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Armored mud balls were described by Pettijohn ( 1949, p. 146) as large, subspherical 
balls of clay that are coated or armored with fine gravel. Bell ( 1940) showed that gravel
armored mud bails originated as clay chunks which had been eroded from rapidly under
cut stream banks and which had acquired a gravel armor upon rolling down stream. 
Richter ( 1926) illustrated mud balls armored with shells. 

Shell-armored mud balls (Fig. 1) are fairly common on the beaches along the Laguna 

Frc. l. A typical shell-armored mud ball from beach on Aransas Bay, Texas. Mud ball is 8 cm. long. 
Origin is questionable. Shells on surface have been identified by W. Rice as follows: Cerithium vari
able. Modulus modulus, Bittium varium, Melanella sp .. Nassarius vibex, Polinices duplicatus, Ceri· 
thidea pliculosa, Odostomia sp. (broken) , Cardita floridana, 2 unidentified gastropods. A fish vertebra 
is also exposed. Photographed specimen collected by C. M. Hoskin. 

Madre, Texas. They are usually oval shaped with a long axis averaging about 8 cm. 
(-3 Phi) . These balls were observed to roll to and fro on the beach with the long axis 
remaining parallel to the water's edge. While migrating up and down the beach with 
the swash and tides, the mud balls pick up shells which adhere to their surface. 

During the construction and subsequent deepening of the lntracoastal waterway, 
which extends the length of the Laguna Madre, sand and clay dredged from the channel 
were deposited on either side. The dredged material forms small islands, called spoil 
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l.anks. and flat lying strata on the shores of the Laguna Madre. Dredged material along 
many parts of the Laguna Madre is co\·ered by sand dunes and vegetation which mask 
the artificial origin of the deposit. Waves created by wind and large ship» which use the 
intracoastal waterway break against the dredge-deposited sediment to form beach cliffs. 
Exposed in many of these cliffs are mud balls similar to those found on Laguna Madre 
beaches. The unexposed surface of the mud balls in these cliffs are not as round as the 
surface projecting from the cliff indicating that the continuous lapping of waves against 
the cliff tends to further round the projecting side of the mud ball. It is postulated that 
the waves eventually undercut the cliff and free the mud balls, which are then further 
rounded by rolling to and fro on the beach. Accumulations of mud balls at the base of 
several cliffs lend support to this hypothesis. Rounding and elongation on the beach 
probably is due partly to abrasion and partly to water erosion. 

The authors Yisited a dredge in operation in order to determine if the mud balls found 
in the dredged material were derived from sediment containing mud balls or were 
formed during the dredging operation. The dredge operated by laterally boring into the 
sediment with a steel screw several feet in diameter. The removed material was sluiced 
through a pipe about 16 inches in diameter and several hundred feet long. Extra lengths 
of pipe were added as either the place of dredging changed or the dumping area became 
filled. 

At the time of the visit, the dredge was removing an embankment whose top was just 
a few inches above water level. The sediment being removed seemed homogenous with 
no evidence of the presence of mud balls. The sediment ejected from the pipe end, how· 
ever, contained abundant mud balls (Fig. 2). During the boring operation the sediment 

F1G. 2. l\lud ball accumulation at end of dredge pipe-line. :\Iud balls awrage about 10 cm. in length. 
Top background is stream of water from pipe whose rnd is not discernable in upper left corner of 
picture. 
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was broken into chunks which became more or less rounded by abrasion and water 
action as they tumbled through the pipe. A few of the mud balls leaving the pipe had 
shells adhering to their outer surface, hut most were barren of shells. The shells could 
have been picked up by the mud halls as they travelled through the pipe, but they also 
may have been encased in the sediment and merely exposed during the mud ball 
fomation. 

A dredge of the type observed is probably capable of forming mud balls from any 
sediment it is able to cut into, providing the sediment contains sufficient clay, which 
seems to act as a binder. An artificial mud ball was analyzed and found to contain about 
80 per cent clay. The clay was greenish, and according to Dr. Edward C. Jonas (written 
communication, 1958) , who examined it by means of X-ray, it had a micaceous crystal
line structure. 

Evidently many mud balls found on beaches of the Laguna Madre and Texas bays are 
formed artificially by dredges. These mud balls are eroded from undercut spoil bank 
cliffs. Some collect a shell armor when rolling to and fro on a beach. Rolling tends to 
elongate the mud balls. The long axis usually parallels the water edge and is perpendic
ular to current or wave action. 

W. Armstrong Price and T. D. Cook have observed mud balls formed by erosion of 
naturally deposited clay cropping out along the Laguna Madre (personal communica· 
tion, 1958). The balls were most abundant immediately after a storm, and, according to 
Cook, naturally formed mud balls in large numbers probably are formed only during 
periods of rapid erosion, although, any clay shoreline can provide mud balls . 

Dredged waterways and canals form a network along the coastal areas of the United 
States. Mud balls found in coastal areas, therefore, may have formed in the dredging 
process. The writers were not able to identify with assurance isolated mud balls found on 
beaches as having been formed by natural or artificial processes. A large number of 
mud halls found in place in unlithified layered sediments near dredged channels may be 
a clue that the deposit is probably spoil material. McKee ( 1958, p. 1735) interpreted 
rounded clay balls and cross bedding observed in strata on an island situated in the 
lagoon adjacent to the Port Aransas causeway, near a major channel, as indicative of 
strong current action in this part of the lagoon. The proximity of the channel suggests 
that the clay balls and cross bedding may not have been formed naturally, but are the 
result of dredging. 

Mapping of spoil areas where artificial mud balls occur as well as those areas where 
clay cliffs of Recent or Pleistocene age are exposed and natural mud balls may be ex· 
pected, would be helpful for determining the origin of mud balls found in these areas. 
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Notes on Blanquilla Reef, the Most Northerly 
Coral Formation in the Western Gulf of Mexico 

DONALD R. MOORE 

Gulf Coast Research laboratory, Ocean Springs, Mississippi 

Introduction 
Published accounts of coral reefs in the western Gulf of Mexico are rare, and little 

is known about this region except for a paper by Heilprin (1891) on the reef at Vera 
Cruz. Joubin (1912) published a map of the coral reefs of the Gulf based on Heilprin's 
work and on various unpublished sources. Smith ( 1954) published a map showing the 
coral reefs in the Gulf and also listed the corals found at Vera Cruz by Heilprin. The 
present account is the first addition in nearly half a century to the knowledge of coral 
reefs in the western Gulf. 

Blanquilla Reef is a rather small coral reef located near the tip of Caho Rojo in the 
western Gulf of Mexico. It lies offshore from Laguna de Tamiahua and about sixty 
miles from Tampico. Territorially it is part of the State of Vera Cruz. It is of more than 
ordinary interest . because it is apparently the northernmost surface reef in the western 
Gulf. There are rocky substrates further north which do not have reefs. Thus Caho Rojo 
forms the dividing line between two faunal provinces; tropical to the south, and sub
tropical or warm temperature to the north. Although currents are poorly known in this 
part of the Gulf, it is apparent that a branch of warm, clear oceanic water permits the 
growth of reef corals in this area. 

The author and H. H. Hildebrand visited Blanquilla Reef April 26 and 27, 1955. The 
trip from the mainland was made in a small skiff with an outboard motor, which held 
little besides its passengers. The author contented himself with a small collection of 
invertebrates, and with some observations on the structure of the reef. These observa
tions were made while wading in shallow water, and swimming and diving in deeper 
water. 

Observations 
Blanquilla Reef lies approximately three miles southeast of Caho Rojo (21°33'N.-

97017'W.). The depth is about fourteen fathoms between the reef and the mainland, 
and fairly deep water is found very close to the lee side of the reef. A rough estimate 
of the size of the reef would be about eight hundred yards long in a north-south di
rection, and five or six hundred yards wide. On the highest point, the Mexican govern
ment has erected a concrete monument with an automatic light as an aid to navigation. 
The surrounding area is awash at low tide and is paved with loose coral cobbles. There 
is an extensive shallow water area around the high portion which gradually deepens 
in all directions toward the reef edge. This edge is poorly defined on the windward 
(east) side, but there is a small cliff with about a ten foot drop on the west side. 
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Live coral was rare on the seaward side, but became more common along the west side 
and was flourishing along the edge of the cliff. Small "heads" of Siderastrea siderea 
and Diploria clivosa were living in shallow water not far from the monument. Acropora 
palmata was fairly common in slightly deeper water close to the western edge. A. cer· 
vicornis was also found in this area, but in much smaller quantity than A. palmata. 
Montastrea annularis formed large massive colonies along the cliff edge, and was quite 
common. M. cavernosa was uncommon, and all colonies examined were found in deep 
water beyond the cliff. A few small Porites furcata were living in the Acropora zone. A 
very flourishing growth of coral heads in deep water below the cliff was made up mainly 
of two species of Diploria (strigosa and labyrinthijorms?). 

This reef differs considerably in structure from the reefs off the Florida Keys. It faces 
a long reach of open water, over a thousand miles in the northeastern sector. Storm 
waves from this direction build up to near maximum power and velocity. As a result, 
the seaward side is almost a flat expanse of bare coral rock with a very gradual slope 
toward the open sea. It is covered by a pink encrusting alga, and the burrows of a sea 
urchin. The Florida reefs do not have such a wide reach of open water and are pro
tected somewhat except in hurricane seas, by the proximity of the Bahama Islands and 
their associated shallow banks. The seaward side of such reefs has considerable relief 
and quite a bit of live coral, and tends to slope down at a fairly steep angle. The land
ward side of Blanquilla Reef is also quite different from Florida reefs. The bottom 
descends to about ten fathoms within about a hundred yards of the western edge, while 
the Florida reefs usually have sand bottom from ten to thirty feet deep on the landward 
side. Differences in reef structure are apparently attributable to different physical condi
tions between the two areas. 

Most of the invertebrates were small and easily overlooked, compared to the massive 
colonial corals. However, a conspicuous constituent of the fauna, the sea urchin Echino
metra lucunter, was very numerous on the seaward sloping portion of the reef. All were 
living in burrows which they had excavated by scraping algae from the rock. This 
burrowing habit enables the urchin to live on the exposed seaward side despite the 
action of the larger waves. Dr. Voss of the Miami Marine Laboratory indicates that 
Echinometra lucunter forms a distinct zone in semi-protected shores of the Florida Keys 
and the Bahamas. Another large sea urchin, Diadema antillarum, was found under rocks 
or along the edge of the cliff on the west side, but it was not common. Other echinoids 
were Eucidaris tribuloides found under rocks, Tripneustes esculentus scattered in deep 
water on the west side, and a starfish, Linckia guildingi, on rocks. Brittle stars were ob
served, but none were identified with certainty. A small armoured holothurian probably 
Thyonepsolus braziliensis, a shallow water West Indian species, was found when a piece 
of coral rock was closely examined in the spring of 1958. Some traces of color remained. 
It was apparently bright red when alive, and was evidently overlooked due to its simi
larity· in appearance to Homotrema rubra. 

Alcyonarians were scattered and rather scarce. Only three species were observed 
living on the reef. They were Antillogorgia acerosa, Plexaura flexuosa, and Plexaurella 
dichotoma. 

The remaining animals identified were all mollusks except for one unusual protozoan, 
Homotrema rubra. This is a bright red encrusting foraminiferan found attached to the 
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underside of rubble on reefs. It is large for a protozoan and conspicuous, for its color 
contrasts with the light colored rock. Although common on reefs in the West Indian 
region, it is not confined to shallow water. and may be found liYing to depths of forty 
fathoms or more off the Alabama coast I personal observation I. 

The Mollusca identified were also common West Indian species found on coral 
reefs. The gastropods Thais deltoidea and Astra~a sp. were li\·ing out in the open on 
coral rocks, but other species such as Drupa nodulosa, Cerithium literatum, and Pisania 
pusio were only found under rocks. Pelecypods included the widespread species Arcopsis 
adamsi, I sognomon radiata, Lima sea bra., and Lithophaga aristata. 

Some gastropods common on Florida reefs that were not found on Blanquilla include 
Astraea ca.elata, Conus regius, Cypraea. cinerea. and Mitra barbadensis. Corallipphila 
abbrei·iata is usually found liYing on the coraL Acropora palmata, but none could be 
found on this reef. Strombus gigas, one of the largest of the West Indian gastropods. 
was also absent, but a small specimen of the giant horse conch. Pleuroploca gigantea, 
was collected. 

The fauna of Blanquilla Reef appears scanty when compared with that of the Florida 
reefs. However, this reef is a small one and is lacking a number of ecological zones in 
which corals and other invertebrates are found living in the Florida Keys. A number of 
corals in the Florida area occur usualh· in shallow water behind the main line of reefs. 
Lobos Island, a few miles south of Blanquilla Reef, may have a larger and more varied 
fauna, and should prow a fruitful field for inwstigation. Another factor to be con
sidered is that this list of fauna is based on a cursory examination and hurried collection. 

The close relationship of the Blanquilla Reef fauna with the rest of the West Indies 
is without question. Almost all of the species listed are also found on the Florida reefs 
and much of the West Indian region. :\early all of the species under consideration haw 
pelagic larvae and establish themseh-es where,·er natural conditions are favorable. Al
though conditions are apparently not suitable for the best dewlopment of a coral reef 
off Caho Rojo, the minimum requirements are met for at least some tropical species. 

List of Species Identified 

:\Iany of the larger animals were identified in the field but most of the smaller organ
isms were collected and identified later. In the case of corals of which identity was 
doubtfuL an attempt was made to collect a small colony for more accurate identification 
in the laboratory. In the following list an asterisk ind:cates field determinations only. 
The author alone is responsible for the names in the list. except the Alcyonarians. which 
were identified by F. M. Bayer. The specimens collected. except the Alcyonarians and a 
holothurian. were deposited with the i1n-ertebrate collection at the Institute of Marine 
Science, Port Aransas, Texas. The _.\Jcyonarians were sent to the l'nited States :\ational 
Museum. 

PROTOZOA 

F oraminifera 

Homotrema rubra Lamarck 
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Corals 
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COELENTERATA 

Acropora palmata Lamarck 
Acropora cen;icomis Lamarck 
Siderastrea siderea Ellis & Solander 
Diploria clivosa Ellis & Solander 
Dipwria strigosa Dana 
Diploria labyrinthiformis Linne? * 
Montastrea annularis Ellis & Solander 
Montastrea cavernosa Linne* 
Astrangia brasiliensis Vaughn? 
.llycetophyllia lamarckana Edwards & Haime? 
Porites furcata Lamarck * 

Alcyonarians (Identified by F. M. Bayer I 

Antillogorgia acerosa Pallas 
Plexaura flexuosa Lamouroux 
Plexaurella dichotoma Esper 

Gastropods 

Pelecypods 

MOLLl"SCA 

Mitra nodulosa Gmelin 
Nitidella ocellata Gmelin 
Charania variegata Lamarck 
Columbella mercatoria Linne 
Ocenebra aberrans C. B. Adams 
Thais deltoidea Lamarck 
Engina turbinella Kiener 
Acmaea jamaicensis Gmelin 
Cerithium literatum Born 
Astraea sp. 
Conus mus Hwass 
T egula semigranosa A. Adams 
Drupa nodulosa C. B. Adams 
Pisania pusio Linne 
Leucozonia nassa Gmelin 
Bulla occidentalis A. Adams 
Aplpia dactylomela Rang* 

Arcopagia fausta Pultney 
lsognomon radiata Anton 
Arcopsis adamsi E. A. Smith 
Arca umbonata Lamarck 
Barbatia candida Helbling 
Lima scabra Born 
Lithophaga aristata Dillwyn 
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ECHINODERMATA 

Diadema antillarum Philippi * 
Echinometra lucunter Linne * 
Eucidaris tribuloides Lamarck * 

Linckia guildingi Gray* 

Holothurians 

Thyonepsolus braziliensis Theel? 
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Evidence for Fossil Bacteria in Phosphate Rocks 

CARL H. OPPENHEIMER 

Institute of Marine Science, Port Aransas, Texas 

One of the most difficult tasks in micropaleontology is to differentiate fossil bacteria 
from art:facts. However, seyeral reports have appeared which seem to offer conclusive 
evidence for the existence of such fossil bacteria. A recent annotated bibliography by 
ZoB~ll (1957 I. lists 62 references on fossil microorganisms. One of the earliest reports 
describing fossil bacteria (Renault, 1895 I suggested that the organisms may have been 
significant in the formation of speci fic types of sediment. Renault attempted to relate 
the morphological forms he found with known species of bacteria of the era, e.g. Bacillus 
tieghemii. Barton and Jones (1948) have published electron micrographs of Oligocene 
rocks showing possible remains of bacteria . Thread molds and bacter:a in the lacunar 
spaces of fossilized Yertebral bone have been found in the Devonian by Moodie (1920). 

Usually the fossil remains of bacteria have been found in cracks and pore spaces of 
rocks which have been filled with organic matter. In these instances it is difficult to 
determine whether the bacteria were indigenous forms or active in the geological 
processes. 

The materials examin :.>d for this rep::>r t were collected by M. N. Bramlette, of the 
Scripps Institution of Oceanography, from a phosphate mine at Gafsa, Tunisia, and from 
Ocean Island in the Gi lb ::- rt group in the S::>uth Pacific Ocean. Bramlette ( 1955) states 

.. 
.. (I · .. \ ~ · 

'I·, I 

.FIG. 1. P~otoi;n i c.rograph.of a Thin Section of Phosphate Rock from Tunisia Showing Fecal Pellets 
w: th a Rad:olan an ? Inclusion ( X250) . 
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that "the phosphate rock from Tunisia is typical of much of these Korth African deposits 
which form widespread beds in the early Tertiary of the region. The formation of the 
phosphate rock must have been during the time of deposition of the associated strata, 
some 60-70 million years ago." The phosphate rocks consist of small round bodies with 
little interstitial cementing material. Thin sections were made by the usual grinding 
procedure. The sections were examined by bright field and phase m:croseopy. The round 
and oval bodies (Fig. I), haYing an average diameter of 150 microns, are assumed to be 
ooids (individual oolites) and phosphatized fecal pellets from some small organism. 
Many of the pellets contain broken fragments of diatoms, rad:olarians and foraminifera. 
Some contain unbroken organisms such as the radiolarian seen in figure]. Moore t 1939) 
describes some of the fecal pellets found in marine de;)Os:ts. 

Fu;. 2. Photomicrographs by Phase :'.\licroscope of Fecal Pellets in Thin Sections of Pho$phate 
Rock from (a) Tunisia and (bl Ocean Island. The elongate dark bodies I.arrow I are a$$Umed to be 
Fossil Bacteria. Figure 2a aboYe. 
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FIGURE 2b. 

Modern fecal pellets contain many bacteria and therefore, fossil fecal pellets are not 
an unlikely source of fossil bacteria. Pettijohn (1949) states that small granules and 
oolites are always present in phosphorite sediments. In some phosphorites, where phos
phorus has been precipitated, a fossil fragment serves as a nucleus thus producing a ra
dial structure. Pettijohn describes the formation of ooids by the preciptation of phospho
rus which sometimes initially cements small particles of organic matter and fragments of 
organisms. If this is true, then bacteria must certainly be present and associated with the 
organic matter and particles. It is difficult to distinguish between fecal pellets and ooids 
and, therefore, the forms described in this paper will be referred to as pellets even though 
the author has assumed them to be fecal pellets. 

Microsopic examination of thin sections of Tunisian rock were made. At magnifications 
of 1000 many small uniform rod shaped objects of a diameter of 0.5 to 1 microns were 



Evidence for Fossil Bacteria in Phosphate Rocks 159 

seen which resemble bacteria. The length of the forms varied from 1 to 3 microns, the 
ends were rounded and chains of two were present. Figure 2a illustrates the size and 
shape of the small forms. It is difficult to obtain good photomicrographs of the thin sec
tions because of depth of field limitations. Therefore, the elongate objects seen in the 
photomicrographs in figure 2 represent only a few of the many found in the sections of 
rock. It is presumed that the forms represent bacteria which were incorporated in and, 
or, were decomposing the organic material of the pellets at the time of sediment deposi
tion. Bacteria must have been present during or before phosphatization. Cultural tech
niques were not used to determine whether the bacteria were still alive because it would 
be difficult to determine if bacterial growth was due to bacterial contamination in the 
interstitial spaces or the fossilized forms. 

The abundant bacteria-like forms were found primarily inside the pellets associated 
with other inclusions. It is unlikely that the forms are due to contamination during the 
sample preparation because of their abundance and the fact that pellets or oolites have 
a rather hard impermeable outer shell which would discourage bacterial entry. However, 
it is possible that bacteria could enter the rock formation when the rocks were more 
permeable than at present. Some bacteria were seen in the spaces between the pellets and 
could possibly be contaminants of a later geological date or from the laboratory treat· 
ment. 

Bramlette (personal communication, 1955) reports that, "the sample of phosphate 
rock from Ocean Island came from one of the open pit mines of the higher central part 
of the island. The blanket of ore is due to phosphatization of an original calcareous reef 
formation." Thin sections of this rock examined at 1000 diameters had many of the 
bacteria-like forms which are shown in figure 2b. Ht it is assumed that these are fos· 
silized bacteria, they" were presumably present during the time of the reef formation and 
probably not earlier than the later Tertiary or Pleistocene. 

This is a note of academic interest to be added to the growing evidence for fos· 
silized bacteria, the existence of which is difficult to prove. However, the recent work 
by Abelson (1956), which demonstrates the presence of amino acids in ancient shells, 
certainly suggests that some constituents of protoplasm might persist during geological 
time and it seems reasonable to assume that bacteria would be represented. As new tech
niques of organic analysis are developed it might be possible to identify the protoplasm 
of small organisms such as bacteria in ancient sediments and rocks. 
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A Bacterium Causing Tail Rot in the Norwegian 
Codfish 

CARL H. 0PPENHEIMER
1 

Institute of Marine Science, Port Aransas, Texas 

During the spring of 1953, while at the l"niversity of Oslo Biological Station a study 
was undertaken to determine the causative agent of the so-called "Tail Rot" disease of 
the Norwegian codfish Gadus callarias. A similar disease in the sea herring, Clupea 
harengus, is caused by a gram negative pleomorphic rod which has not been character
ized ( Sindermann and Rosenfield, 1954). A partial review of other marine fish diseases 
of bacterial origin is given by Oppenheimer and Kesteven ( 1953) . 

In Oslofjord near Oslo live cod are kept in submerged wooden cages in the fish 
markets and tail rot is quite prevalent in these fishes. The waler temperature in the 
fjord varied between 5° and 9° C. The infection usually started on the margins of the 
fins or tail and produced a characteristic whitish color (Fig. 1) . The infection pro
gressed inward from the edge of the fin or tail and soon involved the integument and 
muscle tissues. In advanced stages of the disease only the spines of the tail or fins re-

Fie. 1. Typical appearance of "Tail Rot" disea5e of the Norwegian codfish. 

1 Fulbright Fellow, 1952-53. 
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mained, bleeding was noted and other areas of the integument developed lesions. Con
current examination of the blood of the fish in advanced stages of the disease demon
strated motile rod-shaped bacteria suggesting that the infection was systemic. The fish 
usually died within 48 hours after lesions appeared and the muscle became infected. 

Experimental Methods 
Material from the lesions of the integument and tail regions of diseased living fish 

was examined by phase microscopy and by cultural methods. Large numbers of motile 
rods and cocci were present. Material from the lesions was infective when inoculated 
into the fleshy base of the tail of healthy fishes. The material from the lesions was 
streaked on petri plates containing sea water nutrient agar (Medium 2216, ZoBell, 1946) 
enriched with codfish extract. The plates were incubated at 15° to 18° C.; i.e. approxi
mately 10° C. warmer than the aquarium water. The bacterial colonies which appeared 
on the plates after incubation were purified and tested for pathogenicity by the inocu
lation of a dilute suspension of the bacteria into healthy fishes. One microorganism 
was isolated in pure culture which produced the characteristic tail rot when inoculated 
into the skin at the base of the tail of healthy fish. A small lesion soon appeared at the 
site of inoculation and the infection spread to the tip of the tail and then progressed as 
the disease did in nature. The tail rot was marked after 24 hours when lesions typical 
of the advanced disease appeared and death occurred in approximately three days. A 
microorganism identical with the original inoculated culture was reisolated from the 
les:on of the experimental fish. The reisolated culture produced the typical disease. 

The characteristics of the pathogenic bacterium were determined by "Standard 
Methods Procedures" except that 75 percent sea water was substituted for distilled 
water. Litmus milk was made with distilled water since sea water reacted with the 
medium. Incubation was at 16° C. 

Description 
Short rods: 1 x 2 microns occurring singly, in pairs and in short chains. Motile with 

single polar flagellum. Gram Negative. 
Agar plate: Round with entire edge, moist, glistening, creamy white color, slightly 

opaque. 
Gelatin stab: Crateriform liquefaction at 7 days. 
Broth: Turbid, no pellicle. 
Potato: No growth. 
Litmus milk: No growth. 
Starch: Not hydrolyzed. 
Ammonia produced from nitrates. 
lndole not formed. 
Distilled water nutrient broth: No growth. 
Acid from maltose and saccharose. No acid or gas from glucose, lactose, mannitol, 

salicin or glycerol. 
Sensitivity tests with antibiotics indicated that growth of the organism was inhibited in 

vivo and in vitro by penicillin, streptomycin, chloromycetin, neomycin and poly
myxin. 
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Conclusions 
The above description places the bacterium in the genus Pseudomonas according to 

Bergey's Manual of Determinative Bacteriology, 6th Ed. The description applies to no 
other described organism. The culture was lost during transit back to the USA and 
therefore other cultural characteristics were not determined. The above description is 
not adequate to name a new species, but may be useful to other microbiologists working 
with "tail rot" diseases of fishes. 
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An Incidence of Pink Oysters in Galveston Bay, 
Texas 
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1 
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During the middle of December, 1955 an incidence of pink oysters was brought to the 
attention of the investigator by Mr. G. J. Brittain. Engineer Assistant, Division of Sani
tary Engineering, State Department of Health, Harris County Health Unit). 

A pink discoloration was noted in the juice of shucked oysters taken from Redfish 
Reef, Galveston Bay. These shucked oysters were obtained from many of the oyster 
houses around Seabrook, and had been placed in pint, quart, and gallon containers. Ac
cording to the oyster house operators, this condition was confined to the oysters taken 
from Redfish Reef. 

Normally oyster juice has a colorless translucent appearance. However, pink discolora
tion of the oyster renders them unsightly and unfit for food (Tanner, 1944). The occur
rence of pink oysters has been attributed to the presence of yeasts (Tanner, 1944) and 
to the presence of carotenoids, from the food of the oysters, which have been concentrated 
in the tissue and which bleed from the tissue when the oyster is shucked (Adam, 1949). 
Since microorganisms may cause the pink discoloration, a bacteriological examination 
was performed on the oyster juice. 

Slides were made from the oyster juice to determine whether or not one morphological 
type of organism was predominant. Slides that were Gram stained revealed a large num
ber of Gram negative, short, straight rods, but no yeast cells were demostrated. Yeast 
cells were not demonstrated on slides stained with methylene blue. 

Routine plate counts were made from fresh pooled oyster juice, obtained from oys· 
ters from Redfish Reef, which had been standing in the oyster houses for about four 
days. This freshly prepared oyster juice was collected as aseptically as possible. It was 
used in preference to oyster juice from previously shucked oysters that were already in 
containers to obviate gross contamination by the shuckers. Oyster juice collected with 
this method had a slight pink discoloration. Employing a sea water medium, 2216E 
(ZoBell, 1946), peptone (Difeo), 5 g.; yeast extract (Difeo), 1 g.; ferric phosphate, 
0.1 g.; aged sea water, 1000 ml.; pH 7.5, a plate count of 180 x 108 bacteria per ml. was 
obtained, of which 130 x 108 bacteria produced a dark pink pigment. A plate count of 
30 x 107 bacterial per ml. was obtained from the oyster juice, using nutrient agar pep
tone (Difeo), 5 g. ; beef extract (Difeo), 3 g. ; distilled water, 1000 ml.; pH 7.0, of which 
21 x 107 bacteria per ml. produced a dark pink color. Incubation of the plates was 
performed at room temperature. 

Pure cultures were isolated from the oyster juice. Microorganisms that produced a 
dark pink or reddish color were subjected to routine bacteriological tests to determine, 

1 Present address: Department of Bacteriology, University of Nebraska, Lincoln, Nebraska. 
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if possible, the genus and species. All of the isolated microorganisms gave the following 
results: 

Gram stain : Gram negative, short, straight rods (24 hour culture) . 
Spore stain (Wirtz ) : No spores ( 48 and 72 hour cultures) . 
Agar colonies : Granular, circular, thin, white becoming dark pink in 3 or 4 days. 
Broth: Turbid, turning dark pink in 3 or 4 days. 
lndole not produced. 
Nitrites from nitrates. 
Odor of trimethylamine. 
Aerobic and facultative anaerobic growth. 
Litmus milk: Acid, soft curd, dark pink growth. 
Pigment: Not readily soluble in water, soluble in alcohol and ether. 
Glucose broth: No gas. 
Acetylmethylcarbinol is produced. 
Gelatin: No pellicle. 

From the above data the organisms would be classified as Serratia marcescens. 
According to Bergey's Manual of Determinative Bacteriology (Breed, et al., 1957) 

S erratia marcescens is found in water, soil, milk, foods, silk worms, and other insects. 
Other species of Serratia have been implicated in the reddening of codfish (Tanner, 
1944). Since Serratia marcescens is normally found in soil and water, the utensils and 
water used in the oyster houses were checked for Serratia marcescens. Results were nega· 
tive and, therefore, ruled out the possibility of gross contamination of oysters from the 
oyster houses. 

Oysters from other sections of Galveston Bay were obtained from the oyster houses. 
Freshly pooled oyster juice was prepared and checked for the presence of Serratia (as 
evidence by a pink or red colony) by the plate count method. Medium 2216E was used 
for checking the presence of Serratia colonies. A plate count of 35 x 106 bacteria per ml. 
was obtained from the oyster juice. Plates made from a 1: 1,000,000 dilution of this 
oyster juice had no red or pink colonies. 

The oyster shuckers apparently did not notice a discoloration when shucking oysters. 
The discoloration was more evident after the shucked oysters had been allowed to stand. 
Evidentl y the time interval served as an incubation period for the growth of Serratia. 
Difficulty of securing proper samples, as well as arriving on the scene late, prevented the 
investigator from making a more complete bacteriological investigation. 

It is suggested from the data that the occurrence of pink oysters resulted from an in· 
fection of Serratia marcescens. 
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The Drop-Net Quadrat, a New Population 
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Determining the biomass of fish in a prescribed area is one of the most difficult 

problems in studies of fish productivity. Many methods have been proposed for this 

purpose, such as tagging and clipping, determinations of catch per unit effort, elec-

. trical sampling, and in small areas draining or poisoning. Although these methods 

have often been used and modified for specific areas and studies, size selection is 

usually a problem ( Carlander, 1956). A survey of the fisheries literature indicates 

that no method is applicable to all situations. The above methods, their advan

tages and their limitations, are described by Haskell (1940) , Smith (1940), Krum

holz (1943), Ricker (1943, 194.Sa, 194-8b, 1956), Shetter and Leonard (1943), 

Rounsefell and Kask ( 1946) , Carland er ( 1948, 1956, 1958) , Delury ( 1951, 1958) • 

Meyer-Waarden (1957), and many others. None of these methods seemed completely 

suitable for studies in broad, shallow marine bays. 

This paper describes a new method being used for a fisheries population study 

in the large Laguna Madre of Texas. General biological features of this shallow hyper

saline bay were recently described by Simmons ( 1957). It is hoped that this new 

method, the drop-net quadrat, will eliminate much of the selectivity inherent in more 

standard methods . 
The author acknowledges the services and generous contribution of ideas from 

members of the staffs of the Institute of Marine Science and the Marine division of 

the Texas Game and Fish Commission in Rockport. 

A somewhat similar trap was used in a farm pond in a class project at A and M Col

lege by Mr. William B. Wilson in 1950. The trap covered 225 square feet and operated 

with sliding panels (personal communication) . 

Description of Method 

The drop-net quadrat method of population sampling consists of surrounding a 

large quadrat (100 ft. by 100 ft.) with a small mesh net (Fig. 1). This net is sup

ported by a steel cable suspended approximately 3 feet above the surface of the 

water from eight piling. The piling may be easily placed or removed by a % inch 

jet of water supplied at 20 to 30 pounds pressure per square inch. A heavy chain 

1 These studies were aided by the Texas Game and Fish Commission as part of the project: Produc
tivity of the Striped Mullet in the Laguna Madre of Texas, a study of herbivores in a bay system, 
Howard T. Odum and Thomas R. Hellier, Jr. 
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/ROPES HOLDING PART OF NET IN 
ELEVATED POSITION 

WATER 
__ LINE 

TRIGGER PILING--~ 
ROPES REL EASED 

Fie . 1. The Drop-net Quadrat. 

( 1 pound per foot) is used for a lead 1 ine on the net. A line is secured to the chain 
at each piling. These lines are passed through pulleys located on crossarms at the 
top of the piling, and the net is hoisted clear of the water. After the lines are secured 
to a trigger mechanism the net is ready to drop. The area is left undisturbed for 
several hours after the net has been rigged. The trigger is then released, freeing the 
:Jines, and the net drops into place. This method effectively and rapidly isolates the 
quadrat. The quadrat is then seined repeatedly with a 120 ft. bag seine until all of 
the fish are remoYed. 
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Discussion 

The drop-net quadrat is at present adapted for a relatively shallow homogeneous 
area of Texas bays, but might also be used for quantitatiYe collection of other estu
arine and coastal bay areas_ Initial trials of the method have been conducted with 
netting of two mesh sizes on a 14 acre quadrat, and on a small quadrat ( 1/16 of an 
acre) with small mesh netting l % inch stretch) . 

The results of the first trials are presented in Table l. Even though these early trials 

TABLE 1 

Yield of Fishes from Drop-net Quadrat in Pounds per Acre of Preserved weight 

No. of Trials 
Average yield, per trial 
Yield of highest single trial 
Yield of lowest single trial 

1h aero quadrat,8 

3 inch slretched rne~h 

6 
25.5 
73 
3.2 

(2.9g/l\I2) 
(8.2g/.M2) 
(0.4g/l\i2) 

1/ 16 acre quadrat,b 
%. inch stretched me~h 

6 
54.6 ( 6.lg/M2) 

145.3 (16.3g/l\.P) 
5.4 (0.6g/l\1 2) 

~-4 acre quadral, <' 

~~ inch stretched me~h 

6 
121.3 06.6g/ W) 
176.2 (19.8g/M2) 
64.5 (7.2g/ l\F> 

a Principal fish species taken : Galeichthys Jeli.$, .llugil cephalu.s, Cynoscion nebulosus, ,\licroposon und.ulatus, Pogonias cronis, 
Sciaenops oceUata. 

b Principal fish species takeo: Anchoa mitchilli, A . hepserus, .llenidia beryllina, Mugil cephal.us, Leiostomu..s xanthurus, 
.fficropogon undulatus, Lasodon rhomoides. 

~ Principal fish species taken include all of abon . 

were necessarily selective, because the large mesh in one set of trials captured only the 
largest fish and the small area of the quadrat in the other selected against the larger 
fish, the data obtained indicates that a 14 acre trap with % inch stretched mesh netting 
is adequate to take all size groups. There are now several traps located in representative 
areas of the Laguna Madre which are being tripped at regular intervals. These are the 
basis for continuous estimation of the biomass, not only of fishes, but of some inverte
brates also_ The initial data from these traps ( 14 acre; % inch stretched mesh I also are 
presented in Table l. 
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Introduction 

Port Aransas is a small coastal town located at the mouth of Aransas Pass inlet on 
Mustang Island, which is adjacent to the Texas mainland (Fig. 1). One of its primary 
industries is sport fishing and many of the inhabitants derive their livelihood directly 
or indirectly from it. Unfortunately quantitative data on sports fishing are scarce every
where and especially in the western Gulf. This report of records gathered at Port Aransas 
provides a view of the annual cycle. 

The Port Aransas Tourist Bureau was established in 1951. One of its functions is to 
keep the public aware of the varieties and numbers of fishes being caught in the area. 
This function has been served by the dissemination of a weekly mimeographed bulletin 
summarizing the catches of sport fishermen as total numbers of fishes caught of each 
species. The sport fishes reported at Port Aransas are those caught at the jetties of the 
Lydia Ann Channel or in the open Gulf from piers and charter boats. Information regard
ing catches is supplied to the Bureau by local establishments integrally associated with 
the area's sport fishing. In recent years these sources of information have been primarily 
Mathews Sportsman's Headquarters, the Island Charter Service, Fisherman's Wharf, and 
Pappy and Mammy's; all are located within Port Aransas. Compilation of the catches 
and publication were originally under the supervision of Mrs. G. L. Webb but are 
presently supervised by Mrs. Norma Skinner. The catch, which is reported, is only a 
part of the total catch at Port Aransas. What percent is reported is not known. 

ACKNOWLEDGMENTS 
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providing us with information necessary to the completion of this study. We wish also 
to thank the numerous residents of Port Aransas who offered us pertinent information 
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1 Present address: Florida State Board of Conservation, Marine Laboratory, Maritime Base, Baybor0< 
Harbor, St. Petersburg, Florida. 
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PROBLEMS IN ESTIMATING THE RELIABILITY OF THE DATA 

Evaluation of the completeness with which catch reports are made shows there has 
been considerable variation in the methods used. Some of the participating organizations 
estimate that their reports are as much as 95 percent complete, while others admittedly 
state their reports contain only the best two or three catches each week out of some 
hundreds. Some omit certain fishes from their reports (i.e. catfishes) . 

Report sheets are missing for sixty-five of the two hundred and sixty-one (or about 
25 percent) weekly periods covered by this study. However, all but one of the months 
during the period are represented by at least one report. The most serious deficiencies 
occur for the following dates: June 25-July 15, 1952; August 27-September 16, 1952; 
December 10, 1952- January 1, 1953; April 29-May 28, 1953; September 15-0ctober 5, 
1954; December 8, 1954-January 5, 1955; March 31-April 27, 1955; and May 5-May 
30, 1955. 

No reports are issued the last two or three weeks of December in compliance with 
Post Office Department requests that bulk mail be withheld during the holiday mail rush. 

No uniform method of dating the reports has been maintained over the years. Some
times part of the last week of the year is included with the first week of the next year; 
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other times recording starts with the first week of the year. Frequently report periods 
are three or four days only; occasionally there is a gap of two or three days between the 
dates covered by the reports. Dates often overlap (i.e. January 1 to 7 followed by 
January 7 to 14). In most of these instances the catches for the overlapping days would 
be split between the two reports, probably because the information was received too 
late to be included at the time of the first publication. 

Graphs 
As the reports for certain weeks of certain months are not strictly comparable from 

year to year, it was necessary to de,·ise a means of graphing which would most accu
rately portray the tendencies of the fishery. For the purpose of this study the policy has 
been to recognize the first week of the year as the first week which contains reports only 
for that year, and the last week of the year as the last week which contains reports for 
that year whether or not the first few days of the next year are included. The same 
method applies to weeks that include days from two months. The reports are published 
approximately fifty times a year and despite the fact that the weeks are not exactly com
parable, they are listed on the graphs in accordance with their numerical sequence, one 
year below the next. The graphs report the numbers of fish caught for each period . If 
the scale is too low for the peak months, the number is recorded to the side of the point 
on the graph. Total catch of each species for each year is also reported on each graph. 

Index of Fishing Intensity 
The only index of fishing intensity which could be de,·ised is a relati,·e one. It is based 

upon a tally of the cars (Fig. 2) paying tolls to and from Port Aransas via the Port 

I:,::>~ l:iJ.:> \,j..,~ 1:;);,;0 1956 
J FM Alill J J AS 0 If 0 J FM AM J J AS 0 ND J F Ill AM J J A 0 ND J F M AM J J A F Ill A M J • s 

IPJO's Totol: 11'9,!89 UK>,854 t90,°'8 155,906 165,908 
1Mu: 3.02 2.>3 3.21 4.37 

A 
3 .42 

I I !\ (\ I I ~ \ I 

I I "'.. I I \_ \ '-

I .... 

Fie. 2. Number of vehicles paying tolls to and from Port Aransas. Index equals number of times. 
highest traffic month exceeds the lowest. 

Aransas Causeway. This tally is maintained by the Nueces County Road District. No 
distinction is made between the number of cars entering or leaving Port Aransas, but 
presumably by halving the numbers for any date ~to account for round trips) , one would 
approximate the number of individual cars making trips for that date. 

The index has a number of intrinsic faults. It is necessary to assume that the porportion 
of fishermen to non-fishermen remains constant throughout the year. This is obviously 
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incorrect sinct- the ratio of fishermen would be considerably higher in the winter when 
sunbathing and swimming activities are almost non-existent. In addition, it assumes 
that a constant proportion of the occupants of the vehicles will proceed to and remain 
in the Port Aransas area_ It is well known that some fishermen concentrate their activities 
on the causeway itself and others on the nearly twenty miles of beach between Port 
Aransas and Corpus Christi. A final difficulty is encountered when one considers the 
years 1955 and 1956. On November 9, 1954, the Padre Island Causeway opened a paved 
road from Corpus Christi to Port Aransas. This shunted many vehicles away from the 
Aransas Pass Causeway. which until that time was the major access to Mustang Island. 
The decrease in number of automobiles crossing to Port Aransas in 1955 and 1956 has 
been attributed by causeway authorities to bad fishing. This may be true as the propor
tionate change in the number of vehicles is not sufficient to account for the propor
tionately fewer fishes caught during 1955 and 1956. During the years covered in this 
study the number of vehicles using the Padre Island Causeway has steadily increased. 
There is no way of knowing if the number of cars entering Port Aransas via the Padre 
Island Causeway has increased at the same rate. 

The graph of fishing intensity is reported as thousands of automobiles. The total num
ber of cars for the year is given at the top of each year's record. Below this is listed an 
index which represents the number of times the heaviest traffic month of the year exceeds 
the least traffic month. The largest index ( 4.37, July and December, 1955) is not suf
ficient to account for differences in the peaks for the various species. Under the circum
stances it was decided not to correct each month's catches using a monthly index based 
on the most active month, but to report the raw data unchanged and interpret it directly. 
We believe that the annual recurrences of largest catch peaks, bimodalities, etc_ as seen 
on the graphs, are actual indications of abundance. 

Fishing Tournaments 

Every year during the second week in July, and for the past three years during the 
second week in October, fishing tournaments have been held in Port Aransas. These 
include private and charterboats. The only manifestation of these periods of increased 
fishing intensity. as indicated by the graphs, are found in the catches of sailfish and per
haps tarpon. Other than for these two species it is not felt that increased fishing during 
the tournaments influenced the catches of the other forms reported here. 

Small Craft Warnings 

A list of dates during which small craft warnings were raised nearby, at Rockport, 
Texas, are given below. These warnings affect offshore catches for the periods of their 
duration. However, since most offshore fishing occurs during the summer and most small 
craft warnings occur during the winter, it is doubtful that the charterboat catches re
ported here would be affected. In more violent periods jetty fishing is also affected by 
bad weather, and correlations can sometimes be made between periods of bad catches 
on the graphs and periods of bad weather as indicated in the list. 

1952. January 9, 10, 22, 23, 27, 28; February 1- 6, 13- 16, 20, 24-26, 29; March 3, 9, 10, 12, 14, 15, 
17, 18, 21, 22, 27, 28; April 1-4, 9, 10, 12, 22, 23; May 9, 17- 19, 23-25, 27, 28; June 5; (Data 
missing for July, August, September and October) November 2, 9, 10, 18, 22-26; December 4, 
9, 2L 22. 30. 31. 
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1953. January 1, 2, 8, 9, 11, 12, 14-17, 20, 22-24, 27, 28, 31; February 1, 2-6, 8-11 , 14-17, 19, 20; 
:\larch 1--1, 12-14, 21-23, 29-31; April 5, 6, 12, 15-18, 23--25, 28-30; :\lay 4, 10, 12, 13, 18, 19: 
lune, July, August, September: none; October 26; NoYember 7, 8, 19, 22, 24, 25: December 
2,3,5,6,8,9, 11-14,21-23,27-30. 

1954. January 8-16, 20-22, 30, 31; February 6, 7, 10, 11, 15, 16, 18-20, 23, 25-28; :\larch 1-3, 11-13, 
17- 19, 31; April 1, 7, 8, 15, 16,29,30; :\lay 1,2, 11, 12: June25, 26; ]uly2,3 ; August: none; 
September 10-12, 16, 17, 21, 22, 30; October 1, 3--7, 14, 15, 22, 23, 26-30: November 2-4, 
10-15: 17, 18, 23, 24, 26-28; December 4-6, 8, 9, 11-17, 27-29. 

1955. January 5, 6, 12- 15, 17, 18, 20, 21, 23. 24, 27. 28; February 3--5. 9- 11, 17-21, 26, 27; :\larch 
5. 6, 16, 17. 20, 22, 25-27, 31: _.\pril 1, 3, 4, 6, 7, 12, 13, 23: :\lay 7, 8, 11, 12, 25. 26, 28, 29: 
lune 8, 9, 21, 22: July 13, 14. 31; August 1: September 4-7, 11- 14, 17-19, 28-29: October 
6, 7, 12-14, 16, 17, 23, 24, 28, 29; No,·ember 2, 3, 5, 8, IL 12, 15, 16, 22, 23, 27. 28: December 
3, 4, 8, 11, 12. 14-16. 30. 

1956. January 7, 17, 18, 29, 30: February 1-13, 17, 18, 25. 27; :\larch 3, 6-8. 10-13. 21, 22, 27, 28; 
_.\pril 2, 3, 5-7, 9. 10. 14, 15 ; :\lay 2. 3. 15. 31; June 1: July 26. 27; _.\ugust: none: September 
6, 7, 10-12, 22, 23, 30: October 18, 20, 21, 25, 26, 30; NoYember: data missing; December 
8,9, 12. 13. 17. 18.22.23. 

Discussion of the Species 
The Tourist Bureau reports list the fishes by their common names. Most of these names 

are ascribable to particular species. others are not [i.e. shark, flounder. bonito (includes 
EuthJnnus alletteralus and Sa rd a sarda L whiting I includes JI enticirrus littoralis and 
M. americanus), grouper. trout I may include Cynoscion arenarius, C. nothus, and occa· 
sionally C. nebulosus)]. For recognizable fish both the common and scientific names are 
included in this paper; the unidentified fish are not discussed. 
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Some of the game fishes which are included in the reports are not discussed here be
cause they are caught or reported only sporadically. These fishes include white and blue 
marlin, barracuda, amberjack, junefish, wahoo, ladyfish, spadefish, and gafftop catfish. 

Tarpon are primarily caught in the summer and fall. The graph indicates that there 
is a bimodal peak each year: one in June and one in October. Mr. Terry Leary, of the 
Texas Game and Fish Commission, informs me that the tarpon are in the bays during 
the summer, and Gunter ( 1945) reports two specimens taken in late July and late Sep
tember from Capano Bay. Peaks would be expected for Gulf catches when the tarpon are 
entering and leaving the bays. Whether or not tarpon enter or leave the bays to spawn 
is not known. It may be that the peaks are artifacts associated with the fishing tourna
ments, but if such were the case, no recognizable peaks would be found during 1952 and 
1953 when October tournaments were not held. 

From November or December through March there are no records of catches. Pre
sumably the tarpon are in the warmer offshore waters. Farrington (1949) notes that 
the tarpon arrive off Port Aransas in April and remain until November, and lists the 
best fishing months as May through October. 

Sailfish-/ stiophorus americanus (Fig. 4) 
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Fie. 4. Sailfish. 

Sailfish are caught only from late May through September. Baughman (1954a) states 
that sailfish appear off the Freeport-Galveston area as early as May 2. Peak months are 
usually July and sometimes August. The peaks seem to be associated with the July fishing 
tournaments, although they may be the result of spawning and associated concentrations. 
Gehringer (1956) reports larval sailfish in the western Gulf from June, and spawning 
possibly occurs through August (Baughman 194la). 

Commercial fishermen and charterboat men have informed us that sailfish are often 
seen in schools at the snapper banks, approximately forty miles offshore, during the 
wintertime. Summer fishing for sailfish takes place as close as six miles offshore. It is 
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the opinion of the charterboat men that these fish could be caught year round, but that 
no one has made an effort to do so, most likely because of the increased expense of 
traveling further out to sea and because of the less predictable winter weather. 

It is quite possible that there is a potential winter sport fishery in the area which 
could, with proper advertising, result in increased revenue for the area. 

Spanish Mackerel-Scomberomorus maculatus \fig. 5) 
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Fie. 5. Spani~h l\lackerel. 

Spanish mackerel are most frequently caught during the months from March through 
October. The times of peak months rnry, but there appears to be a bimodality with the 
greatest catches occurring in March and April and again in July, August and September. 
Gunter I 1945) states that some mackerel \about 11 percent of his catches) enter the 
bays in the summer, and it is possible that the phenomenon here may be the same as 
indicated for the tarpon. Gunter also noted that the greatest commercial catches were 
made on the Texas coast during August. He states that the only month during which 
mackerel were not taken was February. Although not graphed here, mackerel were being 
caught during the week of February 19 to 26, 1957. 
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LaMonte (1951) reports that this species is common off Florida from November 
through March; the months when this species is least common off the Texas coast. This 
might indicate a migration occurring from one side of the Gulf of Mexico to the other. 
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A 

.._/'·,/\/'--· 

/,/'-v·V\ .... 

/'-.... _. /~t-

.-/!\ . _____ , 
Month 

FIG. 6. Kingfish. 

The kingfish is taken primarily in the summertime. It is possible that this also is an 
example of lack of fishing intensity during the winter months. These fish, like the sailfish 
and dolphin, are caught only from the charterboats and private boats. 

Rivas ( 1951) reports that this species is most common around south Florida during 
the winter months, which may indicate a migration around the Gulf similar to that 
suggested for the Spanish mackerel. 

Dolphin are caught almost exclusively during the summer months, showing very sharp 
peaks during the month of August, although the 1956 peak occurred in May (this has 
not been repeated in 1957). Sharp peaks such as these may indicate migrations, wherein 
fish are present in large numbers for short periods of time while they pass a point. 
Baughman ( l 94lb) reported a large run of dolphin which passed by Freeport during 
the last week of May, 1939. 

LaMonte ( 1951) states that dolphin are, in general, present from June through 
October on the eastern seaboard. She also states that young are plentiful around Beaufort 
in late summer. We have collected several young from drifting seaweed (Sargassum) in 
the Lydia Ann Channel during July, 1957, and Pew (1957) reports collecting young 
from Aransas Bay during the months of April, May, August, and October (ranging from 
32 to 55 mm.). 

The common jack is caught from February or March through October and sometimes 
November. Peak months are variable, occurring in March, May, June, and October. 

Gunter ( 1945) collected most of his specimens from the bays during August. All these 
were young of less than 60 mm. which may indicate that the bays serve as nurseries for 
this species. 
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Dolphin-Coryphaena hippurus l Fig. Tl 
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Fie. 7. Dolphin. 

Jack Crernlle-Caranx hippos I Fig. 8) 
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Pompano are caught all year long, but major catches occur during :\larch. _.\pril. and 
May. These months are probably jm•t prior to the breeding period as Gunter 119.J.5) 
reports young as small as 13 mm. from June, and states that fish as small as 23 mm. 
were taken from June through December. He also notes that this species is taken all 
year by commercial fishermen on the coast, but to a lesser extent during the winter. 
Simmons (1957) reports that large schools of pompano were present in Laguna :\Iadre 
during the months of September and October. 
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Pompano-Trachinotus carolinus (Fig. 9) 
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FrG. 9. Pompano. 

Bluefish-Pomatomus saltatrix (Fig. 10) 
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Bluefish are caught primarily from March through September, and appear to be 
entirely absent during December and January. The peak months are July and August. 
Catches are variable from year to year, but during 1955 and 1956 they fell off markedly. 
Gunter (1945) noted an absence of this species during the years 1936-1942, exclusive 
of 1937-1938, during which time 395 pounds were reported from the Texas commercial 
landings. 
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Bigelow and Schroeder ( 1953) give interesting data on the bluefish off the north
eastern coast of the United States, but state that little is known about Gulf of Mexico 
populations. Ripe individuals are taken off Chesapeake Bay during late spring and 
summer, and catches are low or absent during the winter in that area. However, some 
commercial catches are made off Key West, Florida during the winter. 
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Cobia-Rachycentron canadus (Fig. 11) 
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Fie. 11. Cobia. 

Snook-Centropomus undecimalis (Fig. 12 ) 
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Frc. 12. Snook . 
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Cobia are caught from February or March through October or November. Only 
during April, 1952, did there appear to be a recognizable peak. Although not fished 
for specificall y, cobia are esteemed as a food fish. 

Snook are caught infrequently at Port Aransas. The best months appear to be from 
mid-July until late September. Nothing is known of the spawning habits of the snook 
in this region. 

Mangrove Snapper-lutjanus griseus (Fig. 13) 
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Fie. 13. Mangrove Snapper. 

Mangrove snapper are caught throughout the year. The catches are quite variable 
from year to year, but the peak month is most often found in October and is sharply 
defined. Information concerning the breeding habits of this species is not available. 

Spotted sea trout are caught throughout the year, but the best months are May 
through July, and secondarily, October and November. Catches appeared to be very 
low during 1956, but this may be the result of tabulation. Catches were frequently 
reported simply as "trout" during the latter part of 1956 and were not graphed, but they 
may have been partly ascribable to this species. 

Gunter (1945) found peak catches for this species during the winter in Copano and 
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Spotted Sea Trout---CJnoscion nebulosus I Fig. U l 
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Fie. H. Spotted Sea Trout. 

Aransas bays. Ripe fish were found from April through l\ovember. Simmons \1957) 
found small trout common in Laguna Madre in April. May. and October. According to 
Pearson 11928) spotted trout spawn in tht> bays from early spring through Octobt>r. 
with the height of the season during April and :\lay. 

Drum are caught throughout the year. The best catches art> usually made from Octobt>r 
through February, and the highest peak occurs in :\oyember of each year. Gunter I 1945 l 
found October through April to be the pt>ak months for the yt>ars 19-H and 1942. He 
also pointed out that the fall and winter months provide the greatest catches of this 
spt>cies in tht> commercial fisht>ry of the Tt>Xas coast. 

Pearson I 1928) states that from February until May the drum are spawning. Large 
migrations take place from the bays to the Gulf. He also states that a secondary spawn
ing sometimes occurs from July through :\o,·ember. Sport catches for 1953 and 1954 
would indicate such a secondary migration into the Gulf. 

Although croaker are caught during most of the year, there is no month which can 
compare with the October- l\ovember pt>aks. Pearson 11928) reports that ripe adult s 
migrate from the bays to the Gulf during Septembt>r and October; spawning takes place 
from October to February. Suttkus 119551 found that croakers migrate out of Lake 
Pontchartrain, Louisiana, during September. Octobt>r. and Xovember. associated with 
the decrease in water temperature. First young of the spawning were caught in the lake 
during :\"o,·ember. It was found that most of the fish did not t>xceed two yrnrs in age 
(also Pearson, op. cit., for Texas) . On the basis of the abow information the single peak 
period at Port Aransas might be explained by the migration into the Gulf of the pre
viously spawned fish which had migrated into the bays as small indi\-iduals, too small 
to be caught. 

Texas Game and Fish Commission yearly reports show that croaker are frequently 
absent from the commercial fishery I, which is in the Gulf) during the spring and summer. 
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Drum- Pogonias cromis (Fig. 15) 
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Croaker-Micropogon undulatus (Fig. 16) 
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and also that the peak month is most commonly October. In collections from Texas bays, 
Gunter 11945) reported the largest catches of croaker during the spring and summer 
months. 

Red fish (Channel Bass )-Sciaenops ocellata (Fig. 17) 
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Frc. 17. Redfish. 

Redfish are caught throughout the year, but the peak months usually occur in the fall 
when the adults are leaving the bays to spawn in the Gulf {Pearson, 1928). Sometimes, 
however, large catches occur in July and August. A notable decline was observed during 
1955 and 1956. 

Sheepshead are caught all year, but the best months are from October to February. 
These findings agree with Farrington's ( 1949 I report and also with tabulations of the 
commercial catch for the Texas coast, as reported in the yearly reports of the Game and 
Fish Commission. An additional high for the month of July, 1956, is reported by the 
Game and Fish Commission for the commercial fishery, but this does not show on the 
Port Aransas records. 

Conclusions and Summary 
The Port Aransas sport fishery is an open Gulf and channel mouth fishery, as opposed 

to numerous bay sport fisheries in the area. Open Gulf fishing takes place from charter
boats and piers, and the channel mouth fishing takes place from the jetties. The types of 
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Sheepshead-Archosargus probatoceplzalus \Fig. 18) 
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FIG. 18. Sheepshead. 

fishes caught from the charter boats (sailfish, kingfish, dolphin, cobia, etc.) differ from 
those caught from the jetties and piers ( redfish, mangrove snapper, drum, croaker, 
sheepshead, etc.) ; howewr, tarpon are taken from all three places. Fishing from charter· 
boats takes place almost exclusively during the summer although it appears that the 
fishes caught may be present in the area all year. Fishing from the piers and jetties 
occurs all year long with certain fishes pro\·iding peak catches during various times of 
the year; however. most of the species recorded here provide fall or winter peaks for 
fishing. On the basis of life history studies in the literature (particularly for the sciaenids) 
the Port Aransas jetty and pier fishing is dependent upon the fact that certain species 
leaw the bays and enter the Gulf to spawn. They exit at Port Aransas through the only 
channel I Lydia Ann) for approximately sixty miles to the north and one hundred thirty 
miles to the south. 

In view of the recent interest in the cutting of fish passes to the north and south of 
Port Aransas. it should be pointed out here that there is a possibility such passes will 
diminish the catches of the migrating bay species at Port Aransas. This effect could be 

accomplished by diwrting the fishes which would ordinarily exit at Port Aransas. The 

cutting of passes may also diminish total fish caught if sports fishing does not take place 

at points in the vicinity of the Gulf openings of the passes. Whether or not the opening 

of passes will allow the bay species to increase in number in the future and offset the 

diwrting effect is a matter of less predictable nature. 

There ha;; been a considerable drop in the number of fish caught for several of the 

species discus;;ed herein during the years 1955 and 1956, as compared with 1952-1954. 
The causes for the decreases are manifold. and we do not feel the information available 
is ;;ufficient to explain them. 
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Population Studies of the Shallow Water Fishes 
of an Outer Beach in South Texas 

GORDON GUNTER 

Gulf Coast Research Laboratory 
Ocean Springs, _1/ississippi 

Introduction 

The vertebrate life of the beach enYironment is little known. Pearse, Humm, and 
Wharton !1942) reported the fishes and invertebrates taken in 68 seine hauls on inside 
and outside beaches near Beaufort, :\orth Carolina. Gunter !1945) reported on 35 
minnow seine and 23 beach seine hauls made monthly over a year and a half on the 
beach of Mustang Island, Texas. These are the only recent reports of seining studies of 
outside beaches from :\orth America. Warfel and Merriman !1944) made a study of 
an inside beach on the east side of the harbor of :\ew Haven, Connecticut. Several 
earlier reports of fishes collected in Atlantic waters, but compiled for other purposes, 
are cited by Warfel and Merriman. In this study hauls along the Gulf beach of Mustang 
Island were made during separate periods, totaling 10 months, in three different years. 

The Institute of Marine Science of The Cniversity of Texas was headquarters for 
the work. Mr. David Kramer, who first began this work with the writer, collected most 
of the data. I am indebted to him and in part to Mrs. Kramer, who also assisted. 

LOCALITY 

Mustang Island is one of the barrier islands lying between the bays and the Gulf, 
which are typical along the Texas coast. It lies east of Corpus Christi Bay and is part 
of the western shore of the Gulf of Mexico. This island lies in the dry subhumid zone of 
Thornthwaite (cf. Collier and Hedgpeth, 1950). It is 16 miles long and runs almost due 
north and south, bearing a little to the east. The island and the general locality have 
been figured and described by Gunter 11945) and Collier and Hedgpeth !1950) and 
is also described in current geological papers. A map of this area is provided as Fig
ure 1 by Hoese (19581 in this volume. 

The beach itself has very gradual slope back to the sand dunes and is made up of fine 
sand. The offshore slope is gradual and approximately six sand bars lie parallel to each 
other to a distance of a quarter mile offshore. 

In 194-7, the southern end of the island was separated from Padre Island by a shallow 
pass, Corpus Christi Pass, into Corpus Christi Bay. However. Aransas Pass at the north 
end of the island is maintained at an artificial depth as ship channel, and the nearby 
passes " -ill not stay open. Corpus Christi Pass closed in May, 1949, joining Padre and 
:\1ustang Islands. This abolished collection station number one, which was located 
inside Corpus Christi Pass. 

The :'.\1ustang Island beach differs from those on the northern Gulf coast in two major 
respects. Large ri\-ers do not occur nearby and there ic.; usually very little driftwood on 
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the beach. Secondly, it is part of a very windy coast, the average wind speed at Corpus 
Christi being 11 m.p.h. Therefore, the surf is usually rough and the inshore water is 
often roiled and muddy. It is remarkable that so many delicate, young and juvenile 
fishes, as are found there in warmer months, can live in this surf. 

METHOD 

The seine used for collecting was fifty feet long and four feet deep and made of mesh 
measuring one quarter of an inch stretched. After the work was finished the meshes 
measured three to an inch, but whether stretching was slow or took place after the 
preliminary use is not known. 

Eight stations were established. The first was a little less than one half mile inside 
Corpus Christi Pass, on the Mustang Island side, with the second at the mouth of the 
pass. The third was one mile north of the pass on the outer beach. Stations four, five 
and six were equally separated at about five-mile intervals going northward, the last 
within one mile of Aransas Pass. Station seven was at the angle made by the south 
jetty of this pass and the beach. The last station was a little more than one half mile 
inside the mouth of Aransas Pass. They were numbered one to eight starting at the 
inner Corpus Christi Pass station and ending at the inner Aransas Pass station. 

At each station the seine was carried as far out as possible, then spread and pulled 
ashore. At the two pass stations, where the water was deeper close to shore, sweeps par
allel to the shore were made. 

The fishes captured were identified and measured in millimeters in the field. Air 
and water temperatures were taken by a mercury thermometer reading in tenths of a 
degree centigrade. The salinity at each station was determined by titration. 

Results and Discussion 
TEMPERATURE AND SALINITY 

In Table 1 the water and air temperatures at each station are indicated. They show 
rather consistently the lag of water temperatures behind air temperatures when the 
seasons are changing. The temperatures for August, 1949 are close to the maximum for 
shallow open waters in this region, but the recorded temperatures for the cooler months 
do not approach the minimum since collections were not made in January through 
March. 

In Table 2 the salinities at each station are given. The period 1948 to 1953 was very 
dry due to a long drought (cf. Parker, 1955) , but the salinities ran higher than those 
given by Gunter (1945) for 1941 and lower than those of 1942. Probably this was due 
to the effects of local rains. The lowest salinities followed spring rains in April and May, 
1949 and the highest came in August of the same year. 

THE FISHES 

In all 10,633 fishes were caught in 144 hauls, an average of 73.8 fish per haul. There 
were 44 species, including six identified only as to genus. Twenty-four specimens, which 
were mostly small puffers, Sphoeroides, and scombroid fishes were listed as unidentified. 
All the fishes taken in this work were small species or the young of larger species. Almost 
all of them ranged from 20 to 99 mm. in total length, although the total range was 14 to 
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Population Studies of the Shallow Water Fishes 

TABLE 1 

The Water and Air Temperatures in Degrees Centrigrade Are Given for Each Station. 
The Air Temperatures Are in Parentheses. 

20.5(22.7) 21.2122.8) --- --- --- --- --- ---
20.5(21.5) 19.01 . . ) 18.8( .. . ) 19.0( ) 18.0( ... ) 18.0( ..... ) 18.0( .. ) 16.5( .. 
22.3(23.5) 23.0120.6) 20.8(22.0) 20.5122.6) 20.4(21.8) 20.8(21.8) 21.4(21.1) 23.2(21.6) 
22.3(21.1) 19.5(19.5) 19.5(19.8) 19.5(20.0) 19.3(20.2) 19.0(20.1) 19.0(20.0) 19.0(21.0) 

28.0(28.8) 28.5129.5) 28.3(29.5) 28.0127.8) 28.8(27.0) 28.5(28.0) 29.1(28.1) 29.5(28.0) 
22.7(22.7) 22.5(21.5) 24.2(22.2) 25.2123.0) 25.3(23.2) 25.5(23.0) 26.2(23.0) 22.0(23.2) 
26.3(27.5) 26.5(28.0l 26.5(28.8) 26.8128.0l 26.8(28.0) 27.0(27.5) 27.0(27.5) 28.5(27.8) 
24.2(25.4) 24.8(24.5) 24.6(25.5) 25.0f25.5l 24.7(26.2) 25.1(25.6) 25.5(25.5l 28.0(28.5) 
19.8(24.0l 23.0<24.0) 22.2(22.8) 21.5<22.0l 22.0(22.1) 23.5(22.0) 23.0(22.51 ---
22.0(22.0) 19.0(21.3) 19.2(21.3) 18.8(20.5) 19.0(20.5) 19.0(21.8) 19.0(21.2) 20.0(20.0) 

23.8(25.2) 22.2(24.2) 23.2(26.0l 22.8126.l) 23.0(26.4) 23.0(26.3) 22.3(26.0l 25.8(21.0) 
28.1(26.2) 23.7(25.1) 22.4(26.6) 24.8(24.0) 23.9(26.0) 24.2(25.0) 23.8(24.2\ 26.0(24.6) 
26.4(23.8) 21.8<28.8) 27.0(26.8\ 27.U26.8l 26.0(26.8) 27.0(27.0) 27.2(27.8\ 30.5(28.8) 
27.0(28.4) 26.8(27.5\ 26.8(27.7) 27.4(28.2) 27.8(27.5) 28.0(28.5) 28.0(28.0) 29.8(30.0) 
--- 28.9128.2\ 29.0(28.8) 29.0<28.2) 29.0(28.1) 29.0(28.5) 29.0(28.51 ---
--- 29.5(30.0l 30.0(29.8) 29.9130.0) 30.0(29.8) 30.2(29.4) 30.1(29.8) 31.5(32.0) 
--- 29.0(30.0) 29.1(30.1) 29.3130.l) 29.3130.0) 30.0(30.0) 30.1(30.0\ 31.5(30.5) 
--- 27.5(29.0) 27.8(28.5\ 28.0f28.5l 28.0(29.0l 28.0(29.0) 28.8(28.8) 29.8(31.0) 
--- 31.4(29.9) 32.0(29.0) 32.0128.9) 32.0(28.8) 32.0(29.1) 32.1(29.1) 

TABLE 2 

The Salinity in Parts Per Thousand Are Given for Each Station. The Determinations 
Were !\lade by Titration. 

32.5 32.5 32.5 32.5 31.9 31.9 31.6 
29.2 29.1 29.4 29.2 29.3 29.0 29.2 
27.7 28.3 28.3 28.3 28.4 28.0 27.8 
31.5 31.7 31.7 31.6 31.8 31.8 31.8 

29.6 29.8 29.3 29.3 29.2 29.2 28.7 
28.5 28.4 28.0 28.0 28.0 27.9 27.9 
31.9 31.5 31.6 31.9 31.8 31.5 31.5 
31.5 31.1 31.2 31.0 31.0 31.0 30.9 
38.6 32.3 32.3 32.3 32.1 32.0 31.7 
31.9 31.6 31.7 31.7 31.4 31.6 31.9 

29.3 32.3 32.3 32.2 31.9 32.2 31.4 
27.7 28.1 28.3 28.2 28.0 27.6 26.5 
33.2 23.l 23.1 22.5 22.3 21.7 21.6 
35.9 27.6 27.8 

32.9 32.7 32.9 32.3 
33.2 32.8 32.2 31.9 31.6 31.6 
34.7 34.6 34.3 34.l 34.00 33.9 
35.2 34.9 35.3 35.3 35.l 34.3 
31.7 31.6 31.5 31.6 31.7 31.5 
35.9 35.6 35.7 35.7 35.6 35.7 

31.5 
25.8 
24.4 
31.8 

28.7 
28.l 
30.9 
31.0 

32.2 

29.8 
24.7 
21.9 

31.9 

33.6 
34.9 
31.2 

177 mm. Only eleven fish were as long or longer than 100 mm. These were: Elops saurus, 
Strongylura timucu, Oligoplites saurus, Polydactylus octonemus, Mugil cephalus 2, 
M. curema 2, Trachinotus carolinus 2, and M enidia beryllina. The last specimen was 
114 mm. long, which is huge for that species. 

The species and the numbers caught are listed in decreasing order in Table 3. It is 
divided into the three periods of the work, as shown in Tables 1 and 2. The pass and 
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TABLE 3 

The Catch by Species at the Pass Stations and the Beach Stations Are Shown Separately for Each of 
the Three Periods of Work, With Totals and Average Catches. 

Nov .·Dec., 1947 Sepl.·Dec., 1948 April - Aug ., 1949 TOTALS Beach 
Beach Pass Beach Pa ss Beach Pass Beach Pass and Pass 

Trachinotus carolinus 73 1 170 2,959 11 3,202 12 3,214 
Harengula pensacolae 0 0 1,481 313 679 362 2,160 675 2,835 
Mugil curema 4 15 3 64 468 590 475 669 1,144 
Menidia beryllina 5 146 80 276 58 244 143 666 809 
Fundulus similis 2 56 8 222 2 153 12 431 443 
Anchoa mitchilli 3 4 208 5 171 0 382 9 391 
Micropogon undulatus 0 0 0 2 238 0 238 2 240 
Brevoortia sp. 0 0 0 0 190 0 190 0 190 
Menticirrhus littoralis 23 0 47 0 119 0 189 0 189 
Anchoa hepsetus 0 0 125 5 58 0 183 5 188 
Cynoscion nothus 0 0 0 0 159 0 159 0 159 
Cyprinodon variegatus 0 1 0 110 1 45 1 156 157 
Caranx Latus 0 0 0 0 117 4 117 4 121 
Eucinostomus sp. 0 0 0 0 0 104 0 104 104 
Stephanolepis hispidus 0 0 0 0 97 0 97 0 97 
Polydactylus octonemus 0 0 0 0 95 0 95 0 95 
Sciaenops ocellata 0 0 0 0 29 16 29 16 45 
Syngnathus sp. 0 0 5 0 31 1 36 1 37 
Anchoa sp. 0 0 2 0 30 0 32 0 32 
Gobionellus boleosoma 0 0 0 0 0 27 0 27 27 
Menticirrhus americanus 1 0 13 1 0 0 14 1 15 
Trachinotus glaucus 0 0 0 0 14 0 14 0 14 
Strongylura sp. 0 0 3 5 2 1 5 6 11 
Others 6 7 19 13 29 2 54 23 76 
Totals 117 230 2,164 1,016 5,546 1,560 7,827 2,806 10,633 
Number of Hauls 24 8 36 11 55 10 115 29 144 
Average per Haul 4.9 28.8 60.1 92.4 100.8 156.0 68.l 96.8 73.8 

outside beach stations are also separated. At the two pass stations 2,806 fishes were 
caught. These are listed separately because certain fishes which are found in inside 
waters are not found in the outside beach waters. All of the gobies, Gobionellus boleo
soma, and all Cyprinodon variegatus but one, were taken in the passes. Similarly, almost 
all Fundulus similis were taken inside. It was noted before (Gunter, 1945) that this 
species is not found on the outside beach, except for rare strays next to the mouths of the 
passes. The great majority of the silversides, Menidia beryllina, were taken in the pass. 
Gunter (op. cit., Table 24) has shown that this species and the Cyprinodontes are pri
marily bay fishes and that their restriction to such waters is not caused by salinity 
limits. 

Eleven species, caught mostly on the beach, made up 0.1 per cent of the catch. Five 
species, Trachinotus carolinus, Harengula pensacolae, Mugil curema., Anchoa mitchilli 
and Micropogon undulatus, made up 82.4 per cent of the beach catch. The last three are 
scattered widely in the bays, too, but the first two are more abundant on the outer beach. 
The little pompano feed to a large extent on young Harengula, and are commonly found 
in the summer with their stomachs distended with them. 

The average catch was consistently greater within the passes than on the beach. It 
appears that small fishes are more abundant in protected waters than on the open 
shore. 

The 1947 catches may be called late fall catches. An average of 10.9 specimens were 
caught per haul. The average beach haul was quite low, 4.9 fish per haul. In six hauls 
nothing was caught and several hauls yielded only one fish. On the beach the most 
abundant fishes were the pompano, Trachinotus carolinus, and the Gulf whiting, M enti-
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cirrhus littoralis. Menidia beryllina and Fundulus similis were the most abundant 
species in the passes. 

The 1948 catches may be taken as late summer and fall catches. Forty-seven drags 
yielded 67.6 fish per haul. The silver sardine, Harengula pensacolae, the two anchovies, 
Anchoa mitchilli and A. hepsetus, and the pompano, T. carolinus, were the most abun
dant fishes on the beach, while Harengula pensacolae, Menidia beryllina, Fundulus 
similis and Cyprinodon variegatus were the most numerous in the passes. 

The 1949 catches may be seasonally classified as spring and summer catches. An 
average of 109.3 fish per haul were caught from 65 hauls. On the beach the pompano, 
T. carolinus, the white mullet, Mugil curema, and the sardine, Harengula pensacolae, 
were dominant. Mugil curema, Harengula pensacolae, Menidia beryllina, and Fundulus 
similis were most abundant at the pass stations. 

Ninety-six specimens of Stephanolepis hispidus, the filefish, were taken on the Gulf 
beach from April to August, 1949. They have not been reported there before. They 
ranged from 31 to 44 mm. long and were caught where the water salinities ranged from 
21. 7 to 34.8 per mille. 

In addition to the more abundant fishes listed in Table 3 the following species were 
taken occasionally: Strongylura sp., Eucinostomus sp., Mugil cephalus, Astroscopus 
y-graecum, Oligoplites saurus, Eucinostomus gula, Trachinotus falcatus, Eucinostomus 
argenteus, Membras sp., Chloroscombrus chrysurus, Strongylura timucu, Strongylura 
notata, Lobotes surinamensis, Anchoa lyolepis, Hyporhamphus unifasciatus, Elops sau
rus, Lagodon rhomboides, Pomatomus saltatrix, Abudefduf saxatilis, Selene vomer, 
Caranx sp., Alutera scripta, Sphoeroides sp. 

CHARACTERISTICS OF THE DOMINANT SPECIES POPULATIONS 

The two chief beach fishes are the common pompano, Trachinotus carolinus, and the 
sardine, Harengula pensacolae. Both have offshore populations of larger individuals, 
but the young are restricted to the Gulf beach. The sardine is a plankton feeder and the 
young pompano seem to subsist largely upon them during their early life in the surf. 
These two fishes made up 69.3 per cent of the total beach catch. The mullet, Mugil 
curema, the anchovies, Anchoa mitchilli and A. hepsetus, and the small croaker, Micro
pogon undulatus, were common at times. These findings correspond to the work previ
ously reported (Gunter, 1945) except that Polydactylus octonemus was found to be more 
abundant than M. undulatus. 

At least three species of small pompano and possibly four were taken on the Mustang 
Island beach. One of these, which was called Trachinotus argenteus in the original notes, 
is here synonymized with T. carolinus, following Ginsburg (1952 ) . It was separated at 
sizes up to 82 mm. but specimens are no longer available and the case is uncertain. 
Another species, at a size of 23 mm., was dusky or blackish, had reddish orange dorsal 
spines and a reddish orange eye. It seemed to be T. falcatus. It was taken in June, 1949. 
A third species, at a size of 23 mm., was reddish orange on the lower caudal lobe, the 
anal fin edge and large spine. It was called T. goodei, which Ginsburg synonymizes 
with T. glaucus, and probably belonged to the latter species. 

Table 4 shows the size limits and crude modes of the pompano caught. It confirms the 
previous statement (Gunter, 1945) that the very young are recruited into the population 
over an extended period during the warmer months, indicating a long spawning season 
for the pompano on the Gulf coast. 
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TABLE 4 

Length-frequency Data on the Pompano, Trachinotus carolinus Caught on the Gulf Beach 
of :'.\lustang Island. 

191 

Years Months Size Limits mm. Crude Mode ~umber of Specimens 

1947 November 20-123 Indeterminable 38 
December 83-142 Indeterminable 2 

1948 September 21- 79 33 26 
October 19- 84 30 43 
November 27- 74 33 39 

1949 April l+- 52 17 68 
.'\Iav 15- 83 23 856 
Jun'e 13- 83 50 242 
July 16- 81 l8 104 
August l+- 99 23 202 

TABLE 5 

Length-frequency Data on the Sardine, Harengula pensacolae, Caught on the Gulf Beach. 

Years Months Size Limits mm. Crude Mode :\"umbe-r o f Specimens 

1948 September 23- 81 38 and 63 864 
October 29- 67 43 and 53 258 
November 28- 39 2 

1949 April 25- 32 28 41 
May 27 l 
June 23- 52 28 366 
July 25- 67 28 30 
August 29- 93 47 141 

Table 5 gives size limits and crude modes for the silver sardine, Harengula pensacolae. 
The data indicate a relatively long spawning season. Gunter {1945) has previously noted 
evidences of two spawning peaks during the summer and a low point of abundance in 
July. The same thing is indicated but not proven by these data. Similarly the peak of 
abundance was found to be in the fall. 

SEASONAL AND L.\TITL"Dll\"AL COMPARISONS 

There is a seasonal succession on the Gulf beach, which can be partially characterized 
as the result of this and the previous work I Gunter. 1945). In most years the beach is 
practically unpopulated in winter except for a few bay fishes next to the passes. In some 
years this depopulation shows up in December, but in others it comes as early as Octo
ber. Besides the diminution in numbers or absence of many species in the cooler months 
there is a slow change in the complex of a few dominant species, which is doubtless 
different each year. Table 6, lists the species in order of their abundance for the seasons. 
The complexes for the different years are different, but the pompano and sardine are 
generally present in considerable numbers except during the cooler months. 

Such seasonal successions are quite different from those on a plot of grassland or 
marine fouling organisms on an underwater object. In the latter, what happens or what 
is present at a given season depends somewhat on what was present before. In fish 
populations, which grow as individuals and migrate about. the connections with their 
successors are much more tenuous and there is no proof that the midwinter population 
would not be the same if the summer population had been altogether different. 

Pearse, Humm and Wharton 0942) found that the silverside, Menidia menidia, 
the anchovy, Anchoa mitchilli, and the pompano, Trachinotus carolinus, were the most 
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TABLE 6 

A Comparison of the Most Abundant Species on the Gulf Beach as Found by Gunter 0945) in 
1941-42 and the Present Work 1947-49, at the Different Seasons. The Fishes are 

Listed in Order of their Abundance. 

Gunter (1945) Presenl dala Number 

Spring Anchoa mitchilli Trachinotus carolinus 1,076 
Mugil cephalus Mugil curema 420 
Polydactylus octonemus Micropogon undulatus 232 

Summer Polydactylus octonemus Trachinotus carolinus 905 
H arengula pensacolae H arengula pensacolae 605 
Trachinotus carolinus Brevoortia sp. 155 

Fall A nchoa mitchilli Harengula pensacolae 1,481 
Harengula pensacolae Trachinotus carolinus 246 
Trachinotus carolinus Anchoa hepsetus 132 

Winter M ugil cephalus M enidia beryllina 61 
Anchoa mitchilli Fundulus similis IO 

abundant fishes on an outside beach at Beaufort, North Carolina, during the summer of 
1939. The next summer the most abundant species were M. menidia, Fundulus majalis, 
and T. carolinus. The two stations where these hauls were made are close to the broad 
inlet into Beaufort Harbor, which may account for the presence of M. menidia and F. 
majalis. Nevertheless, the association seems to be much the same. The species are the 
same or are cognates of those commonly found on the Texas coast. 

Warfel and Merriman (1944) worked an inside New England beach. Among the 
six most abundant fishes were Menidia menidia, Fundulus majalis and Brevoortia tyran· 
nus. The New England populations of beach fishes are more similar to those of North 
Carolina than to those of Texas, but several of the abundant species are cognates of 
those common on Texas shores. It appears that over such great distances as from South 
Texas to southern New England the populations of small beach fishes are similar. 

Summary 

1. A study of fish populations was made in Aransas and Corpus Christi passes and 
the outer beach of Mustang Island in South Texas. Eight stations were sampled by small. 
mesh seine hauls eighteen times in three different years, 144 hauls being made. Water 
temperatures and salinities were taken at each station. 

2. The fishes taken were all small and only 11 were greater than 100 mm. in length. 
The total catch, representing 44 species, was 10,633 fishes. The most abundant species 
were: Trachinotus carolinus, Harengula pensacolae, Mugil curema, Menidia beryllina, 
Fundulus similis and Anchoa mitchilli. Five species, T. carolinus, H. pensacolae, M. 
curema, A. mitchilli and Micropogon undulatus, made up 82.5 per cent of the beach 
catch. The last three are common bay fishes, but the first two are abundant only on the 
beach and in outside waters. 

3. Fishes were most abundant on the beach in the spring and summer, less abundant 
in late summer and fall, and quite scarce in late fall and early winter. The Gulf beach 
is primarily a habitat of young pompano, T. carolinus, and the sardine, H. pensacolae; 
these two fishes made up 69.3 per cent of the catch. Comparisons made with seine hauls 
of earlier years showed some change of the populations based upon fluctuations of a 
few species. 

4. The dominant species of the beach were the same species or species cognate to 
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those of North Carolina beaches, and they were all cognates of those reported from 
New England beaches. 

5. All Gobionellus boleosoma, nearly all Cyprinodon variegatus and Fundulus similis, 
and the great majority of Menidia beryllina, were taken in the passes rather than on the 
outside beach. More fishes were caught per haul at the stations inside the passes than on 
the open beach, but the species were somewhat different. Four species, H. pensacolae, 
Mugil curema, M. beryllina, and F. similis made up 87.0 per cent of the pass catch. 

6. The work confirms previous findings that young pompano are recruited into the 
population over an extended period during warm months. It also supports reports of a 
double spawning peak for H. pensacolae. Small specimens of the filefish , Stephanolepis 
hispidus, are reported from the beach for the first time. 
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Abstract 
Areal dis tributions of k inds and abundance of both living and dead ostracodes in the Bimini area 

ha,-e been mapped on a photogrammetric base. E,·idence was found indicating that substrate, salinity 
and current velocity affected distribution of ostracodes. Dissolved oxygen, pH, water color, organic 
detritus, organic content of the sediment, water depth, and daily temperature variation had little effect 
Ostracodes, belonging to the suborder :\-lyodocopa, were abundant in the Bimini area , but their shells 
decomposed after dea th and were absent from the sediment . The sediments containing the largelll 
number of dead ostracodes did not occur in areas containing the largest number of living ostracodes. 
In North Sound and ( a,·elle Pond living ostracode species differed in kind from dead ostracodts 
contained in th P. sediment. 

Introduction 

Ostracodes have been extremely useful to geologists as stratigraphic markers. Their 
;;mall size and abundance in many formations make it possible to study a whole fauna 
even though the arnilable sample may be very small. The ostracode has the longest 
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range of any group used extensi\-ely for stratigraphic correlations. :\lany recent species 
seem to extend backward into the Tertiary unchanged. 

Principally because of the importance of ostracodes to geology, fossil ostracodes are 
better known than those living in today's seas. The present study was undertaken in 
order to determine some of the enYironmental factors possibly influencing the distri
bution of liYing marine ostracodes. Information of this sort is useful in interpreting 
conditions which were in existence during the formation of fossil ostracode-bearing 
strata. 

Another phase of the present study was the comparison of the areal distribution, 
abundance and kinds of living ostracodes with ostracode shells contained in the sedi
ment. Ostracode shells in recent sediment are potential fossils. Knowledge of the relation
ship between the liYing animals and their remains is useful for understanding the limi
tations of fossil material used to infer ancient enYironments and faunas. 

This study was made in the Yicinity of the Bimini Islands, which are situated in the 
northwestern part of the Great Bahama Bank I Fig. 1 ) . The sample area cowrs approxi
mately 320 square kilometers in the shallow waters east of the Bank rim. An ecological 
study in the Bahamian region becomes especially significant because the warm. clear 
shelf sea of this area probably typifies limestone-forming seas which cowred a large 
part of the continents in the past. 

Among the enYironmental factors considered in this study are salinity, temperature. 
dis.."Oh-ed oxygen. pH, water depth and color. current Yelocities and direction. type of 
sediment and its organic content. presence or absence of organic detritus. and the biota. 

The Ostracoda are usually diYided into four suborders: 1) Myodocopa. 2 I Podocopa. 
31 Cladocopa. -1.1 Platycopa. Only members of the suborders Podocopa and Platycopa 
occur in abundance as fossils. although the :\lyodocopa extend backward into the Silu
rian and the Cladocopa at least into the Jurassic. This seems principally because many 
members of the suborders Podocopa and Platycopa bear shells strongly fortifi ed with cal
cium carbonate. which makes them more easily preserwd than members of the sub
orders :\lyodocopa and Cladocopa. which haw shells with less calcium carbonate. The 
systematics of the :\Iyodocopa encountered in the Bahama area are considered in this 
paper. Systematics of others suborders are to follow. The suborder '.\lyodocopa is repre
sented in Bimini waters by 10 genera. two of which are new. and 19 species. which in
clude U new species and one new subspecies. 
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Almost all of the underwater photographs and the photographs of ostracodes were 
taken by Mr. G. Robert Adlington of the American :\luseum. Final drawings were 
done, under the supen'ision of the writer, by :\(r. and Mrs. T. O'Callaghan. 

The map insert which gi,-es the distribution of bottom types in the Bimini-Cat Cay 
area is the result of a joint effort by Professor :\ewell. Professor lmbrie. Mr. Purdy, Mr. 
William G. Heaslip, and the writer. and is published with the permission of the col
laborators. 

Methods 
Precise geographic location of sample stations was made possible by using photo

grammetric base maps showing submarine configurations. Clarity of Bahamian waters 
made this procedure practical. In addition. since much of the work was done within 
sight of land, it was usually possible to fix the station location from horizontal sextant 
angles which were plotted in the field using a three-arm protractor I Shepard. 19-IB) . 

Most of the samples used for quantitati,-e estimates of the number of liYing and dead 
ostracodes in the sediment at the station locations were obtained using a modification 
of the Petersen grab designed by Dr. K. 0. Emery I Fig. 21. Samples obtained by 
hand using self-contained underwater breathing apparatus and by shallow water diYing 
were used principally for sediment analysis. 

FIG. 2. Emery grab sampler. 
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Walton (1955) in mapping the distribution of benthonic Foraminifera in Todos 
Santos Bay, Baja California, cored the bottom and used the top centimeter of the core 
for a standard sample. This method is not feasible on rock bottoms covered by less than 
one centimeter of sand. In the Bimini area rock covers an extensive area of the bottom 
and for this reason bottom cores were not used in the present study. The Emery grab 
sampler was found to collect successfully from rock bottoms covered by both thick and 
thin sand layers; therefore, practically all samples used for obtaining estimates of 
ostracode abundance were obtained using the Emery sampler. A 10 cc. subsample was 
removed from the larger sample to serve as the standard sample used in obtaining esti
mates of living ostracode abundance. 

There are difficulties in comparing samples from different bottom types. For example, 
10 cc. of sand from a rock bottom covered by less than one centimeter of sand rep
resents more surface area than 10 cc. of sand obtained from a grab sample which in
cludes sand from several centimeters depth. However, the results of the investigation in
dicate that major variations in ostracode abundance have not been masked. 

Although the living ostracode abundance is based on 10 cc. samples, 10 grams of this 
sample were used to arrive at estimates of dead ostracode abundance. This was done so 
that the results of this investigation could be used more readily in making future com
parisons with ostracode abundance in ancient lithified sediment. As the sediment param
eters were fairly uniform, the abundance distribution patterns would have been about 
the same if the dead ostracode abundance had been based on 10 cc. samples, but the 
absolute numbers in each sample would have been somewhat higher. 

Living ostracodes were hand-picked from the 10 cc. sample under a binocular micro
scope while the ostracodes were still alive. In this way the ostracode movement aided 
in differentiating the ostracode from the sediment, and living ostracodes could be readily 
separated from dead ostracodes or molted shells which contained remnants of append
ages. Empty carapaces were removed from the dried 10-gram sample by alcohol flota
tion (Kornicker, 1957b). The alcohol flotation method resulted in further sampling 
error, as only 40 to 50 percent of the articulated carapaces and practically none of the 
disarticulated carapaces were removed from the sample. However, as all samples were 
treated in the same manner, relative variation in geographic abundance should be about 
the same; but the absolute number per sample will be smaller. Scanning of the residue 
of a few samples indicated that the concentrate contained representatives of all common 
species present in the residue. To facilitate removal of ostracodes from the alcohol con· 
centrate, it was split into two fractions by sieving through a 124 micron screen. The areal 
distribution of the ostracode content of each fraction was analyzed separately. 

A triangular trawl· covered with fine netting was dragged over the sediment and 
through grass and algae in order to secure larger samples of the ostracode community 
than could be obtained with the Emery grab. Surface plankton samples were obtained by 
towing a half-meter net for about 20 minutes. 

At each sample locality specific information was recorded concerning the depth and 
temperature of the water, thickness of the sand, substrate, macrofauna and flora living 
in the immediate area, and presence or absence of organic detritus. Water samples were 
analyzed for salinity by the Mohr method using silver nitrate. Selected sediment samples 
were analyzed for organic carbon using Schollenberger's (l927) method as modified 
by Allison (1935) . Dissolved oxygen was determined using the standard Winkler 
method. Water color was determined with a Taylor Color Comparator. Hydrogen-ion 
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concentration of selected samples was obtained using a colorometric type pH meter 
manufactured by W. A. Taylor and Company. The pH values were corrected for salt 
error from the table given by Harvey (1955, p. 157). Cresol Red, which covers the 
range of pH values 7.2-8.8, was used as an indicator. Current velocity measurements 
were made with an Atlas Flowmeter attached to the end of a long pole in order to 
obtain bottom velocities. Current directions were determined by charting the direction 
of movement of floats (weighted balloons) and dye markers released from an anchored 
boat. 

General Patterns of Ostracode Distribution 
The areal distributions of living ostracodes collected in 10 cc. standard samples l Figs. 

3, 5) are interpreted in Figures 4 and 6. In making these interpretiYe distribution maps, 
ostracode abundance limits were chosen to bring out the effect of environmental factors 
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FIG. 3. Areal distribution of total living l\1yodocopa. Numerals indica te the number of specimens 
per sample (10 cc.). Clear circles indicate collections were made without finding indiYiduals. 
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F1G. 4. Areal distribution of total living J\1yodocopa. The shading indicates the number of specimens 
per sample ( 10 cc.) . 

on ostracode abundance. For example, the effect of oolite bottom on Myodocopa dis· 
tribution was best brought out by choosing limits of 0-1 , 2- 16 units, whereas limits of 
0, 1-5, 6--40 were used for the combined Podocopa-Platycopa. Ostracode groups for 
interpretative maps representing the dead ostracode distribution were chosen on the 
.same basis (Figs. 7- 10). Causal environmental factors contributing to these areal 
distribution patterns are considered under later discussion of environment. 

Only two out of 22 surface plankton tows taken in the vicinity of the Bimini Islands 
produced ostracodes. In one of these, obtained about 9 p.m., June 8, 1956, off the 
Lerner Marine Laboratory dock in North Bimini harbor, Philomedes multichelata 
Kornicker, a new species, was abundant and was evidently swarming. Several specimens 
were dissected and found to be males. No other ostracode species was in this haul. One 
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specimen of Cypridina squamosa lerneri Kornicker. a new subspecies. was collected from 
the same locality at 10 p.m., December 1 L 1956. ::\o halocyprids were captured in 
the Bimini vicinity either in the plankton tows or bottom samp~es. 

Living ostracode collections were made in June and December. 1956. Identification 
of species in these samples was restricted primarily to the suborder Myodocopa. w·ith the 
exception of Asteropina extrachelata Kornicker. a new species. of ''"hich only one indi
vidual was collected in June, 1956, all species were in the area during both collecting 
periods. Further work is needed to determine seasonal rnriations in ostracode abun
dance. The abundance and distribution of species belonging to the suborder :\lyodocopa 
are discussed along with species descriptions in the section on systematics. 
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Fie;. 6. Areal distribution of living Podocopa and Platycopa. Numbers indicate the total number of 
specimens per sample (10 cc.). 

Environmental Factors Affecting Ostracode Distribution 
INFLUENCE OF SUBSTRATE ON OsTRACODE D1sTRIBUTION 

The sediments in the Bimini area have been subdivided by Mr. Purdy and the writer 
into six facies: 1 chalky facies (I), pitted facies (II), unpitted facies (Ill), glazed facies 
(IV) , faecal pellet facies (V), and oolite facies (VI). Figure 11 represents the areal dis· 
tribution of these facies . These facies are distinguishable visually under a binocular 
microscope and have peculiar physical and chemical properties. Characteristic prop· 
erties of the sediments of facies I, II , IV and VI are presented in Table 1. 

1 Facies is here used to define a geographical area coYered by sediments distinguishable on the 
basis of physical, chemical, or biological properties from contemporary sediments covering adjacent 
or nearby areas. 
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TABLE l. 

Chalky Pitted Glazed Oolite 
facies facies facies facies 

I II IV VI 
Dry Bulk Density, gm/cc* 1.0 1.45 1.45 1.6 
Organic Carbon, '}"o dry wt. 0.7 0.5 0.5 0.4 
Median Diameter, mm.** 0.28 0.26 0.28 0.26 
Sortin~ Index, (So) * * 1.80 l.35 1.26 1.20 

• Dry bulk density was obtained by weighing a known volume ( 10 cc) of dried sediment. 
**Data supplied by Edward G. Purdy. For definition of So see Krumbein and Pettijohn (1938). 

A description of each facies follows: 
Chalky fades (I) : The sediments within North Bimini harbor and North Sound, with 

the exception of the northern end of the latter region, consist of bioclastics which often 
appear chalky and are mixed with extremely fine-grained particles of calcium carbonate 
(mostly aragonite). These sediments do not pack well, and the dry bulk density is 
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FIG. 8. Areal distribution of total dead Podocopa and Platycopa. Numbers indicate the total number 
of speeimens per 10-gram sample (larger than 124 .'\I fraction J. 

very low I about 1.0 gms. / cc.) . Because of the presence of the fine material, the sorting 
index (SO) is relatively high (about 1.8). 

The region covered by this facies includes extensive areas partially exposed at low 
tide, tidal channels traversed by fairly rapid currents, thickly vegetated sand as well as 
sand virtually barren of plants, and rock bottom areas covered by a few millimeters of 
sand (Figs. 12- 15). Organic detritus forms a fi lm over the sediment in practically all 
of this region, and the organic carbon content of the sediment fa higher than in the 
sediments on the Banks or outer platform. 

The abundance of living ostracodes within the area covered by this facies varies. 
Myodocopa, Platycopa, and Podocopa are common over most of the region. The abun· 
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dance of dead shells of Podocopa and Platycopa is unusually high. This is thought to be 
the result of a high rate of ostracode accumulation in comparison to the rates of accumu
lation of preservable remains of other organisms. 

Pitted facies (II): Bioclastic sediments which ha\·e been subjected to intense pitting. 
possibly by algae, are situated south of South Bimini and extend into the deeper waters 
west of Turtle Rocks. These sediments form a thin laYer from a few millimeters to a 
meter or so in thickness on top of the submarine platform from which the Bimini Islands 
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and numerous cays project. The sediments of this facies butt against and blend with 
oolitic sediments which delimit this facies on the east. 

Although sand, often supporting profuse vegetation, usually of Thalassia, is accumu
lating in the protected near-land areas, a large part of the region covered by pitted bio
clastics is rock bottom containing small pockets of sediment or at most a film of sarid 
a few millimeters thick. Where a rock bottom is present, a varied algal flora, often 
dominated by the genus Sargassum, combine with sea whips, corals, and sponges to 
form a community rich in numbers and diversity (Figs. 16--21). 
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Fie. 10. Areal distribution of total dead Podocopa and Platycopa. Numbers indicate the number of 
specimens per 10-gram sample (smaller than 124 M fraction). 
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Living ostraode abundance in the area covered by this facies is variable. Living 
ostracodes are common over most of the area but extremely abundant east of South 
Bimini and in a narrow strip just south of Turtle Rocks. The reason for this abundance 
is not known. The distribution of the dead ostracodes here is similar to that of the living 
ostracodes. 

Unpitted facies (III): The sediments within Cavelle Pond are well preserved bio
clastics and do not exhibit intensive pitting. 

Cavelle Pond supports a profuse vegetation. The western segment of the Pond con
tains Thalassia as the dominant flora, whereas Laurencia is dominant in the eastern 
part. The passageway which connects the two segments is covered in many places by 
only 15 cm. of water at low tide. 

Living ostracodes are common in this pond. In general, the same species living here 
are living in other marine environments in the Bimini vicinity . Dead ostracodes are ex
tremely abundant and consist predominantly of brackish water forms not living in 
Cavelle Pond at present. These shells are probably relicts from the t:me Cavelle Pond 

SCALE 

• Fu;. 11. Sediment facies map. I, chalky facies; II, pitted facies; Ill, unpitted facies; IV, glazed 
facies; V, faecal pellet facies; VI, oolite facies. 
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F1G. 12. Intertidal zone, North Bimini Harbor in front of Lerner Marine Laboratory. Mounds in 
foreground are formed by the worm Arenicola. 

was separated from the sea and contained brackish water (see section on "Salinity"). 
Glazed facies (IV): Bioclastics which are rounded and appear glazed form the beach 

sands and sediment along the western shores of North and South Bimini. Aggregates of 
the glazed grains are common where the glazed bioclastics blend with oolite sands 
around the northern end of North Bimini. 

The shifting sands which are parallel to the coast line support little vegetation, al· 
though isolated patches of Thalassia and Chondria tenuissima (Goodenough and Wood
ward) appear to be thriving on this substrate. Rock-bottom areas off the coast are 
covered by only a film of sand. These support abundant and diverse plant and animal 
life (Figs. 22, 23). 

Living and dead ostracodes are rare in the area covered by this facies. The rock-bot· 
tom areas seem to contain more ostracodes than the surrounding sand areas. The rarity 
of ostracodes in this region is considered to be the result of agitation of the sand by 
waves. Ostracodes are, for the most part, burrowing animals, and many species may not 
be adapted for existence in shifting sand. 

Faecal pellet facies (V) : Faecal pellets of the gastropod Batillaria minima were 
abundant in the sediment in the extreme northern end of North Sound (Kornicker and 
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Purdy, 1957). Although the lime-secreting organisms ( ostracodes, Foraminifera, pelecy
pods, gastropods) form but a small percentage of the total sediment in the upper few 
centimeters, their proportion materially increases in the sediment below the surface due 
to poor preservation of the faecal pellets. 

Myodocopa are absent from the area covered by this facies. This is thought to be the 

F1G. 13. Holothurian and algae on rock bottom, North Bimini Harbor. Water depth is about 1 meter. 
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FIG. 14. "Coral pa tch'', 1or th Bimin i Harbor. Water depth is abou t 1 meter. 

result of the high and variable salinities encountered in thi s region. It was not possible 
to evaluate the role of sediment type, which actually might be quite important. Living 
Podocopa and Platycopa are fa irl y common. Dead ostracodes are extremely abundant. 
The abundance of dead ostracodes is attributed to the relative scarcity of other organ
isms with calcareous parts li ving in this area. Some podocopid species which are present 
in abundance in the sediment a re restricted to this region; other species abundant else
where are absent here. This distribution is also considered the result of high and variable 
alin ities (see section on "Salinity"). 

Oolite facies (VI) : The term oolite sand is loosely used in this paper to include 
ca lci um carbonate coated faeca l pell ets as well as spherical grains with well developed 
co ncentri c structures. 

Two ooli te bores are a minor part of the oolite sands in the Bimini area. Level oolite 
sand areas are commonl y coa ted with organic detritus which makes them darker than 
the oolite bores. They also support more vegetation than the bores. Identification of these 
sa nds as ooli te requires close examination of the sediment. They are not distinguishable 
from bioclastic sands on aerial photographs as are the bores. 

Sed:ments belonging to the oolite fa cies are characterized by being ex tremely well 
so rted ; the di ameter of most grains lies within the 124-248 micron range. The dry (and 
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wet) bulk density of oolite sand is higher than that of other sands in the vicinity of 
Bimini (Figs. 24, 25). The organic carbon content of oolite sand is lower than in other 
sediments in this region. However, a film of organic detritus is not uncommon on the 
sediment. 

Living and dead ostracodes are virtually absent from the area covered by oolitic 
sands. The influence of the oolite sands on the distribution of ostracodes is especially 
notable in the submarine area around the eastern end of South Bimini. In this region 
ostracodes are abundant in the pitted and chalky bioclastic sediments but are absent or 
extremely rare in the adjacent oolitic sands. 

The reason for the rarity of ostracodes in the oolite sands is not definitely known. 
Vegetation is sparse in this region, and the organic carbon content of these sands is 
lower than in the other sediments in the Bimini vicinity, so it is possible that food supply 
may be the limiting factor. Organic detritus is present on much of the oolite sediment, 
and the vegetation, although sparse, possibly occurs in sufficient quantities to support 
more ostracodes than are present in these sands. 

In the Bimini vicinity, except for the two bores shown on the map insert, which 
probably are shifting, the sand has been somewhat stabilized by sparse vegetation; 
ripple marks and other evidence of shifting were not observed. Therefore, in this area 

Fir.. lS. F.,,hinoi<ls and algae on rock hottom, North Bimini Harbor. Water depth is about 1 meter. 
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sand movement is not likely to be a major environmenta l factor influencing the distri
bution of ostracodes. 

Six myodocopid ostracodes were isolated in glass vial s containing oolite. After 23 
days all ostracodes were alive and several living youn g had been produced. Although 
the data are too few to be con clusive, it does suggest that oolite is not inhibiting. 

Fie. 16. Dense Thalassia, sou th of South Bimini . Water dep th is about 5 meters. 
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The writer from observing the behavior of ostracodes in the laboratory has come to 
the conclusion that physical properties of sediment are extremely important to benthonic 
ostracodes who crawl on, or burrow into, the sediment. The interstices between grains 
of Bimini sediments were too small to accommodate an ostracode, so that in order 
to burrow the animal had to force its way into the sediment. Although the ostracode 
does this partly by moving grains to the rear with its appendages, most of the forward 
movement is accomplished when the animal using its carapace as a wedge forcing it 
through the sediment by pulling and pushing on grains of sediment. The ability of an 
ostracode to burrow therefore depends both on its strength and the resistivity of the 
sediment to displacement. 

Oolite is the densest sediment in the Bimini area. It is possible that ostracodes avoid 
the oolite area because of burrowing difficulties. See preliminary experiments suggesting 
that ostracodes may prefer to burrow in less dense sediment, Kornicker ( 1957a). 

With the exception of the oolite, which seems to be unfavorable for ostracodes, the 
type of sand in the Bimini vicinity did not appear to exert any marked influence over 
areal ostracode distribution. 
Grass, Rock, and Open Sand.-The bottom in the Bimini vicinity is almost equally di
vided into rock areas, open sand areas, and grass areas (Fig. 26 folded chart). Thalassia 

F1G. 17. Moderately dense Thalassia, south of South Bimini. Water depth is about 2 meters. 



Sparse Thalassia, $outh of South Bimini. Water depth is 
about 2 meters. 

Community living on ~and- covered rock. Water depth is about 
6 meters. 



Fie. 20. Coral heads and rock ledges on rock bottom near Turtle 
Rock~. Water depth is about 7 meters. 

Fie. 21. Sea fans and Madrepora on rock hottom near Turtle 
Rocks. Water depth is about 7 meters. 



Fi e. 22. Sea whip in foreground is characteris tic of the rock bottom 
near Crossing Rocks. Depth of water is 6 meters. 

Fi e. 23. Note the sna il Cyphoma, which is a common inhabitant of 
sea whips near Cros.., in g Rock. Water depth is 6 meters. 
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F1G. 24. Comparison of dry bulk density of sediment from ' ·A·· chalky facies . ··ff· glazed facies, an·d 
.. c · oolite facies. 

is by far the dominant vegetation and mostly grows either in small patches or covers 
larger areas where it is usually sparse. 

Before the investigation the writer thought that large variations in ostracode distribu
tion and abundance would be found among the different bottom type~. Therefore, 
sampling was conducted so that each bottom type was sampled in all areas. Statistical 
consideration of the data did not produce significant differences with the exception of 
the platform area west of North B:m' ni, where both the liYing and dead ostracode 
abundance varied directly with the estimated areal coverage of the sampling locality by 
flora and fauna (P less than 5). The flora and fauna were principally confined to the 
rock bottom and practically absent from the wave-agitated sand areas (Fig. 27). 

The writer has no explanation for not finding larger variations in ostracode content 
on different bottom types in the other areas. Perhaps it indicates an abundance of food 
in all areas. Detailed sampling may bring out subtle differences masked by the present 
sampling procedure. 

INFLUENCE OF SALINITY AND TEMPERATURE ON OsTRACODE DISTRIBCTIO~ 

Salinity.-Typical salinity values (in parts per thousand) reported by Turekian (1957) 
for the Bimini area are listed in Table 2. These salinities were obtained during the 
spring mostly under dry conditions. After a heavy rain the regions with limited inter
course with the open sea experience marked lowering of salinity. For example, the 
salinity just below Mosquito Point in North Bimini harbor decreased from about 39 
parts per thousand to 30.8 following a rain (Turekian, 1957). 

The salinity fluctuation of the Florida Straits and Great Bahama Bank water in the 
vicinity of Bimini was very small. In North Bimini harbor the fluctuation in salinity 
was somewhat greater, but in all three regions the salinity remained within the 30 to 40 
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parts per thousand range considered by Hedgpeth (1951) to include normal marine 
water. Fluctuation within this range generally has relatively little effect on the distri
bution of fauna (Dahl , 1956) . Ostracode communities which inhabited these areas in the 
Bimini region contained essentially the same species, and variation in ostracode abun
dance does not seem attributable to these small differences in salinity. 

The movement of water in and out of North Sound during change of tides is restricted 
because of its geographical position at the end of the harbor and because of lateral land 
projections and a rock sill athwart the current at its lower end. In June the water during 
periods of low rainfall became highly saline (more than 40 parts per thousand), and 
after a considerable amount of rain the salinity dropped to about 31-35 parts per 
thousand or lower (Turekian, 1957). The steep salinity gradient encountered here or 
possibly the high variability of the salinity seemed to have considerable effect on the 
fauna! and floral communities inhabiting the region. Echinoderms were absent, and 
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TABLE 2 

Salinity of Water in Bimini Area 

Florida Straits (near Bimini l 
Great Bahama Bank (near Bimini I 
North Bimini Harbor 
North Sound 
Cavelle Pond, South Bimini ( 1 sample I 

140 

100 

60 

20 

219 

Salinity 

35.85-35.92 
37.50 

36.10-39.40 
40.00-46.50 

31.52 

corals as well as most sponges were restricted to the lower end where normal marine 

salinit'.es occurred (Fig. 28-29 I. 
The ostracode population also experienced a change in this region (Fig. 30). The 

genus Bairdia which was common in all other environments in the Bimini area did not 

occur in the upper part of North Sound. Loxoconcha dorsotuberculata (Brady) also 

was restricted to the lower end. Loxoconcha Levis (Brady) was collected only in the 

upper part of North Sound. Another species (Hemicythere sp.) was also restricted to 

the northern end. The last two species were not collected alive. Hemicytere sp., how

ever, often contained appendages which indicates that the specimens died recently. The 
Myodocopa also seemed restricted to the less saline !'\Outhern part. 

The sediment in the northern part of the Sound contained an abundance of empty 

ostracode carapaces. These could not be accounted for by an abundance of li,·ing ostra

codes. An explanation for this -favored by the writer is that the absence of other sedi

ment-forming organisms such as corals and the alga Halimeda permitted the empty 
ostracode carapaces to form a large part of the sediment. 

Cavelle Pond is a small pond on South Bimini (Fig. 1). It is almost bisected by a 
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Fie. 28. Faunal ranges in North Sound. 

north-south trending mangrove spur. The two halves of the pond are connected at the 
northern end by a shallow stream which has a rock bottom on which corals grow. Each 
section of the pond has a sediment substrate which supports a luxuriant crop of vege· 
tation. 

The only salinity determination available for this pond is 31.5 parts per thousand, 
obtained from the center of the western section of the pond (Turekian, 1957). Inter
change of water during tidal change is quite rapid, and it is probable that the waters in 
at least the western section are normally marine, although it is not unlikely that after 
a heavy rain the salinity falls below 30 parts per thousand. 

The dominant ostracode genus present in the sediment is Cyprideis, a known brackish 
water form (Brady, Crosskey, and Robertson, 1874; Sohn, 1951; Swain, 1955-). Also 
abundant in the sediment are valves of the pelecypod Anomalocardia cuneimeris which 
is a recognized estuarine (poikilohaline) species (Hedgpeth, 1953, p. 178). Neither 
of these forms which were abundant in the sediment were found alive. 

In Cavelle Pond many species of dead ostracodes in the sediment are not living in the 
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FIG. 29. Floral range;: in '.\orth Sound. 

pond at the present time. Marine forms are li,·ing in the pond, whereas estaurine 
forms compose a large part of the sediment. An examination of the older maps of the 
region rewaled that Cawlle Pond was once closed off from the sea. The earliest map re· 
,-iewed showing a connection between Cawlle Pond and the sea was the :\arnl Air Pilot. 
1940, H. 0., No. 194-. united States l\ayy Department. Hydrographic Office. p. 198. 
Inhabitants of Bimini recall that the pass connecting Cavelle Pond with the sea was 
excavated in an attempt to reduce the number of mosquitoes breeding in the brackish 
water of the pond. 

Although living ostracodes belonging to the suborder Myodocopa were abundant 
around Bimini, their remains were absent from the sediment probably because of poor 
preservation of the carapace. which usually soften after death of the animal. With the 
exception of the North Sound and Cavelle Pond areas, species belonging to the sub-
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orders Podocopa and Platycopa represented by many empty carapaces in the sediment 
were also collected aliw during the periods in which this study was made. 
T emperature.-Daily temperature variations in the Bimini Yicinity were only a few 
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degrees (Turekian, 1957), and under normal conditions this difference is not likely to 
have any effect on ostracode distribution. Occasionally, however. unusually cold winter 
temperatures have been encountered. For example, Dr. Louis A. Krumholtz (personal 
communication, 1956) recorded a temperature of 14° C. in North Bimini harbor on 
January 12, 1956. At this time fish were killed by the cold water of the harbor. The 
effect of this low temperature on the ostracodes of the region is not known, but it is pos
sible that the absence of living Hemicythere sp. from North Sound was a result of the 
low temperature of the previous winter. The carapaces of this species, which in many 
instances still contained appendages, were abundant in the sediment. 

I:wu.T:~cE OF WATER Co LOR A'ID PttoTOTAXIS O'I OsTRACODE DISTRIBUTIO'I 

The waters of North Bimini harbor often were greenish-yellow when viewed from a 
distance. This was especially noticeable during ebb tide where the harbor water entered 
the blue waters of the Gulf Stream. Yellow color may be due to a trace of organic com
pounds which absorbs blue and near ultra,·iolet light (Harvey, 1955) and may be de
rived from mangroves or marine vegetation. The color. as determined by a Taylor Color 
Comparator (Table 3), which probably did not differentiate subtle color variation, did 
not seem to have any influence on ostracode distribution. 

Location 

Northern end North Sound 
Center North Sound 
Big :'lfangrove Cay 
Southern end North Sound 
Center North Bimini Harbor 
Tokas Cay 
Southern end North Bimini Harbor 
West side Cavelle Pond 
East side Cavelle Pond 
South of Ca,·elle Pond 

TABLE 3 

Water Color and pH 

Water Color* 

15 
0-5 
0- 5 
0-5 
0-5 
0-5 
0-5 
0-5 
0-5 
0-5 

pH* 

8.0 
8.2 
8.2 
8.2 
8.l 
8.2 
8.1 
8.2 
8.2 
8.2 

*All samples were obtained between the hours of 6:00 A.)!. and ):00 P.)l. during June, 195<>. 

In shallow water near land areas a considerable number of particles which reflect light 
upward are usually in suspension. The amount of reflected light is also affected by the 
substrate; open sand reflects more light than either grass or unewn rock. The amount 
of light reaching the bottom probably has an influence on ostracode distribution. Ostra
codes seem to be either negatively or positively attracted to light (see Kesling, 1951). 
The response to light of specimens of Myodocopa collected by dragging a net through 
a Thalassia patch in North Bimini harbor was observed in a petri dish for one hour 
and 35 minutes. The net response of this population to light was positiw I Fig. 31). 

INFLUENCE oF DissoLVED OxYGEN AND PH ON OsTRACODE DISTRIBUTION 

Dissolwd oxygen in the waters of Cavelle Pond and North Bimini harbor was de
termined using the Winkler procedure (Table 41. The waters were found to be suf
ficiently aerated, and it is improbable that ostracode distribution was affected directly 

by oxygen. 
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Fie . 31. Response of Myodocopa to light. Petri dish was rotated before each observation. Light 
source was microscope lamp. Sample of ostracodes was obtained from Thalassia patch in North 
Bimini harbor. Community contained Sarsiella truncana (13 ), S. carinata (11), S . gigacantha (5), 
S. punctata (3), S. capillaris (3), Philomedes multichelata (1) , P. paucichelata (8J, Rutiderma 
dinochelata (1) , Asteropteron monambon (2). 

TABLE 4 

Dissoh·ed Oxygen Content of Waters 

North Bimini Harbor* 

Oxygen Water Temperature Time Air Temperature Date 
ml/L c. c. 

22.9 11/ 10/ 56 
3.69 23.5 10 :30 24.4 
3.93 24.l 11:30 24.9 

23.4 
4.64 25.7 1 :30 24.7 
5.25 4:45 24.5 

CaYelle Pond, South Bimini** 

Oxygen Water Temperature Time Air Temperature Date 
ml/L c. c. 
5.03 25.2 2 :00 P . ~I. 11/ 6/ 56 
5.16 2:15 
4.99 24.9 2:20 25.1 
5.30 2:30 
5.38 24.7 2:45 

* Location: east of Lerner Marine Laboratory, about 22 meters from shore, water about 1 meter 
deep. High tide was at 2 :30 P . ~!. 

* * Location: about 30 meters within the entrance of Cavelle Pond, water about 1 meter deep. 
High tide was at 12 :00 ~!. 

The pH variation in the Bimini vicinity was small and did not appear to be a factor 
directly influencing ostracode distribution (Table· 3). This conclusion coincides with 
observations which were made in other areas by Tressler and Smith (1948) and Benson 
(1955). 

l '.\'FLUE'.'iC E OF 0RGA'.'i!C CARBON AND 0RGA'.'i!C DETRITUS ON 0STRACODE D1STRIBUTION 

Organic detritus.-A gelatin-like film containing fragments of shell debris and plants, 
un= cellular algae, and diatoms (Fig. 32) formed a tan-colored coating on the submarine 
sediments in the vicinity of Bimini (Fig. 33). A simple experiment in which water from 
North Bimini harbor was pumped into a settling tank demonstrated that this material 
was also suspended in the water (Fig. 34). 

Organic detritus is considered a basic food for benthic fauna (Dexter, 1944). Yonge 
(1953) questions the actual food value of detritus and states, " ... possibly its major 
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Fie. 34. Photograph of sand on bottom of small tank through which 3,000 gallons of water were 
passed at the rate of 2/ 3 gallon per minute. In the top part of the photograph the organic detritus 
which settled from the water has been removed to expose clean sand. The contrasting dark color in 
the lower part of the photograph is the result of organic detritus accumulation. 

importance may be as a culture medium for Protozoa and bacteria." Cannon (1934) 
concludes, after studying the feeding mechanism of Cypridina antarctica and members 
of the subfamily Philomedinae, that these ostracodes probably feed on minute detritus. 
Klugh (1927) found that several fresh water species ingested both algae and detritus 
but did better on algae. 

Hoff (1942) states, "The foods of few species (of ostracodes) have been studied in 
detail, although a study of food habits might have some bearing on problems of dis· 
tribution." Very little has been added to knowledge concerning the food habits of ostra· 
codes since Hoff made the statement quoted above. It seems probable, however, that at 
least some of the ostracodes in the Bimini vicinity feed on organic detritus. 

The presence or absence of organic detritus seemed dependent to a large extent on 
current action. In shallow areas where the sand was in almost continuous action, organic 
detritus was rare and probably had been removed by currents. Ostracodes were usually 
rare in these sands, but this was probably because agitated sand is an unfavorable 
habitat rather than because of the lack of detritus. Extensive areas of oolitic sand which 
were almost barren of ostracodes were coated with organic detritus. 



Ecology and Taxonomy of Recent Marine Ostracodes 227 

Organic Carbon.-Sediment from creeks flowing through mangrove swamps on East 
Bimini were found to be relatively high in organic carbon ( 1.39 to 2.90 percent) (Fig. 
35). Many of these sediments were dark in color, emitted an H2S odor, and contained 
fragments of mangrove leaves. Ostracodes were rare in these sediments. 

Sediment within North Bimini harbor and most of North Sound contained the next 
highest organic carbon content (0.44 to LOO percent; average 0.74 percent). The lowest 
organic carbon content was encountered in the sediments on the outer side of the 
islands (0.39 to 0.61 percent; average 0.49 percent). 

Within small areas, such as North Bimini harbor, the organic carbon content of the 
sediment was uniform, even though the amount of visible vegetation varied at the 
sample stations. Perhaps this is the reason for finding in this study about the same 
number of ostracodes living in open, nonshifting sand areas as in neighboring vege
tated areas. 

INFLUENCE OF CURRENT VELOCITIES ON 0STRACODE DISTRIBUTION 

The highest current velocity in the area caused by tides was encountered at the 
entrance of North Bimini harbor, where the velocity reached 1.2 meters/ second during 
ebb tide. This dropped to 0.16 meters/second outside the entrance. Within the harbor 
the highest current velocities occurred within the main channel. A measurement of 0.3 
meters/ second was made in this channel about 1.5 kilometers from Entrance Point. In 
the northern part of the harbor the current velocities were very low (0.01 meters/ 
second). 

South of South Bimini, except close to shore where the crescent shape of the southern 
shore line created a low current velocity area, the current velocities approached those 
encountered in the main channel of the harbor. The highest velocity measured in this 
area was 0.5 meters/second, which occurred immediately above the crest of an oolite 
ridge. The restriction in the path of water flow created by this ridge caused an increase 
in current velocity. Velocities in about the same range as those south of South Bimini 
were obtained north of North Rock. Velocity measurements taken immediately to the 
east of Bimini, on the Great Bahama Bank, indicated low velocities in this area (maxi
mum velocity recorded here was 0.18 meters/second). 

A current velocity measurement of 0.2 meters/ second was obtained west of North 
Bimini, between Paradise Point and Stepping Rocks. In this area waves were of greater 
importance as current producers than were the tides. Submarine ripple marks as well 
as the presence of winter berms on the beaches testified to the sediment-moving ability 
of the waves along the western shore of North Bimini. 

Ostracodes were rare in the shifting sand area west of North Bimini and were absent 
in the channel at Entrance Point, where high water velocities probably disturbed the 
sediment. In the area between Turtle Rocks and South Bimini the current seems to 
keep the rock swept clean of sediment, and ostracodes were rare. From these observa
tions the writer concludes that current velocities sufficiently high to stir the sediment 
may be a major factor in inhibiting the colonization of an area by ostracodes. 

Most of the submarine environment included in this study was in shallow water less 
than seven meters deep. 
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Systematics and Occurrences of Ostracode Species 

Descriptions of Bimini ostracodes follow. These include diagnostic morphologic fea
tures only and are not complete descriptions. Morphological features are shown in 
detail in illustrations. When sexual differences are striking. or are important for identi
fication, both sexes have been figured and described. Variations in taxonomically im
portant appendages are mentioned in the diagnoses and usually are figured . App' ndages 
(most frequently the furca) of juwniles haw been figured as an aid to identification. 

Numbers given to spec:mens are based on sample or station numbers used in the 
present investigation. Dissected specimens haw been mounted in glycerin and protected 
with paraffin-sealed coyer-glasses. Holotypes are dried shells. or. if these were not aYail
able, shells preserved in alcohol. Holotypes haYe been deposited with the Columbia 
Ilnivf rsity Geology Department. 

Shells for measurement were selected at random from ,·arious growth stages. The 
drawings and photographs of ostracode morphology, Figs. -16--39. are collected at the 
back in an appendix for the com·enience of taxonomists. 

Suborder ~Iyodocopa 

Family Cypridinidae 

Subfamily Cypridininae 

Genus Cypridina l\lilne-Edwards 

Cypridina squamosa subspecies lerneri Kornicker. new subspecies 

trigs. -17 lA-B: 48, A-D: -19. A-El 

Diagnos's: The shell is elliptical in lateral Yiew, with protruding postero-Yentral 
corner. The antenna! sinus is fairly deep and the rostrum prominent. A cluster of 
muscle scars occurs near the center of the shell. Maximum shell height is posterior to 
the middle. 

The adult furca bears eight claws: the fourth claw is smaller than the second and 
fifth; the second claw is attached to the lamina without a demarcation line at its base. 
The second antenna has basal spines which are longer on the distal joints. The second
ary branch of the second antenna bears two long and two short bristles on the proximal 
joint and one long bristle on the end of the distal joint. The sewnth limb has 23 to 29 
lateral setae. 

Comparisons: The shell of C. squamosa lerneri is wry similar to that of C. squamosa 
squamosa Mueller. C. squamosa lerneri is smaller than C. squmnosa. A graYid female of 
C. squamosa lerneri (specimen number 2-11- 31 measured 2.0-1 mm. whereas the female 
of C. squamosa reported from the Bay of :\aples by Mueller was 3.3 mm. in length. 
C. squamosa squamosa bears six to Sfien claws on the furca. whereas the adults of 
C. squamosa lemeri ha,·e eight. 

Remarks: It is possible that two female ostracodes from the Dry Tortugas identified 
by Tressler 11949, p. 3351 as C. squamosa belong in the subspecies C. squamosa lerneri. 
Tressler's specimens haw only seven furcal claws but, as these specimens were only 
1.71 mm. in length, they may haw been immature. The present study shows that im
mature specimens ha,·e fewer furcal claws I Fig. -18. A-Cl. 
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Shell measurements (in mm.): 
Specimen number Length Width Height 

212-1 ( holotype) 1.31 0.55 0.79 
247-3* 2.04 1.40 
656F 1.42 0.94 
P-1 0.71 0.4.S 
246-7 1.18 0.80 
93 1.58 0.62 1.03 
127-1 1.29 0.87 
127-2 0.81 0.54 
127-3 1.26 0.84 
127-4 1.26 0.81 
127-5 0.71 0.45 
127-6 0.74 0.48 
93-2 0.84 0.54 
170 1.19 0.68 
5306M 0.71 0.48 

* Gravide female. 

Material: Twenty-four specimens were obtained from bottom samples and one (a 
male) from a surface tow. Five specimens. including a male and a mature female, 
were dissected. The holotype is specimen number 212- 1 (an immature specimen) which 
is illustrated in Fig. 47, la-b. Carapace form was the same in mature and immature 
specimens. 

Occurrence: Cypridina squamosa lerneri was most abundant east of South Bimini 
(Fig. 36). Specimens were collected in waters having temperatures of about 29.2°C. 
and salinities about 37.5 parts per thousand. Substrate was calcareous sand, and usu
ally algae and Thalassia were growing in the area. One male was obtained in a sudace 
plankton tow in North Bimini harbor. 

Subfamily Philomedinae 

Genus Philomedes Lillj eborg 

Philomedes multichelata Kornicker, new species 

(Figs. 46, 3A-B ; 50, A-E ; 51, A-D) 

Diagnosis : The shell is elliptical in lateral view, with a shallow but distinct anterior 
sinus. The surface of the valves contains closely spaced pits and muscle scars. 

The furca is long, narrow, and triangular in outline, with five strong and nine weak 
claws. The first antenna bears, on the penultimate joint, a sensory bristle which has 
numerous setae on the outer edge of its flattened base. The second antenna bears non
spinose, natatory setae; basal spines are absent. The mandible has, on the ultimate 
joint. two strong claws, one small claw, and two bristles. The exopodite of the mandible 
bears two bristles. The seventh limb has about five setae and terminates in a claw-like 
process. The female is not known. 

Comparisons: Philomedes multichelata is closely related to Philomedes oblonga 
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Fie. 36. Distribution of Cypridina squamosa lemeri Korn icker, new subspecies. Species was absent 
from samples shown as empty circles. Small circles represent trawl samples; large circles represent 
spot samples. 

(Juday) Mueller, from which it differs in having 14 furcal claws, whereas, P. oblonga 
has only 10. 

Shell measurements (in mm.) : 
Snecimen m1rnher Length Width Height 

686Z-6 (holotype) 1.04 0.57 0.60 
248 0.75 0.3 0.51 
245 0.91 0.5 0.58 
686Z-l 0.99 0.41 0.55 
686Z-3 0.96 0.52 
686Z-4 0.98 0.53 
238 1.04 0.66 (approx.) 
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Material : Four specimens were obtained from bottom samples and several hundred 
from a single night surface tow. Four specimens (all males) were dissected. The holo
type is specimen number 686Z-6, Fig. 46, 3a-b. 

Occurrence: Two individuals were collected from the bottom southeast of South 
Bimini and one from the lagoon (Fig. 37) . Several hundred specimens were collected 
around a night light suspended from the end of the Lerner Marine Laboratory dock in 
North Bimini harbor. The water a t the time of collection had temperatures of 28.3° to 
29.2°C. and salinities of 36.l to 37.5 parts per thousand. The bottom was calcareous 
sand. 
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FIG. 37. Distribution of Rutiderma polychelata Kornicker, new species; Pseudophilomedes /erulana 
Kornicker, new species; Philomedes multichelata Kornicker, new species; Cycloberis biminiensis 
Kornicker, new species. Species was absent from samples shown as empty circles. Small circles repre· 
sent trawl samples; large circles represent spot samples. 
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Phiwmedes lomae Juday 

~Figs. 46, 7 A- B; 52, A- E; 53, A- D; 86, A, E, I) 
Philomedes lomae Juday, 1907, Univ. Calif. Puhl. Zoo!., Vol. 3, l\o. 9, P. 14-1 , PL 19, 

Figs. 1-6 

Diagnosis: A process projects posteriorly from each side of the carapace, commencing 
at about the center. The antenna! sinus is shallow but distinct. The surface of the valves 
is pitted. 

The dorsal margin of the living ostracode is orange-red which fades rapidly after 
death, being no longer visible after a few months. 

The furca contains six cla\\·s. The distal end of the fourth joint of the first antenna 
bears a sensory bristle which contains one thick and many fine setae. The secondary 
branch of the second antenna consists of three joints; the third joint is reflexed upon the 
second. A small sensory appendage which is ciliated on its outer extremity is on the distal 
end of the first joint of the mandibular polp. The terminal joint of the mandible contains 
one claw and three slender bristles. The female is not known. 

Shell measurements tin mm. I : 
Specimen number Length Width Height 

ll5-Cl 1.24 OA4 0.75 
215 1.18 0.34 0.73 
92 0.89 0.33 

Material: Nine specimens were collected from bottom samples; two of these (both 
males I were dissected. 

Occurrence: Philomedes lomae seemed to be uniformly distributed in the Bimini area 
~Fig. 381. Specimens were collected in waters haYing salinities of 36 to 42 parts per 
thousand, and temperatures of about 29°C. The species was obtained at water depths 
ranging from one to 20 meters. The bottom in the collecting area was calcareous sand. 

Philomedes paucichelata Kornicker. new species 

tFigs. 46. 4A-B; 54. A- E; 55. A- C; 87. B. E. H.) 

Diagnosis: The shell is elongate_ with a prominent rostrum and a posteroventral pro
jection, and is not strongly calcified. The surface is coarsely punctate and contains 
irregular horizontal ripples as well as light depressions above the central part of the shell. 

The fifth leg terminates in a large quadrate tooth. The furca bears six claws; thf 
first, second, and fourth claws are strong; the third , fifth. and sixth claws are weak. 
Natatory bristles on the second antenna are spined. The seventh leg bears four terminal 
and two lateral setae. The liYing ostracode has a characteristic orange-colored body and 
eyes. The male is unknown. 

Comparisons: This species may be distinguished from Philomedes .flexilia Brady and 
Philomedes sculpta Brady by the fewer number of claws on the furca. The shape of the 
shell is remarkably similar to that of Streptoleberis crenulata Brady but. as the appendage 
structure of the latter species is unknown, the relationship of these two forms remains in 
doubt. 
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FIG. 38. Distribution of Philomedes lomae Juday. Species was absent from samples shown as empty 
circles. Small circles represent trawl samples; large circles represent spot samples. 

Shell measurements (in mm.): 
Specimen number Length Width Height 

287-1 (holotype) 0.83 0.35 0.46 
62* 0.8 0.48 

288 0.87 0.35 0.50 
156-5 0.80 0.4 

* Gravid female. 

Material: Eighty-one specimens were collected from bottom samples; two of these 
(both female) were dissected, and, in addition, individual appendages were examined 
from several other specimens. The holotype is specimen number 287-1, illustrated on 
Fig. 46, 4a-b. 

Occurrence: Philomedes paucichelata was a common species in the Bimini area (Fig. 
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39). It was found in water from one to about 20 meters in depth. Specimens were col· 
lected in waters having temperatures of about 29°C. and salinities of approximately 38 
parts per thousand. The bottom in the collecting areas was calcareous sand. 
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Fie. 39. Distribution of Philomedes pau cichelata Kornicker, new species. Species was absent from 
samples shown as empty circles. Small circles represent trawl samples; large circles represent spot 
samples. 

Genus Pseudophilomedes Mueller 
This genus is characterized by having an elonga te tooth on the fifth limb. 

Pseudophilomedes f erulana Kornicker, new species 
(Figs. 46, lA-B, 2A-B; 56, A-D) 

Diagnosis: The carapace of this species is elliptical in lateral view, with a small ros
trum in the upper part of the anterior margin and a short postero-ventral projection. 

The caudal furca contains a total of eight claws. The claw arrangement is typical of 
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the genus: two large claws on the distal end, followed by several smaller claws; the fourth 
claw is larger than the third, fifth, sixth, seventh, and eighth claws. 

The maxilla bears on its end a blunt, elongate process. The remaining appendages are 
typical of the genus. The seventh limb contains six terminal and four lateral setae. The 
male is unknown. 

Comparisons: Three species of this genus have been described previously: Pseudophil
omedes /oveolata G. W. Mueller; Pseudophilomedes inflata (Brady and Norman); and 
Pseudophilomedes angulata Mueller. P. ferulana may be distinguished from these forms 
by having eight furcal claws, whereas P. foveolata and P. angulata have only six and P. 
inflata has 10. 

P. f erulana is also distinguished from the other species in having a long blunt process 
on the last joint of the maxilla. This feature may be of subgeneric value. 

Shell measurements (in mm.) : 
Specimen number Length 

165- 1 (holotype) 1.15 
93-1 0.63 

118B-3 ?0.98 

Width Height 
0.79 
0.40 

Material: Five specimens were collected from bottom samples; two of these (both 
females) were dissected . The holotype is specimen number 165-1, illustrated on Fig. 46, 
2a- b. 

Occurrence: Three specimens were obtained east of South Bimini, and one west of Tur· 
tie Rocks (Fig. 37). Water temperature in collecting area was about 29°C., and the 
salinity 37 parts per thousand. Water depth was about six meters. 

Family Rutidermatidae 

Genus Rutiderma Brady and Norman 

This genus is characterized by having a strong chela on the mandible. 

Subgenus Rutiderma Kornicker, new subgenus 

Diagnosis: Caudal laminae have few (six) claws, which include three or four strong 
claws followed by two or three weak "claws" with hairs at their base. 

Comparisons: Three species, Rutiderma compressa Brady and Norman, Rutiderma 
rostrata Juday, and Rutiderma dinochelata Kornicker, new species, form the subgenus 
Rutidenna which is based on the furca having few claws which decrease in length pos
teriorly. The subgenus Alternochelata is based on the included species (one at present) 
having a furca bearing numerous claws, with the strong claws alternating with weak 
claws and spines. 

Rutiderma (Rutiderma) dinochelata Kornicker, new species 

Figs. 46, 8A-B; 57, A- F; 58, A- D; 86, B, F, J) 

Diagnosis: The shell is oval in lateral view with a truncate posterior. A shallow anten· 
nal sinus does not have an overhanging rostrum. The shell surface is coarsely punctate 
and ornamented with numerous riblets; two prominent longitudinal ribs run almost the 
complete length of the shell. 

The caudal furca bears three strong claws which show distinct demarcation lines at 



Ecology and Taxonomy of Recent Marine Ostracodes 237 

their bases, followed by two weak claws. The remaining appendages are typical of the 
genus. The seventh limb bears six terminal and four lateral setae. The male is unknown. 

Comparisons: Rutiderma dinochelata differs from Rutiderma compressa Brady and 
Norman in the distribution of the strong and weak claws on the furca. R. dinochelata 
differs from R. rostrata Juday in not having an overhanging rostrum. 

Shell measurements (in mm.): 
Specimen number Length 

57-1 (holotype) 1.22 
91-1 1.18 

247-10 Ll4 

Width 
0.45 
0.45 

Height 
0.87 
0.8 
0.79 

Material: Seventy-nine specimens were collected from bottom samples. Two speci
mens were dissected (both females), and.individual appendages were examined from 
several additional specimens. The holotype {s specimen number 57-1, illustrated on Fig. 
46, 8a-b. 

Occurrence: Rutiderma dinochelata was common in the Bimini area (Fig. 40). Speci
mens were obtained from waters which ranged in depth from one to 20 meters, and in 
salinity from 31 to 42 parts per thousand. Water temperature was about 29°C. 

Alternochelata Kornicker, new subgenus 

Type species: Rutiderma ( Alternochelata) polychelata Kornicker, new species 

Diagnosis: Caudal laminae with many claws; weak claws and spines alternate with 
strong claws. 

Comparisons: The subgenus Alternochelata differs from the subgenus Rutiderma in 
having more claws on the furcal laminae and in having these claws arranged so that 
weak claws and spines alternate with strong claws. 

Rutiderma ( Alternochelata) polychelata Kornicker, new species 

(Figs. 46, 6A-B; 59, A- E; 86, C, G) 

Diagnosis: The shell is oval in lateral view, with a narrow antennal sinus and over
hanging beak. The postero-ventral corner is compressed, forming a small but distinct 
projection. The surface of the shell is smooth and without ribs or other ornamentation. 

The furca bears 10 claws and spines; two long distal claws are followed by a small an
nulated spine; then a short claw is followed by a weak claw, which is succeeded by a 
larger claw and four weak claws. The second antenna bears a secondary appendage 
which seems to have two joints. The proximal joint of the secondary appendage bears 
several short spines (five or six), whereas the distal joint bears a long spine which has 
secondary setae near its middle. The seventh limb contains six terminal and four lateral 
setae. The first and second antenna, maxilla, and the fifth and sixth limbs are typical of 
the genus. 

Comparisons: Rutiderma ( Alternochelata) polychelata differs from all previously 
described species of this genus in possessing a greater total number of claws ( 10) on the 
furca and also in that these claws are arranged so that strong and weak claws alternate. 

Occurrence: Two specimens were collected east of South Bimini and eight were ob
tained in North Bimini harbor (Fig. 37). Water depth in collecting areas ranged from 
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F1G. 40. Distribution of Rutiderma dinochelata Kornicker, new species. Species was absent from 
samples shown as empty circles. Small circles represent trawl samples ; large circles represent spot 
samples. 

one to five meters. Temperatures were about 29 ° C., and salinities were about 37 parts 
pe1· thousand. The bottom consisted of calcareous sand. 

Shell measurements (in mm.): 
Specimen number 

144-1 
llOF- 2 (holotype) 

Length 
1.03 
1.36 

Width 
0.49 
0.55 

Height 
0.73 
0.98 

Material : Ten specimens were collected from bottom samples; one specimen (sex not 
known ) was dissected. The furca of a second specimen was examined and found identi· 
cal to that of first specimen. The holotype is specimen number llOF-2, illustrated on 
Figure 86, C, G. 
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Family Asteropidae 

Genus Asteropina Strand 

Asteropina mulleri l Skogsberg) 

(Figs. 60, A-F; 61. A-F; 87, A, D, G) 
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Cylindroleberis teres G. W. Mueller. 1894, Fauna Neapel, Monogr. Vol. 21, P. 220, PL 
IV, Figs. 13, 30, 43; Pl. V, Figs. 15, 24, 25; Pl. VIII, Fig. 5. 

Asterope mulleri Skogsberg, 1920, l"ppsala Cniversitat, Zoo!. Bidr. l"ppsala, Suppl. 
Ed. L PP. 483-491, Fig. LXXXIX; Klie, 1940, Kieler Meeresforshungen, Band 3, PP. 
409-411, Figs. 7-10. 

Diagnosis: The shell is more or less pear shaped, with its greatest height and width 
behind the middle, but elliptical shells are occasionally encountered with the greatest 
height and width in the middle. Live shells have characteristic brown markings on the 
inner surface of the shell which are visible from the outside. These markings fade after 
death. 

Shell measurements lin mm.): 
Specimen number 

CP5-l * 
CP5-3 
CP5-2* 
CPAC-1 

* GraYid female. 

Length 
1.26 
1.3 
1.26 
1.34 

Width 
0.49 

0.57 

Height 
0.90 
0.87 
0.89 
0.93 

Remarks: This species is described in considerable detail by Skogsberg (1920). 
Skogsberg ( 1920) and Mueller ( 1894) describe this species as having six claws on the 
furca. The adults examined by the author (five females) had either five or six furcal 
claws. One individual contained six on the left lamina and five on the right. The Bimini 
specimens are slightly smaller than Skogsberg's or Mueller's forms and much smaller 
than specimens collected by Klie ( 1940). 

Material: Fifty-three specimens were collected in the Bimini area from bottom 
samples. Seven specimens were dissected; of these three were gravid females, and the 
sex of the remainder was not determined. 

Occurrence: Asteropina mulleri was widely distributed in the Bimini area (Fig. 41). 
It occurred in waters having salinities ranging from about 31 to 39 parts per thousand 
and temperatures around 29 °C. Individuals belonging to this species were adept at ag
glutinating debris in order to form burrows in which they resided. Occasionally two in
dividuals occupied the same burrow. Mueller t,1894, p. 14) noted burrow formation by 
other members of this genus. 

Distribution: Also reported from the English Channel, the Mediterranean Sea, and 
the coast of German Southwest Africa. 

Asteropina setisparsa Kornicker. new species 

(Figs. 46, 9A-B; 62, A-D; 63, A-D; 64, A-E; 86, L-P) 

Diagnosis: The carapace is elongate with almost parallel dorsal and ventral edges. 
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Fie. 41. Distribution of Asteropina mulleri (Skogsberg) and Actinoseta chelisparsa Kornicker, new 
species. Species was absent from samples shown as empty circles. Small circles represent trawl samples; 
large circles represent spot samples. 

The postero-ventral corner projects slightly in some individuals; in others the posterior 
end is evenly rounded. In dorsal view the carapace is slightly wider behind than in front. 
A narrow slit, the antennal sinus, is present in the lower half of the anterior part of the 
shell. 

The furca contains Eeven to eight claws. The anterior five claws are sturdier than the 
last two or three. The seventh limb contains six lateral and six terminal setae. The antero
ventral corner of the sixth limb bears one thick bristle and one or two slender bristles; 
the ventral edge contains, at most, one bristle and many fine hairs. Two large black eyes 
are visible through the shell. The male is unknown. 

Comparisons: The shell of this species is similar to that of Aste rope mariae Baird. A. 
setisparsa differs from A. mariae in having fewer claws on the furca and in the absence 
of numerous bristles along the ventral edge of the sixth limb. A. setisparsa is also smaller 
than A. mariae. 
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Shell measurements t,in mm.) : 

Specimen number Length Width Height 

48---6 1.45 0.53 0.69 
2.t-0-3 * ( holotype) 1.54 0.75 

127G 1.5 0.57 0.78 
122D-3"" 1.52 0.77 
1-llK 1.22 0.47 0.63 

* Gra,·id female. 

:\laterial: Thirty-seven specimens were collected from bottom samples. Three speci
mens tall female l were dissected. The holotype is specimen number 246-3 illustrated on 
Fig. 86. L-P. 

Occurrence: Asteropina setisparsa was abundant east of South Bimini and rare in 
other areas (Fig. 42 l. East of South Bimini where this species reached its greatest abun
dance. the depth of water from which this species was collected ranged from one to five 
meters and had a temperature of about 29"C. Salinity at this locality was about 37.5 
parts per thousand. The bottom was calcareous sand and rock. Patches of Thalassia and 
the algae laurencia grew in this area. but .4 . setisparsa was not restricted to them . 

.4steropina extrachelata Kornicker. new species 

t Figs. 65. A-E; 66. A-E; 87, C. F, I) 

Diagnosis: The shell is om! in lateral outline and has a smooth surface; however, 
small pits may be observed under high magnification. The antenna! sinus is a narrow 
slit just below the center of the anterior edge. 

The furca bears fiw claws followed by four annulated bristles. The penultimate joint 
of the mandible has a "claw" at about the middle of the anterior edge. Along the wntral 
edge the sixth limb bears approximately 24 bristles. Two bristles are on the anterior 
edge. and a total of fi,·e bristles are on the antero-,·entral corner. Six lateral and six 
terminal setae are on the sewnth limb. Two lateral eyes are present as well as the gill
like organs typical of the genus. 

Comparisons: The shell is similar to that of Asterope abyssicola Sars . .4steropina ex
trachelata differs from .4. abJSsicola in having fewer setae on the sewnth leg. The furca 
of A. extrachelata differs from that of .4. abJSsicola. as well as Asterope mariae Baird, 
in that the last four digits are distinctly annulated bristles. whereas the other two species 
bear weakly dewloped claws. 

Only one individual of this species was collected. The ' ·claw" on the anterior edge of 
the penultimate joint of the mandible differentiates this species from all other species 
of this genus known to the author. For this reason a new species was erected with this 
minimum of indi,·iduals. 

Shell measurements (in mm.): 

Specimen number Length 
118-1" t holotype) 1.88 

• 1.ra,·id female. 

Width Height 

1.01 
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Fie. 42. Distribution of Asteropina setisparsa Kornicker, new species. Species absent from samples 
shown as empty circles. Small circles represent trawl samples ; large circles represent spot samples. 

Remarks: The individual examined was a female. It contained rosette-like markings 
on the shell similar to those described by Tressler (1949) on Cyclasterope sphaerica. 
These markings have been observed by the author on some individuals of other species 
and seem to be due to the decomposition of the soft parts as they are not present on the 
living animal. A diagram of one of the markings on A. extrachelata is presented on Fig. 
41, 8c. 

Material: One specimen (a female) was collected in a bottom sample. The ho lo type is 
specimen number 118-1, illustrated on Fig. 87, C, F, I. Appendages of this specimen are 
fi gured on Figs. 65, A-E; and 66, A-E. 

Occurrence: The only specimen of Asteropina extrachelata collected came from the 
eastern section of Cavelle Pond, South Bimini. The sediment there gave off an odor of 
hydrogen sulfide and supported an abundant growth of the algae Laurencia. 
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Genus Cycloberis Skogsberg 

Cydoberis biminiensis Kornicker, new species 

(Figs. 67, A-D; 68, A-F; 85, A-E) 
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Diagnosis: The shell is oval in lateral outline and only slightly longer than high. An 
antennal sinus is approximately in the middle of the anterior edge. A distinct muscle 
scar of rosette form is visible near the center of the shell. Lateral eyes are situated above 
the muscle scars. 

The furca bears four claws followed by three or four bristles. Between the third and 
fourth claw is an additional small bristle. The seventh limb bears 23 to 32 setae. Six 
protuberances are on the anterior edge of the penultimate joint of the first antenna. 
Otherwise, this limb, as well as the frontal organ, is similar to that of Cycloberis ameri
cana lMueller). The male is unknown. 

Comparison: Many species of Cycloberis have a carapace of similar shape. The num
ber and arrangement of claws and bristles on the furca are used for differentiating 
species. Cycloberis brevis (Mueller) is the only species known, other than C. biminiensis, 
whose furca bears four claws; all other known species bear only three claws. C. bimini
ensis differs from C. brevis in the presence of a small bristle between the third and 
fourth furcal claws. C. brevis has five to seven bristles following the fourth claw, 
whereas C. biminiensis has only three or four. 

Shell measurements (in mm.): 
Specimen number Length 

177- 1 (holotype) 1.8 
177-2 
156-1 

1.5 
1.8 

Width 
0.74 

0.9 

Height 
1.4 
1.1 
1.3 

Material: Seven specimens were collected from bottom samples. Of these specimens 
three (?females) were dissected, and the caudal furca of two additional specimens 
examined. The holotype is specimen number 177-1, illustrated on Figs. 85, A-B; 67, A-C, 
and 68, A-B, D-E. 

Occurrence: Cycloberis biminiensis was collected in waters ranging in depth from 
three to 10 meters with temperatures around 20° C. (Fig. 37). The salinity was about 37 
parts per thousand. 

Actinoseta Kornicker, new genus 

Type species: Actinoseta chelisparsa Kornicker, new species 

Diagnosis: The shell is strongly calcified, densely pitted, and appears imbricate in 
dorsal view. In the type species the shell is almost oval in lateral view and contains a 
shallow antennal sinus. 

The natatory bristles of the second antenna bear spines on the distal half; basal spines 
are not present. The posterior appendage of the second antenna bears numerous spines 
on the first and second joints. The seventh limb has abundant pinnately arranged setae. 
The furca bears three (always?) sturdy, medium-length claws with fine hairs at the base. 
Following these claws are a few weak non-annulated setae. 

Comparisons: Actinoseta is closely related to Cyclasterope Skogsberg and Asterop· 



244 Ecology and Taxonomy of Recent Marine Ostracodes 

teron Skogsberg and possesses some of the diagnostic morphological features of both 
genera. Actinoseta differs from Cyclasterope in not having powerful basal spines on the 
second antenna and in having only a few furcal bristles. It differs from Asteropteron in 
having spines on the natatory setae on the second antenna and in possessing numerous 
setae on the seventh limb. 

Actinoseta chelisparsa Kornicker, new genus, new species 

ffi gs. 46, lOA-B; 43, A-L; 69, A-F; 70, A-I ; 89, H-J, P, Q) 

Diagnosis: The shell is almost oval in lateral view, with a shallow antennal sinus and 
small rostrum. The surface of the shell is densely pitted and appears imbricate in dorsal 
Yiew. Three or four faint protuberances are present in the postero-dorsal corner paral
leling the margin. These are not always apparent and are absent on some specimens. 

The furca bears three strong claws. At the base of the second and third claws are 
numerous fine hairs. Occasionally these are al so found between the first and second 
claws. In the posterior co rner of the £urea are three short, slender bristles. The seventh 
limb contains about 46 setae which are on about the distal 22 segments; two setae are 
attached to each segment. The st>cond joint of the posterior appendage of the second an
tenna bears eight lateral setae. The male is not known. Considerable change in append· 
age morphology takes place during ontogeny I Fig. 43). 

Shell measurements I in mm. ) : 
Sj)ecimen number Length Width Height 

60- 1 1.68 0.92 1.19 
CP52- 19 0.95 0.73 
CP52- 16 0.83 0.63 
CP52- 6* 2.47 1.95 
CP38- 2* (holotype) 2.42 1.29 1.92 
5216B 2.0 1.55 
CP52-24 0.61 0.46 
CP38- 7 0.83 0.71 
246-2 0.99 0.55 0.78 

* Gravid female. 

Material: Thirty- two specimens were collected from bottom samples. Six specimens 
(all females) were dissected for comparison. Many others were partially dissected dur
in g identification. The holotype is specimen number CP38-2, illustrated on Figs. 43, 
A-L ; 69, A-F; 70, B-D, F-1; 89, I, Q. 

Occurrence: Actinoseta chelisparsa was found in waters three to 15 meters in depth 

FIG. 43 
Ontogenetic stages in female of Actinoseta chelisparsa. 

A, D, G, J. Young instar: A, carapace; D, Furca ; G, First antenna ; J, Posterior appendage of second 
antenna. Specimen number CP52-16. 

B, E, H, K. Immature ins tar : B, carapace; E, Furca ; H, First antenna; K, Posterior appendage of 
second antenna. Specimen number CP52- 19. 

C. F, I, L. Mature female : C, carapace; F, Furca; I, First antenna; L, Posterior appendage of second 
antenna . Specimen number CP38-2. 
Figures with simil ar magni fica tion : A, B, C; D, E, F; G, H , I ; J, K, L. 
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(Fig. 41). Salinity was about 37 parts per thousand and temperature about 29°C. This 
species was common in Cavelle Pond where salinities as low as 31.5 parts per thousand 
were recorded. 

Genus Asteropteron Skogsberg 

Asteropteron monambon Kornicker, new species 

(Figs. 46, llA-B; 71, A-G; 72, A-D; 86, D, H, K) 

Diagnosis: The shell is elliptical in lateral view, with a shallow antennal sinus slightly 
below the middle of the ventral margin. The width of the shell increases gradually from 
the anterior margin to a point about one-fourth of the shell length from the posterior 
margin and then decreases rapidly so that in dorsal view the carapace resembles the 
head of an arrow. A raised border parallels the shell's outer edge except at the postero· 
dorsal corner, where the border forms two or three nodes. These are more distinct on 
some individuals than on others. A more or less horizontal slightly raised ridge extends 
from the anterior border, at a point directly behind the antenna! sinus, to the posterior 
portion of the carapace, dying out before reaching the posterior border. In the center of 
the shell this ridge expands and encloses about 15 reticulations. The surface of the shell 
is punctate. 

The furca is elongate and bears three main claws followed by four smaller secondary 
claws. The second antenna does not contain basal spines. Natatory bristles of the second 
antenna also lack spines. The ultimate joint of the secondary branch of the second an· 
tenna is covered with fine hairs. The seventh limb bears 16 setae. The terminal part of 
the seventh limb resembles the "aristotle lantern" of an echinoid. Lateral eyes are not 
readily visible through the shell. The male is unknown. 

Comparisons: A. monambon is closely related to Asteropteron agassizi (Fr. Mueller) 
and Asteropteron fusca (G. W. Mueller). It is readily distinguished from these two 
species by the character of the carapace sculpture; viz., the border of A. monambon is 
continuous, and a horizontal ridge approximately bisects the carapace, whereas, the 
border of A. agassizi is discontinuous, and the horizontal ridge runs below the center. 
The border of A. fusca is also discontinuous. 

Shell measurements (in mm.) : 
Specimen number Length Width Height 

113G (holotype) 1.25 0.63 0.90 
243-1 1.14 0.58 0.83 
CP38-l 0.93 0.67 
CP52-4 1.52 1.04 
91 0.66 0.5 
119C 0.61 0.48 

Material: Thirty-four specimens were collected from bottom samples. Three speci
mens (? females) were dissected. The holotype, specimen number 113G, is illustrated on 
Fig. 46, lla-b. 

Occurrence: Asteropteron monambon was fairly uniformly distributed in the Bimini 
area (Fig. 44). Specimens were collected in waters ranging in salinity from 31.5 to 42 
parts per thousand, and in depth from three to about 20 meters. Temperature was about 
29°C. 
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Fu;. -1-1. Distribution of Asteropteron monambon Kornicker. new species. Species was absent from 
samples shown as empty circles. Small circles represent trawl samples: large circles represent spot 
samples. 

Famih- Sarsiellidae 

Genus SarsieUa l\orman 

Sarsiella carina.U1 A. Scott 

(Figs. 47, SA-B; 73, A-G; 74, A-F; 75, A-D; 88, J, l\, R; 89, E) 
Sarsiella carinala A. Scott, 1905. Rep. Ceylon Pearl Fisheries, Suppl. Rep, 22, P . 368, 

Fig. 1, 1-2; Fig. 2, 40-41. 

Diagnosis: The male shell has a prominent rostrum and a shallow sinus. Two longi
tudal ribs fringed with short hairs terminate in protuberances posteriorly. A series of 
hair-co\·ered nodes parallels the ventral margin. 

The male furca bears five claws, which increase in length distally. The seventh limb 
of the male has two lateral and four terminal bristles. and the distal end is closed. The 
first antenna bears a brush-like sensory organ. 
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The female shell has ornamentation quite similar to that of the male which differs in 
having no antenna) sinus. Shells of mature females contain marginal radial furrows. The 
female shell varies in shape and would be difficult to differentiate from other sarsiellids 
were it not for short stiff hairs which always cover the shells of this species and which 
are easily visible under high magnification. These hairs are abundant along the hori
zontal riblets which ornament the shell and around the numerous protuberances along 
the ventral and dorsal portions of the shell. The horizontal riblets occur, especially on 
immature individuals, as a series of disconnected protuberances. 

The female £urea bears five claws followed by two short "points." The seventh limb 
of the female contains six terminal and two lateral spines; the distal end of the seventh 
limb is open and bears "teeth." An immature female had only two lateral and two termi
nal setae on the seventh limb and possessed a closed distal end similar to that of the male. 

Comparisons: The female of S. carinata resembles Sarsiella globulus Brady (Brady 
and Norman, 1896, Fig. 60, 5-7) from which it differs in having numerous surface 
protuberances which are covered by short stiff hairs and in possessing fewer spines on 
the seventh limb. S. carinata does not resemble the type species of S . globulus (Brady, 
1881-1886, Fig. 15, 8-9) . 

Shell measurements (in mm.) : 
Specimen number Length Width Height Sex 

68fr-X2 1.42 0.67 1.12 Female 
CP38- 5 1.28 0.86 Female 
CP38-13 1.48 1.14 Female 
CP52- 23 1.18 0.68 Male 

Remarks: Females of this species have not previously been reported. 
Material: Seventy-eight specimens were collected from bottom samples. Eight males 

were among the collected specimens. Three individuals were dissected. 
Occurrence: Sarsiella carinata was the most abundant species of the genus Sarsiella 

in the Bimini area. It was especially abundant in North Bimini harbor in front of the 
Lerner Marine Laboratory. Specimens were collected in water ranging in depth from one 
to 20 meters, and in salinity from 31.5 to about 38 parts per thousand. Temperature was 
about 29 °C. Areal distribution of the family Sarsiellidae is shown in Fig. 45. 

Distribution: This species has been reported from near Ceylon (A. Scott, 1905). 

Sarsiella capillaris Kornicker, new species 
(Figs. 47, 7A-B; 76, A-F and H; 89, A, B, D, F, 0) 

Diagnosis: The shell is subcircular in side view, with a posterior projection. Numer
ous protuberances are present on the surface of the shell. A long hair, which is annulated 
and becomes wider at about two-thirds of the distance from its proximal end, projects 
from the apex of each protuberance. Surrounding the base of the long hair are many 
shorter hairs which may have bulbous tips. The posterior projection of the shell bears 
many long and short hairs similar to those on the protuberances. 

The £urea bears five claws followed by several "points." The seventh limb contains 
four terminal and two lateral setae. The balance of the appendages are typical of the 
genus. The male is not known. 

Comparisons: Sarsiella capillaris is difficult to differentiate from some individuals of 
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Fu;. -t5. Distribution of the family Sar>iellidae. Genus was absent from samples shown as empty 
circles. Small circles represent trawl samples: large circles represent spot samples. 

Sarsie/la. carinata Scott, and especially from immature forms of that species. The pres
ence of short stiff surface hairs on S. carinata permit;: differentiation from S. capillaris 
whose surface hairs are slightly longer and appear to be more pliable. Examination of 
surface hairs is best accomplished under high magnification. S . capillaris also differs 
from S. carinala in ha,·ing fewer terminal ;:pines on the ;:ewnth limb. 

Shell mea;:urements t.in mm. ·1: 

Specimen number Length 
92- 1 tholotype) 1.15 
CP38-10 1.1 
CP52-15 
1117(-3 

0.82 
0.65 

Width 
0.56 

Height Sex 
1.15 Female 
0.81 Female 
0.66 Female 
0.49 Female 

Material: Fifteen specimens were collected from bottom samples. One ostracode was 
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completely dissected and several others partially dissected. The holotype is specimen 
number 92-1 , illustrated on Fig. 47, 7a-b. 

Occurrence: Sarsiella capillaris was found in waters ranging in depth from two to 
20 meters, and in salinity from 31.5 to about 37.5 parts per thousand. 

Sarsiella gigacantha Kornicker, new species 

(Figs. 47, 8A-B; 76; 77, A-E; 88, A, F, H, I) 

Diagnosis: The carapace is sub-oval in outline, with the posterior truncate. The male 
has a rostrum and surface riblets. A prominent spine occurs in the postero-dorsal part 
of the shell of both sexes. 

The caudal lamina bears five strong claws followed by several small "points." The 
seventh limb of the female contains four terminal and 11 lateral setae. 

Comparisons: The postero-dorsal spine on the carapace and the numerous spines on 
the seventh limb distinguishes 5. gigacantha from previously described ostracodes of the 
genus Sarsiella. 

Shell measurements (in mm.): 
Specimen number Length Width Height Sex 

190-lA (ho lo type) 1.37 0.75 1.14 Female 
122D- 2 1.3 0.85 Male 

Material: Forty-seven specimens were collected in bottom samples. Three specimens 
were males. Two ostracodes were dissected. The holotype is specimen number 190-lA, 
illustrated in Fig. 47, 8a-b. 

Occurrence: Sarsiella gigacantha was found in waters ranging in depth from one 
to 20 meters, and in salinity from 31.5 to about 38 parts per thousand. Temperature 
was about 29°C. 

Sarsiella truncana Kornicker, new species 

(Figs. 78, A-E; 88, Q; 89, C) 

Diagnosis: The shell is elliptical in lateral view, except for the truncate posterior. 
A shallow sulcus separates the slightly inflated postero-dorsal part of the carapace from 
the anterior part. The surface of the shell is covered with short hairs and minute 
punctae. The furca bears five to seven claws. The seventh limb contains six terminal 
and four lateral spines. The male is not known. 

Comparisons: The shell of S. truncana does not resemble any previously described 
species. 

Shell measurements (in mm.) : 
Specimen number Length Width Height Sex 

CP52- 21 (holotype) 1.3 0.69 1.13 Female* 
CP38-5 0.8 0.67 Female 
CP38- 6 0.41 0.18 0.35 Female 
246-3 1.36 1.3 Female* 
121D-5 1.01 0.92 Female* 

* Gravid. 
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Material: Fifty-four specimens were collected from botton samples. Two specimens 
~re dissected. The holotype is specimen number CP52-21, illustrated on Fig. 88, Q; 
89, C. Appendages from this specimen are figured on Fig. 78, A, B. D. 

Occurrence: Sarsiella trunca.na was abundant east of South Bimini and in North 
Bimini harbor~ Specimens were found in waters ranging in depth from one to 20 
meters, and in salinity from 31.5 to about 38 parts per thousand. Temperature was 
about 29°C. 

Sarsiella punctata Kornicker, new species 

(Figs. 47, 3A-B; 79, A-I; 88, L, P, M) 

Diagnosis: The shell is sub-oval, with posterior truncated. A shallow sulcus extends 
from the center of the dorsal edge almost to the posterior margin. The surface of the 
shell is distinctly punctate and without hairs. The furca bears five claws. The seventh 
limb of the female contains six terminal and four lateral setae. The male has a slight 
rostrum and two faint horizontal riblets in the posterior part of the shell. 

Comparisons: Sarsiella punctata differs from Sarsiella truncana Kornicker in the ab
sence of surface hairs and in having large punctae. 5. punctata differs from Sarsiella 
gracilis Scott in not having setae or spines combined with claws on the furca. Sarsiella 
crispata Scott differs from S. punctata in having only four furcal claws. S. punctata 
differs from Sarsiella murrayana T. Scott in having terminal "teeth" and more setae on 
the seventh limb. 

Shell measurements (in mm.): 
Specimen number Length Width Height Sex 

82-1 (holotype) 1.1 0.53 0.81 Female 
246-6 0.97 0.69 Female 
119A- l 0.98 0.57 0.77 Male 
CP38-4 1.26 1.02 Female 
CP38-9 1.04 LO Female 

Material: Nineteen specimens were collected from bottom samples. Two males were 
among the specimens collected. One male and one female were dissected. The holotype 
is specimen number 82-1, illustrated on Fig. 47, 3a-b. 

Occurrence: Sarsiella punctata was common in Cavelle Pond and in North Bimini 
harbor. Specimens were found in waters which ranged in depth from one to five meters, 
and in salinity from 31.5 to about 38 parts per thousand. The water temperature was 
about 29°C. 

Sarsiella costa.ta Kornicker, new species 

(Figs. 47, 4A-B; 80, A-E; 81, A-E; 88, B, C, G) 

Diagnosis: The shell is sub-oval in lateral view, with a truncated posterior. The sur
face of the shell is punctate. Surface ribs diverge from the postero-dorsal corner of the 
carapace and meet ventrally . A horizontal, anteriorly directed riblet branches from the 
lower rib in the postero-ventral quarter of the carapace. The male has a prominent 

. rostrum and surface rib distribution similar to that of the female. 
The £urea bears five claws followed by two "points." The seventh leg of the mature 

female contains six terminal and four lateral setae. 
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Comparisons: The surface rib pattern differentiates Sarsiella costata from previously 
described species of the genus Sarsiclla. 

Shell measurements (in mm.): 
Specimen number Length Width Height Sex 

156-2 (holotype) 
CP52- 7 
CP38-8 
CP38-16 

1.02 
0.97 
0.73 
1.14 

0.58 

0.26 

0.79 
0.61 
0.47 
0.84 

Female 
Male 
Female 
Female 

Material: Forty spec: mens were collected from bottom samples. Only one male was 
among those collected. Three specimens were dissected. The holotype is specimen num
ber 156- 2 and is illustrated in Fig. 88. C, G and Fig. 47, 4a-b. 

Occurrence: Sarsiella costata was especially abundant east of South Bimini. Many 
specimens were also found in Cavelle Pond. The depth of water from which this species 
was collected ranged from one to five meters, with a salinity ranging from 31.6 to 12 
parts per thousand. Temperature was about 29°C. 

Sarsiella sculpta Brady 

(Figs. 47, 6A-B; 82, D, E; 88, D, K, E, 0, S) 

Sarsiella sculpta Brady, 1890, Trans. Roy. Soc. Edinb., Vol. 35, P. 516, Pl. 1, Figs. 
17-20; 1897, Brady, Trans. Zoo!. Soc. Lond., Vol. 13, P. 93. 

Diagnosis: The shell is oval in side view, with a small retral process. The postero
dorsal quarter is globose. Two surface riblets diverge posteriorly'; one riblet bisects the 
globose postero-dorsal quarter. The shell surface is coarsely punctate. Mature individuals 
have radial riblets along the shell margin. 

The furca bears five claws followed by several minute "points." The seventh limb 
contains six terminal and seven lateral setae. The remaining appendages are typical of 
the genus. 

Comparisons: Brady ( 1890) in the original description of Sarsiella sculpta illustrates 
two individuals differing considerably in appearance. It is questionable as to whether 
both individuals belong to the same species. The Bahamian individuals are similar to 
the first individual illustrated by Brady (Pl. 1, Figs. 17, 18). Brady later (1898) illus
trated a caudal furca and the end of a seventh limb obtained from a third specimen of 
S. sculpta; the shell of this specimen was not illustrated. The appendages of the Ba
hamian forms are similar to those presented by Brady, with the exception of two small 
spines on the fourth claw of the caudal furca which are not present on the Bahamian 
specimen examined. 

Shell measurements (in mm.): 
Specimen number Length 

127- 1 1.65 
177 1.54 

*Gravid. 

Width Height 
1.45 
1.31 

Sex 
Female 
Female* 

Material: Thirteen specimens (females) were collected in bottom samples. One speci
men was dissected. 
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Occurrence: Sarsiella sculpta was collected in waters which ranged in depth from 
two to 20 meters. Salinity was about 37.5 parts per thousand and temperature was about 
29°C. 

Distribution: This species has been collected from :\ umea (dredged in two to four 
fathoms), Levuka tfrom between tidemarh). Vuna Point tfrom between tidemarh L 
and Flinders Passage t taken in seven fathoms) . 

Chelicopia Kornicker, new genus 

Type species: Chelicopia arostrata Kornicker, new species 

Diagnosis: The shell of the male and female are sub-ornl (the male is slightly more 
elongate than the female) . The male and female are without rostrum or sinus. The cara
pace of the type species is covered by hair. 

The furca contains many short and long clam;. The first antenna is fiw-jointed. The 
secondary appendage of the female second antenna is three-jointed, with spines on each 
joint. The secondary appendage of the male second antenna is two-jointed, with spines 
on each joint. The ultimate joint is annulated. Other appendages are similar to those of 
the genus Sarsiella. 

Comparisons: Chelicopia differs from the genu;; Sarsiella in having small claw;; be
tween the large claws on the furca and in the absence of a rostrum on the male shell. 

Chelicopia arostrata Kornicker, new genu;;. new specie;; 

(Figs. 47, 2A-B; 82, A-C; 83, A-D; 84, A-E: 89, G, K-.:\ '1 

Diagnosis: The shell is sub-oval in lateral view and covered with short hairs. The 
male is without sinus or rostrum and is slightly longer than the female. Distinct lineated 
pores parallel the shell margin on the inside. 

The first, second, and fourth furcal claws are larger and do not have a line of demar
cation at the base. The third and remaining four smaller claws have lines of demarcation 
at their bases. The secondary appendage of the second antenna of the female is three
jointed (joining indistinct) and has two or three bristles on each joint. The ;;econdary 
appendage of the male is two-jointed. with the second _joint annulated: two bristles are 
on each joint. The se,·enth limb contains four terminal and two lateral setae. The re
ma"ning appendages are similar to those of the genus Sarsiella. 

Shell measurements (in mm.) : 
Specimen number Length Width Height Sex 

91-1 tholotype) 1.06 0.66 0.96 ?Female 
CP38---16 0.78 0.76 ?Female 
118A-l 0.98 0.51 0.82 ~lale 

Material: Five specimen;; were collected from bottom samples. Three specimen;; 1 two 
females and one male) were dissected. The holotype is specimen number 91-1. illus
trated on Fig. 4 7, 2a-b. 

Occurrence: Chelicopia arostrata was found in Cawlle Pond and :\orth Bimini 
harbor. The waters in which specimens were collected had a salinity range of about 31.5 
to 39 parts per thousand. The depth was from one to three meters. and the temperature 
about 29°C. 
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Summary and Conclusions 
This paper describes a study of the relationship of living and dead ostracodes to the 

substrate, salinity and other factors in the diverse environments around Bimini. 
1. Evidence was found indicating that substrate, salinity, and current velocity af

fected distribution of ostracodes. Dissolved oxygen, pH, water color, organic detritus, 
organic content of the sediment, water depth, and daily temperature variation had little 
effect in the Bimini area. Several species of Myodocopa were found to be positively re· 
sponsive to light. 

2. Living Myodocopa were abundant, but empty carapaces were not found in the 
sediment possibly because of the low calcium carbonate content of the carpaces of 
individuals in this suborder. Common species belonging to the suborders Podocopa 
and Platycopa found as empty carapaces in the sediment were also collected alive in 
the Bimini vicinity except in the North Sound and Cavelle Pond areas where certain 
podocopid species occurred commonly as empty carapaces but were not found alive. 

3. Brackish water ostracode remains were abundant in the sediment of Cavelle Pond, 
but only normal marine forms were collected alive in the pond. This is interpreted as 
indicating that the pond had previously contained brackish water. This interpretation 
is supported by the fact that a pass connecting Cavelle Pond to the sea is of recent 
origin. 

The occurrence of the relict faunal remains in the sediment of Cavelle Pond suggests 
that the numerous investigations being carried out today in which animal remains are 
being correlated with existing environments should be supplemented with a study of the 
living animal distribution. 

4. The sediments containing the largest number of dead ostracodes did not occur in 
areas containing the largest number of living ostracodes. Empty ostracode carapaces 
were most abundant in areas where the salinity of the water was either high, low, or 
extremely variable. Lack of dilution by calcareous remains of other organisms is ad· 
vanced as the reason for high concentration of empty carapaces in these areas. 

S. The evidence in the Bimini area indicates that, in general, remains of the sub· 
orders Podocopa and Platycopa found in sediment reflect the kinds but not the absolute 
numbers of ostracodes of these suborders which were living in the area, and that the 
suborder Myodocopa was probably more widespread in the past than is indicated by 
its poor representation in the fossil record. 

6. Ostracodes were differentiated taxonomically on the basis of appendage morphol
ogy as well as shell structure. Appendage morphology is especially important for dif
ferentiation of the suborder Myodocopa which was represented in Bimini waters by 10 
genera, two of which are new (Actinoseta and Chelicopia), and 19 species, including 
14 new species and one new subspecies. 
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Diagrams and Photographs of Ostracode Morphology 
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FIG. 46. 

la-b. Pseudophilomedes ferulana Kornicker, new species, immature instar. la. Dorsal view ; lb. Side 
view. No. 93-1. 

2a-2. Pseudophilomedes ferulana Kornicker, new species. 2a. Dorsal view; 2b. Side view. No. 165-1. 
3a-b. Philomedes multichelata Kornicker, new species. 3a. Dorsal view; 3b. Side view. No. 686Z-6. 
4a-b. Philomedes paucichelata Kornicker, new species. 4a. Dorsal view; 4b. Side view. No. 287-1. 
Sa-b. Asteropina setisparsa Kornicker, new species. Sa. Dorsal view; Sb. Side view. No. 141K. 
6a-b. Rutiderma polychelata Kornicker, new species. 6a. Dorsal view; 6b. Side view. No. 144-1. 
7a- b. Philomedes lomae (Juday) . 7a. Dorsal view; 7b. Side view. No. ll5-Cl. 
8a- b. Rutiderma dinochelata Kornicker, new species. 8a. Dorsal view; 8b. Side view. No. S7-l. 
9a-h. Asteropina setisparsa Kornicker, new species. 9a. Dorsal view; 9b. Side view. No. 48-6. 

lOa-b. Actinoseta chelisparsa Kornicker, new species. lOa. Side view; lOb. Dorsal view. No. 60- 1. 
lla-b. Asteropteron monambon Kornicker, new species. Ila. Dorsal view; llb. Side view. No. ll3G. 
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Fie. 47. 
la-b. Cypridina squamosa lerneri Kornicker, new subspecies. la. Side view; lb. Dorsal Yiew. No. 212-1. 
2a-b. Chelicopia arostrata Kornicker , new species. 2a. Dorsal view; 2b. Side view. No. 91-1. .3a-b. Sarsiella punctata Kornicker, new species, female. 3a. Dorsal view; 3b. Side view. No. S2-l. 4a-b. Sarsiella costata Kornicker, new species, female. 4a. Dorsal view; 4b. Side view. No. 156--2. 5a-b. Sarsiella carinata A. Scot t, female . Sa. Dorsal view; Sb. Side view. No. 6S6X-2. 6a-b. Sarsiella sculpta Brady, female. 6a. Dorsal view; 6b. Side view. No. 127-1. la-b. Sarsiella capillaris Kornicker, new species, female. 7a. Dorsal view ; 7b. Side view. No. 92-1. Sa-b. Sarsiella gigacantha Kornicker, new species, female. Sa. Dorsal view; Sb. Side view. No. 190-lA. 
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D 

Cypridina squamosa lerneri Kornicker, new subspecies. 
A. Furca. Specimen No. P-1 I juvenile I. 
B. Furca. Specimen No. 246--7 (ju\"enilel. 
C. Furca. Specimen No. 247-3 ( gra\"id female I . 
D. Seventh limb. Specimen No. 119-1 f_mature male I. 
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Fie. 49. 

Cypridina squamosa lerneri Kornicker, new subspecies. 

:\ .. Portion of maxilla or fifth limb of young instar. Specimen No. P-1 (juvenile). 

B. '.\fandihle of young instar. Specimen No. P- 1 (juvenile I . 

C. First antenna young instar. Specimen No. P-1 I juvenile). 

D. Secondary branch second antenna. Specimen No. P-1 I juvenile) . 

E. Second antenna. Specimen No. P- 1 I juvenile). 
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Fie. 50. 

Philomedes multichelata Kornicker, new species (Male) . 

A. First antenna. Specimen No. 686Z-2. 

B. Portion of sensory setae of first antenna enlarged. Specimen No. 686Z- 2. 

C. Distal end first antenna ; sensory setae not shown. Specimen No. 686Z-2. 

D. Seventh limb. Specimen No. 686Z-3. 

E. Furca. Specimen No. 686Z-4. 
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FIG. 51. 

Philomedes multichelata Kornicker, new species (Male). 
A. Second antenna. Specimen No. 686Z-2. 

B. Portion of sensory bristle enlarged. Specimen No. 686Z-2. 
C. Secondary branch of second antenna. Specimen No. 686Z-4. 
D. Mandible. Specimen No. 686Z-4. 
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Frc. 52. 

Philomedes lomae Juday (l\!ale). 

A. Furca. Specimen No. CP52-12. 

B. First antenna. Specimen No. CPS2-12. 

C. Secondary branch of second antenna. Specimen No. CP52-12. 

D. Second antenna. Specimen No. CPS2-12. 

E. Sensory bristle of first antenna. Specimen No. CP52-12. 
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FIG. 53. 

Philomedes lomae Juday (Male) . 
A. Mandible. Specimen No. CP52- 12. 

B. Portion of sixth limb. Specimen No. CP52-12. 
C. Sensory appendage on mandibl e. Specimen No. CP52-12. 
D. Portion of fifth limb. Specimen No. CP52- 12. 
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FIG. 5.t. 

Philomedes paucichelata Kornicker, new species (Female). 

A. Furca. Specimen No. 156--5. 

B. :\landible. Specimen No. 156-5. 

C. Second antenna. Specimen Ko. 156--5. 

D. First antenna. Specimen No. 156--5. 

E. Part of sixth leg. Specimen No. 156--5. 
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Frc. 55. 
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Philomedes paucichelata Kornicker, new species (Female). 
A. Portion of fifth leg. Specimen No. 156-5. 

B. Seventh limb. Specimen No. 156-5. 

C. Portion of maxilla. Specimen No. 156- 5. 
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FIG. 56. 

Pseudophilomedes jerulana Kornicker. new species (Female). 

A. Furca. Specimen No. 118B-2. 

B. Distal portion of fifth limb. Specimen 1\o. 1188-3. 

C. Distal portion of maxilla. Specimen No. 118B- 3. 

D. Mandibular palp. Specimen No. 1188- 3. 
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F1G. 57. 

Rutiderma ( Rutiderma) dinochelata Kornicker, new species (Female). 
A. Furca. Specimen No. 247-10. 
B. First antenna. Specimen No. 247-10. 
C. Second antenna. Specimen No. 247-10. 
0. Frontal organ. Specimen No. 247- 10. 
E. Seventh limb. Specimen No. 247-10. 
F. Portion of maxilla. Specimen No. 247-10. 
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Fie. 58. 

Rutiderma ( Rutiderma) dinochelata Kornicker. new species tf emale .1. 

A. Fifth limb. Specimen '.\o. 2-17-10. 

B. Mandible. Specimen No. 2-17- 10. 

C. Setae of fifth limb. Specimen .\"o. 2-17-10. 

D . .\Iandible. Specimen No. 2-17- 10. 

269 



270 Ecology and Taxonomy of Recent Marine Ostracodes 

A 

E 

FIG. 59. 

Rutiderma (A. lt ernochelata) polychelata Kornicker, new subgenus, new species (Sex unknown). 

A. Secondary branch second antenna. Specimen :\"o. 11(}-2. 

B. Seventh limb. Specimen :'\o. 110- 2. 

C. .'llandible. Specimen ;'\o. 11(}-2. 

D. Proximal joint of secondary branch of second antenna. Specimen No. 11(}-2. 

E. Furca. Specimen :'\o. II0- 2. 
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FIG. 60. 

Asteropina mulleri (Skogsberg) (Sex unknown). 

A. Distal end of second antenna. Specimen No. CPS-3. 

B. Second antenna. Specimen No. CPS-3. 

C. Second antenna. Specimen No. CPAC- 1. 

D. Secondary branch of second antenna. Specimen No. CPAC-1. 

E. Secondary branch of second antenna. Specimen No. CP13-l. 

F. Furca. Specimen No. CPAC-1. 
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FIG. 61. 

Asteropina mulleri (Skogsberg) (Female). 

A. First antenna. Specimen No. CPS-1. 

B. Mandible. Specimen No. CPS-1. 

C. Sixth limb. Specimen No. CPS-1. 

D. Mandibular process. Specimen No. CPS-1. 

E. Maxilla. Specimen No. CPS-2. 

F. Distal end of seventh limb. Specimen. No. CPS-2. 
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Fu;. 62 . 

..J.steropina setisparsa Kornicker, new >pecies I Female) . 
. .\. ~landible. Specimen '.'<o. 2-16-3. 

B. Furca. Specimen :\o. 120(- l. 

C. Furca. Specimen :\o. 1220-3. 

D. Seventh limb. Specimen :\o. 2.t6-3. 
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Fie. 63. 

Asteropina setisparsa Kornicker, new species I Female I . 

A. Second antenna, sensory bristles not shown; round objects are parasites. Specimen No. 1220-3. 
B. Secondary appendage of second antenna. Specimen No. 246-3. 

C. Second antenna with one sensory bristle shown ; round objects are parasites. Specimen No. 1220-3. 
0. First antenna. Specimen No. 246-3. 
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E 

Frc. 64. 

Asteropina setisparsa Kornicker, new species (Fernald. 
A. Maxilla. Specimen No. 122D-3. 

B. Fifth limb, not all setae shown. Specimen No. 122D-3. 

C. Mandibular process. Specimen No. 122D- 3. 

D. Sixth limb. Specimen No. 122D-3. 

E. Sixth limb. Specimen No. 1220-1. 
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FIG. 65. 
Asteropina extrachelata Kornicker, new species (Female). A. First antenna. Specimen No. 118-1. 

B. Secondary branch of second antenna. Specimen No. 118-1. C. Second antenna. Specimen No. 118-1. 
D. Furca. Specimen No. 118-1. 
E. Mandible. Specimen No. 118- 1. 
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F1G. 66 . 

.-l steropina extrachelata Kornicker. new ;;pecie;; f Female I . 
A. Se,·enth limb. Specimen :\o. 118-L 
B. .\laxilla. Specimen :\o. 118-L 
C. Fifth limb. Specimen '.\o. 118-L 
D. Sixth limb. Specimen :\o. 118-L 
E. Antero-,·entral corner of other ;;ixth limb. Specimen :\o. 118-1. 
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FIG. 67. 

Cycloberis biminiensis Kornicker, new species (?Female). 
A. Furca. Specimen No. 177- 1. 
B. Falciform process on mandible. Specimen No. 177-1. 
C. Frontal organ. Specimen No. 177-1. 
D. Furca. Specimen No. 177- 2. 
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FIG. 68. 

Cycloberis biminiensis Kornicker, new species (?Female). 
A. Distal end first antenna. Specimen No. 177-1. 
B. Second antenna, setae not shown. Specimen No. 177-1. 
C. Bristle from third joint of second antenna. Specimen No. 177-2. 
D. Bristle from third joint of second antenna. Specimen No. 177-1. 
E. Seventh limb, stumps only shown of setae. Specimen No. 177-1. 
F. Outline of sixth limb without bristles. Specimen No. 177-2. 
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Fie. 69. 

A ctinoseta chelisparsa Kornicker, new genus, new species (Female). 
A. Sixth limh. Specimen No. CP38-2. 
B. Distal end of seventh limb. Specimen No. CP38-2. 
C. Portion of segments of seventh limb. Specimen No. CP38-2. 
D. Distal end of setae on seventh limh. Specimen No. CP38-2. 
E. Maxilla. Specimen No. CP38-2. 
F. Seventh limb. Specimen No. CP38-2. 
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FIG. 70. 

Actinoseta chelisparsa Kornicker, new species (Female l . 
A. Furca. Specimen No. CP52-6. 
B. First antenna. Specimen No. CP38-2. 
C. Second antenna. Specimen No. CP38-2. 
D. Frontal organ. Specimen No. CP38- 2. 
E. Sensory bristle of first antenna. Specimen No. CP52-6. 
F. Mandible. Specimen No. CP38-2. 
G. Part of distal half of setae on second joint of second antenna. Specimen No. CP38-2. 
H. Mandible bristle. Specimen No. CP38-2. 
I. Falciform process on mandible. Specimen No. CP38-2. 
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Asteropteron monambon Kornicker, new species (Female). 
:\. Furca. Specimen :\o. CP52-t. 
B. Fir5t antenna. Specimen :\o. CP52-t . 
C. Second antenna. Specimen '.'lo. CP52- -1. 
D. Secondary branch of second antenna. Specimen :\o. CP52--1. 
E. \Iaxilla. Specimen ~o. CP52-t. 
F. Paddle-shaped tip of maxillary bristle. Specimen :\o. CP52-4. 
G. Seventh limb. Specimen :\o. CP52--1. 
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Fie. 72 . 

.-lsteropteron monambon Kornicker. new 5pecies 1. Female I. 

A. :\landible. Specimen No. CP52-t. 

B. Sixth limb. Specimen No. CP52--l. 

C. Sixth limb. Specimen No. CP52--l. 

D. Fifth limb. Specimen No. CP52-t. 
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FIG. 73. 

Sarsiella carinata . .\ .Scott (Female). 
_.\. Furca. Specimen '.'lo. CP38-13. 
B. Furca. Specimen :\o. CP38-5. 
C. Se,·enth limb. Specimen :\o. CP38-13. 
D. Portion of sewnth limb (mate of CI. Specimen No. CP38-13. 
E. Seconda~· branch first antenna. Specimen :\o. CP38-5. 
F . FiM antenna. Specimen CP38-5. 
G. SeYenth limb. Specimen '.'lo. CP38-5. 

:\ote: Specimen :\o. CP38- 5 is young instar. 
Specimen :\o. CP38-13 is mature. 
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FIG. 74. 

Sarsiella carinata A. Scott (Male). 
A. Second antenna. Specimen No. CP52-23. 
B. First antenna. Specimen No. CP52-23. 
C. Secondary branch of second antenna. Specimen No. CP52-23. 
D. Process on mandible. Specimen No. CP52-23. 
E. Mandible. Specimen No. CP52_.:23. 
F. Furca and penis. Specimen No. CP52-23. 
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FIG. 75. 

Sarsiella carinata A. Scott (Male) . 
A. Fifth limb. Specimen No. CP52-23. 
B. Sixth limb. Specimen No. CP52-23. 
C. Seventh limb. Specimen No. CP52-23. 
D. Frontal organ. Specimen No. CP52-23. 
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FIG. 76. 

Sarsiella capillaris Kornicker, new species (Female). 
A. Furca. Specimen No. CP38-10. 
B. First antenna. Specimen No. CP38-10. 
C. Second antenna. Specimen No. CP38-10. 
D. Detail of bristle on seventh joint of second antenna. Specimen No. CP38-10. 
E. Seventh limb. Specimen No. CP38-10. 
F. Maxilla . Specimen No. CP38-10. 
H. Distal end of mandible. Specimen No. CP38-10. 

Sarsiella gigacantha Kornicker, new species (Female). 
G. Seventh limb. Specimen No. S-2. 

287 



288 Ecology and Taxonomy of Recent Marine Ostracodes 

I 8 

D 

FIG. 77. 

Sarsiella gigacantha Kornicker, new species (Female). 
A. Furca. Specimen No. S- 2. 

B. l\laxilla. Specimen No. S-2. 

C. First antenna. Specimen No. S- 2. 

D. Second antenna. Specimen No. S-2. 

E. Secondary branch of second antenna. Specimen No. S- 2. 
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FIG. 18. 

Sarsiella trun cana Kornicker. new species (Female 1 . 

A. Furca. Specimen No. CP52- 21. 

B. First antenna. Specimen No. CP52-21. 

C. Furca (young instar). Specimen No. CP38-6. 

D. Part of mandible. Specimen No. CP52- 21. 

E. Seventh limb. Specimen No. CP52- 20. 



FIG. 79. 

Sarsiella punctata Kornicker, new species. A. Furca. Specimen No. CP38-9. 
B. Seventh limb. Specimen No. CP38- 9. C. First antenna. Specimen No. CP38-9. 
D. Second antenna. Specimen No. CP38- 9. E. Maxilla. Specimen No. CP38-9. 
F. Fifth limb. Specimen No. CP38- 9. 
G. Penis. Specimen No. 119A-l. 
H. Mandible. Specimen No. CP38-9. I. Secondary branch of second antenna. Specimen No. CP38-9. Note: Specimen No. CP38--9 is male. 

Specimen No. l 19A- l is female. 
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Sarsiella costata Kornicker, new species ( Female I. 
A. First antenna. Specimen No. CP52-l9. 
B. First antenna. Specimen No. CP38-8. 
C. Second antenna. Specimen No. CP38-8. 
D. Furca. Specimen No. CP38--8. 
E. Furca. Specimen No. CP52-l9. 

Note: Specimen No. CP38-8 is young instar. 
Specimen No. CP52-l9 is mature. 
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Sarsiella costata Kornicker, new species (Female). 
A. Maxilla. Specimen No. CP38-8. 
B. Mandible. Specimen No. CP38-8. 
C. Fifth limb. Specimen No. CP38-8. 
D. Seventh limb. Specimen No. CP52-19. 
E. Seventh limb. Specimen No. CP38-8. 

Note: Specimen No. CP38-8 is young instar. 
Specimen No. CP52-19 is mature. 
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Chelicopia arostrata Kornirker, new genus, new species I Female l. 

A. Mandible. Specimen No. CP38-16. 

B. Sixth limb. Specimen No. CP38-16. 

C. Fifth limb. Specimen No. CP38-16. 

Sarsiella sculpta Brady (Female). 

D. Seventh limb. Specimen No. 177- 1. 

E. Furca. Specimen No. 177-1. 
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FIG. 83. 

Chelicopia arostrata Kornicker, new genus, new species (Male). 

A. Secondary branch of second antenna. Specimen No. 118A- l. 

B. Seventh limb. Specimen No. 118A- l. 

Chelicopia arostrata Korni~ker (Female). 

C. Seventh limb . Specimen No. CP38--16. 

D. Maxilla. Specimen No . CP38-16. 
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Chelicopia arostrata Kornicker, new genus, new species (Female). 
A. First antenna. Specimen No. CP38-16. 
B. Furca. Specimen No. CP38-16. 
C. Secondary branch of second antenna. Specimen No. CP38-16. 
D. Second antenna. Specimen No. CP38-16. 

Chelicopia arostrata Kornicker (Male). 
E. First antenna. Specimen No. 118A- l. 
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FIG. 85. 

Cycloberis biminiensis Kornicker, new species A. Dorsal view. Specimen No. 177- 1. 
B. Lateral view showing muscle scar. Crease on dorsal edge occurred after death. Specimen No. 177-1. C. Dorsal view. Specimen No. 156-1. 
D. Lateral outline. Specimen No. 177-2. 
E. Lateral outline. Specimen No. 156-1. Spots on shell occurred after death. Note: The shells of the species are soft and the above figured shells are somewhat misshapen. Figures with similar magnification, A, B, D; C, E. 
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Fie. 86. 

A, E, I. Philomedes lomae l J uday). male . . .\. Dorsal view (shell slightly tilted anteriorly I ; E. side \·iew. 
Specimen No. CP52-12. I, Dorsal ,·iew Specimen No. CP- 3. 

B, F, J. Rutiderma (Rutiderma) donochelata Kornicker. new species, female . B, Dorsal view ; F. Side 
view; J, Surface pits. Specimen l\o. 91-1. 

C, G. Rutiderma ( Alternochelata) polychelata Kornicker. new subgenus, new species, female. C, 
Dorsal view; G, Side ,·iew. Specimen :\o. IIOF- 2. 

D, H, K. Asteropteron monambon Kornicker. new species. femal e. D, Dorsal \·iew: H. Side view; K,. 
Detail of central boss. Specimen i\o. 243-1. 

L, P. Asteropina setisparsa Kornicker. new species. female. L. Dorsal view: :\I. Side \·iew. Specimen 
No. 127-GI. N. Inside view posterior end. P . Inside view anterior end. Specimen No. 122D-l. 0, 
Side Yiew. Specimen No. 246-3. Figures with similar magnification . . .\-1. L. :\I. 0: J, K: N, P. 
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FIG. 87. 

A, D, G. Asteropina mulleri (Skogsberg ) , female. A, Dorsal view showing eggs; D, Side view. Speci
men No. CP5-l. G, Side view. Specimen No. CP5-3. 

B, E, H. Philomedies paucichelata Kornicker, new species, female. B, Dorsal view; E, Side view (out
lined areas on shell are slight depressions). Specimen No. 288-1. H, Side view. Specimen No. 
156-7. 

F, I, C. Asteropina extrachelata Kornicker, new species, female. F, Side view (internal occurred after 
death ); I, Ventral view with valves slightly parted ; C, Detail of an internal mark. Specimen No. 
118- 1. Figures with similar magnification, A, B, D-1; C. 
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Fie. 88. 

A, F, H, I. Sarsiella gigacantha Kornicker, new species. A, Dorsal view; H, Side view. Specimen No. 
190--lA (female). F, Dorsal view with valves partly open (sketch); I, Side view. Specimen No. 

122D-2 (male). 

B, C, G. Sarsiella costata Kornicker, new species. B, Side view. Specimen No. CP52-7 (male). C, 
Dorsal view; G, Side view. Specimen No. 156-2 (female). 

D, K, E, 0, S. Sarsiella sculpta Brady. D, Dorsal view slightly tilted; K, Side view ; E, Detail of 
surface pits. Specimen No. 127- 1 (female). 0, Inside view of left valve; S. Detail of antero-ventral 
edge. Specimen No. CP38-8 (female). 

L, M, P. Sarsiella punctata Kornicker, new species, male. L, Dorsal view; P, Side view. Specimen No. 
119A-l (male). M, Side view. Specimen No. CP38-9 (female) . 

J, N, R. Sarsiella carinata A. Scott, male. J, Side view. Specimen No. CP52- 23 (Male) . N, Dorsal 
view; R, Side view. Specimen No. 686X-2. 

Q. Sarsiella truncana Kornicker, new species. Q, Dorsal view showing internal eggs. Specimen No. 
CP52- 21 (female). Figures with similar magnification, A-D, H-N, P-R ; E; O; S. 
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FIG. 89. 

A, B, D, F, 0. Sarsiella capillaris Kornicker, new species, female. A, Dorsal view; F, Side view; B, 
Detail of surface pits. Specimen No. 92- 1. D, Shell hairs on posterior end of shell; 0, Arrange> 
ment of clump of hairs on shell. Specimen No. CP38-10. 

E. Sarsiella carinata A. Scott, female of immature instar. E, Side view. Specimen No. CP38-5. 

C. Sarsiella truncana Kornicker, new species, female.C, Side view. Specimen No. CP52- 21. 

G, K-N. Chelicopia arostrata Kornicker, new genus, new species. G, Dorsal view; K, Side view. Speci
men No. 91-1. L, Inside view of detail of anterior edge (female) . Specimen No. CP38- 16. M, 
Side view (eye is bright orange) . Specimen No. 118A- l. N, Side view. Specimen No. CP38-16. 

H-J, P, Q. Actinoseta chelisparsa Kornicker, new species. I, Dorsal view; Q, Side view. Specimen No. 
CP38-2. J, Surface pits ; H, P. Detail of surface pits. Specimen No. C-1. Figures with similar 
magnification, A, C, F, G, K, M, N; B; D; E; H, L, 0, P ; I, Q; J. 




