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ABSTRACT 

Two hundred ten species of moUusks from 84 core and grab samples are grouped into five biofacies, 
each of which characterizes a particular environmental fades within and adjacent to the Gulf of Batabano, 
Cuba. The biofacies within the Gulf are the Anomalocardia brasiliana-Corbula swifliana Subassemblage, 
the Tegula fasciata-Arcopsis adamsi Subassemblage, the Tdlina candeana-Eriiilia nitens Subassemblage, 
and the Cerithium litteratum Subassemblage. A fifth biofacies of pelagic mollusks, mainly pteropods, occurs 
in deep water south of the Gulf platform margin. 

The distribution patterns of the biofacies are related to those of calcareous sediments, salinity, median 
grain size, sorting, and certain other ecological factors. Salinity, amount of carbonate mud, and water 
turbulence primarily control the distribution of the mollusks. The biofacies tend to occur in concentric 
patterns and in particular sequences relative to the land margins of the Gulf and the reef tract. The A. 
brasiliana-C. swifliana biofacies characterizes areas of variable salinity, quiet water, and predominantly 
muddy bottom that usually Ke near the Cuban mainland. Areas in which the T. fasciata-A. adamsi bio
facies dominates are centrally located within the Gulf and are similar to those for the foregoing biofacies 
except that sahnity remains practically constant at normal marine values. The T. candeana-E. nitens 
biofacies favors areas of carbonate sand sediment and relatively high water turbulence located in the 
southeastern part of the Gulf and along the oceanic margin. The C. litteratum biofacies also exists behind 
the Gulf reef tracts in areas of carbonate sand sediment and high turbulence. 

The results are used to illustrate some useful techniques of paleoecological analysis that may help geol
ogists to interpret basin configuration and the depositional environments for certain types of limestones, 
and to assess proximity to reefs or reef-prone areas. 

INTRODUCTION 

Much information has accumulated in recent 
years regarding the composition and texture of 
limestones. B u t relatively little is known about 
the na ture and interrelationships of limestone en
vironmental fades . ' One of the rewarding methods 
of investigation is by paleoecological analysis of 
assemblages of fossils, because organisms react 
more quickly to changes in certain t3rpes of en
vironmental factors than do the composition or 
texture of the associated bot tom fades. Therefore, 
studies of modern ecological situations involving 
calcareous sediments are excellent sources of de
tailed, quant i ta t ive da ta , upon which to base 
paleoecological interpretat ions of limestones, and 
to devise useful techniques of paleoecological 
analysis in general. 

' Paper presented before the Society of Economic 
Paleontologists and Mineralogists at San Francisco, 
March 28, 1962. Manuscript received, August 3, 1964. 
PubUshed with permission of Jersey Production Re
search Company. 

' Jersey Production Research Company, Tulsa, 
Oklahoma. The writer thanks Robert Robertson of the 
Academy of Natural Sciences of Philadelphia for iden
tifying several moUuscan species. 

' "Environmental fades" is used in the sense of 
Weller (1958, p. 628) to mean any particular system of 
complexly interacting environmental factors, many of 
which are non-material. 

This reconnaissance study examines distribu
tion pa t te rns of mollusks over a large area of sev
eral types of calcareous sediment and physico-
chemical environments within and adjacent to 
the Gulf of Ba tabano , Cuba (Fig. 1). The purpose 
is (1) to define the principal molluscan assem
blages or biofacies,^ (2) to describe the interrela
tionships among the biofacies and between the 
biofacies and the sediments, (3) to see if the results 
are useful for interpreting paleoenvironmental 
fades of limestones texturally analogous with the 
Gulf sediments, and (4) to determine if the 
arrangement of the biofacies or specific faunal dis
tr ibution pa t te rns can be used to show reef trend 
and proximity. 

This s tudy is complementary to one by Profes
sor 0 . L. Bandy (1964) on the foraminifera of 
this same region, which likewise utilizes samples 

* The words "assemblage" and "subassemblage" 
denote distinct associations of mollusks, presumably in 
ecological equilibrium, that characterize a particular 
environmental fades. The words mean almost the same 
thing as "organism community" used by Newell et al. 
(1959, p. 198), but the faunas they stand for are not 
sufiiciently representative of the entire biota to war
rant use of Newell's phrase in its strict ecological mean
ing. "Biofacies" means simply an aspect of a biota or 
fauna, and the word is used here devoid of any strati-
graphic or lithologic connotation (e.g., Moore, 1949, p. 
16-17). As used here it is synonymous with both 
"assemblage" and "subassemblage." 

1680 



MOLLUSCAN BIOFACIES, GULF OF BATABANO, CUBA 1681 

FIG. 1.—Index map and bathymetric chart, Gulf of Batabano, Cuba. 

furnished by Jersey Production Research Com
pany. Studies on the sedimentology, petrography, 
oceanography, and geology of the Gulf and adja
cent areas by other Jersey Production Research 
geologists, have been published in part (Daetwyler 
and Kidwell, 1959). 

Previous studies.—One of the best early refer
ences to Cuban moUusks is a monograph by 
d'Orbigny (1853). Since that time relatively little 
has been added to our knowledge of Cuban mol-
lusks, and today they are still not as well known 
as those of some of the other Caribbean islands 
and adjacent areas. 

The following investigations of mollusk faunas 
from various areas of the Caribbean Sea, Gulf of 
Mexico, and south Atlantic coast were used as 
sources of information: (1) Gulf of Mexico (DaU, 
1886, 1889a, b ; Maury, 1921, 1922; Pulley, 1952; 
Perry and Schwengel, 1955; Ginsburg, 1956; 
Parker, 1956, 1959; Turney, 1961; Scholl, 1963), 
(2) the southern Atlantic coast (Johnson, 1934; 
McNulty et al., 1962), (3) the Bahama Islands 
(Newell, Rigby, Whiteman, and Bradley, 1951; 
Newell, Imbrie, Purdy, and Thurber, 1959; Voss 
and Voss, 1960; Robertson, 1959; Purdy, 1963b), 
and (4) various areas of the Caribbean Sea 
(Abbott, 1958; Clench, 1944-1945; Dall and Simp
son, 1900; Olsson and McGinty, 1958; Kornicker, 

Bonet, Cann, and Hoskin, 1959; Kornicker and 
Boyd, 1962). Some of these studies are of especial 
interest because they describe sediment-fauna re
lationships similar or analogous to those in the 
Gulf of Batabano. 

Sampling and study methods.—Oceanographic 
and sediment data were obtained during three 
cruises in the study area. During June and July 
of 1956, 188 bottom samples (mostly cores) were 
taken within the Gulf with a gravity corer (3-inch 
diameter tube) and Petterson sampler. In 
August, 1958, an additional 72 sediment samples 
and faunal and oceanographic data were ob
tained. Additional oceanographic data and 13 
cores were collected in deep water south of the 
Gulf in May, 1958. A total of 260 cores, 25 grab 
samples, and 9 dredge samples resulted. Of these, 
84 core samples and the grab and dredge samples 
were used in this study (Fig. 2). The selected sam
ples are more or less evenly distributed through
out the study area and afford a fair representation 
of the biofacies and bottom sediments. Three 
hundred grams of dry sediment was used from 
each sample. The fauna, consisting solely of dead 
specimens, was separated and washed on 18- and 
100-mesh sieves. 

Species selected for multivariate analysis were 
those whose distribution patterns showed some 



FIG. 2.—Distribution of sediment types modified from Daetwyler and Kidwell (1959) and moUusk sample stations. 
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degree of correlation with the sediment facies and 
saHnity. 

DESCRIPTION OP STUDY AREA* 

The Gulf of Batabano is a shallow embayment 
approximately 80 by 180 nautical miles in maxi
mum dimensions and averages slightly less than 
25 feet deep. The maximum depth does not ex
ceed 45 feet and many shallow banks are covered 
by less than 6 feet of water (Fig. 1). But depths to 
approximately 11,000 feet occur within 7 miles 
south of the Gulf platform margin. The southern 
platform margin supports linear reefs east of the 
Isla de Pinos and patch reefs on the west. 

Nine distinct types of carbonate sediments 
ranging in composition from almost pure carbon
ate mud (matrix) to skeletal sand' and various 
types of non-skeletal sand are at present accumu
lating (Fig. 2). Insignificant amounts of quartz 
sand occur sporadically close to the Cuban main
land and the Isla de Pinos. Non-skeletal sands are 
composed of combinations of ovoid grains, detrital 
grains, composite grains, oolites, and "non-
skeletal" grains of uncertain origin.' The sedi
ments are distributed in a veneer over a Pleisto
cene limestone platform. The silt- and sand-size 
sediments occur mainly in the southeastern part 
and along the southern edge of the Gulf, and are 
usually not thicker than about 2 or 3 feet. Car
bonate mud and muddy skeletal sediments to a 
maximum thickness of about 20 feet are present 

' Data for this section are taken from Daetwyler and 
Kidwell (1959) and from later unpublished company 
reports by Daetwyler, which are based on additional 
sample control and oceanographic data obtained for 
Jersey Production Research Company under contract 
by the Texas A&M College Department of Oceanog
raphy. 

° The terms "mud" and "sand" refer here to particles 
smaller and larger than 0.062 mm. respectively. Miner-
alogically the sediments are entirely calcite and arago-
nite, except for rare occurrences of quartz sand. 

' Daetwyler defines the non-skeletal grain types as 
follows: 

Ovoid Grain—An ovoid-shaped "non-skeletal" 
grain. 

Composite Grain—A grain formed by two or more 
ovoid grains or skeletal grains cemented by 
aragonite needles. 

Detrital Grain—Rock fragment derived from the 
consolidated limestone platform of the Gulf or 
quartz grains derived from rocks exposed on the 
Isla de Pinos or the Cuban mainland. 

Oolite—A grain-size particle composed of con
centric layers of carbonate around a nucleus. 

"Non-skeletal" Grain—A particle of a compact, 
finely micrograin groundmass of carbonate not 
derived from a lime-secreting organism. 

in the central, western, and northern areas of the 
Gulf. The quantitative sediment data used in this 
study are sorting' (Fig. 3), per cent of carbonate 
mud (Fig. 4), per cent non-skeletal grains (Fig. 5), 
and median grain size (Fig. 6). 

The three environmental factors that appear to 
primarily influence the composition of the sedi
ment and the distribution patterns of the grain 
types are (1) the intensity of wave and current 
turbulence, (2) the character of the biota, and (3) 
the salinity. To illustrate, accretionary grain 
sediments, usually low in skeletal content, occur 
only along the southeastern Gulf margin and in 
the east-central and southeastern areas where 
salinity and water turbulence are both relatively 
high, whereas carbonate muds and carbonate 
muds rich in skeletal grains occur on the north in 
areas of relatively quiet water. 

Water passes through the Gulf from the south
east to the west and southwest. This pattern is 
controlled by prevailing winds, which are ap
parently the sole generating agent for currents in 
the interior of the Gulf. Tide currents are locally 
strong along the south margin and around the 
Isla de Pinos, but are virtually absent in the in
terior. Storm waves cause strong turbulence and 
may at times bring the silt- and clay-size par
ticles into suspension, The mutual effects of 
storm-induced sediment suspension and general 
water drift are undoubtedly major mechanisms in 
the movement and segregation of the various 
types of sediment. 

The Gulf water mass is well mixed and aerated. 
Salinity (Fig. 7) is variable from below average 
along the north coast and in the Ensenada de la 
Broa to above average toward the southern Gulf 
margin. Figure 7 shows a maximum bottom salin
ity of 37 parts per thousand, but additional data 
by Suarez-Caabro (1959) for January-August, 
1957, show that just north of the Isla de Pinos 
salinities as high as 39.2°/oo occurred (February). 
The lowest bottom salinities recorded during this 
investigation (27.3Voo) were in the Ensenada de 
la Broa, into which empties the major river, the 

* Daetwyler employs the phi deviation measure to 
define sorting. The phi deviation is half the difference in 
phi units between the grain diameters at the 84 and 16 
per cent points on the cumulative curve, plotted on 
Otto's modified logarithmic probability paper. The fol
lowing scale is used. 

Excellent Sorting: <1 phi deviation 
Good Sorting: 1-2 phi deviations 
Fair Sorting: 2-3 phi deviations 
Poor Sorting: >3 phi deviations 
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FIG. 3.—Sorting (phi std. deviation). 

Rio Hatiguanico. Surface salinities at the same ture, and organic productivity were also measured, 
time in this area reached a minimum of about Except for oxygen concentration, which proved 
24°/oo. However, extremes exceeding these re- slightly higher near the southeastern Gulf mar-
ported figures might well be expected. gin, these factors showed little or no meaningful 

Nitrate, phosphate, and oxygen concentrations, trends inside the Gulf, 
carbon dioxide partial pressure, pH, tempera- Marine vegetation is widespread except in mar-
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FIG. 4.—Per cent carbonate mud. 
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FIG. 5.—Per cent non-skeletal grains. 

ginal areas on the south and in the extreme eastern and Acetabularia, flourish in the southeastern, 
part of the Gulf. Thalassia tesiudinum (marine southwestern, and south-marginal areas—in the 
angiosperm) is very abundant over much of the latter case in front of cays and behind fringing 
northern and central Gulf, while various calcare- reefs, 
ous algae, mainly species of Halimeda, Penicillus, Mangroves are abundant and widespread 
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FIG. 6.—Median grain size. 
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FIG. 7.—Salinity (°/oo) of bottom water for August, 1958. 

throughout the Gulf on carbonate mud cays and 
along the shore where they create their own spe
cial areas of diverse habitats. 

Examination of the oceanographic and sedi-
mentologic data reveals several clear-cut environ
mental fades within and adjacent to the Gulf: (1) 
northern areas of low turbulence, muddy sedi
ment, fluctuating salinity, and abundant marine 
grasses, (2) central Gulf areas similar to those just 
mentioned but with more open-water character
istics and stable, average marine salinity, (3) 
southeastern Gulf areas of high turbulence, rela
tively well sorted, sandy sediments, above aver
age salinity and oxygen concentration, and sparse 
marine vegetation, (4) southern platform margin 
areas of greatest water turbulence, coarsest sedi
ment, and above average salinity and oxygen con
centration, and (5) an area of muddy sediment 
(in part) south of the Gulf platform margin in 
deep water. 

As these environmental fades are defined al
most entirely on the basis of inorganic factors, 
their distribution patterns are necessarily some
what different from those of the mollusk bio
facies. However, it may be seen that the biofacies 
and environmental fades are roughly congruent, 
which supports the general conclusion of students 

of marine ecology that the character and distribu
tion of biotic communities are determined by the 
physicochemical attributes of the environment. 

MOLLUSK BIOFACIES 

The Gulf mollusk fauna comprises at least 255 
species, of which 210 were specifically identified: 
87 pelecypods, 104 gastropods, 3 scaphopods, 15 
pteropods, and 1 heteropod. Although they are 
West Indian species, many also occur in the 
Floridian and Gulf of Mexico Faunal Provinces, 
as defined by Pulley (1953). The mollusk fauna of 
the reefs was not investigated. Unfortunately, the 
opportunity to compare most of the Gulf speci
mens with those in academic collections was not 
available. 

The small size of the sample and the wide sam
ple spacing bias the results of the faunal analyses 
in two ways. First, the recovered faunas are not 
fully representative of the living populations be
cause the larger, or more mobile, species are not 
recoverable from a 3-inch core sample. As a result, 
members of Strombus, Cardium, Fasciolaria, 
Melongena, and Conns, to mention only a few 
genera, appear either rarely or not at all in our 
data, but members of these genera sometimes 
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were observed in the field to be important ele
ments of the fauna. On the other hand, compari
son of closely located core and dredge faunules 
shows that the representation of smaller species is 
reasonably complete. The second type of bias 
derives from the fact that the average sample 
spacing of 43.6 square miles is too wide to record 
accurately the true scale of complexities that 
undoubtedly exists in regard to faunal distribution 
patterns. The result is an oversimplified recon
struction of these patterns, but these nevertheless 
probably bear a reasonably close approximation 
to reality. 

Two major ecological assemblages of moUusks 
exist within the Gulf and one without (Fig. 8). In 
each case the gross character reflects a contrast
ing, dominant "way of hfe" for a majority of the 
individuals. They are designated the Northern 
Gulf Assemblage, the Southeastern Gulf-Gulf 
Margin Assemblage, and the Deep-Water Assem
blage, with reference to the general area in which 
each is best developed. The Gulf assemblages may 
be further subdivided into subassemblages that 
reflect to a greater degree the specific effects of 
salinity, sorting, per cent carbonate mud, per cent 
non-skeletal grains, and certain other ecological 
factors. Both assemblages and subassemblages, 
which differ only in scale, may be called "biofa-
cies." Table I presents an ecological summary for 
each biofacies and Table II lists characteristic 
species. 

Amount of matrix, sahnity, and amount of 
marine vegetation appear to be the three primary 
ecological factors most responsible for the mollus-
can distribution patterns. McNulty et al. (1962) 
give important data on the type of sediment pre
ferred by many of the Gulf species as they occur in 
level-bottom communities in Biscayne Bay, 
Florida. Within the Gulf, water depth does not 
appear to control the distribution of moUusks 
whose habitat is not specifically intertidal or 
supratidal. 

MoUusks are most abundant (Fig. 9) and di
verse (Fig. 10) in a zone across the northern and 
western parts of the Gulf. The reason for this is 
not clear from our data, but the abundance of 
mangroves, marine vegetation and fresh-water 
influence probably combine to produce an opti
mum environment. The apparent relative scarcity 
of mollusks near the south margin of the Gulf 
probably is due to a reduction of habitat diversity 

and rapid destruction of shells by waves and 
currents. 

NORTHERN GULF ASSEMBL.A.GE 

The Northern Gulf Assemblage is composed of 
relatively fragile species adapted for life on or in a 
muddy substrate or attached to marine vegeta
tion. It is restricted to the north, west, and part of 
the central areas of the Gulf. Limits of certain 
environmental factors are given in Table I. 

Anomalocardia brasiliana-Corbula swiftiana 
Subassemblage.—This subassemblage occurs (see 
Fig. 8) usually in areas of below-average salinity, 
except for an isolated one just northeast of the 
Isla de Finos and another in the far western part 
of the Gulf. These anomalous patches may actu
ally be relic Pleistocene faunas, which accumu
lated under conditions of reduced salinity when 
sea-level was lower than at present. A third area 
that rims the Isla de Pinos on the north and east, 
and which extends eastward some distance from 
the island, might have a similar explanation, but 
most of this area close to the island undoubtedly 
reflects the effects of present-day fresh-water 
run-off. 

The optimum development of this subassem
blage is inside the Ensenada de la Broa where 
salinity is highly variable but usually below aver
age marine values. Some of the characteristic 
species are poikilohaline (e.g., Batillaria minima 
and Anomalocardia brasiliana); others live at
tached to debris or marine vegetation (e.g., 
Brackidonles exuslus). In species composition this 
subassemblage is similar to others described from 
similar environments in Florida Bay (the North
ern Subenvironment of Turney, 1961, and As
semblages II and V of Scholl, 1963), the Bahamas 
(the Cerithidia coslata Community of Newell 
et al., 1959), and in the northwest Gulf of Mexico 
(the Open Shallow Hypersaline Lagoon near Inlet 
Assemblage of Parker, 1960). However, Parker's 
Open Shallow Hypersaline Lagoon near Inlet 
Assemblage appears to reflect a consistently 
higher salinity range (32 to 45°/oo). A typical spe
cies distribution pattern is afforded by Corbula 
swiftiana (Fig. 11). Important members of this 
biofacies are figured in Plate I. 

Ecological data is summarized in Table I. 
Scatter diagrams for salinity and sorting show 
that the biofacies abundance increases with de-
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NORTHERN GULF ASSEMBLAGE 
ANOMALOCARDIA BRASIUANA - CORBULA SWIFTIANA 
BUBASSEMBLASE ( A ) 

TESULA FASCIATA-ARCOPSIS ADAMSI SUBASSEMBLASE ( B ) 
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REEF AREA 
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FIG. 8.—Distribution of mollusk biofacies and reefs {Cerilhium litteratum Subassemblage and Deep-Water Assemblage are not based on trigon analysis). 



TABLE I. MOLLUSK BIOFACIES RELATED TO CERTAIN ENVIRONMENTAL FACTORS 

Environmental F a c t o r 

P e r c e n t Mud 

Pe rcen t Monske le ta l 
Grains 

p e r c e n t S k e l e t a l 
Grains 

Median Grain S ize 
i n Phi Uni t s 

S o r t i n g i n Phi 
S t d . Dev ia t i ons 

Water Turbulence 

Water Depth ( f e e t ) 

S a l i n i t y 

Marine Vege t a t i on 
(Mainly T h a l a s s i a ) 

S u b s t r a t e 

Nor the rn 
G'Jlf 

Assemblage 

> 1*0-50 

<20 

Usua l l y >20 
or 30, com
monly > 1+0 
or 50 

< 2 - > 6 , 
u s u a l l y U-8 

>2 or 3 

Low t o 
moderate 

<ltO 

Brack , t o 
ave rage 
mar ine 

Abundant 

Firm 

S o u t h e a s t e r n 
Gulf-Gulf Lfergin 

Assemblage 

<ltO o r 50 

Alvays > 2 0 , 
u s u a l l y > ItO 

V a r i a b l e 

< 1 t o about 5, 
u s u a l l y < 3 or 4 

Always < 3 , 
u s u a l l y <2 

Moderate t o 
h igh 

<ltO, u s u a l l y 
<30 

Average t o above 
a v e r a g e marine 

S j a r s e o r 
a b s e n t 

Loose or 
s h i f t i n g 

Deep Water 
Assemblage 
(Top 5 I n . 

of Core) 

> 81+ 

Trace 

k.-J t o 16 .2 
'mos t ly f o r -
a m i n i f e r a ) 

5 t o > 8 

> 2 

Low 

>1300 

Average 
I ^ r i n e 

Absent 

Firm 

Anoinalocardia 
b r a s i l i a n a - C o r b u l a 

s w i f t i a n a 
Subas semblage 

>ltO or 50 

<10 

Us-ually >20 
or 30 

>Uj sometimes 
>8 

>3 

Low 

<U0 

B r a c k . t o Low 
average marine 

Very abundant 

Firm 

Tep^ula f a s c i a t a -
A r c o p s i s adamsi 

Subassemblage 

> 1*0-50 

As much a s 20 
but u s u a l l y <10 

U s u a l l y < 20 
or 30 

1* t o 8 

2 t o > 3 

Low t o moderate 

<U0 

Average marine 

Abundant 

Usua l ly f i rm 

T e l l i n a candeana. 
E r v i l i a n i t e n s 
S ubas s emblage 

< 50 

10 t o 92 , 
u s u a l l y >U0 

V a r i a b l e , 
u s u a l l y < 2 5 

< 5 , u s u a l l y <lt 

< 3 , u s u a l l y 
<2 or 1 

Moderate t o h igh 

1+0 t o < 6 , 
u s u a l l y 6 t o 30 

Average t o above 
average marine 

Sparse t o absen t 

S h i f t i n g 

Cerithiijm 
l i t t e r a t u m 

S ubas s ercbla ge 

< 60 , u s u a l l y 
< 2 0 

18 t o 82 
u s u a l l y >50 

V a r i a b l e between 
19 and 82, 
u s u a l l y >lt0 

<3 

< 2 , us^ually < 1 

High 

< 3 0 , u s u a l l y < 6 

Average t o above 
average marine 

Very s p a r s e t o 
a b s e n t 

S h i f t i n g 

1 

o 
f̂  

n 
> 
td 

o 
> o 
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o 
td 
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TABU: II . CHARACTERISTIC SPECIES TOR EACH 
BiOEACiES L I S T E D I N O R D E R O F 

D E C R E A S I N G A B U N D A N C E 

(Index Species Marked with an Asterisk) 

A nomalocardia brasiliana-Corhida 
swifliana SUBASSEMBLAGE 

MOLLUSKS 

Alabina spp. 
*A nomalocardia brasiliana 
*Brachidontes exustus 
Caecum pulchelhim 

*Corbula swifliana 
*Batillaria minima 
*Hydrobia of. H. minuta 
*BiUium varium 
*Cerithidea costata 
Tellina versicolor 
Macoma tenia 
Tellina similis 

SUPPLEMENTARY SPECIES 

Thalassia testudinum (angiosperm) 

Tegtda Jasciata-Arcopsis adamsi SUBASSEMBLAGE 

MOLLUSKS 

Crassinella lunulata 
Arcopsis adamsi 

* Tegula Jasciata 
Pinctada radiata 
Mylilus edulis 
Astraea phoehia 
Anodontia alba 

SUPPLEMENTARY SPECIES 

Thalassia testudinum (angiosperm) 
Ilalimeda spp. (calcareous alga) 
Penicilhis spp. (calcareous alga) 
Acetabularia spp. (calcareous alga) 

Tellina candeana-Ervilia nitens SUBASSEMBLAGE 

MOLLUSKS 

Ervilia nitens 
A mericardia guppyi 
Glycymeris peclinaia 

* Tellina candeana 
Divaricella quadrisidcata 
Lucina pensyhanica 
Olivella nivea 
Transennella cubaniana 
Conus stearnsi 

* Tellina cuneata 
Glycymeris undata 

SUPPLEMENTARY SPECIES 

Thalassia testudinum (angiosperm) 
Ilalimeda spp. (calcareous alga) 
Mellita sexiesperforata (echninoid) 
Manicina areolata (coral) 
Penicillus spp. (calcareous alga) 
Porites spp. (coral) 
Acetabularia spp. (calcareous alga) 

Cerilhium litteratum SUBASSEMBLAGE 

MOLLUSKS 

Ervilia nitens 
*Ceriikium litteratum 

TABLE II {continued) 

Vermicularia spirata 
Transennella cubaniana 
Smaragdia viridis weyssei 

*Neritina zebra 

SUPPLEMENTARY SPECIES 

Ilalimeda spp. (calcareous alga) 
Coral (mostly grains of Porites and Acropora) 
Coralline algae (mostly grains of Amphiroa) 
Thalassia testudinum (angiosperm) 

DEEP-WATER ASSEMBLAGE 
PELAGIC MOLLUSKS (ALL INDEX SPECIES) 

Styliola subula 
Creseis acicuia 
Spiratella inflata 
Cavolina trispinosa 
Cavolina longirostris 
Cavolina quadridentata 
Cavolina gibbosa 
Atlanta peroni (Heteropod) 
Cuvierina columnella 
Clio pyramidata 
Hyalocylis striata 
Spiratella trochiformis 
Peracle reticidata 
Cavolina uncinata 
Clio recurva 
Cavolina tridentata 

SUPPLEMENTARY SPECIES 
Planktonic Foraminifera: 

Orbulina universa 
Globigerinoides trilobus sacculifer 
Globorotalia menardi 

creasing salinity (Fig. 12) and poorer sorting 
(Fig. 13). 

Tegula fasciata-Arcopsis adamsi Subassemblage. 

—The opt imum development of this subassem
blage is in an area extending from the Peninsula 
de Zapata around the northern rim of the Gulf to 
the west-center and extreme western par ts of the 
Gulf (see Fig. 8). In this area the substrate is 
muddy and stable, turbulence is low, sahnity is 
normal and stable, and .marine vegetation is 
abundant . Poikilohaline species are rare. 

This biofacies is similar to assemblages reported 
from Florida Bay by Scholl (1963) (combined 
aspects of Assemblages I and I I , and Assemblage 
IV) and by Turney (1961) (some aspects of the 
Interior Subenvironment and the Atlantic Sub-
environment) . I n the Mississippi delta region it 
has close affinities with Parker 's (1956) Upper 
Sound Assemblage, whereas in the Bahamas it 
resembles the Didemnym and the Strombiis cos-

talus Communities described by Newell et al. 
(1959). 
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B A ' 
j rEnsenada de la Broa 

p 5 10 20 
NfiUT MILES 

FIG. 9.—MoUusk abundance (isopleths at 200, 1000, and 2,000 specimens per 300 grams). 
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FIG. 10.—MoUusk diversity (isopleths at 20, 40, and 60 species per 300 grams). 
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FIG. 11.—Occurrence of Corbtda swiftiana (number of valves per 300 grams). 

The ecology of this biofacies is outlined in Table 
I. A typical species distribution pattern is ex
emplified by Tegula fasciata (Fig. 14). Important 
members are pictured in Plate I. Scatter diagrams 
show a weak positive correlation with the per cent 
of non-skeletal grains and a stronger positive 
correlation with sorting (Fig. 15). 

SOUTHEASTERN GuLr-GuLr MARGIN 

ASSEMBLAGE 

Most species of this assemblage are able to 
withstand the effects of shifting sediment and 
relatively strong water turbulence. Accordingly, 
they are generally thicker-shelled than species of 
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FIG. 12.—Anomalocardia brasiliana-Corbida swiftiana 
Subassemblage related to salinity. 

the Northern Gulf Assemblage, and usually are 
active crawlers, burrowers, or forms that live 
firmly attached to hard objects. Grass-dwellers 
and species tolerant of below-average salinity are 
notably lacking. 

This assemblage predominates on sandy sedi
ment in areas of relatively high water turbulence, 
above average salinity, and above average con
centration of oxygen. The ecology of this assem
blage is summarized in Table I. 

Tellina candeana-Ervilia nitens Subassemblage. 
—This subassemblage, predominant in the east-

5 10 25 50 75 100 
PERCENT OF TOTAL POPULATION 

FIG. 13.—Anomalocardia brasiliana-Corbtda swiftiana 
Subassemblage related to sorting. 
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ANOMALOCARDIA BRASILIANA-CORBULA SWIFTIANA 
SUBASSEMBLAGE 

5 8 

TEGULA FASCIATA-ARCOPSIS ADAMSI SUBASSEMBLAGE 

PLATE I 

Anomalocardia brasiliana-Corbula swiftiana Subassemblage (selected species) 
FIG. 1.—Cerithidea costata (da Costa, 1778), X2.0 
Fio. 2.—Hydrobia of. H. minuta (Totten, 1834), X3.0 
FIG. 3.—Aldbina sp., X3.0 
FIG. 4.—Caecum pidchdlum Stimpson, 1851, X7.0 
FIG. S.—Batillaria minima (Gmelin, 1791), X2.5 
FIG. 6.—Bittium varium (Pfeiffer, 1840), _X2.S 
FIG. 7.—Anomalocardia brasiliana (Gmelin, 1792), X2.5 
FIG. 8.—Brachidonfes exustus (Linnaeus, 1758), X1.5 
FIG. 9.—Corbula swiftiana (C. B. Adams, 1852), X2.0 
FIG. 10.—Tellina similis (Sowerby, 1806), X2.0 

Tegula fasciata-Acropsis adamsi Subassemblage 
FIG. 1.—Crassinella lunulaia (Conrad, 1834), X2.0 
FIG. 2.—Tegtda fasciata (Bom, 1778), natural size 
FIG. i.—Arcopsis adamsi ("Shuttleworth" Dall, 1886), X2.0 
FIG. 4.—Astraea phoebia Roding, 1798, X1.5 
FIG. 5.—Anodontia alba (Link, 1807), natural size 
FIG. 6.—Mytiltis edtUis (Linnaeus, 1758) var., X1.5 
FIG. 7.—Pinctada radiata (Leach, 1814), X1.5 
FIG. 8.—Penicillus sp., X0.25 
FIG. 9.—Halimeda sp., XO.2 
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FIG. 14.—Occurrence of Tegula fasciala (specimens per 300 grams). 

ern part of the Gulf and near the south margin 
west of the Isla de Pinos, is strikingly different 
from the others. Almost all of the species are ro
bust, vigorous crawlers or burrowers well suited to 
cope with a rigorous environment. The ecology of 
this subassemblage is given in Table I and impor
tant members are illustrated in Plate II . A typi
cal species distribution pattern is that of Ervilia 
nitens (Fig. 16). 

The best correlations between biofacies and 
sediment data were obtained with this subassem
blage, as is shown by scatter diagrams for non-

I 5 10 25 50 75 100 
PERCENT OF TOTAL POPULATION 

FIG. 15.—Tegtda fasciata-Arcopsis adamsi 
Subassemblage related to sorting. 

skeletal grains (Fig. 17), per cent grains (Fig. 18), 
median grain size (Fig. 19), and sorting (Fig. 20). 

Halimeda, Penicillus, Manicina areolata, species 
of Pontes, and Mellita sexiesperforata occur here 
more abundantly than elsewhere, and further 
serve to characterize this biofacies. 

The Strombus cosiatus Community of Newell 
et al. (1959) is almost identical to this biofacies in 
terms of species composition, although the Strom-
bus samba Community is similar in many respects. 
The part of the Tellina candeana-Ervilia nitens 
Subassemblage most similar to the Strombus cos-
tains Community exists in the interior of the Gulf 
on stabilized substrate, while the part resembhng 
the S. samba Community occurs on loose sub
strate generally along the south margin of the 
Gulf platform. MoUusk assemblages comparable 
in species composition to the Tellina candeana-
Ereilea nitens Subassemblage appear not to have 
been described from Florida Bay and the northern 
Gulf of Mexico. 

Cerithiiim litteratum Subassemblage.—This bio
facies is actually just one aspect of the preceding 
Tellina candeana-Ervilia nitens Subassemblage. I t 
is defined by the presence of C. litteratum (Fig. 
21), the extraordinary abundance of certain mem
bers of the Tellina candeana-Ervilia nitens Sub-
assemblage, and by the supplementary occurrence 
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FIG. 16.—Occurence of Ervilia nitens (number of valves per 300 grams). 

of abundant grains of coral and coralline algae 
(Fig. 22) and Halimeda (Fig. 23). This biofacies is 
recognized and described because its position 
parallel with the platform margin behind the 
reefs, or presence in areas able to sustain reef 
growth, may be of some value in recognizing 
analogous paleoecological situations. 

The ecology of this biofacies is presented in 

Table I and characteristic species illustrated in 
Plate II . 

DEEP-WATER ASSEMBLAGE 

Cores from deep water south of the Gulf plat
form margin contain abundant remains of plank-
tonic foraminifera, pteropods, and one heteropod. 
The latter two groups of organisms are pelagic 
moUusks that thrive in open oceanic waters. In
digenous benthic mollusks were virtually absent, 
and most of what few benthic mollusks were re
covered proved to be displaced Gulf species. 
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FIG. 17.—Tellina candeana-Ervilia nitens Subassemblage FIG. 18.—Tellina candeana-Ermlia nilens Suhassemh\a,ge 
related to per cent non-skeletal grains. related to per cent grains. 
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FIG. 19.—Tellina candeana-Ervilia nitens Sub-
assemblage related to median grain size. 

This assemblage is recognized and selected 
species illustrated (PI. II) because its character
istic appearance and composition provide an 
important paleoecological comparison to shallow-
water moUusk faunas. I t is noteworthy that none 
of these pelagic mollusks was found within the 
Gulf of Batabano. 
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FIG. 20.—Tellina candeana-Ervilia nitens 
Subassemblage related to sorting. 

BlOFACIES AND SEDIMENT T Y P E S RELATED 

A comparison of the distribution patterns of 
sediments and biofacies shows that the amount of 
mud is the principal substrate factor controlling 
faunal distributions.'This can be seen in Figure 
24, which relates the biofacies to sediment type 
and certain other environmental factors along a 
profile across the Gulf (profile A-B, Fig. 8). 

The major sediment-biofacies correlations are 
the Northern Gulf Assemblage with predomi
nantly muddy sediment, the Southeastern Gulf-
Gulf Margin Assemblage with sandy sediment, 

rEnsenada de la Broa 
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FIG. 21.—Occurrence of Cerilhiutn liiteratum (number of specimens per 300 grams). 
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FIG. 22.—Per cent of coral and coralline algae grains. 
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FIG. 23.—Per cent of Halimeda grains. 
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tlie Tellina candeana-Ervilia nitens Subassem-
blage with ovoid grain sand and shelf margin 
skeletal sand, and the Cerithium litteratum Sub-
assemblage with skeletal, skeletal-detrital and 
oolitic-skeletal grain sands (compare Figs. 2 
and 8). 

Gross correlations between sediment and bio
facies are more obvious than detailed relationships 
because the biofacies areas are usually larger than 
the areas of individual sediment type. The result 
is t ha t in detail some of the types of sediment 
seem not to support distinct biofacies. However, 
al though the evidence regarding true causal rela
tionships is not conclusive, the da ta in Appendix I 
reveals t h a t variation in relative species abun
dance does occur among faunules associated with 
each of the sediment types. These variations, 
however, could be caused by influences of environ
mental factors other than type of sediment. 

GEOLOGICAL APPLICATIONS 

Paleoecological studies can yield impor tan t 
information about some of the more ephemeral 
environmental factors (e.g., salinity, temperature . 

and depth) tha t are difficult, if not impossible, to 
infer from the lithologic at t r ibutes of the rocks 
alone. Moreover, in certain cases these studies 
could help achieve a more complete reconstruction 
of laterally contiguous environmental facies on 
the basis of faunal "c lues" such as ecologically 
anomalous species associations or biofacies pa t 
tern distributions. 

Certain aspects of these generalizations are 
discussed below with some examples drawn from 
this s tudy. I t should be remembered tha t this 
discussion, and in particular the citing of specific 
examples from this work, are intended only to 
emphasize certain points or suggest general tech
niques or methods for dealing with broad cate
gories of paleoecological and geological problems. 
M a n y of the specific faunal da ta resulting from 
this s tudy are not directly applicable to paleoeco
logical problems without considerable generaliza
tion and interpretation, because the Gulf of 
Batabano is only one example of many similar 
fauna-sediment relationships existing today. 

Interpreting environmental facies for analogous 

types of limestones.—The environmental facies of 

EXPLANATION OF PLATE II 

Cerithium litteratum Subassemblage (selected species) 
FIG. 1.—Cerithium litteratum (Born, 1778), natural size 
FIG. 2.—Ervilia nitens (Montagu, 1806), X2.0 
FIG. 3.—Smaragdia viridis weyssei Russell, 1940, X3.0 
FIG. 4.—Transennella cubaniana (d'Orbigny, 1842), X2.0 
FIG. 5.—Halimeda sp., XO.2 

Deep-Water Assemblage (selected species) 
FIG. 1.—Diacria trispinosa ("Lesueur" Blainville, 1821), XS.O 
FIG. 2.—Creseis acicula Rang, 1828, XS.O 
FIG. 3.—Cavolina longirostris "Lesueur" Blainville, 1821, X5.0 
FIG. 4.—Styliola subula (Quoy and Gaimard, 1827), X5.0 
FIG. 5.—Atlanta peroni Lesueur, 1817, XS.O 
FIG. 6.—Cumerina cohimnella (Rang, 1827), XS.O 

Tellina candeana-Ervilia nitens Subassemblage 
FIG. 1.—Olivella nivea (Gmelin, 1791), X2.0 
FIG. 2.—Conus slearnsi ConTud, IS69, Xl.S 
FIG. i.—Ervilia nitens (Montagu, 1806), X2.0 
FIG. 4.—Glycymeris pectinata (Gmelin, 1791), natural size 
FIG. 5.—Glycymeris undata (Linnaeus, 1758), natural size 
FIG. 6.—Transennella cubaniana (d'Orbigny, 1842), X2.0 
FIG. 7.—Americardia guppyi (Thiele, 1910), natural size 
FIG. 8.—Divaricella quadrisulcata (d'Orbigny, 1842), Xl.S 
FIG. 9.—Tellina candeana d'Orbigny, 1842, Xl.S 
FIG. 10.—Tellina cuneata d'Orbigny, 1842, Xl.S 
FIG. 11.—Lucina pensylvanica (Linnaeus, 1758), natural size 
FIG. 12.—Mellita sexiesperforata (Leske), X0.3 
FIG. 13.—Manicina areolata (Linnaeus, 1758), X0.5 
FIG. \i.—Porites sp., X0.2S 
FIG. 15.—Penicillus sp., X0.25 
FIG. 16.—Ilalimeia sp., X0.2 



FIG 24.—Biofacies related to environmental factors along profile A-B, Fig. 8. 
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accretionary grain limestones can usually be pre
cisely defined on the basis of the hthologic at tr i
butes of the rock. But in the case of other types of 
grain limestones and micritic limestones in gen
eral, the oceanographic conditions a t the site of 
deposition are relatively obscure if only the rock 
at t r ibutes are considered. 

The basic faunal distinctions between sandy 
and muddy sediments in the Gulf are essentially 
differences of shell morphology and species abun
dance and diversity. However, the faunal charac
terization of such broad categories of calcareous 
sediment does not help the geologist define or 
identify analogous types of limestones. Rather , 
faunal characterization achieves its greatest im
portance in regard to helping geologists locate and 
define areas of different oceanographic character
istics within a single gross hthotope. For example, 
the distribution pat terns of the Anomalocardia 

hrasiliana-Corhula swifliana and Tegula fasciata-

Arcopsis adamsi Subassemblages, both of which 
tend to occur on predominantly mud sediment, 
clearly identify two quite distinct regimes of water 
chemistry, one of below average salinity and one 
of average marine salinity. I n predominantly sand 
sediment areas, the Tellina candeana-Ervilia 

nitens and the Cerithium Utteratum Subassem
blages usually separate distinct oceanographic 
regimes (see Fig. 24) although both may at times 
occur together on the same sediment or individu
ally on different sediments (mainly the C. Uttera

tum Subassemblage), 

Within the Gulf, water depth per se seems not 
to significantly affect moUuscan distribution pat
terns, so tha t the only comparison available is 
between the platform faunas and the Deep Water 
Assemblage south of the platform margin. Similar 
kinds of predominantly carbonate mud sediment 
occur in both areas, bu t their greatly different 
depths of accumulation would not be so apparent 
were it not for the markedly contrasting biofacies. 

Locating reef or reef-prone areas.—The reef 
environment is unusual, and so gives rise to a 
specialized biota, the "reef communi ty ," tha t has 
been exhaustively described in detail by many 
investigators. Gross proximity to reefs or reef-
prone areas, therefore, is theoretically predictable 
by observing the relative abundances of the re
mains of members of the reef community or reef-
associated fauna (either individually or grouped 
into biofacies) disseminated throughout laterally 
contemporaneous sediments. 

Although the Gulf reefs were not sampled, our 
da ta for the distribution of coral and coralline 
algae (Fig. 22) and HaUmeda^ (Fig. 23) show tha t 
they are most abundan t near the reef t ract east of 
the Isla de Pinos and within the area of pa tch reef 
growth west of the island and rapidly decrease in 
abundance away from these areas. The distribu
tion pa t te rns of reef-associated organisms tha t 
thrive within the general reef area are likewise 
similar. The result is t ha t reef debris and the 
remains of organisms generally characteristic of 
the reef area become unrecognizable or scarce 
within approximately 5-10 miles inside the reef-
bearing areas and apparently within much less 
distance seaward of the reefs. Within the Gulf a t 
distances greater than about 10 miles from the 
reefs, grains of coral and coralline algae and char
acteristic members of the Cerithium Utteratum 

Subassemblage are absent and the abundance of 
HaUmeda grains is usually less than 10 per cent. 

Biofacies pat terns afford a further means of 
assessing reef proximity. This is illustrated by 
P'igures 8 and 24, which in both cases show tha t 
the biofacies are quite different on opposite sides 
of the reef area and tend to occur in a particular 
sequence relative to the reef area. These same 
features may also be used to show the trend of 
reefs or reef-prone areas. I n Figure 8 the Cerithium 

Utteratum Subassemblage, the TelUna candeana-

ErviUa nitens Subassemblage (in part) and the 
Deep-Water Assemblage are seen to occur in 
bands more or less parallel with the reefs and the 
platform margin. Similar distribution pa t te rns can 
be expected for paleobiofacies associated with 
reefs or reef-prone areas. 

DeUmiting sedimentary basins.—The occurrence 
of the biofacies (see Fig. 8) in bands more or less 
parallel with the margins of the Gulf reflects the 
fact tha t regional environmental fades are usually 
constant in character parallel with basin borders. 
Accordingly, constancy of paleobiofacies aspect 
would be interpreted as a trend parallel with shore 
(or with some other bounding element such as a 
sill or reef), whereas changing paleobiofacies 
aspect would indicate an opposite trend. 

The results of this s tudy also suggest t ha t meas-

^ Although HaUmeda is not strictly a member of the 
reef community, it flourishes on and in proximity to 
reefs, usually behind them, and in general within areas 
in which reef growth is possible. For example, Kornicker 
and Boyd (1962, p. 650) report HaUmeda abundant in 
various parts of the reef complex and in leeward areas 
behind the Acropora zone. 
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ures of population density and species diversity 
can aid in the paleoecological interpretat ion of 
basin configuration. The plots of these two meas
ures (Figs. 8 and 10 respectively) show tha t iso-
pleths tend to parallel the shoreline. This tend
ency is bet ter developed near the Cuban mainland 
and in the central and western par t s of the Gulf 
than in the southeastern and marginal areas. I t 
seems logical tha t these trends also result from the 
tendency of environmental facies to parallel 
basin-bounding features. 

CONCLUSIONS 

1. The Gulf molluscan fauna is divisible into 
two major ecological assemblages, each of which is 
further divisible into two ecological subassem-
blages. A deep-water assemblage (mainly of ptero-
pods) exists in open ocean areas south of the Gulf 
platform margin. Each of these biofacies reflects 
the influences of several distinct environmental 
factors. 

2. Amount of carbonate mud, salinity, and 
amount of marine vegetation appear to be the 
three principal ecological factors controlling the 
distribution of the moUusks. 

3. The character and mode of occurrence of the 
biofacies reveal important information about the 
Gulf and nearby oceanic water-mass character
istics, such as salinity and depth, t ha t generally 
can not be inferred from the sediment facies. 

4. Biofacies trends and successions, measures of 
faunal abundance and diversity, and the relative 
abundance of certain key organisms are useful 
paleoecologic tools for determining general basin 
configuration, locating shorehnes, reefs, or reef-
prone areas, and inferring the depositional envi
ronments of particular types of limestone. 

APPENDIX I. MOLLUSKS COMMONLY ASSOCIATED WITH 
EACH SEDIMENT TYPE LISTED IN ORDER 

OP D E C R E A S I N G A B U N D A N C E 

(Species associated with only one sediment 
type in abundance greater than 10 per cent 

are marked with an asterisk) 

MOLLUSCAN GRAINS WITH MATRIX (14 STATIONS) 
Parvilucina multilineata 
Alabina spp. 
Anomalocardia hrasiliana 
Chione cancellata 
Arcopsis adamsi 

*IIydrobia cf. / / . minuta 
Corbula swijtiana 
Pinclada radiata 
Gouldia cerina 
Laevicai'dium laevigatum 

Brachidontes exustus 
Meioceras nitidum 
Caecum pulchellum 

*BiUium varium 
Dentalium antillaram 
Rissoina bryerea 
Relusa canaliculata 

*BatillaHa minima 
Amphithalamus vallei 

*Tellina versicolor 
Bulla striata 
Modulus modulus 

MATRIX WITH MOLLUSCAN GRAINS (43 STATIONS) 

ParvUucina multilineata 
Gouldia cerina 
Chione cancellata 
Alabina spp. 
Crasinella lunulata 
Arcopsis adamsi 
Lae-tiicardium laevigatum 
Tegula fasciata 
Brachidontes exustus 
Pinctada radiata 
Meioceras nitidum 
Chione pygmaea 
Caecum pulchellum 
Bulla striata 
Dentalium antUlarum 
Anomalocardia brasiliana 
Condylocardia floridensis 

*Crepidula maculosa 
Modulus modulus 

*Cumingia coarctata 
Corbula swijtiana 
Rissoina bryerea 
A mericardia guppyi 
Musculus lateralis 
Retusa canaliculata 
Codakia orbicularis 

*Cylichna bidenfata 
Aequipecten spp. 

PREDOMINANTLY MATRIX (12 STATIONS) 
Parvilucina multilineata 
Crassinella lunulata 
Chione pygmaea 
Tegula fasciata 
Condylocardia floridensis 
Musculus lateralis 
Gouldia cerina 
Turbo castaneus 

*Barbatia cancellaria 
Chione cancellata 
Rissoina bryerea 
Aequipecten spp. 
Amphithalamus vallei 

*Rissoina multicostata 

SHELF MARGIN SKELETAL SAND (6 STATIONS) 
Parvilucina multilineata 

*Rissoina browniana 
Chione pygmaea 
Modulus modulus 
Gouldia cerina 
Vermicularia spirata 
Tricolia bella 
Turbo castaneus 
Tricolia thalassicola 
Americardia guppyi 
Bulla striata 
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*Anachis albcUa 
Codakia orbicularis 
Arcopsis adamsi 
Cerithimn Utleralum 

*Codakia costata 
*A straea phoebia 
Acmaea pustulata pulcherrima 
Crassinella lumdata 

SKELETAL-DETRITAL GRAIN SAND (3 STATIONS) 
Tricolia thalassicola 
Cerithium liUeratum 
Transennella cuhaniana 
Modulus modulus 
Ervilia niiens 
Crassinella lumdata 
Tricolia bella 
Vermicularia spirata 

COMPOSITE GRAIN SAND (2 STATIONS) 
Crlycymeris peclinata 
Ckione cancellata 
Cerithium sp. a 
A mericardia guppyi 
Lucina pensyhanica 
Divaricella quadrisulcata 

* Diplodonta punctata 
Tellina candeana 
Gouldia cerina 
Ckione pygmaea 

*Tellina cuneata 
*Codakia orbiculata 

Tricolia thalassicola 
Nassarius albus 
Codakia orbicularis 

*Tellina similis 
*Cerithium cf. C. fioridanum 

OOLITIC-SKELETAL GRAIN SAND (S STATIONS) 

Ervilia nitens 
Tricolia thalassicola 
Transennella cubaniana 
Rissoina bryerea 
Tricolia bella 
Chione cancellata 
Chione pygmaea 
Cerithium litteratum 

*Chama spp. 
Lucina pensyhanica 
A mphithalamus vallei 

*Smaragdia viridis weyssei 
Americardia guppyi 

*Tellina radiata 
Retusa canaliculata 
Modulus modulus 

OVOID GRAIN SAND (29 STATIONS) 
Gouldia cerina 
Chione pygmaea 
Chione cancellata 
Americardia guppyi 
Ervilia nitens 
Parvilucina multilineata 
Tellina candeana 

* Pilar simpsoni 
Retusa canalicidata 

*Aequipecten gibbus 
Cerithium sp. a 
Divaricella quadrisulcata 
Musculus lateralis 
Meioceras nitidum 

Tricolia thalassicola 
Nassarius albus 
Caecum pulchellum 
Modulus modulus 
Glycymeris pectinata 
Acmaea pustidata pidclierrima 
Condylocardia floridensis 
Pinctada radiata 

* Cerithium spp. 
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