DISTRIBUTION OF THE LAND AND IFRESH-WATER MOL-
LUSKS OF TIHE WEST INDIAN REGION, AND THEIR
EVIDENCE WITH REGARD TO PAST CHANGES OFF LAND
AND SEA.

By CHARLES TORREY SIMPSON.
Aid, Depariment of Mollusks.

Te West Indian archipelago lies almost wholly within the tropies,
and extends from latitude 10° to 27° 30/ north, and between longitude
59° and 83° west, and embraces an area of about 95,000 square miles.
It presents an example of an astonishingly rich and diversitied land
snail fauna; in fact no other arca of the globe of equal extent can
be compared with it. Within this region there are about 1,600
species of terrestrial mollusks, belonging to some 65 genera, a num-
ber almost as great as that found on the mainland of the entire
continent of America. The structure of the Greater Antilles is very
different from that of the lesser archipelago,* or from that of the
Bahama group. Lach of the four large islands is believed to consist
of a nucleus of igneons and metamorphic rock, that forms the sum-
mits of the higher monntains, which are flanked by Cretaceous, Tertiary,
and Post Tertiary beds. The loftiest peaks ot eastern Cnba attain a
height of 8,400 feet; those of Haiti and Jamaica a little over 7,000,
while Puerto Rico’s greatest elevation is slightly less than 4,000 fect.
These mountain chains run. tor the most part, lengthwise of the islands,
and from a glance at the map one can not help thinking that Haiti—
which leoks something like an enormous letter Y, with one arm point-
ing toward Cuba, the other in the direction of Jamaica, while the
stemn is directly in line with Puerto Rico—is a sort of connecting linlk
in the great archipelago. The channel between Cuba and Haiti is 875
fathoms in depth, the oune dividing the latter island from Jamaica is
about 1,000, while that between Puerto Rico and San Domingo is 260
fathoms deep.

“In the following pages the term Lesser Antilles or Windward Islands will be used
to inclnde all the islands south of the Anegada Channel, beginning with Sombrero,
Anguilla, and St. Martin, and including Trinidad. The islands lying north of and
aloug the coast of Veuezuela wiil be called the Leeward Gronp. Cnba, Haiti,
Jamaica, Puerto Rico, the Isle of Pines, and the Virgin Islands are included in the
general term Greater Antilles.
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Between Cuba and Jamaica there is a great trongh some 3,000 fath-
oms in depth, known as the Bartlett Deep. Running nearly due west
from Cape Cruz on the sonth side of Cuba, and north of the profound
abyss is a shoal on which are the Cayman Islands, but which deepens
to 1,500 fathoms before reaching Belize.  To the southwest of Jamaica
a wide shoal extends to the eoast of Hondnras, forming the Mosquito,
Baxonuevo. Savanilla, Rosalind, and Pedro banks, along which are seat-
tered low islets, and whieh, with an elevation of 500 fathoms, wounld
connect Jamaica with the continent. The western end of Cuba points
directly toward Cape Catoche, from which it is separated by a strait
130 miles wide and 1,164 fathoms deep. The 100-tathom line would
nnite Cuba to the Bahamas. At the southeast the Greater Antilles are
separated from the Lesser by the Anegada Channel, whieh earries in a
depth of 1,100 fathoms from the Atlantic,ending in a deep basin between
Santa Cruz and St. Thomas of 2,400 fathoms. Iast of this a ridge
erosses it which comes within 900 fathoms ot the surfaee.

The Lesser Autilles have not a eentral nneleus of igneous or meta-
morphie rock. In referring to this subject Alexander Agassiz says:*

The position of the most recent Pliocene and Post Pliocene beds seems to indicate
that some of the voleanoes now active in the West Indies date back to the Pliocene
period, and others to the Post Pliocene. The islands to the north of Guadeloupe form
two parallel ehains, the western consisting of Saba, St. Eunstatius, St. Kitts, Nevis,
Redonda, and Montserrat, all of which are voleanoes of Post Pliocene date; while to
the eastward is a chain of voleanoes of Tertiary age— Sombrero, Auguilla, St. Martin,
St. Bartholemew, Barbuda, and Antigua. At Guadelonpe the recent islands are
directly united with the voleanic chain, and the still move recent limestones are
found on its western shores.

Agassiz and other authorities agree that the northern portion of the
Lesser Antilles is of mueh more recent origin than the greater archi-
pelago, and the volcanic ehain no doubt rests npon a submarine plateau.

The Bahama group is also believed to be of somewhat modern origin,
Agassiz thinks that it was formed on an extensive shoal, from the
remains of marine anintals deposited at a time when the eurrent from
the Gulf of Mexico flowed over the area of the present archipelago with
very much less velocity than it does at present.t All the islands are
low, and many of them are of coral formation.

Before entering into details as to the distribntion of genera and
speeies it may be well to say a few words as to the means of dispersal
of the land and fresh-water mollusks. Where elosely related forms
or groups are found in lands separated by the sea, I think we may
generally conclude that they have reached their present distribution by
one or move of the following means:

First:—By former land eonnection which hasexisted within the life-
time of present species or groups.

Sccond :—By the sea, by means of oceanic currents, winds, or storms.
It is very well nnderstood now that many land, and some fresh-water

#*Three cruises of the Blake, 1, p. 109..
top. cit., p. 75.
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plants and animals are carried across more or less wide spaces of ocean
from shore to shore in various wiys on the surface of the sea. 1n trop-
ical conntries especially, heavy rains swell tlie mountain streams to
torrents, which tear up trees and masses of earth held together with a
network of roots, and bear them swiftly to the ocean. These are often
peopled with land snails, or earry their eggs, and in their course to the
sea may frequently plow up mnd from the bottom which contains fresh-
water mollusks, Or fresh-water snails may inhabit the surface and
crevices of such trees, that become stranded on their way down, or lay
their eggs on them, the whole to be carried onward at the next flood.
In many places, notably the northern shores of South America, the sea
is constantly encroaching on the land, and large areas of forest bound
together by matted roots and tangled vines are being undermined and
swept away.

Of course it the distance from land to land is short, and there are
winds that blow, or tides that run in the right direction, the probability
of such mollusks being safely carried across is much greater than if
they have far to travel, have head winds, or contrary eurrents. Darwin
has shown that some of the land snails will live for considerable periods
of time in sea water, and many of the fresh-water species will remain
alive for some time in the air nnder favorable circumstanees, and others
are fonnd living in water more or less brackish. One who has noticed
mueh of the drift in the West Indiau region—trees and bamboos, often
carrying masses of earth and stones—ean easily believe that they might
bear with them snails for quite a voyage without wetting them to any
considerable extent.* I think I shall be able to show that most of such
migrations in and about the West Indies have been accomplished
under favorable circumstances, that long stretches of unprotected sea,
head winds, and contrary currents have generally proven fatal to dis-
persal by the ocean.

Third :—The agency of man. 1t is hardly necessary to mention the
well-known instances where man is known to have been the means of
carrying from one country to another different animals or plants,
Many mollusks are known to have been transported through his ageney.
Helix similaris is a native of eastern Asia, but is now natnralized in
most of the warmer parts of the world. Helix aspersa and lacted, com-
mon edible snails of Europe, are colonized in a number of foreign coun-

*The hollow stems of dead hamboos are a favorite vetreat for many species of ter-
restrial and arboreal snails. These gigantic tufts of grass are particularly abundant
along the streams in tropical countries, and are often washed out in time of floods,
and scattered along the banks. Between rainy seasons the upper joints become
more or less broken and decayed, and peopled with mollusks, and another freshet
sweeps them with their living cargo into the sea. The lower joints, being more
solid are perhaps air-tight, and serve to huoy up the whole mass; the voots weighted
with earth and stones depress the lower end of the clump, and throw the upper and
inhabited end out of water. T have seen just such floating rafts, and nothing could
be more admirably contrived for transporting land snails safely across the sea.
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tries, as well as Rumina decollata, and many others. [ have little doubt
that Subulina octona has been introduced into a number of the West
Indian islands in this manner, for C. B. Adams mentions that in 1849
it was found only in a single loeality in Jamaica, in a garden near
Kingston,* while now one ean not piek up a handful of shells anywhere
on the island without finding it.

Orthalicus undatus, a Mexican speeies now found in south Florida,
Cuba, Jamaica, and some of the Windward Islands, is another ease in
point, no doubt.t

Fourth:—By birds. Small mollusks or their eggs may be, and no
doubt are, sometimes earried from one loeality to another in mud
attached to the feet or feathers of birds. And lastly, it is possible that
sueh mollusks or their eggs might be transported moderate distanees
by windstorms, though such migrations are probably very rare.i

A number of eminent biologists have regarded the Antillean region
as an independent one, and among these are De Candolle, Sehouw,
Martins, Berghaus, Hinds, Woodward, Baird, Griesbaeh, Brown,
Selater, Wallace, Engler, Packard, Drude, Hartlaub, and Fischer.
These men studied the plants, forests, animals in general, birds, and
mollusks. Others, among whom are Agassiz, Heilprin, and Merriam,
have regarded it as a subregion of the American tropieal provinee,
and still others have united it with the tropical American region.
Whether the evidenee of the land and fresh water mollusks of the
Lesser Antilles goes to prove it a separate province may well be
doubted, since it is peopled so largely with South American species
and genera, but I believe that the character of this fauna in the
Greater Antilles is very distinct from any other, and that the peculiar
generaand subgenera of land mollusks have been developed in the locali-
ties where they now preponderate.

Bland, whose exhaustive studies of the distribution of the land shells
of this region are well known, and whose eonclusions are considered
authoritative, says:§

* Contributions to Conchology, 111, p. 48.
t Land and fresh-water mollusks may be often carried from one country to another
in the cargoes or ballast of vessels. Ampullarias are frequently imported alive into
Europe or North America in the crevices of mahogany logs and several African
Achatinas have been carried with coffee plants to Mauritins and other islands of
the Indian Ocean, where they flonrish as vigorously as the native snails. No donbt
many species are introduced on plants. It may be well to mention that it is known
that the young of some of the Unionid:e attach themselves by hooks to the fins and
gills of fishes, where they become encysted, and in this condition may be transported
long distances.

{ Small fresh-water bivalves have been fonud attached to the legs of flying aquatic
insects and they may thus be borne from one body of water to another.

§ On the Geographical Distribution of the Genera and Species of the Land Shells
of the West India Islands; with a Catalogue of the Species of each Island. Ann.
Lye. N. Y., vi1, p. 335, 1861.
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Seeing, moreover, the greater nmmnber of both genera and species, absolutely and
proportionately in the islands under consideration, it may not unreasonably be sug-
gested that the insular stamp has rather been impressed on the fauna of the con-
tinent than the reverse.

Since the time of Bland’s studies the discovery of many new species,
a better knowledge of their distribution, the great progress made in
classification, and in the soundings of the Caribbean, the Gulf of Mex-
ico, and the adjoining parts of the Atlantic, the added knowledge of
the currents and winds, as well as the advances made in the study of
the geology and paleontology of this general region go to eonfirm the
above statement, and in the direction of proving that the land molluscan
fauna of the greater archipelago is largly a peculiar oney that it devel-
oped in part in the region it now occupies, and that it has spread, to
some extent, to Florida, the Bahamas, Mexico, Central and South
America, and the Lesser Antilles, by some of the means I have men.
tioned above.

Some 28 genera and subordinate groups of land mollusks are con-
fined strictly to the Greater Antilles, and no less than 24 more have
here their metropolis, or greatest nmmerical development of speeies.

It has been claimed that there has never been land eonneetion
between the islands of this archipelago, and that the homogeneousness
of its land and fresh water mollnscan fauna could be accounted for by
supposing that many of the species had been carried from island to
island, by storms or currents, or that they had been transported by other
means. While no doubt a small proportion of the forms have thus
migrated, yet the number of species common to two or more islands is
so small, and the distribntion of many of the genera and subordinate
groups is so peculiar, that 1 believe we are not justified in explaining
the present distribution by such an hypothesis. Cuba, with nearly 700
species of land and fresh-water mollusks, has only 53 not confined to the
island; Jamaica, with over 500 species, has 41; Haiti, with 270 species,
has only 30; and Puerto Rico, with 130 species, has 34 stragglers to
other localities.*

Now, itis very remarkable that while many species of non-operculate
land snails are common to the Greater Antilles and the continent, as
well as to several of the different Lesser Antillean islands, not a single
opereulate is known to inhabit both the greater archipelago and the
mainland of tropical America. Two species, Chondropoma dentatum and
Helicina subglobulosa, and possibly a third, Ctenopoma rugulosum, all
Cuban forms, are eolonized in the extreme southern end of Florida,

" Haiti—and nnder this name I inelude the whole island—has an area of 28,000
square miles, yet only about one-half as many terrestrial and fluviatile mollusks are
known to belong to it as are found in Jamaica. With a very diversified surface, an
abundance of forest and rainfall, and a large area of limestone, it is probable that
when it is fully explored the number of its land and fresh water mollusks will be
doubled, and many interesting points of geographical distribution will be brought
to light.
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and although nearly half the species of land snails of these four larger
islands are operculates, not more than 9 or 10 of them are found outside
of a single island. This might be taken as evidenee that the non-oper-
culate forms were of much more aneient origin than the others, many
of them reaching back to a time of former land connection, while the
operculate species were of more recent development, whieh I suspeet
may be the ease; or that the former are better adapted to migration
across the ocean than the latter.

The fact that the opereulates form so large a proportion of the
Antillean land snail fauna, that a majority of the genera are fouind on
two or more of the islands and the mainland, while nearly every species
is absolutely restricted to a single island appearsto me to be very strong
testimony in favor of a former general land connection,

I believe that all the evidence of the terrestrial and flnviatile mol-
Iusean fauna of this region indicates that in the early Tertiary Period, -
perhaps, there was a general land elevation of the Greater Antilles, and
possibly of some of the adjacent area; that Wallace’s theory of a land
connection of the greater islands is correct; that during some part of this
time a landway extended across to the continent;* that the species and
groups of this then connected territory migrated to some extent from
one part of it to another, and that a probable eonnection existed over
the Bahama platean to what was at that time no doubt the island of
Florida. It would appear that at this time the volcanie islands of the
Lesser Antillean chain were not yet raised above the sea, or that if
thiere was land in that region it has sinee been submerged, and there
seems to be no good evidenee in tavor of any land eonneetion with the
(Gireater Antilles sinee the lifetime of the present groups and species
of West Indian land and fresh-water mollusks.

We have not as yet a sufficient knowledge of the geology and pale-
ontology of this general region, or a large enongh acquaintance with
the distribution of the terrestrial and fluviatile mollusks in Central and
South Ameriea to at all fully traee the past history of the region, or of
the forms of life in question, and, theretore, most of these theories and
speculations are advaneed with the utmost.caution, and rather as sug-
gestions, subjeet to modification by futnre discoveries, than as absolute
explanations of the facts. Yet enough is known to make many points
reasonably certain.

Bland has divided the Greater Antilles into five different sub-prov-
inees: t(1) Cuba, with the Isle of Pines, the Bahamas, and Bermudaj;

* It is quite probable that at this time Mexico and most of Central America formed
an island; that the sea flowed throngh what is now the Isthmus of Panama; and
that there was connection by a strait from the Gulf of Mexico through or aronud to
the northern end of the Gulf of California. In using the expression ‘“‘a landway
across to the continent” I wean to what is the continent now.

t¢ Geographical distribution of the West India land shells.” Am. Lye. Nat.
Hist. of N. Y., vIL, p. 346.
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(2) Jamaica; (3) Haiti; (4) Puerto Rico. with Vieque, the Virgin Islands,
Sombrero, Anguilla, St. Martin, St. Bartholomew, and St. Croix. The
islands south of the latter, to and inclading Trinidad, he places in a
fifth province. Fischer follows essentially this arrangement,* except
that he places the Bahamas in a separate division and adds Bermuda to
that of North Americz, though he thinks the latter group of islands
shows about equal malacological affinities with Florida and the Antilles,

While the molluscan faunas of each of the four large islands of the
Greater Autilles contain much that is peculiar, yet T believe that the
relationship of the genera and species is much closer than has generally
been supposed. Among genera that are restricted to this archipelago
only five are confined to Cuba—Glandinella, Diplopoma, Blwsospira,
and Yenopoma, each having but a single species, and Polymita, with
four speeies; one is restricted to Haiti— Rollei«, with one species—and
two to Jamaica—Zaphysema, with six species, and Jamaicia, with two.
Of genera of wide distribntion that are found only on a single island
there are three in Cuba—Cionella, Gundlachia, and Vivipara, cach with a
single species—and four in Jamaica—Carychium, Strobilops, Hemisinus,
and Valvate, each with one representative—while Puerto Rico has a
single Clausilia, and three Peltellas.

Nearly all the peculiar genera, and those of wide distribution that are
at all numerously represented, are found in three, if not all four, oi the
larger islands. The following table exhibits the distribution of all the
terrestrial and fluviatile genera. The marine Neritinas, the semi-aquatic
Aurieulidae, and the Truncatellas, which are distributed in the same
way as the ordinary salt-water Gastropods, are not included. There
are no peculiar fresh-water molluscan genera in the West Indies.
The lists of this paper are as aceurate as I can make them. The fict
that so many changes have recently been made in the literature and
classification, and that no two authors agree as to speeifie and generic
values, make it well nigh impossible to give lists that are correct.

~ Manuel de Concholiologie, p. 269.



430 IWEST INDIAN MOLLUSKS—SIMPSON, VOL. XVII

Distribution of genera of West Indian land and freshwater mollusks.

a- | Puerte

Genera and gronps. Cuba. | Haiti, \ mﬂica | Rico. | Klsewhere.
‘ |

Gland]ina‘:
Glandina Mexico; Central America; a few spe-
(\)lffrﬁf‘gl‘& . cies ‘i!‘l Seuth America and the Leséer
M‘elia ‘_ . Antilles; 1 in Southern Europe.
Volutaxis. . . 1 Mexico, 10 species; Guatemala, 1.
Streptostyla .coeecneenen... 4 B8 oo oo I 3 ll%xlco,llii} species; Central America, 12;
eru, 1.
Hyalinia. .. ] 4 s |12 Werld'wide,
Selenites.. . E I laoaocBs o lsocaok - 3 | American Centinent.
Thysanophora ............- I 16 8 | 19 9,3 species in Mexico and Southern States
Sagda:
ST O e
Hyalosagda.
Odontesagda
Zaphysema .....
Polymita .- 3 50
POIYEYTA- < cemmanneeenannns 3 Mexico; sonthern United States.
Hemitrochns: |
Hemitrochus ...t 11 j........ i1 L o SRR | A few in the Bahamas.
Cysticops - | oo
Plagioptyc Bahamas.
Dialenca. .
Cordya ...
Jeanneretia-
Cepolis ....... g . 1in Central America; 1in Peru.
Plenrodonte ..-.... c 5 Lesser Antilles; northern S. Am.

Pleurodonte .
Carocolus.. .
Thelidomns.
Polydontes
Parthena -
Luguillia .
Euryeratera
Strobilops ...
Bulimulus

2 in Lesser Antilles.

Mexico; United States.

Tropical America; Lesscr Antilles,

Simpnlopsis Mexico and northern South America.

Liguus ... o Florida, 1 species.

Orthalicus .....ccoeeenenee. Mexico to Brazil.

Cylindrella:
Apoma ......
Thanmasia .
Callenia .--..
Gonglyostoma .
Mychostoma. ..
Strophina.
Anoma ...
Trachelia .

Vendryesia®.. saalls

Macroceramus....o.c......

17 in Mexico; 4 in Gnatemala; 3 in
l northern South America.

1in Guatemala; 3in Mexico; 1in Texas;
1 in Honduras; 2 in Florida.

THIEHE ocescocooosssconcss 2 in lsle of Pines: 1 in St. Bartholemew;
1 in Guadeloupe.
Pseundobalea ... | . -
Peltella.. - -- - 3 | Brazil.
Stenogyra Warm regions in general.
Subulina ‘Warm regions.
Opeas.... Tropical America; a few in East Indies.
Spiraxis . 17 species on American Continent; a few
| in 01d World.
Glandinella...............
Melanjella.....o.ocoaeet. St. Thomas; Babamas; Florida; Trini-
| dad.
IR IEDREL o - seos aome oc om0 - c-noacn 3 Seuth America. 6; Gnatemala, 2; Lesser
Antilles.
TP cccooccacoo05005060000 | 2 3 5| 1 World-wide.
Vertigo.... ° 5 leeeenn.. 2 1 Do
(O WD W S ema s 6mmaraeB0ER6550 19 B Hocanoe-d 2  Bahamas; 1 in Florida; a few in Cay-
' man Islands; 1in Curacoa.
CEaIbE) coceoocsssscascss il 1! 2] . S
Clansilia.. B I I ] ey = ! 1  Europe; Asia; Peru.
Snccinea. . 11 4 3 | World-wide.
Vaginula . coo 2 9 3 1 | Widely distributed.
Cienella..... ooo 1] |- | o Do.

CrIyENIEI cosane conmmnoaanbsareaol bomcaoso Do.
Limnwa .. - 2 1 Dao.
Planorl o 8 6 Do.
AN socou cooscoocoesmsa 3 2 Do.

*ILia and _Leia are hoth preeccupied, and at the suggestion of Mr. T. D. A. Cockerell I gladly
bestow on this beautitnl genns the name Vendryesia, in honor of Mr. Henry Vendryes, of Kingsten,
Jamaica, who has made a lifelong study of the shells of that island.
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Distribution of yenera of West Indian land aud freshwater mollusks—Continned.

| Ja

| Puerto

Genera and groups. ‘l Cuba. = Haiti. et || Ty Elsewliere.
Gnndlachia ... .ccceann..o. | ' Widely distributed.
Physa ..... Do.

Avplexa ... Do.
Potamopyrgu Do.
Hydrobia .. Do.
YVivipara..... Da

Pachycheilus ..
Hemisinns. ..
Ampullaria
Valvata......

.| Widely distributed.

.1 American tropies.
D

0.
De.

Neritina . Warm regions.
Proserpina. o Mexieo. 2.
Geomclaniat...............
Neocyclotus: |
Neoeyelotns . .......... 1l ooca®S88 1 |ooscosao 24 species on mainland from Mexico to

| Venezuela; Lesser Antilles.

Ptychocochlis |
Rolleia o0
Croeidopoma.
Megalomastoma
Choanopoma. ..

Guatemala, 1.
2 in Mexico.

Jamaicia.....

Ctenopoma 1 in Florida; several in Bahamas.

ChlsiiilE, sonto00000000000000E 4 in Central America; 2 in Yuecatan; 2

: or 3 in South Ameriea (?); a few in

Lesser Antilles.

Chondropoma.............. 57 ) |lpeooesso 4  TFlorida, 1; Equador, 1; Venezuela, 4;
Mexico, 2; Central America, 3.

Diplopoma ..

Lieina ....-

Tudora 1 in Mexico; 1 or 2 in Sonth Ameriea
and the Leeward Lslands.

Colobostylus.... 1 in Honduras; 1 in Trinidad.

Bleesospira

Nenopoma.

Adamsiella 2 in Guatemala; 3 in South America(?)

Eutrochatella. .| 1in Honduras.

Aleadia...... A few in the Bahamas.

Helicina ... World-wide in the tropies.

Lueidella ..

Stoastoma. .

Spherinm . World-wide.

ERISTRIAINN. o oo o oo el e e eioiale Do.

t The speeies included in this genns, from Cuba and Haiti, were placed by Pfeiffer in Truncatella in
a section whieh he ealled Montanw (Mon. Pnenm. Viv. Sap. 11, p. 3), on account of their habitat in
the monntains, away from the sea. Crosse has placed them in the snb-genns Blandiella (J. de Couch,
XXX., . 303) and states that, so far as is known, they differ from true Geomelanias only in the absence
ot a prolongation of the anterior part of the aperture. Some of the latter have this development at
the base of the aperture, others at the right margin, and a few are scarcely, if at all, produeced. B.
Jfiticosta, and Uirata of Cuba are in the National Musenm eollection, and some specimens of these show
this pecnliarity to a slight degree, and I should pronounce them both to be Geomelanias on coneholog-
ieal evidenee withont the slightest hesitation.

} atystoma Klein, applied by Fischer and Crosse in a generie sense to this group of peeuliar
Jawmaiean forms typified by Neocyclotus jamaicensis Chemnitz (Miss. Sei. au Mex. Tth part, p. 149), has
been several times preoccupied.  Klein was not a binomial author.

The name, therefore, can not stand, and I would substitute that of Ptyckocochlis in place of it. The
group on conchologieal characters seems to be nearly related to Neocyelotus Fiseher and Crosse, in
whieli, for the present, I think it had better remain as a subgenus.

It will be seen from the above table that no less than 37 genera are
either peculiar to the Greater Auntilles or have here their principal
developement. These are Thysanophova, Sagda, Zaphyscma, Polymita,
Hemitrochus, Pleurodonte, Cepolis, Liguus, Cylindrella, Vendryesia, Mac-
roceramus, Pineria, Glandinella, Melaniella, Cerion, Proserpina, Geome-
lania Neocyclotus, Rolleia, Crocidopoma, Mcgalomastome, Choanopoma,
Jamaicia, Ctenopoma, Cistula, Chondropoma, Diplopoma, Licinu, Tudora,
Colobostylus, Blwsospira, Xenopoma, Adamsiclla, Eutrochatella, Alcadia,
Lucidella, and Stoastoma, and they are represented in this region by
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1,023 species.  Seven of these genera are fonnd in all four of the larger
islands; Thysanophora, Hemitrochus, Plewrodonte, Cylindrella, Macro-
ceramus, Choanopoma, and Cistula, with 514 species in this region;
while twelve more, Sagda, Cerion, Geomelania, IMegalomastoma,
Orocidopoma, Ctenopoma, Chondropoma, Tudora, Colobostylus, Kutro-
chatella, Alcadia, and Stoastoma, represented by 401 species, are found
in three or a majority of the islands.

Of the remainder of the Greater Antillean genera nine are found in
two islands, Cepolis, Liguns, Vendryesia, Pineria, Proserpina, Neocyclo-
tus, Licina, Adamsiella, and Lucidella, with only 84 species, and 9 are
limited to a single island, Zaphysema, Polymita, Glandinella, Melaniella,
Rolleia, Jamaicia, Diplopoma, Blesospira and Xenopoma, with but 24
species. :

Of the widely distributed genera whose metropolis is elsewhere, and
which we may suppose have entered this region by some of the means
I have previonsly mentioned, 16 are found in all four of the islands,
represented by 371 species; 6 are met with in three ot the islands, with
33 speeies; 10 in two of them, with 31 species, while only 7 genera are
found limited to a single island, six of them having but 1 species each,
and one having 13 species.

From the above figures the remarkably homogeneous charaeter of the
terrestrial and fluviatile molluscan fauna of the Greater Antilles may be
understood, for out of 78 genera here represented by about 1,400 spe-
cies, 22, nearly one-third of them, are met with in all four of the islands,
having 885 species, or more than 60 per cent of the whoele number; and
18 others are common to three of the islands, with 434 speeies. It will
thus be seen that nearly all the important genera have a general dis-
tribution in this region, and are largely represented in species.

Now, while it is true that certain genera and minor groups are peeul-
iar in some cases to a single island, as, for example, the typical Pleuro-
dontes, Zaphysema, and Ptychocochlis to Jamaica, Polymitu, and Diplo-
poma to Cuba, Rolleie to Haiti, or Luquillia to Puerto Rico, yet it is no
doubt equally true that the relationship between them and ecertain
groups found on other islands of this archipelago is quite close. The
toothless or slightly toothed Pleurodontes of Jamaica are not very far
removed from Carocolus; Dialenca, also a Jamaican group, is very closely
allied to the Cordyas of Cuba and Ilaiti, and Pilsbry has shown* that
Zaphysema, Thysanophora, and Sagda are quite intimately related. Such
alliances between the species of the different islands are very com-
mon, especially among the Helicidx, Cylindrella, Macroceramus, the
Alcadias, and Helicinas. In short, there can be but little doubt that
all or uearly all the special groups contined to one or more of these
islands are much more nearly related to other Greater Antillean groups
thau to those of any other part of the world.

This period of elevation in the YWest Indies was followed by one of

*Manual of Conchology, second series, 1x, p. 60.
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subsidence. 1t continned until ouly the swummits of the mountain
chains were above the level of the sea, and probably reached its culmni-
nation sometime iu the Miocene period.  During this thne such groups
of terrestrial and fluviatile mollusks as then existed were driven higher
and higher up the mountain sides, and crowded into ever-narrowing
quarters, and it is quite probable that some of the genera and many
species were drowned out or perished for want ot room and food. As
Puerto Rico consists mostly of low, comparatively level land, with a
single not very lofty mountain range, it is possible that the limited arvea
lett above the sea accounts for the absence of many genera found in the
other islands, and whieh may have been abundant within its borders at
the time of a former land connection.

During a visit to Jamaica the past winter the writer, in company
with Mr. John B. Henderson. jr., of this city, obtained three large boxes
ot fossil marl, which we dug from a bed some two teet in thickness, in
what is called the White Limestone Series of the Miocene at Bowden,
near the east end of the island. This marl, which was brought to the
Smithsontan Institution, has proven to be astonishingly rich in fossils,
especially marvine mollusca, and in it were found six species of land
shells, consisting of a Ptychocochlis, a Lucidella, a Pleurodonte, a Thy.
sanophora, an Opeas, and a Suecinea. The first two and the last named
were in good condition, and nearly perfeet; the Pleurodonte was repre-
sented by two fragments, an apex with three whorls, and an apertinve
containing the teeth. The Thysauwophora was in a erambling condition
and the two speeimens of Opeas were broken. At Bogwalk, at the foot
of a Miocene limestone ledge, the writer found fragments of fossil Sagdas,
but not in a condition for identificition. These shells were no doubt
washed down by rains and streams and deposited in the marine strata,
as we found in several cases an abundanee of recent forms in the bays
and thrown up along the shores. 1 consider the evidence of these fossil
land shells with regard to the past history of the groups, and of the
Greater Antilles, quite important. They show that in the Miocene
period, at a time when perhaps all but the summits of these islands was
submerged, several of the great eharacteristie groups of this region
were in existence; that no change whatever has taken place in their
characters beyond the differentiation of species; for, with the exception
of the Swuceine«, which does not scem to differ frow 8. latior, an abua-
dant species on this land,and the Opeas (0. striatu, also very common)
all these forms are probably extinet. The Bowden beds are believed to
be the equivalent of the Chattahooehee formation of the southeastern
United States, and were no doubt laid down in the earlier parvt of the
older Miocene. The stratum from which these fossils were dug is only
a few feet above sea level, and is overlaid with shales and marls to the
summit of the hill, some 300 feet above. Suecinea is world-wide as well
as Opeas, and neither are distinguished in the West Indies by any
special characters.  Thysanophorais distributed throughout the Greater
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Antilles, and has a few representatives on the mainland, the Bahamas,
and the Lesser Antilles.

All the species of the subgenus Ptychocochlis agree very closely in
their corrugated shells and the character of the operenla; and this
group, together with the typical Sagdas and Pleurodontes, ave eonfined
to the island of Jamaica. It isnot unreasonable to suppose that during
the period of general elevation certain forms from the widely distribnted
genera of land and fresh-water mollusks ¢rossed over to the Greater
Antilles from the continent, that such genera as Glandina, Streptostyla,
and othiers whose metropolis is on the mainland also migrated across,
and that species of a nmmber of genera whose greatest development
is in this archipelago spread out and reached the shores of America.
Most of the subordinate groups of Glandina and Streptostyla, and several
of those of Cylindrella were then in existence, for we find their species
to-day alike on the continent and the different islands of the archipelago.
During the subsidence, which must have been gradual, Jamaica was first
separated from the rest of the Greater Antilles, and between the time
of separation and the date of laying down the Bowden marl it is probable
that the typieal Pleurodontes and Ptychocochlis were developed from
some less differentiated, ancestral stock. The separation of Cuba, which
occurred sometime after that of Jamaica, gaverise to the special Cuban
groups, or no doubt to such of them as are dominant and abundantly
represented on the island; while Haiti and Puerto Rico, being longer
united, have a much more closely related fauna.

In his catalogue of the terrestrial and fluviatile mollusks of Haiti*
Crosse divides the island into four subregions—one on the north, taking
in the Sierra de Monte Christi; another sonth of this, extending fromn
the Mole St. Nicholas throngh the island to Cape Engafio; a third
embracing the southeast peninsula, and the fourth situated between
the arms of the Y, and he remarks significantly :

It is remarkable that the purely geographical considerations on whiclt some
anthors regard Haiti as a link that formerly nnited the four islands are confirmed
and corroborated by the existence in each of the four regions of a kind of small
malacological fauna, independent of species which are scattered throughout the
island and which comprise the common fanna.

Lvery species of Colobostylus known on the island, the group Thaw-
masia of the genns Oylindrella, and the representatives of Vendreysia,
Stoastoma, and Lucidella, all of which have their metropolis in Jamaica,
are found in the southwest peninsula, while the great Helices of Cuban
groups are met with in the northwestern arm of the island, and the
species of the east end show an alliance with the forms of Puerto Rico.

In the Miocene silex beds of Tampa, Florida, there have been found
a number of land shells whieh probably belong to the same fauna as
that which existed during that epoeh in the Greater Antilles. These
consist of six Helices of the section Plagioptycha, a group at present
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*Jour. de Conch., Xxx1, 1891, pp. 195, 197,
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