate with respect  to 
the l a rge  s c a r s  of the closing-muscle group f r o m  the third 
ins tar  t o  the adult. In the adult the mandibular s c a r s  a r e  
approximately twice the length of the l a rge  s c a r s  of the 
closing-muscle group (Pl.  8, Figs.  1-2). 

The mandibular fulcra1 s c a r  is apparent only in the 
adult s tage .  

The identification of this species  was based on the The major muscles which extend f rom the appendages 
description given by Kesling (1951, pq: 1-3) in his mono- and other body par ts  were  described and figured by Kes- 
graph on Cypridopsis vidua ( 0 .  F. Muller). The rnuscula- ling (1951), but the attachment of the muscles  was  not cor-  
t u re  and many other f ea tu res  of the species  were  worked re la ted  with the muscle s c a r s  found on the dorsa l  a r e a  of 
out in great  detail in this monograph, so  that no fur ther  the valve. However, with specimens prepared by the 
comment on the morphology of Cypridopsis vidua i s  neces- previously described method of free-hand sectioning, i t  
s a r y  for  the purpose of th is  study. was  possible to correlate the muscles  with their  s c a r s  of 

attachment.  



Several muscles from the head region, furca, endo- 
skeleton, and posterior-body wall were correlated with 
their muscle scars .  Several dozen free-hand sections 
were prepared of adult specimens and in the thoracic 
region of a few of these specimens, muscles that appeared 
to extend to the dorsal region of the body were found. 
Because these muscles a r e  very small and difficult to 
t race even in the best prepared specimens, no positive 
comment concerning their origin, function, position, or 
termination may be made. However, the author has little 
doubt that a system of thoracic leg muscles somewhat 
comparable to that observed in Chlamydotheca arcuata 
(Sars) exists in the body of Cypridopsis *. No scars  
in the ventral region of the dorsal-muscle field were found 
that might indicate the presence of these muscles, but 
this is not surprising in view of the extremely small size 
of the muscles which probably form scars  about the size 
of the normal pores, and thus would be indistinguishable. 

Figure 3a is a modification of Kesling's (1951, Fig. 5, 
p. 10) diagram of the left half of an adult viewed from the 
median plane toward the exterior of the valve. As in the 
case of the drawing of Chlamydotheca arcuata the muscles 
represented on the drawing a r e  duplicated on the other half 
of the valve. Figure 3b i s  an overlay of the same valve in- 
dicating the muscle origin of the s c a r s  of the dorsal-mus- 
cle field. 

The adult valve of Cypridopsis has a coarse 
surface texture which tends to obscure the muscle scars  
when viewed in transmitted light (Pl. 10, Fig. 1; P1. 11, 
Fig. 12). The muscle-scar pattern was studied on several 
adult valves and was found to be identical to the pattern on 
the valves of the eighth instar (Pl. 10, Figs. 2-4; P1. 11, 
Fig. 11). Therefore, in the following discussion of the 
adult muscle s c a r s  reference is also made to the left 
valve of the eighth instar (Pl. 10, Fig. 2), as well a s  the 
adult left valve (Pl. 10, Fig. 1). 

As in the case of other ostracods, the nature of the 
closing muscles is well known, so that only the develop- 
ment of their pattern is considered in the following dis- 
cussions. Only the muscles which form scars  in the dorsal 
a r e a  of the valve plus the two that form the frontal scars  of 
the central-muscle field a r e  discussed. The discussion of 
the muscles and muscle s c a r s  follows the sequence used 
for Chlamydotheca arcuata. 

Musculature and Muscle Scars of the Adult 

Antennular muscles and muscle scars .  -- Four mus- 
cles extend from the proximal region of the basal podomere, 
but the point of termination is known for only three of the 
muscles. The largest, most prominent muscle attaches 
to the dorsal r i m  of the basal posomere, and extends direct- 
ly toward the posterior of the body (Fig. 3a-b; P1. 7, Figs. 
1-2). This muscle acts a s  a flexor for the antennule, and 
forms the most posterior scar  in the dorsal-muscle field 
(Fig. 3a-b; P1. 10, Figs. 1-2). 

A small muscle, which acts a s  flexor, originates on 
the r im of the antennule just dorsal to the large flexor 
muscle described above (Fig. 3a-b). This small muscle 
forms a distinct scar  in the dorsal-muscle field (Fig. 3a- 
b; P1. 10, Figs. 1-2). 

A small muscle from the median r im of the antennule 
merges at i t s  termination with muscles from the mandible 
and other body parts  to form a single, large muscle scar  
(Fig. 3a-b; P1. 10, Figs. 1-2). 

A muscle originating on the ventral r i m  of the anten- 
nule can be traced toward the mid-dorsal area of the body 
(Fig. 3a-b). The termination of this ventral antennular 
muscle is obscure, but comparison to a similar muscle 
found in Chlamydotheca arcuata (Fig. 2a-b) suggests that 
this muscle terminates near the ventrocentral part of the 
dorsal-muscle field. 

Antenna1 muscles and muscle scars .  - -  Three mus- 
cles extend from the inner surface of the basal podomere 
r im to the dorsal area (Fig. 3a-b). The dorsalmost of 
these three muscles, which acts a s  a flexor, forms a 
muscle scar  directly dorsal to the large anterior scar of 
the mandible and other muscles (Pl. 10, Figs. 1-2). Occas- 
ionally these two muscles form a single scar .  

Another, larger muscle also originates in the dorsal 
region of the antenna (Pl. 7, Figs. 1-2). It is shown in 
Figure 3a-b a s  a single muscle, but it may actually be a 
pair of closely associated muscles. The muscle or mus- 
cles function a s  flexors. The muscle scar lies just ven- 
t ral  to a line between the s c a r s  of the two large mandibu- 
l a r  muscles (Fig. 3a-b; P1. 10, Figs. 1-2). 

The third muscle, which acts a s  an extensor, origi- 
nates in the ventral area of the basal podomere (Fig. 3a-b; 
P1. 7, Figs. 1-2) and terminates to form a muscle scar 
ventral and slightly posterior to the scar  formed by the 
large flexor muscle from the dorsal a rea  of the antenna 
(Fig. 3a-b; P1. 10, Figs. 1-2). 

Forehead muscle and muscle scar .  -- The forehead 
region is connected to the dorsal area of each valve by a 
single muscle. It merges a t  i t s  termination with muscles 
from the mandible and other parts to form a single scar 
(Fig. 3a-b; Pl. 10, Figs. 1-2). 

Mandibular muscles and muscle scars .  - -  Two large 
muscles, which form a V,  connect the mandibles to the 
dorsal a rea  of the valve (Fig. 3a-b; P1. 7 ,  Figs. 1-2). The 
third muscle from the mandible to the dorsal area, which 
is present in Chlamydotheca arcuata, was not observed. 
At its termination, the anterior muscle of the pair merges 
with several other muscles to form a large scar  (Fig. 3a-b; 
P1. 10, Figs. 1-2). The termination of the posterior mus- 
cle forms a single large scar  in the posterior area of the 
dorsal-muscle field (Fig. 3a-b; P1. 10, Figs. 1-2). 

Furca and posterior-body-wall muscles and muscle 
scars .  -- The arrangement of the muscles and the furcal - 
rod in the posterior end of the body is quite similar to 
that of Chlamydotheca arcuata. Because of the small size 
of Cypridopsis vidua the details of the a rea  a re  not appar - 
ent, but the muscles which extend toward the dorsal area 
a re  visible. Muscles supporting the body wall and the 
dorsal end of the furca f o r m  a common muscle scar in the 
posterior end of the dorsal-muscle field (Fig. 3a-b; P1. 
10, Figs. 1-2). 

Endoskeletal muscles and muscle scars .  - -  The endo- 
skeleton is a saddle-shaped structure with projecting 
prongs. Supporting mu; cles extend from anterior and 
posterior prongs on each side of the endoskeleton to the 
dorsal area (Fig. 3a-b). The muscle from the anterior 
prong forms the most anterior muscle scar  of the dorsal- 
muscle field (Fig. 3a-b; P1. 10, Fig. 1-2). The posterior 
muscle forms a scar just ventral to the scar formed by the 
posterior mandibular muscle (Fig. 3a-b; P1. 10, Figs. 
1-2). 



TEXT-FIGURE 3. C r ido s i s  vidua (0 F Mtdler)  h?usculature of right side a s  viewed f r o m  median plane 
i & k & - m u s ~ l e  scars  bf r i g h t ' v i v e  (above) labeled with origin of muscles  in dorsal-  
muscle field. 



Muscles which form frontal s c a r s  of central-muscle 
field. -- Because of their small size and location, it  i s  
difficult to determine the exact origin of the two small mus- 
cles  which form the frontal scars .  However, the author 
fee l s  certain that these two muscles a r e  not associated with 
the antenna but very likely have the same origin as  the two 
muscles which form the frontal s c a r s  of Chlamydotheca 
arcuata. 

Closing-muscle scars .  -- The closing-muscle group 
consists of four large and two small scars .  Three of the 
large s c a r s  a r e  arranged in an anterior, curved vertical 
row. The fourth large scar  lies directly posterior to the 
ventral scar  in the anterior row (Pl.  10, Figs. 1-2). One 
of the small sca rs  lies just below the two ventralmost 
large scars ,  and the other posteroventral to the most 
posteroventral large scar  (Pl. 10, Figs. 1-2). 

Musculature and Muscle Scars of Immature Instars 

Free-hand sections were made of specimens of the 
seventh and eighth instars,  and the muscles which lead to 
the valve were found to be similar to those of the adult. 
The younger instars a r e  too small to be sectioned by the 
free-hand technique, and their valves too opaque to allow 
a view of the muscles. Kesling (1951), described the onto- 
geny of the instars of Cypridopsis * in detail. The 
details of development a r e  similar to those of Chlamydo- 
theca arcuata. Therefore, i t  is assumed that the indivi- -- 
dual muscle s c a r s  in the dorsal-muscle field of the instars, 
which a r e  in the same relative position a s  those in the 
adult valve, represent the point of attachment of the same 
muscle or muscles. 

As the musculature of a l l  the instars was not studied, 
only the muscle scar  patterns of the instars a r e  reviewed. 

Eighth through sixth instars.  - -  The arrangement of ---- 
the s c a r s  in the dorsal- and central-muscle fields (Pl. 10, 
Figs. 2-6; P1. 11, Figs. 11, 13) is identical to that of the 
adult (Pl.  10, Fig. 1; P1. 11, Fig. 12). 

Fifth instar. -- The s c a r s  formed by the posterior- -- 
body wall and the furcal rod a r e  absent o r  unrecognizable. 
The two small closing-muscle s c a r s  in the posteroventral 
a r e a  of the closing-muscle group a r e  not present (Pl. 11, 
Figs. 1-2). 

Fourth and third instar. -- The dorsal-muscle-scar 
7 Ws.3-6) is similar to the pattern of the 

fifth instar (Pl. 11, Figs. 1-2). The scars  of the frontal 
group a r e  present but obscure. 

Second and f i r s t  instar. -- The s c a r s  of the dorsal- 
m u s c ~ d ~ d t h e ~ a l  s c a r s  a r e  nearly unrecogni- 
zable (Pl. 11, Figs. 7-10). In the central-muscle field 
only the four closing-muscle s c a r s  a r e  visible (Pl. 11, 
Figs. 7-10). The mandibular s c a r s  a r e  lacking on the 
valves of both the second and f i r s t  instar.  

Summary of the Muscle-Scar Patterns of the Nine 
Instars of Cypridopsis vidua (0.  F.   tiller) 

the nine growth stages were studied. As in the case of 
Chlamydotheca arcuata, the muscle-scar pattern was 
found to be cons-all of the valves studied within 
each growth stage, and the same on both the right and left 
valves of each growth stage. The coarse texture of the 
valves of a l l  growth stages tended to obscure the muscle 
scars ,  particularly when immersed in glycerine and viewed 
through transmitted light. 

No scars  that might be interpreted a s  being formed by 
muscles from the maxilla or thoracic legs were found. 
However, there i s  reason to believe that these muscles 
and muscle scars  do exist, but a re  too small to be recog- 
nized. A small muscle from the ventral r i m  of the anten- 
nule forms one of the scars  in the two small pairs of s c a r s  
located in the ventral area of the dorsal-muscle field of 
Chlamydotheca arcuata. A similar muscle is known to 
exist in Cypridopsis & Yet the termination of this 
muscle, which is quite apparent in Chlamydotheca arcuata, 
is not visible in Cypridopsis %. Therefore, it is felt  
that the muscles from the maxilla and thoracic legs, which 
a r e  very difficult to find in the large specimens of Chlamy- 
dotheca arcuata may exist in Cypridopsis vidua, but a r e  
too small to be recognized. 

Dorsal-muscle field. -- Muscle scars  a r e  unrecogni- --- 
zable in the first and second instars. Scars formed by 
muscles from the posterior-body wall and furcal rod appear 
to be lacking on the valves of the first through fifth instar.  
The patterns a re  identical on the valves of the sixth instar 
through the adult. No scars  were observed that could be 
correlated with muscles that originated from the thoracic 
legs o r  the maxilla. The relative position of the muscle 
scars  that were observed was constant throughout the g 
growth stages. 

Central-muscle field. - -  From the f i rs t  through the --- 
fifth instar the closing-muscle-scar group is composed of 
four large s c a r s  arranged with a dorsal and ventral scar  
separated by two scars  in a horizontal row. Two small 
scars  a r e  added in the sixth instar. In the sixth and 
seventh instar the position of the posterior scar  of the 
horizontal row shifts to a more ventral position, so that 
in the last three growth stages the pattern is a somewhat 
curved, anterior, vertical row of three s c a r s  with a 
fourth scar  nearly posterior to the ventral scar  of the 
vertical row. 

The two mandibular scars  a re  not present-on the 
valves of the f i rs t  and second instar. They f i r s t  appear in 
the third instar and a re  present on valves of all  successive 
growth stages. The scars  a r e  approximately equal in 
length to the dorsalmost closing-muscle scar  from their 
f i r s t  appearance in the third instar through the adult. 

The recognition of the frontal scars  is uncertain in the 
f i r s t  and second instars,  but they are  definitely present in 
the third and fourth instar even though obscure. The 
frontal scars  a re  easily recognized on the valves of the 
fifth instar through the adult. 

No mandibular fulcra1 scars  were recognized on the 
valves of any growth stage. 

The muscle-scar patterns on many valves of each of 



TAXONOMIC E V A L U A T I O N  O F  M U S C L E  S C A R S  

This study of the musculature and muscle-scars pat- 
terns  of Chlamydotheca arcuata (Sars) and Cypridopsis 

(0. F. MUller) has provided answers or partial an- 
swers  to several questions. It has also established a 
foundation on which inore comprehensive and co~~clusive 
studies may be made. The musculature and muscle-scar 
patterns were carefully investigated in all of the growth 
stages of both species. The resul ts  a re  valuable in both 
zoological and paleontological advances, even though sel- 
dom, if ever, a r e  all  instars of a species preserved a s  
fossils.  

It has been established that the muscles and muscle- 
scar  patterns follow a definite pattern of development. 
Future studies on ostracod musculature and muscle-scar 
patterns need not be concerned with the study of their 
development throughout all the growth stages. If the mus- 
cles of an adult specimen a r e  identified and correlated 
with the muscle s c a r s  on the valves, it may be reasonably 
assumed that corresponding muscle scars  were left on the 
valves on the immature instars by the same muscle which 
formed the scars  on the valves of the adult. 

This study also indicates that there i s  a similarity in 
the overall configuration of the body muscles which termi- 
nate on the valves of these two species. Although the 
species studied belong to two different genera of the same 
family, the configurations of the body muscles which con- 
nect to the valves a r e  remarkably similar.  This is  not 
surprising in view of similarity of the morphological 
structures of the ostracods of this family. As the classi- 
fication of Recent ostracods i s  based primarily on the 
differences in their morphology, there a re  probably major 
differences in the configuration of the muscles which attach 
to the valves of different groups on the basis of the con- 
figuration of the dorsal-muscle field. 

Both species studied a r e  fresh-water cypridid ostra- 
a d s .  To what extent the conclusions reached in this 
study may apply to other groups of ostracods is not known. 
Nevertheless, i t  i s  felt that some of the conclusions a r e  
generally valid, because certain morphological consisten- 
cies a re  present in each group of ostracods. It must be 
understood, however, that the conclusions reached here 
a r e  primarily directed to fresh-water cypridid ostracods. 

When this study was conceived, the author knew of no 
other investigation in which the dorsal-muscle scars  were 
seriously considered for any reason, but during the time 
of this investigation a paper was published by Benson and 
MacDonald (1963) on the postglacial ostracods f rom Lake 
Erie. In their paper Benson and MacDonald analysed the 
dorsal-muscle-scar patterns on the fossilized valves of 
three species of Candona, and reached the conclusion that 
the d o r s a l - m u s c l e  a r e  a taxonomically significant 
feature in the classification of fresh-water ostracods. 

The evolutionary trends of ostracods a r e  not well 
known. The dorsal-muscle s c a r s  offer a direct means of 
correlation between the hard and soft structures of ostra-  
cods. A study of the dorsal-muscle-scar patterns of 
ostracods with respect to evolutionary trends may offer 
interesting possibilities. In fact, Benson and MacDonald 
(1963, p. 9, Fig. 4)  discussed and illustrated the changes 
in  the valve in the evolution of Candona caudata Kaufmann 
to Candona novacaudata Benson and MacDonald. The evo- 

lution of these two species i s  evidenced in sediments of a 
thirty-five foot core from the bottom of Lake Erie. In 
the evolution of these species, the dorsal-muscle-scar 
pattern remained relatively unchanged while the shape of 
the valve under:vezt definite ~ r d  recognizable changes. 

Benson and MacDonald arrived at  their conclusions 
f rom the study of fossilized valves, but the conclusions 
reached in this study a re  derived from living forms. 
Because these have been the only studies on the taxonomic 
significance of the dorsal-muscle scars ,  the results of 
both investigations are  compared in an attempt to assess  
the dorsal-muscle-scar patterns. In addition, a few com- 
ments a re  made concerning the scars  of the central-mus- 
cle field. 

Dor sal-Muscle Field 

Taxonomic evaluation of the dorsal-muscle scars  in- 
volves several factors. Fresh-water ostracods have nine 
different growth stages with right and left valves; some are 
parthenogenetic and others syngamic. Syngamic species 
often exhibit dimorphic differences between the valves of 
the male and female. 

Both Chlamydotheca arcuata and Cypridopsis vidua are 
parthenogenetic species so there is no question of dimorph- 
ic  differences in the valves of the immature instars. It 
was found that the dorsal-muscle scars  a r e  identical on the 
right and left valves of each growth stage within each spec- 
ies, but the muscle-scar pattern is not the same on the 
valves of a l l  growth stages. In each of the two species the 
dorsal-muscle-scar pattern is identical on al l  valves from 
the sixth instar through the adults. This fact i s  particular- 
ly significant a s  the valves of younger growth stages a re  
seldom found a s  fossils. However, even though instars 
younger than the sixth have a different dorsal-muscle-scar 
pattern, there a r e  enough similarities so that if  all  features 
a r e  utilized, the instars can be related to the species. 

The consistency of the dorsal-muscle-scar pattern is  a 
taxonomically significant feature for relating instars of a 
given species to the adult. The adult valve of Chlamydothe- 
ca arcuata is radically different from those of the instars. 
The adult valves have a well developed anterior flange and 
lack spines on the margins, whereas the late instars lack 
the well developed anterior flange but possess spines on the 
posteroventral margin. The dorsal-muscle-scar pattern 
provides a positive means of relating the instars to the 
adult. The valves of the late instars of Cypridopsis vidua 
are  also quite different in shape and structure, but, like 
those of Chlamydotheca arcuata, possess a common dorsal- 
muscle-scar pattern by which they may be related. How- 
ever, when relating instars to a known adult species, the 
dorsal-muscle-scar pattern should be used in conjunction 
with other characters such a s  the central-muscle s c a r s  
and the plotted size limits of the instars and adult valves. 

Benson and MacDonald statistically analyzed three 
hundred valves for each of three syngamic species of Can- 
dona by graphically comparing the carapace height-length 
ratio with the ontogenetic development of the muscle-scar 
pattern. They (p. 7)  divided the dorsal-muscle scars  into 
two groups, which they termed the minor and major dorsal 
body scars .  This division of the dorsal-muscle s c a r s  was 
considered in a previous section on the terminology of mus- 



cle scars ,  but for the purpose of this discussion the terms 
used by them will be retained. The minor scars  a re  desig- 
nated by them a s  the s c a r s  which form an irregular row 
along the dorsal margin of the valve. The major scars  
consist of two more or l e s s  parallel rows situated ventral 
to the minor s c a r s  in the center of the dorsal-muscle field. 

Benson and MacDonald (1963) also found that the dorsal- 
muscle-scar pattern is a valuable aid for relating instars 
to the adults of known species. However, before discuss- 
ing this aspect of their work it  is necessary to consider 
their recognition of the adults on the basis of the dorsal- 
muscle-scar patterns. They stated (p. 7) that the minor 
dorsal  body s c a r s  of the candonid species examined remain 
relatively unchanged in their distribution, number, and 
pattern within a species; however, the major dorsal body 
s c a r s  change significantly between species. This state- 
ment is interpreted to mean that the configuration of the 
entire dorsal-muscle-scar pattern was relatively constant 
within each species, yet different between species. Com- 
parison of the entire dorsal-muscle-patterns along with 
the shape of the valves of Candona novacaudata Benson and 
MacDonald (their P1. 2, Figs. 1-4; Fig. 6, p. 15), 
nyensis Gutentag and Benson (their P1. 1, Figs. 7-10; Fig. 
7, p. 17), and C. subtriangulata Benson and MacDonald 
(their P1. 2, Figs. 6-8; Fig. 8, p. 19) reveals differences 
between the three species. However, the author does not 
feel that the major s c a r s  a r e  more important taxonomi- 
cally than the other scars .  The configuration of the entire 
dorsal-muscle-scar pattern along with other differences in 
the character of the valve may be utilized to separate these 
three species of Candona. 

Benson and MacDonald (1963) related the instars of 
the three species just discussed to the adults on the basis 
of the dorsal-muscle-scar patterns. They stated (p. 7)  
that the early instar stages (not possessing taxonomically 
important adult characteristics) of one specles can be dis- 
tinguished from similarly shaped carapaces of another 
species on the basis of the configuration of the dorsal body 
scars .  They illustrate, by means of outline drawings, the 
valve shape and dorsal-muscle scars  of the late instars and 
adults of candona novacaudata (Fig. 6, p. 15), C, nyensis 
(Fig. 7, p T a n d  5 subtriangulata (Fig. 8, p. 19). 
Alone with differences in the shape of the immature valves 
between the three species, the instars of the three species 
can be identified by the position and configuration of the 
dorsal-muscle scars .  However, the reported development 
of the dorsal-muscle-scar patterns on these three species 
of Candona differs f rom that observed in Chlamydotheca 
arcuata and Cypridopsis v B .  In the case of Chlamydo- 
theca arcuata and Cypridopsis vidua the final dorsal-mus- 
pp 

cle-scar pattern was developed in the sixth instar and r e -  
mained unchanged in all later growth stages. According 
to the illustrations of the three Candona species, however, 
the final dorsal-muscle-scar pattern is not achieved until 
the seventh or  eighth instar.  It is not known if this differ- 
ence in the development of the final patterns of the three 
species of Candona a s  compared to the two species studied 
by the author is real,  o r  if the interpretation was influenced 
by poor preservation of the s c a r s  in the candonid species. 

The musculature and muscle-scar-patterns have not 
been studied in living specimens of syngamic species. 
There a r e  differences in the structure and function of some 
appendages in the male and female of the same species. 
Whether these differences a r e  manifested in the muscula- 
ture and muscle s c a r s  is unknown. Kesling (1956, p. 86) 
described a large muscle which extends dorsally from the 
copulatory apparatus of Candona suburbana Hoff, but he 

was unable to correlate the muscle with any scar on the 
valve. 

Valves of adult males and females of many syngamic 
species differ conspicuously in shape and outline. The 
male valves may be elongated and deepened in the posterior 
half in order to accommodate the copulatory apparatus. 
The posterior of the female body is often distended by a 
large number of eggs and the valves a r e  inflated in the pos- 
terior region. However, these differences in the shape and 
outline between male and female a r e  thought to be exhibited 
only in the adult stage because the sexual characteristics 
a re  not developed in immature stages. 

Benson and MacDonald (1963) in their study of the 
three candonid species stated (p. 8) that the differences in 
shape between male and female specimens of a single spec- 
i es  exhibiting dimorphism, which usually makes identifica- 
tion difficult, can now be more accurately resolved. They 
found that the dorsal-muscle-scar patterns of the adult 
male and female valves of Candona novacaudata appear to 
be identical (their P1. 2, Figs. 1, 2, 4; Fig. 6, p. 15). 
They stated (p. 7 )  that the minor s c a r s  of candonid species 
such a s  C. subtriangulata consists of seven to eight indivi- 
dual scars .  On their figure 6, p. 15, the patterns of the 
male and female a r e  identical, but on their plate 2, figures 
7-8, the number of scars  is the same but there i s  a slight 
variation in the configuration of the pattern. The pattern 
of C. nyensis as  shown on their figure 7, p. 17, has one 
less  minor scar on the female valve than on the male valve, 
but on their plate 1, figures 8-9, the number of scars  on 
the valves of the male and female a r e  the same. The con- 
figuration of the pattern is also the same. 

An exact analysis of the variation of the seven or  eight 
minor scars  was not given, and whether this variation is 
caused by differences in preservation or sexual character- 
istics is not known. In any event, the evidence given by 
Benson and MacDonald seems to confirm their opinion that 
the dorsal-muscle-scar pattern is of significant value in 
assigning male and female valves to the same species. 

As a final note it should be pointed out that the preced- 
ing conclusions are  based on detailed studies of the con- 
clusions a r e  based on detailed studies of the configuration 
of the dorsal-muscle-scar patterns. Observable differen- 
ces in the position of the various scars  a r e  valid criteria, 
but differences in the exact shape of the individual scars  
a re  not important. The exact shape of the muscle scars  
i s  often only a matter of preservation. 

A careful study of the details of the dorsal-muscle- 
scar  pattern reveals specific differences. However, based 
on a limited range of observations, the author believes 
that the general configuration of the dorsal-muscle-scar 
pattern i s  also a valid taxonomic character a t  the generic 
level. This may be a valuable aid in working with older 
fossil forms where many of the precise details of the 
dorsal-muscle-scar patterns a r e  sometimes obscured by 
poor preservation. 

Central-Muscle Field 

The central-muscle field is an important taxonomic 
feature in the classification of ostracods. There is con- 
siderable variation in the number, shape, and relative 
position of the scars  in different groups. According to 
Van Morkhoven (1962, p. 49) certain basic patterns appear 
to be restricted to higher systematic categories (such a s  



suborders, families, and subfamilies) of the classification 
based on soft parts, whilst the finer details often appear to 
be characteristic fo r  a genus, and more rarely for a 
species. 

Although a study of the variation of the scars  of the 
central-muscle field was not the major purpose of t h s  
study, a few comments may be made on the closing-muscle 
s c z r s  of the ~ ? I O  species sb~died. The devzlopment of the 
closing muscles of the two species has been described; but 
it is not known if all  species of the two genera follow simi- 
lar developmental patterns. 

However, comparison of the closing-muscle-scar pat- 
tern of the adult valves of a few species of Chlamydotheca 
indicates that it is variable. The final closing-muscle- 
scar  pattern of Chlamydotheca arcuata is developed by 
splitting of the previous scars ,  and this seems to be the 
case in other species of the genus. 

The closing-muscle-scar pattern of C. incisa (Claus) 
(Triebel, 1960, P1. 18, Fig. 35c) resemnes tha tof  C. 
arcuata (Pl.  8, Figs. 1-2), except that the large midae  
-the anterior row and the large ventral scar  a r e  
constricted to the point of appearing to form separate 
scars .  Triebel (1961, P1. 11, Figs. 34-35) illustrated 
the closing-muscle scars  of two left valves of & hummelin- 
cki hummelincki. On one valve the two dorsal scars  a r e  - 
situated very close to each other, the anterior and poster- 

ior scars  of the middle horizontal row are both clearly 
divided into separate scars ,  and the ventral scar i s  also 
divided into two separate scars .  In addition all of the 
s c a r s  form a compact group. The two dorsal scars  of c. 
unispinosa (Baird, 1862) (Triebel, 1961, P1. 16, Fig. 67), 
a re  nearly in contact, and the other three scars  are  sutured, 
but not divided. 

Hezce, it Eppears that the c!osLng-muscle scars  of 
species of Chlamydotheca a r e  quite variable. There even 
seems to be variation with a single species such a s  c. 
hummelincki hummelincki and yet others such a s  C. E- 
ta are  relatively constant. - 

From superficial evidence, the closing-muscle scars  
of Cypridopsis -seem to be more constant than those 
of Chlamydotheca arcuata. The closing-muscle-scar 
pattern of Cypridopsis is developed by a shifting of 
the position of the scars ,  whereas the final closing-muscle- 
scar pattern of Chlamydotheca arcuata i s  developed by a 
splitting of the scars .  

The author believes that the possibility of slight indivi- 
dual variation, when combined with the vagaries of preser- 
vation does not make exact details of the closing-muscle- 
s c a r s  of great value for specific taxonomic determination. 
However, the overall developmental pattern of the closing- 
muscle-scars, when established, may prove to be an aid 
in relating instars of a species or genus. 
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EXPLANATION PLATE 1 

Chlamydotheca arcuata  (Sars) 

Figs.  1-2. Right half of adult sectioned by free-hand method along median body plane. 
Specimen photographed at four levels of focus starting near median plane (Fig. 1) 
and proceeding toward exterior surface of valve (Fig. 2; P1. 2, Figs.  1-2). Each 
level photographed in four quadrants and composite photograph constructed for 
each of four levels. Various muscles and body structures come into focus in each 
of four levels. Figure 1 shows dorsal antennule, forehead, posterior -body wall, 
and posterior branch of furcal-rod muscles, and digestive t rac t  with large fecal 
pellet in r e a r  gut. Mature egg apparent a s  dark circle above fecal pellet (Figs. 
1-2). Large V-shaped pair of mandibular muscles faintly visible in Figure 1; 
plainly visible in Figure 2. Figure 2 shows dorsal and ventral antenna1 muscles 
extending at high angle to dorsal region, posterior endoskeletal muscle terminating 
anteroventral to posterior mandibular muscle, spiral  canals in genital lobe, and 
muscles of f i r s t  and second thoracic legs extending toward furcal  rod and dorsal 
a rea .  Furcal  rod branched at dorsal end; muscle bands extend f rom base of furca 
to posterior branch of furcal rod (Fig. 2). X 7 5. 

Fig. 3.  Enlargement of termination of posterior mandibular muscle. Striated muscle 
t issue changes to translucent, unstriated connective tissue near point of termination. 
Unstriated connective tissue diverges a t  point of termination. X 600. 

Fig. 4. Enlargement of forehead region showing pharynx, dorsal wulst, stomach, intes- 
tine, r e a r  gut, and cerebrum. Forehead muscle originates a s  slender tendon 
ventrally to cerebrum and changes to striated muscle tissue anterior to dorsal 
wulst. X 100. 
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EXPLANATION OF PLATE 2 

Chlamydotheca arcuata (Sars) 

Figs.  1-2. Conti~luation from Plate 1, Figures 1 and 2, of se r ies  of right half of adult 
photographed a t  successive levels; Figure 2 focused near surface of valve. Figure 
1 shows large pair of V-shaped mandibular muscles attached to inner surface of 
basal podomere, ovary with immature and mature eggs, second and third leg mus- 
cles  merging near their distal end, and muscle f rom ventral r i m  of antennule te r -  
minating posterior to second and third leg muscles. Maxilla situated posterior to 
mandible (Figs. 1-2). Closing muscles located near center of valve (Figs. 1-2). 
Figure 2 shows pointed and rounded apex of mandible, liver in hypodermis close to 
surface of valve, and ventral mandibular muscle and endoskeletal muscle which 
form frontal s c a r s  of central-muscle field visible a t  point anterior to basal podomere 
of mandible and behind basal podomere of antenna. X 75. 

Fig. 3.  Enlargement of ventral thoracic a r ea  just behind closing muscles. Muscles f r o m  
basal podomeres of second and third thoracic legs merge posterodorsal to closing 
muscles and continue to point of termination a s  single muscle strand (also see  Fig. 
1). Pair  of closely associated muscles extend f rom f i r s t  thoracic leg (lower center) 
toward anterior branch of furcal rod (obscured by fecal pellet at  upper left). Pa i r  
of muscles extend f rom endoskeleton (right center) toward base of furca (left center) 
and apex of furcal  rod  (upper left). X 100. 

Fig. 4.  Enlargement of terminal a r ea  of muscles f rom second and third thoracic legs, 
ventral r i m  of antennule, maxilla and f i r s t  thoracic leg. X 125. 

Fig. 5. Enlargement of closing muscle and mandibular a rea .  Maxillary muscle passes 
dorsally in position anterior to closing muscles and posterior to basal podomere of 
mandible. Ventral mandibular and endoskeletal muscles (labeled on Fig. 2) visible 
a t  upper right. X125. 



EXPLANATION OF PLATE 3 

Chlamydotheca arcuata  (Sars) 

Figs.  1-3. Thick t ransverse section of eighth instar photographed a t  successive levels 
proceeding f r o m  anterior (Fig. 1) toward posterior (Fig. 3) to show muscles and 
s tructures .  Figure 1 shows part  of basal podomere of antenna on each side of body, 
forehead muscle extending at angle toward dorsolateral surface of valve, and 
mandibular palps in position alongside mouth. Figure 2 shows masticatory rake- 
shaped organs posterior to mouth, and endoskeleton in center of body, dorsal to 
mouth and ventral to closing muscles. Figures 2 and 3 show several  transverse 
muscles connecting mandibles to endoskeleton, large mandibular support muscles 
extending vertically toward dorsal area,  chitinous adjustor rod extending f rom 
dorsal  apex of basal podomere of mandible to lateral wall, and liver within hypo- 
dermis  close to surface of valve. X 100. 

Fig. 4. Enlargement of dorsoanterior a r ea  of adult specimen shown on Pls .  1-2. Note 
muscles f rom antennule, mandible, and endoskeleton extending toward dorsal a rea  
of valve. X 17 5. 
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EXPLANATION OF PLATE 4 

Chlamydotheca arcuata  (Sars) 

Fig. 1. Lateral view of posterior region of eighth instar.  Thoracic leg muscles connected 
to anterior branch of furcal rod. Anterior branch of furcal rod supported by single 
muscle f rom dorsal  area.  Posterior branch of furcal rod supported by three muscles 
f r o m  dorsal  a rea .  Single muscle, above muscles supporting posterior branch of 
furca l  rod, supports posterior -body wall. X 100. 

Fig. 2. Lateral view of posterior region of eighth instar showing furcal rod and muscles 
which connect to dorsal area.  X 100. 

Fig. 3. Lateral view of posterior region of eighth instar.  Muscles from second and third 
thoracic legs merge and terminate on dorsal a r e a  a s  single muscle band. Pair of 
closely associated muscles extend from base of first thoracic leg to anterior branch 
of furcal rod. X 150. 

Figs.  4-5. Dissected mandible and part  of body wall of adult showing muscles which form 
frontal s c a r s  of central-muscle field. Ventral mandibular muscle extends f r o m  in- 
side ventral a r e a  of mandible basalppodomere a t  low angle to valve wall (Fig. 4). 
Section of endoskeletal muscle extends f rom valve wall toward endoskeleton at 
nearly ninety degree angle from valve wall (Fig. 5). X 100. 

Fig. 6. Dissected mandible and part  of body wall of adult showing muscles which fo rm 
s c a r s  of frontal group of central-muscle field. X 100. 



EXPLANATION OF PLATE 5 

Chlamydotheca arcuata  (Sars) 

Fig. 1. Adult, 10-p t ransverse section. Lateral view of closing muscle termination on 
wall of decalcified valve. Chitin boss of chitin coating of hypodermis extends into 
a r e a  occupied by calcareous layer.  Chitin boss and closing muscle firmly joined. 
Chitin coating of calcareous layer (dorsalmost layer) thickened in a r e a  of closing- 
muscle attachment. X 700. 

Fig. 2. Adult, 10-)1 sagittal section of distal end of closing muscle a t  point of termination 
on chitin coating of hypodermis. Muscle split into groups of f ibers .  X 400. 

Fig. 3. Adult, 10-p transverse section. Distal end of closing muscle torn away f rom 
chitin boss a s  resul t  of chemical preparation. Chitin boss remains firmly attached 
to chitin coating of hypodermis. Chitin coating of calcareous layer collapsed onto 
boss after decalcification. Note enlargement of distal tips of muscle f ibers  and 
their lack of striation. X 400. 

Fig. 4.  Adult, 10-p t ransverse section. Closing muscle attached to chitin boss. Chitin 
coating of calcareous layer collapsed onto chitin coating of hypodermis after decalci- 
fication. Faint vertical striations in chitin boss a r e  tonofibrills. X 400. 

Fig. 5. Adult, 10-p transverse section. Note enlargement of distal tips of closing-muscle 
f ibers  and their lack of striation a t  distal tips. Closing muscles slightly enlarged at 
distal termination to cover wider area.  X 300. 

Fig. 6. Thick sagittal free-hand section of seventh instar.  Arrangement of anterior 
section of body similar to that of adult. Section through mouth a r e a  shows mouth, 
pharynx and cerebrum. Ventral chain of ganglia extends from mouth region to base 
of furca. X 100. 

Fig. 7. Eighth instar,  50-,u transverse section. Endoskeleton with prongs extending 
dorso-laterally from each side. Small muscle extends from endoskeleton to lateral 
wall of valve to fo rm frontal s ca r  of central-muscle field. Transverse muscles 
f rom mandibles attached to lateral surface of endoskeleton. Mandibles attached to 
dorsal  a r e a  of valve by vertical muscles. Duct from liver to stomach partially 
exposed on left side. X 150. 

Figs.  8-9. Eighth instar,  50-p t ransverse sections through endoskeleton, mandible, and 
a r e a  of attachment of muscles of frontal group of central-muscle field. Section of 
Fig. 9 posterior to section of Fig. 8. Small endoskeletal muscle extends to valve 
wall to fo rm ventralmost scar  of frontal group of central-muscle field (Fig. 8). 
Ventral mandibular muscle extends to valve wall to form dorsal frontal scar  of 
central-muscle field (Fig. 9). Careful examination reveals terminal end of 
endoskeletal muscle of Fig. 8 just ventral to terminal end of ventral mandibular 
muscle on Fig. 9. X 200. 
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EXPLANATION OF PLATE 6 

Chlamydotheca arcuata (Sar s) 

Free-hand sections along or near median body plane of fourth instar through adult speci- 
mens. All f igures  X 50 except a s  noted. 

Fig. 1. Right half of zdult. Same specimen as shown on P1. 1, Figs. 1-2; P1. 2, Figs. 
1-2. Photograph taken through exterior of right valve. Details of head region 
obscured by complexity of structures.  Specimen used a s  model for diagrammatic 
text-figure drawing of muscles and muscle s c a r s  (Figs. 2a-b). 

Fig. 2. Right half of eighth instar.  Photograph taken near median plane of specimen. 
Valve not completely decalcified. Note similarity of body morphology and muscle 
arrangement a s  compared to adult (Fig. I), but difference in shape of valves. 
Liver extends diagonally from near center of body toward posteroventral margin 
of valve. 

Fig. 3 .  Right half of eighth instar.  Specimen sectioned oblique to midline. 

Fig. 4. Right half of seventh instar.  Photographed near median plane of specimen. 
Configuration of muscles leading to dorsal a r ea  similar to those of the eighth in- 
s ta r  and adult. 

Figs. 5-6. Right half of sixth instar.  Valve not decalcified. Photographed near midline 
of specimen. Posterior portion of body reduced. Note spines on posteroventral 
margin of valve. Note remarkable similarity structure and musculature of head 
region to that of older growth stages. Fig. 5, X 55. 

Figs. 7-8. Left half of fifth instar.  Photographed near median plane of specimen. 
Posterior of body reduced. Structure and musculature of head region sti l l  quite 
s imilar  to that of older growth stages. Fig. 7, X 83. 

Figs.  9-10. Left half of fourth instar. Photographed near median plane of specimen. 
Head region located more toward center of the valve. No thoracic appendages fully 
developed. Fig. 9, X 111. 



EXPLANATION OF PLATE 7 

Cypridopsis vidua (0. F.  Miiller) 

Figs .  1-2. Right half of adult sectioned by free-hand method along median body plane. 
Specimen photographed at two levels; Fig. 1 near median plane; Fig. 2 between 
median plane and exterior surface of valve. Note similarity of s t ructures  and 
position of muscles of anterior and head region to those of Chlamydotheca arcuata 
(Sars) (Pl.  1, Figs.  1-2; P1. 2, Figs. 1-2). Figure 1 shows dorsal antennal 
muscle, and anterior muscle of V-shaped pair that support mandible f r o m  dorsal 
region. Figures  1 and 2 show dorsal antennular muscle extending horizontally 
toward posterior of body, and posterior and anterior muscles supporting endo- 
skeleton f rom dorsal area. Figure 2 shows ventral antennal muscle, and posterior 
muscle of V-shaped pair that supports mandible from dorsal a r ea .  Because of 
small  s ize and complexity of specimen other muscles not well shown. X 255. 
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EXPLANATION OF PLATE 8 

Chlamydotheca arcuata  (Sar s )  

All figures X 50 except as noted. 

Fig. 1. Adult, interior right valve. All dorsal-muscle s ca r s  well developed. Irregu- 
larly rounded mandibular fulcral s ca r  located between frontal and closing-muscle 
s ca r s .  Ventral closing-muscle s ca r  severely constricted, but not completely 
divided. Liver s ca r  represented by sinuous band lacking normal pore canals. 
Anterior end of s ca r  located dorsal to closing-muscle s ca r s  in a r ea  between cen- 
t ra l-  and dorsal-muscle fields. Radial pore canals visible on anterior margin. 

Fig. 2. Adult, interior left valve. Scars  of dorsal- and central-muscle fields correspond 
to s c a r s  of adult right valve. Ventral closing-muscle s ca r  not a s  constricted as 
corresponding sca r  on right valve. Mandibular fulcral scar  poorly defined. Anterior 
flange of valve not a s  long a s  flange on right valve. 

Figs.  3-4. Eighth instar ;  interior left valve. Two pa i rs  of small  s ca r s  faintly visible 
in ventral region of dorsal-muscle field. Dorsal frontal scar  present, but faintly 
visible. Dorsal antennular s ca r  situated close to large mandibular scar  in postero- 
dorsal a r ea  of dorsal-muscle field. Mandibular fulcral s ca r s  not visible on valves 
of eighth and younger instars.  Ventral closing-muscle scar  reduced and not con- 
stricted. Numerous, short spines on posteroventral margin. Anterior flanges 
lacking on eighth instar and all  younger instars .  Fig. 3, X 63. 

Figs.  5-6. Seventh instar;  interior left valve. Dorsal-muscle-scar pattern similar to 
eighth instar and adult. Two dorsal-closing-muscle s ca r s  nearly fused. Fewer 
spines on posteroventral margin than on eighth instar.  Fig. 5, X 82. 

Fig. 7. Molted valves and appendage covering of f i r s t  instar.  Valves very lightly 
calcified i f  a t  all. X 155. 

Fig. 8. Right exterior valve of f i r s t  instar.  No muscle s ca r s  or  structures visible. 
X 155. 



EXPLANATION OF PLATE 9 

Chlamydotheca arcuata  (Sar s) 

All figures X 50, except a s  noted. 

Figs.  1-2. Sixth instar;  interior right valve. Two small pairs  of s c a r s  only faintly 
visible in ventral a r e a  of dorsal-muscle field, but overall pattern of dorsal- 
muscle field corresponds to that of older growth stages. Two dorsal-closing- 
muscle s c a r s  fused to single scar .  Fewer spines on posteroventral margin than 
on seventh instar,  but spines longer and more stout. Fig. 1, X 123. 

Figs. 3-4. Fifth instar;  interior right valve. Because of their small  size two pairs  of 
small  s c a r s  in ventral region of dorsal-muscle field cannot be recognized with any 
certainty on valves of fifth and younger instars.  Scars  formed by muscles from 
dorsal-body wall and posterior branch of furcal rod absent on valves of fifth and 
younger instars .  Dorsal antennular scar  absent on valve photographed, but probably 
due to quirk of preservation. Closing-muscle s c a r s  resemble those of sixth instar.  
Few, obtuse spines on posteroventral margin. Fig. 3, X 156. 

Figs.  5-6. Fourth instar;  interior right valve. Arrangement of larger  s c a r s  of dorsal- 
muscle field sti l l  similar to those of sixth instar.  Dorsal-muscle field located more 
toward posterior of valve than in older growth stages. Two middle s ca r s  of closing- 
muscle group partially fused. Spines on posteroventral margin lacking on fourth and 
all  younger instars.  Fig. 5, X 200. 

Figs.  7-8. Third instar ;  interior left valve. Dorsal-muscle-scar pattern resembles that 
of fourth instar.  Frontal s ca r s  sti l l  visible on valve. Two minor closing-muscle s ca r s  
absent on valves of third and younger instars.  Fig. 7 ,  X 232. 

Figs.  9-10. Second instar;  interior left  valve. Dorsal-muscle-scar pattern somewhat 
s imilar  to third instar.  Mandibular s ca r s  lacking. Outline of valve somewhat ovate 
Fig. 9, X 310. 





PLATE 10 



EXPLANATION OF PLATE 10 

Cypridopsis vidua (0. F.  Mliller) 

All figures X 130, except a s  noted. 

Fig. 1. Adult; interior left valve. Dorsal-muscle s ca r s  difficult to photograph in t rans-  
mitted light; only largest of s c a r s  discernible. Surface texture of valve coarse.  Two 
frontal  s ca r s  appear a s  dark line anterodorsal to closing-muscle s ca r s .  Patterns of 
dorsal-muscle field and central-muscle field identical to those of eighth instar (Fig. 
2). Duplicature wide along anterior margin; narrow along ventral and posteroventral 
margin. X 155. 

Fig. 2. Eighth instar;  interior left valve. Dorsal-muscle-scar pattern well developed. 
Central-muscle field consists of two frontal, two mandibular, and s ix closing-muscle 
s ca r s .  No mandibular fulcra1 s c a r s  apparent on valves of any instar of adult. 
Duplicature reduced on valves of a l l  instars.  X 182. 

Figs.  3-4. Eighth instar;  interior right valve. Scars  of dorsal- and central-muscle 
fields correspond to those of left valve. Fig. 3, X 194. 

Figs .  5-6. Seventh instar;  interior right valve. Scars  of dorsal- and central-muscle 
field correspond to those of eighth instar and adult. Fig. 5, X 230. 

Fig. 7. Sixth instar;  interior right valve. Scars  of dorsal- and central-muscle fields 
correspond to those of older growth stages, except closing-muscle s ca r s  in a more 
circular  arrangement. X 324. 



EXPLANATION O F  PLATE 11 

Cypridopsis vidua (0. F .  MUller) 

All figures X 130, except a s  noted. 

Figs.  1-2. Flfth instar;  interior right valve. Size of normal pore canals approximates 
that of smaller dorsal-muscle s ca r s  making recognition difficult. Scars  formed by 
muscles f rom posterior-body wall and posterior branch of furcal rod absent on valves 
of fifth and younger instars .  Circular arrangement of closing-muscle s ca r s ;  two 
small ventral s c a r s  no longer present. Fig. 1, X 396. 

Figs .  3-4. Fourth instar ;  interior left valve. Pattern of dorsal- and central-muscle 
fields similar to that of fifth instar. Frontal s c a r s  present, but not well shown on 
valve. Fig. 3, X 465. 

Figs.  5-6. Third instar;  interior left valve. Pattern of dorsal- and central-muscle 
fields similar to that of fourth and fifth instars,  but dorsal-muscle field located in 
posterodorsal a r e a  of valve. Fig. 5, X 562. 

Figs.  7 -8. Second instar;  interior right valve. Dorsal-muscle s ca r s  nearly unrecog- 
nizable. Four closing-muscle s c a r s  in circular arrangement. Mandibular s ca r s  
absent. Frontal s c a r s  absent or  unrecognizable. Fig. 7, X 329. 

Figs. 9-10. F i r s t  instar;  interior left valve. Valve ovate, lacking well defined margins. 
Four closing-muscle s ca r s  located in posterior half of valve. Dorsal-muscle s ca r s  un- 
recognizable. Fig. 9, X 385. 

Fig. 11. Eighth instar;  interior left valve. Photograph of same valve a s  Fig. 2, P1. 10. 

Fig. 12. Adult; interior left valve. Photograph of same valve a s  Fig. 1, P1. 10. 

Fig. 13. Sixth instar;  interior right valve. Photograph of same valve a s  Fig. 7,  PI. 10. 
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INTRODUCTION 

This dissertation is the result of study of the ostra-  
cod fauna from a se r ies  of thirteen cores  which penetrate 
a maximum depth of 56 feet into mostly unconsolidated 
sediments on Sapelo Island, Georgia. It i s  part of an in- 
vestigation of Ostracoda, both living and fossil, in the 
vicinity of Sapelo Island sponsored by the National Science 
Foundation Grant No. GB-26. 

The study was undertaken to determine the useful- 
ness  of ostracods a s  indicators of paleoenvironments. 
Since the majority of species found in the cores a r e  still 
living, i t  was anticipated that the fossil  forms could be 
directly compared with the living to interpret paleoecologi- 
cal  conditions and reconstruct some of the history of 
Sapelo Island. 

Several difficulties, however, were encountered in 
proceeding toward this goal. Firs t ,  the identification of 
species from literature i s  a major problem. Descriptions 
of many species a r e  sketchy and the illustrations, a s  most, 
of limited value. Although this situation is not universal, 
even authors recognized a s  authorities on Cenozoic Ostra- 
coda have paid little attention to type and configuration of 
marginal pore canals, type of normal pores, and other 
important morphological features. 

LABORATORY 

Seventy-five samples were taken from twelve cores 
a t  the University of Georgia Marine Institute. The samples 
were chosen at  intervals of apparent significant changes in 
lithology a s  judged from a megascopic examination of the 
cores .  These were then divided into subsamples. Part  of 
each subsample was utilized for  sediment analysis and part 
was searched for  the microfauna. The resul ts  of the sedi- 
ment analysis a r e  not yet available. The part of the sample 
used for ostracod study was not quantitively controlled, 
although approximately the same amount of material was 
searched through for each sample. It  was found that soaking 
in water was adequate for  disaggregation, since almost all  
the samples were unconsolidated. In the samples studied 
f i r s t  a l l  the material that failed to pass  through a 220-mesh 
screen was searched; la ter ,  because ostracods were found 
to be practically absent in the material which passed through 
the 100-mesh screen was examined. Both ostracods and 
foraminifers were picked; although they a r e  very numerous 
and well-preserved the foraminifers were not identified. 
Samples which yielded a large fauna were supplemented by 

GEOLOGIC 

Sapelo Island, Georgia, is one of a ser ies  of bar- 
r i e r  islands paralleling the eastern coast of the United 
States f r o m  North Carolina to Florida. According to Hoyi, 
Weimer, & Henry (1964, p. 170) it is ". . . the result of a 
complex history of development f rom the Late Pleistocene 
to the present.  " The island proper consists of fine to 
coarse sand and is separated from the mainland by an 
extensive salt  marsh, cut by numerous meandering tidal 
channels (see text-figs. 1 & 2). That the shore line has 
varied considerably throughout the Late Pleistocene i s  
shown by different se t s  of dune r idges which parallel the 

A second and much more serious difficulty is the 
lack of published data on ecology of living ostracods. Some 
excellent work has been done, but not nearly enough to 
provide reliable environmental controls on species. As 
Benson & Coleman point out (1963, p. 6), ecological infer- 
ences must be based on species, since not nearly enough 
is known to attempt generalities about the environmental 
limits of genera or higner taxonomic groups. 

Other troublesome problems were met. What does 
the fossil  assemblage represent in relation to the living 
population? Do bottom sediments, which comprise the 
geologic record,influence the living population and can the 
two be correlated? If they can be correlated, do they r e -  
present a selective depositional phenomenon or a significant 
ecological record? Is  carapace morphology related to the 
environment in which the ostracod lives? These problems 
a r e  by no means unique to the interpretation of the fossil  
records of the ostracods in the late Pleistocene of Sapelo 
Island, but a r e  universal in studying the fossil  record. 
The literature on paleoecology, unfortunately, offers no 
standard guide for  their solution. 

Specimens a r e  designated UMMP, and deposited in 
The University of Michigan Museum of Paleontology. 

PROCEDURES 

more material to provide for detailed study of the morphol- 
ogy of the species. 

The photographic methods were quite simple. Speci- 
mens were cleaned for a short period, usually not exceed- 
ing 30 seconds, in a 50% solution of commercial clorox, 
then washed with alcohol and finally with water. All views 
of the exterior of the carapace and some views of the hinge 
were taken on Adox KB-14 35 mm film after the specimens 
were coated lightly with sublimated ammonium chloride. 
Most photographs were magnified x20 on the film and 
printed to x54 with an enlarger. The photographs which 
show details of muscle scars ,  marginal pore canals and 
normal pores were taken by transmitted light with the speci- 
men immersed in glycerin. Dorsal views of the hinge were 
taken by transmitted light with the specimen held firmly in 
position in glycerin jelly. Valves were removed from the 
glycerin jelly by heating slightly and placing them in a 50% 
solution of alcohol. The same film, Adox KB-14, was used 
f o r  these photographs. 

SETTING 

present shoreline. The ocean bottom slopes very gently 
and reaches depths of only 34 to 45 feet ten miles offshore. 
The tides a r e  above average for  the southeastern Atlantic 
coast, attaining a diurnal range of seven feet. 

The following brief history of the island i s  summar- 
ized f rom Hoyt, Weimer & Henry (1964). Three distinct 
shorelines can be distinguished in addition to the present 
one which correspond to stillstands of the sea.  No absolute 
dates have been established; hence the time of deposition 
i s  tentative even though the sequence i s  definite. The old- 



e s t  shoreline in the region is the Pamlico, which occupies 
a position 6 to 10 miles inland from the present shoreline. 
This  sand bar r ie r  island was formed during the Mid-Sanga- 
mon interglacial stage when sea-level was 20 to 25  feet 
higher than a t  present.  The second represented shoreline 
is the Pr incess  Anne, consisting of deposits about 10-15 
f e e t  above the present sea-level and dated a s  late Mid- 
Sangamon. A narrow lagoon-salt marsh is developed 
between these two ancient shorelines. The Silver Bluff 
shoreline formed during late Sangamon time and it was 
then that most of Sapelo Island was formed. The Silver 

PREVIOUS WORK ON EAST COA 

The f i r s t  paper of importance concerned with Mio- 
cene ostracods in the eastern United States was that of 
Ulrich & Bassler ,  1904. They described and illustrated a 
great  number of species f rom the Middle and Upper Mio- 
cene of Maryland and Virginia, particularly the Calvert 
and Yorktown Formations. Since most species in the 
paper were new, i t  forms the basic systematic work to 
which subsequently described east  coast ostracod faunas 
must be compared. Howe, $ &. , 1935, described the 
ostracods of the Arca zone of the Choctawhatchee Forma- 
tion (Upper ~ i o c e n e ) b f  Florida. This paper was concerned 
only with descriptions of species and no attempt was made 
to work out any correlation on the basis  of the ostracods. 

The next important paper was that of Edwards, 
1944, in which he described the ostracod fauna of the 
Duplin Marl  (Upper Miocene) of North Carolina. Like the 
previous papers  mentioned, this was primarily descrip- 
tive in nature, and a s  in the others the samples studied 
were f r o m  surface exposures. The faunas studied were 
f r o m  only three localities. On the basis of the ostracods, 
Edwards considered the Duplin Marl to be the stratigraphic 
equivalent of the Yorktown Formation of Virginia. Swain, 
1948, studied cores  that penetrated the subsurface Miocene 
of Maryland, described the ostracods, and gave tentative 
age values to the different depths of the core. In 1951 he 
wrote a more extensive paper in which he described the 
ostracod fauna of several cores  taken in North Carolina 
which penetrated through the Cenozoic and into the Creta- 
ceous deposits. 

Malkin (1953) restudied the Middle and Upper Mio- 
cene of Virginia, Maryland, and New Jersey, and set  up 
stratigraphic zonations primarily on the basis of the ostra-  
cod fauna, supplemented by the foraminifers. She erected 
four substages and six faunizones. Her paper is actually 
the f i r s t  concerned with the upper Tertiary stratigraphic 
correlation in  the eastern United States based on the 
occurrence of ostracods. Malkin (1953, p. 771) considered 
the Yorktown faunas to be similar to those of the Duplin 
Marl  and Choctawhatchee Formation and that: "Differences 
in the faunules may be attributed to ecologic or facies 
differences. " 

In the same year P u r i  (1953a) wrote a detailed 
paper on Miocene stratigraphy and facies relationships in 
western Florida. Earl ier  workers in that a r e a  recognized 
four zones in the Choctawatchee Formation of western 
Florida, which were named for  the predominant mollusc in 
each: Yoldia, Arca, Ecphora, and Cancellaria zones, f rom 
oldest to youngest. Puri  considered that these represent 
facies  relationships, and rather  than representing a se -  
quence were in  many instances deposited within the same 
time span, but in different environments. He considered 
the Yoldia facies  to be the updip equivalent of the Ecphora 
facies, while the &a facies  is the updip equivalent of the 
Cancellaria facies. The Yoldia facies underlies in part the 
Arca  facies  and the Ecphora facies  underlies in part  the - 

Bluff shoreline is separated by an extensive salt marsh 
from the Princess Anne shoreline deposits. Recent build- 
up of the island has been by accretion on the shoreward 
side, which i s  separated from the Silver Bluff deposits by 
a one-fourth mile wide salt  marsh. Each of the barr ier  
islands has been shifting southward by erosion of i ts  north 
end and deposition on i t s  south end. The cores from which 
the samples were taken for  this study represent sections 
through approximately sixty feet of this complex of barr ier  
sands, dune sands, off-shore marine sands and salt  marsh 
deposits. 

S T  UPPER MIOCENE OSTRACODA 

Cancellaria facies. 

Although Pur i  studied both the ostracod and the 
foraminifer faunas of the entire Miocene, only that of the 
upper part i s  discussed here. He considered the Yoldia 
facies to represent (1953a, p. 40): ". . . the westernmost 
shallow water marine sediments of the Choctahwatchee 
Stage deposited in the vicinity of the type locality. " It 
contains a sparse microfauna. T h e e f a c i e s ,  lying for  
the most part above the Yoldia facies is considered to have 
been " . . deposited offshore under outer neritic conditions. " 
The Ecphora facies was ". . . deposited under conditions 
similar to those of the &a facies, but the fauna is from 
deeper water. " Pur i  then stated concerning the Cancellaria 
facies that it  ". . . is in part contemporaneous with the 
Arca and Ecphora facies and in part  younger. The succeed- - 
ing advance of the Choctawhatchee sea deposited the Can- 
cellaria facies. " 

Puri  (1953a, p. 48-50) gave the following environ- 
mental limitations to these facies: Yoldia, 30-100 meters, 
inner neritic, offshore muddy bottom;% 30-100 meters, 
outer neritic; Ecphora, maximum depth 100 meters, outer 
neritic; Cancellaria facies, the lower part the same a s  the 
Ecphora facies, the upper part " . . . under more shallow 
conditions during a transgressive sea.  I' The greatest 
similarity between facies  insofar a s  the ostracod fauna is 
concerned a r e  the Ecphora and Cancellaria facies which 
have in common 22 species that a r e  not present in  the 
other facies in the Miocene of western Florida, Puri  also 
discussed the correlation of the Choctawhatchee Formation 
in relation to the stratigraphy of the Gulf Coast states, but 
not with regard to i t s  relationship to the Yorktown Forma- 
tion and Duplin Marl.  

McLean (1957) wrote a paper about the ostracods of 
the Yorktown Formation, but only from localities in the 
York-James Peninsula region of Virginia. He described 30 
species, one new, and discussed possible correlations of 
the Yorktown Formation in relation to the Duplin Marl and 
the Choctawhatchee Formation. He concluded (1957, p. 62) 
that the three formations a r e  stratigraphic equivalents and 
that the differences in faunal characteristics a r e  due to 
changing environments; further that the Yorktown Forma- 
tion was deposited in an open sea environment in relatively 
shallow waters. He stated that the faunas vary greatly from 
sample to sample and probably represent constantly chang- 
ing, but local, environmental conditions. 

The above discussion constitutes a brief summary of 
the Miocene ostracod work done to date in the eastern 
United States and into the western portion of Florida. No 
detailed stratigraphic discussion is intended, but on the 
basis of the few ostracod faunas described there would 
appear to be little significant differences between the Upper 
Miocene formations of western Florida, North Carolina, 
and Virginia. Table 1 shows the ranges of species encoun- 
tered in the present work. 



T Z L Z  1. iLEPOR7D OCOJPJWCES O F  O S W D  SPZCIES D-H) E2REIN.  

Miocene Pleis- Recent 
m r  Middle Uppr toCene 

...... A. gr.gmtica ( B w a r & ,  144; j.. - 
..... A. m l t i p c t a t a  Fdward.8, 1944 

A. tenmilecreekensla (Furl, 1953) .. 
Aurila amygdala (Stephenson, 1944). . 
A. conradi c o d i  (Hove & Mccuirt, ............... - 1- .-... 
A. conradi Ploridana Benson & Cole- 
- man73.,. ............... 
Bsirdia laevicula Mwarde, 1944 .... -- 
Campylocythere =wards, 1M.. 
Clithrmytheridea virginensis 

Malkin, 1953 ...................... 
Costa t r i p l i s t r i a t a  (Edwards, 1944). - 

X X X  

C. swaini, n. sp. .................. - -  
Cytheromrpha mwards, 1944 . . 

... C. Warner1 Hove & Spurgeon, 1935 - -  
Wneropteron talqinensis mi, 

1953 ............................. 
C. yorktomensis (Malkin, 1953).. ... 
Wherura  forulata Edvards, 1944 ... -- 
C.  r e t icu la ta  'Zdward.8, 1944 ........ - -  
Wninocythereis g a r r e t t i  (Hove & ................... McCuirt, 1935) 

acythere  cf.  E. declivis ( N o m ,  
-ia6SS-r. .......................... 
E. t r i a n p l a t a  Atri, 1953 .......... 

......... Kangarina hovel Purl, 1953 -- 
Ioxmoncha a u s t r a l i s  Brady, 1880 ... -- 
L. Icetagordensis Srain, 1955 ....... 
L. purisubrhomboidea 'Zdward~, 1953.. 

L. reticuLaris Edvards, 1944 ....... 
........................ 

l h m a  na martini ( ~ l r i c h  & Baaaler, *.- ................... 
Orionins vaughani (Ulrich & Baaaler, -iwv.- ................... 
Paracytheridea 7 shattucki PalMn, 

1953 ............................. 
P. vanboldmi M, 1953 ........... - -  
Paradoxlatoma ( ? )  del ica ta  Puri, 

1953 ............................. 
Pellucistma mrgaiventra b%ards, 

1944 ............................. 



COMMUNI :TY CONCEPT 

The t e r m  "Community" is often used when charac- 
terizing an assemblage of organisms, but it  i s  not always 
clarified. An elucidation of community and related terms 
is offered here to avoid confusion in the comparison of the 
Sapelo Island fossil  assemblages with the several described 
assemblages f r o m  the Recent ostracods in the Gulf of IvIexi- 
co. The concept of a community a s  employed here is based 
upon the excellent discussions of Newel1 g &. (1959), and 
Johnson (1962, 1963). Careful consideration of t e rms  is 
judged necessary because of the concepts inherent in their 
usage. A s  Newel1 ed. (1959, p. 197), point out, there 
a r e  several  different meanings which may be understood 
f r o m  the t e r m  "community" when it  is used to define a 
group of organisms found together. F i r s t  is the "habitat 
community, " which is defined a s  " . . . a natural associa- 
tion of organisms s e t  apart  according to certain defined 
features  of the environment." In order  to recognize the 
habitat community, the organisms living in a particular 
environment a r e  analysed and for example, an estuarine 
community is differentiated. The te rm community is used 
theoretically for  the entire biota present, but in actual 
practice it  is limited to selected taxonomic groups. The 
types of organisms considered is limited by a number of 
factors, and almost never a r e  all  living organisms studied. 
Here only the benthic ostracods have been considered. 
Even though "community" a s  generally used represents 
only par t  of the theoretical community, it seems unwise to 
use i t  a s  a description of only one taxonomic group such a s  
the ostracods. The t e r m  "biofacies" has been used with 
essentially the same connotation a s  habitat community by 
Swain (1955) and by Pur i  & Hulings (1957), a s  restricted to 
the ostracods. 

A second way of using the te rm community is a s  an 
"organic community, " which is the conception of a commun- 
ity a s  " . . . a regular occurring combination of certain 
types of organisms. " In this usage the species a r e  grouped 
in recurr ing assemblages without regard to habitat and 
then an attempt is generally made to f i t  the groupings into 
a physical environment. This grouping of species into 
like assemblages which occur together consistently to the 
part ia l  exclusion of others is in reality what is generally 
done in paleoecology. The concept of an organic commun- 
ity has been used a s  in the explanation given by Hoskins 
(1964, p. 1680). The t e r m  biofacies has also been used in 
this sense and it  is important to differentiate the two terms. 
In fact, Hoskins uses  the t e rms  biofacies and assemblage 
a s  synonymous in the sense of an organic community of 
molluscs. 

The third concept is that of the "ecological commun- 
ity" in  which " . . . emphasis is given to the mutual depen- 
dence of animals and plants which not merely exist in  geo- 
graphic proximity but a r e  bound together by their ecologi- 
cal functions. F o r  this sor t  of community the term 'bio- 
coenosis' is properly employed. " There is  a wide differ- 
ence of opinion about the importance of the interdependence 
of the organic constituents of an ecological community. 
Johnson (1964, p. 128) states: "Individuals of two or more 
species might live together because they interact with one 
another and/or have s imilar  responses to the local environ- 
ment. They may occur together by chance." He further 
states,"The viewpoint that is developed here, and perhaps 
overstated is that benthic communities a r e  commonly 
associations of largely independent species occurring to- 
gether because of s imilar  responses to the physical envir- 
onment. " Granted, this is a somewhat controversial 
question which is f a r  f r o m  being solved, but the view of 

Johnson is certainly convenient for one attempting to util- 
ize a specific taxonomic group for the re-creation of de- 
positional environments. Since it is impossible fo r  a 
paleontologist to confront the entire ecological community 
and consider the interrelationships, the idea of pr imary 
dependence on the physical environment, rather than the 
interdependence of organisms, allows one to consider more 
confidently those organisms that happen to be preserved. 

Three kinds of evidence for  the recognition of 
ancient communities a r e  suggested by Johnson (1964) a s  
follows: 

"1, field evidence of burial in situ, 

2. taxonomic analogy with a modern community, 

3. recognition of recurring sui tes  of species 
analogues to the recurrences observed 
among modern communities. " 

All three concepts have been considered in the determina- 
tion of the paleoecological environment of the Sapelo Island 
sediments to a greater or lesser  degree. While no direct 
field observations were made, the assumption has been 
made that ostracods buried together were more likely to 
have lived in the same habitat than those which were not 
found together. Furthermore, that they a r e  found in assem-  
blages that would approximate closely the assemblages 
that could be distinguished if they had been collected a s  
living organisms. An attempt has been made to compare 
the assemblages found in the sediments with those living 
today in the vicinity of Sapelo Island and also with those 
recorded in the Gulf of Mexico. The forms  from the Sapelo 
Island sediments a re  considered a s  ostracod organic com- 
munities (assemblages and sub-assemblages), since the 
habitat can only be inferred. On the other hand, the group- 
ings of Recent ostracods a r e  in reality ostracod habitat 
communities (biofacies of Swain, 1955, and Puri  & Hulings, 
1957). That two different types of assemblages a r e  to be 
compared should be understood. 

One of the major problems encountered in paleo- 
ecology is the tendency for a partial analysis of morphology 
and taxonomy. Whittington (1964, p. 20) recently issued this 
pertinent warning: 

"Taxonomy cannot be avoided because it is difficult, 
nor ignored a s  'out-of-date' in the flush of enthus- 
iasm for  the present fashion for paleoecology. Here 
the te rm 'taxonomy' means classification of fossi ls  
resulting from detailed morphological studies of 
carefully collected material that has been prepared 
with the utmost care and thoroughness -- we can- 
not afford to neglect any information that new o r  old 
techniques may derive from fossi ls .  The a im of 
svstematic valeontolow i s  a classification of fossi ls  -- 
embodying knowledge of morphology, ecology, geo- 
graphical distribution, and evolution. Thus systema- 
tic -and paleoecological work a r e  not separate disci- 
plines; they must go hand-in-hand, and one cannot 
be done effectively without the other. To some ex- 
tent the present enthusiasm for paleoecology is a 
reaction against a type of descriptive paleontology 
that t reats  a fossil  more or  l ess  a s  an inorganic 
object unrelated to other fossils and the rocks that 
contained it .  Such a reaction is a s  ill-conceived 
a s  i ts  cause. " 



ECOLOGYOFRECENTOSTRACODAFROM ( 2ULF OF MEXICO AND SAPELO ISLAND 

Ecology of Recent ostracods has been studied in 
certain a reas  in the north and western Gulf of Mexico 
(text-fig. 1). In each paper the author has indicated assem- 
blages which a r e  theoretically controlled by the physical 
environment in the a r e a  with which they were encountered. 
h this paper I have attempted to compare the assemblages 
f r o m  one locality to another. The area to be considered 
extends f r o m  Florida Bay, a t  the southern tip of Florida, 
to San Antonio Bay, Texas, located in the northwestern 
par t  of the Gulf of Mexico. Ecological studies have actual- 
ly touched only a smaIl portion of the intervening shore- 
line. The sampling was done at  different times of the year 
in the separate studies along the coast, and in most in- 
stances a particular sampling station was manned only 
once. Hence, the possibility must be considered that the 
absence of a particular form at a station may mean that 
they a r e  absent a t  that time of the year only, rather than 
being always absent. This disadvantage is offset by the 
fact that most of the studies did not differentiate between 
living specimens and empty carapaces. In fact, in some 
of the papers it  is not clear whether, of all  species r e -  
ported, even one specimen was found living. 

Nevertheless, by using the reported occurrences 
of ostracods found in the Recent sediments, i t  should be 
possible to differentiate some generalized assemblages 
f r o m  the s ix  a reas  considered here. The environments 
studied a r e  briefly discussed, and the species which the 
various authors considered diagnostic a r e  tabulated. The 
environments in which Curtis (1960) placed her biofacies 
units (ostracod habitat community) provide a framework 
into which the biofacies units of the other authors have 
been placed with exception of the Estuarine subfacies (IIb). 
There is no doubt that the a r e a s  discussed a r e  not pre-  
cisely the same, and somewhat different assemblages 
could be expected. The judgment of whether forms a r e  
conspecific based upon an assessment of a single published 
illustration is necessarily subjective and at  times probably 
in  e r r o r .  

As a part of the American Petroleum Institute 
Project 51 (API 51), Curtis (1960) studied the ostracod 
fauna in the southeastern portion of the Mississippi River 
delta a rea  (text-fig. 4). The specimens studied and 
evaluated were almost exclusively empty carapaces, since 
very few living forms  were found. The area studied was 
a portion of the distributaries of the Mississippi River, an 
open lagoon (Breton Sound), and a portion of the offshore 
open shelf to the depth of almost 600 feet. A wide variety 
of environments was encountered with the following bio- 
facies  units delineated by Curtis: 

I. Offshore (middle and outer neritic) biofacies 
I I. Inshore (paralic) biofacies 

a. Nearshore (inner neritic) subfacies 
b. Estuarine subfacies 
c .  Open lagoonal subfacies 
d. Interdistributary subfacies 

The offshore biofacies represents an environment 
of open marine influence. There is little contamination 
f r o m  te r res t r i a l  sources in this  environment, and it is 
believed to be characteristic of the shallow, open shelf of 
the Gulf of Mexico. The inshore biofacies a r e  all  influenced 
to a greater  o r  l e s s e r  extent by the influx of f resh water 
and the consequent mixing with marine water. The near - 

shore subfacies (IIa), with a maximum depth of 60 feet, i s  
open to the Gulf proper, but is influenced by freshwater in- 
flux and has a distinct assemblage, which is more closely 
related to the other inshore biofacies than to the offshore 
biofacies. The estuarine subfacies (IIb) is an environment 
strongly influenced by f resh  water. According to Curtis it  
is a typical estuarine environment, in that i t  is oriented 
normal to the shoreline and the circulation i s  two-layered, 
the f resh  water lying above the more saline water. How- 
ever, i t  does not have a restricted circulation and is open 
to the Gulf. As discussed later,  the ostracod assemblages 
of IIa and IIb a re  indistinguishable. For  these reasons IIa 
and IIb a re  lumped together for purposes of comparison. 
The open lagoonal subfacies (IIc), represented by Breton 
Sound, is oriented parallel to the shoreline, has lower than 
normal salinity, and is influenced much less  directly by 
the influx of f resh water, than the estuarine subfacies. 
The interdistributary subfacies (IId), is one under strong 
freshwater influence, and has very low salinity. It is  with- 
in this framework of biofacies units, which occur in the 
environments, briefly characterized, that the assemblages 
which have been designated for the other a reas  in the Gulf 
of Mexico will be fitted. 

Also a s  a part of the API 5 1  project, Swain (19 55) 
studied an area on the northwest coast of the Gulf of Mexico 
(text-fig. 5). Most of his samples were taken in San 
Antonio Bay, which is a combination of estuary in the upper 
portion, and a partially open lagoon in the lower part. The 
two environments a r e  mixed to a certain degree since they 
a r e  open to one another. Barr ier  islands (Matagordo and 
St. Joseph), broken only by narrow, deep inlets, serve to 
separate the Bay from the open Gulf. The circulation of 
the Bay is thus restricted from the open Gulf water, parti- 
cularly in the upper, estuarine portion. A few samples 
were taken offshore to a maximum depth of 60 feet. The 
ostracod biofacies which were differentiated a r e  a s  follows: 

River and Prodelta facies 

River subfacies (IId of Curtis) 
Prodelta subfacies (IId of Curtis) 

Bay facies 

Midbay subfacies 
Marginal subfacies 
Lower bay subfacies (IIc of Curtis) 

Open Gulf facies 

Nearshore subfacies (IIa of Curtis) 
Off shore subfacies (No fauna reported) 

The river and prodelta facies a r e  strongly influen- 
ced by freshwater influx and the assemblage is that of 
f resh-  o r  brackish-water forms (IId of Curtis). The bay 
facies  is divisible into the upper portion which is estuarine 
and the lower part  which i s  lagoonal. The estuarine 
portion is influenced by the influx of the Guadaloupe River 
and Swain further subdivided it into a midbay and a margin- 
a l  subfacies. The midbay subfacies is that portion of the 
estuary in which the sediments consist of fine muds, which 
a r e  a part of the delta built by the inflowing Guadaloupe 
River. The marginal subfacies is that portion along the 
margins of the estuary, in which the sediments are more 
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TEXT-FIG. 2.  Map of Sapelo Island, Georgia, showing location of sediment c o r e s  studied. Numbers r e f e r  to 
designation assigned each c o r e  as used in text. 
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Neorshore Subfacies 

TEXT-FIG. 4. East  Miss i s s ipp~  Delta a r e a  studied by Curt is  (1960). Biofacies designat~ons a r e  those of 
Curtis which a r e  r e fe r red  to In the text (after Curt is ,  1960). 
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TEXT-FIG. 5. Rockport, Texas (San Antonio Bay) a r e a  studied by Swaln (af ter  Swain, 1955) 









TABLE 4. COMPARISON OF PHYSICAL CHARACTERISTICS OF INNER NERITIC SAMPLING AREAS. 

& v l r o m n t  Unit M i n i t  Bottom Sediments 
(parts p: (&W - - 
thousand) 

Inner ne r i t i c ,  Curtis, less  tkan 34.2-36.1 Avg. 24 sande, s i l t s ,  clays 
1960 60 avg. range 9 & reworked older 

Miss. R. de l t a  area sands 

Estuarine, Curtis, 0-30 25.3-34.3 avg. 24 
1960 avg. range 15 prodelta s i l t y  clays 

Miss. R. de l t a  area & del ta  front s i l t s  
and clays 

Open @;ulf, %in, t o  60 36 not given s i l t ,  sand 
1955 

San Antonio Bay 

Inner ne r i t i c ,  Puri & 2-12 
Hulings, 1957 

Alligator Harbor area 

Inner ne r i t i c ,  Puri & 23-65 35.6-36.8 10-30 medium to  fine-grained 
Hdings, 1957 well-sorted sands 

Pan- City area 

Inner ne r i t i c ,  Benson 23- about 34.19-39.92 avg. s m e r  angular, f ine  t o  
& Coleman, 1963 70 surface- 29 medium s ize  car- 

West ccast  of Florida Feb. 18-24 bonates 

sandy for  the most part,  but i t  also includes some marsh 
a reas .  The ostracod assemblages of the two subfacies a r e  
s imi la r ,  with the exception that relatively more specimens 
of Perissocytheridea a r e  found in the marginal subfacies, 
and more of Cytherura occur in  the midbay subfacies. 
These two genera a r e  the dominant ones of the two bay 
subfacies. It is also interesting to note that no specimens 
of Perissocytheridea were found in the Sapelo Island sedi- 
ments. The Midbay subfacies may be compared directly 
to  the estuarine environment studies by Darby, to the west 
of Sapelo Island, Georgia. The lower bay subfacies i s  an 
open lagoon, oriented parallel to the shoreline, with the 
major circulation entering from the northeast through 
Espiritu Santo Bay, bringing open gulf water. This lower 
bay subfacies is equivalent to the open lagoonal subfacies 
(IIc) of Curtis.  Swain's sampling a r e a  extended to a depth 
of approximately 60 feet into the open gulf, beyond the 
b a r r i e r  islands. Since the nearshore subfacies (IIa of 
Curt is)  had a s  i t s  depth limit 60 feet, the offshore sub- 
facies  of Swain is comparable to it. As will be seen in 
the discussion of the biofacies units of Benson & Coleman 
(1963), the depth level a t  approximately 60 to 70 feet 
appears  to be a significant boundary between ostracod 
assemblages. 

Pur i  & Hulings (1957) studied several a reas  along 
the eastern and northeastern limits of the Gulf of Mexico. 
Biofacies units were differentiated within two of the areas ,  
the vicinity of Panama City (text-fig. 6), and near Alli- 
gator Harbor, Florida (text-fig. 7). They reported three 
genera from Tampa Bay, Florida, but no other informa- 
tion was provided, and that a r e a  is not considered here. 
The fourth a r e a  sampled by Puri  & Hulings included two 
localities in shallow water near Crane Key and Bahia 
Honda, Florida Keys. No other information was given, 
but the following brief characterization provided by Gors- 

line (1963, p. 131) describes Florida Bay as: " . . . a s h d -  
low, compartmented evaporation pan receiving f resh  water 
inflow f rom the continental margin and open-ocean f r o m  
the western and southern sides. '' Widely diverse environ- 
ments exist in near proldmity to one another, so  that the 
particular physical conditions where the samples of Pur i  
& Hulings were taken is not known. The Florida Bay a rea  
is not directly comparable to any of the other environments 
studied in the Gulf of Mexico. It has been termed a "back- 
reef lagoonal facies" by Benson & Coleman (1963, p. l l) ,  
but that description was based upon the limited sampling 
of Puri  & Hulings and not on any collecting by Benson & 
Coleman. In addition to other features which serve to  
make the Florida Bay environment unique among those al-  
ready considered is the accumulation of carbonate muds 
and shell sands at  the present time. The carbonates a r e  
predominantly silt  and clay size aragonite (Gorsline, 1963, 
p. 136). The deposit accumulating in the a rea  was called 
by Puri  & Hulings (1957, p. 188) a major distinctive bio- 
facies unit of the west coast of Florida and termed the 
"carbonate province" a s  opposed to the "clastic province" 
which included the Panama City and Alligator Harbor 
areas .  Much more sampling i s  required before it  can be 
ascertained whether there is actually a consistent assem- 
blage present in the Florida Bay carbonate environment. 
It would then be meaningful to compare the assemblages 
to those found in the Bahamas where active carbonate 
deposition is also taking place. 

In the Panama City area, the sampling was done 
between the depths of 23 and 65 feet in the open Gulf of 
Mexico. According to Puri  & Hulings there is little f resh-  
water dilution of the sampling area and the salinity is 
close to normal marine. Three biofacies units were desig- 
nated by Puri  & Hulings (1957, p. 176) a s  follows: 
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(See table  4). 
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Curtis (1960) I I a  & 11b Benaon b Ccleres (1963) Purl k Winge (1957) Furl & Xuli&p 
( l e s s  than 70 f e e t )  (m City, 23-65 f t .  (1957)(AUigator 

Barbor Inner 
ne r i t i c )  

Aurila 

*Aurila conradl f l o r l -  ----Hemicthere conradi ------ Hemicythere 
dana Beneon k Cole- 

- - 
- Have & McDuirt, Hove & McGuirt, -, 1963 u -. 1.935 --A%. - 1935 

8Z-b V L L G ~ ~  Cf. H. 
con:ragosa 

Bairdia - Benson 
= e m ,  1963 

h h n a n i d e a  cf .  C. and- 
eraeni ( P u r i , 1 9 5 3 r  

Qiihmanidea cf.  C. ech- 
olsae ( & B a n , - l g m  

* F r o b  heret ta  &an 
*m- 

Cytherella n. sp. 1 
herelloidea n. sp. 1 

Cytheretta 1 sahni 
Furl, 1952 - 

& t h e m  fonrLata ---------.--------------------------------------------- fo-b 
~ d w a r d a r  Ed-, 1944 

Howe & Brovn, 1935 
t ea  -- He. l oc  eridea bass- T ~ ? ~ ~ ~ r n ~  ? e r l % e p h e n s o a 3 8  

* -4. setiounctata(Brady ) - = g ~ t i p u n c t a t a  

H e m i t e s  7 sp. 
bxoconcha a u s t r a l i s  ..................................... bxoconcha aus t r a l i s  
Brady, 7 -- 

Brady, 1880 
Loxoconcha cf.  4. puri- 

subrhomboidea Edwards, 
1 7  Loxoconcha sarasotana -- 

Benaon & mleman,1963 

Luvula cf .  L. IDerae - 
COryell & R g d s ,  1937 

bxoconcha aff .  A, @,- 
tats (,&. ochlocken- 

mi, 1960 
*bxocorniculum post- Loxoconcha stdorsoal- 

dorsoalatum(Fwi,l960) -+ 

Paracypris 7 sablenais 
&-on & ml- 

Pelluclstana mgniventra 
Edvards, 1944 

Pellucletom, aff. P. 
hovel Coryell k 

~lelde, 1937 

1w ) 
Furirna sp. 

'Ibxonamlc naue conslatent v i th  current wage. 



Eavirorunental Sa l in i ty  Bottom Sedimnts 
Unit 

-- - 
thousand) 

Open Lagoo-1, 0-18 
cur t i s ,  1960 

Miss. R. d e l t a  a rea  

18.2-32.5 avg. 22 s i l t y  clay to sandy s i l t  
avg. range 21 and 'marginal deposi ts '  

(sands, s i l t s ,  clays ) 

Lower bay sub- avg. 5.5 29.8-37.9 -------- gytt ja-si l t -sand,  s h e l l  
fac ies ,  sKain,1955 mrl sand, s i l t ,  c lay  

San Antonio Bay 

Bay biofacies,  Puri l e s s  than range 28-34 range 10-30 sand to sandy mud 
& Hdings,  1957 10 

Alligator Harbor 
a rea  

TABU 7. COMPARISON OF OSTRACOD SPECIES REPORTED ff i  DIAGNOSTlC FOR OPW LAGOONAL ENVIRONMENTS 
(See tab le  6).  

w t i s  (1960) I I c  Swain (1955) 
(@en lagoonal) (Lower bay) 

Actinocythereis exanthemsta ---------- 
(Ulrich & Bassler, 1904) 

Csmpylocythere concinnoidea 
Swain. 1955 , -.. 

Whe-a foru la ta  mrds, -------------------------------------------- Cytherura foru la ta  Edwards, 
T- 1944 -. Cyttg4rura cos ta ta  MuUer, 

Cytherura gibba Muller, 
1894 

Cytherura wardensis Howe & -- 

Pontocythere n. sp. 1 
=Cushmanidea sulcata Puri, 

1960 
Pontocythere n. sp. 2 
= C u s b i d e a  elongata ( ~ r a d ~ ,  

1868 ) 
r i d e l s  n. sp. 1 Cyp 

= C. f loridana of Puri - -  
% . . . - - . - - - - - - - - - , 
~ s c y t h e k  cf .  2. cymba ( ~ r a d y )  --- Hemicythere conradi 
* =Aurila conradi f loridana Howe & McGulrt, 1935 

Benson & Coleman. 1961 . - -  
Hemicytherideis sp. 

Leptocythere bacescoi (Rome) 

Loxoconcha metagordensis 
%in, 1955 

Microcythere n. sp. 2 
= y 9 ~ y t h e r e  robusta Puri ,  

---------------- Microcythere johnsoni 
Mincher , 1941 

, 

Periseocytheridea b r a c h y f o m  -------- Perissocytheridea brachyfoma 
bin, 1955 excavate. %in, 1955 

W i a n a  rugipunctata 
( U L r i c h  & Bassler. 19#+) 
Puriam n. sp. 1 

=g. f loridana mi, 1960 

vPaxonconic name coneistent  with current  usage. 



TPBLE 8. OXPARISOH OF PHYSICAL CHAWlCERISTICS OF ES'i'UAPJNE OSTRACOD SAMPLING AilEAS. 

&viromn?ntal Kt Depth Sa l in i ty  
( i x )  (par ts  per 

thousand) 

Midbay subfacies, a w e  3 2-28.9 
Swain, 1955 

San Antonio Bay 

------ peat-clay, gyttja-clay, 
s i i t ,  sand 

W g i n a l  subfacies, avg. 5 27.1-36.1 ------ sand, s i l t ,  clay 
m n ,  1955 

San Antonio Bay 

&Wry, W ~ Y ,  0-30 1.8-29.2 avg. 7.7 Dec. clay, s i l t  with 4.55 
1% avg. 31 July organic nkatter 

S a p l o  Island area 

1. Inner neritic biofacies 1. (depth range 23-47 2. Bay biofacies 
feet and may extend into shallower water). a.  Ochlochonee Bay 

b. Alligator Harbor 
2. Inner neritic biofacies 2.  (depth range 47-60 

feet). 3 .  Inner neritic biofacies 

3. Inner neritic biofacies 3 .  (depth range 60-65 
feet). 

The three inner neritic biofacies units a re  compared 
directly to the nearshore subfacies (IIa) of Curtis (1960). 

The Alligator Harbor a rea  sampled by Pur i  & Hul- 
ings is more complex environmentally than the Panama 
City a r e a  and the following biofacies units were designated 
(1957): 

1. River biofacies 

The River biofacies needs little explanation. It i s  strongly 
influenced by the influx of f resh water. The ostracod 
assemblage has strong fresh-water affinities and is com- 
pared to the Interdistributary subfacies (LId) of Curtis 
(1960). The two bays included in the Bay biofacies a r e  
described by Pur i  & Hulings a s  a "neutral estuary, " but 
a r e  here considered separately. Ochlochonee Bay (see 
text-fig. 7) appears to be a typical estuary strongly in- 
fluenced by fresh-water r ivers  entering at the upper end, 
but since only two sampling stations were used, both near- 
shore and one near the mouth, the Ochlochonee Bay assem- 
blages a r e  not considered herein. On the other hand, 

WLF 9. COMPARISON OF OSTRACOD SPECIES RFSORTJD AS DIAGNOSTTC OF 
ESlVARINE ENVIRONMXNTS (See table  8). 

-in (1955) k b y  (1964) 
Estuarine environment Estuarine environment 

Cyprideia l i t t o r a l i s  B r a d y  
Cyprideis torosa li ones) 

( C. s m i n i  n. sp. ) 
Cyprideis l ocke t t i  (Stephemon) 
C y t h e m a  elongats Edwards, 1944 
W h e m a  fo ru l a t s  i?dmrds, 1944 
Cy thema  Johnsoni Mincher, 1941 
Cytheromorpha %ta Edvards, l* 

Leptocythere paracastanea %in, 
1955 

*Cyprideis f lor idana  Howe & Bough,1935 

C y t h e r o m o r p h a ~ t a  Edwards, 1944 
Cytheromorpha warneri Howe & 

Spurgeon, 1935 
Leptocythere paracastanea Swain,1955 

L~&I& here sanct i  t r i c i i  
Brad?& R o b e  

MBcrocypris 
Monoceratina ? sp. 
Paracytheridea troglodyta 

%=in, 1955 
Paradoxostamra. atrum m e r ,  1894 
~ e r i s s o c y t h e r i ~ r a c h y f o m  %in, 

1955 

*onanic asme consistent with current usage. 



TABLE 10. COMPARISON OF PHYSICAL CHARACTERISTICS OF RIVER OSTRACOD SAMPLING AREAS. 

Environmental Unit Depth Sal in i ty  Bottom Sediments 
( i n  f t .  ) ( m r  --- 

In terdis t r ibutary  sub- l e s s  than 0-28.9 avg. 20 sandy & clayey s i l t s  
facies,  Curtis, 1960 6 avg. range 25 of de l ta  f ront  

Miss. R. de l t a  area  deposits 

River & Prodelta sub- avg. 2.5 2-l2.7 -------- peat-clay,clay s i l t ,  
facies,  Swain, 1955 very f ine  sand 

San Antonio Bay 

River biofacies,  Puri  ---- ---- -------- --------- 
& m i n @ p ,  1957 

Alligator Harbor 

Alligator Harbor receives little f resh  water directly and 
is compared to the Open lagoonal subfacies (IIc) of Curtis 
(1960). The Inner neritic biofacies unit is  represented by 
five samples taken a t  a maximum depth of approximately 
12 feet .  It is equated with the Nearshore subfacies (IIa) 
of Curtis (1960). Only 10 sampling stations a r e  indicated 
on Figure 9 (Pur i  & Hulings, 1957) for the entire Alligator 
Harbor a r e a  and most of these a r e  located very close to 
the shore; the central portions of the bays a r e  essentially 
unsampled. 

Unlike those previously considered, the study of 
Benson & Coleman (1963) was made exclusively offshore 
in open gulf environments. The a r e a  (see text-fig. 1) is 
situated between the Alligator Harbor and Florida Bay 
a r e a s  studied by h r i  & Hulings. The depths sampled 
were between 19 and 239 feet.  Benson & Coleman (1963, 
p. 12) state, "Even with a limited number of widely separa- 
ted localities a distribution pattern of ostracods based 
primari ly  on depth of water is indicated. " As would be ex- 
pected there is no abrupt change of species assemblage at  
any one depth, but f rom Figure 3 (Benson & Coleman, 
1963, p. 11) there does appear to be a transition from one 
assemblage to another at  about the depth of 70 feet. Ben- 
son & Coleman have approached the grouping problem 
f r o m  the concept of an organic community a s  described 
above. That is,  they have not previously set  up environ- 
mental l imits  within which the species ark considered, 

but rather grouped the species on the basis of their affini- 
t ies  to one another. The species which occur predomin- 
antly in water of l ess  than about 70 feet a r e  compared to 
the Nearshore subfacies (IIa) and those occurring in depths 
of greater than 70 feet to the Offshore biofacies (I) of Cur - 
t is  (1960). 

Physical properties of the environmental units 
f rom which the ostracod assemblages a r e  compared in 
tables 2, 4, 6, 8, 10. The facies have been chosen as 
being comparable, particularly with regard to salinity and 
depth. Admittedly, many other physical parameters 
affect the environment of an organism, but since these 
represent the most available data from the reports con - 
sidered, they have been chosen a s  the controlling factors. 
Species considered diagnostic by the authors ref e r red  to 
for  the particular environments a r e  compared in tables 3, 
5, 7, 9, 11. Those species appearing opposite one another 
in the tables a r e  considered synonymous, either by the 
latest references in the literature or in some cases by the 
present author. The taxonomic names listed a r e  those 
used by the author at  the head of the column. The taxono- 
mic name which is considered consistent with current 
usage is  indicated by an asterisk. 

It is immediately apparent that only a few species 
that have been reported by more than one author occur 
consistently within a particular environmental unit. The 

TABLE 11. COMPARISON OF OSTRACOD SPECIES REPORTED AS DIAGNOSTIC OF RIVER ENVIRONMENTS (See table  10).  

Curtis  (1960) 
In terdis t r ibutary  I I d  

m i n  (1955) 
River & prodelta 

Pur i  & Hulings (1957) 
River- Alligator Harbor 

Candona 
Candona marchica Hartwig, 1899 -- Candona marchica Hartwig, 

1899- 
Candona lac tea  Baird, 1850 -- 
Candona caudata Kaufmsnn, l9OO -- 

h r w i  nula 
Darwinula aurea (Brady & 

~obertso-70) 

Candona spp. 

Faracytheridea trog- 
ayta w i n ,  1955 

Physocypria 



12. DIGIRTBZFnOll Ol- SF'EfB. T q  fi- m f o s  to d o l u t e  mkan of spceixam, Lover f i p  
to percent of spcixem uf a species i n  the w. 

W l e  M. 
2-IY 6 4 5  6 5 2  5 4 2  a 4 5  3-47 DL 11-30 1 3 - 3  13-26 7-21 7-42 a 4-ei 4-e 4-30 cr u - 5  1 2 - 6  u-u r-36 e-IQ E-s l\lw 

(no.) ( 6 )  
1. A c t i d m e m i 8  3 2 - - - - - - - - - - - - - - . - - - 5 0.1 

===*-a 1 . 5 2 . 8  
gcrniluoneneis 

2. A u r i b C o n r a d i  15  2 2 - 3 - - - - - - - - - - - - - - - - - - P 0.6 
conradi 7.8 2.8 6.4 1.6 

3. Crtbemptrron 14 3 2 6 1 - - -  - - - - -  26 0.7 
talquinensis 7.2 4.2 6.4 - 3.2 - - - - - - 2.5 - - 

4. W e r o p e r o n  1 4  2 5 - - - - - - - - - - - - - - - - - - - - 21 0.5 
yorktwnensis 7.2 2.8 16.1 

5 Echinocythereia 2 2 - 1 - - - - - - - - - - - - - - - - - - - 5 0.1 
g a r r e t t i  1.0 2.8 3.1 

6. loxoconcha 7 5 1 1 4 1 2  - -  1 -  - - - -  22 0.6 
auatral ia  3.6 7.1 3.2 3.1 0.4 0.3 0.2 12.5 

7. b y i n a  4 6 2 2 9 7 3  - - - - - - - - -  - - - - - - - - - 87 2.4 
mini 23.9 31.4 29.0 U . 8  1.6 - 

8. Paracytheridea 36 8 1 3 6 - 3 - - - - - - - - - - - - - - - - 57 1.5 
Ehattucki 18.7 11.4 3.2 9.3 3.2 0.3 

9. 4 1 2 2 - 3 - -  - .. . - - - - - - - - -  - - I - -  66 1.8 
W P U n c t a t S  21.3 31.4 9.3 20.0 

lo. !h-igl~&,ms 1 4 1 - 2 1 4  - - - - - - - - - - - -  - - - - -  22 0.6 
vh i t e i  7.2 1.4 6.2 0.5 7.0 

1l .Pcut icythereia  - - - 2 - - 46 - 15 5 10 - 2 7 13 - - - - - - - - 1CO 2.7 
@gmticue 6.2 5.0 5.1 83.3 1.4 5.0 1.3 3.0 

12. Acuticythereis - - - 3 1 7 5 2 6  - I 2  - 5 4 3 1 8 7 - 1 -  - - - - -  1CO 2.7 
laeviesims 9.3 9.3 8.7 2.8 3.7 0.7 8.8 7.5 3.3 1.6 4.0 

13. Aurila conradi - - - - 3 3 5 3  - 6 - 2 3 3 4 9 3 -  4 - - - -  LU 3.0 
f lor idans 1.6 5.2 5.8 2.0 3.3 6.6 10.0 1.6 0.7 14.8 

14. Cuahmanidea - - - 3 37 17 328 3 126 - 255 - 19 88 87 4 - 2 14 - 2 - - 985 27.3 
echolsse 9.3 20.3 29.8 36.1 60.0 43.4 37.4 47.5 16.4 20.4 13.3 25.0 51.8 40.0 

15. h h u s n i d e a  - -  5 - 3 6  3 - 2 1 - 2 7 2 7 1 2 -  - - - - -  123 3.4 
tuberculata 2.7 3.9 1.0 3.0 2.3 5.0 6.3 3.3 8.0 

16.iiaplocytheridea - - - 2 68 12 148 2 38 1 46 36 - 81 97 4 - - 2 - - - - 537 14.8 
6.2 37.3 2l.O 16.3 40.0 13.1 16.7 6.7 80.0 15.1 22.7 13.3 7.4 

17. Cyprideie - - - -  2 - 1 2  - 3 - 5 - 6 7 3 ' 4 2 1 3 -  - - - - -  138 3.8 
floridana 1.0 1.3 1.0 0.7 12.5 7.9 6.6 52.0 

18. Cyprideia - 4 1  - 8 5 1 - 1 3 3 1 0 9 7 6 2  1 1 3 -  362 10.0 
w a i n i  4.5 2.7 7.4 24.825.523.324.025.0 3.7 20.075.0 - 

19. ~ythemmorpha - - - - - -  13 - - - 2 5 - -  6 9 - 3 1  - 5 - 1 -  65 1.8 
c v r t a  1.4 3.6 1.4 2.1 12.0 12.5 71.4 25.0 - 

- -  - 1 0 7 4 6 4 3 3 3 - 1 2 - 1 - -  143 3.9 
20. %?S 3.5 10.8 15.0 8.0 0.7 lO.0 12.5 Ta4 20.0 

". 
- 1 . f 3  2 2 0 1 - 3 - - 1 - - - -  56 1.5 

35.4 1.9 0.6 2.9 2.5 0.7 3.7 

n. Loxoconcha - -  1 2  - - 7 - 1  - - - -  - - - - -  20 0.5 
r e t i c u h r i s  1.3 1.0 0.1 

23. l tgscythere - 1 - 2 1 2  - 5 - 1 3 - 1 1 5 1 4 2 - -  - - - - -  65 1.8 
johnaoni 3.1 3.5 1.3 1.7 1.9 2.5 2.8 3.2 6.6 

24.Paracytheridea - 1 - - 7 5 76 - 15 - 58 1 1 1 5  4 - - - - - - - 1 184 5.1 
vandenbaldi 1.4 3.8 8.7 8.3 5 - 1  8.5 2.2 2.5 2.8 0.9 m 

2 5 . m x a s - ( 1 )  - - - 1 - - 10 - 12 - 2 - - - 2 3 - - 1 - - - - 31 0.8 
del icata  3.1 1.1 4.2 0.2 0.4 10.0 3 - 7  

26. - -  2 3 6  8 - 7 - 5 2  - - 1 - - -  52 1.4 
~ s a c o e t a l i s  12.6 10.5 0.8 2.4 0.7 0.3 14.2 

27. Mgtnslymus - - - - - -  35 - 2 6  5 4 2 1 3 9 1 1  - I - - -  142 3.9 
~ a p e l o e m i a  3.8 8.9 7.9 5.0 2.4 2.1 3.3 12.5 14.2 

28. wins - - -  3 - 1  1 - 2 - 1 - -  2 - - - -  10 0.2 
h w e i  - 9.3 1.7 0.1 0.6 0.1 7.4 

29.-laythere - - - - 1 - 4 - - - - - - 1 2 3 - - - - - - - 1l 0.2 
hen - 0.5 0.4 0.1 0.4 10.0 

3 0 . k u t i ~ e r e i e  - - - - - - 1 5 - - -  3 - -  7 1 - - -  - - - - -  26 0.7 
d t i p u n c t a t a  1.6 0.4 1.3 0.2 

31.&ticythrrr ia  - - - - - 2 6 - - - I - - - 2 - - - - - - - - ll 0.2 
tamilecreeknsirr  3.5 0.6 0.1 0.4 

192 70 31 32 & 57 937 5 293 6 681 45 40 535 426 30 25 8 TI 7 5 4 1 





TABLE 14. LISTTRG OF SAMPLES SZARCE3D FOR MICROFAUNA. First digit i s  core 
number d e s i m t i o n ;  second number i s  depth i n  f e e t  beluw surface of sample. 
0 - s - other s h e l l  =&rial; C - coarse aand present. 

Core 2 

2- 52 0 S C 

Core 7 

7- 6 

7-12 

7-20 

7-24 0 S 

7-35 s 

7-42 0 S C 

Core 3 - 
3-10 

3-15 

3-26 

3-26 S 

3-36 

3-47 0 

3-52 S C  

Core 8 

8- 4 

8-10 

Core 4 

4-3 

4-12 S 

4- 18 

4-23 0 S 

4-29 0 S 

4-30 0 S 

4-34 0 

4-46 SS 

4-56 

Core 9 

9-2 

9-4 

9-21 

Core 5 

5-1 

5- 5 

5-15 

5-21 

5-24 

5-36 

5-42 0 S C 

C 

Core 10 

10-10 

lo- 13 

10-21 

10-26 o s 

10-37 S 

10-47 

10- 50 

Core 6 

6- 7 

6-16 

6-22 

6-31 s c 

6-37 S C 

6-45 0 S C 

6-52 O S C 

Core 11 

11-3 

11-10 

11-15 

following species a r e  known only from a single environ- 
ment a s  characterized in the tables. 

Offshore (Tables 2, 3; + 70 feet) 

Pterygocythereis americana (Ulrich & Bassler,  
1904) 

Echinoc thereis garret t i  (Howe & McGuirt, 4 
Inner neritic (Tables 4, 5; 0-7 feet) 

Acuticythereis laevissima (Edwards, 1944) 
Haplocytheridea bradeyi 
Protocytheretta daniana (Brady, 1869) 

Estuarine (Tables 8, 9) 

Cyprideis floridana 
Cytheromorpha curta 
Leptocythere paracastanea 

Open lagoon (Tables 6, 7 )  

Actinocythereis exanthemata (Ulrich & Bassler,  
1904) 

Megacythere johnsoni (Mincher, 1941) 

River (Tables 10, 11) 

Candona marchica -- 
Darwinula sp. 





Location of the shallow core holes which were 
drilled into the sediments of Sapelo Island is shown in 
text-fig. 2. The samples chosen for sediment analysis 
were split  into subsamples, par t  of which were searched 
f o r  ostracods. The samples were originally selected at  
intervals where an apparent change of lithology occurred. 
Altogether some 56 species of ostracods were identified, 
photographed, and described. Of these, 31 were chosen a s  
comprising a significant part of the ent i r t  ostracod popu- 
lation utilized f o r  the interpretation of the paleoecology. 
The samples in which ostracods were present and the abso- 
lute numbers and percentage of each of the 31 species con- 
s idered significant a r e  listed in table 12. Single valves 
and carapaces were each counted a s  one. Table 13 l is ts  
the g ross  lithologic character of the cores. Table 14 l is ts  
those samples searched for  ostracods with an indication of 
whether ostracods were present or absent. Table 1 l is ts  
a l l  species of ostracods found and their reported ranges a s  
determined f rom the literature. 

As can be seen from table 12 there a r e  two distinct 
groupings of samples based upon the presence o r  absence 
of particular species. Clearly, species numbered 1 through 
10 occur consistently together. The three samples 2-50, 
6-45, and 6-52 a r e  composed almost entirely of this group 
of species. The species in this grouping a r e  designated 
Assemblage A, and include the following: 

Actinocythereis exanthemata gomillionesis 
Aurila conradi conradi 
Cytheropteron talquinesis 
Cytheropteron yorktownensis 
Echinocythereis garretti  
Loxoconcha australis 
Murrayina martini 
Paracytheridea shattucki 
Puriana rugipunctata 
Triginglymus w x i  

Samples 5-42 and 8-45 each contain six species 
f r o m  Assemblage A but also contain many species from 
Assemblage B a s  characterized below. These two samples 
a r e  considered mixtures of the two primary assemblages. 
Six of the ten species in Assemblage A have been reported 
exclusively f rom the Upper Miocene and older, while the 
remaining four have been reported previously from both 
Recent and the Miocene. In addition, the three "pureu 
samples a r e  conspicuous in that the carapaces of all  spe- 
c ies  tend to be large and heavily calcified. No young in- 
s t a r s  a r e  present in those samples and the median grain 
s ize is larger  than most other samples in which ostracods 
were present.  Although not identified to species, the 
foraminifera also tend to be larger  than was typical of 
other samples. Some shells a r e  abraded and a few of the 
carapaces a r e  dark gray to almost black in color. The 
dark carapaces a r e  particularly worn. 

F r o m  the evidence outlined, it  i s  considered prob- 
able that Assemblage A represents reworked Miocene de- 
posits. Darby & Hoyt (1964, p. 68) have described a 
fauna dredged f r o m  Sapelo Sound which they consider to be 
Upper Miocene (probably Duplin Marl) (see text-fig. 2). 
All samples which contain many species of Assemblage A 
occur below 40 fee t  in the cores, but even s o  the Miocene 
is not a s  deeply buried here by younger sediments a s  it  i s  
elsewhere. As the situation now exists in the vicinity of 
Sapelo Island, i t  is certainly conceivable that "pure" Mio- 

cene deposits, such a s  found in samples 2-50, 6-45, and 
6-52, could be and probably a r e  being formed. The strong 
currents, in this case probably tidal, scour deeply enough 
to expose Miocene (as they evidently have in Sapelo Sound) 
would also be adequate to transport selectively and rede- 
posyc sefii-iient gaiiis a7d hea7-1lj; c d c s i e d  ostra- 
cod carapaces and large foraminifer tests.  It is also 
reasonable that "mixed" assemblages of Miocene and 
indigenous Pleistocene ostracods were formed. In places 
where the current was not a s  strong (samples 5-42 and 
8-45) mixing would occur. Into these a reas  of lower 
current velocity, some of the Miocene species undoubtedly 
were transported, but the indigenous fauna lived and was 
deposited along with them. Based upon living representa- 
tives of Assemblage A, the original Miocene depositional 
environment was probably in depths of approximately 60 
feet or more. This is based solely on 5 specimens of 
Echinocythereis garretti  which has been reported by Cur- 
tis (1960) and by Benson & Coleman (1963) a s  being diag- 
nostic of relatively deep water (more than 60 feet). The 
remainder of the species either has not been reported 
from the Recent or has been found in too wide a variety 
of environments to be considered diagnostic. 

The second grouping, designated Assemblage B, 
is assumed to be essentially indigenous to the samples in 
which they a r e  found. The sediments a r e  finer -grained 
than those discussed above, many young thinly calcified 
instars a r e  present, and none of the carapaces show 
evidence of abrasion. Considering only the presence or 
absence of species, the remainder of the samples show 
little difference. The vast majority of specimens occur 
in five samples: 7-25, 10-26, 13-32, 4-27, and 4-29. 
Within these samples, almost a l l  of the remaining 21 
selected species (see table 12) occur at least once, so 
that the Assemblage B cannot be subdivided on that basis. 
However, when the relative number of specimens of 
particular species is considered, it  then becomes possi- 
ble to subdivide Assemblage B into two paleoecologically 
meaningful subassemblages. Samples 7-25, 10-26, and 
13-32 a r e  designated a s  subassemblage B-1, while sam- 
ples 4-27 and 4-29 a r e  designated a s  subassemblage B-2. 

In subassemblage B-1, the larger  percentages of 
Cushmanidea echolsae, Cytherura restibulata, Paracytheri- 
dea vandenboldi, and Triginglymus sapelsensis aisti!-gt~ish 
it  f rom subassemblage B-2. T. sapeloensis is a new 
species and consequently not &lpful a s  an environmental 
indicator, although it  may be useful in future studies. 
The remaining three species characterize open lagoon and 
inner neritic environments (Swain, 1955; Curtis, 1960). 
Subassemblage B-2 is characterized by larger  percen- 
tages of Cyprideis floridana and Cyprideis swaini than were 
found in the samples making up subassemblage B-1. Both 
of these species have been found by Darby (1964) and by 
Swain (1955) in an estuarine environment. In addition, 
there is a small but consistent increase in the percentages 
of Megacythere johnsoni, Cushmanidea tuberculata, and 
Haplocytheridea johnsoni in subassemblage B-2. For the 
seven species used to subdivide Assemblage B, two im- 
portant factors should be noted. F i r s t  of all ,  five of the 
seven have been reported in Recent sediments; and second- 
ly, in the samples considered, they include all  of the most 
commonly encountered species. The fact that they have 
been reported from the Recent sediments allows paleoecol- 
ogical interpretations to be based upon the known life 
environments of the species. Since they include the most 
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'TEXT-FIG. 10. Cross  secllon B-B' of Sapelo Isl;~tid (text-lig. 2). Zcro-loot rlaluln is grotlrld lrvcl, ml~iclr 
v:lsies approsimatcly 10 to 20 feet above mcnn sea level. Exact c l c v n l i o ~ ~ s  not xvnilablc. 



common spec ie s ,  the chance that they were deposited in 
nea r  proximity to the environment in which they lived 
s e e m s  ve ry  s t rong.  

Of the 21 spec ie s  which character ize  Assemblage 
B, a l l  those which have been repor ted  f rom Recent sedi- 
m e n t s  w e r e  found in e i ther  shallow nerit ic ( l e s s  than 60 
f e e t ) ,  open lagoonal, o r  es tuar ine  conditions. On the 
b a s i s  of the work on Recent ecology, th is  s e r v e s  to  elimi- 
nate the outer  ner i t ic  (g rea t e r  than 60 feet)  and r ive r  
environments  f r o m  fu r the r  consideration. The boundar- 
i e s  between a n  open lagoon, es tuary ,  o r  the inner ner i t ic  
environment a r e  often difficult to determine, and in many 
a r e a s  of the p resen t  oceans one i s  open to another.  One 
would not expect, therefore ,  to find the assemblage of 
spec ie s  in an  es tuar ine  environment entirely absent f r o m  
the  inner  ner i t ic  environment into which the es tuary  
empt ies .  

In fac t ,  Darby (p. 20, 1964) found only 6 living 
of os t racods  in the e s tua r i e s  behind Sapelo Island, 

yet  he r e p o r t s  the occurrence  of empty carapaces  of 50 
o the r  species .  It is important to consider that he made 
collections throughout the year  which supports his a s s e r -  
t ion that those 50 spec ie s  were  deposited by cu r ren t  action 
and a r e  not indigenous to the a r e a  sampled. The re la t ive  
abundance is a good b a s i s  fo r  separa t ing indigenous spe-  
c i e s  f r o m  those c a r r i e d  in  by currents .  

F i r s t  to be  considered is the life habitat and proba- 
b le  deposit ional environment of subassemblage B-2. Two 
significant spec ie s  in  samples  4-27 and 4-29, Cyprideis 
f lor idana and Cyprideis swaini, a r e  relatively much more  
abundant than in subassemblage B-1. C. floridana was 
found by both Swain (1955) and Darby (W64)stuarine 
environment.  Darby repor ted  that C. floridana occurred 
i n  the a r e a s  where  conditions were  not a s  ext reme a s  in 
the  upper regions  of the Sapelo Island es tuar ies  and this 
would s e e m  to be about the s a m e  environment in  which 
Swain r epor t ed  them f r o m  upper San Antonio Bay. The 
deposit ional environment suggested fo r  subassemblage 
B-2 i s  p r imar i ly  based on these two species  along with 
the  relatively fewer  specimens  of those four species  
cha rac te r i s t i c  of subassemblage B-1. The salinity could 
have var ied  f r o m  2 to  28 p a r t s  pe r  thousand with a pos- 
s ib le  d iurnal  range of 10 p a r t s  pe r  thousand. The water 
depth w a s  l e s s  than 25 feet .  

Subassemblage B-1  is character ized by the greater  
pe rcen tages  of four species ,  three  of which have been 
r epor t ed  f r o m  Recent sediments .  Cytherura vestibulata, 
Pa racy the r idea  vandenboldi, and Cushmanidea echolsae 
a r e  not r e s t r i c t ed  to e i ther  the inner ner i t ic  (tables 4, 5) 
o r  the open lagoonal (tables 6, 7 )  environments.  Based on 
the life habitats of those th ree  species ,  i t  is thus impos- 
s ib le  to  determine whether subassemblage B-1  was  de- 
posited in an open lagoon o r  inner ner i t ic  environment. 
However,  the presence of Cyprideis floridana and Cyprid- 
e i s  swaini would indicate that the salinity was l e s s  than -- 
normal  mar ine .  The depositional environment suggested 
f o r  subassemblage B-1 i s  a salinity of 25-34 pa r t s  pe r  
thousand and water  depth of 20 to 60 feet .  

The re  a r e  seve ra l  other samples  which a r e  indis- 
t inguishable as f a r  a s  these two subassemblages a r e  con- 
cerned.  The "mixed" samples ,  5-42, 8-45, and 3-47, a r e  
composed of Asselnblage A (Miocene components) and sub-  
a s semblage  B-1. J3 the ten Miocene species  a r e  removed 
thei r  species  coniposition confornls closely to that of sub- 
assemblage B-1. Text-fig. 8 shows the relationships 
believed to exis t  between the var ious  groupings. 

Some radiocarbon dating has  been performed by the 
Exploration Department and the Geochemical Laboratory,  
Humble Oil and Refining Company, Houston, Texas,  on 
shell  material  f r o m  the c o r e s  under consideration. Three  
of these dates a r e  significant in determining the age of 
the ostracod assemblages  described above. They a r e  a s  
follows: 

Core 4, 7-10 f t .  = 1,475 5 105 y r s .  B. P .  
Core 4, 25 ft .  = 3, 375 + 115 y r s .  B. P. 
Core 12, 43 f t .  = 29, 925-+ - 2000 y r s .  B. P .  

The dating of Core  4 a t  25 fee t  of 3 ,375 y e a r s  Before P r e -  
sent indicates that sedimentation took place a t  an  average 
of one inch p e r  5. 5 yea r s .  Based upon the generalized sea  
level curve of Shepard (1960) for  the past  15,000 yea r s  
that deposition took place during the marine t ransgress ion 
which followed the l a s t  glacial  climax placed a t  18, 000 
y e a r s  B. P .  (Merr i l l ,  g& &. , 1965, p. 398). Core  4 was  
dril led near the beach into Recent sands.  Both subassem- 
blage B-1  (samples  4-27, 4-29, 4-30, 4-34) and subassem- 
blage B-2 (sample 4-23) were  evidently deposited within 
this l a s t  marine t ransgress ion.  All samples  containing 
these two subassemblages a r e  here  considered to have 
been deposited in the l a s t  t ransgress ion and would thus be 
considered post-Wisconsin in age.  

Core 12 w a s  dated f r o m  a sample of shell  material 
f r o m  a depth of 43 fee t  a s  29,925 2000 yea r s  B P Cur -  
r ay  (1961, p. 1711) concluded that there  was  a hlgh stand 
of s e a  level a t  approxlmately 30, 000 yea r s  B. P .  Based on 
the datlng of Core  12, the Sllver Bluff shoreline and the 
major portlon of Sapelo Island formed a t  about that t lme 
In most of the c o r e s  coarse-gra lned sand wlth shell  ma te r -  
ial  is encountered at about 30 to 49 feet  below the present  
surface  of the Island (Table 14). Since nlost of the co res  
were  made a t  elevations of about 15 fee t  above s e a  level. 
the coa r se  sand is a t  about 35 fee t  below present  s ea  level 
The dated sample  (12-43) IS a coarse-gralned sand whlch 
evidently fo rms  a p a r t  of a fa l r ly  unlform blanket beneath 
the ~ s l a n d .  These coa r se  sands  contaln Assemblage A. 
Slnce the coarse  sands  Ile a t  approxlmately the same  
depth In Core 12 a s  In the other co res  they a r e  considered 
a s  generally contemporaneous. If thls 1s cor rec t  ~t places 
the deposltlon of Assemblage A somewhere wlthln the hlgh 
stand of s e a  level postulated by Curray a t  approxiniately 
30, 000 yea r s  B. P. Thls does  not, however, a l t e r  the 
suggestion made here ln  that they a r e  redeposited Mlocene 
fo rms .  

Summary. - Paleoenvironments proposed for por-  
tions of the sedimentary  deposits w h c h  underlie Sapelo 
Island, Georgia, a r e  based a lmost  entirely upon the com- 
par ison of the os t racods  found in the Pleistocene sediments 
to those previously repor ted  f r o m  Recent sediments in the 
Sapelo Island a r e a  and the Gulf of Mexico. An evaluation 
of studies pertaining to Recent ostracod ecology in the 
Gulf of Mexico has  revealed that relatively few species  
a r e  known to be consistently r e s t r i c t ed  in their  life habi- 
t a t  to such a l imi ted  s e t  of physical conditions a s  to be 
useful a s  paleoecological indicators.  The fact  that r e l a -  
tively few known spec ie s  a r e  ecologically res t r ic ted  i s  
probably due more  to the lack of ecological studies than to 
the nature of the o rgan i sms .  F o r  the most par t ,  ecologi- 
ca l  r e sea rch  has  not been based upon living specimens, nor 
has  the sampling been adequate for  definitive r e su l t s .  

Nevertheless,  coniparison of severa l  studies has  
revealed a few spec ie s  that have been repor ted  in more  
than one geographical a r e a  f rom s imilar  environments.  
Some of these occur  in the Sapelo Island Pleistocene sedi- 



ments and one can utilize them for making paleoenviron- 
mental interpretations. Using presence or  absence of a 
species  as the major criterion, two primary groupings 
were distinguished which have been called Assemblage A 
and Assemblage B. Assemblage A is considered to be a 
reworked Miocene fauna based upon apparent affinities of 
the species to known Miocene faunas from the eastern 
United States coupled with the physical character of the 
sediments in which they occur. Using relative percen- 
tages of specimens of particular species in a sampie, 
Assemblage B was subdivided into subassemblages B-1 
and B-2. The consistently greater percentages of s- 
deis floridana Howe & Hough, 1935, and Cyprideis swaini, 
n. sp . ,  indicate that subassemblage B-2 is an estuarine 
fauna and was probably deposited in that type of an environ- 
ment. The presence of Cushmanidea echolsae Malkin, 
1953, Cytherura vestibulata, n, sp.,  and Paracytheridea 
vandenboldi Puri ,  1953, in relatively greater numbers 
suggest that subassemblage B-1 could have been deposited 
in an open lagoonal or inner neritic environment. 

Several samples contain elements of both Assem- 
blage A and subassemblage B-1. These were deposited in 

environments in which the currents  were strong enough to 
transport the reworked Miocene fauna, but not strong 
enough to make it impossible fo r  an indigenous fauna to 
live. The depositional environment for all of the samples 
in which Assemblage B is found was probably less  than 60 
feet, and for  subassemblage B-2 considerably less .  The 
salinity for subassemblage B-2 was from 25-34 parts  per 
thousand and for subassemblage B-2, 2-28 parts  per thou- 
sand. 

The times of deposition of samples in which ostra- 
cods occur a r e  correlated with the last  two marine trans- 
gressions which according to Curray (1961, p. 1711) took 
place before (about 30,000 years  B. P. ) and after (post- 
18,000 years  B. P.  ) the latest major Wisconsin glacial 
advance. Based upon radiocarbon dating, the samples 
containing Assemblage B were deposited about 3, 500 years 
B. P. ,  which places them within the time of the latest 
marine transgression. Another radiocarbon date reveals 
that Assemblage A was deposited about 30,000 years B. P . ,  
the time at  which Curray placed the marine transgression 
which preceded the latest major Wisconsin glacial advance. 

SYSTEMATIC DESCRIPTIONS 

Subclass Ostracoda Latreille, 1806 

Order Podocopida Sars, 1866 

Suborder Podocopina Sars, 1866 

Superfamily Bairdiacea Sars, 1888 

Family Bairdiidae Sars, 1888 

Genus Bairdia MICoy, 1844 

Bairdia M'Coy, 1844, p. 164; Edwards, 1944, p. 506; 
Sylvester-Bradley, 1950, p. 751; ~ o k o r n ? ,  1958, 
p. 225; Benson, 1959, p. 42; Shaver, 1961, Q 202; 
Benson & Coleman, 1963, p. 17; Van Morkhoven, 
1963, p. 32, 

x e  species. - Bairdia curta M'Coy, 1844, p. 
164, pl. 23, fig. 6. 

Diagnosis. - Lateral outline ovate to subtrapezoid; 
anterior end "boat-shaped, " greatest height in anterior 
half; posterior end more broadly rounded; dorsal margin 
very convex, ventral margin l e s s  so. Surface smooth or  
punctate; may have anterior and/or posterior marginal 
denticulations. Size medium to large, length 0. 50 to 1. 00 
mm. Inner lamella wide, widest anteriorly; anterior and 
posterior vestibule present. Marginal pore canals numer-. 
ous, simple, straight.  Normal pores numerous, small,  
scattered, open. Hinge adont. Central muscle s c a r s  con- 
s i s t  of about 7 to 15 distinct scars ,  arrangement constant 
within each species. 

Bairdia laevicula Edwards, 1944 

P1. 1, fig. 7 

Bairdia laevicula Edwards, 1944, p. 506, pl. 85, figs. 3, -- 
4; Puri,  1953a, p. 223, pl. 1, fig. 1, text-fig. 1 d. 

[?I Bairdia cf. B_. laevicula Edwards, Swain, 1951, p. 17. 

Material. - Three valves. 

Dimensions. - Figured hypotype, UMMP 48680: 
length .68 mm.,  height .36 mm. 

Former occurrences. - Edwards (1944, p. 506) 
reported this species from the Upper Miocene Duplin Marl 
of North Carolina. Puri  (1953a, p. 223) has stated that it 
occurs frequently in the Upper Miocene &a facies of 
western Florida. Swain (1951, p. 17) listed, with no des- 
cription or illustration, a form a s  Bairdia cf. B_. laevicula 
Edwards f r o m  the subsurface Middle Miocene of North 
Carolina. If this form of Swain is _B. laevicula, i t  is  
the only known occurrence older than Upper Miocene. 

Bairdia sp. 

P1. 1, fig. 8-11 

Material. - Five valves, three of them broken. 

Dimensions. - Figured hypotype, UMMP 48681: 
length . 64 m m . ,  height .36 mm. 



R e m a r k s .  - Only two wel l -preserved single valves 
of t h i s  spec ie s  were  found and the specimens a r e  tenta- 
t ively ass igned to the genus Bairdia.  The posteroventral  
marginal  spines  (pl. 1, fig. 1 6 ) c h a r a c t e r i s t i c  of many 
s p e c i e s  of Bairdia,  but the centra l  muscle s c a r s  a r e  actu- 
ally m o r e  cha rac te r i s t i c  of the genus Bythocypris. Insuf- 
f ic ient  ma te r i a l  was  found to make a more  definite assign- 
ment.  

Superfamily Cypridacea Baird,  1845 

Family  Cyprididae Baird,  1845 
[nom. c o r r e c t .  Baird,  1850 (pro Cypridae 

Baird ,  18451 

Subfamily Candoninae Brady, 1900 

Genus Candona Baird,  1845 

Candona B?ird, 1845, p .  152; Wagner, 1957, p. 18; Pok- 
orny, 1958, p. 231; Swain, 1961, Q233; Van Mork- 
hoven, 1963, p. 58; Staplin, 1963, p. 762; Swain, 
1963, p. 802. 

Type species .  - Cypris  candida 0. F .  Mtiller, 1776, 
p. 199.-- -- 

Diagnosis. - Late ra l  outline variable, bean-shaped, 
t r iangular  or  elongate; maximum height in poster ior  half 
o r  a t  mid-length. Surface  smooth, punctate or with faint 
re t icula t ions .  Size var iable .  Inner lamella moderately 
wide; wide anter ior  vestibule, sma l l e r  posterior vestibule; 
marginal  zone narrow.  Normal  p o r e s  small ,  scattered, 
open. Hinge adont. Muscle s c a r s  consist  of elongate s c a r  
above a group of five subtriangular equal-sized s c a r s .  

Candona ( ? )  sp.  

P1. 1, f ig.  12 - 19 

Mater ia l .  - Six valves,  two of them broken. 

Dimensions.  - Figured hypotype, UMMP 48683: 
length . 64 mm, height . 3 4  mm. 

Remarks .  - This  f o r m  is tentatively placed i n  the 
genus Candona, p r imar i ly  on the bas i s  of the muscle sca r  
pat tern ,  l a t e ra l  outline, and hinge. There  a r e ,  however, 
important  morphologic cha rac te r s  which make the assign- 
ment  tenuous. The sca rc i ty  and preservation of specimens 
oppose erect ion of a new species .  

The normal  po res  a r e  particularly interesting in  
these  f o r m s  (pl. 1, f igs .  12, 13).  When viewed f r o m  the 
ex te r io r  a t  a magnification of xlOOO i t  can be seen that 
each pore  is divided into four d i sc re t e  portions. Evidently 
each  of the four portions was  an opening for a seta.  The 
an te r io r  vestibule is na r rower  than in  most Candona and 
the poster ior  vestibule is ve ry  narrow.  These fea tures  
make i t  doubtful that the species  belongs to Candona, but 
no other  assignment s e e m s  possible a t  this t ime. Other 
s p e c i e s  that have the Candona-type muscle sca r  pattern 
should be examined carefully to determine the nature of 
thei r  normal  po res ;  if t he re  is a group of Candona-like 
f o r m s  with th is  type of normal  po res  a new genus or  sub- 
genus should be e rec t ed .  

Subfamily Pontocypridinae G. W. MUller, 1894 

Nom. co r rec t .  Kaufmann. 1900 (pro Pontocyprinae r L -  
G. W. MUller 1894)) 

Genus Pontocypris Sa r s ,  1866 

Pontocypris S a r s ,  1866, p. 13; G. W. Mtiller, 1894, p .  
246; S a r s ,  1923, p. 47; pokorn5, 1958, p. 228; 
Swain, 1961, Q247; Van Morkhoven, 1963, p. 72. 

[?I Erythrocypr is  G. W .  Mtiller, 1894, p .  256. 

Type species .  - Cythere (Bairdia) mytiloides Nor - 
pp pp 

man, 1862, p .  50, pl. 3, f igs .  1-3 subsequent designation, 

Diagnosis. - Latera l  outline elongate; maximum 
height slightly anter ior  to mid-length; posteroventral  m a r -  
gin of r ight  valve with spines,  anterior margin  somet imes  
with spines.  Surface smooth or punctate. Size medium to 
large ,  length 0 .60 to 1.20 mm.  Inner lamel la  wide with 
l a rge  vestibules present  both anteriorly and poster ior ly ;  
marginal zone narrow throughout. Marginal pore  canal  
deta i ls  not known. Normal pores  small ,  numerous,  open. 
Hinge adont. Central  muscle s c a r s  not known in detail .  

Pontocypris sp .  

P1. 1, f ig .  1-6 

Material .  - One specimen, a left valve. 

Dimensions. - Figured hypotype, UMMP 48679: 
length . 7 9  m m .  , height .29  m m .  

Remarks .  - This species  i s  known only f r o m  a lef t  
valve. I t  appea r s  to belong definitely to the  genus P B -  
cypr i s  Sa r s .  Since l i t t le i s  known of the morphology of 
the carapace  of this genus, I have fully i l lus t ra ted  the 
marginal  pore  canals and centra l  muscle s c a r s  in o rde r  to 
provide a bas i s  fo r  comparison of species  known to  belong 
to  th i s  genus. As can be  seen in the photographs (pl. 1, 
figs.  1-6) both the muscle-scar pattern and marginal  po re  
canals a r e  unusual. Central  muscle s c a r s  consist  of only 
two elongate semi-oval shaped marks ,  located directly 
ventra l  to the point of greates t  convexity of the do r sa l  m a r -  
gin. Marginal pore  canals a r e  necessar i ly  shor t  because  
the marginal zone is narrow; they a r e  evenly spaced, ve ry  
wide a t  the l ine  of concrescence and narrowing gradually 
and evenly toward the outer margin.  One of the cha rac te r -  
i s t i c s  of Pontocypris i s  the presence of posteroventra l  
marginal  denticles on the right valve, but s ince  only the 
left valve of th is  f o r m  was found this c r i t e r ion  could not 
be  applied. Hinge is adont, conforming, along with l a t e ra l  
outline, to the genus Pontocypris. 

Superfamily Cytheracea Baird,  1850 

Family Campylocytheridae Pur i ,  1960 

nom. t rans l .  Benson & Coleman (pro Campylo- I-- 
therinae Pur i ,  19601 

Genus Acuticythereis Edwards,  1944 

Acuticythereis Edwards,  1944, p .  519; Van den Bold. 1946, 
p. 31; McLean, 1957, p. 90; Howe, 1961, Q307; 
Pur i ,  1960, p. 128. 

Campylocythere Edwards, Malkin, 1953, p .  784 [in part]; 
Pokorn?, 1958, p .  271 [in part]; Benson 8~ Coleman, 
1963, p.  23 [in part]; Van Morkhoven, 1963. p. 128 
[in  art]. 



Type species. - Acuticythereis laevissima Edwards, - 
1944, p. 519, pl. 87, figs. 4-11. 

Diagnosis. - Lateral outline elongate-oval to elon- 
gate subtriangular; anterior end broadly rounded, posterior 
end l e s s  so; ventral margin slightly convex. Surface 
smooth, punctate or reticulate. Medium size, length 0.6 
to 0 . 8  mm. Inner lamella of medium width, widest anter- 
iorly; inner margin and line of concrescence diverge anter- 
iorly z7d poa.eriorly, forming s,?idl vestib.des, 

pore canals numerous in anterior end, about 25 in number, 
some simple, others bifurcating and sinuous, l ess  numer- 
ous in posterior portion, about 4 to 8, non-bifurcating. 
Normal pores large, sieve-type. Hinge amphidont/hetero- 
dont, any of the hinge elements may be crenulates. Cen- 
t ra l  muscle scar  field consists of four elongate adductor 
s c a r s  with the frontalscars consisting of two clearly dif- 
ferentiated scars ,  the dorsal one tending to separate into 
two more scars .  

Remarks. - Edwards (1944, p. 514, 519) erected 
two genera, Acuticythereis and Campylocythere, which 
several  authors (Malkin, 1953, p. 784; Benson & Coleman, 
1963, p. 23; Van Morkhoven, 1963, p. 128) have subse- 
quently considered synonymous. I regard the hinges of the 
two type species, A. laevissima and C. laeva, as suffici- 
ently distinct to uphold the original generic separation of 
Edwards. A complete description of the hinge of Campylo- 
there laeva is given in the remarks  section under that 
species. 

Two species =e here referred to the genus Acuti- 
thereis,  A. giganticus and A. tenmilecreekensis, which  -- 
have previously been placed in the genus Basslerites Howe 
(GCorye l l  & Fields, 1937, p. 11). According to Van 
Morkhoven (1963, p. 209) Basslerites giganticus probably 
belongs to a new genus, but a t  least  is not referrable to 
Basslerites a s  understood by him on the basis of compari- 
son to i ts  type species of 5. miocenica Howe, 1935. Signi- 
ficant differences a r e  compared below. 

Basslerites - A. giganticus, 
A. tenmilecreekensis - 

Length 0.4-0.5 mm. 0.70-0.90 mm, 

Normal pores open sieve 

Carapace thinly calcified heavily calcified 

Frontal s c a r s  V-shaped two discrete scars ,  
dorsal one some- 
times separated. 

On the basis of the above listed differences these 
species clearly cannot be included in the genus Basslerites. 
Their hinge is the same type a s  in other species assigned 
to the genus Acuticythereis, although none of the elements 
i s  crenulated (like those in most other species in that 
genus). Other features, such a s  normal pores, marginal 
pore canals, and muscle-scar patterns, a r e  very close to 
those of the type species, A. laevissima. 

Acuticythereis laevissima Edwards, 1944 

P1. 4, fig. 1-13, 17-18 

Acuticythereis laevissima Edwards, 1944, p. 519, pl. 87, 
figs. 4-11; McLean, 1957, p. 90, pl. 12, figs. 4 a-  
g l ~ u r i ,  1960, p. 128, p l .  2, figs. -16, 17;  owe, 
1961, fig. 233, 1. 

p] Acuticythereis laevissima punctata Edwards, 1944, p. 
520, pl. 87, figs. 12, 13, 

Campylocythere laevissima (Edwards), Malkin, 1953, p. 
785, pl. 80, figs. 4-6; Puri  and Hulings, 1957, p. 
174, 176, 183, fig. 11 (bottom); Curtis, 1960, p. 
479, pl. 2, fig. 1 (bottom); Benson & Coleman, 
1963, p. 24, pl. 4, figs. 6, 8, 9, text-fig. 11. 

caiiip--ioc--there 1aeva E&&-dS, Fvz&il?, 1953, p. 784, 
80, figs. 1, 3 W p l .  80, fig. 2 - Campylocythere 
laeva Edwards); Puri  & Hulings, 1957, p. 187, 
figure 11; Puri, 1960, p. 128, figs. 1, 2, text-figs. 
12, 13. 

Material. - Eleven carapaces and 89 valves. 

Dimensions. - Figured hypotypes, UMMP 48696; 
length . 58 mm, height .26 mm, UMMP 48697: length .60 
mm, height .26 mm, UMMP 48699: length .6l  mm, height 
.29 mm. 

Former occurrences. - Reported from the Upper 
Miocene and Recent sediments of the Gulf of Mexico and 
eastern United States. Edwards (1944, p. 519) recorded 
this species from the Upper Miocene Duplin Marl of North 
Carolina; Malkin (1953, p. 785) and McLean (1957, p. 90) 
reported i t  f rom the Yorktown Formation of Virginia, 
Maryland, and New Jersey.  Puri  & Hulings (1957, p. 174), 
Puri  (1960, p. 128)) Curtis (1960, p. 479), and Benson 
and Coleman (1963, p. 24) have al l  reported it  f rom the 
Recent sediments of the Gulf of Mexico. Benson & Cole- 
man (1963, p. 24) give the depth range a s  19 to 95 feet, 
with greater  numbers at l ess  than 25 feet, and salinity 
range from 34.86 to 39.92 parts per thousand. 

Remarks. - Inasmuch a s  this species has been well 
described in previous papers, only additional morphologi- 
cal observations a r e  made here. The normal pores (pl. 4, 
fig. 13) a r e  sieve-type and number about 30. The marginal 
pore canals (pl. 4, figs. 10, 11, 17, 18) number about 25 
anteriorly and 5 posteriorly; the anterior ones branch and 
a r e  sinuous, but the posterior ones a r e  simple and more 
nearly straight. The anterior margin has many false mar- 
ginal pore canals, while those present posteriorly almost 
invariably extend to the outer margin. Plate 4, figs. 17, 
18 shows the relationship between the marginal pore canals 
and the false canals, which a r e  actually sieve-type normal 
pores which exit through the outer lamella rather than be- 
tween the outer and inner lamella. The four adductor mus- 
cle s c a r s  (pl. 4, fig. 12) a r e  elongate, about three times 
a s  long a s  high; the upper of the two frontal s c a r s  is  elon- 
gate, while the lower one i s  oval-shaped. No mandibular 
or dorsal muscle scars  were observed, but the fulcra1 
point is visible lying between the frontal and adductor 
scars .  

A, laevissima varies considerably in lateral out- 
line. ~ T a t e  4, figs. 2, 3 shows an elongate specimen, but 
about one-thlrd of those found were higher in relation to 
their length and do not converge a s  acutely posteriorly, 
but a r e  more evenly rounded. In all  other respects the two 
general types a r e  identical, and they may be dimorphs, 

Acuticythereis multipunctata Edwards, 1944 

P1. 3, figs. 15-24 

Acuticythereis multipunctata Edwards, 1944, p. 520, pl. 
87, figs. 14-16. 



[?I Acuticythereis multipunctata Edwards, Puri ,  1960, p. 
128, text-figs. 14, 15. 

[?]Acuticythereis multipunctataparva Edwards, 1944, p. 
520, pl. 87, figs. 17, 18. 

Material. - One carapace and 25 valves. 

Dimensions. - Figures hypotype, UMMP 48695: 
length .66 mm, height .36 mm. 

Former  occurrences. - Originally described from 
the upp=cene Duplin Marl by Edwards, (1944, p. 520) 
f r o m  North Carolina, and questionably from Recent sedi- 
ments of the eastern Gulf of Mexico by Puri (1960, p. 128). 

Remarks. - The specimens f r o m  Sapelo Island 
agree  closely in a l l  details with those described by Edwards 
(1944, p. 520, pl. 87, figs. 14-16). The following can be 
added to the description of Edwards. The normal pores 
a r e  numerous, large, and of the sieve type (pl. 3, fig. 21), 
the crenulations of the posteromedian bar in  the left valve 
become coarse r  toward the posterior portion (pl. 3, fig. 
22) and the posterior tooth in the right valve is  crenulate 
(pl. 3, fig. 20). The muscle s c a r s  were not observed in 
the present  specimens, but according to Edwards they a r e  
typical for  the genus (see above). 

P u r i  (1960, p. 128, text-figs. 14, 15) has assigned 
Recent mater ial  f rom the west coast of Florida to this 
species, but they do not appear to be conspecific. Puri ' s  
specimens a r e  conspicuously smaller,  0. 50 mm in length 
a s  opposed to those of Edwards which a r e  listed a s  from 
0. 66-0.74 mm; Pur i ' s  a r e  much higher in proportion to 
the length, and the drawings (text-figs. 12a, 15b) show 
quite clearly that the inner margin and line of concres- 
cence a r e  coincident throughout, and therefore lack vesti- 
bules. These features taken together, particularly the 
s ize and outline, make it  seem doubtful that they belong to 
A. multipunctata and no other description i s  given. - 

Acuticythereis gigantica (Edwards, 1944) 

P1. 4, figs. 14-16, 19-22; p1. 5, figs. 9-19 

Bassler i tes  giganticus Edwards, 1944, p. 521, pl. 87, 
figs. 19-23. 

Bassler i tes  cf. B. giganticus Edwards, Puri, 1953a, p. 
280, pl.  8, fig. 12, text-fig. 11 L. 

Material. - Three carapaces and 97 valves. 

Dimensions. - Hypotypes, UMMP 48700 (immature 
instar):  length .67 mm, height .32 mm, UMMP 48705: 
length . 8 1  mm, height .38 mm. 

Former  occurrences. - Edwards (1944, p. 521) r e -  
ported this species f rom the Upper Miocene Duplin Marl of 
North Carolina. Pur i  (1953a, p. 280) has also reported a 
closely related f rom from the Upper Miocene of Florida. 

Remarks.  - This species was originally assigned to 
the genus Bassler i tes  (see discussion under genus above), 
but has here been placed in the genus Acuticythereis. The 
frontal muscle s c a r s  consist of two separate scars ,  the 
lower one of which has a tendency to be divided. The nor- 
mal pores  a r e  large and of the sieve type (pl. 5, figs. 18, 
19). 

It is placed in the species &. giganticus although 
there i s  a slight difference in the general outline of the 
specimens from Sapelo Island from those illustrated by 
Edwards. In particular the posterior margin of both valves 
is more pointed than those in Edwards' figures. He does 
state, however, that he had less  blunt fo rms  which a r e  not 
shown. There i s  also a small, projecting structure anter- 
ior to the anterior socket of the left valve (pl. 5, fig. 14) 
which is not mentioned by Edwards. 

Pur i  (1953, p. 280, pl. 8, f ig .  12, text-fig. 11L) 
tentatively placed a form in this species. It appears very 
similar in outline and hinge, but is  somewhat larger ,  the 
length being given a s  0.878 mm as opposed to 0.80 mm 
given by Edwards for the holotype. 

Acuticythereis tenmilecreekensis (Puri,  1953) 

P1. 5, fig. 1-8 

Basslerites tenmilecreekensis Puri,  1953a, p. 280, pl. 8, 
figs. 13-15, text-fig. 11 M. 

Material. - One carapace and 10 valves. 

Dimensions. - Figured hypotypes, UMMP 48701: 
length .77 mm, height .38 mm; UMMP 48702: length .76 
mm? height 38 mm; UMMP 48703: length .78 mm, height 
.40 mm; UMMP 48704: length - 6 4  mm, height .34 mm. 

Former occurrences. - Puri  (1953a, p. 280) report- 
ed this species from the Middle Miocene Chipola facies and 
questionably from the Upper Miocene &a facies of west- 
e rn  Florida. 

Remarks. - The specimens f rom Sapelo Island ap- 
pear to be conspecific with that of Basslerites tenmilecreek- 
ensis Puri,  1953a, but the lateral outline and hinge a r e  the - 
only bagnostic morphologic features described by Puri.  
The posterior inner lamella of the forms described here 
(pl. 5, figs. 3, 5) is expanded into a striated bulge which 
is not shown in Puri ' s  photograph (1953a, pl. 8, fig. 14), 
but details in that photograph a r e  poor. Normal pores a r e  
sieve-type, large and scattered. Marginal pore canals a r e  
moderate in number, about 25 anteriorly, 6 posteriorly; 
anteriorly they branch, posteriorly they a re  simple, 
straight. Small anterior vestibule is present, while no 
posterior vestibule appears to be present, but it  is difficult 
to observe because of the thickening of the inner lamella. 
The central muscle s c a r  field consists of four elongate ad- 
ductor muscle s c a r s  in a vertical row; frontal scars  con- 
sist of an oval upper s c a r  and one elongate lower one, 
which in some specimens is almost separated into two dis- 
creet  scars .  Fulcra1 point visible between adductor and 
frontal scars .  No mandibular muscle scars  observed. 

As discussed above, this species i s  here placed in 
the genus Acuticythereis 5ecause of the muscle-scar pat- 
tern, nature of the marginal pore canals, hinge and the 
presence of sieve-type normal pores. 

Genus Campylocythere Edwards, 1944 

Campylocythere Edwards, 1944, p. 514; Van den Bold, 
1946, p. 31; Malkin, 1953, p. 784 [in part]; Pokorn?, 
1958, p. 271 [in part]; Howe, 1961, Q307; Benson 
& Coleman, 1963, p. 23 [in part]; Van Morkhoven, 
1963, p. 128 [in part]. 



5 p e  species. - Campylocythere Edwards, Remarks. - On the basis of the hinge that Edwards 
1944, p. 515-, figs. 8-14. (1944, pl. 86, figs. 9, 10, 12, 13) figured for this species 

it is felt  that this i s  the f i rs t  time it has been reported 
Diagnosis. - Lateral outline elongate; anterior end since his original description. ~h~ hinge that Edwards 

rounded, dorsal half acute, posterior end bluntly rounded, illustrated is distinctly different for this species a s  corn- with prominently projecting posterior cardinal angle at  
pared to that for the species he assigns to the genus&&- Position of posterior terminal hinge element; dorsal mar -  cythereis in the same paper. In the right valve of c_. 

gin convex, ventral margin slightly sinuous. Size medium laeva the posteromedian element which is a groove is length about 0.70 mm. Inner lamella of medium width, considerably wider anteriorlv and narrows abruptly about widest anteriorly, with wide vestibule anteriorly and nar-  midway the posterior: At the point where it 
row one posteriorly. Marginal pore canals numerous rows is a change of direction so that the groove i s  convex 

'parse P ~ ~ ~ ~ ~ ~ ~ ~ ~ Y ,  short, straight, s i m ~ l %  dorsally. This characteristic is shown in both the figures 
evenly spaced, some not reaching outer margin. Normal of Edwards (1944, p. 86, figs. 9, 10) and in this paper on 
pores  moderate in size, sieve type. Hinge amphidont/ plate 2, figure 14. In the species Edwards assigned to 
heterodont, posterior element crenulated, hinge convex Acuticythereis on the other hand the anteromedian element 
dorsally. Central muscle scar  pattern consists of four is straight and there is no abrupt widening of the groove. elongate adductor s c a r s  with two distinct frontal scars  ly- 
ing anterior to adductor scars .  In al l  other resuects the specimens here under con- 

Remarks. - As has already been stated (see r e -  
marks  under genus A c ~ t i c ~ t h e r e i s )  the two genera Acuticy- 
there i s  and Campylocythere a r e  clearly separable despite 
the fact that they have been considered synonymous by 
several  authors. No other species has been assigned to 
the genus Campylocythere other than the type species _C. 
laeva, therefore the above diagnosis is based upon this 

sideration appear to b; identical tb those of Edwards. In 
particular, the posteroventral swelling that is both men- 
tioned and illustrated by Edwards (1944, p. 515, pl. 86, 
figs. 8, 11) is shown here on plate 2, figures 12, 13. The 
central muscle scar  pattern, marginal pore canals and the 
size and configuration of the vestibules a r e  also identical 
to those shown by Edwards. 

species. In addition to features shown or mentioned by Ed- 

Differences that separate it from Acuticythereis 
a r e  primarily the hinge (discussed below) and the inner 
lamella area. While the inner lamella has about the same 
width in relation to the carapace size in the two genera, 
the line of concrescence is much closer to the outer mar-  
gin in Campylocythere. As a result the marginal pore 
canals a r e  considerably shorter.  They a r e  also simple, 
straight and tend to be evenly spaced a s  opposed to those 
in  al l  four species of Acuticythereis described herein 
which have branching marginal pore canals which do not 
appear evenly spaced. These features can be clearly seen 
in the various photographs shown on plates 2, 3, 4, and 5. 

Campylocythere Edwards, 1944 

P1. 2, figs. 12-22 

Campylocythere- Edwards, 1944, p. 515, pl. 86, 
figs. 14-16; Malkin, 1953, p. 784, pl. 80, fig. 2 

pl. 80, figs. 1, 3 = Acuticythereis laevissima 
Edwardsl. 

campylocy'there &Edwards, Pur i  & Hulings, 
1957, p. 187, fig. 11 [= Acuticythereis laevissima 
Edwardsl; Puri,  1960, p. 128, pl. 2, figs. 1, 2, 
text-figs: 12, 13 [= ~ c u t i c ~ t h e r e i s  laevissima Ed- 
wards]. 

Material. - Eleven isolated valves. 

wards the following observations were made on the speci- 
mens from Sapelo Island. The normal pores a r e  sieve- 
type, although considerably smaller than in the species 
here assigned to Acuticythereis. Two mandibular muscle 
s c a r s  a r e  present below and anterior to the central muscle 
scar  field (pl. 2, fig. 21). Two scars  were observed dor- 
sal  to the central field and a r e  shown on plate 2, figure 19. 
The dorsal view of the hinge on plate 2, figure 22 shows a 
peculiar tooth-like projection adjacent, but slightly ventral 
to the median bar  in  the left valve, with a corresponding 
shallow negative element in the right valve. There is a 
small anterior positive element in the left valve, which 
projects anteroventrally, followed by a deep bounded sock- 
et, a positive bar with the above mentioned tooth-like 
structure, and a posterior crenulate socket. In the anter- 
ior portion of the lef t  valve there i s  a large flange developed 
which overlaps the right valve. Complimentary structures 
a r e  present in the right valve and can be seen in the figures 
on 2. 

It is very doubtful that the forms assigned by Puri  
(1960, p. 128, pl. 2, figs. 1, 2, text-figs. 12, 13) to this 
species rightfully belong here. Benson & Coleman (1963: 
p. 24) place them in Campylocythere laevissima Edwards, 
1944, where they belong in all probability. Malkin (1953, 
p. 784, pl. 80, figs. 1: 2, 3) also places some specimens 
in this species. Only figure 2 conforms in outline to those 
of Edwards and the hinge line in figure 3 definitely does not. 

Family Hemicytheridae Puri,  1953 
Dimensions. - Figured hypotypes, UMMP 48689: 

length .72 mm, height .30 mm, UMMP 48690: length .73  mom. transl.  Howe. 1961 ( ~ H e m i c y t h e r i n a e  
mm, height .30  mm. ~ u r i ,  1953)] 

Former occurrences. - It i s  here believed that only Genus Aurila ~okorn;. 1955 
those specimens described by Edwards and possibly one 
specimen illustrated by Malkin belong to this species. Cythereis, gruppo Auris Neviani, 1928. p. 72. 
Edwards (1944, p. 515) reported it  from the Upper Mio- 
cene Duplin Marl of North Carolina, and Malkin (1953, p. Aurila ~ o k o r n $ :  1955, p. 17; Howe, 1961. Q302; Benson 
784) from the Upper Miocene Yorktown Formation of Mary- & Coleman, 1963, p. 34; Benson & Kaesler,  1963. 
land, Virginia, and New Jersey .  p. 22. 



Mutulis (Aurila) ~ o k o r n $ ,  Ruggieri, 1956, p. 133; Ruggieri, -- 
1958, p. 168; Pokornji, 1958, p. 268; Van Mork- 
hoven, 1963, p. 138. 

Type species. - Cythere convexa Baird, 1850, p .  
174, pl. 21, fig. 3. 

Diagnosis. - Lateral outline almond-shaped, dorsal 
margin strongly convex, ventral margin sinuate; anterior 
margin broadly rounded, posterior margin forming caudal 
process .  Surface pitted or reticulated, but not a s  strongly 
ornamented a s  Mutulis Neviani, 1928. Valves heavily cal- 
cified. Very numerous marginal pore canals, mostly s im- 
ple, straight.  Normal pores sieve type. Hinge amphidont/ 
heterodont, posterior tooth in right valve incised to r e -  
ceive a small  tooth in left valve. Frontal muscle s c a r s  
appear to be constantly three where mentioned. 

Aurila amygdala (Stephenson, 1944) 

P1. 6, figs. 1-9 

Hemicythere amygdala Stephenson, 1944, p. 158, pl. 28, 
figs. 8, 9; Puri ,  1953b, p. 176, pl.  1, fig. 3; Puri,  
1953a, p. 266, pl. 11, fig. 14; Puri  & Hulings, 
1957, p. 174; Puri, 1960, p. 129, text-figs. 31, 32. 

Aurila amygdala (Stephenson), Butler, 1963, p. 73, pl. 2, 
fig. 16, pl. 6, fig. c; Benson & Coleman, 1963, p. 
36, pl. 8, figs. 6, 8, 9, text-fig. 22. 

Material. - Three carapaces. 

Dimensions. - Figured hypotypes, UMMP 48706: 
length . 56 mm, height . 3 5  mm, UMMP 48707: length .51  
mm, height - 2 9  mm. 

Former  occurrences. - This species was originally 
described f rom the Oligocene Discorbis, Heterostegina, 
and Marginulina zones from the Gulf coast of Texas by 
Stephenson (1944, p. 158). Pur i  (1953a, p. 266) has r e -  
ported i t  f r o m  the Middle Miocene Chipola, Oak Grove, 
and Shoal River facies of western Florida. It has also been 
found in the Recent marine sediments of the Gulf of Mexico 
by P u r i  (1960, p. 129) and Benson & Coleman (1963, p. 36). 
Benson & Coleman give a depth range of f rom 19 to 76 feet 
and the salinity range a s  36.91 to 39.21 par ts  per thousand. 

Aurila conradi conradi (Howe & McGuirt, 1935) --- 
PI. 6, figs. 10-19, 23 

Hemicythere conradi Howe & McGuirt & Howe g, 1935, 
p. 27, pl. 3, figs. 31-34, pl. 4, fig. 17; Edwards, 
1944, p. 518, pl. 86, figs. 17, 18; Swain, 1951, p. 
42, pl. 6, figs. 9-12; Puri,  1953b, p. 176, pl. 2, 
figs. 1, 2; Malkin, 1953, p.  796, pl. 82, figs. 16- 
18. 

Hemicythere conradi Howe & McGuirt, Swain, 1955, 
p. 635, pl. 62, fig. 3 a-c; Puri  & Hulings, 1957, 
p. 174, 183, 188, fig. 11, no. 4 (bottom). 

Aurila conradi (Howe & McGuirt), McLean, 1957, p. 94, -- 
pl. 11, fig. 7 a-b. 

non] Aurila conradi (Howe & ~ c ~ u i r t ) ,  Puri,  1960, p. [- -- 
129, pl. 3, figs. 9, 10. 

Aurila conradi conradi (Howe & McGuirt), Benson & Cole- --- 
man, 1963, p. 35; Benson & Kaesler, 1963, p. 23. 

Material. - Seven carapaces and 15 valves. 

Dimensions. - Figured hypotypes, UMMP 48708: 
length . 59 mm, height .37 mm, UMMP 48709: length . 64 
mm, height .38  mm. 

Former  occurrences. - This species has been r e -  
ported irom Arca zone of the Upper Miocene Chocta- 
whatchie Formation of Florida by Howe, e t  al.  (1935, p. 
27); Upper Miocene Duplin Marl of North Carolina by Ed- 
wards (1944, p. 518); throughout the entire Miocene by 
Swain (1951, p. 42) f rom wells in North Carolina; Upper 
Miocene Yorktown Formation of Maryland, Virginia, and 
New Jersey by Malkin (1953, p. 796) and McLean (1957, 
p. 94). 

Aurila conradi (Howe & McGuirt, 1935) flori- -- 
dana Benson & Coleman, 1963 - 

P1. 6, figs. 20-22, 24-29 

Hemicythere conradi Howe & McGuirt, Swain, 1955, p. 
635, pl. 62, fig. 3 a-c;  Pur i  & Hulings, 1957, p. 
174, 183, 188, fig. 11, no. 4 (bottom). 

Aurila conradi (Howe & McGuirt), Puri ,  1960, p. 129, pl. -- 
3, figs. 9, 10. 

Hemicythere cf. H. cymba (Brady), Curtis, 1960, p. 
484, pl. 3, fig. Il(top). 

Aurila conradi (Howe & McGuirt) floridana Benson & Cole- -- 
man, 1963, p. 35, pl. 8, figs. 8-10, text-fig. 21; 
Benson & Kaesler,  1963, p. 23. 

Material. - One carapace and 110 valves. 

Dimensions. - Figured hypotypes, UMMP 48710: 
length .64 mm, height .46 mm; UMMP 48711: length .66 
mm, height . 43 mm; UMMP 48712: length . 59 mm, height 
.37 mm. 

Former  occurrences. - This species has been 
previously reported only from the Recent sediments of the 
Gulf of Mexico. It has been found by Swain (1955, p. 63 5), 
Puri  & Hulings (1957, p. 174), Puri  (1960, p. 129), quest- 
ionably by Curt is  (1960, p. 484), and Benson & Coleman 
(1963, p. 35). Benson & Coleman give a depth range of 19 
to 131 feet, with a salinity range of 36.17 to 39.92 par ts  
per  thousand. 

Family Trachyleberididae Sylvester-Bradley, 1948 

mom. correct .  Sylvester-Bradley & Harding, 1954 

pro Trachyleberidae Sylvester-Bradley, 1948)] 

Genus Actinocythereis Puri ,  1953 

Actinocythereis Puri ,  1953d, p. 178; Puri ,  1953a, p. 252; 
Pokornf., 1958, p. 262; Sylvester-Bradley, 1961, 
Q334; Benson & Coleman, 1963, p. 47. 

Trachyleberis (Actinocythereis) Puri,  Van Morkhoven, 
1963, p. 178. 



Type species.  - Cythere exanthemata Ulrich & 
Bass le r ,  1904, p. 117, pl. 36, figs.  1-5. 

Diagnosis. - Lateral outline elongate, subrectaW- 
l a r ;  dorsa l  and ventral margins nearly straight,  converging 
slightly posteriorly; anterior end broadly rounded, poster- 
ior  end obliquely rounded; highest portion near anterior end. 
Surface with s t rong anteromarginal ridge; three distinct 
longitudinal rows of spiny tubercles; anterior end with 
shor t  marginal denticulations; posterior end strongly denti- 
culate. Size medium to large, length 0.70 to 1.0 mm. 
Inner lamel la  moderately wide, line of concrescence and 
inner margin coincide throughout and parallel  the outer 
margin. Marginal pore canals numerous, straight, s im- 
ple, most of them paired. Normal pores  few, scattered, 
smal l ,  open. Hinge amphidont/heterodont. Muscle scar  
field consis ts  of four oval-shaped adductor sca r s ,  with U- 
shaped frontal sca r .  

Actinocythereis exanthemata (Ulrich & Bassler ,  
1904) gomillionensis (Howe & Ellis,  1935) 

P1. 7, figs. 12-17 

Cythereis  exanthemata var.  gomillionensis Howe & Ellis,  
in Howe gal., 1935, p. 19, pl. 1, figs.  6-12, - 
n1. 4, fin.  3; Van den Bold. 1946, n. 88, nl. 9, , - 
rig. i9 ;  ean 'den Bold, 1950, p. 83: 

Cythereis  exanthemata gomillionensis Howe & Ellis,  
Edwards, 1944, p. 521, pl. 87, figs.  31, 32. 

Trachyleber is  exanthemata gomillionensis (Howe & Ellis),  
Malkin, 1953, p. 792, pl. 81, figs.  15, 17, 18. 

Actinocythereis exanthemata gomillionensis (Howe & Ellis), 
h r i ,  1953d, p. 181, pl. 2, figs. 1, 2; McLean, 
1957, p. 83, pl.  10, figs. 2 a-d; Darby & Hoyt, 
1964, p. 70, pl. 18, figs.  12, 13. 

exanthemata var .  gomillionensis (Howe & 
Puri ,  1953d, p. 181, pl. 2, figs.  1, 2; Mc- 

Lean. 1957, n. 83, n1. 10, fins. 2 a-d: Darbv & . 
~ o ~ t , '  1964, p. 70,' pl. 18, figs.  12, 13. 

Actinocythereis exanthemata var ,  gomillionensis (Howe & 
Ellis),  Pur i ,  1953a, p. 253, pl. 13, figs.  16, 17. 

[?I Actinocythereis sp .  aff. _A. exanthemata (Ulrich & 
Hass le r )  Benson & Coleman, 1963, p. 48, pl. 6, 
fig.  12, text-fig. 31. 

Material.  - One carapace and 4 valves. 

Dimensions. - Figured hypotypes, UMMP 48721: 
length . 85 mm, height . 4 5  mm; UMMP 48723: length .88  
mm, height . 58 mm. 

F o r m e r  occurrences. - This subspecies was  origi- 
nally descr ibed f rom the &a zone of the Upper Miocene 
Choctawhatchie Formation of Florida by Howe & El l i s  (in 
Howe, e t  al., 1935, p. 19). It has since been widely r e -  
ported f r o m  the Upper Miocene of eas te rn  United States by 
Edwards (1944, p. 5211, Malkin (1953, p.  792), McLean 
(1957, p. 83), and Darby & Hoyt (1964, p. 70); and f r o m  
the Upper Miocene of western Florida by P u r i  (1953a, p. 
253). One closely related f o r m  has been described f r o m  
the Recent sediments of the Gulf of Mexico by Benson & 
Coleman (1963, p. 48). 

Genus Costa Neviani, 1928 

Costa Neviani, 1928, p. 72; Howe, 1955, p. 36; Ruggieri, - 
1956, p. 162; Sylvester-Bradley, 1961, Q336. 

Costa (Costa) Neviani, Van Morkhoven, 1963, p.  198. -- 

Trachyleberis (Costa) Neviani, Keij, 1957, p. 93. 

Rectotrachyleberis Ruggieri, 1952, p. 38; Ruggieri, 1956, 
p. 163. 

Costa (Rectotrachyleberis) Ruggieri, Van Morkhoven, 
1963, p. 200. 

Type species.  - Cytherina edwardsii Roemer, 1838> -- 
p. 518, pl. 6, fig. 27 subsequent designation, Howe, 1955, 
p. 3 6 .  

Diagnosis. - Lateral  outline subrectangular; maxi- 
mum height a t  anterior cardinal angle; dorsal and ventral 
margins nearly straight, converging slightly posteriorly; 
anterior end broadly rounded, posterior end l e s s  so. Sur - 
face with three prominent ridges; anterior marginal ridge 
present; anterior and posterior marginal denticulations 
present.  Size medium, length 0. 65 to 0.90 mm. Inner 
lamella wide, line of concrescence and inner margin coin- 
cide throughout. Marginal pore canals moderately numer- 
ous, straight, simple. Normal pores few, scattered, 
small,  open, hinge amphidont/heterodont. Central muscle 
s c a r  field consists of four adductor s c a r s  in vertical row 
and V-shaped frontal sca r .  

Costa t r ipl is t r ia ta  (Edwards, 1944) 

P1. 7, figs.  6, 9, 10 

Cythereis t r ip l is t r ia ta  Edwards, 1944, p. 522, pl. 87, 
figs.  24-26. 

non Trachyleberis ? x. ? triplistriata (Edwards), Swain, 
1951, p. 37, pl. 6, f igs .  2, 3. 

? Rectotrachyleberis cf . R. triplistriata (Edwards), 
1953a, p. 264, pl. 11, figs. 1, 2. 

Material. - Two isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48717: 
length .78  mm, height 36 mm; UMMP 48718: length .67 mm,  
height .32  mm. 

Former  occurrences. - Edwards (1944, p. 522) 
originally described this species f rom the Upper Miocene 
Duplin Marl  of North Carolina, Swain (1951, p.  37) and 
Pur i  (1953a, p. 264) have each illustrated fo rms  closely 
related to _C. triplistriata,  but neither appears to be con- 
specific (see  Costa cf. s. triplistriata below). 

Costa sp. aff. 5 t r ip l is t r ia ta  ( ~ d w a r d s ,  1944) - 
P1. 7, fig. 8 

Trachyleberis ? cf.  T.  ? triplistriata ( ~ d w a r d s ) ,  Swain, 
1951, p. 37, 8. 6, figs.  2, 3. 

Material.  - One valve. 

Dimensions. - Figured hypotype, UMMP 48719: 
length .64 mm, height .32  mm. 



Former  occurrences. - Since only one valve has 
been found, and this one slightly broken, no precise assign- 
ment could be made. It i s ,  however, very similar to a 
f o r m  illustrated by Swain (1951, p. 37, pl. 6, figs. 2, 3), 
f r o m  the subsurface Upper Miocene of North Carolina. As 
Swain s tates  this pitted form may be an immature molt of 
C. triplistriata. - 

Genus Echinocythereis Puri,  1953 

Echinocythereis Puri,  1953a, p. 259; Sylvester-Bradley, 
1961, Q336; Benson & Coleman, 1963, p. 46; Van 
Morkhoven, 1963, p. 171. 

Type species. - Cythereis garretti  Howe & McGuirt, 
in Howe et, g., 1935, p. 20, pl. 3, figs. 17-19, pl. 4, 
rgs .  5, 15. 

Diagnosis. - Lateral outline subovate; valves in- 
flated; dorsal  margin almost straight, ventral margin sin- 
uate; anterior end broadly rounded, posterior end more 
narrowly drawn out. Surface covered with spines, arranged 
more  or  l e s s  concentrically. Generally large, length up to 
1.25 mm. Inner lamella wide, inner margin and line of 
concrescence coincide throughout. Marginal pore canals 
numerous, straight, mostly simple. Normal pores small, 
open. Hinge amphidont/heterodont, a l l  elements smooth. 
Two separate frontal muscle scars .  

Echinocythereis gar re t t i  (Howe & McGuirt, 1935) 

P1. 8, figs. 15, 16, 18-23 

Cythereis garret t i  Howe & McGuirt, in Howe et  a l . ,  1935, 
p. 20, pl. 3, figs. 17-19, pl. 4, figs. 5, 15; Puri, 
1953c, p. 751. 

Buntonia ? cf. _B. ? garret t i  (Howe & McGuirt), Swain, 
1951, p. 39, pl. 3, fig. 6, pl. 4 , f i g s .  4-6. 

Echinocythereis garretti  (Howe & McGuirt), Puri,  1953a, 
p. 260; pl. 12, figs. 2-5, text-fig. 9 a, b; Sylves- 
ter-Bradley, 1961, Q336, fig. 261, 3; Benson& 
Coleman, 1963, p. 46, pl. 4, figs. 4, 5, text-fig. 
o n  
JU. 

[?I Echinocythereis margaretifera (Brady), Curtis, 1960, 
p. 481, pl. 1, fig. 19. 

Material. - Two carapaces and 3 isolated valves. 

Dimensions. - Hypotypes, UMMP 48731: length .94 
mm, height . 58 mm; UMMP 48732: length . 9 l  mm, height 
. 58 mm; UMMP 48733: length - 9 4  mm, height .57 mm; 
UMMP 48734; length .94  mm, height .58  mm. 

Former  occurrences. - This species was originally 
described by Howe &. (1935, p. 20) from the &zone, 
Upper Miocene of western Florida. Swain (1951, p. 39) 
described a form which appears conspecific with E_. garretti  
f r o m  the subsurface Middle and Upper Miocene of North 
Carolina and Pur i  (1953a, p. 260) reported i t  f rom the 
Arca, Ecphora and cancel lar ia  facies, Upper Miocene of 
Florida. It has  been found in Recent sediments from the 
Gulf of Mexico by Benson & Coleman (1963, p. 46) and 
questionably by Curtis (1960, p. 481). Benson & Coleman 
give a depth range of greater  than 60 feet and salinity from 
36. 17 to 37.39 par t s  per  thousand. 

Genus Murrayina Puri,  1953 

Murrayina Puri,  1953a, p. 255; ~ o k o r n $ ,  1958, p. 263; 
Sylvester-Bradley, 1961, Q 339. 

Type species. - Murrayina howei Puri,  1953a, p. -- 
255, pl. 12, figs. 9, 10, text-figs. 8 g, h (= Cythere 
producta Ulrich & Bassler, 1904, p. 115, pl. 36, f ig .  17, 
pl. 38, figs. 28-30) rnon Cythere producta Brady, 1866, 
p. 368, pl. 59, fig. 7l. 

Diagnosis. - Lateral outline elongate, subrectangu- 
l a r ;  dorsal and ventral margins sinuous to almost straight 
and parallel; anterior end broadly rounded, oblique dorsal- 
ly. Surface pattern reticulate, with well-developed sub- 
central tubercle; marginal ridges present, but no well- 
defined longitudinal ridges. Inner lamella moderately wide; 
vestibule present anteriorly. Marginal pore canals numer- 
ous, straight, simple, closely spaced, sometimes occur- 
ring in groups of two or three. Normal pores unknown in 
type species. Hinge amphidont/lophodont. Central mus- 
cle s c a r s  consist of two vertical rows of three s c a r s  each, 
with two oblique frontal s c a r s  anterior to adductor scars ;  
other muscle s c a r s  unknown in type species. 

Murrayina martini (Ulrich & Bassler,  1904) 

P1. 9, figs. 1-10, 13 

Cythere martini Ulrich & Bassler,  1904, p. 112, pl. 36, -- 
figs. 11-15. 

Cythere micula Ulrich & Bassler,  1904, p. 116, pl. 36, -- 
figs. 18-20. 

Cythereis martini (Ulrich & Bassler),  Swain, 1948, p. 196, 
pl. 12, figs. 16, 17; Puri, 1953c, p. 750. 

Trachyleberis ? martini (Ulrich & Bassler), Swain, 1951, 
p. 29, pl. 3, figs. 8, 15. 

Trachyleberis ? cf. T_. micula (Ulrich & Bassler),  Swain, 
1951, p. 29, text-fig. 3 L. 

Trachyleberis martini (Ulrich & Bassler),  Malkin, 19 53, 
p. 793, pl. 82, figs. 6-13. 

Murrayina martini (Ulrich & Bassler ), Puri,  1953a, p. 
256, pl. 12, figs. 11-13, text-figs. 8 e, f ;  McLean, 
1957, p. 86, pl. 11, figs. 1 a-c, 2 a-b, 3 a-d. 

Material. - 'h-enty carapaces and 67 isolated 
valves. 

Dimensions. - Figured hypotypes, UMMP 48735: 
length .71 mm, height .34 mm; UMMP 48736: length .72 
mm, height .38  mm; UMMP 48737: length .74 mm, height 
.40 mm; UMMP 48738: length .68 mm, height .38  mm; 
UMMP 38739: length .42 mm, height .22 mm; UMMP 
48740: length .72 mm, height .37 mm; UMMP 48741 (im- 
mature instar):  length .48 mm, height .27 mm. 

Former occurrences. - Originally described f rom 
the Middle and Upper Miocene of Maryland and Virginia by 
Ulrich & Bassler (1904: p. 112). Swain ( 1951, p. 29) r e -  
ported it  f rom the entire Miocene subsurface of North 
Carolina, and both Malkin (1953, p. 793) and McLean (1957, 
p. 86) from the Yorktown Formation of Virginia, Maryland, 



and New Jersey.  Puri  (1953a, p. 256) has reported it  
f rom the Upper Miocene Arca, Ecphora and Cancellaria 
facies  of western Florida. 

Genus Orionina Puri, 1953 

Orionina Puri,  1953a, p. 253; Pokorny, 1958, p. 264; 
Sylvester-Bradley, 1961, ($339; V m  den Bold, 
1963, p. 39; Benson & Coleman, 1963, p. 45; Van 
Morkhoven, 1963, p. 165. 

Type species. - Cythere vaughani Ulrich & Bassler,  
1904, p. 109, pl. 38, figs. 25-27. 

Diagnosis. - Lateral outline elongate-subquadrate; 
anterior end broadly rounded, oblique dorsally, posterior 
end drawn out ventrally; posterior margin convex dorsally; 
dorsal margin almost straight, ventral margin sinuous. 
Surface bearing three longitudinal ridges, the lowermost 
divides into two branches which a re  superimposed on weak- 
e r  reticulation. Inner lamella wide anteriorly; peripheral 
par t  fused to outer lamella; posteroventral margin finely 
denticulate. Marginal pore canals numerous, evenly 
spaced in some species, branched in others. Hinge amphi- 
dont/heterodont. Normal pores numerous, small, open. 

Orionina vaughani (Ulrich & Bassler,  1904) -- 
P1. 7, figs. 4, 5, 7 

Cythere vaughani Ulrich & Bassler,  1904, p. 109, pl. 38, -- 
figs. 25-27. 

Cythereis vaughani (Ulrich & Bassler),  Howe g., 1935, 
p. 25, pl. 3, figs. 24-26, pl. 4, fig. 13; Edwards, 
1944, p. 552, pl.  87, figs. 27, 28; Van den Bold, 
1946, p. 88 (in part),  pl. 10, fig. 1; Van den Bold, 
1950, p. 83 (in part). 

Trachyleberis vaughani (Uhich & Bassler),  Swain, 1951, 
p. 37, pl. 6, figs. 6, 7; Malkin, 1953, p. 794, pl. 
82, fig. 14. 

Orionina vaughani (Ulrich & Bassler),  Puri,  1953a, p. 254, -- 
pl. 12, figs. 15, 16, text-figs. 8 a-c; McLean, 
1957, p. 88, pl. 11, figs. 6 a, b; Brown, 1958, p. 
64, p1. 3, fig. 2; Puri  & Vernon, 1959; p. 135, 
142, 146; Van den Bold, 1963, p. 41, pl. 3, figs. 
1-5, text-fig. 5, figs. 1-4. 

Orionina bermudae (Brady), Van den Bold, 1957, p. 242 
y i n p a r t ) , a b l e  1 Enon pl. 1, figs. 12 a, b = a- 

im simil is  Van den Bold, 19631; Van den Bold, -- 
1958, p. 403 (in part)  [ x n  pl. 5, fig. 9 = Orionina 
serrulata  (Brady), 18691; Puri  & Vernon, 1959, 
p. 151, 154, 156, 182, 197, 406 [non p. 243 = 
Orionina bradyi Van den Bold, 1 9 m  -- 

I?] Orionina burmadae (Brady), Benson & Coleman, p. 45, 
pl. 8, fig. 7, text-fig. 29. 

Material. - Three isolated valves. 

Dimensions. - Figured hypotypes, UMMP 4871 5: 
length .78  mm, height .32 mm; UMMP 48716: length .75  
mm, height . 3 5  mm. 

Former  occurrences. - Widely reported from Mio- 
cene of t h e t e r n  United States and the Caribbean. 

Genus Pterygocythereis Blake, 1933 

Cythereis ( P t e r y g o ~ ~ t h e r e i s )  Blake, 1933, p. 239; Triebel, 
1941, p. 385; Van den Bold, 1946, p. 29; Sylvester- 
Bradley, 1948, p. 793. 

Pterygocythereis Blake, Keij, 1957, p. 94; ~ o k o r n ? ,  1958, 
p. 262; Howe, 1961, Q267; Benson & Coleman, 
1963, p. 21. 

Pterygocythereis (Pterygocythereis) Blake, Van Morkhoven, 
1963, p. 215. 

Type species. - Cythereis jonesii Baird, 1850, p. 
175, pl. 20, fig. 1. 

Diagnosis. - Lateral outline subrectangular; broad- 
ly rounded anteriorly, more acute posteriorly; marginal 
spines often present around anteroventral and posterior 
areas .  Surface tends to be smooth except for prominent 
wing-like projection which gives carapace arrow-like 
shape when viewed dorsally. Size large, length 0.80 to 
1. 10 mm. Inner lamella moderately wide; line of concres- 
cence and inner margin coincide throughout, and run paral- 
le l  to outer margin. Marginal pore canals moderate in 
number, nearly straight, simple, thickened in distal half. 
Normal pores few, small open. Hinge amphidont/hetero- 
dont. Central muscle s c a r s  of vertical row of four adduc- 
tor  scars ,  with V- or  U-shaped frontal scar .  

Pterygocythereis sp. cf. 2. americana (Ulrich & 
Bassler,  1904) 

P1. 7, figs. 1-3 

Cythereis cornuta var. americana Ulrich & Bassler,  1904, 
p. 122, pl. 37, figs. 29-33. 

(Pterygocythereis) cornuta var .  americana 
& Bassler),  Howe et  a l . ,  1935, p. 26, pl. -- 

2, figs. 19, 21-24, pl. 4, fig. 24; Swain, 1948, 
p. 206, pl. 14 (labeled a s  plate 13), fig. 4. 

Pterygocythereis cornuta americana (Ulrich & Bassler),  
Swain, 1951, p. 41; Puri,  1953a, p. 261, pl. 13, 
figs. 1-5, text-figs. 9 d-f. 

Pterygocythereis americana (Ulrich & ~ a s s l e r ) ,  Malkin, 
1953, p. 795, pl. 80, figs. 26-29; McLean, 1957, 
p. 80, pl. 9, figs. 5 a-d, 6 a-e. 

[?I Ptery ocythereis sp. aff. _P. americana (Ulrich & Bass- 
'*n& Coleman, 1963, p. 22, pl. 5, figs. 

1-3, text-fig. 10. 

[?I Pterygocythereis sp. Curtis, 1960, p. 478, pl. 1, fig. 
32. 

Pterygocythereis cf . _P. americana (Ulrich & ~ a s s l e r ) ,  
Curtis, 1960, p. 478, pl. 1, fig. 33. 

Material. - Three isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48713: 
length .93 mm, height . 5 1  mm; UMMP 48714: length .78 
mm, height .40 mm. 

Former occurrences. - This species was originally 
described from the Miocene of Maryland by Ulrich & 
Bassler  (1904, p. 122), and has since been reported from 
the Upper Miocene by HoweeJ g. (1935, p. 26), Swain 



(1948, p. 206; 1951, p. 41), Pur i  (1953a, p .  261), Malkin 
(1953, p. 795), and McLean (1957, p. 80). It has tenta- 
tively been identified from the Recent sediments of the 
Gulf of Mexico by Curtis (1960, p. 478) and Benson & Cole- 
man (1963, p. 22). 

Pterygocythereis ? sp. 

P1. 7, fig. 11 

Material. - Nine isolated valves. 

Dimensions. - Figured hypotype, UMMP 48720: 
length . 58 mm, height "42  mm. 

Remarks. - Several specimens were found which 
a r e  believed to be immature instars  of a Pterygocythereis 
species, possibly, _P. ? americana. 

Genus Puriana Puri,  1953 

Favella Coryell & Fields, 1937, p. 8; Edwards, 1944, p. 
523 (non Favella Jorgenson, 1925). 

Puriana Puri,  1953c, p. 751; Sylvester-Bradley, 1961, 
Q341; Benson & Coleman, 1963, p. 42; Van Mork- 
hoven, 1963, p. 200. 

Type species. - Favella uella Coryell & Fields, 
1937, p T f m - c ,  j = e b h e r e i s  rugipunctata 
gatunensis Coryell & Fields, 1937, p. 10, fig. 11 a ,  adult). 

Diagnosis. - Lateral outline subquadrate; anterior 
end broadly rounded, posterior end truncate; ventral mar -  
gin concave, dorsal margin straight. Valves tumid, with 
a narrowly compressed zone at  the posterior margin in  
dorsal  view. Surface covered with ridges and knobs, 
those ridges present in the posterior half tending to be 
aligned in a dorsal-ventral direction; subcentral tubercle 
present.  Weak anterior and about five strong posterior 
tubercles present.  Size medium, length 0.60 to 0.85 mm. 
Marginal pore canals few, straight, simple. Normal 
pores  few in number, open. Hinge amphidont/heterodont. 

Remarks. - Considerable confusion exists concern- 
ing the type species of this genus, and therefore the spec- 
i e s  which belong to it. In the original description Coryell 
& Fields (1937, p. 8) designated -- Favella puella Coryell & 
Fields., 1937, a s  the type species. They also named a new 
variety in the same paper, Cythereis rugipunctata gatunen- 
sis Coryell & Fields. Subsequently most authors have - 
considered F. @a to be a young molt of C. rugipunctata 
gatunensis and therefore the two forms have been listed a s  
synonymous under the name 2. puella (= Puriana puella) 
since it appears f i r s t  in the publication. Van Morkhoven 
(1963, p. 201) considers _F, =a to be a young molt of 
Cythere rugipunctata Ulrich & Bassler ,  1904, and i t  is  
therefore assumed he considers al l  three of the named 
species synonymous. However, Benson & Coleman (1963, 
p. 43) state that they have studied the type material in the 
American Museum and have determined that Puriana 
&a is in fact a young molt of Cythereis rugipunctata 
gatunensis and that 2. rugipunctata Ulrich & Bassler is a 
distinct species f r o m  _P. =a, but congeneric with it. 
Therefore Favella puella remains the type species of 
Puriana. 

Sylvester -Bradley (1961, Q336, Q341) places CY- 
there rugipunctata Ulrich & Bassler ,  and presumably i t s  

allies, which would include Puriana puella, in the genus 
Carinocythereis Ruggieri, 1956, on the basis  of hinge and 
ornamentation. I agree with Benson & Coleman (1963, p. 
43) that this does not seem consistent with the characters 
of the two genera, and here retain the species in the genus 
Puriana. 

Puriana rugipunctata (Ulrich & Bassler,  1904) 

P1. 8, figs. 1-5, 7 

Cythere rugipunctata Ulrich & Bassler ,  1904, p. 118, pl. 
38, figs. 16, 17. 

Cythereis rugipunctata (Ulrich & Bassler),  Howe @. , 
1935, p. 23, pl. 1, figs. 20-22, pl. 4, figs. 22, 23. 

Favella rugipunctata (Ukich & Bassler) ,  Edwards, 1944, 
p. 524, pl. 88, figs. 5, 6; Van den Bold, 1946, p. 
100, pl. 10, fig. 3; Van den Bold, 1950, p. 86; 
Malkin, 1953, p. 797, pl. 82, fig. 24. 

Trachyleberis ? rugipunctata (Ulrich & Bassler),  Swain, 
1951, p. 38, pl. 6, fig. 8. 

Puriana rugipunctata (Ulrich & Bassler),  Puri,  19 53c, p. 
750; Puri,  1953a, p. 257, pl. 12, figs. 18, 19, 
text-fig. 8 k; Puri  and Hulings, 1957, p. 174, 176, 
183; McLean, 1957, p. 89, pl. 11, figs. 5 a-d; 
Puri,  1960, p. 126, pl. 6, fig. 18; Benson & Cole- 
man, 1963, p. 43, pl. 8, figs. 1, 2, text-fig. 27 
@ pl. 8, fig. 5 (= 2. mesacostalis )]. 

Carinocythereis rugipunctata (Ulrich & Bassler), Sylvester- 
Bradley, 1961, Q336. 

Material. - Eleven carapaces and 55 isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48724: 
length -77  mm, height .37 mm; UMMP 48725: length .70 
mm, height .35 mm; UMMP 48726: length .66 mm, height 
.34 mm. 

Former occurrences. - This species was originally 
described by Ulrich & Bassler (1904, p. 118) from the Mio- 
cene of Maryland. It has been reported from the Upper 
Miocene &a zone of Florida (Howe g g., 1935, p. 23), 
Upper Miocene Duplin Marl of North Carolina (Edwards, 
1944, p. 524), entire Miocene f r o m  the subsurface of 
North Carolina (Swain, 1951, p. 38), Upper Miocene &a, 
Ecphora and Cancellaria facies of western Florida (Puri,  
1953a, p. 257), and the Yorktown Formation of Virginia 
(McLean, 1957, p. 89). It has also been found in the 
Recent sediments of the eastern Gulf of Mexico by Puri  & 
Hulings (1957, p. 174), Purl (1960, p. 126), and Benson 
& Coleman (1963, p. 43). A depth range of 19 to 239 feet, 
and salinity range of 35.01 to 39.92 parts  per thousand is 
given by Benson & Coleman. 

Puriana mesacostalis (Edwards, 1944) 

P1. 8: figs. 6, 8-14, 17 

Favella mesacostalis Edwards, 1944, p. 524, pl. 88, figs. 
1-4. 

[?] Favella cf. F. mesacostalis Edwards, Swain, 1951, p .  
41. 



"Favella" mesacostalis Edwards, Mi, 1953c, p. 751. 

En parq Puriana rugipunctata (Ulrich & Bassler),  Benson 
& Coleman, 1963, p. 43, pl. 8, fig. 5 k p l .  8, 
figs. 1, 2 (= _P. rugipunctatan. 

Material. - Four carapaces and 48 isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48727: 
iength . 7 5  mm, height . 3 4  mm; UMMP 48728: iengtn . 7 5  
mm, height .35  mm; UMMP 48729 (immature instar): 
length .48  mm, height .27 mm; UMMP 48730 (immature 
instar):  length .48 mm, height .27 mm. 

Former occurrences. - Originally described from 
the ~ p p x c e n e  Duplin Marl of North Carolina by Ed- 
wards  (1944, p. 524). Also questionably reported from 
the subsurface Miocene of North Carolina by Swain (1951, 
p. 41). Benson & Coleman (1963, p. 44, pl. 8, fig. 5) 
comment that they found some specimens that were like 
P. rugipunctata, except that spines replaced the posterior - 
dorsal-ventral oriented ridges, which would appear to be 
conspecific with the forms f r o m  Sapelo Island. 

Genus Triginglymus Blake, 19 50 

Tringinglymus Blake, 1950, p. 181; Keij, 1957, p. 127; 
~okornG,  1958, D. 271; Howe, 1961, Q307; Van 

Type species. - Triginglymus hyperochus Blake, -- 
1950, p. 181, pl. 30, figs. 4-9. 

Diagnosis. - Lateral outline elongate, subrectangu- 
l a r ;  anterior end broadly rounded, oblique dorsally, pos- 
t e r io r  end less  broadly rounded also oblique dorsally; 
dorsa l  and ventral margins somewhat sinuous. Surface 
ornamented with reticulations, low ridges with a promi- 
nent antero-ventral ridge generally present. Inner mar - 
gin moderately wide, with inner margin and line of con- 
crescence not coinciding in type species, but no vestibule 
present  in species assigned by Keij (1957, p. 127) to the 
genus. Marginal pore canals numerous at  anterior end, 
l e s s  s o  ventrally and posteriorly; apparently straight, 
simple in type species. Normal pores  unknown in type 
species. Hinge amphidont/lophodont; subtriangular pro- 
jection below hinge of both valves. Central muscle scar  
field consists of vertical row of four elongate-ovate scars ,  
with two oblique frontal s c a r s  anterior to dorsalmost ad- 
ductor scars .  

Triginglymus e i  (Swain, 1951) 

P1. 9, figs. 11, 12, 14-19 

Leguminocythereis e i  Swain, 1951, p. 43, pl. 3, figs. 
14, 16-18, pl. 4, fig. 1; Malkin, 1953, p. 785, pl. 
80, figs. 7-12. 

Leguminocythereis (7 )  e i  Swain, McLean, 1957, p. 80, 
pl. 9, figs. 4 a-b. 

Material. - Six carapaces and 16 isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48742: 
length .72 mm, height .38  mm; UMMP 48743: length .74 
mm, height .38 mm; UMMP 48744: length .80 mm, height 
.42  mm; UMMP 48745: length .78 mm, height .43  mm. 

Former occurrences. - Originally described by 
Swain (1951, p. 43) f r o m  the entire Miocene and Pleisto- 
cene f r o m  the subsurface of North Carolina. Also report- 
ed f r o m  the Yorktown Formation of Virginia, Maryland, 
and New Jersey by Malkin (1953, p. 785) and McLean 
(1957, p. 80). 

Remarks. - This species has previously been 
placed in the genus Leguminocythereis Howe, 1936 (e 
u......, 9. T a7&,, 
L L U W G  w - p. 61). It differs f rom t h a t  genus in lateral 
outline, ornamentation and hinge. It seems  to conform 
very closely to the type species, T. hyperochus, of the 
genus Triginglymus, particularly in the ornamentation, 
lateral outline, and the presence of the subtriangular pro- 
jection at  about mid-length, below the hinge of both valves. 

Tringinglymus sapeloensis n. sp. 

P1. 9, figs. 20-27 

Description. - Lateral outline elongate, subrec- 
tangular; dorsal and ventral margins almost straight; 
anterior margin rounded, oblique in dorsal half, posterior 
margin narrowly rounded in ventral half, short concave 
portion present a t  posterior cardinal angle. 

Surface with irregular,  sub-rounded reticulate 
pattern; prominent anteromarginal ridge; anterior blunt 
marginal spines. 

Inner lamella moderately wide anteriorly and pos- 
teriorly, narrowing abruptly ventrally, no vestibule pres-  
ent. Marginal pore canals numerous, approximately 25 
anteriorly, 10 ventrally, 6 posteriorly, straight, simple, 
tending to thicken in central portion. 

Normal pores  small,  open, few scattered. 

Hinge amphidont/lophodont; in right valve anterior 
smooth tooth higher anteriorly, smooth median groove, 
smooth posterior tooth higher posteriorly, with sharp 
ventrally directed projection below hinge at  about mid- 
length; in left valve anterior socket, smooth median ridge, 
posterior socket, and similar projection below hinge a s  
described in right valve. 

Material. - Nine carapaces and 133 isolated valves. 

Dimensions. - Holotype, UMMP 48747: length .61 
mm, height .34 mm. Paratypes, UMMP 48746: length 
.59 mm, height - 3 0  mm; UMMP 48748: length .42, height 
.22; UMMP 48749: length .53 mm, height .26 mm; UMMP 
48750: length . 59 mm, height .37 mm. 

Remarks. - This species differs f rom T. e i  
in being smaller,  but most noticeable in having decidedly 
less  prominent raised ornamentation. 

Family Cytherideidae Sars, 1925 

mom. transl.  Sylvester -Bradley & Harding, 19 53 (ex. 
Cytherideinae Sars, 19251 

Genus Clithrocytheridea Stephenson, 1936 

Cytheridea (Clithrocytheridea) Stephenson, 1936, p. 702; 
Van den Bold, 1946, p. 80. 

Clithrocytheridea Stephenson, Stephenson, 1944, p. 449; 



Stephenson, 1946, p. 326; Keij, 1957, p. 57; Pokor- 
n6, 1958, p. 247; Howe, 1961, Q275; Van Mork- 
hoven, 1963, p. 281. 

Cytheridea (Le tocytheridea) Stephenson, 1937, p. 156 
- - - - - E P U T  

Type species. - Cytheridea ( ? )  garretti  Howe & -- 
Chambers, 1935, p. 14, pl. 1, figs. 4, 5, pl. 2, figs. 11, 
12, pl. 6, figs. 10, 11. 

Diagnosis. - Lateral outline elongate, subquadran- 
gular, highest portion l ies  anterior of mid-length; anterior 
end broadly rounded, posterior end narrowly so. Surface 
usually coarsely pitted, with ridges often present; the 
ornamentation pattern usually arranged concentric to mar-  
gins. Size medium, length 0.60 to 0.80 mm. Inner lamel- 
l a  moderate in width, anterior vestibule often formed. 
Marginal pore canals numerous, straight, simple. Normal 
pores  numerous, sieve-type. Hinge merodont/entomodont, 
a l l  elements crenulate. 

Remarks. - Van Morkhoven (1963, p. 281) l is ts  the 
upper range of the genus a s  Eocene and states (p. 284) that 
any younger described species differ in one or  more fea- 
tu res  f r o m  the true Clithrocytheridea. Keij (1957, p. 57) 
l i s t s  the range a s  extending to the Recent and Howe (1961, 
Q276) a s  questionably to the Recent. The specimens con- 
s idered below conform in all  details to the features listed 
by Van Morkhoven (1963, p. 281) for the genus Clithrocyth- 
eridea, and is therefore treated a s  such. 

Clithrocytheridea virginensis Malkin, 1953 

P1. 10, figs. 1-4 

Clithrocytheridea virginensis Malkin, 1953, p. 783, pl. 79, 
figs. 23, 25-28; McLean, 1957, p. 74, pl. 8, figs. 

[?] Haplocytheridea sp. aff. 1I, israelskyi Stephenson, 
Swain, 1951, p. 20, pl. 1, figs. 15-17. 

Material. - Two valves, a left and a right. 

Dimensions. - Figured hypotypes, UMMP 48751: 
length . 8 1  mm, height .38 mm; UMMP 48752: length .85  
mm, height .46  mm. 

Former  occurrences. - Malkin (1953, p. 783) des- 
cribed C. virginensis f rom the Upper Miocene Yorktown 
Formation of Virginia, and McLean (1957, p. 74) reported 
i t  f rom the same area.  Swain (1951, p. 20) described a 
form, Haplocytheridea sp. aff. g. israelskyi, which ap- 
pears  identical to this species from the subsurface Upper 
Miocene of North Carolina, with one specimen found in the 
Lower Miocene. 

Genus Cushmanidea Blake, 1933 

Cushrnanidea Blake, 1933, p. 233; Puri ,  1957, p. 193; Mc- 
Lean. 1957, D. 77; Puri ,  1958, p. 172 En part 
(non ~ o n t o c i i h e r e  bubovsky, 19%) or Hemicytheri- 
d x  Ruggieri, ; ~ o k o r n g ,  1958, p. 248; Howe, 

Pontocythere Dubovsky, 
1939, o r  Hemicytherideis Ruggieri, 1952)] ; Van 
Morkhoven, 1963, p. 329. 

Hulingsina Puri,  1958, p. 173; Howe, 1961, Q290; Benson 
& Coleman, 1963, p. 30. 

Type species. - Cytheridea seminuda Cushman, 
1906, p. 374, pl. 33, figs. 62-64. 

Diagnosis. - Elongate carapace, curved, convex 
dorsal margin. Surface smooth, reticulate, pitted or tuber - 
culate. Inner lamella moderately wide, vestibules formed 
both anteriorly and posteriorly; line of concrescence i r regu-  
l a r ,  indented toward the outer margin at  origin of marginal 
pore canals. Marginal pore canals moderate in number, 
straight, simple, originating at indentation of line of con- 
crescence in bunches of two, three, or four. Type of nor- 
mal pores unknown in type species, but in most species, 
medium size, sieve-type, may be constant in position with- 
in a species. Hinge merodont/lophodont. Central muscle 
scar  field of four elongate-ovate adductor scars  with V- or  
heart-shaped frontal scar ;  two elongate mandibular s c a r s  
near ventral margin. 

Remarks. - There has been much discussion con- 
cerning the validitv of a grouw of closely related genera: 
~ u s h m k i d e a  ~ l a k k ,  1933, ~ b n t o c ~ t h e r k  hbovsky ,  1939, 
Hemicytheridea Ruggieri, 1952, and Hulingsina Puri,  1958 
(see Oertli, 1956, p. 56; Wagner, 1957, p. 44; Puri,  1958, 
o. 171: Howe. 1961. (3290: Van Morkhoven. 1963. 0.  329). 
i t  has been established by b e r t l i  (1956, p. '56) t h a t - ~ e -  
cvthere and Hemicytheridea a r e  synonymous on the basis  - 
of the fact that their type species a re  congeneric, and there-  
fore the name ~ e m i c ~ t h e r i d e a  must be suppressed in favor 
of Pontocvthere. 

Puri  (1958, p. 171) restudied the genus Cushmanidea 
and placed Pontocythere (including Hemicytheridea) in syn- 
onymy with Cushmanidea. He includes the species Cytheri- 
dea elongata Brady (1868, p. 421) in Cushmanidea based on - 
material sent him from the Adriatic Sea. This species is 
the type of Hernicytherideis, and is therefore inciuded in 
the concept of the genus - Pontocythere. Pur i  describes and 
illustrates a l l  of the hinge elements a s  being smooth, while 
Wagner (1957, p. 44) shows the median and posterior e le-  
ments a s  crenulate for the same species. This is an i m -  
portant distinction since Puri  (1958, p. 172) in redefining 
the genus Cushmanidea states: "Hinge nondenticulate, 
valves articulate by means of three pairs  of flanges. '' 
Therefore it  would seem that the two genera, Pontocythere 
and Cushmanidea a r e  separable on the basis of the hinge 
elements. In some species of Cushmanidea, however, the 
posterior, short hinge element is faintly crenulate. In 
addition Van Morkhoven states (1963, p. 329): "The type 
species of Cushmanidea (Cytheridea seminuda Cushman, 
1906) and Pontocythere however, show some marked dif - 
ferences i ~ m a n d i b l e s ,  copulation organs) a s  
well a s  in valve structure (hinge), and for the moment they 
a r e  therefore better kept apart. " 

Puri  (1958, p. 173) erected the genus Hulingsina 
with the type species H, tuberculata also described in the 
same paper (not Cytheridea americana Cushman, 1906, a s  
stated by Van Morkhoven, 1963, p. 329). Nowhere in the 
paper did P u r i  actually designate _H. tuberculata a s  the 
type species, but i t  is listed f i rs t  under the genus and also 
described first under Hulingsina, therefore it  must take 
priority a s  the type species. This genus a s  originally des- 
cribed differs f rom Cushmanidea by being more heavily 
ornamented, consisting of tubercles, reticulations or 
coarse pits. Since the type species of both Cushmanidea 
and Hulingsina a r e  living forms,  slight differences in s u r -  
face ornamentation without any mention of soft parts a r e  
insufficient fo r  generic distinctions. Theref ore  in agree- 
ment with Van Morkhoven (1963, p. 329) I recognize Ponto- 
cythere (including ~ e m i c ~ t h e r i d e i s )  and ~ushmanidea- 
(including Hulingsina) a s  valid genera. 



Cushmanidea ashermani (Ulrich & Bassler,  

1904) 

P1. 12, figs. 14-17 

Cytherideis ashermani Ulrich & Bassler,  1904, p. 126, pl. 
37, figs. 10-16; Howe, gal., 1935, p. 14, pl. 3, 
figs. 8-10; Edwards, 1944, p. 514, pl. 86, figs. 
1-4; Van den Bold, 1946, p. 87, pl. 12, fig. 8; 
Swain, 1948, p. 195, fig. 1 [plates 13 and 14 a r e  
reversed]; Swain, 1951, p. 19; Puri,  1952, p. 910, 
pl. 130, figs. 4-8, text-figs. 1, 2; Puri, 1953a, p. 
286, pl. 9, figs. 4-8; Malkin, 1953, p. 778, pl. 78, 
figs. 1-13. 

Cytherideis longula Ulrich & Bassler,  1904, p. 128, pl. 37, 
figs. 21-27; Swain, 1948, p. 195, pl. 14, fig. 2 
Lplates 13 and 14 a r e  reversed]; Swain, 1951, p. 
19. 

Cytherideis agricola Howe & Hadley, Malkin, 1953, p. 779, 
pl. 28, figs. 24, 25. 

Cytherideis semicircular is  Ulrich & Bassler,  1904, p. 127, 
pl. 37, figs. 18-20. 

Cushmanidea ashermani (Ulrich & Bassler), McLean, 1957, 
p. 77, pl. 8, fig. 5 a-f. 

Hulingsina ashermani (Ulrich & Bassler),  Puri,  1958, p. 
173; Benson & Coleman, 1963, p. 30, pl. 4, figs. 
1-3 [jlumber s 3 and 4 a r e  reversed on plate 41, 
text-fig. 17. 

Hulingsina sulcata Puri,  1960, p. 118, pl. 2, figs. 6, 7, 
text-figs. 43-46. 

Material. - Five isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48764: 
length .84 mm, height .38  mm; UMMP 48765: length .83 
mm, height .38 mm. 

Former  occurrences. - This species has been 
widely reported f rom the Miocene sediments of the eastern 
and Gulf Coast s ta tes  of the United States. It has also been 
reported f rom the Recent sediments of the Gulf of Mexico 
by Benson & Coleman (1963, p. 30). They give a depth 
range of 32 to 239 feet,  being most abundant at  greater 
than 60 feet. 

Remarks. - There is much confusion pertaining to 
the correct  identification of this species. Only 5 speci- 
mens were found in the Sapelo Island material and they 
conform very closely to  those shown by ULrich & Bassler 
(1904, p. 126, pl. 37, f igs .  10-16) and Edwards (1944, p. 
514, pl. 86, figs. 1-4). The synonymy shown above fol- 
lows closely that of Benson & Coleman (1963, p. 30), but 
reexamination of many of the forms is necessary before 
i t  will be possible to separate  them accurately. No attempt 
is made here to do that. 

Cushmanidea tuberculata (Puri,  1958) 

P1. 13, figs. 1-10 

Hulingsina tuberculata Pur i ,  1958, p. 173, pl. 2, figs. 5- 
9; Howe, 1961, Q290, fig. 217, no. 1 a-e. 

Description. - Lateral  outline elongate, entire ca ra -  
pace curved, convex dorsally; anterior end rounded evenly, 

posterior end bluntly rounded in left valve, much more 
pointed in right valve. 

Surface with prominent tubercles covering entire 
carapace, tending to be arranged parallel to margins; dor- 
s a l  sulcus present slightly anterior of mid-length and 
oriented in anteroventral direction. 

Inner lamella moderately wide, greatest width in 
lnter ior  e ~ d ;  lirie of cnr?crescenc.e and inner margin coinci- 
dent except in small a rea  in anterior portion, thus forming 
small  anterior vestibule. 

Marginal pore canals about 25-30 anteriorly, 15 
ventrally and 10-15 posteriorly; originating at  line of con- 
crescence in groups of two, three or  four and diverging 
toward the outer margin in anterior; tend to be paired 
posteriorly and subparallel ra ther  than divergent a s  in 
anterior.  

Normal pores large, sieve-type, few in number, 
not coinciding with surface tubercles. 

Hinge merodont/lophodont, same a s  in C. echolsae 
(see below). Muscle scar  pattern same a s  in C. echolsae 
(see below). 

Material. - Five carapaces and 118 isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48766: 
length .72 mm, height .29 mm; UMMP 48767: length .67 
mm, height .27 mm; UMMP 48768: length .69 mm, height 
.29 mm; UMMP 48769: length .67 mm, height .29 mm. 

Former occurrences. - Reported previously by 
Pur i  (1958, p. 173), where i t  was originally described 
from his locality 5, in six feet of water off the west coast 
of Florida. It is assumed that the species was found living, 
although no mention is made by Puri  of this fact.  

Remarks. - As stated above, this species was the 
type of the genus Hulingsina, which is not considered a 
valid genus in this paper. A full description has been in- 
cluded since many details of the interior of the valve were 
not originally given by Puri.  

Cushmanidea echolsae (Malkin, 1953) 

P1. 13, figs. 11-22; pl. 14, figs. 1-8 

Cytherideis echolsae Malkin, 1953, p. 778, pl. 78, figs. 
14-17; Puri,  1958, p. 175; McLean, 1957, p. 78, 
pl. 9, figs. 1 a-c, 2 a-d. 

[?I Cushmanidea cf. echolsae (Malkin), Curtis, 1960, 
p. 483, pl. 2, fig-, fig. 8 (bottom). 

Description. - Lateral outline elongate, entire 
carapace curved, convex dorsally; anterior end evenly 
rounded, posterior end bluntly rounded in left valve, much 
more pointed in right valve. 

Surface with prominent pits; dorsal sulcus slightly 
anterior of mid-length which trends in an anterodorsal 
direction; sometimes second less  prominent sulcus, paral- 
l e l  to and posterior to the f i r s t .  

Inner lamella moderately wide, greatest width in 
anterior end; vestibules present both anteriorly and pos- 
teriorly, the widest at anterior end; line of concrescence 
and inner margin coincide ventrally; line of concrescence 



i r regular  anteriorly, bending toward outer margin at 
position where marginal pore canals originate. 

Marginal pore canals about 30 anteriorly, 15 ven- 
trally, and 10 posteriorly; always originate at  line of con- 
crescence in groups of two, three or four and diverge 
toward outer margin; straight, simple in ventral and pos- 
t e r io r  portions; frequent normal pores  visible through 
inner lamella which give impression of being marginal 
pore canals. 

Normal pores  large,  sieve-type; appear to be con- 
stant within this species, particularly in vicinity of central 
and mandibular muscle scar  field. 

Hinge merodont/lophodont. Right valve with anter - 
ior  elongate flange, formed of outer lamella which bends 
ventrally, where extension of carapace forms exterior 
l imi t s  of median groove with internal flange paralleling 
this  to fo rm interior limit of median groove, posterior, 
short,  crenulate tooth-like projection which continues 
posteriorly a s  short flange. 

Left valve has anterior internal flange forming 
groove when combined with extension of outer lamella, 
median bar  and oblique groove for  reception of posterior 
tooth-like projection of right valve. 

Central muscle-scar pattern of four adductor scars ,  
one dorsal  and slightly anterior to  the remaining three; 
frontal U-shaped scar ,  three mandibular scars  near ven- 
t r a l  margin, the two which l ie  ventral to the third touching; 
three dorsal  s c a r s  visible, dorsal and anterior to the 
central  muscle s c a r  field. 

Material. - Forty-two carapaces and 943 isolated 
valves . 

Dimensions. - Figured hypotypes, UMMP 48770: 
length .66 mm, height .27 mm; UMMP 4877 1: length .66 
mm, height .27 mm; UMMP 48773: length .72 mm, height 
.32 mm; UMMP 48774: length .64 mm, height .29 mm; 
UMMP 48775: length .67 mm, height .29 mm; UMMP 
48776: length . 59 mm, height .27 mm. 

Former  occurrences. - Originally described from 
the Upper, Miocene Yorktown Formation of Virginia, Mary - 
land, and New Jersey  by Malkin (1953, p. 778) and again 
f r o m  the Yorktown of Virginia by McLean (1957, p. 78). 
A f o r m  was questionably assigned to this species by Cur- 
t i s  (1960, p. 483) from the Recent sediments of the Gulf 
of Mexico, near the Mississippi River delta. 

Remarks. - A complete description i s  here included 
based on the Sapelo Island specimens since this is the most 
important species present in the sense of quantity. One 
interesting aspect of the forms found is the seemingly con- 
sistent position of the normal pores. Three photographs 
(pl. 14, figs. 4, 6, 7) a r e  shown of left valves taken in 
transmitted light f rom the interior of the valves, and it 
can be seen that all  of the normal pores, which show as 
black dots, a r e  in almost identical position in relation to 
the muscle s c a r s  and the line of the median sulcus. Loc- 
ations were checked closely and found to be the same on 
ten valves, five right and five left.  

Cushrnanidea glabra) n. sp. 

Pl.  14, figs. 9-21 

Description. - Lateral  outline, carapace curved 

convex dorsally; anterior end narrowly rounded, posterior 
end bluntly rounded in left valve, more narrowly in right 
valve. 

Surface entirely smooth, no ornamentation and no 
dorsal sulcas developed. 

Inner lamella wide anteriorly, moderate ventrally 
and posteriorly; wide vestibule present anteriorly, narrow 
vestibules posteroventrally and posteriorly; line of con- 
crescence and inner margin coincide elsewhere; high 
flange present near line of concrescence both anteriorly 
and posteriorly in right valve and anteriorly only in left 
valve. 

Marginal pore canals about 25-30 in anterior, 15 
ventrally and 10 posteriorly, sinuous, simple, tend to 
widen near outer margin in bulge; in anterior portion or i -  
ginate in groups of two, three or four, and then diverge 
sinuously toward outer margin. 

Normal pores moderate in size, scattered, sieve- 
type, with large opening in center and sieve structure 
surrounding. 

Hinge merodont/lophodont. Right valve with elon- 
gate anterior flange which is posterior extension of pro- 
jecting flange inside of and parallel to anterior outer lamel- 
la, extending slightly past mid-length, with posterior, 
elongate, finely crenulate projection at posterior extremity; 
shallow median groove; high, short, thin, posterior tooth 
which is projection of flange which continues inside of and 
concentric to posterior outer margin. 

Left valve has elongate anterior flange which is 
extension of projecting flange which is parallel to and in- 
side of anterior outer margin; elongate, negative, finely 
crenulate a r e a  anterior to median, thin, smooth bar;  short 
posterior socket. 

Central muscle-scar field of four adductor scars ,  
three of which a r e  relatively large and in a row trending in 
an anteroventral direction, the fourth much smaller and 
dorsal to the others; frontal U-shaped scar  anterior to 
adductor scars  and at mid-height; fulcra1 point lying be- 
tween adductor and frontal scars;  no mandibular o r  dorsal 
muscle s c a r s  visible. 

Material. - One carapace and 5 isolated valves. 

Dimensions. - Holotype, UMMP 48777: length . 54 
mm, height .29 mm. Paratype, UMMP 48778: length . 59 
mm, height .27 mm. 

Remarks. - This species is placed in the genus 
Cushmanidea on the basis of i t s  elongate carapace, hinge 
type and muscle scar  pattern. It differs f rom other Mio- 
cene to Recent members of the genus in having a completely 
smooth exterior carapace surface. 

Cushmanidea magniporosa, n. sp. 

P1. 12, figs. 1-13 

Description. - Lateral outline elongate, carapace 
curved convex dorsally; anterior end nearly evenly round- 
ed, somewhat oblique above, posterior end rounded dorsal- 
ly with posteroventral truncation. 

Surface smooth dorsally and posterodorsally, with 
se r ies  of low ridges concentric to outline of outer margin, 
stronger ones nearer outer margin. 



Inner lamella moderately wide, widest anteriorly, 
narrowing anteroventrally, widening again posteroventrally, 
narrowing abruptly at posteroventral extremity, widening 
somewhat at posterior end; wide anterior vestibule, narrow 
posterior one; line of concrescence irregular a t  both anter- 
ior and posterior ends, bending toward outer margin at  or i -  
gin of marginal pore canals. 

Marginal pore canals about 25 anteriorly, 15 poster- 
iorly, 10 ventrally; grouped in bunches of two, three, or 
four anteriorly, bunched occasionally ventraiiy and poster- 
iorly; not branching. 

Normal pores frequent, large, scattered and sieve- 
type. 

Hinge merodont/lophodont. Right valve has anterior 
high flange which bends ventrally and forms  interior bound- 
a r y  of median groove, while outer boundary formed by ex- 
tension of outer lamella, high posterior flange, slightly 
crenulate and shorter than similar anterior flange. 

Left valve has anterior groove, exterior boundary of 
which is formed by outer lamella and interior boundary form- 
ed by flange which ends about two-thirds of length of groove, 
followed by second flange which forms median, smooth bar 
and whose anterior lower portion forms inner boundary of 
posterior third of anterior groove; posterior ill-defined 
socket and platform for reception of posterior high flange of 
right valve. 

Central muscle-scar pattern consists of four adductor 
scars ,  three of which lie close together in a vertical row, 
while the fourth lies dorsal and slightly anterior to the other 
three, a frontal U-shaped scar  anterior to the dorsal adduct- 
o r  scar ,  three mandibular s c a r s  near ventral border, two of 
which lie close together and a r e  nearest the ventral edge, 
and three dorsal s c a r s  visible dorsal and anterior to the 
central muscle-scar field. 

Material. - One carapace and 5 isolated valves. Only 
one specimen mature. 

Dimensions. - Holotype, UMMP 48763: length .92 mm 
height .78 mm. 

Remarks. - This species i s  placed in Cushmanidea 
with some doubt. The hinge line appears to be unique in i t s  
possession of the notch in the left valve (pl. 12, figs. 5, 8) 
of the anterior anti-slip bar  which has no apparent compli- 
mentary structure in the right valve. In addition, the nor- 
mal pores a r e  somewhat different f rom those of C. echols- 
ae, C. tuberculata, and C. glabra (compare pl. 12, fig. 9, -- 
to pl. 13, figs. 21, 22). 

Cushrnanidea sp. 

P1. 15, figs. 17-23 

Material. - Three valves. 

Dimensions. - Figured specimen, UMMP 48783: 
length . 7 l  mm, height .34 mm. 

Remarks. - Only two unbroken and one broken valves 
of this form were found. B ecause the hinge conforms 
closely to that in other species of Cushmanidea, it i s  put in 
that genus. 

Genus Haplocytheridea Stephenson, 1936 

Haplocytheridea Stephenson, 1936, p. '700; Sandberg, 1964, 

Cytheridea (Haplocytheridea) Stephenson, Van Morkhoven, 
1963, p. 278. 

Type species. - Cytheridea montgomeryensis Howe 
& Chambers, 1935, p. 17, pl. 1, fig. 1; pl. 2, figs. 1-3, 7 ,  
9; pl. 6, figs. 17, 18. 

Diagnosis. - Lateral outline elongate to subtriangular; 
carapace heavily calcified generally; dorsal margin rounded 
gently, ventra! mrrrgin typical!y Concave in p s t e r i o r  half. 
Surface with shallow small to medium sized pits.  Size med- 
ium, length 0.65 to 0.90 mm. Inner lamella moderately 
wide, more n arrow ventrally and posteriorly; vestibule 
sometimes presen t  anteriorly. Marginal pore canals mod- 
erate in number, mostly simple, straight, some bifurcat- 
ing. Normal pores  correspond to surface pits, small, 
sieve-type. Hinge merodont/entomodont, all elements posi- 
tive in smaller valve, negative in larger  valve. 

Haplocytheridea bradyi (Stephenson, 1938) 

P1. 11, figs. 1-11 

Cytheridea (Haplocytheridea) bradyi Stephenson, 1938, p. 
129, p1.23, fig. 22; pl. 24, figs. 5, 6; text-fig. 10. 

Haplocytheridea bradyi (Stephenson), Swain, 1955, p. 618, 
pl. 59, fig. 12a-b; Puri, 1960, p. 110, pl. 2, figs. 
3-4; pl. 6, fig. 19; text-figs. 4, 5; Sandberg, 1964, 
p. 362, pl. 2, figs. 7-16. 

~ a ~ l o c ~ t h e r i d e a w , v ( ~ t e ~ h e n s o n ) ,  Puri, 1953, p. 231, 
pl. 3, figs. 5, 6; text-fig. 3g. 

Cytheridea ( H a p 1 o c y t h e r i d e a ) e i  Stephenson, 1941, p. 
428. text-figs. 3. 4, 14-18. 

~ ~ t h e r i d e i ( ~ a ~ 1 o c G t h e r i d e k )  proboscidiala Edwards, 1944, 
p. 508, pl. 85, figs. 8-11. 

~ a ~ l o c ~ t h e r i d e a ~ r o b o s c i d i a l a  (Edwards), Benson & Cole- 
man, 1963, p. 28, pl. 3, figs. 4-9; text-fig. 15. 

[not] Haplocytheridea cf. H. proboscidiala (Edwards), Puri, 
1953, p. 234, pl. 3, figs. 17, 18, text-fig. 3e-f 
[= 'IHaplocytheridea subovata (Ulrich & Bassler,  
1904)l. 

[?I ~ a ~ l o c ~ t K e r i d e a  proboscidiale Malkin, 1953, p. 783, 
pl. 79, figs. 16, 20. 

Material. - Seven carapaces and 530 isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48757: 
length .74 mm, height .38 mm; UMMP 48758: length .72 
mm, height .38  mm; UMMP 48759: length ,77 mm, height 
. 3  5 mm. 

Former occurrences. - Reported from the Upper 
Miocene of Florida, and North Carolina. It has been found 
in the Recent sediments of the Gulf of Mexico by Benson & 
Coleman within a depth range of 20 to 70 feet, with most 
specimens found a t  l ess  than 35 feet. 

Remarks. - The following features were observed 
in addition to those previously described by other authors 
for this species. The normal pores (pl. 11, figs. 4, 8) a r e  
large, sieve-type which correspond in position to the pits 
visible externally (pl. 11, figs. 2, 3). The normal pores 
spread abruptly upon reaching the exterior of the carapace. 
The central muscle-scar field (pl. 11, fig. 7) consists of 
four adductor scars ,  the ventral three of which a r e  elongate 
with the long axis parallel to the dorsal margin, while the 
dorsal-most one l i es  at  right angles to the other three. TWO 
mandibular s c a r s  a r e  present, one ventral to the adductor 
s c a r s  and paralleling the ventral margin, the other lying 
below the U-shaped frontal scar  and oriented in an antero- 
dorsal direction. 



Malkin (1953, p. 783, pl. 79, figs. 16, 20) mentions 
and i l lustrates  a f o r m  which has anterior marginal spines, 
a feature which neither Edwards nor Benson & Coleman 
mentions, and which the present specimens lack altogether. 
Pur i  (1953a, p. 234) tentatively re fe rs  forms f r o m  the z- 
phora and Cancellaria facies, Upper Miocene of western 
Florida to this species and he also shows anterior marginal 
spines, and the positive hinge elements in the right valve, 
which is the reverse  of the hinge elements in this species. 

Genus Cyprideis Jones, 1857 

Cyprideis Jones, 1857, p. 20; Goerlich, 1952, p. 185; 
~ o k o r n ? ,  1958, p. 247; Benson, 1959, p. 44; Howe, 
1961, Q276; Van Morkhoven, 1963, p. 289. 

Anomocytheridea Stephenson, 1938, p. 141; Edwards, 1944, 
p. 509; Howe, 1961, Q273. 

Cytheridea (Anomocytheridea) (Stephenson), Van den Bold, 
1946, p. 82. 

Type species. - Candona torosa Jones, 1850, p. -- -- 
27, pl. 3, fig. 6 a-e. (See also Wagner, 1957, p.  39, pl. 
14, figs. 1-5). 

Diagnosis. - Lateral outline oval; dorsal margin 
slightly convex, dorsal  and ventral margins almost paral- 
lel;  anterior and posterior ends both broadly rounded. 
Surface smooth or  pitted, anterodorsal sulcus sometimes 
present.  Size large, 0.75 to 1.00 mm in length. Inner 
lamella narrow; inner margin and line of concrescence 
coincide throughout and parallel outer margin. Marginal 
pore canals numerous, oftern bifurcating. Normal pores 
numerous, sieve-type, oftern long slit-like. Hinge amphi- 
dont/archidont, the median element is divided, the antero- 
median portion consisting of a projecting crenulate bar in 
the left valve. 

Cyprideis floridana (Howe & Hough, 1935) 

P1. 11, figs. 12-22 

Cytheridea floridana Howe & Hough & Howe &. , 193 5, 
p. 10, pl. 2 , f igs .  15, 16, 18, p l . 4 , f i g s .  6, 10. 

Anomocytheridea floridana (Howe & Hough), Stephenson, 
1938, p. 142, pl. 23, fig. 15, pl. 24, figs. 7, 8, 
text-figs. 2, 6, 19, 20; Edwards, 1944, p. 510, 
al.  85. figs. 16. 17: Puri.  1953a, KJ. 229, ol.  2. 
rig. 10, text-figs. 38,b;   owe, 1961, p. &i73, 
fig. 203, no. la-e. 

[?I Cytheridea ? (Anomocytheridea) floridana Howe & 
Hough, Van den Bold, 1946, p. 82. 

[?I Cyprideis lit toralis Brady, Swain, 1955, p. 615, pl. 59, 
figs. l l a - c ,  text-figs. 38, 5a,b. 

["on] Cyprideis floridana Puri,  1960, p. 110, pl. 2, fig. 5, 
text-figs. 1-3. 

Material. - One carapace and 137 isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48760: 
length .90  mm, height . 4 5  mm; UMMP 48761: length .93, 
height . 5 1  mm; UMMP 48762: length . 9 1  mm, height .45. 

Former  occurrences. - Originally described from 
the &a zone of the Upper Miocene Choctawhatchie Forma- 

tion of Florida by Howe & Hough (SHowe Gal., 1935, 
p. 142) a s  the most common ostracod occuring in the %a 
zone and restricted to marine beds. Edwards (1944, p. 510) 
reported it f rom the Upper Miocene Duplin Marl of North 
Carolina, and Puri  described it  from the &a facies of 
western Florida. Swain (1955, p. 615) assigned a f o r m  to 
Cyprideis Littoralis (see also remarks below) from the Re-  
cent sediments of San Antonio Bay in the Gulf of Mexico 
which appears to belong to this species, although in his 
plate 59, figure l l c ,  the surface pits seem to be coarser  
than in the Sapelo Island forms. 

Remarks. - Cyprideis floridana is very closely r e -  
lated to the type species of Cyprideis, C. torosa. The 
sing1 e prominent posteroventral spine on the right valve 
present on C_. torosa which is mentioned and illustrated by 
Wagner (1957, p. 39, pl. 14, fig. 4) i s  lacking in C. f lor i -  
dana, and the uppermost adductor muscle scar  i s  elongate - 
in a vertical direction in 2. floridana, whereas it  is elong- 
ate in a horizontal direction a s  a r e  the other three adductor 
scars  in C. torosa. 

Cytheridea floridana was chosen by Stephenson (1938, 
p. 141) a s  the type of his new genus Anornocytheridea. But 
this species is so  closely related to C. torosa that it  is 
practically impossible to place them in separate genera or 
even separate subgenera a s  has been suggested by Howe 
(1961, p. Q273). Howe (1961, p. 9273) characterizes the 
genus Anornocytheridea a s  follows: "Like Cyprideis in a l l  
characters except anterior portion of median hinge element 
which forms short blunt smooth bar instead of crenulate 
ridge, and antennal s c a r s  distinct instead of forming a V. " 
Then in figure 203 (p. Q276) of the same volume a r e  shown 
drawings of Anomocytheridea floridana, the type species, 
reproduced from Stephenson (1938, pl. 23, fig. 15, pl. 24, 
figs. 7, 8), which clearly show the anteromedian element of 
the hinge a s  being crenulate and the frontal or antennal mus- 
cle scar a s  forming a U-shaped scar .  Therefore, all  the 
differences between the two genera disappear and Anomo- 
cytheridea becomes a junior synonym of Cyprideis- 

Swain (1955, p. 615-617) described two forms f r o m  
the Recent sediments of San Antonio Bay. Gulf of Mexico. 
using the names Cyprideis lit toralis  and'^. torosa. It has  
since been well-established (Wagner, 19 57, p. 39; Van Mor - 
khoven, 1962, p. 45) that the two species a r e  identical, dif- 
fering only in the presence or  absence of phenotypic margin- 
a l  tubercles caused by a decrease in salinity. In addition, 
none of the fo rms  shown by Swain exhibit the prominent post- 
eroventral spine mentioned above, and except for the some- 
what coarser surface pits the ones listed under _C. l i t toralis 
appear conspecific with _C. floridana. The forms Swain 
l is ts  under _C. torosa a r e  evidently the same species a s  the 
new species _C. swaini described in this paper. 

Puri  (1960, p. 110) has recently described a new 
species of Cyprideis to which he gave the n a m e s  floridana. 
The transference of Anomocytheridea floridana to the genus 
Cyprideis makes a new name necessary for the species des- 
cribed by Puri.  

Cyprideis swaini, n. sp. 

P1. 10, figs. 5-17 

[?I Cyprideis torosa (Jones), Swain, 1955, p. 616, pl. 59, 
figs. 8a, b, text-fig. 32c. 

Description. - Lateral outline subtriangular, highest 
portion in anterior third; ventral margin almost straight, 
slight concavity in posterior third, dorsal margin evenly and 
strongly convex, only break in curve at posterior cardinal 



angle; anter ior  end broadly and evenly rounded, posterior 
end bluntly rounded. 

Surface almost  smooth to reticulate; prominent 
dorsomedian sulcus, with weaker one anterior to the f i r s t ;  
in three immature specimens was found two prominent 
nodes in posterior third of valve and in several others l e s s  
prominent nodes in  same position. This feature was always 
observed on immature forms. 

Inner lamella narrow; line of concrescence and inner 
margin coincide throughout, with the possible exception of 
the central posterior portion where the thickening of inner 
lamella makes observation of the inner margin difficult. 

Marginal pore canals short, straight, simple, evenly 
spaced, about 25 anteriorly, 8 posteriorly. 

Normal pores  moderate in number, large sieve-type 
varying in shape, some a r e  circular,  some slit-like and 
others a r e  three-cornered slits.  

Hinge amphidont/heterdont. Right valve consists 
of anterior bar, in  most specimens coarsely crenulate, in 
others very finely crenulate, anteromedian element a finely 
crenulate short socket; posteromedian element a smooth 
groove and posterior,  short bar with about 6 crenulations. 

Left valve with anterior crenulate socket, antero - 
median finely crenulate bar ,  posteromedian smooth bar  
and posterior crenulate socket. 

Central muscle-scar pattern of four adductor s c a r s  
lying close together in vertical row, a l l  oval-shaped, the 
topmost being smaller  than the other three and more 
elongate; frontal s c a r  V-shaped, lying anterior to  topmost 
adductor s c a r ;  two mandibular s c a r s  present, both elon- 
gate, one near ventral margin and parallel to it, the other 
larger  than the f i rs t ,  dorsal  to it  and trending in an antero- 
dorsal  direction; fulcral  point visible between adductor and 
frontal muscle s c a r s .  

Material. - Three hundred sixty-two isolated valves. 

Dimensions. - Holotype, UMMP 48754: length .82 
mm, height .48  mm, paratypes, UMMP 48753: length .74 
mm, height . 4 5  mm; UMMP 48755: length .77 mm, height 
.48 mm; UMMP 48756: length .74  mm, height . 4 5  mm. 

Former  occurrences. - Swain (1955, p. 616) des- 
cribed f o r m s  f r o m  the Recent sediments of San Antonio 
Bay, Gulf of Mexico which a r e  here placed in this species. 

Remarks.  - This  species i s  here placed in the 
genus Cyprideis because of the muscle scar  pattern, hinge, 
and sieve-type normal pores .  However, i t  differs f rom 
the type species of Cyprideis, C. torosa in the type of mar -  
ginal pore canals. In C. torosa and ' floridana they a r e  
more numerous and branching, while in C. swaini they a r e  
simple, straight and evenly spaced. 

Genus Eucythere Brady, 1868 

Eucythere Brady, 1868, p. 429, E. nov. for Cytherop- 
sis Sars ,  1866 [non. M'Coy, 1 8 q  MUller, 1894, 
p.362; Lienenklaus, 1900, p. 524; MUller, 1912, 
p. 333; S a r s ,  1925, p. 161; Alexander, 1934, p. 
226; Alexander, 1936, p. 689; Howe, 1936, p. 143; 
Triebel,  1940, p. 161; Edwards, 1944, p. 513; Puri ,  
1953a, p. 299; Wagner, 1957, p. 43; ~okorny/ ,  1958, 

p. 282; Howe, 1961, Q285; Van Morkhoven, 1963, 
p. 337. 

Type species. - Cythere declivis Norman, 1865, p. -- -- 
16, pl. 5, figs. 9-12 subsequent designation, Brady and 
Norman, 1889, p. 178. . 

Diagnosis. - Lateral outline triangular, highest 
toward anterior end; anterior end broadly rounded, poster - 
ior end narrowiy rounded. Surface smooth, pitted, lightly 
reticulated or with irregular wrinkles. Size medium, length 
0.40 to 0.80 mm. Inner lamella wide anteriorly where inner 
margin and line of concrescence a r e  widely separate, more 
narrow vestibule developed posteriorly. Marginal pore 
canals few in number, straight, evenly spaced, simple. 
Normal pores large, sieve-type. Hinge merodont/entomo- 
dont. Central muscle-scar field consists of four arcuate 
adductor s c a r s  and U-shaped frontal scar .  

Eucythere sp. cf. 5. declivis (Norman, 1865) 

P1. 2, figs. 1-7 

Cythere declivis Norman, 1865, p. 16, pl. 5, figs. 9-12. 

Cythere tenuitesta Sars, 1866, p. 57. 

Eucythere declivis (Norman), Brady, 1868, p. 430, pl. 27, 
figs. 22-26, 52-55; Brady & Norman, 1889, p. 178; 
~ i l l e r ,  1894, p. 27, pl. 29, figs. 5, 13; Blake, 
1933, p. 233; Alexander, 1934, p. 227, pl. 35, figs. 
27; Wagner, 1957, p. 43, pl. 15, figs. 1-5; ~ o k o r n ? ,  
1958, p. 282, fig. 975; Howe, 1961, Q285, fig. 212, 
2 a-b; Van Morkhoven, 1963: p. 338, fig. 547. 

Material. - One carapace. 

Dimensions. - Figured hypotype, UMMP 48686: 
length .58 mm, height .32  mm. 

Former occurrences. - E. declivis has been widely 
described from Recent marine waters off the coasts of 
western Europe, and Wagner also reports  it f rom the Pleis- 
tocene. 

Remarks. - According to Wagner (19 57, p. 44), 
who redescribed the carapace of this species in great de- 
tail, there has been considerable confusion concerning its 
identification. Since only one specimen was found in the 
Sapelo Island sediments only a tentative identification is  
made here. This specimen i s  remarkably close to the one 
shown by Wagner, in particular the central musc lescar  
field and the position of the large sieve-type normal pores. 

Eucythere triangulata Puri ,  1953 

PI. 2, figs. 8-11 

Eucythere triangulata Puri,  1953a, p. 300, pl. 16, figs. 
7 ,  8, text-fig. 13j. 

Material. - Two valves, a left and a right. 

Dimensions. - Figured hypotypes, UMMP 48687: 
l e n d h  . 7 5  mm, height .37 mm; UMMP 48688: length .64 
mm, height .34  m i .  

Former occurrences. - Described by Puri  (1953a, 
p. 300) from the Upper Miocene =a and Ecphora facies 
of western Florida. 



Genus Sahnia Puri, 1952 

Sahnia Pur i ,  1952, p. 912; Puri ,  1958, p. 174; Van Mork- 
hoven, 1963, p. 335. 

Neocytherideis Puri ,  Sylvester-Bradley & Harding, 1953, 
p. 755 pn ~ a r q ;  Howe, 1961, Q290 pn part]. 

Type species. - Cytherideis subulata Brady, 1868 
[non C therideis subulata Brady, 186-454, pl. 35, 
figs.~+ r z .  1. 

Diagnosis. - Outline elongate, the posterior more 
broadly rounded than the anterior end, which is drawn out, 
ventral margin nearly straight, dorsal mar gin broadly 
curved. Surface nearly smooth, faint concentric ridges 
sometimes present, stronger near margins, anterior mar-  
ginal denticles sometimes present, valves weakly calci- 
fied. Size medium, length about 0.60 mm. Inner lamella 
broad throughout, widest in anterior end, where narrow 
vestibule is present.  Marginal pore canals moderate in 
number, curved, non-branching, swelling often present in 
distal third. Normal pores  large, sieve-type. Hinge 
merodont/lophodont. Central muscle-scar field with four 
adductor s c a r s  lying close together and forming curved 
pattern, oval-shaped frontal scar  and usually well-defined 
fulcra1 point. 

Remarks. - Sahnia was erected by Puri  (1952, p. 
912) and the type species was chosen a s  Cytherideis @- 
=a Brady. However, according to Sylvester-Bradley & 
Harding (1953, p. 754) mri incorrectly identified that 
species. The type specimens of C. subulata a r e  lost, but 
mater ial  f rom the type localities, Cockburnspath, Berwick- 
shire ,  Scotland, and Torquay, Devon, England, and they 
say that the species is well-represented in the British 
Museum. Pur i ' s  specimens were from a different locality, 
Swanage, Dorset, England. In the same paper Puri  erected 
another genus, Neocytherideis, with the species Neocytheri- 
deis  elongatus, which is described a s  new in the same 
paper, a s  the type species. The specimens upon which 2. 
elon atus  is based, a r e  also f r o m  Swanage (spelled Swange 
by Pur i  Dorset, England. All of the material f rom %?; 
Swanage is reported by Pur i  a s  being from the "shore sand. 
Presumably the specimens were found alive, although no 
mention of this fact  is made, nor is any mention made of 
whether o r  not the "soft-parts" were available for study. 

Unfortunately, there is considerable disagreement 
among authors a s  to  the standing of these species and 
genera which P u r i  erected. To begin with, a s  mentioned 
above, Sylvester-Bradley & Harding (1953, p. 754) con- 
s ider  the specimens upon which P u r i  based the genus 
Sahnia, i. e. his Cytherideis subulata a s  misidentified. In 
addition they consider the species Neocytherideis elonga- 
tus  Puri ,  1952, the type species fo r  the genus Neocytheri- - 
deis, to be synonymous with Cytherideis subulata var. 
fasciata  Brady & Robertson, 1874. 

Brady described two species which differ in outline 
a s  Cytherideis subulata. The f i rs t ,  which must be the 
valid Cytherideis subulata was named by him in 1867 and 
was based on specimens originally described by Baird in 
1850 a s  Cythere flavida (not 0. F. Mffller, 1785). Brady 
(1868) then figured another fo rm a s  Cytherideis subulata. 
Pur i  listed both of these forms under his synonymy for 
Sahnia subulata, but Van Morkhoven (1963, p. 332) con- -- 
sidered them separable. Van Morkhoven therefore con- 
s iders  the genus Neocytherideis, based upon the valid 
Cytherideis subulata, and the genus Sahnia to be valid and 
based upon the second and invalidly named Cytherideis 

subulata of Brady. If the idea of Van Morkhoven is followed, 
the new species of Puri  (1952, p. 912), Neocytherideis 
elongatus, i s  a junior synonym of the valid C.  subulata, 
and Van Morkhoven does designate it  a s  theType species 
of Neocytherideis. He therefore considers Pur i ' s  Sahnia 
subulata (type species of Sahnia) a s  a junior synonym of 
Brady's invalidly named second _C. subulata. The type 
species of Sahnia,therefore, is left without a name. 

On the other hand, Sylvester-Bradley & Harding 
(1953, p. 754) considered the two type species designated 
by Puri  a s  congeneric and therefore recognize only the 
genus Neocytherideis, with the type species _N. elongatus 
Puri  a s  being synonymous to Cytherideis subulata var .  
fasciata Brady & Robertson, 1874. Unfortunately, they 
did not indicate whether they considered this latter variety 
of Brady & Robertson synonymous with any of the above 
mentioned species of Brady. 

It would seem impossible at  this time to unscramble 
this problem without f i rs t  examining type material in order 
to decide whether the two genera should be recognized, or ,  
a s  Sylvester-Bradley believes, only Neocytherideis is  
valid. Secondly if, a s  Van Morkhoven believes, the type 
species of Sahnia is without a valid name in the original 
designation, i t  is questionable if the generic name is valid. 
For  the purposes of this paper I have followed the concept 
of Van Morkhoven (1963, p. 332) and recognized both 
genera. The species Puri  (1952, p. 913) used a s  the type 
species should be renamed and possibly the genus should 
also be renamed, but retaining the concept of the genus a s  
originally erected. But not having seen the type material 
and particularly the specimens in the British Museum, the 
name Sahnia is used herein for fear  that the introduction 
of another name at  this time will only add to the confusion. 

Sahnia sp. 

P1. 3, figs. 1-9 

Material. - Seven isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48692: 
length .62 mm, height .20 mm; UMMP 48691: length .60 
mm, height .22 mm. 

Description. - Lateral outline elongate, broadly 
rounded posteriorly, much more narrowly rounded anterior- 
ly, with longest extent of anterior end lying in ventral half 
of valve. Ventral margin slightly sinuous, dorsal margin 
gently and evenly curved. Surface smooth except for faint 
ridges subparallel to margins in anteroventral portion. 
Carapace thinly calcified and fragile. 

Inner lamella moderate in width, widest in anterior.  
Line of concrescence coincident with inner margin except 
in anterior where small vestibule is present.  

Marginal pore canals simple, curved, enlarged in 
distal third in anterior; straight, simple, and evenly 
spaced in ventral and posterior portions. 

Normal pores sieve-type, large. 

Hinge merodont/lophodont. All elements smooth. 
Right valve consists of median groove limited by outer mar-  
gin of valve and with thickening of outer margin of valve a t  
either end forming hinge elements which fit into grooves of 
left valve. Left valve has thickened central portion opposite 
median groove of right valve with long anterior and short 
posterior grooves. 



Central muscle-scar field of four adductor scars ,  
the smallest  being the dorsal one and each succeeding one 
toward the ventral margin being larger;  an oval-shaped 
frontal scar  lying anterior and ventral to the ventral-most 
adductor scar ,  and indistinctly outlined, but large and 
prominent fulcral point. Dorsal muscle s c a r s  not observed. 

Remarks. - This species does not appear to be con- 
specific with that considered by Pur i  (1952, p. 912) a s  
Cytherideis s u b ~ l a t z  Bra&,? and desigxated by him a s  the 
type species of Sahnia. It differs particularly in possessing 
a much narrower inner lamella. In most other characters 
it  is similar,  but the above-mentioned character would seem 
to warrant the erection of a new species. However, in view 
of the tremendous nomenclatural difficulties surrounding 
this genus it is felt  i t  is better for the t ime being to give 
only a full description of this species and await a complete 
assessment  of the type material. 

Curtis (1960, pl. 1, fig. 34) illustrated, with no 
discussion a fo rm which she called Sahnia aff. 5. subulata 
(Brady) which differs in la teral  outline from this species in 
possessing a much sharper anterior cardinal angle. Since 
only the lateral outline i s  shown no further comparison can 
be made. 

Family Cytheruridae G. W. Mtiller, 1894 

[nom. transl.  Reyment, 1961 (ex Cytherurinae 

G. W. Miiller, 18941 

Genus Cytherura Sars, 1866 

Cytherura Sars, 1866, p. 69; Milller, 1894, p. 286; Ed- 
wards, 1944, p. 525; Hornibrook, 1952, p. 50; 
Swain, 1955, p. 6 2 6  Keij, 1957, p. 144; Hanai, 
1957, p. 16; ~ o k o r n $ ,  1958, p. 285; Benson, 1959, 
p. 51; Reyment, 1961, Q291; Benson & Coleman, 
1963, p. 31; Benson & Kaesler,  1963, p. 22; Van 
Morkhoven, 1963, p. 344; Swain, 1963, p. 815. 

Type species. - Cythere gibba 0. F. Milller, 1785, 
p. 66, pl. 7, figs. 7-9 (female)= Cythere gibbera 0. F. 
Milller, 1785, p. 66, pl. 7, figs. m m m b s e q u e n t  
designation, Brady & Norman, 1889, p. 190 ; see  also 
Wagner, 1957, p. 74, pl. 33, figs. 1-5. 

Diagnosis. - Lateral outline oblong; anterior end 
broadly rounded, caudal process  developed posteriorly. 
Surface almost smooth, punctate to reticulata; marginal 
denticulations absent. Size medium, length 0.35 to 0.65 
mm. Inner lamella narrow; line of concrescence and inner 
margin a r e  coincident throughout. Marginal pore canals 
number about 12 anteriorly, simple, sinuous; posteriorly 
f r o m  two to four present. Normal pores  few in number, 
scattered, small, open. Hinge merodont/entomodont. 

Cytherura forulata Edwards, 1944 

P1. 16, figs. 1-14 

Cytherura forulata Edwards, 1944, p. 526, pl. 88, figs. 
17-20; Swain, 1951, p. 50; Malkin, 1953, p. 789, 
pl. 80, figs. 22-24; swain, 1955, p. 628, pl. 64, 
figs. 10 a-c, text-figs. 35 c, 39-2 a, b; Puri, 1960, 
p. 115, pl. 4, figs. 16, 17. 

Cytherura elongata Edwards, 1944, p. 526, pl. 88, figs. 
21-25; Swain, 1951, p. 50, pl. 7, figs. 24, 25; 
Swain, 1955, p. 628, pl. 64, figs. 12 a ,  b. 

Cytherura johnsoni Mincher, Benson & Coleman, 1963, p. 
31, pl. 6, figs. 1-5, text-fig. 18. 

[a Cytherura johnsoni Mincher, Van den Bold, 1963, p. 
395, pl. 9, fig. 3. 

Cytherura johnsoni Mincher, Benson & Kaesler, 1963, 
p. 22, pl. 3, figs. 7, 8, text-fig. 11. 

bj Cytheruraforu!ata E$?;ards, Cmtis, 1960, p. 478, pl. 
1, fig. 18, pl. 2, fig. 4 (top), fig. 5 (bottom). 

[?I Cytherura forulata var. Edwards, Curtis, 1960, p. 478, 
PI. 3, f l g . 6 0 ~ ) .  

Material. - Twenty-one carapaces and 122 isolated 
valves. 

Dimensions. - Figured hypotypes, UMMP 48784: 
length .46 mm, height .23  mm; UMMP 48785: length .47 
mm, height .24 mm; UMMP 48786: length . 53 mm, height 
.23  mm. 

Former occurrences. - Originally described from 
the Upper Miocene Duplln Marl of North Carolina by Ed- 
wards (1944, p. 526). Although confusion exists in the cor- 
rec t  identification of this species it seems certain that it 
occurs in the Yorktown Formation of Virginia, Maryland, 
and New Jersey (Malkin, 1953, p. 789) and the subsurface 
Upper Miocene of North Carolina (Swain, 1951, p. 50). In 
addition, this species has been reported by Benson & Cole- 
man (1963, p. 31) from the Recent sediments of the Gulf of 
Mexico. They give a depth range of 3 1 to 13 1 feet. 

Remarks. - This is a variably shaped species with 
apparent sexual dimorphism reflected in the lateral outline. 
The presumed females (pl. 16, figs. 1, 2) a r e  relatively 
shorter and higher than the males (pl. 16, fig. 5). The de- 
velopment of the posterior caudal process varies consider- 
ably and has been discussed previously (Malkin, 1953, p. 
789; Benson & Coleman, 1963, p. 31). C. forulata and C. 
elongata a r e  here considered synonyms. It is believed that 
these two species represent the two extremes of shape vari- 
ation within one species. However, I do not consider C. 
johnsoni Mincher a s  synonymous with C. forulata and C. 
elongata a s  do Benson & Coleman (1963, p T ~ h e  antero- 
dorsal outline of C. johnsoni has a definite concave portion 
at  the cardinal angle of the right valve (see Mincher, 1941, 
pl. 47, fig. la) a s  does C. reticulata Edwards (see Edwards, 
1944, pl. 88, fig. 15). This seems distinctive and a con- 
stant enough criterion to enable separation of these species. 
For  a discussion of C. johnsoni and C. reticulata see  re -  
mark section under C. reticulata. Therefore, since the 
species of Benson & Coleman lack this distinctive concavity 
they a r e  here considered to be C. forulata. In addition to 
the features already described for this species, the normal 
pores a r e  small,  scattered, and open. 

Cytherura reticulata Edwards, 1944 

P1. 15, figs. 5-8, 11, 12 

Cytherura reticulata Edwards, 1944, p. 526, pl.  88, figs. 
13-16. 

Cytherura johnsoni Mincher, Swain, 1955, p. 627, pl. 
64, figs. 8 a-c, text-figs. 35b, 39-1 a, b, c; Puri 
& Hulings, 1957, p. 174, 176, 183, 187, fig. 11, no. 
2 (center); Puri,  1960, p. 114, pl. 4, fig. 14, 15. 

Cytherura reticulata Edwards, Swain, 1951, p. 50. 

[I Cytherura reticulata Edwards, McLean, 1957, p. 73, 
pl. 7, figs. 7 a ,  b. 



Material. - One carapace and 15 isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48780: 
length . 4 0  mm, height .26 mm; UMMP 48781: length .42  
mm,  height .23 mm. 

Former  occurrences. - This species was originally 
described from the Upper Miocene Duplin Marl of North 
Carolina by Edwards (1944, p. 526). Other closely allied 
f o r m s  which probably belong to C. reticulata have been r e -  
ported f r o m  the Recent sediments of the Gulf of Mexico 
(Swain, 1955, p. 627; Puri ,  1960, p. 114). Swain (1951, 
p. 50) mentioned, but with no description or illustration, 
a fo rm f rom the subsurface Upper Miocene of North Caro- 
lina and McLean (1957, p. 73) described a form which very 
questionably belongs to this species from the Yorktown 
Formation of Virginia. 

Remarks.  - c. johnsoni Mincher (1941, p. 343) and 
C. reticulata Edwards (1944, 526) a r e  possibly synony - - 
mous, but there is one significant morphologic difference in 
the original descriptions of the two species. C. johnsoni 
has a posterior vestibule, a s  stated in the original descrip- 
tion, which i s  absent i n s .  reticulata and absent in the 
f o r m s  here assigned to C. reticulata. No posterior vesti- 
bule is shown in the forms'Swain(1955, p. 627) found in 
the Recent sediments of San Antonio Bay, and they a r e  
tentatively considered a s  C. reticulata. No judgment can 
be made concerning this feature in the forms Puri  & Hul- 
ings (1957, p. 187) or Puri (1960, p. 114) placed in 
johnsoni. The holotype of C. johnsoni has a length of 0.80 
mm, while the holotype of reticulata is 0. 40 mm which 
is the approximate length of the other forms that have been 
assigned to 5 johnsoni by various authors. 

Both C. johnsoni and (=. reticulata have a prominent 
concave outline a t  the anterodorsal cardinal outline, which 
clearly differentiates them f rom the forms variously identi- 
fied a s  C. forulata and C. reticulata (see remark section 
under -- CT forulata). In addition to the features already des- 
cribed for  this species, the normal pores  a r e  small, 
scattered, and open. 

Cytherura vestibulata, n. sp. 

P1. 16, figs. 15-23 

Cytherura Miiller, Swain, 1955, p. 628, pl. 64, fig. 

[?I Cytherura r a r a  Miiller, Curtis,  1960, p. 482, pl. 2, 
fig. 5 (top), figs. 2, 6 (bottom). 

Description. - Lateral outline subpyriform; dorsal 
margin slightly convex; anterior end broadly rounded ven- 
trally, oblique dorsally; posterior pointed caudal process 
slightly ventral to mid-height; highest portion in anterior 
third. 

Surface with i r regular  reticulate pattern, longitudi- 
nal r ibs  about ten in number, sinuous. 

Inner lamella moderately wide, paralleling outer 
margin except posteriorly where it abruptly widens con- 
siderably across  caudal process;  vestibule present both 
anteriorly and posteriorly, widest in posterior portion. 

Marginal pore canals straight,  simple, about ten 
observed at  anterior end, none ventrally and about five 
posteriorly. 

Normal pores few, scattered, open; do not occur in 
any regular pattern a s  related to surface reticulation. 

Hinge merodont/entomodont. Right valve with elon- 
gate, crenulate tooth, median finely crenulate groove, weak 
posterior trilobed tooth. 

Left valve with anterior flange which overlaps right 
valve, anterior oblique socket, median crenulate bar ,  with 
crenulated low toothlike thickenings at both extremities of 
that median bar, posterior shallow, oblique socket. 

Muscle-scar pattern consists of four arcuate adduc- 
tor scars ,  which were the only scars  observed. 

Material. - Fifty-six isolated valves. 

Dimensions. - Holotype, UMMP 48791: length .39 
mm, height .20  mm. Paratypes, UMMP 48790: length . 4 1  
mm, height . 2 1  mm; UMMP 48792: length . 4 l  mm, height 
. 2 1  mm. 

Former occurrences. - Swain (1955, p. 628) des- 
cribed a form which i s  certainly conspecific with the pres -  
ent one from the Recent sediments of San Antonio Bay in 
the Gulf of Mexico. Curtis (1960, p. 478) has also reported 
a form from the Recent sediments near the Mississippi 
River Delta in the Gulf of Mexico, which does not appear 
conspecific with the Sapelo Island specimens. 

Remarks. - Swain (1955, p. 628) described and 
illustrated a fo rm which is conspecific to the present one, 
which he assigned with some doubt to Cvtherura rara 
Mtiller. He stated that the ornamentation was not a s  
strong as  in C. r a r a .  A form was figured by Curtis (1960, 
p. 482) and assigned to _C. rara which appears from the 
illustration to be more coarsely reticulate than the present 
ones or that of Swain and since no text comments were 
made it i s  only tentatively placed in this new species. 

This species is placed with some reservations in 
the genus Cytherura. C. vestibulata has both anterior 
and posterior vestibules, which the type species Cytherura 
gibba lacks, and the marginal pore canals a r e  straight and - 
evenly spaced, whereas those of C. glbbaare  sinuous and 
grouped in pairs.  In other f e a t u r e s .  vestibulata agrees 
closely enough to C. gibba to be considered congeneric. 

Genus Cytheropteron Sars ,  1866 

Cytheropteron Sars ,  1866, p. 79; Brady & Norman, 1889, 
p. 207; Sars ,  1925, p. 223; Alexander, 1933, p. 
187; Martin, 1939, p. 176; Stephenson, 1946. p. 
318; Hanai, 1957, p. 26; ~ o k o r n $ >  1958: p. 287; 
Benson, 1959, p. 54; Reyment, 1961, p. Q292; 
Swain, 1963: p. 816; Van Morkhoven, 1963, p. 382. 

Type species. - Cythere latissima Norman, 1865, 
p. 19, pl. 6, figs. 5-8 (=eropteron convexum Sars, 
1866, p. 79, non Cythere convexa Baird, 1850). 

Diagnosis. - Lateral outline ovate to subrhomboid- 
al, valves generally inflated ventrolaterally and strong 
wing-llke extensions often present; dorsal margin strong- 
ly convex. Surface smooth, punctate or reticulate, wing- 
like extensions sometimes denticulate at  their posterior 
edge. Size variable. Inner lamella moderately wide, ves-  
tibule present in anterior end; marginal pore canals few in 
number, simple and straight.  Normal pores small,  open. 
Hinge merodont/entomodont. 



Cytheropteron talquinensis Puri,  1953 

P1. 18, figs. 1-11 

Cytheropteron talquinensis Puri,  1953a, p. 243, pl. 5, 
f igs .  5-7; McLean, 1957, p. 73, pl. 7, figs. 6a-c. 

Material.  - Four carapaces and 22 isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48802: 
length . 59 mm, height .35  mm; UMMP 48803: length .6:! 
mm, height . 3 5  mm. 

Former  occurrences. - Originally described from 
the Upper Miocene of Florida by Puri  (1953a, p. 243), and 
also from the Upper Miocene Yorktown Formation of Vir- 
ginia by McLean (1957, p. 73). 

Remarks.  - In addition to the morphologic features 
described by Puri  (1953a, p. 243), the following observa- 
tions were made. The hinge which is merodont/entomo- 
dont, consists of terminal bilobed teeth in the right valve 
of almost equal s ize at  each end, with corresponding sock- 
e t s  in the left valve. The median bar in the left valve is  
coarsely c r  enulate in the anterior and posterior portions 
and much more finely crenulate in the middle third. The 
inner lamella i s  wide both anteriorly and posteriorly with 
a wide vestibule and narrow marginal zones at  both ends. 
The marginal pore canals a r e  simple, straight and evenly 
spaced. The muscle scars  were not observed, evidently 
because of the heavy surface reticulation. Normal pores 
small,  scattered and open. 

The surface shown by McLean (1957, pl. 7, fig. 6b) 
indicates a form with no surface reticulation, but in all  
other respects  appears to be conspecific with _C. talquinen- 
sis. - 

Cytheropteron yorktownensis (Malkin, 1953) 

P1. 15, figs. 1-4, 9, 10 

Eocytheropteron yorktownensis Malkin, 1953, p. 780, pl. 
79, figs. 1-4. 

Eocytheropteron ? sp. Swain, 1951, p. 47, pl. 7, fig. 16. 

Material. - Five carapaces and 16 isolated valves. 

Dimensions. - Figured hypotype, UMMP 48779: 
length .42 mm, height .24 mm. 

Former  occurrences. - Originally described from 
the Upper Miocene Yorktown Formation of Virginia, Mary- 
land, and New Jersey by Malkin (1953, p .  780). Swain 
(1951, p. 47) reported a form which appears to be con- 
specific to C_. yorktownensis f rom the subsurface Upper 
Miocene of North Carolina, but he found only one specimen. 

Genus Hemicytherura Elofson, 1941 

Cytheropteron (~emicy therura ) ,  1941, p. 314. 

Hemicytherura Elofson, Hornibrook, 19 52, p. 58; Wagner, 
1957, p. 75; Pokorng, 1958, p. 286; Benson, 1959, 
p. 52; Reyment, 1961, Q293; Benson & Coleman, 
1963, p. 32. 

Hemicytherura (Hemicytherura) Elofson, Van Morkhoven, 
1963, p. 349. 

Type species. - Cythere cellulosa Norman, 1865, 
p. 22, p~,figs.7-20,, -see also Wagner, 
1957, p. 76, pl. 34, figs. 1-5). 

Diagnosis. - Lateral outline subrectangular to sub- 
triangular; anterior end oblique in dorsal half, rounded 
below, subcentral caudal process at posterior end. Sur- 
face with reticulation or coarse pits; prominent ventral 
ridge. Size small to medium, length 0. 35 to 0. 65 mm. 
Inner !amel!a ~ ? ~ i d e  &?,lteri=r!y, nxr=wer .r--+--  1 1  . C',,, &id 
posteriorly; vestibule sometimes present anteriorly and 
posteroventrally. Marginal pore canals sinuous in anter- 
ior, grouped in bunches of two to four; all a r e  simple. 
Normal pores 20 to 30, scattered, small, open. Hinge 
merodont/entomodont. 

Remarks. - In the type species, K. cellulosa, the 
median element in the right valve hinge is  crenulate at  
both ends, but is not in this species. According to Van 
Morkhoven (1963, p. 351) some of the species in this 
genus have the entire median bar crenulate, but all have 
at  least crenulated portions at the ends. Therefore the 
assignment of this species to Hemicytherura must be con- 
sidered tentative. 

Hemicytherura? sablensis Benson & Coleman, 1963 

P1. 16, figs. 24-30 

Hemicytherura sablensis Benson & Coleman, 1963, p. 33, 
pl. 6, figs. 6, 8, text-fig. 19. 

Material. - Four isolated valves 

Dimensions. - Figured hypotypes, UMMP 48793: 
length . 51 mm, height .27 mm; UMMP 48794: length . 51 
mm, height .27 mm. 

Former occurrences. - Originally described by 
Benson & Coleman (1963, p. 33) from Recent sediments of 
the eastern Gulf of Mexico. They reported a depth range 
of 19 to 27 feet. 

Genus Kangarina Coryell & Fields, 1937 

Kangarina Coryell & Fields, 1937, p. 13; Pokorn5, 1958. 
p. 287; Reyment, 1961, Q293. 

Hemicytherura (Kangarina) Coryell & Fields, Van Mork- 
hoven, 1963, p. 353. 

Type species. - Kangarina quellita Coryell & Fields, -- 
1937, p. 13, figs. 15 a, b, c. 

Diagnosis. - Differs f rom Hemicytherura in having 
anterior marginal pore canals not grouped in bunches and 
a sinuous ventral outline a s  opposed to an almost straight 
one in Hemicytherura. 

Remarks. - Very little difference exists between 
and Van Morkhoven (1963, 
a subgenus of Hemicyther- 

ura. - 

Kangarina howei Puri,  19 53 

P1. 15, figs. 13-16 

K a n g a r i n a w i  Puri ,  1953a, p. 246, pl. 4: fig. 7, text- 
f igs .  6i, j .  



Material.  - One carapace and 11 isolated valves. 

Dimensions. - Figured hypotype, UMMP 48782: 
length .39  mm, height . 2 3  mm. 

F o r m e r  occurrences. - Puri  (1953a, p. 246) des- 
cribed this species f rom the Upper Miocene Ecphora facies 
of western Florida. 

Remarks.  - The Sapelo Island specimens a r e  placed 
in this species primarily on the basis of similarity of the 
la teral  outline, since with the exception of the hnge,  no 
other details of the interior of the carapace a r e  given by 
Puri.  The lateral  outline of the left valve is more blunt 
posteriorly and the right valve more convex dorsally than 
the left. The marginal pore canals a r e  simple, and curved 
anteriorly, most not reaching the outer margin; posteriorly 
two curved ones a r e  present on the caudal process. Line 
of concrescence and inner margin a r e  eoincident through- 
out although irregular  in anterior.  Normal pores small, 
open. 

Genus Megacythere Puri,  1960 

Microcythere Mincher, 1941 (non Mffller, 1894), p. 344; 
Puri ,  1953a, p. 290; Swain, 1955, p. 641; Van den 
Bold, 1957, p. 237. 

Megacythere Puri, 1960, p. 119; Benson & Kaesler, 1963, 
n n 

Type species. - Megacythere robusta Puri, 1960, -- 
p. 122, pl. 2, figs. 14, 15, text-figs. 10: 11. 

Remarks. - The genus Megacythere was erected by 
Pur i  (1960, p. 119) to  encompass several Miocene to Re- 
cent species of southeastern United States, among which i s  
Microcythere johnsoni, that were formerly assigned to 
Microcythere Mffller, 1894. The genus is  tentatively r e -  
cognized here although it  has not been adequately charac- 
terized. Several important morphological features were 
not mentioned in the original description. Particularly 
lacking a r e  the nature of the normal pores, whether open 
or  sieve-type and whether the line of concrescence and 
inner margin a r e  coincident throughout o r  diverge to form 
a vestibule. This latter feature differs in the original 
description of at  least two of the species Puri  assigned to 
the genus, Microcythere moresiana Stephenson, 1935, and 
Microcythere johnsoni Mincher, 1941. 

The median groove of the genus is defined (Puri,  
1960, p. 119) a s  being: ". . . flanked.on the dorsal side by 
two denticulate bars  and on the ventral side with one denti- 
culate bar  that does not extend a s  fa r  a s  the postjacent 
socket. " This feature is not mentioned, nor illustrated by 
other authors when dealing with the species indicated by 
Pur i  a s  belonging to the genus Megacythere. It has not 
been observed in the species here under consideration. 

There a r e  several other genera which a r e  closely 
allied to Megacythere Puri ,  but no decision a s  to which 
ones a r e  valid can be made until the types a r e  described in 
detail with all  morphological features discussed. Seemingly 
closely related genera a r e  Paracytheroma Juday, 1907, 
which was described entirely on the basis  of soft parts,  
Microcytherur a Muller, 1894, Tetracytherura Ruggieri, 
1952, and Boldella Keij, 1957. According to Van Mork- 
hoven (1963, p. 367), in Microcytherura the ornamentation 
consists of characteristic irregular reticulations, the nor- 
mal pores  a r e  sieve-type, and the hinge-bar in the left 

valve lacks any terminal teeth. It i s  similar to M. john- 
soni in lacking any vestibules and the type of marginal 
]?ore canals. M. johnsoni is like Tetracytherura in the 
hinge being pentadont, marginal pore canals, muscle scar  
pattern, but Tetracytherura has an anterior vestibule. It 
most closely resembles Boldella in all features  except the 
presence of an anterior vestibule in Boldella. Pur i  s ta tes  
that the hinge of Megacythere and  omr re different, 
but the main difference i s  in the presence of the three 
denticulate bars  in the right valve. It is doubtful if this is 
important enough for a generic distinction and the charac- 
teristic does not seem consistent within the species Puri  
assigned to Megacyther e. Therefore it appears highly 
probable that the two genera a r e  synonymous. 

Megacythere johnsoni (Mincher, 1941) 

P1. 17, figs. 16-25 

Microcythere johnsoni Mincher, 1941, p. 344, pl. 47, f igs .  
4 a-d; Puri,  1953a, p.  290; Van den Bold, 1957, p. 
237, pl. 4, fig. 1. 

- 

[3 Microcythere johnson1 Mincher, Swain, 1955, p. 641, 
pl. 63, fig. 2 a - c ,  pl. 64, fig. 7: text-fig. 39, 3. 

[?] Megacythere johnsoni (Mincher), Benson & Kaesler, 
1963, p. 28, pl. 3, figs. 3, 4, text-fig. 16. 

[g Paracytheroma johnsoni (Mincher), Van den Bold, 1963, 
p. 412, pl. 10, fig. 10, pl. 11, fig. 7 a ,  b. 

Material. - Six carapaces and 59 isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48800: 
length -42  mm, height .26 mm; UMMP 48801: length . 4 1  
mm, height . 2 5  mm. 

Description. - Lateral outline subquadrate, modi- 
fied by a ventroposterior extension of margin resulting in 
highest portion of valve lying in posterior third; dorsal 
margin slightly convex, ventral margin sinuous,. concave 
portion lying in anterior third; anterior end evenly rounded. 
slightly oblique in dorsal half, slightly drawn out posteriorly 
in some specimens. 

Surface with sinuous longitudinal ridges, which tend 
to join at both posterior and anterior ends of valves and 
diverge medially; ridges a re  from 9-14 in number in 
mature specimens. 

Inner lamella moderately wide, more narrow in 
posterior end; posteroventrally corresponding to bulge seen 
in la teral  view; inner margin and line of concresc_ence coin- 
cident throughout. 

Marginal pore canals moderate in number, about 16 
anteriorly, 10 ventrally and 8 posteriorly, simple, sinuous, 
tending to occur in bunches of two or three; about half do 
not reach outer margin. 

Normal pores about 25 in number, scattered, small,  
open. 

Hinge of left valve with anterior socket, bounded 
dorsally by flange, median non-crenulate bar bearing low 
crenulate tooth on anterior extremity and stepped tooth 
posteriorly, with highest portion being posterior,  and pos- 
terior shallow socket bounded by low dorsal flange which 
extends some distance posteriorly and appears to overlap 
right valve. 



Hinge of right valve with anterior crenulate tooth, 
median groove which deepens a t  both extremities to accom- 
modate teeth on ends of median bar of left valve, and pos- 
terior pointed tooth bounded dorsally by flange which f i ts  
inside posterior dorsal flange of left valve. 

Muscle-scar pattern consists of four adductor 
s c a r s  in almost straight line perpendicular to dorsal mar-  
gin, with crescent-shaped frontal scar ,  two mandibular 
s c a r s  near ventral margin and f u l c r d  point visibie anterior 
to topmost adductor scar .  

Remarks. - The Sapelo Island specimens differ very 
little f rom the original descriptions and illustrations of 
Mincher (1941, p. 344). The marginal pore canals a r e  
said to be straight by Mincher, but a r e  sinuous in the 
forms here placed in his species. In other regards they 
appear synonymous. However, most of the forms which 
have been assigned to M. johnsoni appear to have import- 
ant enough differences from the original description to 
question whether they belong to that species. These forms 
and their comparison to Minchers' a r e  discussed below. 
The forms that Pur i  (19 53a, p. 290) and Van den Bold 
(1957, p. 237) a r e  so  briefly treated that no comparison 
can be made; therefore, they have been tentatively left in 
M. johnsoni in the above synonymy. - 

The forms assigned by Swain (1955, p. 641), Van 
den Bold (1963, p. 412), and Benson & Kaesler (1963, p. 
28) all  show large vestibules developed in the anterior and 
smaller ones posteriorly. This is not in accord with the 
illustrations of Mincher (1941, pl. 47, figs. 4, b, d). He 
shows the line of concrescence and inner margin to be 
coincident throughout. In addition the illustration of Ben- 
son & Kaesler (1963, text-fig. 16) shows branching mar-  
ginal pore canals much like those present in the genus 
Pellucistoma. Mincher s tates  (1941, p. 344): "Radial 
pore canals a r e  moderate in number, straight, simple, 
and a r e  present on anterior, ventral and posterior mar-  
gins. " 

Genus Paracytheridea G. W. Mliller, 1894 

Paracytheridea G. W. Mtiller, 1894, p. 340; Edwards, 
1944, p. 511; Van den Bold, 1946, p. 26; Keij, 
1957, p. 158; ~ o k o r n f r ,  1958, p. 252; Benson, 
1959, p. 49; Reyment, 1961, Q299; Benson & Cole- 
man, 1963, p. 33; Van Morkhoven, 1963, p. 376. 

Type species. - Paracytheridea depressa G. W. 
Mffller, 1894, p. 341, pl. 26, figs. 16-26, pl. 29, figs. 4, 
8 (= Cytheropteron bovettensis Seguenza, 1880, p. 65, pl. 
17, f ig .  54). 

Diagnosis. - Lateral outline elongate; ventrally 
directed swelling on valves moderately to strongly devel- 
oped; anterior end obliquely rounded above, broadly round- 
ed below; posterior caudal process  developed. Surface 
ornamented with ridges and/or tubercles, with reticuia- 
tions sometimes superimposed on these. Size medium, 
length 0.50 to 0.75 mm. Inner lamella moderate in width, 
inner margin and line of concrescence coincide throughout. 
Marginal pore canals few and tend to be evenly spaced, 
usually only two present  in posterior caudal process. 
Hinge merodont/entomodont, but poorly understood (see 
Van Morkhoven, 1963, p. 378). 

Paracytheridea vandenboldi Puri,  19 53 

PI. 18, fig. 22-30 

Cytheropteron nodosum Ulrich gi Bassler,  1904, p. 129, 
pl. 38, figs. 37-40 E n  Cytheropteron nodusum 
Brady, 1868, p. 448, pl. 34, figs. 31-34 . 

Paracytheridea nodosa (Ulrich & Bassler),  Howe et al . ,  
1935, p. 37, pl. 3, fig. 7; Van den Bold. g 4 q  p. 
86, pl. 16, fig. 14; swain, 1951, p. 51, pl. 3, 

- 

figs. 19-22. 

Paracytheridez vzr.der?bo!di Eri, 19 534 p. ? 51; MrrlLir?, 
1953, p. 780, pl. 79, fig. 5; Puri,  1953a, p. 238, 
pl. 3, fig. 7, text-fig. 5 a, b; Swain, 1955, p. 625, 
pl. 62, fig. 2 a, b; McLean, 1957, p. 75, pl. 8, 
fig. 4 a, b. 

I?] Paracytheridea altila Edwards, 1944, p. 512, pl. 85, 
f igs .  20, 21. 

Material. - One hundred eighty-four isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48806: 
length . 53 mm, height .26 mm; UMMP 48807: length . 53 
mm, height . 2 5  mm. 

Former occurrences. - Described originally by 
Ulrich and Bassler (1904, p. 129) from the Miocene of 
Virginia on the basis of only one valve. It has since been 
reported by Howe, G . ,  (1935, p. 37) from t h e e  
zone of the Upper Miocene Choctawhatchie Formation of 
Florida; Swain (1951, p. 51) from subsurface Middle Mio- 
cene of North Carolina, Malkin (1953, p. 780) from the 
Yorktown Formation of Virginia, Maryland, and New Jer- 
sey, and McLean (1957, p. 75) from the Yorktown Forma- 
tion of Virginia. Swain (1955, p. 625) reported _P. van- 
boldeni a s  r a r e  in the Recent sediments of San Antonio 
Bay, Gulf of Mexico. 

Paracytheridea? shattucki Malkin, 19 53 

P1. 18, figs. 12-21 

Paracytheridea? wetherelli Jones, Swain, 1951, p. 51, pl. 
7, figs. 2-4. 

Paracytheridea shattucki Malkin, 1953, p. 780, pl. 79, 
figs. 6-9. 

Paracytheridea shattucki & Malkin, 19 53, p. 781, pl. 
79, figs. 10-12. 

[?] Paracytheridea similis Malkin, 1953, p. 781, pl. 79, 
figs. 13, 14. 

I?] Cytheropteron choctawhatcheensis Puri,  19 53a, p. 242, 
pl. 5, figs. 1, 2. 

Loxoconcha wetherelli Jones, Puri ,  1953d, p. 751. 

Material. - Ten carapaces and 47 isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48804: 
length . 6 5  mm, height . 3 5  mm; UMMP 48805: length .64 
mm, height . 3 5  mm. 

Former occurrences. - Malkin (1953, p. 780) des- 
cribed this species from the Middle and Upper Miocene of 
Virginia, Maryland, and New Jersey.  Swain (1951, p. 51) 
described a form from the subsurface Middle Miocene of 
North Carolina under the name of P .  ? wetherelli, which 
appears conspecific with 2. shattucki, -3a, p. 
242) described a species, Cytheropteron choctawhatcheen- 
s i s  which may be conspecific with this species from the 
Upper Miocene Ecphora and Cancellaria facies of western 
Florida. 



Remarks .  - Malkin (1953, p. 780-782) described 
two spec ies  and one subspecies of Paracytheridea which 
a r e  ve ry  closely re la ted and would seem to be one contin- 
uous s e r i e s  and thus one species.  They are  separated 
p r imar i ly  on the basis  of the relation of hinge length to 
overal l  length of the valve. A diagram is given (p. 788, 
fig.  11) with the ra t io  of length to length of hinge shown on 
the ordinate and the stratigraphic position f r o m  Calvert 
through upper Yorktown shown on the abscissa. While 
the re  is a smal le r  r a t io  (1 .4  to 1 .8)  for  the upper York- 
town f o r m s  Malkin c a l l s z .  s imil is  the gradation of actual 
r a t i o s  is essentially continuous f r o m  1 .4  to 2.6. The p r e s -  
ent specimens have a r a t io  of f rom 1.6 to 2 .2  and therefore 
conform to  P_. shattucki, which i s  limited to the middle 
Miocene Calvert Formation. P .  shattucki curta has a 
given ra t io  of f r o m  slightly legs  than 2 . 2  to 2. 6 and ranges 
f r o m  Choptank to  Yorktown. Assuming that each dot on 
the diagram represen t s  a single specimen, only 9 speci- 
mens a r e  shown fo r  3. s imil is  and 6 for P. shattucki. I 
have placed the Sapelo Island specimens in the species _P. 
shattucki,  placed P_. shattucki curta in synonymy with it, 
and tentatively placed _P. s imi l i s  a lso in the synonymy 
with _P. shattucki. 

Family Loxoconchidae Sars ,  1925 

mom. t r ans l .  Howe, 1961 (ex Loxoconchinae 

Sars ,  19251 

Genus Loxoconcha Sars ,  1866 

Loxoconcha Sars ,  1866, p.  61; Sars ,  1926, p. 217, Alexan- 
der, 1936, p. 693; Murray, 1938, p.  586; Edwards, 
1944, p. 526; Van den Bold, 1946, p. 32; ~ o k o r n f ,  
1958, p. 292; Howe, 1961, Q312; Benson & Coleman, 
1963, p. 36; Benson & Kaesler,  1963, p. 26; Swain, 
1963, p .  819; Van Morkhoven, 1963, p .  385. 

Normania Brady, 1866, p. 832 [= Loxoconcha by Brady, 
1868, p. 4321. 

Loxoleberis Sa rs ,  1866, p. 130 [= Loxoconcha by Howe, 
1962, p. 1371. 

Type species .  - Cythere impressa  Baird, 1850 
non M ' C !  1- Cythere rhomboidea Fisher,  1855, p. - 
61, subsequent designation by Brady & Norman, 1889, p.  
1831. 

Diagnosis. - Lateral  outline sub-rhomboidal, anter-  
ior end rounded, poster ior  end more  narrowly rounded 
tending to  point poster  odor sally; some species have margin- 
al genotypic tubercles.  Surface smooth to coarsely reticu- 
l a t e  o r  pitted, ornamentation often arranged concentric to 
margins ,  marginal denticles r a r e .  Size variable, length 
f r o m  0. 45 to 1. 00 mm. Inner lamella wide anteriorly, 
narrower  in ventra l  and poster ior  margins; wide anterior 
vestibule, l ine of concrescence nearly parallel  to outer 
margins .  Marginal pore  canals few, simple, evenly 
spaced. Normal pores  large,  sieve-type. Hinge amphl- 
dont/pentodont. Central muscle-scar field consists of four 
adductor s c a r s  in a r c  which is open toward the anterior,  
and variably shaped frontal s c a r .  

Loxoconcha austra l is  Brady, 1880 

P1. 19, f igs .  6-8, 11 

Loxoconcha aus t ra l i s  Brady, 1880, p. 119, pl. 28, fig. 5 
a-f, pl.  29, fig.  3 a-d; Swain, 1955, p. 630, pl. 63, 

fig.  11, pl. 64, fig.  2; P u r i  & Hulings, 1957> p. 
187, fig. 11, no. 3 (left side); Curtis,  1960, p. 482, 
pl. 2, fig. 15 (bottom); Puri,  1960, p. 111, text- 
f igs .  33, 34, 38. 

Material. - Three carapaces  and 19 isolated valves. 

Dimensions. - Figured hypotypes, UMMP 488 11: 
length .54 mm, height .32  mm; UMMP 48812: length .56  
mm, height . 3 5  mm. 

Former  occurrences. - Previously reported f rom 
the Recent of western Europe and the Gulf of Mexico. 

Loxoconcha metagordensis Swain, 19 55 

P1. 19, figs. 15-18 

Loxoconcha metagordensis Swain, 1955, p.  629, pl. 63, 
f igs .  9 a ,  b, pl. 64, figs.  1 a ,  b, text-figs. 36 b 
and 39, no. 7 a ,  b. 

[?I Loxoconcha metagordensis Swain, Pur i ,  1960, p. 11 1, 
pl. 3, figs.  15, 16. 

Material. - Three isolated valves (one broken). 

Dimensions. - Figured hypotypes, UMMP 48815: 
length . 54 mm, height .37 mm; UMMP 48816: length .66 
mm, height .37 mm. 

Former  occurrences. - Swain (1955, p. 629) des-  
cribed this species f rom Recent sediments of San Antonio 
Bay, Gulf of Mexico. It has a lso been reported by Pur i  
(1960, p. 111) f rom the Recent sediments off the west 
coast of Florida, but his i l lustrations appear more closely 
related to &. purisubrhomboidea Edwards g Pur i  (19 53c, 
p. 750). 

Loxoconcha purisubrhomboidea Edwards @ Puri ,  1953 

PI. 19, figs.  9, 10, 12-14 

Loxoconcha purisubrhomboidea Edwards & Puri ,  19 53d, p. 
750; Puri ,  1953a, p. 274, pl. 10, fig. 8, text-fig. 
10 h; McLean, 1957, p. 71, figs.  4a-e. 

Loxoconcha subrhomboidea Edwards, (e Brady, 1880, p. 
121, pl. 28, figs.  4a-d) 1944, p. 527, pl. 88, figs.  
28-32: Swain. 1951. o. 25. ol. 2. f ies .  18. 19: 

Loxoconcha reticularis Edwards, Malkin, 19 53, pl. 80, 
figs.  13, 14 f igs .  15-17 

[g Loxoconcha metagordensis Swain, Pur i ,  1960, p. 111, 
PL. 3, figs. 15, 16. 

Material. - Two carapaces  and 3 isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48813: 
length .62 mm, height .40  mm; UMMP 48814 (broken): 
length approximately .70  mm. height .42  mm. 

Former  occurrences. - Originally described by 
~ d w a r d m  p. 527) f rom the Upper Miocene Duplin 
Marl  of North Carolina. Reported by Malkin (1953: p. 787) 
f rom the Upper Miocene Yorktown Formation of Virginia, 
and f r o m  the same formation by McLean (1957: p. 71): 
Swain (1951, p. 25) f rom the subsurface of the ent i re  Mio- 



cene of North Carolina and bv P u r i  (1953a. D. 274) f r o m  
the Upper Miocene Ecphora &d ~ a n ~ e l l a r i a f a c i e ~ '  of 
western Florida. 

Loxoconcha re t icular is  Edwards, 1944 

P1. 19, figs.  1-5 

Loxoconcha r e t i c u l a i s  Edw-ai-ds, 1944, p. 52'7, p!. 88, 
f igs .  26, 27; Malkin, 1953, p. 786, pl. 80, f igs .  
15, 16, 17 w f i g s .  13, 1 4 =  5. p&subrhomboidea 
Edwards, & Puri ,  1953dI; McLean, 1957, p. 72, 
pl. 7, figs. 5a, b.  

[?] Loxoconcha re t icular is  Edwards, Pur i ;  1953a, p. 274, 
pl. 10, fig. 7, text-fig. 10c. 

[I Loxoconcha cf. L. re t icular is  Edwards, Swain, 1951, 
p. 26. 

Material. - Four carapaces  and 16 isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48808: 
length .46  mm, height .27 mm; UMMP 48809: length .48 
mm, height .32 mm; UMMP 48810: length .38 mm, height 
. 2 9  m m .  

Former  occurrences. - Described originally by Ed- 
wards  (1944, p. 527) f r o m  the Upper Miocene Duplin Marl 
of North Carolina. Reported by Malkin (1953, p. 786) and 
McLean (1957, p. 72) f rom the Upper Miocene Yorktown 
Format ion of Virginia, and questionably by P u r i  (1953a, p. 
274) f r o m  the Upper Miocene Ecphora and Cancellaria 
f ac ies  of western Florida. 

Genus Cy theromorpha Hirschmann, 1909 

Cytheromorpha Hirschmann, 1909, p. 290; Sa rs ,  1925, p. 
177; Alexander, 1934, p. 222; Edwards, 1944, p. 
515; Swain, 1955, p. 630; Keij, 1957, p. 88; Pokor- 
nfr, 1958, p. 280; Howe, 1961, Q313; Swain, 1963, 
p. 818. 

Type species.  - Cythere fuscata Brady, 1868, p. 
47, pl .  7, figs.  5-8 C= Cytheromorpha albula Hirschmann, 
1909, p. 292, figs.  7, 81 subsequent designation, Sars ,  
1925, p. 177 ; s e e  a lso Wagner, 1957, p. 49, pl. 19, figs. 
1-5. 

Diagnosis. - Lateral outline elongate t o  almost 
oval; both anterior and posterior margins broadly rounded, 
anter ior  end more so; ventral margins sinuous, dorsal 
margin almost straight.  Medium size, length 0. 5 to 0 .7  
mm. Inner lamella, marginal pore canals and hinge like 
Loxoconcha. Normal pores  l a rge  and sieve-type. 

Cytheromorpha Edwards, 1944 

P1. 20, f igs .  1-15 

Cytheromorpha curta Edwards, 1944, p. 516, pl. 86, f igs .  
19-22; Swain, 1951, p. 49, pl .  7, fig. 22. 

Material.  - Twelve carapaces  and 53 isolated 
valves. 

Dimensions. - Figured hypotypes, UMMP 48817: 
length . 3 5  mm, height .22  mm; UMMP 488 18: length .38 

mm, height .26  mm; UMMP 48819: length .34  mm, height 
.29  mm. 

Former  occurrences. - Originally described by 
Edward-4, p. 516) f rom the Upper Miocene Duplin 
Marl of North Carolina. Also reported by Swain (1951, p. 
49) f r o m  the subsurface Upper Miocene of North Carolina. 

Remarks.  - There a r e  two very closely related 
species,  5. pascagouiaensis, as described and iliusirated 
by Mincher, lacks the posterior tooth of the left valve, 
which i s  surrounded by the posterior socket in C. curta.  - -  
This  se rves  to  separate  the two species, but in other r e s -  
pects they a r e  very close. The immature ins tars  of the 
Sapelo Island specimens of _C, curta tend to be more coarse- 
ly pitted than the mature  forms.  This species has large 
sieve-type normal pores,  which were not mentioned by 
either Edwards o r  Swain. 

Cytheromorpha warner i  Howe & Spurgeon, 1935 

PI. 20, figs. 16-25 

Cytheromorpha warner i  Howe & Spurgeon, &I Howe +. , 
1935, p. 11, pl. 2, figs.  5, 8, 9, pl. 4, fig. 4 ;Van 
den ~ ~ l d ,  1946, p.' 165; van den Bold, 1950, p. 86; 
Malkin, 1953, p. 787, pl. 80, figs.  18, 19; Puri ,  
1953a, p. 277, pl. 6, figs.  5-7, text-figs. l l f ,  g; 
P u r i  & Hu!ings, 1957, p. 187, fig. 11, no. 10 
(bottom); Puri,  1960, p. 114, pl. 3, figs.  11, 12, 
text-fig. 36. 

Cytheromorpha cf. C. warner i  Howe & Spurgeon, Swain, 
1951, p. 49, pl. 7, figs. 18, 19. 

Material.  - Two carapaces and 6 isolated valves. 

Dimensions. - Figured hypotype, UMMP 48821: 
length . 56 mm, height .26  mm. 

F o r m e r  occurrences. - Originally described from 
the &a zone of the Upper Miocene Choctawhatchie Forma-  
tion of Florida by Howe & Spurgeon (@ Howe G . S . ,  1935, 
p. 11). Also reported f rom the Upper Miocene Yorktown 
Formation of Virginia by Malkin (1953, p. 787), f rom the 
subsurface Upper Miocene of North Carolina by Swain (1951, 
p. 49), the Upper Miocene Ec hora and Cancellaria facies 
of western Florida by Puri*p. 277), and the Mio- 
cene of the Caribbean a r e a  by Van den Bold (1950, p.  86). 
P u r i  (1960, p. 114) has a lso reported it  f rom the Recent 
sediments off the west coast of Florida in the Gulf of Mex- 
ico. 

Family Paradoxostomatidae Brady & Norman: 1889 

Genus Paradoxostoma Fischer ,  1855 

Paradoxostoma Fischer ,  1855, p. 654; Mtiller, 1894, p. 
312; Sa rs ,  1928, p. 255; Van den Bold, 1946, p. 35; 
~ a g n e r ,  1957, p.-96; ~ o k o r n ? ,  1958, p. 299; Syl- 
vester-Bradley & Howe, 1961, p. Q315; Van Mork- 
hoven, 1963, p. 429. 

Ty e species.  - Cythere variabilis Baird, 1835, p. 
98, figs*, 6- 

Diagnosis. - Lateral  outline elongate-oval; greatest 
height in poster ior  third; dorsal margin convex, ventral 
margin variable; anter ior  end acutely rounded below, post- 
e r io r  end more broadly rounded, usually with slight caudal 



process .  Surface smooth; valves thinly calcified. Size med- 
ium, length 0. 35 to 0.70 mm. Inner lamella moderately 
wide anteriorly, nafrower elsewhere; marginal zone narrow 
throughout; line of concrescence and inner margin coincid- 
ing only a t  anteroventral margin, in some species not at all. 
Marginal pore canals few, short, simple, evenly spaced. 
Normal pores  few, scattered, small  open. Hinge merodont/ 
lophodont. Muscle s c a r s  in most species a re  vertical row 
of four  adductor scars ;  frontal s c a r s  poorly known, but 
apparently never a V-shaped scar .  

Paradoxostoma I ? )  delicata Puri ,  1953 

P1. 3, figs. 10-14 

Paradoxistoma ( 7 )  delicata Puri,  1953a, p. 288, pl. 14, 
figs. 1, 2, 3, pl. 15, fig. 3, text-fig. 12f. 

[?1 Xestoleberis curta  Brady, Curtis, 1960, p. 482, pl. 2, 
fig. 14 ( t o r  

Material. - Thirty -one isolated valves. 

Dimensions. - Figured hypotypes, UMMP 48693: 
length .46  mm, height .22 mm; UMMP 48694: length .46 
mm, height .22 mm. 

Description. - Lateral outline elongate, subtriangu- 
l a r ,  highest part in posterior third; posterior end broadly 
rounded, anterior end acutely rounded; dorsal margin con- 
vex, ventral margin concave. 

Surface smooth, no ornamentation, no dorsal sulcus. 

Inner lamella wide anteriorly, moderately wide 
ventrally and posteriorly; vestibule present along entire 
margin except dorsally; line of concrescence everywhere 
close to outer margin so  that marginal zone narrow. 

Marginal pore canals short, simple, evenly spaced, 
ra ther  wide relative to length; about 10 anteriorly, 15 ven- 
trally, 10 posteriorly, many along ventral and posterior 
margins a r e  normal pores which do not reach outer margin. 

Normal pores  in central portion scattered, small 
sieve-type, with open central pore surrounded by sieve 
s t ructure;  along remainder of valve, particularly dorsal 
margin and a t  ends, linear -shaped sieve type pores  which 
in some cases  a r e  a s  large a s  central adductor-muscle 
s c a r s ;  appear to be constant in number and position for the 
species. Hinge merodont/lophodont. Right valve: small, 
thin anterior and posterior terminal teeth, connected by 
long, smooth median groove. 

Left valve: small  terminal sockets connected by 
thin, smooth median ridge. 

Four adductor-muscle scars ,  slightly arcuate, 
ventral three a r e  linear-shaped, dorsalmost one oval; one 
presumably mandibular scar ,  oval-shaped, near ventral 
margin; fulcra1 point anterior to adductor scars;  no 
frontal s c a r s  visible. 

Remarks. - This species was placed tentatively in 
Paradoxostoma by Puri  (1953a, p. 288), but he made no 
comment concerning the reason for the questionable 
assignment. The current fo rms  appear conspecific with 
his, a t  least  the lateral outline is identical and it conforms 
to the remainder of P u r i ' s  description. A somewhat more 
complete description i s  included above. 2. (?) delicata 

conforms well to the concept of Paradoxostoma except for 
the presence of the large, linear trending, sieve-type 
normal pores  described above. Since other species a s -  
signed to the genus have open normal pores according to 
Morkhoven (1963, p. 431) it is possible that a new genus 
should be erected on the basis of this species. However, 
it is felt that other species should be investigated in more 
morphological detail before any splitting of the genus is 
undertaken. 

Curtis (1960, p. 482, pl. 2, fig. 14) illustrated a 
form with no text comment, which she assigned to=- 
toleberis curta Brady (originally named a s  Cytheridea ( ? )  
curta ~ r a m 8 6 5 ,  p. 370, pl. 58, figs. 7a-i~' 
form appears considerably lower in height in relation to 
the length than the species illustrated by Brady, and is 
probably not conspecific with it .  The lateral outline is 
the same a s  the present form and therefore is question- 
ably placed i n x .  (? ) delicata. 

Genus Pellucistoma Coryell & Fields, 1937 

Pellucistoma Coryell & Fields, 1937, p. 17; Edwards, 
1944, p. 528; Van den Bold, 1946, p. 35; ~ o k o r n f ,  
1958, p. 299; Benson, 1959, p. 58; Sylvester - 
Bradley & Howe, 1961, Q317; Benson & Coleman, 
1963, p. 40; Benson & Kaesler, 1963, p. 28; Van 
Morkhoven, 1963, p. 435. 

Type species. - Pellucistoma howei Coryell & -- 
Fields, 1937, p. 17, figs. 18a, b, c. 

Diagnosis. - Lateral outline subovate; dorsal m a r -  
gin straight to gently convex, ventral margin sinuous; an- 
terior margin obliquely rounded in ventral half, more 
broadly rounded in dorsal half, posterior end with caudal 
process. Surface smooth to finely punctate; marginal 
denticulations, sulci and lateral extensions absent. Size 
medium, length 0.45 to 0.60 mm. Inner lamella wide 
anteriorly and posteroventrally, more narrow elsewhere; 
line of concrescence bends toward outer margin at  the 
inner extent of marginal pore canals. Marginal pore 
canals wide a t  line of concrescence, branching toward 
outer margin anteriorly, most a r e  simple posteriorly and 
ventrally, but some bifurcate. Normal pore open. Hinge 
merodont/entomodont, all  elements in left valve a r e  
positive; the anterior tooth better developed than the pos- 
terior.  

Pellucistoma magniventra Edwards, 1944 

P1. 17, figs. 9-15 

Pellucistoma magniventra Edwards, 1944, p. 528, pl. 88, 
figs. 33-35; Puri,  1953a, p. 289, p1. 15, fig. 4, 
text-fie. 12a: Pur i  & Hulinrrs. 1957. o. 174. 176. 
183, 1Y87, fig. 11, no. 6 (1euft'side);'furi 1960, p. 
119, pl. 2, f igs .  10, 11, text-figs. 8, 9; Benson & 
Coleman, 1963, p. 41, pl. 6, fig. 11, text-fig. 26; 
Van den Bold, 1963, p. 404, pl. 10, fig. 6. 

[?I Pellucistoma sp. cf. 2. magniventra Edwards, Swain, 
1951, p. 52. 

Paradoxistoma ensifor me Brady, Swain, 1955, p. 633, pl. 
63, fig. 7. 

Material. - Eight isolated valves, 



Dimensions. - Figured hypotypes, UMMP 48797: 
length . 50 mm, height .26 mm; UMMP 48798: length .48  
mm, height .24  mm. 

Remarks. - The present forms a r e  somewhat 
smaller ,  length about 0.50 mm as opposed to the holotype 
which is 0.63 m m  and those of Benson & Coleman (1963, 
p. 41) which a r e  0.71 mm, but they appear identical in all 
respects .  In addition to former descriptions the following 
observations were made. T i e  normai pores  a r e  the open 
type and while the marginal pore canals a r e  branching a t  
both ends they differ somewhat. Anteriorly al l  of the 
branches reach the outer margin, while posteriorly in all 
observed cases  only one of the two or  three branches reach  
the outer margin, the others exiting through the outer 
lamella. There is present in the anteroventral margin of 
the right valve of the inner lamella a groove which accom- 
modates a complementary positive structure of the left 
valve. 

Pellucistoma atkinsi, n. sp. 

P1. 17, figs. 1-8 

[?I Paradoxistoma atrum Mtiller, Swain, 1955, p. 632, pl. 
63, figs. 6a-d, text-figs. 36c, 39-4 a ,  b, c; Puri  
& Hulings, 1957, p. 187, fig. 11, no. 13 (left side); 
M i ,  1960, p. 119, pl. 2, figs. 12, 13. 

Material. - Eight isolated valves. 

Dimensions. - Holotype, UMMP 48795: length . 51 
mm, height .27 mm. Paratype, UMMP 48796: length . 51 
mm, .26 mm. 

Description. - Lateral outline subquadrate, dorsal  
margin slightly convex, ventral margin sinuous, concave 
in anterior third of valve; anterior margin broadly rounded, 
somewhat oblique in dorsal half, posterior blunt caudal 
process  present.  

Surface smooth; carapace thin. 

Inner lamella broad anteriorly, narrower elsewhere, 
a lmost  disappearing at  posterior concavity of ventral 
la teral  outline; large vestibule present anteriorly, smaller  
one posteriorly; line of concrescence irregular anteriorly, 
bends toward outer margin a t  point of origin of marginal 
pore canals. 

Marginal pore canals present with about equal 
frequency anteriorly, ventrally and posteriorly; branching, 
almost a l l  branches reach outer margin. 

Hinge merodont/entomodont. Right valve has 
anterior anti-slip tooth developed a s  extension of inner 
lamella a t  cardinal angle, median groove which deepens at  
anterior end and very slightly a t  posterior end, flange 
situated ventral to termination of median groove continuing 
to dorsai portion of caudal process. Lelt vaive has anter- 
ior ill-defined socket for reception of anti-slip tooth, 
median bar, very finely crenulate, with thickenings devel- 
oped at  both extremities, the larger  one at  anterior end, 
oblique groove posterior to median bar which accomodates 
posterior flange of right valve. 

Normal pores a r e  few, scattered and open. 

Muscle scar  pattern of four adductor scars ,  
slightly arcuate, two frontal s c a r s  anterior to topmost 
adductor scar ,  two mandibular s c a r s  near ventral margin 
and fulcral point anterior to two center adductor scars .  

Remarks. - This species differs f r o m z .  magni- 
ventra most conspicuously in lateral outline, being nearly 
subquadrate with a relatively poorly developed caudal 
process, while P. magniventra has a more sinuous ventral 
margin and more convex dorsal outline. In addition the 
antislip tooth in the right valve is somewhat larger in _P. 
atkinsi and nearly a l l  marginal pore canals in the posterior 
portion reach the outer margin, whereas in P. magniventra 
only one branch of a set reaches the outer margin, the 
others exiting through the outer lamella. In addition, P. 
atkinsi possesses two individual frontal scars ,  but 2. 
magniventra has a single crescent-shaped scar .  

P. atkinsi differs f rom Paradoxostoma atrum 
Mffller 71894, D. 320, pl. 23, figs. 15, 46, 50)aving 
prominent branching k&-ginal canals,' whereas _P. - 
atrum has simple straight ones. This feature is one of 
t h e d i i n g u i s h i n g  characteristics used (Van Morkhoven, 
1963, p. 437) to separate the genera Paradoxostoma 
Fischer, 1855, and Pellucistoma Coryell & Fields, 1937. 
It is possible on the basis of la teral  outline that the species 
questionably placed in the above synonymy belong in this 
new species, but not enough is known about the hinge and 
marginal pore canals to fo rm a definite conclusion. 



BIBLIOGRAPHY 

ALEXANDER, C. I., 1929, Ostracoda of the Cretaceous ------ , 1958, Ostracoda of the Brasso Formation of 
of North Texas: Texas Univ. Bull., No. 2907, p. Trinidad: x., v. 4, no. 4, p. 391-418. 
1-137, 10 pls. 

------ , 1933, Shell s t ructure of the ostracode genus 
Cytheropteron and fossil  species from the Creta- 
ceous of Texas: Jour .  Paleontology, v. 7, no. 2, 
p. 181-214, pis. 25-27. 

------ , 1934, Ostracoda of the Midway (Eocene) of Texas: 
Ibid., v. 8, no. 2, p. 206-237, pls. 32-35. - 

------ , 1936, Ostracoda of the Genera Eucvthere. Cvther- 
- 7 .- 

'ura ,  - ~ u c ~ t h e r u r a ,  Loxoconcha fro& the ~ r e t i c e o u s  
of Texas: g., v. 10, no. 8, p. 639-694. 

BAIRD, WILLIAM, 1835, List: of Entomostraca found in 
Berwickshire: Proc.  Berwickshire Naturalists 
Club, p. 95-100, pl. 3. 

------ , 1845, Arrangement of the British Entomostraca, 
with a l is t  of species: E., for  1842-1&49, p. 145- . ?" 

------ , 1850, The natural history of the British Entomos- 
traca: London, Ray Society, viii + 364 p. 

BENSON, R. H., 1959, Ecology of Recent Ostracodes of 
the Todos Santos Bay region, Baja California, 
Mexico: Univ. Kansas Paleont. Contr . , Arthropoda, 
,kt. 1, 80 p., 11 pls., 20 text-figs. 

------ , & COLEMAN, G. L. ,  1963, Recent marine ostra-  
codes from the eastern Gulf of Mexico: E., Art. 
2, p. 1-52, pls. 1-8. 

------ , & KAESLER, R. L . ,  1963, Recent marine and 
lagoonal ostracodes f rom the Estero de Tastiota 
Region, Sonora, Mexico (Northeastern Gulf of Cali- 
fornia): Ibid., Art.  3, p. 1-34, pls. 1-4. 

------ , & MADDOCKS, R. F . ,  1964, Recent ostracodes 
of Knysna Estuary, Cape Province, Union of South 
Africa: x., Art. 5, p. 1-39, pls. 1-6. 

BLAKE, C. H., 1933, Order Ostracoda, & Biological 
Survey of the Mount Desert Region conducted by 
William Proctor, pt. 4, p. 229-241, figs. 39, 40. 
Philadelphia, Pa.,  Wistar Inst. of Anatomy & 
Biology. 

BLAKE, D. B., 1950, Gosport Eocene Ostracoda from 
Little Stave Creek, Alabama: Jour .  Paleontology, 
v. 24, no. 2, p. 174-184, pls. 29, 30. 

BOLD, W. A. VAN DEN, 1946, Contribution to the study 
of Ostracoda: 167 p., pls. 1-18, Amsterdam, J. 
H. de Bussy. 

------ , 1963, The ostracode genus Orionina and i t s  spec- 
ies: Jour .  Paleontology, v. 37, no. 1, p. 33-50. 

BOSQUET, J . ,  1852, Description des Entomostraces 
Fossiles des Terrains  Tert iares  de l a  France e t  
de l a  Belgique: Acad. Roy. Soc., Lettres, B e a w -  
Arts  de Belgique, v. 24, p. 1-142. 

BRADY, G. S.,  1866, On new or  imperfectly known spec- 
i es  of marine ostracoda: Trans. Zool. Soc. Lon- 
don, v. 5, p. 359-393, pls. 57-62. 

------ , 1867, A synopsis of the Recent British Ostracoda: 
Intellectual Observer, v. 12 (for 1868), p. 110-120. 

------ , 1868, A monograph of the Recent British Ostra- 
coda: Trans. Linnean Soc. London, v. 26, p. 353- 
495. 

------ , 1869, Contributions to the study of the Entomos- 
traca. No. IV. Ostracoda from the River Scheldt 
and the Grecian Archipelago: Ann. & Mag. Nat. 
History Ser. 4, v. 3, p. 45-50, pls. 7, 8. 

------ , 1880, Challenger Reports, Zoology, v. 1, pt. 3, 
Ostracoda, p. 1-184. 

------ , & NORMAN, A. M., 1889, A monograph of the 
marine and fresh-water ostracoda of the North At- 
lantic and of northwestern Europe. Section 1, Podo- 
copa: Sci. Trans. Royal Dublin Soc., se r .  2, v. 4, 
p. 63-270, pls. 8-23. 

------ , & ROBERTSON, D., 1874, Contributions to the 
study of the Entomostraca. No. IX, On Ostracoda 
taken amongst the Scilly Islands, and on the anatomy 
of Darwinella stevensoni: Ann. & Mag. Nat. His- 
tory, s e r .  4, v. 13, p. 114-118. 

BUTLER, E. A . ,  1963, Ostracoda and correlation of the 
Upper and Middle Fr io  from Louisiana to Florida: 
Dept. of Conservation, La. Geol. Survey, Geol. 
Bull. no. 39, xvii + 100 p.,  6 pls. 

CORYELL, H. N., & FIELDS, SUZANNE, 1937, A Gatun 
ostracode fauna from Cativa, Panama: Amer. Mus. 
Novitates, no. 956, p. 1-18, figs. 1-18. 

CURRAY, J. R. ,  1960, Sediments and history of Holocene 
transgression, continental shelf, northwest Gulf of 
Mexico &Recent Sediments, Northwest Gulf of 
Mexico, p. 221-266, publ. by Amer. Assoc. Petr .  
Geol. 

- ----- , 1961, Late Quaternary sea level: a discussion: 
Bull. Geol. Soc. Amer. ,  v. 72, p. 1707-1712. 

------ , 1950, Miocene Ostracoda from Venezuela: Jour. 
Paleontology, v. 24, no. 1, p. 76-88, pls. 18-19. CURTIS, D. M., 1960, Relation of environmental energy 

levels and ostracod biofacies in east  Mississi-DD~ 

------ , 1957, Ostracoda f rom the Paleocene of Trinidad: delta area.  Bull. Am. Assoc. Petr .  Geol., ;: 44, 
Micropaleontology, v. 3, no. 1, p, 1-14. no. 4, p. 471-494, pls. 1-3. 



CUSHMAN, J. A , ,  1906, Marine Ostracoda of Vineyard 
Sound and adjacent waters. Boston Soc. Nat. Hist- 
ory, Proc.,  v. 32, no. 10, p. 359-385, pls. 27-38. 

DARBY, D. G., 1964, Ecology and taxonomy of Ostracoda 
in the vicinity of Sapelo Island, Georgia. Univ. 
Michigan Ph. D. Thesis, viii + 194 p. 

------ , & HOYT, J. H., 1964, An Upper Miocene fauna 
h e d g e d  from tidal channels of coasLki Georgia. 
Jour. Paleontology, v. 38, no. 1, p. 67-73, pls. 
17, 18. 

DEEVEY, E. S., 1965, Environments of the geologic past, 
review of, IMBRIE, JOHN, & NEWELL, N. D. ,  
editors, 1964, Approaches to Paleoecology: Science, 
v. 147, no. 3658, p. 592-594. 

DUBOWSKY, N. W., 1939, Zur Kenntniss der Ostracoden 
Fauna des Schwarzen Meer. Trav. Sta. Biol., 
Karadagh, v. 5, p. 3-68. 

EDWARDS, R. A., 1944, Ostracoda from the Duplin Marl 
(Upper ~ i o c e n e )  of North Carolina. Jour .  Paleont- 
ology, v. 18, no. 6, p. 505-528, pls. 85-88. 

ELOFSON, OLAF, 1941, Zur Kenntnis der marinen Ostra- 
koden Schwedens mdt besonderer BerUcksichtigung 
des Skageraks. Upsala Univ. , Zool. Bidrag frgn 
Upsala, v. 19, p. 215-534. 

FAIRBRIDGE, R. W., 1961, Eustatic changes in  sea  level, 
in AHRENS, L. H., editor, Physics & Chemistry of 
the Earth, v. 4, p. 99-185. Pergammon Press ,  
New York. 

FISHER, SEBASTLcW, 1855, Beitrag zur Kenntnis der 
Ostracoden. Abhandl. Math. Phys. Class Bayer. 
Akad. Wiss., Munich, v. 7, no. 3, p. 635-666, 
pls. 1, 2. 

GOERLICH, FFUNZ, 1953, Ostrakoden der Cytherideinae 
aus der TertiXren Molasse Bayerns. Senckenberg- 
iana, v. 34, p. 117-148. 

GORSLINE, D. S., 1963, Environments of carbonate depos- 
ition, Florida Bay and Florida Straits, e BASS, R. 
0. , editor, Shelf Carbonates of the Paradox Basin, 
a Symposium, p. 130-143. Four Corners Geological 
Society. 

HANAI, TETSURO, 1957, Studies on the Ostracoda from 
Japan, P a r t  IU; Subfamilies Cytherurinae G. W. 
Mtiller (emend. G. 0. S a r s  1925) and Cytheropter- 
lnae n. subfam. Jour .  Faculty of Sci., Sec. 2, 
v. 11, pt. 1, p. 11-36, pls. 2-4, 10 text-figs. 

W I N G ,  J. P., & SYLVESTER-BRADLEY, P. C., 1953, 
The ostracod genus Trachyleberis.  Bull. Brit. 
Mus. (Nat. Hist. ), Zoology, v. 2, no. I, p. 1-15, 
pls. 1, 2. 

HENRY, V. J. ,  & HOYT, J. H., 1963, Geologic history 
and development of the Pleistocene and Recent b z -  
r i e r  islands a£ the Georgia coast. Unpubl. Guide 
for  Georgia Geol. Soc. Field trip, Sapelo Island, 
Georgia, Sept. 21-22, 1963. 

HIRSCHMANN, NIKoLAJ, 1909, Beitrag zur Kenntnis der 
Ostracoden fauna des  finnischen Meerbusens. Socie- 
tas pro Fauna e t  F lora  Fennica, Meddelanden, v. 
35, p. 282-297, pls., figs. 1-12. 

HORNIBROOK, N. DE B., 1952, Tertiary and Recent marine 
Ostracoda of New Zealand. New Zealand Geol. Sur - 
vey, Paleont. Bull. 18, p. 1-82, pls. 18, 4 text 
figs. 

HOWE, H. V., 1955, Handbook of Ostracod Taxonomy. 
Louisiana St. Univ. Press ,  Baton Rouge, La.,  p. 
1-368. 

------ , 1961, in Treatise on b e r t e b r a t e  Pz!e~nto!cgy, I?. 
C. MOOG, editor, Par t  Q, Arthropods 3. Law- 
rence, Kansas, Univ. Kansas P r e s s  and Geol. SOC. 
America. 

------ , 1962, Ostracod Taxonomy, p. xix + 366, Baton 
Rouge, La.,  La. St. Univ. Press .  

------ , & Graduate Students, 1935, Ostracoda of the &a 
zone of the Choctawhatchee Miocene of Florida. Fla. 
Board of Cons. Geol. Dept. Bull., no. 13, p. 1-37, 
pls. 1-4. 

------ , & Chambers, Jack, Louisiana Jackson Eocene 
Ostracoda. Dept. Conservation, La. Geol. Survey, 
Geol. Bull. no. 5, p. vii - 65, 6 pls. 

------ , & LAW, JOHN, 1936, Louisiana Vicksburg Oligo- 
cene Ostracoda, w., no. 7, p. 1-96. 

HOYT, J. H., WEIMER, R. J . ,  & HENRY, V. J . ,  1964, 
Late Pleistocene and Recent sedimentation, central 
Georgia coast, U. S.A., p. 170-176, & Dev. in  
Sedimentology, v. 1, Deltaic & shallow marine 
deposits, Proc. Sixth Intern. Sed. Congr., 1963, 
L. M. J. V. van Straaten, editor, Elsevier Publ. Co., 
New York. 

JOHNSON, R. G., 1960, Models and methods far the anal- 
ys i s  of the mode of formation of fossil  assemblages: 
Bull. Geol. Soc. Amer., v. 71, p. 1075-1086. 

------ , 1962, Interspecific association in Pennsylvanian 
fossil  assemblages: Jour. Geology, v. 70, p. 32- 
55. 

------, 1964, The community approach to paleoecology 5 
Imbrie, J . ,  & Newell, N. D., editors, Approaches 
to  Paleoecology, p. 107-134, John Wiley, New York. 

JONES, T. R.,  1850, Description of the Entomostraca of 
the Pleistocene beds of Newbury, Copford, Clacton 
and Grays. Ann. & Mag. Nat. Hist., Ser. 2, v. 6, 
p. 25-28, pl. 3. 

------, 1857, A monograph of the Tertiary Entomostraca 
of England. Palaeontographical Soc. London, p. 
1-68, PIS. 1-6. 

JUDAY, CHAUNCEY, 1907, Ostracoda of the San Diego 
region: II. Littoral Forms. Univ. Calif. Publica- 
tion, Zoology, v. 3, no. 9, p. 135-150. 

IZEIJ, A. J., 1957, Eocene and Oligocene Ostracoda of 
Belgium. Inst. Royal des  Sci. Naturelles de Bel- 
gique, Mem. no. 136, p. 1-210, pls. 1-23. 

IZELLETT, BETTY, 1935, Ostracodes of the Upper Penn- 
sylvanian and Lower Permian s t ra ta  of Kansas: 
IU Bairdiidae, Entomoconchidae, Cytheridae, and 
Cypridae. Jour. Paleontology, v. 9, no. 2, p. 132- 
166, pls. 16-18. 



KESLING, R. V., 1951, Terminology of ostracod cara-  
paces. Mich. Univ., Mus. Paleontology, Contri- 
butions, v. 9, no. 4, p. 93-171. 

LATREILLE, P, A., 1806, General Crustaceorum e t  
Insectorum, Tomus I, p. I - XVLU I 303. 

LEROY, L. W., 1943, Pleistocene and Pliocene Ostracoda 
of the coastal re@on of southern California. Jour. 
Paleontology, v.-17, no. 4, p. 354-373, pls. 58- 
62. 

MALKIN, D. S., 1953, Biostratigraphic study of Miocene 
Ostracoda of New Jersey,  Maryland, and Virginia. 
Jour .  Paleontology, v. 27, no. 6, p. 761-799, pls. 
78-82, 14 text-figs. 

MARTIN, J. L . ,  1939, Claiborne Eocene species of the 
ostracode genus Cytheropteron. Jour. Paleontol- 
ogy, v. 13, no. 2, p. 176-182, pl. 22. 

MCCLEAN, J. D., 1957, The Ostracoda of the Yorktown 
formation i n  the York-James Peninsula of Virginia. 
Bull. Am. Paleontology, v. 38, no. 167, p. 52- 
103, pls. 7-12, 3 charts.  

M'COY, FREDERICK, 1844, A synopsis of the characters 
of the Carboniferous Limestone fossils of Ireland, 
Dublin University P r e s s ,  p. 1-207, 29 pls. 

MERRILL, A. S., EMORY, K. O., & RUBIN, MEYER, 
1965, Ancient oyster shells on the Atlantic conti- 
nental shelf, Science, v. 147, no. 3656, p. 398- 
400. 

MINCHER, A. R., 1941, The fauna of the Pascagoula 
formation. Jour. Paleontology, v. 15, no. 4, p. 
337-348, pis. 46-47. 

MORKHOVEN, F. P. C. M. VAN, 1962, Post-Paleozoic 
Ostracoda, v. 1, General. vii + 204 p., 79 f igs . ,  
New York, Elsevier Publ. Co. 

------ , 1963, Post-Paleozoic Ostracoda, v. 2, Generic 
Descriptions, p. 1-478, 763 figs.,  New York, 
Elsevier Publ. Co. 

MULLER, G, W., 1894, Die ostracoden des Golfes von 
Neapel und der  Angren zenden Meeres-Abschnitte. 
Naples Sta. Zool., Fauna und Flora des Golfes von 
Neapel, Monograph. 21, p. 1-404, pls. 1-40. 

------ , 1912, Ostracoda & Das Tierrich. Im AuftrLge dr 
der  Ktlnigl. P reuss .  Akad. Wiss. zu Berlin. 31 
Lieferung, p. 1-434. 

M ~ ~ L L E R ,  0. F., 1776, Zoologiae Danicae ~ r o d r o m u s ,  
Seu Animalium Daniae e t  Norvegiae Indigenarum 
Characters, Nomina, e t  Synonyrna Imprimus Popu- 
larium, F .  F. Havniae, p. 1-282. 

------ , 1785, Entomostraca Seu Insecta Testacea, Quae in 
Aquis Daniae e t  Norvegiae Reperit, Descripsit e t  
Ieonibus Illustravit. Lipsiae e t  Havniae, p. 1-135. 

N E W ,  A., 1928, Ostracodi fossil  d7Italia. I. Valle- 
biaja (Calabriano). Pontifieia Acad. delle Sci., 
Rome Memoire, Ser. 2, v. 11, p. 1-120, 2 pls. 

N W E L L ,  N. D., IMBRIE, JOHN, PURDY, E. G., & 
THURBER, D. L., 1959, Organism communities 

and bottom facies, Great Bahama Bank: Bull. Amer. 
Mus. Nat. History, v. 117, ar t .  4, p. 181-228. 

NORhlAN, A. M., 1862, Contributions to British Carcino- 
logy. 11. On Species of Ostracoda new to Great 
Britain. Ann. & Mag. Nat. History, Ser. 3, V. 9, 
p. 43-55. 

------  , 1865, Report of the C r u s t a c e a g  Nat. Hist. North- 
umberland and Durham, Trans. ,  v. 1, p. 12-29, 
pls. 5-7. 

OERTLI, H. J . ,  1956, Ostracoden aus  der Oligoz'dnen und 
MiozBnen Molasse der Schweiz. Schweizerischen 
Naturf. Gesell., Schweiz PaMont. Abh., Bd. 74, 
p. 1-116. 

PHLEGER, F. B., 1960, Ecology and Distribution of Re- 
cent Foraminifera. The Johns Hopkins Press ,  
Baltimore, p. 1-297. 

POKOR&, V L A D I ~ ,  1955, Contribution to the morpho- 
logy and taxionomy of the subfamily Hemicytherinae 
Puri. Acta Universitatis Carolinae, 111, p. 1-35, 
19 text figs. 

------ , 1958, Grifndzuge der zoologischen MikropalBonto- 
logie, Bd. I., viii + 453 p.,  1077 text figs. 

PURI, H. S., 1952, Ostracode genus Cytherideis and its 
allies. Jour. Paleontology, v. 26, no. 6, p. 902- 
914, pis. 130-131. 

------ , 1953a, Contribution to the study of the Miocene of 
the Florida panhandle. Fla. Geol. Survey, Bull. 
36, p. 1-345. 

------ , 1953b, The ostracode genus Hernicythere and i ts  
allies. Jour. Wash. Acad. Sci., v. 43, no. 6, p. 
169-179, pls. 1, 2. 

------ , 1953c. Taxonomic comment on: "Ostracoda from 
wells in North Carolina, Par t  1: Cenozoic Ostra- 
coda, by F .  M. Swain. Jour. Paleontology, v. 
27, no. 5, p. 750-752. 

------ , 1953d, The ostracode genus Trachyleberis and i ts  
ally Actinocythereis, Amer. Midl. Nat., v. 49, no. 
1, p. 171-188, pls. 1, 2. 

------ , 1957, Stratigraphy and zonation of the Ocala group. 
Fla. Geol. Survey, Bull. 38, pt. 3, Ostracoda, p. 
186-244, 15 pls. 

------ , 1958, Ostracode genus Cushmanidea. Gulf Coast 
Assoc. Geol. Soc., Trans. ,  v. 8, p. 171-181, 2 
pls. 

------ , 1960, Recent Ostracoda f rom the west coast of 
Florida. Gulf Coast Assoc. Geol. Soc. Trans. ,  
V. 10, p. 107-149, pls. 1-6. 

------ , & HULINGS, N. C, ,  1957, Recent ostracode 
facies from Panama City to  Florida Bay area. 
Gulf Coast Assoc. of Geol. Soc., Trans.,  v. 7, p. 
167-190, 11 text figs. 

REYMENT, R. A., 1961, &Treat ise  on Invertebrate 
Paleontology, R. C. Moore, editor, P a r t  Q, Arth- 
ropoda 3, Lawrence, Kansas, Univ. Kansas P r e s s  
and Geol. Soc. America. 



ROEMER, F. A . ,  1938, Die Cytherinen des  Molasse- 
Gebirges.  Neus Jahrbuch f u r  Min. , Geol. , Pal.  , 
p. 514-519. 

RUGGIERI, GIULIANO, 19 52a, Nota P re l imina re  Sugli 
Ostracodi Di Alcune Spiaggie Adriatiche.  Bologna 
Universiat, Inst. Zool., Note d e l  Lab. Biol. Mar -  
ina di Fano, v. l, no. 8, p. 57-64. 

------ : 1952b, Gli Ostracodi Delle Sabbie Grigie (Milaz- 
ziano) Di Imola, P a r t e  II. Giorn. Geologia, Bolog- 
na, Ser.  2, v. 22, p. 59-115. 

------  , 1956, L a  Subdivisione Degli Ost racodi  ~ i &  Com- 
p r e s i  Nel Genre Cythereis Proposta  d a  Neriani Nel 
1928. Societh Itialiana di  Scienze Naturali, Atti, 
v. 95, Fasc .  II, p. 161-175. 

------  , 1958, Alcuni Ostracodi del  Neogene Italiano, E d . ,  
v. 97, Fasc .  11, p. 127-146, 30 figs.  

SANDBERG, PHILIP, 1964, Larva-adult  relationships in 
some  species  of the ostracode genus Haplocytheri- 
dea: Micropaleontology, v. 10, no. 3, p. 357-368. - 

SARS, G. O., 1866, Oversigt a3 Norges Marine Ostraco- 
de r  . Norske Vidensk-Akad. forhandlinger, p. 1- 
130. 

------  , 1888. Nye Bidrag t : l  Kundskaben o m  Middlehavets 
Invertebratfauna. 4. Ostracoda Mediterranea. 
Archiv. f o r  Mathematik og Naturvidenskab, Oslo, v. 
12, p. 173-234, pls. 1-20. 

------ , 1922-28, An account of the Crus t acea  of Norway, 
v. 9, Ostracoda, pts.  1-16, p. 1-277, pls.  1-119. 

SEQUENZA, G. , 1880, Le formazioni t e r z i a r e  nella pro- 
vincia de Reggio. Atti R. Acad. dei Lincei, s e r .  
3, mem. 6 (Rome), p. 3-443, pls.  4-17. 

SHARER, R. H., 1961, & Trea t i se  on Invertebrate Paleon- 
tology, R. C. Moore, editor,  P a r t  Q, Arthropoda 
3, Lawrence, Kansas,  Univ. Kansas  P r g s s  and 
Geol. Soc. America.  

SHEPARD, F. P . ,  1960, R i se  a t  s e a  level  along northwest 
coas t  Gulf of Mexico & Shepard, F .  P., e t  &. , 
editors,  Recent sediments,  Northwest Coast Gulf of 
Mexico, p. 338-381, Amer .  Assoc.  Pe t r .  Geol. 

STAPLIN, F. L . ,  1963, Pleistocene Ostracoda of Illinois. 
Jou r .  Paleontology, v. 37, no. 4, p. 758-797. 

STEPHENSON, M, B., 1935, Some microfoss i ls  f r o m  the 
potamides matsoni zone. La. Geol. Survey Bull. , 
no. 6, p. 18'7-197, pl. 5. 

------ . 1936. Shell s t ruc tu re  of the  os t racode genus 
' ~ ~ t h e i i d a e :  Jou r .  Paleontology, v. 10,-no. 8, p. 
695-703, pl. 94. 

------. 1937, Middle Te r t i a ry  Ostracoda of the genus 
' ~ ~ t h e r i d e a .  z., V . . I I ,  no. 2, p. 145-159, pls.  
26, 27, 27 text-figs. 

------ . 1938, Miocene and Pliocene Ostracoda of the genus 
theridea f r o m  Flor ida:  x., v. 12, no. 2, p .  his. 23, 24. 

------ , 1941, Notes on the subgenera  of the ostracode genus 
Cytheridea. x., v. 15, no. 4, p. 424-429, 20 
text f igs.  

------ , 1943, Haplocytheridea bass l e r i  Stephenson, new 
name fo r  Cytheridea s u b m r i c h  and Bass l e r .  
Ibid., v. 17, no. 2, p. 206-207. 

------ , 1944, New ost racoda f r o m  subsurface Middle 
Te r t i a ry  s t r a t a  of Texas, E., v. 18, no. 2, p. 
156-161, pl. 28. 

------ , 1946, Weches Eocene Ostracoda f r o m  Smithville, 
Te-AS, - k i d . ,  :.. 20, nc;. 4, i;. 297-344, pls. 42-45. 

SUTTON, A. H. & WILLIAMS, J. R.,  1939, Ostracoda 
f r o m  the Weches formation a t  Smithville, Texas .  
Jou r .  Paleontology, v. 13, no. 6, p. 561-574, pls. 
63, 64. 

SWAIN, F .  M., 1948, Ostracoda, Hammond Well & Ander- 
son, J. L .  g g., Cretaceous and Ter t i a ry  subsur - 
f ace  geology. Maryland Dept. of Geol. , Mines and 
Water Resources ,  Bull. 2, p. 187-213, pls.  12-14. 

------ , 1951, Ostracoda f r o m  wells in North Carolina,  
P a r t  1, Cenozoic Ostracoda. U. S. Geol. Survey, 
Prof.  Paper  234-A, p. 1-58, pls.  1-7. 

------ , 1955, Ostracoda of San Antonio Bay, Texas .  Jou r .  
Paleontology, v. 29, no. 4, p. 561-646, pls.  59- 
64, 39 text f igs .  

------ , 1961, & Trea t i se  on Invertebrate Paleontology, R .  
C. Moore,  editor,  P a r t  Q, Arthropoda 3, Lawrence, 
Kansas,  Univ. Kansas P r e s s  and Geol. Soc. Ameri -  
ca ,  

------ , 1963, Pleistocene Ostracoda f r o m  the Gubik Forma-  
tion, Arct ic  Coastal  plain, Alaska. Jou r .  Paleon- 
tology, v. 37, no. 4, p. 798-834, pls.  95-99. 

SYLVESTER-BRADLEY, P. C . ,  1948, The Ostracode 
genus Cythere is .  Jou r .  Paleontology, v. 22, no. 
6, p. 792-797, pl. 122. 

------ , 1950, The sha l l  of the ostracod genus Bairdia.  
Ann. & Mag. Nat. Hist . ,  s e r .  12, v. 3, p. 751-756. 

------ , 1961, & Trea t i se  on Invertebrate Paleontology, R .  
C. Moore, editor,  P a r t  Q, Arthropoda 3, Lawrence, 
Kansas,  Univ. Kansas P r e s s  and Geol. Soc. Ameri -  
ca. 

------ , & HARDING, J. P., 1953, The nomenclature of 
the Ostracode genus Cytherideis. Jou rn .  Paleon- 
tology, v .  27, no. 5, p. 753-755. 

------ , & ------, 1954, Postscr ip t  notes on the ostracode 
Trachyleber is ,  %, v. 28, no. 5, p. 560-562. 

REICHERT, CURT, 1937, Ordovician and Silurian faunas 
f r o m  Arct ic  Canada. Copenhagen Univ. Min. -Geog- 
most.  Mus. Communications paleont, no. 59, p. 1- 
169, p ls .  1-24. 

------ , 1939, New names  for  ostracode homonyms. Jour .  
Paleontology, v. 13, no. 6, p. 622. 

TRIEBEL, ERICH, 1940, Die Ostracoden der  Deutschen 
Kreide.  3. Cytherideinae und Cytherinae de r  
unteren Kreide .  Senckenbergiana, Bd. 22, p. 160- 
227. 

------ , 1941, Zur morphologie und Okologie d e r  Foss i len  
Ostracoden, mit  Beschreibung einiger neuer  Gat- 
tungen und Arten. Ibid., Bd. 23, p. 294-400. 



ULRICH, E .  O., & BASSLER, R. S., 1904, Systematic 
Paleontology of the Miocene deposits of Maryland 
Ostracoda. Maryland Geol. Survey Miocene 
Report, Par t  1 (text), p. 98-130; Part  2 (plates), 
Pls. 35-38. 

WAGNER, C. W., 1957, Sur l e s  Ostracodes du Quater- 
naire Recent des  Pays-Bas et  leur utilisation dans 
lt6tude geologique des de'p8ts ~ o l o c k n e s .  259 p. ,  
pls.  1-50, The Hague, Mouton and Co. 

WALTON, W. R. ,  1964, Recent foraminifera1 ecology and 

paleoecology, & Approaches to Paleoecology, Im- 
brie, John, & Newell, N. D . ,  editors. John Wiley 
& Sons Inc.,  New York. 

WHITTINGTON, H. B.,  1964, Taxonomic basis of paleo- 
ecology, Imbrie, J. & Newell, N. D. ,  editors, 
Approaches to Paleoecology, p. 19-27, John Wiley, 
New York. 

ZIEGLER, J. M., 1959, Origin of the Sea Islands of the 
Southeastern United States, Geographical Review, 
v. 49, p. 222-237. 



P L A T E S  



EXPLANATION OF PLATE 1 

(Figures x60 except a s  noted) 

FIGS. 1-6 Pontocypris sp. 

1-6, left valve, UMMP 48679; 1, interior view, transmitted light; 2, exterior; 3, posterior 
marginal a rea ,  transmitted light, x215; 4, 5, posterior and anterior marginal pore canals 
respectively, transmitted light, x590; 6, central muscle-scar field, transmitted light, x 215. 

FIG. 7 Bairdia laevicula Edwards. Right valve, exterior,  UMMP 48680. 

FIGS. 8 -1 1 Bairdia sp. 

8, 10, 11, left valve, UMMP 48681; 8, exterior; 10, posterior marginal area,  transmitted 
light, x2 15; 11, anterior marginal area,  transmitted light, x120; 9, right valve, central 
muscle-scar field, transmitted light, UMMP 48682, x215. 

FIGS. 12-19 Candona ( ? )  sp. 

12-15, 18, 19, left valve, UMMP 48683; 12, 13, sieve-type normal pores, x1475; 14, inter- 
ior  view, transmitted light, x 72; 15, exterior; 18, 19, posterior and anterior marginal 
a reas ,  transmitted light, x215. 16, right valve, central muscle-scar field, transmitted 
light, UMMP 48684, x 215. 17, left valve, central muscle-scar field, transmitted light, 
UMMP 48685, x215. 





PLATE 2 



EXPLANATION OF PLATE 2 

(Figures x60 except a s  noted) 

FIGS. 1-7 Eucythere sp. cf. - E. declivis (Norman) 

1-7, UMMP 48686 (one specimen); 1, left valve, exterior; 2-7, right valve; 2, exterior;  
3, central muscle-scar field, transmitted light, x215; 4, interior view, transmitted light, 
x90; 5, sieve-type normal pore, transmitted light, ~ 1 4 7 5 ;  6, dorsal muscle-scar field, 
transmitted light, x215; 7, anterior marginal area,  transmitted light, x215. 

FIGS. 8 - 11 Eucythere triangulata Pu r i  

8, 10, left valve, UMMP 48687; 8, exterior; 10, sieve-type normal pore, transmitted 
light, x1475. 9, 11, right valve, UMMP 48688; 9, exterior;  11, central muscle-scar 
field, transmitted light, x215. 

FIGS. 12 -22 Campylocythere laeva Edwards 

12, 15-21, left valve, UMMP 48689; 12, exterior; 15, interior view, transmitted light; 
16, hinge, interior view, x120; 17, 18, posterior and anterior marginal a reas  respec- 
tively, transmitted light, x215; 19, 20, 21, dorsal, central and mandibular muscle 
fields respectively, transmitted light, x215, 13, 14, right valve, UMMP 48690; 13, 
exterior,  x72; 14, hinge, interior view, x120. 22, hinge, dorsal  view, transmitted light, 
left valve UMMP 48689, right valve UMMP 48690, x120. 



EXPLANATION OF PLATE 3 

(Figures x60 except a s  noted) 

FIGS. 1-9 Sahnia sp. 

1, 2, 6-8, right valve, UMMP 48692; 1, anterior marginal area,  transmitted light, x215; 
2, exter ior ;  6, hinge, dorsal view, transmitted light, x120; 7, central muscle scar  field, 
transmitted light, x430; 8, hinge, interior view, x120. 3, 4, 5, 9, left valve, UMMP 
4869 1; 3, exterior;  4, interior view, transmitted light, x90; 5, hinge, dorsal view trans - 
mitted light, x120; 9, hinge, interior view, x120. 

FIGS. 10-14 Paradoxostoma ( ? )  delicata Pur i  

10, 12, 13, 14, left valve, UMMP 48693; 10, exterior; 12, posteroventral marginal pore 
canals, transmitted light, ~ 1 4 7 5 ;  13, anterior marginal a reas  showing wide vestibule and 
narrow marginal zone, transmitted light, x215; 14, adductor muscle scars ,  transmitted 
light, x215, 11, right valve, exterior, UMMP 48694. 

FIGS. 15-24 Acuticythereis multipunctata Edwards 

15-24, UMMP 48695 (one specimen); 16, 17, 19, 20, 21, 24, right valve; 16, exterior; 
17, hinge, interior view, x120; 19, 20, anterior and posterior marginal a reas  respectively, 
transmitted light, x215; 21, sieve-type normal pore, transmitted light, ~ 1 4 7 5 ;  24, hinge, 
dorsal  view, transmitted light, x120; 15, 18, 22, 23, left valve; 15, exterior;  18, hinge, 
interior view, x120; 22, posteromedian hinge element to show coarse crenulation of poster- 
ior portion of median ridge, dorsal view, transmitted light, x295; 23, hinge, dorsal view, 
transmitted light, x120. 





PLATE 4 



EXPLANATION OF PLATE 4 

(Figures x50 except a s  noted) 

FIGS. 1 - 13, 17, 18 Acuticythereis laevissima Edwards 

1, 2, right valve, UMMP 48696; 1, interior view, transmitted light; 2, exterior. 3, left 
valve, exterior, UMMP 48697. 4, 5, UMMP 48698; 4, ventral view; 5, dorsal view. 6-13, 
17, 18, UMMP 48699 (one specimen); 6, 9, left valve; 6, hinge, interior view, x120; 9, 
interior view; 7, 8, 10-13, 17, 18, right valve; 7, interior view; 8, hinge, interior view, 
x120; 10, 11, anterior and posterior marginal a reas  respectively, transmitted light, x2 15; 
12, central muscle scar  field, transmitted light, x215; 13, sieve-type normal pore, t rans-  
mitted light, ~ 1 4 7 5 ;  17, 18, two photographs taken a t  same position in two planes of focus 
f rom exterior,  18 focused deeper, showing relation of anterior marginal pore canals which 
reach outer margin, and a "false canal" which i s  in reality a sieve-type normal pore which 
also originates at  line of concrescence, but exits through outer lamella, rather than be- 
tween outer and inner lamella, x960. 

FIGS. 14-16, 19-22 Acuticythereis gigantica Edwards 

14- 16, 19-22, UMMP 48700 (one specimen); 14, 15, left valve; 14, exterior;  15, interior 
view; 16, 19-22, right valve; 16, interior view; 19, 20, anterior and posterior marginal 
a r eas  respectively, transmitted light, x215; 21, sieve-type nor ma1 pore, transmitted light, 
x147 5; 22, central and mandibular muscle field, transmitted light, x2 15. 



EXPLANATION OF PLATE 5 

(Figures x60 except as noted) 

FIGS. 1-8 Acuticythereis tenmilecreekensis (Puri) 

1, 4, 5, 6, UMMP 48701 (one specimen); 1, 5, 6, right valve; 1, exterior; 5, posterior 
marginal area,  transmitted light, x215; 6, hinge, interior view, x120; 4, left valve, hinge, 
interior view, x120. 2, left valve, exterior, UMMP 48702. 3, 7, right valve, UMMP 
48703; 3, posterior marginal area,  x120; 7, interior view. 8, central muscle-scar field, 
transmitted light, UMMP 48704, x215. 

FIGS. 9- 19 Acuticythereis gigantica Edwards 

9-19, UMMP 48705 (one specimen); 9, 10, 12-14, 17-19, left valve; 9, 10, posterior and 
anterior marginal a r eas  respectively, transmitted light, x215; 12, exterior;  13, central 
muscle s ca r  field, transmitted light, x215; 14, hinge, interior view, x120; 17, interior 
view; 18, 19, two views of sieve-type normal pores, ~ 1 4 7 5 ;  18, looking down long axis of 
pore, 19, a t  an angle to long axis; 11, 15, 16, right valve; 11, exterior; 15, hinge, inter- 
ior view, x120; interior view. 







EXPLANATION OF PLATE 6 

(Figures x60 except a s  noted) 

FIGS. 1-9 Aurila amygdala (Stephenson) 

1, 9, UMMP 48706; 1, exterior, ventral view; 9, right valve, central muscle scar  field, 
transmitted light, x215. 2-8, UMMP 48707 (one specimen); 2, 3, 7, right valve; 2, interior 
view; 3, exterior;  7, hinge, interior view, x120; 4, 5, 8, left valve; 4, exterior;  5, interior 
view; 8, hinge, interior view, x120; 6, exterior, dorsal view. 

FIGS. 10-19, 23 Aurila conradi conradi (Howe & McGuirt) 

10-15, 17, 19, 23, UMMP 48708 (one specimen); 10, 11, 14, 19, 23, right valve; 10, 
interior view; 11, exterior; 14, hinge, interior view, x120; 19, central muscle-scar 
field, transmitted light, x215; 23, hinge, dorsal  view, x215; 12, 13, 15, 17, left valve; 
12, exterior;  13, interior view; 15, hinge, interior view, x120; 17, hinge, dorsal view. 
16, 18, UMMP 48709; 16, exterior, ventral view; 18, exterior, dorsai  view. 

FIGS. 20-22, 24-29 Aurila conradi floridana Benson & Coleman 

20, 25, 27, 28, right valve, UMMP 487 10; 20, exterior;  25, interior view; 27, hinge, dor - 
sal view, x120; 28, hinge, interior view, x120. 21, 26, 29, left valve, UMMP 48711; 21, 
exterior;  26, interior view; 29, hinge, dorsal  view, x120. 22, 24, UMMP 48712; 22, 
exterior,  ventral view; 24, exterior,  dorsal view. 



EXPLANATION OF PLATE 7 

(Figures x60 except as noted) 

FIGS. 1-3 Pterygocythereis sp. cf. - P. americana (Ulrich & Bassler). 

1, left valve, exterior, UMMP 48713. 2, 3, right valve, UMMP 48714; 2, exterior;  
3, ventral view. 

FIGS. 4, 5, 7 Orionina vaughani (Ulrich & Bassler ) 

4, right valve, exterior,  UMMP 48715. 5, right valve, exterior, UMMP 487 16. 7, right 
valve, hinge, interior view, UMMP 48715, x120. 

FIGS. 6, 9, 10 Costa triplistriata (Edwards) 

6, left valve, exterior, UMMP 48717. 9, 10, right valve, UMMP 48718; 9, exterior,  
UMMP 48717. 9, 10, right valve, UMMP 48718; 9, exterior;  10, hinge, interior view, 
x120. 

FIG. 8 Costa sp. aff. - C. triplistriata (Edwards). 8, right valve, exterior, UMMP 48719. 

FIG. 11 Pterygocythereis ? sp. 11, left valve, UMMP 48720. 

FIGS. 12-17 Actinocythereis exanthemata gomillionensis (Howe & Ellis). 

12, left valve, exterior, UMMP 48721. 13, left valve, hinge, interior view, UMMP 48722, 
x120. 14-17? UMMP 48723 (one specimen); 14, 15, right valve; 14, interior view; 15, 
hinge, interior view, x120; 16, 17, left valve; 16, interior view; 17, hinge, interior view, 
x120. 
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EXPLANATION OF PLATE 8 

(Figures x60 except a s  noted) 

FIGS. 1-5, 7 Puriana rugipunctata (Ulrich & Bassler) 

1, 7, UMMP 48724; 1, exterior, ventral view; 7, exterior, dorsal view. 2, 3, left valve, 
UMMP 48725; 2, exterior; 3, interior view. 4, 5, right valve, UMMP 48726; 4, exterior; 
5, interior view. 

FIGS. 6, 8-14, 17 Puriana mesacostalis ( ~ d w a r d s )  

6, 9, 13, 17, left valve, UMMP 48727; 6, exterior; 9, interior view; 13, hinge, interior 
view, x120; 17, posterior marginal area,  transmitted light, photo taken from exterior, 
x215. 8, 12, 14, right valve, UMMP 48728; 8, exterior; 12, interior view; 14, hinge, 
inter ior  view, x120. 10, right valve, UMMP 48729, immature, exterior. 11, left valve, 
UMMP 48730, immature, exterior. 

FIGS. 15, 16, 18-23 Echinocythereis garret t i  (Howe & McGuirt) 

15, 20, 22, 23, UMMP 48731 (one specimen); 15, 22, 23, left valve; 15, exterior; 22, 23, 
posterior and anterior marginal a r e a s  respectively, transmitted light, x120; 20, right valve, 
central  muscle-scar field, transmitted light, x120. 16, right valve, exterior, UMMP 
48732. 18, right valve, interior view, UMMP 48733. 19, 21, left valve, UMMP 48734; 
19, exter ior ;  21, hinge, dorsal  view. 



EXPLANATION OF PLATE 9 

(Figures x60 except a s  noted) 

FIGS. 1-10, 13 Murrayina - martini (Ulrich & Bassler)  

1, 2, 9, 10, UMMP 48735 (one specimen); 1, 9, left valve; 1, exterior; 9, hinge, interior 
view, x120; 2, 10, right valve; 2, exterior, 10, interior view. 3, left valve, UMMP 
48736, exterior.  4, right valve, UMMP 48737, exterior;  5, left valve, UMMP 48738, 
interior view. 6, 7, UMMP 48739 (one specimen); 6, left valve, exterior; 7, right valve, 
exterior.  8, exterior,  ventral view, UMMP 48740. 13, right valve, hinge, interior 
view, UMMP 48741, x120. 

FIGS. 11, 12, 14-19 Triginglymus whitei (Swain) 

11, 18, left valve, UMMP 48742; 11, exterior; 18, hinge, interior view, x120. 12, 15, 19, 
right valve, UMMP 48743; 12, exterior;  15, interior view; 19, hinge, interior view, x120. 
14, right valve, exterior,  UMMP 48744. 16, 17, left valve, UMMP 48745; 16, interior 
view; 17, exterior.  

FIGS. 20-27 Triginglymus sapeloensis, n. sp. 

20, left valve, exterior,  UMMP 48746. 21, 23, left valve, UMMP 48747; 21, exterior;  23, 
interior view. 22, 27, right valve, UMMP 48748; 22, interior view; 27, hinge, interior 
view, x120. 25, 26, UMMP 48749; 25, exterior, ventral view; 26, exterior, dorsal  view. 
24, right valve, exterior,  UMMP 48750. 







EXPLANATION OF PLATE 10 

(Figures x60 except a s  noted) 

FIGS. 1-4 Clithrocytheridea virginensis Malkin 

1, 2, 4, right valve, UMMP 48751; 1, interior view; 2, exterior;  4, hinge, interior view, 
x120. 3, left valve, exterior, UMMP 48752. 

FIGS. 5-17 Cyprideis swaini, n. sp. 

5, 8, 12, 15, 17, left valve, UMMP 48753; 5, exterior;  8, interior view, transmitted 
light; 12, anterior hinge element, interior view, transmitted light, x215; 15, anterior and 
anteromedian hinge elements, dorsal  view, transmitted light, x120; 17, central muscle- 
s c a r  field, transmitted light, x215. 6, 7, 10, 11, 13, 14, right valve, UMMP 48754; 6, 
sieve -type normal pore, transmitted light, x147 5; 7, exterior;  11, posterior hinge ele - 
ments, dorsal view, transmitted light, x120; 13, 14, anterior and posterior marginal a reas  
respectively, transmitted light, x215. 9, sieve-type normal pore, transmitted light, UMMP 
487 55, x147 5; 16, anterior and anteromedian hinge elements, dorsal  view, right valve, 
UMMP 48756, x120. 



EXPLANATION OF PLATE 11 

FIGS. 1 - 11 Cyamocytheridea (? ) proboscidiala (Edwards) 

1-3, 5-7, 9, 10, UMMP 48757 (one specimen); 1, 2, 6, 10, right valve; 1, interior view, 
transmitted light, x60; 2, exterior, x60; 6, hinge, interior view, x120; 10, anterior hinge 
element, dorsal  view, transmitted light, x215; 3, 5, 7 ,  9, left valve; 3, exterior, x60; 
5, hinge, interior view, x120; 7, central and mandibular muscle-scar field, transmitted 
light, x215; 9, anterior hinge element, dorsal view, transmitted light, x215. 4, 8, 
sieve-type normal pores,  UMMP 48758, x147 5. 11, left valve, anterior marginal area,  
transmitted light, UMMP 48759, x215. 

FIGS. 12 -22 Cyprideis floridana (Howe & Hough) 

12, 13, 18, 19, UMMP 48760 (one specimen); 12, 18, left valve; 12, hinge, anterior view, 
x120; 18, anterior and median hinge elements, dorsal view, transmitted light, x120; 13, 
19, right valve; 13, hinge, interior view, x120; 19, anterior and median hinge elements, 
dorsal  view, transmitted light, x120. 14, 16, 17, 20-22, left valve, left valve, UMMP 
48761; 14, exterior,  x72; 16, sieve-type normal pore, transmitted light, x1475; 17, cen- 
t r a l  and mandibular muscle field, transmitted light, x215; 20, 21, posterior and anterior 
marginal a r e a s  respectively, transmitted light, x2 15; 22, anterior marginal pore canals, 
transmitted light, x490, 15, right valve, UMMP 48762, exterior,  x60. 







EXPLANATION OF PLATE 12 

(Figures x60 except a s  noted) 

FIGS. 1- 13 Cushmanidea magniporosa, n. sp. 

1-13 UMMP 48763 (one specimen); 1, 3, 6, 7, 9, 11-13, right valve; 1, interior view, 
transmitted light; 3, exterior;  6, hinge, dorsal view, transmitted light, x120; 7, hinge, 
interior view, x120; 9, sieve-type normal pore, transmitted light, x1475; 11, 12,  
anterior and posterior marginal a r e a s  respectively, transmitted light, x215; 13, anterior 
marginal pore canals, transmitted light, x430; 2, 4, 5, 10, left valve; 2, interior view, 
transmitted light; 4, exterior;  5, hinge, dorsal view, transmitted light, x120; 10, central 
and mandibular muscle s ca r  field, transmitted light, x215. 

FIGS. 14- 17 Cushmanidea ashermani (ULrich & Bassler) 

14, 16, left valve, UMMP 48764; 14, exterior; 16, interior view. 15, 17, right valve, 
UMMP 48765; 15, exterior;  17, interior view. 



EXPLANATION OF PLATE 13 

(Figures x60 except a s  noted) 

FIGS. 1 - 10 Cushmanidea tuberculata (Puri) 

1, right valve, exterior, UMMP 48766. 2, 3, left  valve, UMMP 48767; 2, exterior; 3, 
hinge, interior view, x120. 4-9, UMMP 48768 (one specimen); 4, 6, right valve; 4, 
central and mandibular muscle-scar field, transmitted light, x215; 6, hinge, dorsal view, 
transmitted valve, x120; 5, 7, 8, 9, left valve; 5, hinge, dorsalview, transmitted light, 
x120; 7, 8, posterior and anterior marginal a r eas  respectively, transmitted light, x2 15; 
9, anterior marginal pore canals, transmitted light, x490. 10, UMMP 487 69, sieve -type 
normal pore above, interior view of surface tubercle below, transmitted light, x1475. 

FIGS. 11 -22 Cushmanidea echolsae (Malkin) 

11-13, 15, 17, 21, 22, UMMP 48770 (one specimen); 11, 13, 21, 22, left valve; 11, 
interior view, transmitted light; 13, hinge, interior view, x120; 21, 22, sieve-type normal 
pores,  ~ 1 4 7 5 ;  12, 15, 17, right valve; 12, interior view, transmitted light; 15, hinge, 
interior view, x120; 17, anterior half of valve showing dorsal muscle-scar field, dorsal 
view, transmitted light, x120. 14, right valve, exterior,  UMMP 4877 1. 16, left valve, 
exterior,  UMMP 48772. 18, 19, UMMP 48773 (one specimen); 18, left valve, hinge, 
dorsa l  view, transmitted light, x120; 19, right valve, hinge, dorsal view, transmitted 
light, x120. 20, UMMP 48774, sieve -type normal pore near anterior margin perpendicular 
to long axis of pore, x1475. 







EXPLANATION OF PLATE 14 

FIGS. 1-8 Cushmanidea echolsae (Malkin) 

1, 2, r ight valve, UMMP 48775, anterior and poster ior  marginal  a r e a s ,  t ransmit ted light, 
x215. 3, 4, r ight valve, UMMP 48776, anter ior  and poster ior  marginal  a r e a s ,  transmitted 
light, x215. 5, 6, 7, cen t ra l  and mandibular muscle  s c a r  field of three  left valves, t r a n s -  
mitted light, UMMP 48770, 48772, 48773, respectively, showing exact position of normal  
pores  in relat ion to  the cen t ra l  muscle s c a r s  and dorsa l  sulcus.  8, r ight valve, anter ior  
marginal  pore  canals,  t ransmit ted light, UMMP x215. 

FIGS. 9-21 Cushmanidea glabra,  n. sp .  

9, 10, 12-21, UMMP 48777 (one specimen); 9, 10, 12, 15, 17, 21, left valve; 9, exter ior ,  
x60; 10, in ter ior  view, x60; 12, interior view, t ransmit ted light, x90; 15, hinge, in ter ior  
view, x120; 17, anter ior  marginal  pore  canals,  t ransmit ted light, x590; 2 1, hinge, dorsa l  
view, t ransmit ted light, x120; 13, 14, 16, 18, 19, 20, r ight  valve; 13, exter ior ,  x60; 14, 
in ter ior  view, x60; 16, in ter ior  view, transmitted light, x90; 18, 19, anterior and pos- 
t e r io r  marginal  a r e a s ,  t ransmit ted light, x215; 20, cen t ra l  muscle s c a r  field, transmitted 
light, x215. 11, r ight valve, hinge, interior view, UMMP 48778, x120. 



EXPLAN-4TION OF PLATE 15 

FIGS. 1-4, 9, 10 Cytheropteron yorktownensis Malkin 

1-4, 9, 10, UMMP 48779 (one specimen); 1, 3, 10, right valve; 1, exterior,  x60; 3, hinge, 
interior view, x120; 10, hinge, dorsal view, transmitted light, x215; 2, 4, 9, left valve; 
2, exterior,  x60; 4, hinge, interior view, x120; 9, hinge, dorsal view, transmitted light, 
x215. 

FIGS. 5-8, 11, 12 Cytherura reticulata Edwards 

5, 6, 12, right valve, UMMP 48780; 5, interior view, x90; 6, posterior marginal a rea ,  
transmitted light, x215; 12,  hinge, dorsal view, transmitted light, x215. 7, 8, 11, UMMP 
4878 1 (one specimen); 7,  right valve, exterior, x90; 8, 11, left valve; 8, exterior, x90; 
11, hinge, dorsal  view, transmitted light, x2 15. 

FIGS. 13-16 Kangarina howei Puri 

13-16, UMMP 48782 (one specimen); 13, 14, 16, right valve; 13, 14, anterior and pos- 
te r ior  marginal a r eas  respectively, transmitted light, x215; 16, exterior, x90; 15, left 
valve, exterior,  x90. 

FIGS. 17-23 Cushmanidea sp. 

17-23, left valve, UMMP 48783; 17, exterior,  x60; 18, hinge, interior view, x120; 19, 
hinge, dorsal  view, transmitted light, x120; 20, 2 1, posterior and anterior marginal 
a r e a s  respectively, transmitted light, x215; 22, central muscle scar  field, transmitted 
light, x215; 23, anterior marginal pore canals, transmitted light, x430. 





PLATE 16 



EXPLANATION OF PLATE 16 

(Figures x90 except a s  noted) 

FIGS. 1-14 Cytherura forulata Edwards 

1, 3, 10, 12, 13, left valve, UMMP 48784; 1, exterior; 3, hinge, interior view, x120; 
10, hinge, dorsal view, transmitted light, x215; 12, hinge, anterior elements, dorsal 
view, transmitted light, x430; 13, hinge, posterior element, dorsal view, transmitted 
light, x430. 2, 4, 11, 14, right valve, UMMP 48785; 2, exterior; 4, hinge, interior view, 
x120; 11, hinge, dorsal view, transmitted light, x215; 14, hinge, posterior element, dorsal 
view, transmitted light, x430, 5, right valve, exterior, UMMP 48786. 6, 7, UMMP 
48787; 6, exterior,  dorsal view; 7, exterior,  ventral view. 8, left valve, anterior marginal 
a rea ,  transmitted light, UMMP 48788, x215. 9, right valve, posterior marginal area,  
transmitted light, UMMP 48789, x215. 

FIGS. 15-23 Cytherura vestibulata, n. sp. 

15, left valve, exterior, UMMP 48790. 16-18, 21, 23, right valve, UMMP 48791; 16, 
exterior;  17, interior view, transmitted light; 18, posterior marginal a rea ,  transmitted 
light, x215; 21, hinge, anterior element, dorsal  view, transmitted light, x430; 23, hinge, 
dorsal  view, transmitted light, x120. 19, 20, 22, left valve, UMMP 48792, 19, hinge, 
anterior element, dorsal view, transmitted light, x430; 20, hinge, posterior element, dor- 
sal view, transmitted light, x430; 22, hinge, dorsal view, transmitted light, x120. 

FIGS. 24-30 Hemicytherura sablensis Benson & Coleman 

24, right valve, exterior,  UMMP 48793. 25-30, left valve, UMMP 48794; 25, exterior;  
26, hinge, anterior element, dorsal view, transmitted light, x430; 27, hinge, posterior 
element, dorsal  view, t ransni t ted  light, x430; 28, hinge, dorsal view, transmitted light, 
x215; 29, 30, posterior and anterior marginal a reas  respectively, transmitted light, x215. 



EXPLANATION OF PLATE 17 

(Figures x90 except a s  noted) 

FIGS. 1-8 Pellucistoma atkinsi, n. sp. 

1, 2, 8, left valve, UMMP 48795; 1, interior view, transmitted light; 2, exterior;  8, hinge, 
dorsal  view, transmitted light, x120. 3-7, right valve, UMMP 48796; 3, exterior;  4, 6, 
anterior and posterior marginal a reas  respectively, transmitted light, x215; 5, central 
and mandibular muscle s ca r  field, transmitted light, x215; 7, hinge, anterior "anti-slip" 
tooth, dorsal view, transmitted light, x430. 

FIGS. 9-15 Pellucistoma magniventra Edwards 

9, 13 -15, left valve, UMMP 48797; 9, exterior; 13, 15, posterior and anterior marginal 
a r e a s  respectively, transmitted light, x215; 14, central and mandibular muscle scar  
field, transmitted light, x215. 10, 11, right valve, UMMP 48798; 10, exterior; 11, interior 
view, transmitted light. 12, left valve, UMMP 48799, hinge, dorsal view, transmitted 
light, x120. 

FIGS. 16-25 Megacythere johnsoni (Mincher) 

16, 19-25, left valve, UMMP 48800; 16, exterior;  19, hinge, dorsal view, transmitted 
light, x120; 20 interior view, transmitted light; 21, 23, posterior and anterior marginal 
a r eas  respectively, transmitted light, x215; 22, central and mandibular muscle scar  field, 
transmitted light, x215; 24, posterior hinge element, dorsal view, transmitted light, x430; 
25, anterior hinge element, dorsal view, transmitted light, x430. 17, right valve, 
exterior,  UMMP 48801. 18, right valve, hinge, dorsal  view, transmitted light, x120. 







EXPLANATION OF PLATE 18 

(Figures  x60 except as noted) 

FIGS. 1-11 Cytheropteron talquinensis P u r i  

1, 2, 3, 5, 7, 10, 11, UMMP 48802 (one specimen);  1, 3, 5, 7, 10, left valve; 1, anter ior  
hinge element, dorsa l  view, transmitted light, x430; 3, exter ior ;  5, interior view; 7 ,  hinge, 
in ter ior  view, x120; 10, hinge, dorsal  view, t ransmit ted light, x120; 2, 11, r ight valve; 2, 
anter ior  hinge element,  dorsal  view, t ransmit ted light, x430; 11, hinge, dorsa l  view, 
t ransmit ted light, x120. 4, 6, 8, 9, UMMP 48803 (one specimen);  4, exter ior ;  6, in ter ior  
view; 8, exter ior ,  d o r s a l  view; 9, exter ior ,  ventra l  view. 

FIGS. 12-2 1 Paracyther idea  ? shattucki Malkin 

12, 13, 16, 21, left valve, UMMP 48804; 12, hinge, in ter ior  view, x120; 13, exter ior ;  16, 
in ter ior  view; 21, hinge, dorsa l  view, t ransmit ted light, x120. 14, 15, 17 -20, r ight valve, 
UMMP 48805; 14, ex te r io r ;  15, hinge, in ter ior  view, x120; 17, interior view; 19, anter ior  
hinge element, d o r s a l  view, transmitted light, x430. 

F IGS. 22-30 Paracyther idea  vandenboldi Pur i  

22, 24, 25, 29, left valve, UMMP 48806; 22, exter ior ,  x90; 24, in ter ior  view, x90; 25, 
hinge, dorsa l  view, t ransmit ted light, x120; 29, poster ior  marginal  a r e a ,  t ransmit ted 
light, x215. 23, 26, 27, 28, 30, r ight valve, UMMP 48807; 23, exter ior ,  x90; 26, hinge, 
dorsa l  view, t ransmit ted light, x120; 27, poster ior  hinge element, dorsa l  view, t r a n s  - 
mitted light, x430; 28, anter ior  hinge element, dorsa l  view, transmitted light, x430; 
30, in ter ior  view, x90. 



EXPLANATION OF PLATE 19 

(Figures x90 except a s  noted) 

FIGS. 1 - 5 Loxoconcha reticularis Edwards 

1, right valve, exterior, UMMP 48808. 2-4, left valve, UMMP 48809; 2, exterior;  3, 4, 
posterior and anterior marginal a r eas  respectively, transmitted light, x215. 5, right 
valve, median hinge element, interior view, transmitted light, UMMP 48810, x430. 

FIGS. 6, 7 ,  8, 11 Loxoconcha australis Brady 

6, 7, right valve UMMP 48811; 6, interior view; 7 ,  exterior. 8, 11, left valve, UMMP 
48812; 8, interior view; 11, exterior. 

FIGS. 9, 10, 12-14 Loxoconcha purisubrhomboidea Edwards in Pur i  - 

9, 10, 12, 13, left valve, UMMP 48813; 9, 10, posterior and anterior marginal a reas  
respectively, transmitted light, x215; 12, interior view; 13, exterior. 14, right valve, 
interior view, UMMP 48814. 

FIGS. 15- 18 Loxoconcha metagordensis Swain 

15, left valve, exterior,  UMMP 48815. 16-18, right valve, UMMP 48816; 16, interior view; 
17, exterior;  18, anterior marginal area,  transmitted light, x215. 





PLATE 20 



EXPLANATION OF PLATE 20 

(Figures x90 except a s  noted) 

FIGS. 1-15 Cytheromorpha curta  Edwards 

1, 6-11, UMMP 48817 (one specimen); 1, interior view, transmitted light; 6-11, hinge 
elements, transmitted light, viewed from ventral direction; 6, right valve, x215; 7, left 
valve, x215; 8, right valve, anter ior  element, x430; 9, right valve, posterior element, 
x430; 10, left valve, anterior element, x215; 11, left valve, posterior element, x215. 
2-5, 12, 13, UMMP 48818 (one specimen); 2, 4, 5, 13, left valve; 2, exterior; 4, 5, 
posterior and anterior marginal a r e a s  respectively, transmitted light, x215; 13, interior 
view. 14, right valve, central muscle -scar field, transmitted light, UMMP 488 19, 
x430; 15, sieve-type normal pore, transmitted light, UMMP 48820, ~ 1 4 7 5 .  

FIGS. 16-25 Cytheromorpha warneri  Howe & Spurgeon 

16-25, UMMP 48821 (one specimen); 16, 17, 19, 20, 21, 24, right valve; 16, anterior 
marginal area,  transmitted light, x215; 17, central muscle scar  field, transmitted light, 
x430; 19, exterior;  21, interior view; 24, hinge, taken f r o m  ventral view, transmitted 
light, x215; 18, 22, 23, 25, left valve; 18, exterior; 22, interior view; 23, posterior hinge 
element, ventral view, transmitted light, x430; 25, hinge, ventral view, transmitted 
light, x215. 




