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ABSTRACT 

ECOLOGY AND PALEOECOLOGY OF MARINE INVERTEBRATE 
COMMUNITIES IN CALCAREOUS SUBSTRATES, NORTHEAST 
QUINTANA ROO, MEXICO 

by Allan Anton Ekdale 

A survey of benthic communities in the vicinity of 

Isla Cancun and Isla Contoy, Territory of Quintana Roo, 

Mexico, demonstrates that invertebrate death assemblages 

(i.e., future fossil assemblages) in this region reflect 

the in-place accumulation of remains of living benthic 

communities through long periods of time. 

Samples were collected with a diver-operated suction 

dredge, and 290 molluscan species were identified and count¬ 

ed. Although nearly three-fourths of the species are known 

only as dead shells in the samples, almost all individuals 

occurring alive in any sample are represented by dead 

shells of their species in the same sample. Worn shells 

are uncommon, and a count of disarticulated bivalve valves 

revealed a nearly even left-right distribution. 

A series of twelve Q-mode cluster analyses, utilizing 

five different similarity coefficients and data based on both 

the presence or absence and the relative abundances of 

species, demonstrates that the same associations of samples 

tend to occur whether living animals only or dead remains 

only are considered. A Q-mode analysis based on the relative 

abundances of 180 species in the death assemblages of all 50 



samples results in distinct clusters corresponding directly 

to each of the major environments sampled. An R-mode 

analysis of 66 common species in the death assemblages 

yields three distinct groups of organisms from environments 

of (a) restricted circulation, (b) open marine circulation 

and (c) swift currents. These results imply that large- 

scale transport of shell material and mixing of faunas from 

different environments are negligible in the areas sampled. 

Rankings of samples in terms of species diversity and 

total abundance indicate that most samples occupy roughly 

the same position in the lists whether only dead shells or 

only living organisms are considered. 

Associations computed between sample couplets with Chi- 

square tests and various similarity coefficients demonstrate 

that the death assemblages in each couplet are similar, 

whereas the living communities are not. 

Histograms of growth ring counts and size-frequency 

distributions of Chione cancellata in lagoon and strait 

samples resemble a mortality curve expected for a single 

generation of a living population of that species. 

The assemblages of dead shells in the sediments of this 

region represent "time-averaged communities" (Walker and 

Bambach, 1971), produced by the averaging of benthic commun¬ 

ities during sedimentation as patchily distributed popula¬ 

tions migrate across the bottom and leave a record of their 

mortality behind them in the sediment. 
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ECOLOGY AND PALEOECOLOGY OF MARINE INVERTEBRATE 

COMMUNITIES IN CALCAREOUS SUBSTRATES, NORTHEAST 

QUINTANA ROO, MEXICO 

INTRODUCTION 

Significance of Modem Benthic Studies 

Observations of processes at work in modern environ¬ 

ments have aided geologists since the time of James Hutton 

and Charles Lyell in solving riddles of the past. This 

uniformitarian approach to scientific problems, moving from 

the familiar towards the unknown, is the virtual foundation 

of the geological sciences. 

Since the great majority of fossil assemblages in the 

geologic record formed as sedimentary deposits in the marine 

realm, it is important for a paleoecologist to observe the 

organisms and their relationships with the environment in 

today's oceans if he ever hopes to understand the ecology of 

the sea and its inhabitants millions of years ago. Such 

geologically-oriented studies in modern marine ecology 

within the last decade or two have proved very beneficial 

to geologists, particularly in the fields of paleoecology, 

sedimentology, environmental stratigraphy and evolutionary 

paleontology. 
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Previous Work 

Since the classic work of Peterson (1911, 1913, 1914) 

in marine synecology, descriptive coverage of sea bottom 

communities has extended from estuarine and intertidal ranges 

to the abyssal depths, with the greatest bulk of the work 

centering around coastal lagoon and bay systems and shallow 

continental shelves. Thorson (1957) reviewed the general 

geologic importance of such studies which investigate the 

relation of benthic organisms to their physical environment, 

especially to the substrate and to the other organisms shar¬ 

ing the same environment. 

A broad faunal survey in the Great Bahama Banks by 

Newell, et al. (1959) established "habitat communities" of 

benthic invertebrates, so that specific environments could 

be characterized by distinctive groups of animal species. 

Turney and Perkins (1972) extensively sampled the molluscs 

of Florida Bay in a broad study to determine the relation 

between molluscan distribution and environmental variations 

and also the contribution of molluscs to the sediment in 

that region. Quantitative sampling techniques and cluster 

analysis enabled Warme (1969, 1971) to outline recurrent 

groups of organisms in Mugu Lagoon in southern California, 

and he demonstrated that the composition of death assemblages 

there directly reflects the actual living communities in 

most of the environments. The work of Ginsburg (1956) on 

faunal content of carbonate sediments in Florida Bay demon- 
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strated in-place accumulation of bioclastic material with 

virtually no transport of sand-size or larger particles from 

one major subenvironment to another. Results from all four 

of these studies suggest that shell transport after death 

is of negligible importance in the formation of death assem¬ 

blages, and this is of great interest to paleoecologists who 

are constantly concerned about mixing of fossil faunas 

before burial by waves and currents. 

Scope and Aim of this Study 

This study encompasses both the ecology and paleoecology 

of the shallow sea bottom along the northeastern Yucatan 

coast. 

The traditional approach to paleoecology has primarily 

consisted of attempts to relate organisms to aspects of 

their physical environments, such as temperature, salinity, 

oxygen content of the water, etc. (see Hedgepeth and Ladd, 

eds., 1957). The thesis of this work, however, is that 

faunal surveys of modern organism communities and popula¬ 

tions taken independent of the physical environment can 

yield valuable paleoecological implications. In other words, 

the organisms themselves, in terms of species presence or 

absence, abundance, diversity, distributional patterns, 

population dynamics, and so forth, are regarded as the most 

significant measures of the environmental factors affecting 

them. It is very difficult for a paleoecologist to read the 
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salinity or water temperature during formation of fossil 

deposits. The information which is most readily available 

to him consists of only the animals and the sediment en¬ 

closing them. 

This modern faunal survey was conducted along the 

northeastern coast of the Yucatan Peninsula (Territory of 

Quintana Roo, Mexico) to determine the composition and dis¬ 

tribution of benthic organism communities in this region. 

Attention was given to both the live and dead constituents 

in the samples, so that a judgment could be made concerning 

the relation between the dead remains of animals in the 

sediment (i.e., the future fossil assemblage) and the fauna 

actually living in the same sediment (i.e., the true living 

community). Thus, both the ecology and paleoecology of the 

shallow marine environment along this portion of the Yucatan 

coast are considered. 

A quantitative approach was attempted in all aspects 

of this investigation, from the initial selecting of sample 

sites and collecting of the samples themselves to the final 

treatment of the data. This method helps to eliminate 

subjective biases, and it gives other researchers an objec¬ 

tive basis on which to judge the significance of the results 

and conclusions from the study. Most important, quantita¬ 

tive data from faunal studies lend themselves nicely to many 

statistical techniques and forms of numerical analysis. 

This report utilizes R-mode cluster analysis to define 

quantitative communities of benthic macro-organisms and 



5 

Q-mode cluster analysis to demonstrate association between 

sample localities on the basis of faunal composition alone 

without considering environmental factors. Chi-square 

association and various coefficients of similarity between 

certain samples were computed in order to judge the patchi¬ 

ness of distribution of living and dead populations. 

With the exception of echinoid spines and unidentified 

crustacean fragments, the geologically-preservable macro- 

faunal constituents in the sediments of Yucatan almost 

totally consist of molluscs. For this reason the major 

emphasis of this report concerns the molluscs, with only 

minor attention given to echinoderms, arthropods and poly- 

chaetes, which are more easily destroyed following death 

and burial. 

Acknowledgements 

Research on this thesis was done in the Rice University 

Geology Department while I was a graduate fellow of the 

National Science Foundation. Field expenses were provided 

by a grant from Mobil Oil Co., and miscellaneous laboratory 

expenses were paid by National Science Foundation Grant 

GB-14321 and by a Henry L. and Grace Doherty Charitable 

Foundation Grant. 

The generous cooperation of the Instituto Nacional de 

Pesca and Instituto de Biologia de la Universidad Nacional 

Autonoma de Mexico, especially Director Augustin 



6 

Ayala-Castanares, made it possible for me to study along the 

Yucatan coast. 

Principal advisor for this thesis was Dr. John E. Warme 

and it is he who deserves credit for instilling in me a 

great enthusiasm for studying the ecologic aspects of paleon 

tology. Dr. Warme helped me to outline the initial idea 

for this study and was of considerable assistance to me in 

diving and collecting samples in Yucatan. He provided much 

guidance and helpful advice in the curating of samples and 

writing of this report. 

As co-advisor, Dr. James Lee Wilson also gave advice 

and direction in this project. He is responsible for intro¬ 

ducing me to the beautiful Yucatan Peninsula and the in¬ 

triguing world of Recent carbonate geology. 

Dr. Frank M. Fisher served as an additional member of 

my thesis committee, and his friendly encouragement is 

greatly appreciated. 

Eric McHuron and John McCrevey were of invaluable aid 

to me in collecting samples, and our discussions during the 

course of this study were most helpful and enlightening. 

Reyes "Zorro" Avila Celis was our able guide and boat¬ 

man, and his wife Henrietta Morris de Avila helped us with 

many incidental matters on Isla Mujeres. 

Several deep water samples were obtained on Cruise No. 

E-22B-71 of the R/V Eastward through the courtesy of 

Dr. Thomas E. Pyle, Chief Scientist. Part of the diver¬ 

operated sampling equipment was designed and constructed 



7 

with the help of Elze Hemmen, Alberto Bustos and Russ Dyer. 

Drs. Joseph Rosewater, Harold Rehder and Thomas Waller 

of the U.S. National Museum, Smithsonian Institution, and 

Dr. Helmer Ode, Shell Development Co., were of great assist¬ 

ance in the identification of molluscs. 

The cluster analysis program was made available to me 

by Dr. Theresa Schwarzer. Dr. Ronald Clark, Daniel Stalmach, 

Chen-Yu Wang and Robert Wegner helped me solve numerous 

small problems with the program and adapting it for the 

Burroughs B-5500 computer in the Rice Computer Center. 

Jay McElroy, Director of Computer Operations, arranged for 

special "after hours" runs of the cluster program on the 

Burroughs computer. 

Some of the routine laboratory work of washing samples, 

sorting and counting shells and tabulating numerical data 

was done by Mary Bauer and Carol Rindosh. The diagram 

depicting the sampling equipment in operation (Fig. 4) was 

drawn by Richard Rostberg. Mrs. Barbara Hawkins typed the 

thesis draft. 

Finally, my deepest appreciation goes to my wife Sue, 

who has not only shared my enthusiasm for paleoecology and 

encouraged me in this study, but moreover has given me many 

hours of help with samples and computer cards and much 

moral support throughout the entire project. 



8 

SETTING 

Regional Setting 

One of the largest carbonate buildups in the world 

today is the Yucatan Peninsula and its surrounding shelf. 

A number of scientific investigations, both biological and 

sedimentological, have been conducted in this region, 

specifically in the areas of the Campeche Bank on the north 

and British Honduras on the south. Little attention, how¬ 

ever, has been focused on the area of the Yucatan Strait, 

which serves as the narrow gateway between the Gulf of Mexico 

and the Caribbean Sea. 

This study is concerned with the make-up and distribu¬ 

tion of benthic invertebrate communities on the western side 

of this important channel (see Fig. 1). Sedimentological 

aspects of the area were studied by Ward (1970), Brady (1971) 

and Beck (1971), but up to now there have been no systematic 

studies of the marine fauna. 

A prominent Acropora palmata reef extends somewhat dis- 

continuously for several hundred miles along the eastern 

coast of Central America from Nicaragua to the entrance of 

the Yucatan Strait, terminating at the southern end of 

Isla Cancun. North of here the coastline is a system of 

Pleistocene barrier islands, oolite bars and spits produced 

by longshore currents moving carbonate sand northward from 

the Caribbean. It was in this general vicinity, somewhere 
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Figure 1. Map of northeastern coast of 

Territory of Quintana Roo, Mexico. 
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near Cabo Catoche, that the Spanish first landed in Yucatan 

and discovered the Mayan civilization. 

The small fishing and resort village of Isla Mujeres 

provided a convenient base of operations for this investi¬ 

gation in northeastern Quintana Roo. Isla Mujeres is easily 

reached by major highway (roughly 2500 miles from Houston), 

local air line or first class bus service from Merida, the 

capital city of Yucatan. 

Physical Environment 

The climate on the northeast coast of Quintana Roo is 

tropical. Annual rainfall averages about 40 inches, and 

temperatures range from a 59° - 61°F daily minimum in winter 

to a 95° - 120°F daily maximum in summer (Ward, 1970). 

Water temperature at the surface averages about 76°F in 

winter and 82°F in summer. Salinity in open water is 35 - 

36%*, and tides rarely exceed 0.5 meter. Hurricanes are 

common in the region, occurring as frequently as one or more 

each year. 

The substrate in the entire region is virtually 100% 

calcium carbonate. Folk (1967) and Ward (1970) describe a 

variety of bioclastic (predominantly molluscan-coralgal) 

and lithoclastic lime sands in the strait between the islands 

and the mainland. Near the coastline from Isla Cancun to 

Isla Blanca the grains are oolitically coated and form broad 

sand sheets of submarine ripples and megaripples, as well as 
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subaerial dune and beach deposits. The lagoons behind 

Isla Cancun and Isla Blanca and those on Is la Contoy are 

floored with aragonitic mud, presumably the result of dis¬ 

integration of foraminifera and codiacean and red algae 

(Brady, 1971). 

Sample Localities 

A wide variety of shallow marine environments (mostly 

less than ten meters deep) were sampled in substrates vary¬ 

ing from clean sand or bioturbated muddy sand to rocky hard- 

ground surfaces and gravel beds of coral rubble. The survey 

focused on two areas, i.e., the southern end of Isla Cancun, 

including the coastal lagoon of Nichupte which it shields, 

and Isla Contoy, the northernmost of the islands. The 

samples were collected during June, 1971. 

Samples in the vicinity of Isla Cancun were taken along 

four different traverses (A through D; see Fig. 2). The 

"A" and "B" samples stretched across a grass-covered sandy 

bottom south of the island to just behind the main coral 

reef. The "C" traverse began directly opposite the mouth of 

a channel leading through the dense mangrove swamp bounding 

Laguna Nichupte on the south, and it continued some 30 meters 

inside the channel mouth. Sample C-5a was located in a broad 

five-way meeting of sinuous channels in the middle of the 

swamp. The "D" traverse extended from the muddy southern 

end of Nichupt^ into the entrance of the mangrove channel. 
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Figure 2. Map of Isla Cancun indicating 

sample localities. 
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At Isla Contoy samples were collected around the 

entire island. These traverses (E through L; see Fig. 3) 

included three distinctly different lagoons in various 

degrees of restriction, a shallow tidal flat extending out 

into a current-swept strait, and the open sea. 

Laguna Xmapoit, containing samples of traverse "G", is 

the southernmost embayment on Contoy. It is floored pre¬ 

dominantly by bioturbated sand with a wide variety of color¬ 

ful sponges and small corals near its broad mouth. Laguna 

Puerto Viejo, jus? north of and somewhat more restricted in 

circulation than Xmapoit, is the largest lagoon on Isla 

Contoy and includes traverse "H". Rio Norte, containing 

the "F" traverse, is the smallest, most restricted and 

northernmost of Contoy's lagoons. The "E" traverse extended 

from a sandy tidal flat out into thick Thalassia beds in the 

strait between Isla Contoy and the mainland. It is from 

this strait, washed by a 1% to 2 knot current, that the "I", 

"J" and "L" samples were taken. The bottom is primarily 

clean bioclastic sand, in places rippled or burrowed, 

and contains a few patches of rocky hardground. The "K" 

sample came from a sandy patch in a rocky bottom area on the 

open Caribbean side of the island. 

Additional deeper water samples (20 to 60 meters deep) 

to the east of Isla Contoy were obtained using a Shipek Grab 

Sampler, Capetown-Day Dredge and Cerame"-Vivas Dredge aboard 

the R/V Eastward during September, 1971. 
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Figure 3. Map of Isla Contoy indicating 

sample localities. 
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METHODS 

Equipment 

The sampling apparatus chosen for this study (see 

Fig. 4) is similar to that described by Brett (1964) and 

Warme (1971). It is basically an underwater, diver-operated, 

water-lift suction dredge of a type known among treasure 

hunters and gold prospectors as a "jet dredge" or "sucker" 

(Clark, 1972). 

A five-horsepower Briggs and Stratton gasoline engine 

powers a water pump, which draws in water through the short 

intake hose and forces it down the water hose into a large, 

curved nozzle. This jet of water shoots through the nozzle 

in a backwards direction, thus producing a powerful suction 

at the three-inch aperture. The sediment and invertebrates 

are literally sucked off the bottom and collected in a 

large wire basket attached to the rear of the nozzle. The 

basket used in this study was fashioned from one-eighth 

inch hardware cloth, so most of the fine sediment and micro¬ 

fauna were lost as the sample was collected (see Fig. 4). 

A cylindrical sampling cannister, with an area of 

2 
0.1m and depth of 30cm, insured a constant volume for all 

the samples. As long as the substrate was soft sediment, 

a 30cm depth could be easily excavated, but sampling was of 

course a problem when a randomly selected station happened 

to fall on a hard substrate. In these cases the sampling 
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Figure 4. Diagram showing a diver collecting 

a sample underwater with the suction dredge. 
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cannister was simply placed on the bottom, and whatever 

surface veneer of sediment happened to be present within 

the perimeter of the cannister was dredged up. Generally 

this ranged from a few millimeters to a few centimeters. 

A hookah system, composed of a small air compressor, 50 feet 

of air line and a regulator, provided air to the diver oper¬ 

ating the dredge underwater. A second diver with SCUBA was 

usually present to assist in taking the sample, although 

the equipment could easily be handled underwater by one man. 

The advantages of this type of sampling system are 

obvious, because the geologist himself actually takes the 

sample without having to rely on a dredge or grab sampler 

to do the job. The total amount of the sample goes directly 

into the wire basket, whereas use of a shovel or scoop to 

dig out the sediment generally results in loss of much of 

the sample before it reaches a collecting bag. A sampling 

cannister used with the dredge yields quantitative samples 

in the sense that all samples represent equal volumes of the 

substrate. In this survey the equipment was employed in 

water depths ranging from less than a meter to greater than 

ten meters, but the maximum depth is limited only by the 

diver. 

Field Methods 

Sampling was done, in so far as possible, on a random 

quantitative basis. Traverses which subjectively appeared 
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to cross the greatest variety of environments were laid out 

with the aid of aerial photographs and sketch maps. The 

individual sample stations, with a few exceptions, were 

selected along the traverses in simple random or stratified 

random fashion (see Cochran, 1953) by means of a random 

number table. 

Samples representing a constant volume of sediment and 

included invertebrates were taken at each station. When the 

boat arrived at a sampling site, the sampling cannister was 

thrown overboard. The sample was then collected with the 

suction dredge, usually at the exact spot where the cannister 

landed. 

Each sample was retrieved in the wire basket and trans¬ 

ferred into plastic collecting bags. A 10 to 20% solution 

of buffered formalin in sea water was added to preserve any 

live animals in the sediment. Delicate soft-bodied organ¬ 

isms, such as polychaetes and ophiuroids, were sometimes 

removed from the sample and retained in small jars to pre¬ 

vent their destruction during shipping and storage. The 

suction dredge proved to be an extremely effective sampling 

system for molluscs, but the soft-bodied invertebrates were 

often dismembered and partially destroyed in the collecting 

process. 

In addition to the samples used for this study of the 

macro-invertebrates, at least two small core samples of 

surface sediment were taken at each station for microfaunal 

studies (S. F. Ekdale, in prep.). 
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Laboratory Methods 

All samples were transported to the Rice University 

Department of Geology, and they were washed over a one-eighth 

inch screen in the laboratory in order to rinse off the 

formalin and also to check thoroughly for soft-bodied ani¬ 

mals. At this time mats of marine grass, large cobbles, 

delicate shells, etc. were also removed. Then the samples 

were allowed to dry in shallow wooden trays. 

Each sample was carefully sorted with tweezers and 

small paintbrush. All relatively intact shells were separ¬ 

ated by species, and the leftover shell debris was discarded. 

By arbitrary convention, an identifiable shell fragment had 

to represent more than half of the original shell in order 

to be retained. 

All shells were counted so that relative abundance of 

species in each sample could be quantitatively determined. 

To save time, if there appeared to be nearly a thousand or 

more individuals in any population, the total number of 

individuals was estimated by weighing 100 shells of the 

species and then dividing this into the total weight for all 

the shells. This technique was tested for two species in 

sample E-5a, and the percent error values were only 1.9% 

(Ervilia nitens) and 4.8% (Lucina multilineata). 

Several samples were quite large and, in the interest 

of time, had to be divided by means of a standard mechanical 

random sample splitter of the type used for unconsolidated 
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sediments. Generally these samples were split twice, so 

only one-fourth of the total volume was actually sorted and 

counted. A reasonable approximation of species abundances 

in the samples was then obtained by multiplying the numbers 

for each species by four. Often the unsorted portion of a 

sample was superficially picked through to see if any species 

present in the whole sample were not represented in the 

one-fourth split. This splitting procedure was tested for 

four species in samples E-5a and F-l, and the average per¬ 

cent error was 3.9%. 

The selective distribution of bivalve valves is a 

common concern of paleoecologists, so left-right ratios were 

recorded for ten species in four samples. The average ratio 

between valves was 56 to 44, or slightly less than 3% error. 

Therefore it is assumed that the number of individual 

bivalves represented in each sample approximately equals 

half the total number of valves. This generalization does 

not apply to such genera as Anomia, Chama and Pseudochama, 

in which one of the valves is always attached to a hard 

substrate and therefore seldom collected. 
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SYSTEMATIC DISCUSSION OF FAUNA 

Introduction 

The 290 molluscan species listed here represent the 

molluscs indentified in the 50 quantitative samples collected 

for this study. Since sampling focused on just two areas 

(i.e., Isla Contoy and the southern end of Isla Cancun), 

this should not be regarded as a complete list of the marine 

molluscan fauna in northeastern Quintana Roo. Also, most 

of the samples were collected underwater from soft substrates 

at depths ranging from one-half meter to ten meters. Organ¬ 

isms inhabiting such environments as the splash zone on 

rocky shores and the sea bottom in relatively deep water 

therefore are largely excluded from the list. 

The classification of molluscs followed by Warmke and 

Abbott (1962) is adopted for this study. The majority of 

the species were identified with the aid of Warmke and 

Abbott (1962) and Johnsonia, Volumes I through IV. Many 

of the identifications (i.e., those indicated by * ) were 

verified with the specimens in the collections at the 

U.S. National Museum. Photographs of most species may be 

found in Plates 1 through 14 in this thesis. Wherever 

possible, a photograph from current literature also is 

referenced for each species. 

A general classification of the non-molluscan phyla 

represented in the quantitative samples is also given, 
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although no attempt was made to identify genus and species 

of these forms. Polychaetes were identified to family level 

with the aid of Hartman (1951, 1954). 

Faunal List 

Phylum MOLLUSCA 

Class GASTROPODA 

Subclass PROSOBRANCHIA 

Order ARCHAEOGASTROPODA 

Superfamily PLEUROTGMARIACEA 

Family FISSUELLIDAE 

Subfamily EMARGINULINAE 

Emarginula pumila A. Adams 1851 * 

(see pi. 1j; Farfante, 1947, pi. 47) 

Remarks: This small limpet is characterized by a narrow 

notch in the anterior end. It is most abundant in the 

lagoons of Isla Contoy. 

Subfamily DIODORINAE 

Diodora cayenensis Lamarck 1822 * 

(see pi. lb; Farfante, 1943a, pi. 2-1 to 6) 

Remarks : This grayish white limpet is common in the inter- 
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tidal zone around Isla Cancun. 

Diodora dysoni Reeve 1850 * 

(see pi. lc; Farfante, 1943a, pi. 2-9 to 16) 

Remarks: This limpet is white with striking black rays. 

It is common off the eastern side of Isla Contoy. 

Diodora minuta variegata Sowerby 1862 * 

(see pi. la; Farfante, 1943a, pi. 5-5 to 9) 

Remarks: This is similar to D. cayenensis, but it has a 

narrower orifice and faint black rays. 

Lucapina sowerbii Sowerby 1835 * 

(see pi. le; Farfante, 1943b, pi. 4-1 to 3) 

Lucapine11a limatula Reeve 1850 * 

(see pi. If; Farfante, 1943b, pi. 5-1 to 3) 

Subfamily FISSURELLINAE 

Fissurella angusta Gmelin 1791 * 

(see pi. la; Farfante, 1943b, pi. 2-1,2) 

Remarks: This is characterized by its stout, ribbed shell. 

Superfamily PATELLACEA 

Family ACMAEIDAE 
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Collisella (Acmaea) antillarum Sowerby 1831 * 

(see pi. lh; Warmke and Abbott, 1962, pi. 6e) 

Remarks: This is characterized by its oval shape and 

reddish brown radial rays. 

Collisella (Acmaea) pulcherima Dali * 

(see pi. li) 

Remarks: This is the most abundant limpet in this region, 

especially around the southern end of Isla Cancun. It is 

characterized by a tiny, flat, paper-thin shell. 

Collisella (Acmaea) pustulata Helbling 1779 * 

(see pi. lg; Warmke and Abbott, 1962, 6c) 

Remarks: The shell is thicker and much more elevated than 

in C.. pulcherima. 

Superfamily TROCHACEA 

Family TROCHIDAE 

Calliostoma jubjubinum Gmelin 1791 

(see pi. lu; Clench and Turner, 1960, pi. 21) 

Remarks: This is primarily a deeper water species. Its 

bright red color is distinctive. 

Teftula fascia ta Bom 1778 

(see pi. Ip; Warmke and Abbott, 1962, pi. 7d) 

Remarks: This smooth-whorled species is dark reddish or 
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grayish brown with fine red and white specks. It is common 

in shallow water. 

Family TURBINIDAE 

Subfamily LIOTIINAE 

Arene variabilis Dali * 

(see pi. Ik; Abbott, 1954, pi. 17s) 

Subfamily TURBININAE 

Turbo castanea Gmelin 1791 

(see pi. 1L; Warmke and Abbott, 1962, pi. 7k) 

Astraea brevispina Lamarck * 

(see pi. lo; Abbott, 1954, pi. 3L) 

Astraea caelata Gmelin 1791 * 

(see pi. lm; Warmke and Abbott, 1962, pi. 8j) 

Astraea phoebia Rtfding 1798 * 

(see pi. In; Warmke and Abbott, 1962, pi. 8g) 

Remarks: This is fairly common in shallow to deep water. 

Family PHASIANELLIDAE 

Subfamily TRICOLIINAE 
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Tricolia affinis C. B. Adams 1850 * 

(see pi. lq,r,s; Robertson, 1958, pi. 143-1,2 and 144-3 to 5) 

Remarks: This is a very common species in all environments. 

The subspecies T. a_. affinis is generally most abundant, 

although T. a. beaui, T. a. cruentata and T. £. pterocladica 

are also represented in this region. The high variability 

of color and pattern, however, makes it difficult to differ¬ 

entiate these subspecies. 

Tricolia sp. 

(see pi. It) 

Remarks: This is probably T. thalassicola, which lives 

almost exclusively on Thalassia grass. 

Superfamily NERITACEA 

Family NERITIDAE 

Subfamily NERITINAE 

Neritina virginea Linne' 1758 

(see pi. lv; Warmke and Abbott, 1962, pi. 9f) 

Remarks: This is characterized by a bright olive-colored 

shell finely lined with black and covered with irregular 

white dots. 

Subfamily SMARAGDIINAE 
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Smaragdia viridis viridemaris Maury 1917 

(see pi. lw; Warmke and Abbott, 1962, pi. 9e) 

Remarks: This is a very common species in backreef and 

lagoonal environments. It is characterized by a bright 

yellow-green shell with white dots. 

Family PHENACOLEPADIDAE 

Phenacolepas hamillei Fischer 1856 

(see pi. lx; Warmke and Abbott, 1962, pi. 6i) 

Order MESOGASTROPODA 

Superfamily LITTORINACEA 

Family LITTORINIDAE 

Echininus nodulosus Pfeiffer 1839 

(see pi. 2a; Clench and Abbott, 1942, pi.2) 

Remarks: This is generally found in the high intertidal zone. 

Littorina ziczac Gmelin 1791 * 

(see pi. 2b; Bequaert, 1943, pi.5) 

Remarks: This common intertidal species is characterized 

by its small shell covered with zigzag lines of white and 

dark brown. 

Tectarius muricatus Linne' 1758 

(see pi. 2c; Clench and Abbott, 1942, pi. 1) 
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Remarks: This is generally found in the high intertidal zone. 

Superfamily RISSOACEA 

Family HYDROBIIDAE 

Subfamily LITTORIDINAE 

Littoridina sphinctostoma Abbott and Ladd 1951 

(see pi. 2e; Andrews, 1971, p. 62) 

Family TRUNCATELLIDAE 

Subfamily TRUNCATELLINAE 

Truncatella pulchella Pfeiffer 1839 * 

(see pi. 2d; Clench and Turner, 1948, pi. 68) 

Remarks: This is the same as T. caribaeensis Reeve 1842. 

Family RISSOIDAE 

Subfamily RISSOINAE 

Rissoina bryerea Montagu 1803 * 

(see pi. 2h; Warmke and Abbott, 1962, pi. 10m) 

Rissoina cancellata Philippi 1847 * 

(see pi. 2f; Warmke and Abbott, 1962, pl.lOL) 

Rissoina decussata Montagu 1803 * 

(see pi. 2g; Warmke and Abbott, 1962, pi. lOo) 
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Zebina browniana Orbigny 1842 * 

(se pi. 2i; Warmke and Abbott, 1962, pl.lOf) 

Superfamily CERITHIACEA 

Family TURRITELLIDAE 

Turritella exoleta Linne 1758 * 

(see pi. 2o; Warmke and Abbott, 1962, pi.Hi) 

Remarks: This normally deep water species was only found 

in shallow lagoons in this study. 

Vermicularia knorri Deshayes 1843 

(see pi. 2n; Perry and Schwengel, 1955, pi. 26-183) 

Remarks: This "worm shell" begins with tightly coiled, 

white whorls, but the later whorls become detached, loosely 

coiled and brown in color. 

Vermicularia spirata Philippi 1836 

(see pi. 2m; Perry and Schwengel, 1955, pi. 26-184) 

Remarks: This is the same as V. farRoi Olsson, and it is 

differentiated from V. knorri by its dark brown early whorls. 

Family ARCHITECTONICIDAE 

Heliacus bisulcatus d'Orbigny 1845 * 

(see pi. 2j; Warmke and Abbott, 1962, pi. Ilf) 
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Heliacus infundibuliformis Gmelin 1791 

(see pi. 2k; Warmke and Abbott, 1962, pi. lid) 

Philippia krebsi Mtfrch 1875 * 

(see pi. 2L; Warmke and Abbott, 1962, pi. lie) 

Family VERMETIDAE 

Petaloconchus floridanus Olsson and Harbison 1953 * 

(see pi. 2q; Warmke and Abbott, 1962, pl,12i) 

Remarks: This irregularly coiled, worm-like species is 

characterized by a coarse reticulate sculpture on the shell 

surface. 

Petaloconchus nebulosa Dillwyn * 

(see pi. 2p) 

Remarks: This differs from P. floridanus by its lighter 

color and tighter coiling. 

Family CAECIDAE 

Caecum pulchellum Stimson 1851 

(see pi. 2x; Andrews, 1971, p. 76) 

Remarks: Although usually lost from the quantitative samples 

because of its size (about 2mm), this is a very common 

shallow water species in this region. 
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Family PLANAXIDAE 

Planaxis lineatus de Costa 1778 * 

(see pi. 2w; Warmke and Abbott, 1962, pi. 13f) 

Family MODULIDAE 

Modulus modulus Linne'' 1758 

(see pi. 2v; Abbott, 1944, pi. 2-1 to 4) 

Remarks: This is a very abundant lagoonal species, commonly 

found grazing on Thalassia grass. 

Family POTAMIDIDAE 

Subfamily POTAMIDINAE 

Cerithidea costata da Costa 1778 * 

(see pi. 3g; Bequaert,1942, pi. 2) 

Cerithidea pliculosa Menke 1829 * 

(see pi. 3h; Bequaert, 1942, pi. 3) 

Subfamily BATILLARIINAE 

Batillaria minima Gmelin 1791 * 

(see pi. 3j; Bequaert, 1942, pi. 5) 

Remarks: This is a common intertidal and shallow water 

species. The color varies from light brown to black. 
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Family CERITHIIDAE 

Cerithium algicola C. B. Adams 1845 

(see pi. 3b; Warmke and Abbott, 1962, pi. 13p) 

Remarks: This resembles C. eburneum, but it is heavily 

mottled with reddish brown. 

Cerithium eburneum Bruguiere 1792 * 

(see pi. 3c; Abbott, 1954, pi. 19q) 

Remarks: This is a very abundant species in all the lagoonal 

samples. It is commonly all white with occasional specks 

of light brown. 

Cerithium floridanum Mb'rch 1876 * 

(see pi. 3a; Abbott, 1954, pi. 19n) 

Cerithium litteratum Bom 1778 * 

(see pi. 3e; Abbott, 1954, pi. 19L) 

Remarks: This common lagoonal species is characterized by 

a black and white checker pattern and a line of sharp knobs 

along the top of each whorl. 

Cerithium muscarum Say * 

(see pi. 3d; Abbott, 1954, pi. 19m) 

Cerithium variabile C. B. Adams 1845 * 

(see pi. 3f; Abbott, 1954, pi. 19o) 
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Bittium varium Pfeiffer 1840 * 

(see pi. 3i; Warmke and Abbott, 1962, pi. 13h) 

Subfamily LITIOPINAE 

Litiopa melanostoma Rang 1829 * 

(see Warmke and Abbott, 1962, pi. 13g) 

Subfamily CERITHIOPSINAE 

Alaba incerta d'Orbigny 1842 * 

(see pi. 3k; Warmke and Abbott, 1962, pi. 13r) 

Cerithiopsis greeni C. B. Adams 1839 

(see pi. 3r; Abbott, 1954, pi. 19v) 

Cerithiopsis latum C. B. Adams 1850 

(see pi. 3q; Warmke and Abbott, 1962, pi. 13e) 

Seila adamsi Lea 1845 * 

(see pi. 3m; Warmke and Abbott, 1962, pi. 13m) 

Family TRIPHORIDAE 

Triphora melanura C. B. Adams 1850 * 

(see pi. 3n; Warmke and Abbott, 1962, pi. 13L) 
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Triphora nigrocincta C. B. Adams 1839 * 

(see pi. 3o; Warmke and Abbott, 1962, pi. 13k) 

Triphora turris-thomae Holten 1802 * 

(see pi. 3p; Warmke and Abbott, 1962, pi. 13j) 

Superfamily EPITONIACEA 

Family EPITONIIDAE 

Epitonium echinaticostum d'Orbigny 1842 * 

(see pi. 2t; Clench and Turner, 1951, pi. 109) 

Remarks: The last whorls are loosely coiled and free. 

Epitonium foliaceicostum d'Orbigny 1842 * 

(see pi. 2s; Clench and Turner, 1951, pi. 123) 

Remarks: The axial costae (7 or 8 per whorl) are acutely 

angled to form sharp blades at the shoulder. 

Epitonium occidentale Nyst 1871 * 

(see pi. 2r; Clench and Turner, 1951, pi. 112) 

Remarks: The axial costae (12 to 15 per whorl) are slightly 

angled at the shoulder. 

Superfamily AGLOSSA 

Family EULIMIDAE 

Balcis intermedia Cantraine 1835 * 
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(see pi. 2u; Warmke and Abbott, 1962, pi. 26h) 

Remarks: This is probably the same as B. jamaicaensis 

Cantraine. 

Superfamily HIPPONICACEA 

Family HIPPONICIDAE 

Cheilea equestris Linnet 1758 * 

(see pi. 3bb; Warmke and Abbott, 1962, pi. 15m) 

Hipponix antiquatus Linne 1767 

(see pi. 3aa; Rice and Komicker, 1962, pi. 1-9) 

Remarks: This is all white and is shaped similar to a 

horse's hoof. It is commonly attached to rocks or shells. 

Superfamily CALYPTRAEACEA 

Family CAPULIDAE 

Calyptraea centralis Conrad 1841 

(see pi. 3z; Warmke and Abbott, 1962, pi. 15o) 

Crucubulum auricula Gmelin 1791 * 

(see pi. 3y; Warmke and Abbott, 1962, pi. 15n) 

Remarks: This is the common "cup and saucer" which is 

generally found attached to shells of other molluscs. 

Crepidula aculeata Gmelin 1791 * 
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(see pi. 3s; Warmke and Abbott, 1962, pi. 15i) 

Remarks: This species is differentiated from others of the 

same genus by its rough, often spiny, surface. 

Crepidula convexa Say 1822 * 

(see pi. 3x; Warmke and Abbott, 1962, pi. 15k) 

Remarks: This species is differentiated from others of the 

same genus by its highly arched shell. 

Crepidula fomicata Linne 1767 * 

(see pi. 3v; Abbott, 1954, pi. 21m) 

Remarks: This may be easily confused with large forms of 

C. convexa or small forms of C. maculosa. 

Crepidula glauca Say 1822 * 

(see pi. 3w; Warmke and Abbott, 1962, pi. 15L) 

Remarks: This very common species is characterized by its 

small, flat, translucent shell. 

Crepidula maculosa Conrad * 

(see pi. 3u; Perry and Schwengel, 1955, pi. 48-330) 

Remarks: This is large, smooth and strongly mottled with 

orange-brown. 

Crepidula plana Say 1822 * 

(see pi. 3t; Warmke and Abbott, 1962, pl,15j) 

Remarks: This is distinctly flat, oblong and thick-shelled. 
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Superfamily STRQMBACEA 

Family STROMBIDAE 

Strombus gigas Linnet 1758 * 

(see pi. 4n, 8g; Clench and Abbott, 1941, pi. 9) 

Remarks: This orange and pink species, known among tourists 

as the "queen conch", is very abundant in this region on 

sandy substrates. It is used by local fishermen as the pri¬ 

mary ingredient in a delicious dish called "ceviche". Only 

juvenile specimens were collected in the quantitative samples 

for this study. 

Strombus raninus Gmelin 1791 * 

(see pi. 8f; Clench and Abbott, 1941, pi. 2) 

Remarks: This is abundant on sandy substrates and may be 

differentiated from the much larger S^. gigas by its thicker 

lip and mottled gray-brown coloration. 

Superfamily CYPRAEACEA 

Family ERATOIDAE 

Subfamily TRIVIINAE 

Trivia antillarum Schilder 1922 

(see pi. 4a; Warmke and Abbott, 1962, pi. 16e) 

Trivia pediculus Linne* 1758 

(see pi. 4b; Warmke and Abbott, 1962, pi. 16f) 
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Superfamily NATICACEA 

Family NATICIDAE 

Subfamily POLINICINAE 

Polinices lacteus Guilding 1834 * 

(see pi. 4c; Warmke and Abbott, 1962, pi. 17a) 

Remarks: This is usually tiny and pure white. 

Subfamily NATICINAE 

Natica canrena Linne^ 1758 

(see pi. 4d; Warmke and Abbott, 1962, pi. 3d) 

Remarks: This is a very brightly colored species, charac¬ 

terized by zigzag red-brown lines on a white and tan back¬ 

ground . 

Natica cayenensis Recluz 1850 

(see pi. 4f; Warmke and Abbott, 1962, pi. 3e) 

Remarks: This is similar to N. canrena, but it is smaller 

(less than one inch) and less brightly colored. 

Natica livida Pfeiffer 1840 * 

(see pi. 4g; Warmke and Abbott, 1962, pi. 17j) 

Remarks: This lagoonal species is grayish brown with a 

large chocolate brown callus at the umbilicus. 

Natica menkeana Philippi 1852 
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(see pi. 4e; Warmke and Abbott, 1962, pi. 17c) 

Remarks : This tiny species is characterized by irregular 

brown markings and bands on a yellowish gray background. 

Superfamily TONNACEA 

Family CYMATIIDAE 

Cymatium labiosum Wood 1828 * 

(see pi. 4h; Clench and Turner, 1957, pi. 116-1) 

Cymatium (Cymatriton) nicobaricum Riding 1798 * 

(see pi. 4i; Clench and Turner, 1957, pi. 120) 

Family TONNIDAE 

Tonna maculosa Dillwyn 1817 

(see pi. 4p; Turner, 1948, pi. 76) 

Order NEOGASTROPODA 

Superfamily MURICACEA 

Family MURICIDAE 

Subfamily MURICINAE 

Murex cellulosus Conrad 1846 

(see pi. 4j; Clench and Farfante, 1945, pi. 28) 

Remarks: This deep water species was identified from a 

single worn specimen and probably is M. £. leviculus Dali. 



40 

Muricopsis ostrearum Conrad 

(see pi. 4m; Perry and Schwengel, 1955, pi. 31-218) 

Subfamily PURPURINAE 

Morula (Drupa) nodulosa C. B. Adams 1845 * 

(see pi. 4L; Warmke and Abbott, 1962, pi. 19a) 

Thais haemastoma floridana Conrad 1837 * 

(see pi. 4k; Clench, 1947, pi. 37) 

Family MAGLIDAE 

Coralliophila aberrans C. B. Adams 1850 

(see pi. 4o; Warmke and Abbott, 1962, pi. 20e) 

Superfamily BUCCINACEA 

Family COLUMBELLIDAE 

Anachis mangelioides Reeve 1859 

(see pi. 5b; Warmke and Abbott, 1962, pi. 20o) 

Remarks: This common lagoonal species is cream-colored 

with yellow and light brown markings. 

Anachis pulchella Sowerby 1844 

(see pi. 5c; Warmke and Abbott, 1962, pi. 20g) 

Remarks: This common lagoonal species is brightly mottled 
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with white, yellow and reddish brown. 

Anachis sparsa Reeve 1859 

(see pi. 5d; Warmke and Abbott, 1962, pi. 20s) 

Remarks: This common lagoonal species is bright yellowish 

orange with irregular white bands. 

Anachis sp. 

(see pi. 5a) 

Remarks: This is reddish brown with irregular grayish 

white markings. 

Columbella mercatoria Linne 1758 

(see pi. 5f; Warmke and Abbott, 1962, pi. 20a) 

Remarks: This is a very common species in all environments, 

and it may exhibit a wide variety of colors and patterns. 

Columbella sp. 

(see pi. 5c) 

Remarks: This is much more elongate and more faintly colored 

than C. mercatoria. 

Mitrella fenestrata C. B. Adams 1850 

(see pi. 5k; Warmke and Abbott, 1962, pi. 20L) 

Remarks: This common shallow water species is elongate and 

pointed with a small, narrow aperture. 
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Mitrella lunata Say 1826 

(see pi. 5L; Warmke and Abbott, 1962, pi. 20i) 

Mitrella nitens C. B. Adams 1850 

(see pi. 5m; Warmke and Abbott, 1962, pi. 20f) 

Remarks: This common shallow water species is light orange 

with spiral rows of tiny white spots. It is characterized 

by numerous distinct striae at the base of the shell. 

Mitrella raveneli Dali 

(see pi. 5n; Abbott, 1954, pi. 25ee) 

Nitidella dichroa Sowerby 1858 

(see pi. 5i; Warmke and Abbott, 1962, pi. 20k) 

Nitidella sp. 

(see pi. 5g) 

Remarks: This is white with an irregular orange reticulated 

pattern. 

Psarostola monilifera Sowerby 1844 

(see pi. 5o; Warmke and Abbott, 1962, pi. 20m) 

Pyrene ovulata Lamarck 1822 

(see pi. 5j; Warmke and Abbott, 1962, pi. 20t) 

Family BUCCINIDAE 
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Antillophos oxyglyptus Dali and Simpson 1901 

(see pi. 5p; Warmke and Abbott, 1962, pi. 21g) 

Bailya intricata Dali 1883 

(see pi. 5q; Warmke and Abbott, 1962, pi. 21b) 

Colubraria lanceolata Menke 1828 

(see pi. 5r; Warmke and Abbott, 1962, pi. 21m) 

Family MELONGENIDAE 

Busycon contrarium Conrad 

(see pi. 5x; Abbott, 1954, pi. 23o) 

Remarks : This moderately deep water species is fairly 

common in this region, although only very tiny juveniles 

were collected in the quantitative samples. 

Melongena roelongena Linne 

(see pi. 8c; Clench and Turner, 1956, pi. 98-2) 

Family NA S SARI IDA E 

Nassarius ambiguus Pulteney 

(see pi. 5y; Parker, 1960, pi. 4-22) 

Remarks: This is probably the same as N. albus Say. 
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Family FASCIOLARIIDAE 

Subfamily FASCIOLARIINAE 

Fasciolaria tulipa Linne 1758 

(see pi. 6a, 8d; Warmke and Abbott, 1962, pi. 2d) 

Remarks: This "tulip" shell is very common in all shallow 

water environments, and it may be orange-red to dark grayish 

brown in color with white and tan blotches and numerous 

dark brown spiral lines. When held in the hand, this species 

will often lash out using its operculum as a weapon of 

defense. 

Latirus brevicaudatus Reeve 1847 * 

(see pi. 6c; Warmke and Abbott, 1962, pi. 22L) 

Latirus virginensis Abbott 1958 * 

(see pi. 6d; Warmke and Abbott, 1962, pi. 22n) 

Leucozonia nassa Gmelin 1791 

(see pi. 6b; Warmke and Abbott, 1962, pi. 22m) 

Leucozonia ocellata Gmelin 1791 

(see pi. 6f; Warmke and Abbott, 1962, pi. 22k) 

Teralatirus emesti Melvill * 

(see pi. 6e) 

Remarks: This rare and brightly colored shell is character- 
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ized by alternating black and yellow spiral bands. The one 

specimen in this collection was found on a hardground surface 

south of Is la Cancun, and the only specimen in the National 

Museum was discovered near a sandy beach on Isla Mujeres. 

Family XANCIDAE 

Subfamily VASINAE 

Vasum muricatum Bom 1778 

(see pi. 8b; Abbott, 1950, pi. 92) 

Subfamily XANCINAE 

Xancus (Turbinella) anaulatus Solander * 

(see pi. 6g; Abbott, 1950, pi.90) 

Remarks: Only juveniles of this species were collected in 

the quantitative samples. 

Superfamily VOLUTACEA 

Family OLIVIDAE 

Oliva reticularis Lamarck 1811 

(see pi. 6m; Warmke and Abbott, 1962, pi. 3j) 

Remarks: This bright "olive" shell is characterized by a 

purple, brown and white reticulated pattern. It is common 

in sandy substrates, where it plows around just below the 

sediment surface. 
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Olive11a blanesi Ford * 

(see pi. 6h; Perry and Schwengel, 1955, pi. 36-250) 

Olive11a dealbata Reeve 1850 

(see pi. 6i; Warmke and Abbott, 1962, pi. 23m) 

Remarks: This common shallow water species is dull white 

and has a blunt apex. 

Olivella floralia Duclos 1835 * 

(see pi. 6j; Perry and Schwengel, 1955, pi. 36-249) 

Remarks: This a very abundant backreef and lagoonal species 

It is pure white and has a high, sharply pointed apex. 

Olivella nivea Gmelin 1791 * 

(see pi. 6k; Warmke and Abbott, 1962, pi. 23n) 

Remarks : This is characterized by a deeply channeled suture 

Olivella petiolita Duclos 1835 * 

(see pi. 6L; Warmke and Abbott, 1962, pi. 23p) 

Family MITRIDAE 

Mitra nodulosa Gmelin 1791 * 

(see pi. 6n; Warmke and Abbott, 1962, pi. 22j) 

Pusia albocincta C. B. Adams 1845 * 

(see pi. 6o; Warmke and Abbott, 1962, pi. 22c) 
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Remarks: This is tan to reddish brown with a white spiral 

band. 

Pusia sp. 

(see pi. 6p) 

Remarks: This is possibly a form of hanleyi Dohm. 

It is orange-red with irregular cream-colored markings. 

Family MARGINELLIDAE 

Marginella opalina Steams * 

(see pi. 6q; Perry and Schwengel, 1955, pi. 36-244) 

Prunum apicinurn Menke 1828 * 

(see pi. 6v; Abbott, 1954, pi. lln) 

Remarks: This is a very abundant species in all environments. 

It varies from tan to dark orange-brown. 

Prunum guttatum Dillwyn * 

(see pi. 6w; Abbott, 1954, pi. 11m) 

Remarks: This is characterized by numerous white spots 

covering the shell. 

Prunum labiatum Kiener * 

(see pi. 6y; Abbott, 1954, pi. 11L) 

Remarks : This is the largest species of this genus in this 

region. It is characterized by a stout, yellow lip. 
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Prunuro roosevelti Bartsch and Rehder * 

(see pi. 6x; Abbott, 1954, pi. llo) 

Remarks: This is characterized by two or three bright 

yellow bands on the body whorl. 

Volvarina (Hyalina) avena Kiener 1834 * 

(see pi. 6u; Warmke and Abbott, 1962, pi. 23h) 

Remarks: This is elongate, and it varies from light tan 

to light orange-brown with three tan bands on the body whorl. 

Volvarina (Hyalina) subtriplicata d'Orbigny * 

(see pi. 6t) 

Family CONIDAE 

Conus floridanus Gabb 

(see pi. 6s; Clench, 1942a, pi. 13-1 and 2) 

Remarks: This is the most common species of "cone" shell 

in this region. It is white mottled with light yellow. 

Conus jaspideus Gmelin 1791 

(see pi. 6r; Clench, 1942a, pi. 6) 

Conus spurius Gmelin 1791 

(see pi. 8e) 

Remarks: This is primarily a deeper water species. 
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Family HASTULIDAE 

Has tula (Terebra) cinera Bom 1778 * 

(see pi. 6z; Warmke and Abbott, 1962, pi. 25b) 

Hastula (Terebra) concava Say * 

(see pi. 6cc; Abbott, 1954, pi. 26j) 

Hastula (Terebra) maryleeae Burch * 

(see pi. 6aa; Andrews, 1971, p. 124) 

Hastula (Terebra) protexta Conrad 1845 * 

(see pi. 6bb; Warmke and Abbott, 1962, pi. 25c) 

Family TURRIDAE 

Subfamily CLAVINAE 

Crassispira fuscescens Reeve 1843 

(see pi. 5t; Warmke and Abbott, 1962, pi. 25w) 

Crassispira (Orillia) leucocyma Dali 1883 * 

(see pi. 5u; Warmke and Abbott, 1962, pi. 25q) 

Remarks: This is a very common lagoonal species. 

Crassispira nigrescens C. B. Adams 1845 

(see pi. 5s; Warmke and Abbott, 1962, pi. 25m) 
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Crassispira ostrearum Steams 

(see pi. 5v; Abbott, 1954, pi. 26n) 

Crassispira sp. 

(see pi. 5w) 

Cerodrillia (Drillia) eous Bartsch * 

(see pi. 5aa) 

Cerodrillia (Drillia) interpleura Dali and Simpson 1901 

(see pi. 5z; Warmke and Abbott, 1962, pi. 25p) 

Cerodrillia (Drillia) thea Dali 1883 

(see pi. 5bb; Warmke and Abbott, 1962, pi. 25i) 

Drillia sp. 

(see pi. 5cc) 

Leptadrillia splendida Bartsch 1934 

(see pi. 5dd; Warmke and Abbott, 1962, pi. 25j) 

Subfamily MANGELIINAE 

Mangelia bartletti Dali 1889 

(see pi. 5gg; Warmke and Abbott, 1962, pi. 25f) 
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Mangelia biconica C. B. Adams 1850 

(see pi. 5hh; Warmke and Abbott, 1962, pi. 25k) 

Mange11a fusca C. B. Adams 1845 

(see pi. 5ii; Warmke and Abbott, 1962, pi. 25e) 

Mangelia quadrilineata C. B. Adams 1850 

(see pi. 5jj; Warmke and Abbott, 1962, pi. 25v) 

Remarks: This is a common species in most environments. 

Mangelia sp. 

(see pi. 5kk) 

Vitricythara metria Dali 1903 

(see pi. 5ee; Warmke and Abbott, 1962, 25u) 

Pyrgocythara coxi Fargo 1953 

(see pi. 5ff; Warmke and Abbott, 1962, pi. 25t) 

Subclass OPISTHOBRANCHIA 

Order TECTIBRANCHIA 

Family BULL1DAE 

Bulla striata Bruguiere 1792 

(see pi. 7a; Warmke and Abbott, 1962, pi. 27e) 

Remarks : This is the same as B. amygdala Dillwyn and 

B. occidentalis A. Adams. It is one of the most abundant 
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gastropods in the lagoons of this region. 

Family ATYIDAE 

Atys caribaea d'Orbigny 1841 * 

(see pi. 7b; Warmke and Abbott, 1962, pi. 27q) 

Remarks: This is a common backreef and lagoonal species. 

Atys guildingi Sowerby 1869 * 

(see pi. 7c; Warmke and Abbott, 1962, pi. 27k) 

Haminoea antillarum d'Orbigny 1841 

(see pi. 7f; Warmke and Abbott, 1962, pi. 27o) 

Haminoea elegans Gray 1825 * 

(see pi. 7g; Warmke and Abbott, 1962, pi. 27m) 

Haminoea petiti d'Orbigny 1841 

(see pi. 7h; Warmke and Abbott, 1962, pi. 27p) 

Haminoea 

(see pi. 

Remarks: 

genus by 

sp. 

7i) 

This is differentiated from other species of this 

its faint longitudinal green stripes on the whorls. 

Family RETUSIDAE 
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Retusa bullata Kiener 1834 

(see pi. 7d; Warmke and Abbott, 1962, pi. 27f) 

Family ACTEOCINIDAE 

Cylichna bidentata d'Orbigny 1841 

(see pi. 7e; Warmke and Abbott, 1962, pi. 27c) 

Superfamily APLYSIACEA 

Family FYRAMIDELLIDAE 

Odostomia laevigata d'Orbigny 1842 

(see pi. 7j; Warmke and Abbott, 1962, pi. 26k) 

Odostomia seminuda C. B. Adams 1839 

(see pi. 7k; Warmke and Abbott, 1962, pi. 26e) 

Turbonilla abrupta Bush 1899 

(see pi. 7L; Warmke and Abbott, 1962, pi. 26c) 

Turbonilla interrupta Totten 1835 

(see pi. 7m; Warmke and Abbott, 1962, pi. 26a) 

Order SACOGLOSSA 

Family OXYNOEIDAE 

Lobiger souverbii Fischer 1856 
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(see pi. 7n; Warmke and Abbott, 1962, pi. 28a) 

Remarks: This delicate shell is oval and transparent. It 

is characterized by an extremely large aperture. 

Lobiger sp. 

(see pi. 7o) 

Remarks: This differs from L. souverbii by its even larger 

aperture and more irregular shape. 

Order PTEROPODA 

Suborder THECOSOMATA 

Family CAVOLINIDAE 

Cavolina longirostris Lesueur 1821 

(see pi. 7p; Parker, 1960, pi. 5-22) 

Remarks: This is a pelagic species from the open sea. 

Subclass PULMONATA 

Order BASOMMATOPHORA 

Suborder ACTOPHILA 

Family ELLOBIIDAE 

Melampus coffeus Linne 1758 

(see pi. 7q; Warmke and Abbott, 1962, pi. 28p) 

Melampus monile Bruguiere 1789 

(see pi. 7r; Warmke and Abbott, 1962, pi. 28n) 
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Suborder PATELLIFORMIA 

Family SIPHONARIIDAE 

Milliamia krebsi M^rch 1877 * 

(see Warmke and Abbott, 1962, pi. 28f) 

Order Uncertain 

Family Uncertain 

Chondropoma sp. * 

(see pi. 7s; Turner, I960, pi. 1-4 to 7) 

Remarks: This small land snail is known only from a broken 

shell washed into the sediment south of Isla Cancun. 

Class BIVALVIA 

Order FILIBRANCHIA 

Suborder TAXODONTA 

Superfamily ARCACEA 

Family ARCIDAE 

Subfamily ARCINAE 

Area zebra Swainson 1833 

(see pi. 9a; Warmke and Abbott, 1962, pi. 30L) 

Remarks: This is easily recognized by its red-brown zebra 

stripes on a white background. 
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Arcopsis adamsi Dali 1886 

(see pi. 9d; Warmke and Abbott, 1962, pi. 30f) 

Remarks: This is common in the sandy substrates of the 

backreef and strait environments. It is white and is 

characterized by its sub-rectangular shape. 

Barbatia cancellaria Lamarck 1819 

(see pi. 9b; Warmke and Abbott, 1962, pi. 30j) 

Barbatia domingensis Lamarck 1819 

(see pi. 9c; Warmke and Abbott, 1962, pi. 30d) 

Subfamily ANADARINAE 

Anadara notabilis Ri'ding 1798 

(see pi. 9e; Warmke and Abbott, 1962, pi. 30h) 

Family GLYCYMERIDIDAE 

Glycymeris pectinata Gmelin 1791 

(see pi. 9f; Warmke and Abbott, 1962, pi. 31a) 

Suborder ANISOMYARIA 

Superfamily MYTILACEA 

Family MYTILIDAE 

Brachidontes citrinus Rflding 1798 
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(see pi. 9g; Warmke and Abbott, 1962, pi. 31e) 

Remarks: This is distinguished from B. exustus by its more 

elongate shape and bright yellow periostracum. 

Brachidontes exustus Linne 1758 

(see pi. 9f; Warmke and Abbott, 1962, pi. 31f) 

Remarks: This is the most common mytilid in this region 

and is most abundant in the shallow lagoonal environments. 

Crenella divaricata d'Orbigny 1842 

(see pi. 9i; Warmke and Abbott, 1962, Text Fig. 26) 

Gregariella coralliophaga Gmelin 1791 

(see pi. 9j; Warmke and Abbott, 1962, pi. 31L) 

Lioberus castaneus Say 1822 

(see pi. 9p; Warmke and Abbott, 1962, pi. 31h) 

Modiolus americanus Leach 1815 

(see pi. lib; Warmke and Abbott, 1962, pi. 31k) 

Musculus lateralis Say 1822 

(see pi. 9o; Warmke and Abbott, 1962, pi. 31c) 

Superfamily PTERIACEA 

Family ISOGNGMONIDAE 
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Isoanomon radiatus Anton 1839 

(see pi. 10b; Warmke and Abbott, 1962, pi. 32a) 

Family PTERIIDAE 

Pinetada imbricata Rflding 

(see pi. lOi; Warmke and Abbott, 1962, pi. 32b) 

Remarks: This is the same as P. radiata Leach. It is often 

found byssally attached to Thalassia grass. 

Superfamily PECTINACEA 

Family PLICATULIDAE 

Plicatula aibbosa Lamarck 1801 

(see pi. 10L; Warmke and Abbott, 1962, pi. 34g) 

Family PECTINIDAE 

Aequipecten muscosus Wood 1828 * 

(see pi. lOq; Warmke and Abbott, 1962, pi. 33e) 

Araopecten (Aequipecten) aibbus Linne 1758 * 

(see pi. lOr; Warmke and Abbott, 1962, pi. 33i) 

Chlamys sentis Reeve 1853 * 

(see pi. lOp; Warmke and Abbott, 1962, pi. 33c) 
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Lyropecten anti11arum Recluz 1853 * 

(see pi. lOt; Warmke and Abbott, 1962, pi. 33f) 

Nodipecten (Lyropecten) nodosus Linne 1758 * 

(see pi. 10s; Warmke and Abbott, 1962, pi. 4b) 

Remarks: One juvenile specimen of this deep water species 

was found in sample K-l. 

Family LIMIDAE 

Lima lima Linne 1758 * 

(see pi. lOn; Warmke and Abbott, 1962, pi. 34f) 

Lima pellucida C. B. Adams 1846 

(see pi. 10m; Warmke and Abbott, 1962, pi. 34e) 

Lima scabra Born 1778 * 

(see pi. lOo; Warmke and Abbott, 1962, pi. 34c) 

Superfamily ANOMIACEA 

Family ANOMIIDAE 

Anomia simplex d'Orbigny 1842 

(see pi. 10c; Warmke and Abbott, 1962, pi. 34h) 

Remarks: This common "jingle shell" is characterized by its 

round, flat, translucent shell. The right valve has a large 

notch through which the byssus may attach to rocks or logs. 
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Superfamily OSTREACEA 

Family OSTREIDAE 

Crassostrea rhizophorae Guilding 1828 

(see pi. lOd; Warmke and Abbott, 1962, pi. 35b) 

Remarks: Only a few juvenile shells were found. 

Crassostrea virginea Gmelin 

(see Abbott, 1954, pi. 28a) 

Remarks: Oysters are not common in the localities sampled 

for this study. 

Order EULAMELLIBRANCHIA 

Suborder HETERODONTA 

Superfamily ASTARTACEA 

Family CRASSATELLIDAE 

Crassinella lunulata Conrad 1834 

(see pi. 10k; Warmke and Abbott, 1962, pi. 35k) 

Eucrassatella speciosa A. Adams 

(see Abbott, 1954, pi. 30z) 

Superfamily CARDITACEA 

Family CARDITIDAE 

Cardita floridana Conrad 
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(see pi. lOg; Abbott, 1954, pi. 30a) 

Remarks: This common lagoonal species may be found living 

byssally attached to Thalassia roots just below the sediment 

surface. 

Cardita gracilis Shuttleworth 1856 

(see Warmke and Abbott, 1962, pi. 35d) 

Venericardia tridentata Say 

(see pi. lOj ; Perry and Schwengel, 1955, pi. 10-57) 

Family CORBICULIDAE 

Pseudocyrena floridana Conrad 

(see pi. 10a; Abbott, 1954, pi. 30y) 

Family TRAPEZIIDAE 

Coralliophaga coralliophaga Gmelin 1791 

(see pi. lOh; Warmke and Abbott, 1962, pi. 35g) 

Remarks: This species lives in coral rock, probably in 

borings produced by some other organism. 

Superfamily LUCINACEA 

Family DIPLODONTIDAE 

Diplodonta semiaspera Philippi 1836 
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(see pi. lOf; Andrews, 1971, p. 177) 

Diplodonta soror C. B. Adams 

(see pi. lOe; Andrews, 1971, p. 177) 

Family LUCINIDAE 

Anodontia alba Link 1807 

(see pi. 12h; Warmke and Abbott, 1962, pi. 36e) 

Codakia orbicularis Linne 1758 * 

(see pi. lid; Warmke and Abbott, 1962, pi. 36g) 

Remarks: This very shallow water species is distinctive 

because of its large size (5 to 7cm) and its circular, 

discus-like shape. 

Codakia orbiculata Montagu 1808 * 

(see pi. 12c; Warmke and Abbott, 1962, pi. 36h) 

Remarks: This is similar to C. orbicularis but smaller 

(2 to 3cm) and more sub-circular in shape. 

Codakia pectinella C. B. Adams 1852 * 

(see pi. 12d; Warmke and Abbott, 1962, pi. 36c) 

Divaricella quadrisulcata d'Omigny 1842 

(see pi. llj; Warmke and Abbott, 1962, pi. 36L) 

Remarks: This is probably the same as D. dentata Wood. 
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It is very abundant in most environments and is characterized 

by a distinctive divaricate (i.e., chevron-shaped) sculpture. 

Lucina blanda Dali and Simpson 1901 

(see pi. 12g; Warmke and Abbott, 1962, pi. 36d) 

Remarks: This tiny (5mm) species is common in the strait 

west of Is la Contoy. It is white and pear-shaped. 

Lucina pennsylvanica Linne 1758 

(see pi. Ilf; Warmke and Abbott, 1962, pi. 36a) 

Remarks: This is a very common species in the sandy back- 

reef and lagoonal areas around Isla Cancun. It is charac¬ 

terized by a deep furrow extending across the shell from 

the beak to the ventral margin. 

Parvilucina (Codakia) costata d'Orbigny 1842 * 

(see pi. 12e; Warmke and Abbott, 1962, pi. 36k) 

Parvilucina (Lucina) multilineata Tuomey and Holmes 

(see pi. 12f; Perry and Schwengel, 1955, pi. 40-291) 

Remarks: This tiny (5mm) species is extremely abundant in 

the current-swept strait west of Isla Contoy. It is white, 

circular and globose. 

Phacoides (Lucina) nassula Conrad 

(see pi. 12b; Perry and Schwengel, 1955, pi. 11-65) 

Remarks: This common species is circular in outline and 
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bears a coarsely cancellate sculpture. 

Phacoldes (Lucina) pectinatus Gmelin 1791 * 

(see pi. lie; Warmke and Abbott, 1962, pi. 36b) 

Remarks: This has a furrow similar to L. pennsylvanica but 

is larger (3 to 6cm), more circular and generally tinted 

orange-tan. It is a common lagoonal species. 

Phacoides radians Conrad 1841 

(see pi. 12a; Warmke and Abbott, 1962, pi. 36j) 

Family CHAMIDAE 

Chama macerophylla Gmelin 1791 

(see pi. 12i; Warmke and Abbott, 1962, pi. 37b) 

Remarks: The left valve is always attached to a hard sub¬ 

strate, and the right valve is characterized by a heavily 

foliated surface. 

Chama sarda Reeve 1847 

(see pi. 12k; Warmke and Abbott, 1962, pi. 37d) 

Echinochama arcinella Linne 1767 

(see pi. 11c; Warmke and Abbott, 1962, pi. 37a) 

Pseudochama radians Lamarck 1819 

(see pi. 12j; Warmke and Abbott, 1962, pi. 37c) 
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Remarks : This distinguished from C. macerophylla, 

because it ia always attached by its right valve. 

Superfamily ERYCINACEA 

Family ERYCINIDAE 

Erycina periscopiana Dali 1899 

(see pi. 9k; Warmke and Abbott, 1962, pi. 37f) 

Superfamily CARDIACEA 

Family CARDIIDAE 

Subfamily TRACHYCARDIINAE 

Papyridea semisulcata Gray 1825 * 

(see pi. 9L; Clench and Smith, 1944, pi. 8-8 to 12) 

Trachycardium magnum Linne 1758 * 

(see pi. 9r; Clench and Smith, 1944, pi. 4-1 and 2) 

Trachycardium muricatum Linne 1758 

(see pi. 9s; Clench and Smith, 1944, pi. 5) 

Subfamily FRAGINAE 

Americardia guppyi Thiele 1910 

(see pi. 9m; Warmke and Abbott, 1962, pi. 38a) 

Remarks: This is a very common species in sandy substrates. 



66 

Americardia media Linne 1758 

(see pi. 9n; Warmke and Abbott, 1962, pi. 38b) 

Subfamily LAEVICARDIINAE 

Laevicardium laevigatum Linne 1758 

(see pi. 11a; Clench and Smith, 1944, pi. 12-1 to 4) 

Laevicardium mortoni Linne 

(see pi. 9q; Clench and Smith, 1944, pi. 12-6 and 7) 

Remarks: This is common in all environments but is most 

abundant in the lagoons. 

Dinocardium robustum vanhyningi Clench and Smith 

(see pi. 8a; Clench and Smith, 1944, pi. 7) 

Remarks: This is a deeper water species common in clean 

sand. It differs from the Texas coast form of the same 

species by its more elongate shape and lighter coloration. 

Subfamily PROTOCARDIINAE 

Microcardium tineturn Dali 1881 

(see pi. 9u; Warmke and Abbott, 1962, pi. 38f) 

Superfamily VENERACEA 

Family VENERIDAE 

Subfamily VENERINAE 
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Anomalocardia cuneiroeris Conrad 

(see pi. 9t; Abbott, 1954, pi. 39i) 

Remarks: This is a very common species in restricted areas 

of lagoons. It is characterized by its drawn-out shape and 

bold concentric ribbing. 

Chione cancellata Linne 1767 * 

(see pi. Hi; Warmke and Abbott, 1962, pi. 38o) 

Remarks: This is an ubiquitous species, occurring in all 

but two of the quantitative samples. It is characterized 

by its strongly cancellate sculpture and purplish brown 

interior. 

Chione granulata Gmelin 1791 * 

(see pi. 12m; Warmke and Abbott, 1962, pi. 38i) 

Remarks: This is similar to C. cancellata. but it is 

smaller and has a finer cancellate sculpture. 

Chione intapurpurea Conrad 1849 

(see pi. llg; Warmke and Abbott, 1962, pi. 38n) 

Remarks : This is generally a deeper water species. 

Chione latilirata Conrad 1841 

(see pi. llh; Abbott, 1954, pi. 39c) 

Remarks: The only specimens were obtained from an Eastward 

dredge haul at a depth of 22 meters. 
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Chione pygmaea Lamarck 1818 

(see pi. 12L; Warmke and Abbott, 1962, pi. 38j) 

Remarks: This is common in all environments. 

Subfamily MERETRICINAE 

Transennella conradina Dali 1883 

(see 12o; Perry and Schwengel, 1955, pi. 13-78) 

Transennella cubiana d'Orbigny 1842 

(see pi. 12n; Perry and Schwengel, 1955, pi. 13-79) 

Remarks: This is small (5 to 7mm), pure white and trigonal 

in shape. It is common in all environments but most abun¬ 

dant in the lagoons. 

Subfamily PITARINAE 

Pitar aresta Dali and Simpson 1901 

(see pi. 12p; Warmke and Abbott, 1962, pi. 39m) 

Subfamily CIRCINAE 

Macrocallista maculata Linne 1758 

(see pi. 12q; Clench, 1942b, pi. 5) 

Remarks: The bright cream, orange and brown calico pattern 

of this species is distinctive. 
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Subfamily DOSINIINAE 

Dosinia concentrica Bom 1778 

(see pi. 12r; Clench, 1942b, pi. 2) 

Subfamily GEMMINAE 

Gemma purpurea Lea 1842 

(see pi. 12s; Warmke and Abbott, 1962, pi. 39o) 

Family PETRICOLIDAE 

Petricola lapicida Gmelin 1791 

(see pi. 12t; Warmke and Abbott, 1962, pi. 44e) 

Remarks: This is a moderately common boring clam in coral 

rock. 

Rupellaria typica Jonas 1844 

(see pi. 12u; Warmke and Abbott, 1962, pi. 44b) 

Remarks: This is a moderately common boring clam in coral 

rock. 

Superfamily TELLINACEA 

Family TELLINIDAE 

Apolymetis intastriata Say 1826 

(see pi. 13n; Warmke and Abbott, 1962, pi. 41g) 
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Arcopagia fausta Pulteney 1799 

(see pi. Ilk; Boss, 1966, pi. 135) 

Macoma brevifrons Say 1834 

(see pi. 13h; Warmke and Abbott, 1962, pi. 41h) 

Remarks: This common lagoonal form is smooth and polished 

white. 

Macoma constricta Bruguiere 1792 * 

(see pi. 13i; Warmke and Abbott, 1962, pi. 41k) 

Remarks: This common lagoonal form is dull white with fine 

growth lines. 

Macoma tageliformis Dali 1900 

(see pi. 11L; Warmke and Abbott, 1962, pi. 41i) 

Strigilla pisiformis Linne 1758 * 

(see pi. 13L; Warmke and Abbott, 1962, pi. 41e) 

Tellidora cristata Recluz 

(see pi. 13m; Boss, 1968, pi. 163) 

Tellina aequistriata Say 1824 

(see pi. 13d; Boss, 1966, pi. 141) 

Tellina altemata Say 1822 * 

(see pi. 13c; Boss, 1968, pi. 146-2 to 4) 
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Remarks: This is the same as T. planulata Sowerby. 

Tellina candeana d'Orbigny 1842 * 

(see pi. 13e; Boss, 1968, pi. 162-2) 

Remarks: This is the most common species of Tellina in the 

samples, and it may be found in all environments. It is 

characterized by a posterior truncation bearing weak oblique 

sculpture. 

Tellina cristallina Spengler 1798 

(see pi. 13j; Boss, 1966, pi. 138-5) 

Tellina lineata Turton 1819 * 

(see pi. 13b; Boss, 1968, pi. 143-3 and 4) 

Tellina listeri Rtfding 1798 * 

(see pi. 13a; Boss, 1966, pi. 133) 

Tellina radiata Linne 1758 * 

(see pi. 13g; Boss, 1966, pi. 129) 

Remarks: Both the orange-rayed form and the all white form, 

which is sometimes called T. unimaculata Lamarck, are common. 

Tellina similis Sowerby 

(see pi. 13f; Boss, 1968, pi. 160) 

Remarks: This is the same as T. caribaea d'Orbigny. It is 

similar to T. candeana and also very common, but it is not 
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as truncated posteriorly. 

Tellina sybaritica Dali 1881 * 

(see pi. 13k; Boss, 1968, pi. 158-1 and 2) 

Remarks: This is characterized by its solid, bright orange 

to crimson color. 

Family SEMELIDAE 

Abra aequalis Say 1822 

(see pi. 14a; Abbott, 1954, pi. 30v) 

Abra lioica Dali 1881 

(see pi. 14b; Abbott, 1954, pi. 30w) 

Remarks: This small (5 to 7mm), white, elongate species is 

common in all environments but most abundant in clean sand. 

Cumingia antillarum d'Orbigny 1842 * 

(see pi. 14c; Warmke and Abbott, 1962, Text Fig. 31 c and d) 

Semele bellastriata Conrad 1837 

(see pi. 14d; Boss, 1972, pi. 9) 

Semele proficua Pulteney 1794 

(see pi. 14e; Boss, 1972, pi. 4) 

Family DONACIDAE 



73 

Donax sp. 

(see pi. 14h; Warmke and Abbott, 1962, pi. 42 d and h) 

Remarks: Only one worn shell, probably either D. striatus 

Linne or D. denticulatus Linne, was collected in the samples. 

Family SANGUINOLARIIDAE 

Asaphis deflorata Linne 1758 

(see pi. 14f; Warmke and Abbott, 1962, pi. 42k) 

Tagelus divisus Spengler 1794 

(see pi. 14g; Warmke and Abbott, 1962, pi. 42L) 

Remarks: This long, rectangular species is common in sandy 

substrates of all environments. 

Suborder ADAPEDONTA 

Superfamily MACTRACEA 

Family MACTRIDAE 

Mulinia lateralis Say 

(see pi. 14i; Parker, 1960, pi. 1-14) 

Remarks: This common Texas coast species is relatively 

uncommon in this region. 

Family MESODESMATIDAE 

Ervilia nitens Montagu 1806 * 
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(see pi. 14 j; Warmke and Abbott, 1962, pi. 43b) 

Remarks: This small (5mm), pink, oval species is extremely 

abundant in the current-swept strait west of Isla Contoy. 

Family HIATELLIDAE 

Hiatella (Saxicava) arctica Linne * 

(see pi. 14k; Perry and Schwengel, 1955, pi. 18-122) 

Remarks: This is the same as H. rugosa Linne. It is 

characterized by its irregular, undulating shell form. 

Superfamily MYACEA 

Family CORBULIDAE 

Corbula dietziana C. B. Adams 1852 * 

(see pi. 14L; Andrews, 1971, p. 216) 

Suborder ANOMALODESMACEA 

Superfamily PANDORACEA 

Family LYONSIIDAE 

Lyonsia beana d'Orbigny 1842 

(see pi. 14m; Warmke and Abbott, 1962, pi. 44c) 

Class SCAPHOPODA 

Family SIPHONODENTALIIDAE 
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Cadulus quadridentatus Dali 1881 

(see pi. 2y; Rice and Komicker, 1965, pi. 9-5) 

Remarks: This small (5 to 8mm) "tusk skell" is smooth, 

somewhat swollen behind the aperture, and notched by four 

tiny slits at the apex. 

Family DENTALIIDAE 

Dentalium antillarum d'Orbigny 1842 

(see pi. 2z; Warmke and Abbott, 1962, Text Fig. 34f) 

Remarks: This finely ribbed species is white with faint 

bands of yellowish gray. 

Dentalium sowerbvi Guilding 1834 

(see pi. 2bb; Rice and Komicker, 1965, pi. 9-10) 

Remarks: This glossy white species is long (1 to 2cm), 

smooth and needle-like. 

Dentalium texasianum Philippi 

(see pi. 2aa; Parker, 1960, pi. 3-22) 

Remarks: This stoutly ribbed species is dull grayish white 

and hexagonal in cross-section. 

Class AMPHINEURA 

Order CHITONIDA 

Family ISCHNOCHITONIDAE 
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Ischnochiton sp. 

(see Warmke and Abbott, 1962, Text Fig. 32a and e) 

Remarks: One specimen, probably either I. papillosus 

C. B. Adams or JL limaciformis Sowerby, was found in the 

samples and probably was washed into the sediment from 

nearby intertidal rocks. 

Phylum ANNELIDA 

Class POLYCHAETA 

Family POLYNOIDAE 

Remarks: These are short, flat "scale worms" (Lepidametria) 

covered with elytra (i.e., dorsal cirri modified into 

scales). 

Family POLYODONTIDAE 

Remarks: These very long "scale worms" have been reported 

in thick-walled muddy tubes (Hartman, 1951), but no tubes 

were collected with the living specimens in the samples. 

Family SIGALIONIDAE 

Remarks: These also are long "scale worms". 

Family AMPHINOMIDAE 

Remarks: The free-living "fire worms" or "bristle worms" 

bear bundles of numerous sharp, glass-like setae that can 

cause considerable discomfort when a specimen is handled. 
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Family PHYLLODOCIDAE 

Remarks: These are free-living forms with foliaceous 

dorsal cirri. 

Family SYLLIDAE 

Remarks: These are generally free-living forms. Odontosyllis 

enopla was the only species collected. 

Family NEPHTYIDAE 

Remarks: These burrow in loose sand. 

Family GLYCERIDAE 

Remarks: The "proboscis worms" burrow in loose sand, and 

they are characterized by a long, cylindrical, eversible 

proboscis and a pointed prostomium bearing four minute 

tentacles. 

Family ONUPHIDAE 

Remarks: These forms inhabit soft, agglutinated tubes of 

fine sand (Onuphis sp.) or coarse Halimeda plates and flat 

mollusc fragments (presumably Diopatra sp.). 

Family EUNICIDAE 

Remarks: These dark brown worms are very common in sands 

of the backreef and lagoonal environments. 
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Family LUMBRINERIDAE 

Remarks: These long, red-brown worms are common in all 

environments. They are characterized by a pointed pro- 

stomium and hooded setae. 

Family ARABELLIDAE 

Remarks: These resemble the Lumbrinerids, but they have 

only pointed setae and may have four black eyespots on the 

prostomium. 

Family SPIONIDAE 

Remarks: These are readily distinguished by their two 

long, tentacular palpi (Polydora sp.). 

Family CAPITELLIDAE 

Remarks: Several species of these red-brown, earthworm-like 

polychaetes are very common in all environments. 

Family MALDANIDAE 

Remarks: The "bamboo worms" inhabit soft, thin tubes of 

agglutinated fine sand-size material. 

Family OWENIIDAE 

Remarks: These inhabit agglutinated tubes which are 

commonly attached to empty shells. 

Family PECTINARIIDAE 
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Remarks: The distinctive "goId-crowned worms" inhabit 

long, conical tubes in sandy bottoms. 

Family SERPULIDAE 

Remarks: The "feather duster worms" are characterized by 

vividly colored, branching tentacles and often have an 

operculum. They always live in hard calcareous tubes. 

Family SABELLIDAE 

Remarks: These also are colorful "feather duster worms", 

but they inhabit rigid, sandy tubes and never possess 

opercula. 

Phylum SIPUNCULOIDEA 

Remarks: The "peanut worms" are very common in firm 

sandy substrates. 

Phylum PHORONIDEA 

Remarks: These smooth-bodied worms possess a set of short, 

stiff, anterior tentacles. They inhabit long, straight, 

thin tubes of agglutinated fine sand. 

Phylum COELENTERATA 

Class SCYPHOZOA 

Remarks: Jellyfish occasionally were collected, but they 

were usually obliterated beyond recognition by the dredge. 
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Class ANTHOZOA 

Order ACTINIARA 

Remarks: Small burrowing anemones are common in sandy 

substrates. 

Phylum PORIFERA 

Remarks: A wide variety of sponges occasionally were 

collected in the samples. 

Phylum ECHINODERMATA 

Class ASTEROIDEA 

Remarks: Many different starfish species are common. 

Class OPHIUROIDEA 

Remarks: Brittle stars are common in coarse substrates, in 

vacant shells and under rocks. 

Class ECHINOIDEA 

Remarks: Both regular and irregular echinoids are common 

and were collected in the samples. 

Class HOLOTHUROIDEA 

Remarks: Sea cucumbers are common in the samples. They 

are important bioturbating agents, and they produce large 

mounds and fat, cylindrical fecal strings. 
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Phylum ARTHROPODA 

Superclass CRUSTACEA 

Class MALACOSTRACA 

Subclass EUCARIDA 

Order DECAPODA 

Remarks: The Decapods are represented in the quantitative 

samples by Tribes Caridea (swimming shrimps), Anomura 

(hermit crabs and burrowing "ghost shrimps") and Brachyura 

(true crabs). 

Subclass PERACARIDA 

Order ISOPODA 

Remarks: These small, flattened crustaceans are uncommon 

in the samples. 

Order AMPHIPODA 

Remarks: These small, laterally compressed crustaceans 

are uncommon in the samples. 

Subclass STOMATOPODA 

Remarks: "Mantis shrimps" are fairly common in the samples. 

Phylum CHORDATA 

Subphylum UROCHORDATA 

Remarks: One solitary, sessile Tunicate was collected at 
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the mouth of Puerto Viejo Lagoon. 

Subphylum CEPHALOCHORDATA 

Remarks: One Amphioxus was collected in the sandy strait 

west of Isla Contoy. 

Subphylum VERTEBRATA 

Remarks: Tiny fish occasionally were sucked up by the 

dredge. 
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QUANTITATIVE ASPECTS OF FAUNAL DISTRIBUTION 

Introduction 

Fifty quantitative samples were sorted in the laboratory 

at Rice University. These included 49 of the 59 samples 

collected by the diver-operated suction dredge and one 

sample obtained with a Cerame-Vivas chain link dredge 

aboard the R/V Eastward. All molluscs in the samples were 

identified and counted, and living animals were differen¬ 

tiated from dead remains. 

The large majority of species in every sample consisted 

of molluscs, and in 18 of the samples no other phylum was 

represented in the macrofauna. Since molluscs comprised 

virtually the total bulk of geologically preservable macro- 

faunal remains in the sediment, only that phylum was treated 

quantitatively. 

A total of 290 molluscan species were identified from 

the 50 samples. These included 180 gastropod species, 105 

bivalve species, four scaphopod species and one amphineuran 

species (see Fig. 5). Of all these only 82 species, or 

28.3%, were represented by live individuals in any sample. 

A total of 75 species, or 25.9%, occurred, dead or alive, 

in just one out of the 50 samples. 

There were 268 total occurrences of live species in 

samples, and nearly all of these occurrences coincided with 

occurrences of dead shells of the same species in the same 
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Figure 5. Percentage representation of the 

molluscan classes in the fifty quantitative 

samples. 



Cephalopoda (0 species) 0.0% 

Phylum Mollusca (total 290 species) 
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samples. Only 11 cases, or 4.1% of the total, were 

occurrences of live species in samples which did not also 

contain dead shells of the same species. These included 

four gastropods (single individuals of each species), 

which may be considered to be vagrant benthos, and four 

occurrences of bivalves, which happened to be represented 

among the dead shells in nearby samples. Another occurrence 

was that of a small chiton which presumably had been washed 

into the sediment from its normal habitat on intertidal 

rocks adjacent to one sample. Thus, just two live-only 

occurrences (i.e., one live Corbula dietziana in sample 

K-l, and one live Modiolus americanus in sample J-l), repre¬ 

senting less than 1% of the total occurrences of live 

species, remain unexplained. This fact that virtually all 

species observed living in the sediment are represented in 

the dead shell remains is significant evidence that mollus- 

can death assemblages in this region provide good repre¬ 

sentations of the living molluscan communities. 

Diversity and Abundance 

In this study "diversity" is simply the number of 

species present in a given sample, and "abundance" is the 

number of individuals of a particular species present in 

the sample. "Total abundance" refers to the total number 

of individuals of all species present in one sample. Often 

the total abundance in a sample, or the abundance of its 
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most abundant species, is inversely proportional to the 

diversity of that sample in many ecologic surveys (MacArthur, 

1960), but this generalization is not always applicable in 

these Yucatan samples. Perhaps this is due partly to the 

patchy distribution of populations and partly to the ten¬ 

dency of certain species (e.g., Ervilia nitens and Parvi- 

lucina multilineata) to occur in extreme numbers wherever 

they are present, regardless of the diversity of the whole 

sample. 

The sample diversities range from five to 93 species 

of dead molluscs and from zero to 18 species of live ones. 

Figure 6 shows a ranking of the 50 samples in terms of the 

diversity of the dead shells and also the live representa¬ 

tives . 

The minor differences in ranking order between the two 

lists could be due to many factors, such as transportation, 

environmental fluctuations, mass extinctions or simply the 

migration of patchy populations. For example, sample D-2a 

ranks very high in diversity of dead shells with 80 species, 

but it contains no living forms whatsoever and therefore 

ranks at the bottom of the list based on live species divers¬ 

ity. This sample was taken from a shell bed at the mouth 

of a mangrove channel leading into Laguna Nichupte^ and 

mixing of shell debris apparently was due to strong currents. 

Transportation, therefore, is possibly the significant fac¬ 

tor producing this particular death assemblage. 

On the other hand, sample G-5 ranks third highest in 
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Figure 6. Lists ranking the 50 samples in terms 

of (from left to right) diversity based on dead 

shells, diversity based on living organisms, 

total abundance of dead shells and total abun¬ 

dance of living organisms. The numbers in 

parentheses in both diversity lists repre¬ 

sent the number of species present in each 

sample. The numbers in parentheses in both 

abundance lists are normalized to represent 

the number of individual animals present in 

each whole sample. In many cases these are 

estimates of total abundance based on the divi¬ 

sion of disarticulated bivalve valves by two, 

the approximation of abundances by weighing 

portions of unusually large populations, and 

the multiplication of abundances found in random 

splits of samples. To determine which samples 

were split and which were not, refer to the sam¬ 

ple data in Appendix B. 



Diversity (dead) Diversity (live) ! Abundance (dead) Abundance (live) 
3-3a (93) D-4 (17) J-3 (37.423) d — j (3,352) 
G-l (92) G-5 (15) H-2 (12,818) E-5a (665) 
G-5 (90) A-lb (13)" £-5a (12,537) b-4 (438) 
J-l (84) H-6 (13)_ J-l (9,439) B-3 (399) 
A-lb (83) A-4 (10) b-4 (8,047) H-2 (368) 
D-2a (80) D-2 (10) u-1 (6,450) E-2 (225 :) 
A-5 (77) B-5 (10) E-2 (5.640) G-4 (224) 
C-4 (76) East (10, )J b-2a (4,883) G-3 (171) 
G-5 (75) G-3 (9) B-5 (4,372) B-5 (151) 
J-3 (74) E-l (9) C-5 (4,687) B-5 (141) 
G-5a (71) J-l (9). C-5a (4,014) J-2 (127) 
u-2 (69 r A-5 (8)“ E-3 (3.899) F-2 (88) 
B-5a (69) E-5 (8)_ A-lb (3,264) F-l (7?) 
G-3 (69)_ B-2 (?r A-5 (3.103) A-lb (75) 
B-5 (67) B-3 (7)_ F-2 (3,092) H-6 (63) 
3-1 (66) B- la (6T b-5 (2,672) G-5 (66) 
K-l (63) B-3a (6) F-l (2,660) A-5 (40) 
J-2 (61) C-2 (6) G-3 (2,634) G-l (80) 
A-4 (60) G-4 (6) H-5 (2,596) A-4 (26) 
s-5 (58) G-5 (6) D-l (2,5"6) G-5 (25) 
A- la (55)1 G-3 (6) D-2 (2,502) C-5a (24) 
C-2 (55)J J-3 (6L J-2 (2,496) D-2 (24) 
G-3 (54) B-l (5)~ G-5 (2,334) K-l (24) 
D-l (53) B-2a (5) H-6 (1,448) iiast (24) 
B-3 (52)1 E-3 (5) C-4 (1,305) B-la (20) 
B-4a (52 )J F-2 (5) B-3a (1,262) E-l (18) 
East (50) G-l (5) G-3 (1,130) 2 (17) 
B-4 (43)1 H-2 (5) H-5a (975) G-l (13) 1 
E-2 (48) K-l (5)J B-3 (901) G-3 (13) J 
E-3 (48) B-4 (4)1 G-l (890) B-2 (10) 
H-6 (48 )J B-5a (4) E-l (855) B-2a (9)1 
B-5 (47) D-l (4) 0-2 (755 n B-3 (9) 
H-2 (46)1 P-1 (4) K-l (755)J B-3a (9)J 
H-5a (46) 1-2 (4) 3-4 (500) B-l (8)1 
1-3 (46)J 1-3 (4) B-5a (483) b-l (8) 
B-4 (45) J-2 (4) A-4 (481) H-5 (8)J 
3-la (43)1 L-2 (4)J B-5 (402) A-l (7) 
E-5a (4 3) J G-l (3)1 A-la (358) B-4 (6)1 
G-l (40) E-2 (3) East (294) B-5a (6) 
H-5 (39) E-5a (3) B-2 (290) H-5« (6)J 
P-2 (36) H-5a (3)J L-l (284) B-5 (5)1 
3-2 (35) A-l (2)1 L-2 (265) L-2 (5)J 
1-2 (30) A-la (2) 1-3 (252) 1-2 (4) 
L-2 (29) B-5 (2) B-4a (251) A-la (2)1 
B-2a (28) C-5a (2) B-la (232) 3-4a (2) 
F-l (25) H-5 (2 )J B-2a (156) L-l (2)J 
B-l (24) B-4a (1)1 3-1 (140) 1-3 (1)1 
L-l (20) L-l (1 )J 1-2 (139) J-l (1)J 
A-l (12) D-2a (0)1 A-l (39) D-2a (0)1 
G-4 (5) G-4 (0)J G-4 (5) G-4 (0)J 

Diversity and total abundance in 50 samples. 
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dead species diversity and second highest in live species 

diversity. This locality is located at the entrance to 

Laguna Xmapoit on Isla Contoy, and so mixing of the faunas 

from the lagoon and the strait by currents might be expected 

here too. However, each of the live species in G-5 is also 

represented in the dead shells, so this suggests that divers¬ 

ity alone may not necessarily be a clear indication of a 

great amount of mixing. In fact, with the exception of 

shell beds accumulating in current-washed channels, such as 

in sample D-2a, the relative position of most samples seems 

to be approximately the same in both diversity lists. 

Sample G-4, located very near to G-5, ranks at the 

bottom of both diversity lists, because it was taken from a 

hardground surface with only a few millimeters of surface 

sediment. However, in sample L-l, taken farther out in the 

strait between Isla Contoy and the mainland, the bottom 

sediment was excavated to full meter depth, and yet it too 

ranks very low in diversity in both lists. 

The total abundances in the samples range from five to 

37,423 dead individuals and from zero to 3352 live ones. 

Figure 6 also shows a ranking of the 50 samples in terms 

of their total abundances based on both the dead and live 

molluscs present in each. Even though the dead shells far 

outnumber the live ones in every sample, the samples seem 

to rank in approximately the same position whether abun¬ 

dances of dead shells or live ones are considered. 

Sample J-3, which was collected in the strait west of 
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Isla Contoy, is estimated to contain more than 40,000 live 

and dead molluscs larger than one-eighth inch in size. In 

other words, one cubic meter of sediment in this locality 

probably contains more than one and one-third million 

molluscs. Since this estimate considers each disarticu¬ 

lated bivalve valve as only half an individual, it is 

easy to see that the total number of mollusc shells in one 

cubic meter of the substrate here is nearly two million! 

Cluster Analysis 

In geologic studies where large amounts of numerical 

data are involved it is often desirable to group together 

similar samples and to measure the similarity between the 

various groups. Cluster analysis is a technique developed 

originally by psychologists to search for numerical rela¬ 

tionships in a large symmetrical matrix. It is a logical 

pair-by-pair comparison of samples (Q-mode analysis) or 

variables (R-mode analysis) using some coefficient of simi¬ 

larity to compute the association between each pair. Al¬ 

though results may be represented in several ways, each 

analysis in this study is plotted as a dendrogram (see Figs 

7 through 14), in which discrete clusters of samples or 

variables are delineated by an imaginary line extending 

across the dendrogram at an arbitrary level of significance 

This arbitrary level is often chosen between the associa¬ 

tion values of 0.50 and 0.80 in order to be considered 
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valid (see Sokal and Sneath, 1963). 

Cluster analysis was used in this study to obtain 

Q-mode clusters of samples based on their species composi¬ 

tion and R-mode clusters of species based on the samples in 

which they occur. Thus, the Q-mode analysis may be used to 

approximate biogeographic zones, and the R-mode analysis 

may be used to outline quantitatively defined marine commun¬ 

ities . 

The computer program CLUSTER used for this study is 

based on an average linkage, unweighted pair-group method. 

It was written originally as an ordination program by Glen 

Goff (University of Wisconsin) and then rewritten by Howard 

Lev (Rensselaer Polytechnic Institute) to add the clustering 

capability. Joseph Duval revised and adapted it for opera¬ 

tion on the Burroughs B-5500 computer at Rice University. 

Coefficients of Similarity 

A number of different numerical coefficients have been 

devised to calculate statistical association between pairs 

of samples or variables (see Cheatham and Hazel, 1969; 

Sokal and Sneath, 1963). Six of the most common of these 

similarity coefficients were employed for various operations 

in this study. The Dice coefficient, Jaccard coefficient, 

Fager coefficient and Match coefficient utilized binary 

data based on the presence or absence of species in samples. 

The Dice coefficient, Taxonomic Distance coefficient and 
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Correlation coefficient utilized percentage data based on the 

relative abundance of species in samples. 

The following list of computational symbols is used 

to discuss the expressions of the similarity coefficients 

in binary representation. 

A   Total number present in first unit. 

B   Total number present in second unit. 

C   Total number present in both units. 

D   Total number absent in both units. 

R   Association value of the coefficient. 

The Jaccard coefficient, 

C 
R =   x 100, (1) 

A + B - C 

is one of the oldest (Jaccard, 1908) and perhaps most widely 

used measures of statistical association in both taxonomic 

and bioassociational studies. 

The Dice coefficient, 

2C 
R =   x 100, (2) 

A + B 

is a very similar measure which is also commonly used for 

taxonomic and bioassociational studies. 
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The simple Match coefficient, 

C + D 
R =  x 100, (3) 

A + B - C + D 

is another similar index, but unlike the Jaccard and Dice 

coefficients it also considers the number of variables 

(samples) absent in both samples (variables) but present in 

others. This often gives the effect of a consistently high 

association between two samples containing few variables, 

because the large number of variables absent in both samples 

is a major factor contributing to their similarity. 

The Fager coefficient, 

C 1 
R = x 100, 

AB 2YB 
(4) 

is a sophisticated measure of similarity used primarily for 

bioassociational studies. This coefficient seems to be less 

sensitive to the number of variables in samples than the 

preceding three (Valentine and Petticord, 1967) 

These four similarity coefficients are generally used 

only with binary (i.e., presence/absence) data, although in 

this study some degree of success was achieved using the 

Dice coefficient (2) with percentage (i.e., relative abun¬ 

dance) data. In this method the factors A, B, C and D do 

not equal the number of variables present in the samples, 

but rather a total of percentage values (to the nearest 

whole percent) for the variables based on the relative 
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abundance of species in the samples. 

The Taxonomic Distance coefficient, 

If A + B - 2C 
R=U  x 100, (5) 

» A + B - C + D 

is an index of the mathematical distance between units. 

The Correlation coefficient, 

CD - (A - C) (B - C) 
R =,r — x 100, (6) 

v AB (A - C + D) (B - C + D) 

is a more pomplex statistical measure of the product-moment 

correlation between units. 

Q-mode Clusters 

A series of Q-mode clusters was obtained using 25 sam¬ 

ples and 66 variables, representing the species which had 

live occurrences in those samples (see Figs. 7 through 12). 

Separate dendrograms were constructed using information 

from both dead shells only and live animals only. Presence/ 

absence data was utilized in conjunction with the Dice, 

Jaccard and Match coefficients. Relative abundance data was 

utilized in conjunction with the Dice, Taxonomic Distance 

and Correlation coefficients. 

In general, the clusters produced by data on live and 

dead shells for any given coefficient resulted in roughly 

the same trends, although often a greater amount of spread 
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Figure 7. Dendrograms from Q-mode analyses of 

25 samples using the Dice coefficient and based 

on the presence or absence of 66 common species 

among the living animals (top) and among the 

dead shells (bottom). 



Q-mode analysis of 25 samples (live 
species) with Dice coefficient 
based on presence/absence. 

Q-mode analysis of 25 samples (dead 
species) with Dice coefficient 
based on presence /absence. 
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Figure 8. Dendrograms from Q-mode analyses of 

25 samples using the Jaccard coefficient and 

based on the presence or absence of 66 common 

species among the living animals (top) and 

among the dead shells (bottom). 



BACKREEF STRAIT aih«.. 

Q-mode analysis of 25 samples (live 
species ) with Jaccard coefficient 
based on presence/absence. 

Q-mode analysis of 25 samples (dead 
species) with Jaccard coefficient 
based on presence/absence. 
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Figure 9. Dendrograms from Q-mode analyses of 

25 samples using the Match coefficient and based 

on the presence or absence of 66 common species 

among the living animals (top) and among the 

dead shells (bottom). 
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Figure 10. Dendrograms from Q-mode analyses of 

25 samples using the Dice coefficient and based 

on the relative abundance of 66 common species 

among the living animals (top) and among the 

dead shells (bottom). 
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Figure 11. Dendrograms from Q-mode analyses of 

25 samples using the Taxonomic Distance coeffi¬ 

cient and based on the relative abundance of 

66 common species among the living animals (top) 

and among the dead shells (bottom). 
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Figure 12. Dendrograms from Q-mode analyses of 

25 samples using the Correlation coefficient and 

based on the relative abundance of 66 common 

species among the living animals (top) and among 

the dead shells (bottom). 



STRAIT LAGOONAL BACKREEF OPEN SEA 

Q-mode analysis of 25 samples (live 
species) with correlation coefficient 
based on relative abundance. 

Q-mode analysis of 25 samples (dead 
species) with correlation coefficient 
based on relative abundance. 
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(i.e., lower level of association) was shown in the samples 

when using only data from live animals. Samples D-2a and 

G-4 show zero similarity to the other samples in every 

case when data on live organisms are used, because these 

two samples contained no living fauna at all. 

Very similar Q-mode clusters were obtained using 

presence/absence data with both the Dice and Jaccard coeffi¬ 

cients (Figs. 7 and 8). The stair-step arrangement of 

samples in the two dendrograms utilizing dead shell data 

does not yield well-defined clusters for either coeffi¬ 

cient. However, interesting clusters can be derived from 

the two dendrograms utilizing information from live animals, 

although the levels of significance are too low to be of 

any statistical importance (i.e., 25.0 for the Dice coeffi¬ 

cient, and 20.0 for the Jaccard coefficient). 

The Match coefficient produced the best-defined clusters 

of the three coefficients using presence/absence data. 

These are indicated on the dendrograms in Figure 9, based 

on significance levels of 65.0 for live species and 70.0 

for dead species. The three largest of the clusters based 

on live species include samples from lagoons, the quiet 

backreef environment south of Isla Cancun, and the current- 

swept strait west of Isla Contoy. These confusing groupings 

might suggest that the life assemblages in the samples indi¬ 

cate no direct correlation to the general environment. The 

clusters based on dead species, on the other hand, show 

somewhat closer association with the environmental setting. 
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For example, the "BM samples together form one discrete 

cluster, and the only samples from the two northern lagoons 

on Isla Contoy, H-6 and F-l, form another. 

The dendrograms in Figure 10 were produced by the Dice 

coefficient with relative abundance data. If a very low 

level of significance, such as 15.0, is chosen for the 

dendrogram based on live species, a number of interesting 

clusters are outlined. For example, the "B" samples again 

form one cluster, and three lagoonal samples (i.e., F-l, 

H-6 and D-4) form another. Sample K-l and the Eastward sam¬ 

ple, which were the only two samples collected on the open 

Caribbean side of Isla Contoy, also form a cluster. The 

significance level required for these clusters is far too 

low to be considered statistically valid. However, one 

very tight cluster is formed at a level greater than 90.0 

by five samples taken from the strait west of Isla Contoy 

(i.e., J-2, E-3, E-2, L-l and E-5a). 

Based on dead species, the dendrogram produced by the 

Dice coefficient with relative abundance data (Fig. 10) 

yields two clusters composed solely of strait samples (i.e., 

1-3, L-l and 1-2 in one cluster, and L-2, J-2, E-5a, E-3 

and E-2 in the other) at a 55.0 level of significance. The 

cluster formed by samples G-5 and G-3 represents the highly 

diverse fauna in Laguna Xmapoit on Isla Contoy. 

The Taxonomic Distance coefficient utilizing relative 

abundance data clustered all the samples at a level far too 

high to be significant (Fig. 11). In fact, a level of 
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greater than 90.0 would have to be selected in the dendro¬ 

grams based on both live animals and dead shells in order 

to obtain any clusters at all. However, the very same 

tight clusters of strait samples produced by the Dice coeffi 

cient in Figure 10 are likewise produced in the two dendro¬ 

grams of the Taxonomic Distance coefficient. 

Almost exactly the same clusters obtained with the 

Dice coefficient in Figure 10 were again obtained using the 

Correlation coefficient with relative abundance data (Fig. 

12), except that with the Correlation coefficient the level 

of association is well within the range of statistical 

validity (i.e., 60.0 based on live species, and 70.0 based 

on dead species). The clusters based on live species in¬ 

clude separate groups of lagoonal samples (F-l, H-6 and D-4) 

backreef samples (B-l, B-4a and B-2a), open Caribbean sam¬ 

ples (K-l and the Eastward sample), and predominantly 

current-swept strait samples (1-2, L-2, J-3, E-3, L-l, E-5a, 

D-l and G-3). The dendrogram based on dead species likewise 

includes discrete clusters of predominantly lagoonal samples 

(H-6, D-4, D-2a and B-4a), backreef samples (A-l, B-2a, B-l 

and A-4), open Caribbean samples (K-l and the Eastward sam¬ 

ple), current-swept strait samples (1-2, L-l, 1-3, L-2, J-3, 

E-5a, E-3 and E-2) and samples from Laguna Xmapoit (G-5 and 

G-3). 

The results of these twelve Q-mode analyses, especially 

when utilizing information based on the relative abundance 

of species in the samples, indicate that the same associa- 
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tions or clusters of samples occur whether only living ani¬ 

mals or just the dead remains are considered. This is 

important evidence that the death assemblages represent an 

in-place accumulation of remains from life assemblages over 

a period of many years. The clusters based on dead remains 

generally were more well-defined at a higher level of asso¬ 

ciation than those based solely on living animals, and this 

relationship would be expected due to the averaging of 

living communities in a particular habitat through time. 

One large Q-mode analysis consisting of all 50 samples 

from this study was run in order to demonstrate the associa¬ 

tions of these samples based on the relative abundances of 

the most important 180 species in their death assemblages 

(see Fig. 13). The species considered include only those 

which occurred in three or more samples. Since the most 

meaningful results in the smaller Q-mode analyses discussed 

earlier were obtained using the product-moment Correlation 

coefficient, that coefficient was chosen for the run in¬ 

volving all 50 samples. 

At an association level of 60.0 the dendrogram is 

divided into three distinct clusters representing the open 

Caribbean Sea east of Isla Contoy (K-l and the Eastward 

sample), the strait west of Isla Contoy (ten samples), and 

all the remaining samples. At a level of 80.0, however, 

the clusters are defined more meaningfully. The open Carib¬ 

bean cluster is the same, and the Contoy strait cluster is 

divided into two. The other clusters include three different 
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Figure 13. A dendrogram from the Q-mode analysis 

of 50 samples using the Correlation coefficient 

and based on the relative abundance of 180 

species in the dead shells. 
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groups of "B" samples from the backreef area south of 

Isla Cancun, two groups of "C" and MDM samples from the 

lagoonal and mangrove areas at the southern end of Isla 

Cancun, two groups of lagoonal samples from Isla Contoy 

(H-5, H-5a, H-6 and G-5 in one cluster representing the 

mouths of the lagoons; and F-l, H-2 and F-2 in another 

cluster representing the more restricted portions), and a 

group containing two "AM samples from the Cancun backreef 

and G-3 from Laguna Xmapoit. 

The high association between samples within these 

distinct clusters and the direct correspondence of the 

clusters to each of the major sampling areas certainly 

does indicate that the death assemblages in the sediment 

in this region do not reflect anomalous faunas produced 

by large-scale mixing of shells after death. 

R-mode Clusters 

A complete R-mode analysis outlinining statistical 

assemblages of the 290 molluscan species in the 50 samples 

was not obtained due to the inefficiency of the CLUSTER 

program on the B-5500 computer in handling such a large 

data array. 

One R-mode analysis, however, was completed for the 

same 66 species considered earlier in the Q-mode clusters. 

The Dice coefficient with relative abundance data was used 

to outline assemblages of these selected species (Fig. 14). 
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Figure 14. A dendrogram from the R-mode analysis 

of 66 common species using the Dice coefficient 

and based on their relative abundance in the dead 

shells of 25 samples. 
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The R-mode dendrogram shows that 61 of the species 

form two large and distinct clusters at an association 

level of 26.0. The assemblage containing Fasciolaria 

tulipa, Mangelia quadrilineata« Anachis pulchella, etc. 

represents organisms found in sample localities with open 

marine circulation. The assemblage containing Crepidula 

glauca, Modulus modulus, Anomalocardia cuneimeris, etc. 

represents lagoonal forms found in sample localities with 

more restricted circulation. The small cluster containing 

only Parvilucina multilineata and Ervilia nitens reflects 

the very high abundance of these two species in the samples 

from the current-swept strait west of Isla Contoy. Macoma 

constricta, Chione pygmaea and Brachidontes citrinus did 

not cluster with the other species. 

Population Distribution 

The composition of benthic communities is wholly 

depaendent on the distribution of their overlapping con¬ 

stituent popululations. Recent communities seem to be 

very complex due to population patchiness, population migra¬ 

tion, and fluctuations in population size and population 

dynamics. On the other hand, fossil communities reflect 

an averaging of these factors for benthic populations 

during the period of sedimentation. The dead shells accumu¬ 

lating in the sediment represent the total community, its 

composition and its structure as it is sustained and enhanced 
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through time. Thus, in many cases the death assemblages 

may yield a more accurate picture of the total community 

composition and structure, especially in terms of the more 

preservable organisms such as molluscs, than do one-time 

observations of the life assemblages. 

The samples collected in this study reflect little 

evidence for large-scale transport of shells and mixing of 

faunas. Worn shells are uncommon or absent in almost all 

samples, and extensive bioturbation of the sediment in many 

of the sampling localities suggests that fragmentation of 

fresh shell material may be due to re-working by burrowing 

organisms rather than movement by waves and currents. 

A series of five sample couplets, in which two samples 

for each site were collected approximately five meters 

apart, was taken along the "B" traverse in an attempt to 

determine patchiness of population distribution. Associa¬ 

tion between the samples of each couplet were computed using 

a standard Chi-square statistical test based on the presence 

or absence of species in the samples. In addition, associa¬ 

tion values were computed with the Dice, Jaccard, Match and 

Fager similarity coefficients based also on presence/absence 

data. The computer program ASSOC, derived from an original 

program by Reyment (1971, Appendix 6), was written to per¬ 

form these operations on the B-5500 computer at Rice. 

Results using data from dead shells only are reported 

at the top of Figure 15, and those using data from live 

occurrences only are reported at the bottom of Figure 15. 
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Figure 15. Association between samples 

collected in couplets along the "B" traverse 

based on presence/absence data of the living 

animals (top) and the dead shells (bottom). 



Samples Chi-square Dice Jaccord Match Fager 

B-l/B-la 0.1234 O.3636 0.5222 2.0000 0.1610 

B-2/B-2a 1.5005 0.5000 0.3333 2.1111 0.2835 

B-3/B-3a 0.0352 0.1538 0.0833 1.1667 -0.0498 

B4/B-4* O.896O 0.0000 0.0000 4.0000 -0.5000 

B-5/B-5a 0.1310 0.3333 0.2000 4.2000 0.1036 

Average 0.5372 0.2701 0.2278 2.6956 -0.0003 

Association between sample couplets based 
on live species. 

Samples Chi-square Dice Jaccard Match Fager 

B-l/B-la • 52.3969 0.6923 0.5294 2.5882 0.6197 

3-2/B-2a 37.3378 0.6032 0.4318 2.9773 0.5124 

B-3/B-3a 23.3766 0.6129 0.4419 1.2558 0.5643 

B-4/B-4a 7.6426 0.4694 0.3067 1.3600 0.3998 

B-5/3-5a 35.4608 0.7015 0.5402 1.3333 0.6404 

Average 31.2429 0.6159 0.4500 1.9029 0.5473 

Association between sample couplets based 
on dead species. 
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According to the Chi-square association for all the coup¬ 

lets, the death assemblages in each couplet are very simi¬ 

lar to one another (average association value of 31.2429), 

but the living communities at the moment of collection are 

dissimilar (average value of 0.5372). This same relation¬ 

ship is demonstrated by the results with the Dice, Jaccard 

and Fager coefficients. The Match coefficient, however, 

shows a higher similarity between the living communities in 

each sample couplet than between the death assemblages. 

This is due to the high number of species mutually absent 

in both samples of each couplet but present in other samples 

of the "Bn traverse. 

These results imply that the living populations are 

patchily distributed and that they migrate across the sea 

bottom, either as vagrant individuals or by new settling of 

larvae in different areas of the same habitat. The dead 

shells in the sediment reflect the accumulation of remains 

of all the populations which occurred in a given area over 

a long period of time. 

These same relationships were observed by Warme (1969) 

between assemblages of live and dead molluscs in the terri¬ 

genous sediments of a coastal lagoon in southern California. 

Walker and Bambach (1971) postulated that fossil assemblages 

in fine-grained sediments are "time-averaged communities", 

which accumulate in place from living communities during the 

deposition of the containing sediment. The results of this 

study in Yucatan and those of Warme (1969) demonstrate that 
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time-averaged communities form in coarse-grained as well as 

fine-grained sediments. In fact, the correlation between 

life and death assemblages in this study is consistently 

highest in the cleanly washed sand substrates of the strait 

west of Isla Contoy. 

Population Dynamics 

If the death assemblages in these Yucatan samples are 

indeed time-averaged communities, then a mortality curve 

derived from the long-accumulating dead shells of each 

species should closely resemble that derived from the distri 

bution of mortality within any given generation. 

The population dynamics of Chione cancellata, which is 

one of the most ubiquitous and abundant bivalve species in 

this region, were outlined in two samples on the basis of 

growth ring counts (Fig. 16) and size-frquency distributions 

(Fig. 17). Sample H-2 is located in the sheltered interior 

of Laguna Puerto Viejo on Isla Contoy, and sample J-l is 

located in the current-washed strait between Isla Contoy 

and the mainland. 

For the size-frequency determinations the maximum 

anterior-posterior dimension of each shell was measured to 

the nearest whole millimeter with a vernier caliper. The 

lagoon (H-2) and strait (J-l) populations both yielded histo 

grams resembling the idealized size-frequency distribution 

described by Boucot (1953) for mortality in a single genera- 
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Figure 16. Histograms from growth ring 

analyses of Chione cancellata in sample 

H-2 (top) and sample J-l (bottom). 
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Chione cancellata in sample H-2. 

Growth ring analysis of 
Chione cancellata in sample J-l. 
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Figure 17. Histograms from size-frequency 

distributions of Chione cancellata in 

sample H-2 (top) and sample J-l (bottom). 
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tion. The most abundant size class was 4-5 mm in the lagoon 

and 5-6 mm in the strait, with maximum size slightly more 

than 3 cm in both populations. The shells less than 4 mm 

were lost during collection due to the mesh size of the 

wire collecting basket. 

Similar curves were obtained by counting primary 

growth rings on the shells. The peak abundance occurred 

at four rings in the strait population and five rings in 

the lagoon population. 

Live occurrences of Chione eancellata were few in 

both samples, and they do not produce significant histo¬ 

grams. All the live individuals fall into size classes 

represented by peak abundance in the histograms produced 

by the dead occurrences. 

These population trends for Chione eancellata in 

eastern Yucatan infer that time-averaged communities are 

represented by the total death assemblages. They resemble 

the trends for the same species in Florida Bay (Turney and 

Perkins, 1972), Biscayne Bay (Moore and Lopez, 1969) and 

the Bahamas (Craig, 1967). 



115 

SUMMARY AND CONCLUSIONS 

A survey of benthic communities in the vicinity of 

Isla Cancun and Isla Contoy, Quintana Roo, Mexico, yielded 

290 species of molluscs in 50 quantitative samples. The 

samples were collected with a diver-operated suction dredge 

in a wide variety of marine environments. After all shells 

were sorted, counted and identified, the data were pro¬ 

cessed by Q-mode and R-mode cluster analysis in order to 

delineate clusters of similar samples and assemblages of 

similar species. 

The major conclusion of this thesis is that the assem¬ 

blages of dead shells in the carbonate sediments of this 

region represent "time-averaged communities" (Walker and 

Bambach, 1971). In other words, the death assemblages 

(i.e., future fossil assemblages) reflect the in-place 

accumulation of remains of benthic communities over a long 

period of time. This implies that large-scale transport of 

shell material and mixing of faunas from different environ¬ 

ments is of negligible importance in the formation of death 

assemblages. 

This hypothesis is supported by the following evidence 

(1) Although nearly three-fourths of the species 

identified in the samples are known only as dead shells, 

almost all individuals occurring alive in any sample were 

also represented by dead shells of their species in the 

same sample. 
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(2) A series of twelve Q-mode cluster analyses 

utilizing five different similarity coefficients was com¬ 

pleted using data based on the presence or absence and the 

relative abundances of 66 common molluscan species in 25 

samples. Results indicate that the same associations of 

samples tend to occur whether living animals only or dead 

remains only are considered. The clusters based on dead 

remains generally were more well-defined at a higher level 

of association than those based solely on living animals, 

as might be expected due to the averaging of benthic commun¬ 

ities over many years. 

(3) A Q-mode cluster analysis based on the relative 

abundances of the most important 180 species in the death 

assemblages of all 50 samples resulted in several distinct 

clusters corresponding directly to each of the major environ¬ 

ments in the sampling areas. This certainly would not 

reflect anomalous faunal assemblages produced by large- 

scale mixing of shells after death. 

(4) An R-mode cluster analysis based on the relative 

abundances of 66 common species in the dead remains in 25 

samples yielded three distinct molluscan assemblages, repre¬ 

senting organisms found in (a) areas with open marine cir¬ 

culation, such as backreef or open sea environments, (b) 

areas with somewhat restricted circulation, such as lagoons 

and mangrove swamps, and (c) the current-swept strait west 

of Isla Contoy. 

(5) Chi-square association was computed for a series 
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of five sample couplets, in which two samples for each site 

were collected approximately five meters apart. Results 

demonstrate that the death assemblages are similar, whereas 

the living communities at the time of collection are not. 

The same relationship is seen when the associations between 

couplets are also computed with the Dice, Jaccard and Fager 

similarity coefficients. 

(6) Population curves derived from histograms of 

growth ring counts and size-frequency distributions of dead 

shells of a common species (Chione cancellata) in lagoonal 

and strait samples closely resemble an idealized mortality 

curve which might be expected for a single generation of 

that species. 

(7) Worn shells are uncommon in most samples, and 

extensive bioturbation of the sediment in many of the sam¬ 

pling localities suggests that fragmentation of fresh shell 

material may be due primarily to re-working by burrowing 

organisms rather than movement by waves and currents. 

(8) A count of disarticulated valves of ten common 

bivalve species in four samples resulted in a nearly even 

distribution of right and left valves, so no left-right 

sorting by waves or currents is implied in the death 

assemblages. 

(9) A ranking of samples in terms of species diversity 

demonstrates that most samples occupy approximately the 

same position in the list whether only dead shells or only 

living organisms are considered. 
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(10) Likewise, a ranking of samples in terms of 

total abundance of shells demonstrates that most samples 

occupy approximately the same position in the list whether 

only dead remains or only living organisms are considered. 

These lines of evidence indicate strongly that the 

assemblages of dead shells in the sediments along the north 

eastern coast of Quintana Roo do indeed represent time- 

averaged communities. These time-averaged communities are 

produced during the period of sedimentation as patchily 

distributed populations of organisms migrate across the 

bottom, leaving a record of their mortality behind them in 

the sediment. 

As applied to the geologic past, the results presented 

here suggest that most fossil assemblages are actually 

time-averaged communities. It is probable, then, that the 

fossil record contains more reliable ecologic information 

than often is suspected by paleontologists. 
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APPENDIX A 

Index to Species 

Species are listed in alphabetical order by genus. 

Abra aequalis Say  p. 72 pi. 14a 

Abra lioica Dali  p. 72 pi. 14b 

Aequipecten muscosus Wood  p. 58 pi. lOq 

Alaba incerta d'Orbigny  p. 33 pi. 3k 

Americardia guppyi Thiele  p. 65 pi. 9m 

Americardia media Linne'  p. 66 pi. 9n 

Anachis mangelioides Reeve  p. 40 pi. 5b 

Anachis pulchella Sowerby  p. 40 pi. 5c 

Anachis sparsa Reeve  p. 41 pi. 5d 

Anachis sp  p. 41 pi. 5a 

Ana da r a notabilis Rtfding  p. 56 pi. 9e 

Anodontia alba Link  p. 62 pi. 12h 

Anomalocardia cuneimeris Conrad  p. 67 pi. 9t 

Anomia simplex d'Orbienv  p. 59 pi. 10c 

Antillophos oxyglyptus Dali & Simpson  p. 43 pi. 5p 

Apolymetis intastriata Say  p. 69 pi. 13n 

Area zebra Swainson  p. 55 pi. 9a 

Arcopagia fausta Pulteney    p. 70 pi. Ilk 

Arcopsis adamsi Dali  p. 56 pi. 9d 

Arene variabilis Dali  p. 25 pi. Ik 

Argopecten (Aequipecten) gibbus Linne  p. 58 pi. lOr 

Asaphis deflorata Linne  p. 73 pi. 14f 
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Astraea brevispina Lamarck  p. 25 pi. lo 

Astraea caelata Gnelin  p. 25 pi. lm 

Astraea phoebia Rtfding  p. 25 pi. In 

Atys caribaea d'Orbigny  p. 52 pi. 7b 

Atys guildinai Sowerby  p. 52 pi. 7c 

Bailya intricata Dali  p. 43 pi. 5q 

Bale is intermedia Cantraine  p. 34 pi. 2u 

Barbatia cancellaria Lamarck  p. 56 pi. 9b 

Barbatia domin&ensis Lamarck  p. 56 pi. 9c 

Batillaria minima Gmelin  p. 31 pi. 3j 

Bittium varium Pfeiffer  p. 32 pi. 3i 

Brachidontes citrinus Riding  p. 56 pi. 9g 

Brachidontes exustus Linne  p. 57 pi. 9f 

Bulla striata Bruguiere  p. 51 pi. 7a 

Busvcon contrarium Conrad  p. 43 pi. 5x 

Cadulus quadridentatus Dali  p. 75 pi. 2y 

Caecum pulchellum Stimpson  p. 30 pi. 2x 

Calliostoma iubiubinum Gmelin  p. 24 pi. lu 

Calyptraea centralis Conrad  p. 35 pi. 3z 

Cardita floridana Conrad  p. 60 pi. lOg 

Cardita gracilis Shuttleworth  p. 61 

Cavolina lonairostris Lesseur  p. 54 pi. 7p 

Cerithidea costata da Costa  p. 31 pi. 3g 

Cerithidea pliculosa Menke  p. 31 pi. 3h 

Cerithium alaicola C. B. Adams  p. 32 pi. 3b 

Cerithium ebumeum Bruguiere  p. 32 pi. 3c 

Cerithium floridanum M6rch  p. 32 pi. 3a 
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Cerithium lit ter a turn Born  p. 32 pi. 3e 

Cerithium muscarum Say  p. 32 pi. 3d 

Cerithium variabile C. B. Adams  p. 32 pi. 3f 

Cerithiopsis areeni C. B. Adams  p. 33 pi. 3r 

Cerithiopsis latum C. B. Adams  p. 33 pi. 3q 

Cerodrillia (Drillia) eous Bartsch p. 50 pi. 5aa 

Cerodrillia (Drillia) interpleura Dali & 
Simpson  p. 50 pi. 5z 

Cerodrillia (Drillia) thea Dali    p. 50 pi. 5bb 

Chama macerophvlla Gmelin  p. 64 pi. 12i 

Chama sarda Reeve  p. 64 pi. 12k 

Cheilea equestris Linne'  p. 35 pi. 3bb 

Chione cancellata Linne  p. 67 pi. Hi 

Chione granulata Gmelin  p. 67 pi. 12m 

Chione intapurpurea Conrad  p. 67 pi. llg 

Chione latilirata Conrad  p. 67 pi. llh 

Chione pygmaea Lamarck  p. 68 pi. 12L 

Chlamys sentis Reeve  p. 58 pi. lOp 

Chondropoma sp  p. 55 pi. 7s 

Codakia orbicularis Linne  p. 62 pi. lid 

Codakia orbiculata Montagu  p. 62 pi. 12c 

Codakia pectinella C. B. Adams  p. 62 pi. 12d 

Collisella (Acroaea) antillarum Sowerby  p. 24 pi. lh 

Collisella (Acmaea) pustulata Helbling  p. 24 pi. lg 

Collisella (Acmaea) pulcherima Dali  p. 24 pi. li 

Colubraria laneeolata Menke  p. 43 pi. 5r 

Columbella mercatoria Linne  p. 41 pi. 5f 

Columbella sp  p. 41 pi. 5e 
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Conus floridanus Gabb  p. 48 pi. 6s 

Conus jaspidens Gmelin  p. 48 pi. 6r 

Conus spurius Gmelin  p. 48 pi. 8e 

Coralliophaga coralliophaga Gmelin  p. 61 pi. lOh 

Coralliophila aberrans C. B. Adams  p. 40 pi. 4o 

Corbula dietziana C. B. Adams  p. 74 pi. 14L 

Crassinella lunulata Conrad  p. 60 pi. 10k 

Crassispira fuscescens Reeve  p. 49 pi. 5t 

Crassispira (Drillia) leucocyma Dali  p. 49 pi. 5u 

Crassispira nigrescens C. B. Adams  p. 49 pi. 5s 

Crassispira ostrearum Steams    p. 50 pi. 5v 

Crassispira sp  p. 50 pi. 5w 

Crassostrea rhizophorae Guilding  p. 60 pi. lOd 

Crassostrea virginica Gmelin  p. 60 

Crenel la divaricata d'Orbigny  p. 57 pi. 9i 

Crepidula aculeata Gmelin  p. 35 pi. 3s 

Crepidula convexa Say  p. 36 pi. 3x 

Crepidula fomicata Linne  p. 36 pi. 3v 

Crepidula glauca Say  p. 36 pi. 3w 

Crepidula maculosa Conrad  p. 36 pi. 3u 

Crepidula plana Say  p. 36 pi. 3t 

Crucibulum auricula Gmelin  p. 35 pi. 3y 

Cumingia antillarum d'Orbigny  p. 72 pi. 14c 

Cvlichna bidentata d'Orbigny  p. 53 pi. 7e 

Cymatium labiosum Wood  p. 39 pi. 4h 

Cymatium (Cymatriton) nicobaricum Riding.... p. 39 pi. 4i 

p. 75 pi. 2z Dentalium antillarum d'Orbigny 
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DentaHum sowerbyi Guilding  p. 75 pi. 2bb 

Dentalium texasianum Philippi  p. 75 pi. 2aa 

Dinocardium robustum vanhyninai Clench & 
Smith  p. 66 pi. 8a 

Diodora cayenensis Lamarck  p. 22 pi. lb 

Diodora dysoni Reeve  p. 23 pi. lc 

Diodora minuta varieaata Sowerby  p. 23 pi. Id 

Diplodonta semiaspera Philippi  p. 61 pi. lOf 

Diplodonta soror C. B. Adams  p. 62 pi. lOe 

Divaricella quadrisulcata d'Orbigny  p. 62 pi. llj 

Donax sp  p. 73 pi. 14h 

Dosinia concentrica Born  p. 69 pi. 12r 

Drillia sp  p. 50 pi. 5cc 

Echininus nodulosus Pfeiffer  p. 27 pi. 2a 

Echinochama arcinella Linne  p. 64 pi. 11c 

Emarainula pumila A. Adams  p. 22 pi. lj 

Epitonium echinaticostum d'Orbigny  p. 34 pi. 2t 

Epitonium foliaceicostum d'Orbigny  p. 34 pi. 2s 

Epitonium occidentals Nyst  p. 34 pi. 2r 

Ervilia nitens Montagu  p. 73 pi. 14j 

Erycina periscopiana Dali  p. 65 pi. 9k 

Eucrassatella speciosa A. Adams  p. 60 pi. 13o 

Fasciolaria tulipa Linne'  p. 44 pi. 6a,8d 

Fissurella angusta Gmelin  p. 23 pi. la 

Gemma purpurea Lea  p. 69 pi. 12s 

Glycymeris pectinata Gmelin  p. 56 pi. 9f 

Greaariella coralliophaga Gmelin  p. 57 pi. 9j 
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Haminoea antillarum d'Orbigny  p. 52 pi. 7f 

Haminoea elegans Gray  p. 52 pi. 7g 

Haminoea petiti d'Orbigny  p. 52 pi. 7h 

Haminoea sp  p. 52 pi. 7i 

Has tula (Terebra) cinera Born  p. 49 pi. 6z 

Has tula (Terebra) concava Say  p. 49 pi. 6cc 

Hastula (Terebra) maryleeae Burch  p. 49 pi. 6aa 

Hastula (Terebra) protexta Conrad  p. 49 pi. 6bb 

Heliacus bisulcatus d'Orbigny  p. 29 pi. 2j 

Heliacus infundibuliformis Gmelin  p. 30 pi. 2k 

Hiatella (Saxicava) arctica Linne  p. 74 pi. 14k 

Hipponix antiquatus Linne"  p. 35 pi. 3aa 

Ischnochiton sp  p. 76 

Isognomon radiatus Anton  p. 58 pi. 10b 

Laevicardium laevigatum Linne'  p. 66 pi. 11a 

Laevicardium mortoni Linne  p. 66 pi. 9q 

Latirus brevicaudatus Reeve  p. 44 pi. 6c 

Latirus virginensis Abbott  p. 44 pi. 6d 

Leptadrillia splendida Bartsch  p. 50 pi. 5dd 

Leucozonia nassa Gmelin  p. 44 pi. 6b 

Leucozonia ocellata Gmelin  p. 44 pi. 6f 

Lima lima Linne  p. 59 pi. lOn 

Lima pellucida C. B. Adams  p. 59 pi. 10m 

Lima scabra Born  p. 59 pi. lOo 

Lioberus castaneus Say  p. 57 pi. 9p 

Litiopa melanostoma Rang  p. 33 pi. 3L 

Littoridina sphinctostoma Abbott & Ladd  p. 28 pi. 2e 
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Littorina zjczac Gmelin  p. 27 pi. 2b 

Lobiger souverbli Fischer  p. 53 pi. 7n 

Lobiger sp  p. 54 pi. 70 

Lucapina sowerbii Sowerby  p. 23 pi. le 

Lucapinella limatula Reeve  p. 23 pi. If 

Lucina blanda Dali & Simpson  p. 63 pi. 12g 

Lucina pennsylvanica Linne'  p. 63 pi. Ilf 

Lyons ia be ana d'Orbigny  p. 74 pi. 14m 

Lyropecten antillaruro Recluz  p. 59 pi. 10t 

Macoma brevifrons Say  p. 70 pi. 13h 

Macoroa constricta Bruguiere  p. 70 pi. 13i 

Macoma tageliforrois Dali  p. 70 pi. 11L 

Macrocallista maculata Linne'  p. 68 pi. 12q 

Mangelia bartletti Dali  p. 50 pi. 5gg 

Mangelia biconica C. B. Adams  p. 51 pi. 5hh 

Mangelia fusca C. B. Adams  p. 51 pi. 5ii 

Mange lia quadrilineata C. B. Adams  p. 51 pi. 5jj 

Mange lia sp  p. 51 pl. 5kk 

Marginella opalina Stearns  p. 47 pl. 6q 

Melampus coffeus Linne  p. 54 pl. 7q 

Melampus monile Bruguiere  p. 54 pl. 7r 

Melongena melongena Linne  p. 43 pl. 8c 

Microcardium tinctum Dali  p. 66 pl. 9u 

Mitra nodulosa Gmelin  p. 46 pl. 6n 

Mitrella fenestrata C. B. Adams  p. 41 pl. 5k 

Mitrella lunata Say  p. 42 pl. 5L 

Mitrella nitens C. B. Adams  p. 42 pl. 5m 
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Mitrella ravenell Dali  p. 42 pi. 5n 

Modiolus aroericanus Leach  p. 57 pi. lib 

Modulus modulus Linne7^  p. 31 pi. 2v 

Morula (Drupa) nodulosa C. B. Adams  p. 40 pi. 4L 

Mulinia lateralis Say  p. 73 pi. 14i 

Murex cellulosus Mtfrch  p. 39 pi. 4j 

Muricopsis ostrearum Conrad  p. 40 pi. 4m 

Musculus lateralis Say.....  p. 57 pi. 9o 

Nassarius ambiguus Pulteney  p. 43 pi. 5y 

Natica canrena Linne^  p. 38 pi. 4d 

Natica cayenensis Recluz  p. 38 pi. 4f 

Natica livida Pfeiffer  p. 38 pi. 4g 

Natica menkeana Philippi  p. 38 pi. 4e 

Neritina virginea Linne'  p. 26 pi. lv 

Nitidella dichroa Sowerby  p. 42 pi. 5i 

Nitidella ocellata Gmelin.  p. 42 pi. 5h 

Nitidella sp    p. 42 pi. 5g 

Nodipecten (Lyropecten) nodosus Linne  p. 59 pi. 10s 

Odostomia laevigata d'Orbigny  p. 53 pi. 7j 

Odostomia seminuda C. B. Adams  p. 53 pi. 7k 

Oliva reticularis Lamarck  p. 45 pi. 6m 

Olive 11a b lane si Ford  p. 46 pi. 6h 

Olive 11a dealbata Reeve  p. 46 pi. 6i 

Olivella floralia Duclos  p. 46 pi. 6j 

Olive 11a nivea Gmelin  p. 46 pi. 6k 

Olivella petiolita Duclos  p. 46 pi. 6L 

Papyridea semisulcata Gray  p. 65 pi. 9L 
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Parvllucina (Codakia) costata d’Orbigny  p. 63 pi. 12e 

Parvilucina (Lucina) multlllneata Tuomey & 
Holmes  p. 63 pi. 12f 

Petaloconchus floridanus Olsson 6e 
Harbison  p. 30 pi. 2q 

Petaloconchus nebulosa Dillwyn  p. 30 pi. 2p 

Petrlcola lapicida Gmelin  p. 69 pi. 121 

Phacoides (Lucina) nassula Conrad p. 63 pi. 12b 

Phacoides (Lucina) pectinatus Gmelin  p. 64 pi. lie 

Phacoides radians Conrad  p. 64 pi. 12a 

Phenacolepas hamillei Fischer  p. 27 pi. lx 

Philippia krebsi M&rch  p. 30 pi. 2L 

Pinctada imbricata RA'ding  p. 58 pi. lOi 

Pitar aresta Dali & Simpson  p. 68 pi. 12p 

Planaxis lineatus da Costa  p. 31 pi. 2w 

Plicatula gibbosa Lamarck  p. 58 pi. 10L 

PoUnices lacteus Guilding  p. 38 pi. 4c 

Prunum apicinum Menke  p. 47 pi. 6v 

Prunuro guttatum Dillwyn  p. 47 pi. 6w 

Prunum labiatum Kiener  p. 47 pi. 6y 

Prunum roosevelti Bartsch & Rehder  p. 48 pi. 6x 

Psarostola monilifera Sowerby  p. 42 pi. 5o 

Pseudochama radians Lamarck  p. 64 pi. 12j 

Pseudocyrena floridana Conrad....  p. 61 pi. 10a 

Pusia albocincta C. B. Adams  p. 46 pi. 6o 

Pusia sp p. 47 pi. 6p 

Pyrene ovulata Lamarck  p. 42 pi. 5j 

Pyrgocythara coxi Fargo  p. 51 pi. 5ff 
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Retusa bullata Kiener  p. 53 pi. 7d 

Rissoina bryerea Montagu  p. 28 pi. 2h 

Rissoina cancellata Philippi  p. 28 pi. 2f 

Rissoina decussata Montagu  p. 28 pi. 2g 

Rupellaria typica Jonas  p. 69 pi. 12u 

Seila adamsi Lea  p. 33 pi. 3m 

Seroele bellastriata Say  p. 72 pi. 14d 

Semele proficua Pulteney  p. 72 pi. 14e 

Smaragdia viridis viridemaris Maury  p. 27 pi. lw 

Strigilla pisiformis Linne/  p. 70 pi. 13L 

Strombus gigas Linne'  p. 37 pi. 4n,8g 

Strombus raninus Gmelin  p. 37 pi. 8f 

Tagelus divisus Spengler  p. 73 pi. 14g 

Tectarius muricatus Linne"  p. 27 pi. 2c 

Tegula fasciata Bom  p. 24 pi. Ip 

Tellidora cristata Recluz  p. 70 pi. 13m 

Tellina aequistriata Say  p. 70 pi. 13d 

Tellina altemata Say  p. 70 pi. 13c 

Tellina candeana d'Orbigny  p. 71 pi. 13e 

Tellina cristallina Splengler p. 71 pi. 13j 

Tellina lineata Turton  p. 71 pi. 13b 

Tellina listeri Rbding  p. 71 pi. 13a 

Tellina radiata Linne  p. 71 pi. 13g 

Tellina similis Sowerby    p. 71 pi. 13f 

Tellina sybaritica Dali  p. 72 pi. 13k 

Teralatirus emesti Melvill  p. 44 pi. 6e 

Tha^s haemastoma floridana Conrad  p. 40 pi. 4k 
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Tonna maculosa Dillwyn .  p. 39 pi. 4p 

Trachycardium magnum Linne  p. 65 pi. 9r 

Trachycardium muricaturo Linne'  p. 65 pi. 9s 

Transennella conradiana Dali  p. 68 pi. 12o 

Transennella cubiana d'Orbigny  p. 68 pi. 12n 

Tricolia affinis C. B. Adams  p. 26 pi. lq,r,s 

Tricolia sp   p. 26 pi. It 

Triphora melanura C. B. Adams  p. 33 pi. 3n 

Triphora nigrocincta C. B. Adams  p. 34 pi. 3o 

Triphora turris-thomae Hoi ten  p. 34 pi. 3p 

Trivia antillarum Schilder  p. 37 pi. 4a 

Trivia pediculus Linne'  p. 37 pi. 4b 

Truncatella pulchella Pfeiffer  p. 28 pi. 2d 

Turbo castanea Gmelin  p. 25 pi. 1L 

Turbonilla abrupta Bush  p. 53 pi. 7L 

Turbonilla interrupta Totten  p. 53 pi. 7m 

Turritella exoleta Linne  p. 29 pi. 2o 

Vasum muricatum Bom  p. 45 pi. 8b 

Venericardia tridentata Say  p. 61 pi. lOj 

Vermicularia knorri Deshayes  p. 29 pi. 2n 

Vermicularia spirata Philippi  p. 29 pi. 2m 

Vitricythara metria Dali  p. 51 pi. 5ee 

Volvarina (Hyalina) avena Kiener  p. 48 pi. 6u 

Volvarina (Hyalina) subtriplicata 
d Orbigny  p. 48 pi. 6t 

Williamia krebsi Mflrch  p. 55 

Xancus (Turbinella) angulatus Solander p. 45 pi. 6g 

Zebina browniana d'Orbigny  p. 29 pi. 2i 
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APPENDIX C 

Faunal Distribution 

(See faunal distribution chart included in pocket). 
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PLATE 1 

a. Fissurella angusta Gmelin 

b. Diodora cayenensis Lamarck 

c. Diodora dysoni Reeve 

d. Diodora minuta variegata Sowerby 

e. Lucapina sowerbii Sowerby 

f. Lucapinella limatula Reeve 

g. Colllsella pustulata Helbling 

h. Colllsella antillarum Sowerby 

i. Collisella pulcherima Dali 

j. Emarginula pumila A. Adams (broken shell) 

k. Arene variabilis Dali 

l. Turbo castanea Gmelin 

m. Astraea caelata Gmelin 

n. Astraea phoebia Rtfding 

°. Astraea brevispina Lamarck 

p. Tegula fasciata Bom 

q. Tricolia affinis affinis 

r. Tricolia affinis beaui 

s. Tricolia affinis pterocladica 

t. Tricolia sp. 

u. Calliostoma jubjubinum Gmelin 

v. Neritina viginea Linne 

w. Smaragdia viridis viridemaris Maury 

x. Phenacolepas hamillei Fischer 
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PLATE 2 

a. Echininus nodulosus Pfeiffer 

b. Littorina ziczac Gmelin 

c. Tectarius muricatus Linne 

d. Truncatella pulchella Pfeiffer 

e. Littoridina sphinctostoma Abbott & Land 

f. Rissoina cancellata Philippi 

g. Rissoina decussata Montagu 

h. Rissoina bryerea Montagu 

i. Zebina browniana drOrbigny 

j. Heliacus bisulcatus d'Orbigny 

k. Heliacus infundibuliformis Gmelin 

l. Philippia krebsi Mtfrch 

m. Vermicularia spirata Philippi 

n. Vermicularia knorri Deshayes 

o. Turritella exoleta Linne 

p. Petaloconchus nebulosa Dillwyn 

q. Petaloconchus floridanus Olsson & Harbison 

r. Epitonium occidentale Nyst 

s. Epitonium foliaceicostum d1Orbigny 

t. Epitonium echinaticostum d’Orbigny 

u. Balcis intermedia Cantraine 

v. Modulus modulus Linne 

w. Planaxis lineatus da Costa 

x. Caecum pulchellum Stimpson 

y. Cadulus quadridentatus Dali 
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z. Dentalium antillarum d'Orbigny 

aa. Dentalium texasianum Philippi 

bb. Dentalium sowerbyi Guilding 
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PLATE 3 

a. Cerithium floridanum Morch 

b. Cerithium alaicola C. B. Adams 

c. Cerithium ebumeum Bruguiere 

d. Cerithium musearum Say 

e. Cerithium litteratum Bom 

f. Cerithium variabile C. B. Adams 

g. Cerithidea costata da Costa 

h. Cerithidea pliculosa Menke 

i. Bittium varium Pfeiffer 

j. Batillaria minima Gmelin 

k. Alaba incerta d'Orbigny 

l. Litiopa melanostoma Rang 

m. Seila adamsi Lea 

n. Triphora melanura C. B. Adams 

o. Triphora niarocincta C. B. Adams 

p. Triphora turris-thomae Holten 

q. Cerithiopsis latum C. B. Adams 

r. Cerithiopsis areeni C. B. Adams 

s. Crepidula aculeata Gmelin (broken shell) 

t. Crepidula plana Say 

u. Crepidula maculosa Conrad 

v. Crepidula fornicata Linne 

w. Crepidula alauca Say 

x. Crepidula convexa Say 

y- Crucibulum auricula Gmelin 
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z. Calyptraea centralis Conrad 

aa. Hipponix antiquatus Linne/ 

bb. Cheilea equestris Linne 
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PLATE 4 

a. Trivia antillarum Schilder 

b. Trivia pediculus Linne 

c. Polinices lacteus Guilding 

d. Natica canrena Linnd 

e. Natica roenkeana Philippi 

f. Natica cayenensis R^cluz 

g. Natica livida Pfeiffer 

h. Cymatium labiosum Wood 

i. Cymatium nicobaricum R6'ding (broken shell) 

j . Murex cellulosus Mtfrch (broken shell) 

k. Thais haemastoma floridana Conrad (broken shell) 

l. Morula nodulosa C. B. Adams (encrusted shell) 

m. Muricopsis ostrearum Conrad 

n. 

o. 

P- 

Strombus gigas Linne (juvenile) 

Coralliophila aberrans C. B. Adams 

Tonna maculosa Dillwyn 



■ 
J
*
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PLATE 5 

a. Anachis sp. 

b. Anachis manaelioides Reeve 

c. Anachis pulchella Sowerby 

d. Anachis sparsa Reeve 

e. Columbella sp. 

f. Columbella mercatoria Linne 

g. Nitidella sp. 

h. Nitidella ocellata Gmelin 

i. Nitidella dichroa Sov/erby 

j. Pyrene ovulata Lamarck 

k. Mitrella fenestrata C. B. Adams 

l. Mitrella lunata Say 

m. Mitrella nitens C. B. Adams 

n. Mitrella raveneli Dali 

°. Psarostola monilifera Sowerby (broken shell) 

p. Antillophos oxvalyptus Dali & Simpson 

q. Bailya intricata Dali (broken shell) 

r. Colubraria lanceolata Menke 

s. Crassispira niarescens C. B. Adams 

t. Crassispira ruscescens Reeve (broken shell) 

u. Crassispira leucocyma Dali 

v. Crassispira ostrearum Steams 

w. Crassispira sp. 

x. Busvcon contrarium Conrad (juvenile) 

y* Nassarius ambiauus Pulteney 
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z. Cerodrillia interpleura Dali & Simpson (broken shell) 

aa. Cerodrillia eous Bartsch 

bb. Cerodrillia thea Dali 

cc. Drillia sp. 

dd. Leptadrillia spendida Bartsch 

ee. Vitricythara roetria Dali 

ff. Pyrgocythara coxi Fargo 

gg. Mangelia bartletti Dali 

hh. Mangelia biconica C. B. Adams 

ii. Mangelia fusca C. B. Adams 

jj. Mangelia quadrilineata C. B. Adams 

kk. Mangelia sp. 



m 
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PLATE 6 

a. Fasciolaria tulipa Linne" 

b. Leucozonia nassa Gmelin 

c. Latirus brevicaudatus Reeve 

d. Latirus virginensis Abbott 

e. Terelatirus emesti Melvill 

f. Leucozonia ocellata Gmelin (broken shell) 

g. Xancus angulatus Solander (broken shell) 

h. Olivella blanesi Ford 

i. Olivella dealbata Reeve 

j. Olivella floralia Duclos 

k. Olivella nivea Gmelin 

l. Olivella petiolita Duclos 

m. Oliva reticularis Lamarck 

n. Mitra nodulosa Gmelin 

o. Pusia albocincta C. B. Adams 

p. Pusia sp. 

q. Marginella opalina Steams 

r. Conus jaspideus Gmelin 

s. Conus floridanus Gabb 

t• Volvarina subtriplicata d' Orbigny 

u. Volvarina avena Kiener 

v. Prunum apicinum Menke 

w. Prunum guttatum Dillwyn 

x. Prunum roosevelti Bartsch & Rehder 

y Prunum labiatum Kiener 
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z. Has tula cinera Bom 

aa. Hastula maryleeae Burch 

bb. Hastula protexta Conrad 

cc. Hastula concava Say 
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PLATE 7 

a. Bulla striata Bruguiere 

b. Atvs caribaea d' Orbigny 

c. Atvs guildingi Sowerby 

d. Retusa bullata Kiener 

e. Cvlichna bidentata d*Orbigny 

f. Haminoea antillarum d'Orbigny 

g. Haminoea elegans Gray 

h. Haminoea petiti d'Orbigny 

i. Haminoea sp. 

j. Odostomia laevigata d1Orbigny 

k. Odostomia seminuda C. B. Adams 

l. Turbonilla abrupta Bush 

m. Turbonilla interrupta Totten 

n. Lobiger souverbii Fischer 

o. Lobiger sp. (broken shell) 

p. Cavolina longirostris Lesseur 

q. Melampus coffeus Linne 

r. Melampus monile Bruguiere (broken shell) 

s. Chondropoma sp. (broken shell) 
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PLATE 8 

a. Dinocardium robusturo vanhyningi Clench & Smith 

b. Vasum muricatum Bom 

c. Melongena melongena Linne 

d. Fasciolaria tulipa Linne 

e. Conus spurius Gmelin 

f. Strombus raninus Gmelin (immature) 

g. Strombus gigas Linne" (immature) 
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PLATE 9 

a. Area zebra Swainson 

b. Barbatia cancellaria Lamarck 

c. Barbatia domingensis Lamarck 

d. Arcopsis adamsi Dali 

e. Anadara notabilis Rtfding 

f. Glycymeris pectinata Gmelin 

g. Brachidontes exustus Linne7 

h. Brachidontes citrinus Rtfding 

i. Crenella divaricata d’Orbigny 

j. Gregariella coralliophaga Gmelin 

k. Erycina periscopiana Dali 

l. Papyridea semisulcata Gray 

m. Americardia guppyi Thiele 

n. Americardia media Linne 

o. Musculus lateralis Say 

p. Lioberus castaneus Say 

q. Laevicardium mortoni Linne 

r. Trachycardium magnum Linne 

s. Trachycardium muricatum Linne 

t. Anomalocardia cuneimeris Conrad 

u. Microcardium tineturn Dali 
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PLATE 10 

a. Pseudocvrena floridana Conrad 

b. Isognomon radiatus Anton 

c. Anomia simplex d'Orbigny 

d. Crassostrea rhizophorae Guilding 

e. Diplodonta soror C. B. Adams 

f. Diplodonta semiaspera Philippi 

g. Cardita floridana Conrad 

h. Coralliophaga coralliophaga Gmelin 

i. Pinctada imbricata Rtfding 

j. Venericardia tridentata Say 

k. Crassinella lunulata Conrad 

l. Plicatula gibbosa Lamarck 

m. Lima pellucida C. B. Adams 

n. Lima lima Linne^ (broken shell) 

o. Lima scabra Born 

p. Chlamys sentis Reeve 

q. Aequipecten muscosus Wood 

r. Argopecten gibbus Linne' 

s. Nodipecten nodosus Linne 

t. Lyropecten antillarum Recluz 
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PLATE 11 

a. Laevicardium laeviaatum Linne 

b. Modiolus americanus Leach 

c. Echinochania arcinella Linne 

d. Codakia orbicularis Linne 

e. Phacoides pectinatus Gmelin 

f. Luc in a pennsylvanica Linne' 

g. Chione intapurpurea Conrad 

h. Chione latilirata Conrad 

i. Chione cancellata Linne 

j. Divaricella quadrisulcata d 'Orbigny 

k. Arcopaaia fausta Pulteney 

l. Macoma taaelifortnis Dali 





156 

PLATE 12 

a• Phacoides radians Conrad 

b. Phacoides nassula Conrad 

c. Codakia orbiculata Montagu 

d. Codakia pectine11a C. B. Adams 

e. Parvilucina costata d'Orbigny 

f. Parvilucina multilineata Tuomey 6c Holmes 

g. Lucina blanda Dali 6c Simpson 

h. Anodontia alba Link 

i. Chama macerophylla Gmelin 

j. Pseudochama radians Lamarck 

k. Chama sarda Reeve 

l. Chione pygmaea Lamarck 

m. Chione granulata Gmelin 

n. Transennella cubiana d'Orbigny 

o. Transennella conradina Dali 

p. Pitar aresta Dali 6e Simpson 

q. Macrocallista maculata Linne 

r. Dosinia concentrica Bom 

s. Gemma purpurea Lea 

t. Petricola lapicida Gmelin 

u. Rupellaria typica Jonas 
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PLATE 13 

a. Tellina listerl Rtb'ding 

b. Tellina lineata Turton 

c. Tellina altemata Say 

d. Tellina aequistriata Say 

e. Tellina candeana d'Orbigny 

f. Tellina similis Sowerby 

g. Tellina radiata Linne" 

h. Macoma brevifrons Say 

i. Macoma constricta Bruguiere 

j. Tellina cristallina Spengler 

k. Tellina svbaritica Dali 

l. Strigilla pisiformis Linne^ 

m. Tellidora cristata Recluz 

n. Apolymetis intastriata Say 

o. Eucrassatella speciosa A. Adams 
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PLATE 14 

a. Abra aequalis Say 

b. Abra lioica Dali 

c. Cumingia antillarum d'Orbigny 

d. Semele bellastriata Say 

e. Semele proficua Pulteney 

f. Asaphis deflorata Linne 

g. Tagelus divisus Spengler 

h. Donax sp. 

i. Mulinia lateralis Say 

j. Ervilia nitens Montagu 

k. Hiatella arctica Linne 

l. Corbula dietziana C. B. Adams 

m. Lyonsia beana d'Orbigny 
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p. 42 

ADDENDUM 

Nitidella ocellata Gmelin 1791 

(see pi. 5h; Warmke and Abbott, 1962, pi. 20j) 


