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ABSTRACT There are 174 species of amphibians known from the West Indies, 167 of these are 
native and eight introduced; 164 (98%) of the native species are endemic. The native fauna, all 
anurans, belongs to four families: Bufonidae (1 genus, 11 species), Dendrobatidae (1, I), Hylidae (4, 
11), and Leptodactylidae (2, 144). Most species (84%) of West Indian amphibians belong to the 
large leptodactylid genus Eleutherodactylus. The greatest diversity of bufonids (8 species) occurs in 
Cuba, and of hylids (5 species) in Jamaica. Except for two Cuban species occurring elsewhere, 
single-island endemism is 100% in the Greater Antilles, and most species are restricted to small 
areas (c 100 km2) within an island, and 11 species (7%) are known from only type-localities. There 
are 50 native species (96% endemic) in Cuba, 22 species (100% endemic) in Jamaica, 63 species 
(100% endemic) in Hispaniola, 20 species (100% endemic) in the Puerto Rican Bank, and 10 species 
(90% endemic) in the Lesser Antilles. Only two species are native to the Bahamas Bank, and one 
species is native to the Cayman Islands; none is endemic. Ten percent of the amphibian fauna, 
including a new family for the West lndies, has been discovered in the last four years, this rate of 
discovery suggests that our knowiedge of species diversity is far from complete. 

Distributional data for West Indian amphibians are summarized and subjected to several analy- 
ses. Biogeographic regions (74) are defined for the Greater and Lesser Antilles and used in faunal 
similarity analyses to better understand regional patterns of distribution and endemism. Species 
density is mapped for the Greater Antilles in order to determine "hot spots" of species diversity. 
Altitudinal distributions are analyzed to search for possible trends in both species density and in 
body size, and distributional areas are examined to determine the typical extent of species distribu- 
tions and possible taxonomic differences. Climatic, vegetational, topographic, and historical factors 
affecting distributional patterns are reviewed. Amphibian declines and extinctions are discussed, 
current conservation measures are reviewed, and recommendations are made to help protect the 
existing amphibian fauna. 

Key words: Caribbean, Biogeography, Amphibia, Anura, Tropiql, Conservation, Biodiversity, Is- 
lands. 
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INTRODUCTION 

The West Indies are located between North and 
South America (12-27"N) and comprise a total land 
area of 223,846 km2, which is similar to that of Great 
Britain. Historically, this region includes the Great- 
er Antilles (Cuba, Jamaica, Hispaniola, and Puerto 
Rico), the Lesser Antilles, the Bahamas Bank, the 
Cayman Islands, and San Andrks and Providencia 
in the southwestern Caribbean pig. 4:l). These are 
the areas treated in this paper. Occasionally, some 
satellite islands of South America also are included 
in definitions of the West Indies, but these areas, such 
as Trinidad, Tobago, and the Netherlands Antilles, 
are zoogeographically more associated with the ad- 
jacent mainland. Because there are no amphibians 
endemic to the Bahamas or the Cayman Islands, the 
focus of this paper is on the amphibian fauna of the 
Greater and Lesser Antilles. 

Climate in the West Indies is strongly influenced 
by the prevailing winds from the northeast, which 
typicalIy bring moisture to the northern and eastern 
areas of each island and result in dry southern areas. 
The distribution and composition of the vegetation 
closely follows this rainfall pattern, often resulting 
in well-developed moist forests on northern and east- ' 

ern slopes and dry, xerophytic vegetation in the 

south. Before human alteration, most islands were 
almost completely forested. Lowland rainforest with 
tall buttressed trees graded into montane rainforest 
on the lower slopes of mountains, with cloud forest 
at cloud level and elfin woodland on the summits. 
Wet limestone forest covered the karst regions, and 
dry scrub forest occupied the drier southern areas. 
Essentially no lowland rainforest remains anywhere 
in the West Indies, except for perhaps a few isolated 
buttressed trees (e.g., Cabezada, Guantanamo Prov- 
ince, Cuba); those forests were the first to disappear 
after discovery and colonization of these islands. 
Most other forest types are disappearing but still can 
be found in patches and isolated tracts throughout 
the Antilles. The destruction of wet limestone forest 
(with its sharp limestone rock substrate) and dry 
scrub forest (with its abundant spiny plants) has oc- 
curred at a slower pace partly because of the diffi- 
culty these pose for human access. For the same rea- 
son, some of the last remaining patches of montane 
rainforest (perhaps the most endangered forest type) 
exist only on the steepest mountain slopes. 

The amphibian fauna of the West Indies (all 
anurans) is characterized by a relatively high num- 
ber of native species (167 species) for its small land 
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Fig. 4:l. The West Indies, showing major water current patterns. 
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area, and a low number of genera (7) and families 
(4). The majority of species are in the single lepto- 
dactylid genus Eleutherodactylus. As terrestrial 
breeders with direct development (at least one spe- 
cies is ovoviviparous), the members of this genus 
have invaded a diversity of ecological niches includ- 
ing forest floor, leaf litter, rock outcrops, caves, bur- 
rows, streams, tree trunks, tree holes, bromeliads, 
root holes in elfin forest, and even coastal mangrove 
swamp (Hedges, 1989a; Hedges and Thomas, 1992). 
Nearly every species is endemic to a single island 
and usually to a small area on an island. 

Previously, distributional data for the species 
have been summarized in the form of a checklist 
(Schwartz and Henderson, 1988), a supplement to 

the checklist (Hedges and Thomas, 1989), and dis- 
tributional maps of individual species (Schwartz and 
Henderson, 1991). The amphibians of Hispaniola 
have been discussed in relation to the abundance of 
South Island species (Schwartz, 1973) and the rec- 
ognition of two paleoislands (Schwartz, 1980). Some 
general taxonomic and distributional information 
also has been reviewed, in comparison with West 
Indian reptiles (Schwartz, 1978). Biogeographic 
studies on herpetofaunas of some selected areas in 
the West Indies include Cuba (Rodriguez-Schetti- 
no, 1993; reptiles only), Cuban satellite islands (Es- 
trada, 1986, 1993a, b; Garrido et al., 1986), and the 
Puerto Rican Bank (Heatwole et al., 1981). 

MATERIALS AND METHODS 
The definition of the West Indies follows Bond subdivision. In the descriptions of these regions, their 

(1979). Distributional data on West Indian amphib- map location, relation to other regions, rainfall data, 
ians were gleaned from the literature and from per- and areas (in the case of islands) have been omitted 
sonal field notes. The distribution maps in Schwartz because this information is presented elsewhere in 
and Henderson (1991) summarize most locality the paper. 
records up to about 1989, including my specimen Faunal similarity, or Coefficient of Biogeo- 
and locality data from 1981 through 1988. This has graphic Resemblance (CBR; Duellman, 1990) was 
been supplemented by my unpublished field records measured using the formula CBR = 2C + (N,+N,), 
gathered since that time (198&1994), and by new where C = number of species in common between 
published distributional information (e.g., Hender- two regions and N, and N, are the number of spe- 
son et al., 1992; Kaiser, 1992; Powell et al., 1992; cies present in each region; faunal distance @) is 1- 
Thomas and Joglar, 1995). Elevational data for Cu- CBR. For comparison with other studies, cluster 
ban species were omitted from Schwartz and Hend- analysis of CBR values was done with the UPGMA 
erson (1991) so those data reported here (and many algorithm (Sneath and Sokal, 1973). However, in 
new distributional records) are mostly from my field addition, D values (no corrections were made) were 
records. In cases where I believe published locality used with the neighbor joining algorithm (Saitou and 
records are doubtful as to correct identification (tax- Nei, 1987). The latter method often performs better 
on or locality), 1 have modified the distributions ac- than UPGMA in computer simulations of phyloge- 
cordingly. An effort was made to include not only netic data (Nei, 1991) so it was used here to explore 
all described species, but also those currently being its usefulness with faunal similarity analysis. If spe- 
described (designated by first letter or letters of pro- cies are shared disproportionately among regions, a 
posed name) for the benefit of completeness. After faunal similarity/distance tree might have unequal 
maps of locality records were gathered, species dis- branch lengths as is common with phylogenetic data. 
tributions were defined by circumscribing those In those cases, a clustering algorithm that does not 
records with a line or lines and adjusting for unsuit- equalize branch lengths (such as neighbor joining) 
able habitat (e.g., a wide valley separating two mon- should be at an advantage. Because it is a new ap- 
tane populations). Small-scale changes in elevation plication for neighbor joining, both trees are pre- 
creating unsuitable habitat were not taken into account. sented here for each comparison. The program 

Biogeographic regions were defined by consid- MEGA (Kumar et al., 1994) was used for tree con- 
ering their topographic, floristic, and faunistic dis- struction. To avoid spurious results, only regions 
tinctiveness. For reptiles or other groups, some of containing more than one species were used in the 
these regions may be combined, or require further analyses. 
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Native species are defined here as those that oc- 
cur naturally, endemics are those native species that 
occur nowhere else other than the region under con- 
sideration (except as introductions), and percent en- 
demism is number of endemic species divided by 
the number of native species. These terms are ap- 
plied in this paper at three different levels: the West 
Indies, major divisions within Antilles (e.g., Cuba, 
Lesser Antilles), or biogeographic regions. In some 
cases (e.g., regions within Lesser Antilles) the bio- 
geographic region is an island or island group. The 
classification of West Indian amphibians used here 
follows Duellman (1993) and Hedges (1996). 

Species density is defined as the number ofover- 
lapping species distributions, and is approximately 
equal to the number of sympatric species (except in 
some areas of rapid elevational change) but often is 
greater than the number of syntopic species. By ref- 
erence to species distribution maps, species density 
was determined for specific locations at a relatively 
fine scale throughout Cuba, Jamaica, Hispaniola, and 
Puerto Rico, and contours (interval = 2 species) were 
fitted. Species distributional areas were determined 
by weighing distributions that had been carefully 
traced and cut from a uniform medium (mylar) and 
applying a conversion factor calculated by applica- 
tion to regions of known area. Where body size is 
used, values are the maximum snout-vent length in 
mm, as reported in Schwartz and Henderson (1991); 
for nearly all species, the maximum value occurs in 
females. 

Geographic, geologic, climatic, and vegetational 
data were taken from a variety of sources, including 
Asprey and Robbins (1953), Box and Cameron 
(1989), Caribbean and Latin American Action 
(1993), Instituto Cubano de Geodesia y Cartografia 
(1978), Johnson (1988), MacPherson (1980), Mar- 
rero (1946), Maurrasse (1982), National Geograph- 
ic Society (1981), N6tiez Jimtnez (1972), Pic6 
(1974), Rickards (1980), S W V S  (1990), Showk- 
er, (1989), Vickers (1979), Woodring et al. (1924), 
World Resources Institute (1992, 1994), and 
1:1,000,000 scale topographic maps of the Ameri- 
can Geographical Society, and various other topo- 
graphic and road maps of the islands. Published val- 
ues for island areas were found to vary slightly and 
sometimes the average or modal value was used. In 
the maps of elevation and rainfall for the Greater 
Antilles presented here, different contour intervals 
had to be used for different islands in order to high- 

light variation (e.g., rainfall in Jamaica is higher than 
on other islands). 

There are many different forest types described 
for the West Indies, partly reflecting the diversity of 
underlying rock types. However, much of the land 
area of the islands was covered with shallow marine 
waters at times during the Mesozoic and Cenozoic 
and therefore the predominate surface rock type is 
limestone. Forests overlying limestone are lower, 
have a more open canopy, and a greater number of 
vines and epiphytes than forests on other rock types. 
The forest types used here are from Asprey and Rob- 
bins (1953), Instituto Cubano de Geodesia y Car- 
tografia (1978), Thompson et al. (1986a), and SEA/ 
DVS (1990), with some modification. Dry scrub 
forest has a low canopy (2-10 m), often with thorny 
shrubs and cacti, and grows on bare rock or thin soil 
cover in areas receiving < 1 m rainfall annually; usu- 
ally this is a coastal formation (low in elevation). 
Wet limestone forest essentially is rainforest grow- 
ing on limestone rock, sometimes with a thin soil 
layer; the canopy is about 15-25 m and there are 
abundant vines and epiphytes; it usually occurs in 
areas of > 2 m rainfall annually. Lowland rainfor- 
est with high canopy and large, buttressed trees no 
longer exists in the West Indies (except in a few small 
patches); it was cleared in the early days of Europe- 
an colonization. Montane rainforest is character- 
ized by a high (25-40 m), dense canopy and occurs 
on mountain slopes (typically 500-1500 m eleva- 
tion) in areas receiving > 2 m rainfall annually. Cloud 
forest occurs in the upper elevations (usually > 1000 
m) at the cloud level and thus it receives less light 
and greater humidity than other forest types. The 
canopy is low (10-15 m) and ferns (also tree ferns), 
mosses, and epiphytes are abundant. Elfin wood- 
land also occurs at the cloud level on some ridges 
and mountain tops from as low as 750 m (Jamaica) 
to > 2400 m (Hispaniola). The vegetation is a low, 
windblown, tangle of mossy trees and shrubs about 
5 m in height; ferns and epiphytes are abundant. Pine 
forest occurs naturally and in cultivation through- 
out the West Indies, but most often in the higher el- 
evations (> 1000 m). Mangrove woodland (usually 
Rhizophora mangle) is a common forest type in 
coastal areas where trees average about 5 m in height. 

The Cayman Islands have only a Single, non- 
endemic, native amphibian species (Osteopilus sep- 
tentrionalis) and the Bahamas Bank (including the 
Turks and Caicos Islands) also has a low diversity 
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of amphibians (two native species, neither endem- on Isla de San Andrts and Isla de Providencia 
ic); both regions will be mentioned only briefly. The (off the east coast of Nicaragua), Leptodac~lus 
single native (but nonendemic) amphibian species insularum, is included in counts of species but is 

not discussed further. 

DESCRIPTION OF REGION 

Each of the major islands, or groups of islands, 
is defined below, with a definition of each of the 
biogeographic regions contained therein. Highest el- 
evations are noted; unless otherwise indicated, the 
lowest elevation is approximately sea level. Rele- 
vant features of geology, physiography, and vegeta- 
tion, including current extent of forest cover (if 
known), are described. 

Cuba 
This is the largest island (105,007 km2) and 

makes up nearly one-half of the total area of the West 
Indies (Fig. 4:2). It is 1250 km long by 191 km at its 
widest point and 31 km at its narrowest point and 
has a maximum elevation of 1972 m. There are three 
major upland areas: the Cordillera de Guaniguanico 
in the west, Macizo del Escambray in the center, and 
the Sierra MaestraMacizo de Sagua-Baracoa in the 
east. Most forest habitats are limited to those three 
areas; agriculture (especially sugar cane) predomi- 
nates in the intervening lowland areas. 

Peninsula de Guanahacabibes: This low pen- 
insula at the extreme western end of the island at- 
tains elevations of only 22 m. It is characterized by 
exposed dogtooth limestone rock (diente de perro), 
caves, and dry scrub forest. 

Llanura Occidental: The western coastal plain 
at elevations of no more than 50 m is characterized 
by the near-absence of trees and the presence of ex- 
tensive areas of sugar cane (Saccharwn oficinarum) 
and rice cultivation. 

Cordillera de Guaniguanico: This intercon- 
nected upland region reaches 699 m in elevation and 
comprises two mountain chains with different soil, 
rock, and vegetation types. The western chain, the 
Sierra de 10s Organos (617 m), with its northern (Al- 
turas Pizarrosas del Norte) and southern (Alturas 
Pizarrosas del Sur) adjoining ranges, primarily is an 
eroded limestone block with underlying metamor- 
phic rocks of Jurassic age. It is dominated by pine 
(primarily Pinus tropicalis, but also I! caribaea) with 
dry scrub forest on the mogotes (limestone hillocks). 
The resulting "haystack" karst physiography, al- 

though similar to some areas in NW Puerto Rico, is 
unique in the West Indies and resembles some karst 
regions of southern China. The eastern chain, the 
Sierra del Rosario (699 m), is characterized by gen- 
tly rolling hills, with outcrops of limestone, sedi- 
mentary, igneous, and metamorphic rocks. 

Isla de Juventud and Archipiklago de 10s 
Canarreos: The largest satellite island, Isla de Ju- 
ventud (formerly Isla de Pinos; 2,200 km2) is com- 
posed of Jurassic metamorphic rocks similar to those 
underlying the western end of Cuba (Sierra de 10s 
Organos) and has a southern limestone plain. Most 
of the island is low in elevation, but a central upland 
area rises to 303 m. A long chain of low-lying is- 
lands, the Archipi6lago de 10s Canarreos, extends to 
the east. 

Alturas de la Habana-Matanzas: This upland 
area includes the Alturas de Bujucal-Madruga- 
Coliseo. These are mostly low limestone ridges and 
hills (no higher than 381 m) with some outcrops of 
serpentine. 

Llanura de Zapata: This region includes an 
extensive swampland area (Citnaga de Zapata) at 
or near sea level, and a slightly higher (10 m) cen- 
tral area of limestone supporting dry scrub forest. 
Dogtooth limestone is a common substrate. 

Alturas Centrales: Included here are the Altu- 
ras de Santa Clara, Alturas del Nordeste, and Altur- 
as del Noroeste. This upland region, mostly above 
50 m but no higher than 487 m, is underlain by ig- 
neous and extrusive volcanic rock, and has limestone 
outcrops. The dominant vegetation is sugar cane and 
grassland with some tree savannas of palm (Roysto- 
nea) and ceiba (Ceiba). 

Archipiklago Sabana-Camaguey: These north- 
ern satellite islands form a long (450 km) archipela- 
go of low-lying islands composed of primarily Qua- 
ternary limestone and sediments. Mangrove 
woodland is the predominate vegetation on the small- 
er, western keys (Archipitlago de Sabana), whereas 
the larger keys in the eastern portion (Archipitlago 
de Camagiiey) are dominated by dry scrub forest on 
limestone and attain an elevation of no more than 
62 m. 
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Fig. 42 .  Cuba. (A) Topographic map, showing the 100 m contour interval and areas above 500 m (black). (B) Rainfall map, 
showing contour intervals of 140 cm, 160 cm, and areas over 200 cm (black) annual precipitation. (C) Drainage map, showing major 
rivers. Numbers are locations of peaks, mountain ranges, major cities, and other geographic areas mentioned in text: Peninsula de 
Guanahacabibes (I), Sierra de 10s Organos (2), ViRales (3), Sierra del Rosario (4), Soroa (5). La Habana (6), lsla de Juventud (7), 
Archipitlago de 10s Canarreos (a), Citnaga de Zapata (9), Cienfuegos (10). Alturas del Noroeste (1 I), Alturas de Santa Clara (12), 
Alturas de Trinidad (13), Alturas de Sancti Spiritus (14). Alturas del Nordeste (IS), Archipitlago de Sabana (16). ArchipiClago de 
Camagiiey (17), Sierra de Cubitas (la), Peniplano de Florida-Camagiiey-Tunas (19), Sierra de Najasa (20), G ~ p o  de Maniabbn (21), 
Meseta de Cabo Cruz (22), Pico Turquino (23), Cordillera del Turquino (24), Santiago de Cuba (25), Cordillera de la Gran Piedra 
(26), GuantPnamo (27), Altiplanicie de Nipe (28), Sierra del Cristal(29), Cuchillas de Moa (30), Cuchillas de Toa (31), Meseta del 
Guaso (32), Sierra de Mariana (33), and Sierra del Purial (34). (D) Biogeographic regions. Abbreviations: ACE Alturas de Central 
(Alturas de Santa Clara, Alturas del Nordeste, Alturas del Noroeste), ACM Alturas de Camaguey-ManiaMn (Sierra de Cubitas, 
Peniplano de Florida-Camaguey-Tunas, Sierra de Najasa, Grupo de ManiaMn), AHA Alturas de la Habana-Matanzas (including 
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Macizo del Escambray: This major central pine forest (Pinus cubensis) and Cenozoic limestone 
highland region includes a larger western area, the overlain by pine forest and wet limestone forest. 
Alturas de Trinidad (1140 m), and a smaller eastern Cloud forest occurs in some of the higher elevations 
area, the Alturas de Sancti Spiritus (842 m), sepa- in the wettest areas. 
rated by the valley of the Rio Agabama. Jurassic ig- Jamaica 
neous rocks underlie both regions, but limestone out- With an area of 10,992 km2, this island lies to 
crops occur throughout the region. Upper elevations the south of eastern Cuba; it is 230 km long by 80 
are characterized by montane rainforest (now large- km wide, and has a maximum elevation of 2256 m 
ly replaced by coffee, Coffea arabica). (Fig. 4:3). Most of the island is a dissected Tertiary 

Llanura Oriental: This low eastern coastal limestone platform and therefore hilly and mountain- 
plain attains elevations of only 50 m. It is similar to ous; a high mountain chain (Blue Mountains), in- 
the Llanura Occidental in being characterized by volving other rock types, exists in the east. It is the 
extensive areas of sugar cane cultivation and the wettest island in the GreaterAntilles; some areas have 
near-absence of trees. more than 5 m of precipitation annually. Although 

Alturas de Camagiiey-Maniabdn: Included in Jamaica appears lush and green, this is due in large 
this region of moderate relief are the Sierra de Cubi- part to an introduced flora and high rainfall; few nat- 
tas (330 m), Peniplano de Florida-Camagiiey-Tunas ural forests remain, and these are concentrated in the 
(297 m), Sierra de Najasa (301 m), and Grupo de Cockpit Country of west-central Jamaica and in the 
Maniab6n (275 m). All primarily are underlain by Blue Mountains. 
igneous (serpentine and granite) rocks and extrusive Western Lowlands: As in most of Jamaica, this 
volcanics. Vegetation is a mixture of mostly tree sa- region is largely underlain by mid-Tertiary limestone. 
vanna and dry scrub forest, with sugar cane cultiva- There are a few patches of dry scrub forest and some 
tion in the lower elevations. coastal mangrove woodland, and a large (250 km3 

Sierra Maestra: With a large area above 1000 fresh-water sedge marsh (Black River Morass), but 
m elevation, this is the major eastern highland re- most areas are under cultivation (primarily sugar 
gion and it includes a large limestone platform cane). Elevations do not exceed 300 m. 
(Meseta de Cabo Cruz, 401 m), a major central mas- Western Uplandr: Although partly isolated from 
sif (Cordillera del Turquino, 1972 m), and a partial- each other, these upland areas all lie on the western 
ly isolated eastern extension (Cordillera de la Gran side (Hanover Block) of north-south trending fault 
Piedra, 1214 m). Pico Turquino (1972 m) is the high- zone (Montpelier-Newmarket Graben). Although the 
est point in Cuba. The underlying rocks primarily southern areas (801 m) are higher in elevation, Dol- 
are Tertiary volcanic and sedimentary formations, phin Head (545 m) has the better-developed wet lime- 
including limestone. The dominant natural vegeta- stone forest. 
tion is montane rainforest (now mostly coffee culti- Santa Cruz Mountains: This is an isolated up- 
vation on the northern slopes), and there is cloud land area in south-central Jamaica with little or no 
forest and elfin woodland at the highest elevations. original wet limestone forest remaining. The highest 

Macizo de Sagua-Baracoa: Separated from the elevation is 725 m. 
Sierra Maestra by the Rio Guantiinamo and Valle Cockpit Country: This rugged karst plateau, 
Central, this major upland region is a complex of with typical elevations of 600-700 m (946 m eleva- 
seven smaller upland areas: themtaplanicie de Nipe tion at highest point), is the largest remaining area of 
(995 m), the Sierra del Cristal(1231 m), Meseta del wet limestone forest in Jamaica. It is bordered on the 
Guaso (862 m), Sierra de Mariana (747), Cuchillas west by the Montpelier-Newmarket Graben, and on 
de Moa (1175 m), Cuchillas de Toa (921 m), and the the north by the drier north coast, but the southern 
Sierra del Purial(1176 m). The underlying rocks pri- and eastern boundaries are less well defined. 
marily are a mixture of Mesozoic igneous and meta- North Coast: Coconut cultivation dominates the 
morphic rocks overlain by montane rainforest and relatively dry north coast, but there are some occa- 

Facing page: 

Alturas de Bujucal-Madruga-Coliseo), ASCArchipiClago Sabana-Camaguey, CGU Cordillera de Guaniguanico, IJU lsla de Juventud 
and Archipitlago de 10s Canarreos, LOC Uanura Occidental, LOR Llanura Oriental, LZA Llanura dc Zapata (including Cienagas de 
Zapata), MES Macizo del Escambray, MSB Macizo de Sagua-Baracoa, PGU Peninsula de Guanahacabibes, SMA Sierra Maestra. 
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sional patches of dry scrub forest. Elevations do not 
exceed 300 m. 

Central Uplands: This region is similar in karst 
topography and elevation to the adjoining Cockpit 
Country, but with greater human population density 
and less wet limestone forest; the highest point is 
838 m elevation. The eastern border is a major fault, 
the Wagwater Trough. 

Manchester Plateau: This region includes the 
Don Figuero Mountains and is characterized by gen- 
tly rolling hills (up to 995 m elevation) with less 
exposed rock and greater soil depth than the adjoin- 
ing Central Uplands to the north. Some small patch- 
es of wet limestone forest remain; human popula- 
tion density is high, and most areas are cultivated. 

Southern Lowlands: Because of the rainshad- 
ow effect of the Blue Mountains and Central Up- 
lands, some of the driest areas in Jamaica are in this 
region, which includes areas below 300 m eleva- 
tion. Cultivation and cattle grazing is extensive, al- 
though some small areas of dry scrub forest remain. 

Portland Ridge Peninsula: This relatively low 
limestone ridge (up to 160 m elevation) with many 
caves is overlain by dry scrub forest on a dogtooth 
limestone substrate. It was an island during times of 
elevated sea level in the Pleistocene. 

Hellshire Hills: Similar in some respects to the 
Portland Ridge Peninsula, this region largely is cov- 
ered by dry scrub forest on limestone rock; the high- 
est elevation is 258 m. 

Blue Mountains: With several peaks above 
2000 m, this is the major mountain chain of Jamai- 
ca; highest peak = Blue Mountain Peak (2256 m). 
The underlying rocks are igneous, metamorphic, and 
clastic sedimentaries; these are overlain by remnant 
montane rainforest (< 1350 m) grading to cloud for- 
est (1350-1500 m) and elfin woodland (> 1500 m). 
Cultivation of pine and coffee is common at high- 
er elevations. The northern slopes are consider- 
ably wetter and more forested than the southern 
slopes. 

John Crow Mountains: The wettest areas in 
Jamaica are in this region, which is a northwest- 
southeast-oriented limestone block, tilted up to the 
southwest and separated (mostly) from the Blue 
Mountains by the Rio Grande Valley. Possibly be- 
cause of the high rainfall in this region, the expect- 
ed wet limestone forest is replaced by montane rain- 
forest, and vegetational zones typical of the Blue 
Mountains (including elfin woodland) occur at low- 

er elevations (Asprey and Robbins, 1953). The high- 
est elevation is 1202 m. 
Hispaniola 

Lying between Cuba and Puerto Rico, Hispani- 
ola has an area of 76,470 km2; it is 650 km long by 
255 krn wide with a maximum elevation of 3175 m 
(Fig. 4:4). The western one-third of the island is oc- 
cupied by Haiti and the remainder by the Domini- 
can Republic. Numerous mountain ranges and val- 
leys dissect this island, which is divided into two 
faunistically defined paleoislands ("North Island" 
and "South Island"), separated by a below sea-level 
trough, the Cul de Sac and Valle de Neiba. Natural 
forests are essentially absent from Haiti, and this has 
caused widespread silting and destruction of the al- 
ready overfished coral reefs. Most remaining forests 
in the Dominican Republic are confined to the Cor- 
dillera Central, but some relatively small tracts re- 
main in other upland areas. 

Navassa Island: This is a small island with a 
steep, rock shoreline located about 60 krn west of 
the Tiburon Peninsula of Haiti. 

Massif de la Hotte: The region defined here 
forms the core (Montagnes de la Hotte) of the more 
inclusive Massif de la Hotte, and includes the high- 
est elevations (up to 2347 m). Lower elevations large- 
ly are barren, and remnants of montane rainforest 
and wet limestone forest exist on the slopes and foot- 
hills; some pine forest and cloud forest still may be 
present on the highest peaks. 

Presqu 'fle de la Tiburon: The Tiburon Penin- 
sula includes some limestone hills (up to 1340 m), 
representing the eastern extension of the Massif de 
la Hotte; at one time they may have been covered 
with wet limestone forest. 

Massif de la Selle-Sierra de Baoruco: l k o  
names have applied to this single mountain range 
that straddles the international border and is formed 
largely by an uplifted limestone platform that has 
been tilted up toward the north. This has resulted in 
a gradual southern incline and a steeper and more 
rugged northern slope; both have dry scrub forest at 
lower elevations. The mostly pine-clad ridge, rising 
up to 2690 m elevation, has occasional patches of 
cloud forest, especially in the extreme eastern end. 

Peninsula de Barahona: The dry southern pen- 
insula of Hispaniola is a terraced limestone platform 
supporting dry scrub forest; the maximum elevation 
is 331 m. 

Plaine du Cul de Sac-Valle & Neiba: Separating 
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Fig. 4:3. Jamaica. (A) Topographic map, showing 300 m contour interval and areas above 1,000 m (black). (B) Rainfall map, 
showing contour intervals of 180 cm, 250 cm, and areas over 380 cm (black) annual precipitation. (C) Drainage map, showing major 
rivers. Numbers are locations of peaks, mountain ranges, major cities, and other geographic areas mentioned in text: Dolphin Head 
(1). Montego Bay (2), Black River Morass (3), Cockpit Country (4), Quick Step (S), Santa CNZ Mountains (6), Don Figuerero 
Mountains (7), Portland Ridge Peninsula (8). Hellshire Hills (9), Kingston (lo), Hardwar Gap (11). Blue Mountain Peak (12), and 
John Crow Mountains (13). (D) Biogeographic regions. Abbreviations: BMO Blue Mountains, CCU Cockpit Country, CUP Central 
Uplands, HHI Hellshire Hills, JCM John Crow Mountains, MPL Manchester Plateau, NCO North Coast, PRP Portland Ridge Penin- 
sula. SCM Santa Cruz Mountains, SLO Southern Lowlands, WU) Western Lowlands, WUP Western Uplands. 
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the two paleoislands of Hispaniola along a major 
fault, this long, mostly barren valley (below 100 m 
elevation) with occasional patches of dry scrub for- 
est lies below sea level in many places and has 
several large hypersaline lakes (e.g., Lago En- 
riquillo, -42 m). 

fle Gonbve: This is the largest satellite island 
of Hispaniola and has an upland area (Montagnes 
de la Gonfive, rising to 702 m); the island is densely 
populated and largely devoid of natural vegetation. 

Chine des MatheuxSierra de Neiba: These 
ranges, and the Haitian Montagnes Trou D'eau, are 
oriented in a northwest-southeast direction and 
attain moderate to high elevations (1575 m and 
2279 m, respectively). The Haitian ranges have 
been largely deforested, but some cloud forest and 
wet limestone forest are present in the Sierra de 
Neiba. 

Sierra de Martin Garcia: Surrounded by xeric 
lowlands in a region of relatively low rainfall, this 
isolated range with a maximum elevation of 1368 m 
supports some pine and hardwood forest at upper 
elevations. 

Valle de Sun Juan: This relatively dry valley 
(below 400 m elevation) is the rain shadow of the 
Cordillera Central and presently an agricultural re- 
gion with little remaining natural vegetation. 

Plateau Central: At an elevation of about 300- 
400 m, this plateau is an extension of the Valle de 
San Juan and separates the Massif du Nord from the 
Montagnes Noires; there is little or no remaining 
natural vegetation. 

Massifdes Montagnes Noires: These are most- 
ly limestone ridges rising to 1793 m elevation, now 
deforested. 

Plaine de I'Artibonite: This floodplain of the 
large Rivibre Artibonite, with elevations below 100 
m, supports some agriculture but no natural vegetation. 

Presqu'ile du Nord Ouest: The dry northwest 
peninsula of Haiti resembles a barren lunar land- 
scape when viewed from the air, but some small 
patches of secondary forest remain on steep 
slopes of the interior ranges; the maximum ele- 
vation is 840 m. 

fle de la Tortue: Once thickly forested with 
large hardwood trees but now essentially barren, this 
large satellite island is mostly limestone; the maxi- 
mum elevation is 378 m. 

Massif du Nord: This is the major mountain 
range of northern Haiti and represents the northwest 

extension of the Cordillera Central; the maximum 
elevation is 1210 m. 

Cordillera Central: With many peaks above 
2000 m, including the highest point in the West In- 
dies (Pico Duarte, 3087 m), this is the major central 
mountain range of Hispaniola. Much of it has been 
deforested, but the core of this range and the highest 
elevations typically support pine (Pinus occidental- 
is) on a limestone substrate. Some cloud forest and 
montane rainforest exist in patches throughout the 
range, primarily in the northwest sector. 

Plaine du Nord-Valle & Cibao: This is a mesic, 
fertile agricultural valley with elevations below 300 
m and with essentially no remaining natural vegeta- 
tion. 

Cordillera Septentrional: The northern moun- 
tain range of the Dominican Republic is a nearly lin- 
ear northwest-southeast-oriented ridge rising to 1249 
m elevation and with scattered patches of montane 
rainforest. 

Peninsula de Samana: This rugged, wet, lime- 
stone peninsula with several mountains has only sec- 
ondary forest remaining; the maximum elevation is 
606 m. 

Los Haitises: Wedged between the Cordillera 
Central and the Cordillera Oriental, this highly dis- 
sected karst area is similar to the Cockpit Country 
of Jamaica but lower in elevation. qpical  elevations 
are 150-250 m and wet limestone forest still exists, 
primarily on the tops of some mogotes; the maxi- 
mum elevation is 467 m. 

Cordillera Oriental: This eastern mountain 
chain of Hispaniola, attaining a maximum elevation 
of 736 m, is continuous with Los Haitises but has 
little remaining natural forest. 

Llanura Costera del Caribe: In many places 
along the coast, this Caribbean coastal plain is char- 
acterized by low (0-20 m) limestone terraces with a 
substrate of dogtooth limestone. The depauperate 
flora of the terraces is characterized by Bucida buc- 
eras, whereas agriculture (primarily sugar cane) pre- 
dominates in the more fertile inland areas; the max- 
imum elevation is 200 m. 
Puerto Rican Bank 

This archipelago extends from the Isla Mona in 
the west to Anegada in the east. Except for Isla Mona 
and St. Croix, virtually all are separated by relative- 
ly shallow water. The main island of Puerto Rico is 
the largest in the chain but is the smallest of the Great- 
er Antilles (8,768 km2); it is 179 km long by 58 km 
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Fig. 4:4. Hispaniola. (A) Topographic map, showing 200 m contour interval and areas above 1,000 m (black). (B) Rainfall map, 
showing contour intervals of 75 cm, 150 cm, and areas over 225 cm (black) annual precipitation. (C) Drainage map, showing major 
rivers. Numbers are locations of peaks, mountain ranges, major cities, and other geographic areas mentioned in text: Castillon (I), 
Montagnes de la Hotte (2), Lcs Cayes (3), Port-au-Prince (4), Massif de la Selle (5), Montagnes Trou D'eau (6), Chaine des Matheux 
(7), ile GonPve (8), Plateau Central (9), Massif des Montagnes Noires (lo), Plaine de 1'Artibonite ( l l) ,  Presqu'ile du Nord Ouest 
(12), ile de la Tortue (13), Massif du Nord (14), Cap-Haitien (IS), Cordillera Septentrional(16), Santiago (17), Pico Duarte, Cordil- 
lera Central (18), Sierra de Neiba (19). Lago Enriquillo (20), Sierra de Baomco (21), Peninsula de Barahona (22), Sierra de Martin 
Garcia (Z), Santo Domingo (24), Peninsula de Samana (25), Los Haitises (26). and Cordillera Oriental (27). (D) Biogeographic 
regions. Abbreviations: ART Plaine de I'Artibonite, BAR Penfnsula de Barahona, CEN Cordillera Central, CIB Plaine du Nord-Valle 
de Cibao, CVN Plaine du Cul de Sac-Valle de Neiba, CON Ile GonPve, HAI Los Haitises, LCC Llanura Costera del Caribe, LHO 
Massif de la Hotte, LSB Massif de la Selle-Sierra de Baoruco, MDN Massif du Nord, MNE Chaine des Matheux-Sierra de Neiba, 
NO1 Massif des Montagnes Noires, OR1 Cordillera Oriental, PLA Plateau Central, PNO Presqu'ile du Nord Ouest, SAM Peninsula 
de Samana, SEP Cordillera Septentrional, SMG Sierra de Martin Garcia, TIB Presqu'ile de la Tiburon, TOR he de la Tortue, VSJ 
Valle de San Juan. 
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wide with a maximum elevation of 1338 m (Fig. 
45). The physiography of this island is not as com- 
plex as that of the three larger islands of the Greater 
Antilles; it has a central cordillera and an isolated 
upland region (Sierra de Luquillo) in the northeast. 
Most natural forests, and one of the largest tracts of 
elfin woodland in the Caribbean, are in the Sierra de 
Luquillo. 

Isla Mona: Although politically part of Puerto 
Rico, this island between Hispaniola and Puerto Rico 
is not part of the Puerto Rican Bank. It is a large- 
ly uninhabited limestone plateau attaining a max- 
imum elevation of 85 m and with dry scrub for- 
est. 

CoastalLowlands: These are the most densely 
populated areas in Puerto Rico, especially along the 
north coast; the maximum elevation is 100 m. Sug- 
ar cane cultivation is common along the southern 
coastal plain. 

Central Uplands: The highland "backbone" of 
Puerto Rico, or Cordillera Central, extends in an east- 
west direction and includes a major region of ser- 
pentine rocks (Maricao forest) in the west; the max- 
imum elevation is 1338 m. The northern, and 
especially northwestern, extension of the upland re- 
gion is a dissected limestone plateau with karst to- 
pography simiIar to the Cockpit Country of Jamaica 
and Los Haitises of Hispaniola; in some areas, the 
wide separation of the mogotes resembles the Vifiales 
region of western Cuba (although the mogotes are 
not as large). Montane rainforest has been replaced 
mostly by coffee cultivation in the upper elevations 
of the main cordillera, whereas wet limestone forest 
can be found on some mogotes in the karst areas. 

Sierra de Cayey: This eastern extension of the 
Cordillera Central rising to 903 m elevation, some- 
times referred to as the humid east-central moun- 
tains, is more densely populated and therefore less 
forested. 

Cuchilla de Pandura: This relatively low range 
(up to 525 m elevation) consists mostly of weath- 
ered igneous rocks in the form of giant bolders (some 
> 10 m in diameter) which in turn form a network of 
bolder caves. Most natural forest has been removed, 
and human population density is high. 

El Yunque: The largest area of natural forest in 
Puerto Rico is in this region, which takes the name 
of one of the three major peaks (El Yunque, 1065 m; 
highest peak = El Toro, 1074 m) in the Sierra de 
Luquillo. The mostly igneous rock supports mon- 
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tane rainforest in the lower elevations which grades 
into cloud forest and finally to elfin woodland on 
the peaks. 

Vieques: The largest satellite island of Puerto 
Rico has moderate relief (up to 301 m elevation) 
and a mixture of dry scrub forest and cultivation 
(primarily sugar cane). 

Culebra: This mostly limestone island also 
has moderate relief (up to 195 m elevation) and 
dry scrub forest along with cultivation and cattle 
farming. 

St. Thomas: This volcanic and limestone island 
is characterized by highly dissected terrain, and in- 
cludes the highest elevation in the U.S. Virgin Is- 
lands (474 m). There is very little agriculture be- 
cause of the rugged terrain and poor soil. 

St. John: Similar to St. Thomas in being rug- 
ged and mountainous, this island is less populated, 
has greater forest cover, and a National Park (The 
Virgin Islands National Park); maximum elevation 
is 389 m. 

St. Croix: This, the largest of the U.S. Virgin 
Islands, is mountainous in the northeast and rela- 
tively flat along the south coast, with rolling hills 
throughout most of the central region; the maximum 
elevation is 355 m. Most rainfall occurs in the west 
leaving the eastern portion relatively arid. Some for- 
ests remain in the northwest, but most of the interi- 
or is used for agriculture. 

Tortola: There are patches of rainforest on 
Mount Sage in the north (a "Protected Area"); dry 
scrub forest occurs mostly in the southern portion 
of this hilly island; the maximum elevation is 521 
m. 

Virgin Gorda: This is a geologically complex 
island with a small area of forest cover on Virgin 
Peak (414 m). Some secondary forests also occur in 
other high elevation areas and bordering drainage 
systems. The southwestern portion of the island is 
relatively flat and used for agriculture. 

Anegada: This is a nearly flat limestone island 
attaining a maximum elevation of only 8 m. 
Lesser Antilles 

This chain of islands (5840 km2 total) begins 
just east of the Puerto Rican Bank and extends in an 
arc southward to the continental shelf of South 
America at Trinidad and Tobago (Fig. 4:6). The larg- 
est island, Guadeloupe (1,510 km2), also is the high- 
est (1467 m). Most islands have at least some small 
patches of forest remaining; Dominica is the most 
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Fig. 4:5. Puerto Rican Bank. (A) Topographic map of Puerto Rico, showing 500 m contour interval and areas above 1,000 m 
(black). (B) Rainfall map of Puerto Rim, showing contour intervals of 150 cm, 200 cm, and areas over 250 cm (black) annual 
precipitation. (C) Drainage map of Puerto Rico, showing major rivers. Numbers are locations of peaks, mountain ranges, major 
cities, and other geographic areas mentioned in text: Mayaguez (I), Maricao forest (2), Cordillera Central (3), Ponce (4), San Juan 
(5), Sierra de Cayey (6), Cuchilla de Pandura (7), and EI Yunque (8). (D) Biogeographic regions of the Puerto Rican Bank, including 
Mona Island and St. Croix. Abbreviations: ANE Anegada, CAY Sierra de Cayey, COA Coastal Lowlands, CUL Culebra, CUP 
Central Uplands, MON Isla Mona, PAN Cuchilla de Pandura, STC St. Croix, STJ St. John, S I T  St. Thomas, TRT Tortola, VGO 
Virgin Gorda, VIE Vieques, YUN El Yunque. 
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ed limestone islands with rolling hills and cattle 
farms. 

Montserrat: Although primary forest has been 
removed from this volcanic island, there is some dry 
scrub forest (low elevations) secondary rainforest (mid- 
elevations of north slopes) and elfin woodland (sum- 
mits); the maximum elevation is 914 m. 

Guadeloupe Bank: The largest island, Basse- 
Terre (1467 m maximum elevation), is volcanic and 
has some montane rainforest; Grande-Terre is a low 
and essentially denuded limestone island; La Desir- 
ade (273 m) is a sharp ridge of limestone and ex- 
posed Jurassic rock. 

Marie Galante: This is a low, deforested lime- 
stone island attaining a maximum elevation of only 
204 m. 

Dominica: The largest remaining tracts of pri- 
mary forest in the Lesser Antilles are on this volca- 
nic island, where 60% of the land is forested with 
either dry scrub forest (west coast), montane rain- 
forest (south and central), or elfin woodland (sum- 
mits); the maximum elevation is 1447 m. 

Martinique: Moderately large tracts of forest, 
totalling 12% of land area, remain on this volcanic 
island which rises to 1397 m, but all have been af- 
fected by human activities. These tracts include dry 
scrub forest (south), montane rainforest (intermedi- 
ate elevations), and cloud forest (Mt. Pelee and west- 
central). 

St. Lucia: This volcanic island supports some 
forest habitats, including dry scrub forest (north, and 

forested, Barbados the least. Hurricanes, and on a 
less-frequent time scale, volcanic eruptions, are nat- 
ural causes of environment'al perturbation in the 
Lesser Antilles. 

AnguiLLa Bank: Included in this region are&- 
guilla (59 m maximum elevation), St. Martin (392 
m), and St.-BarthClCmy (424 m). These are three 
rocky islands of only moderate elevation. Anguilla 
is covered mostly with dry scrub forest. 

Saba Bank: This is a small, rocky, volcanic is- 
land attaining a maximum elevation of 870 m. 

St. Eustatius Bank: Included here are the islands 
of St. Eustatius (600 m maximum elevation), St. 
Christopher or "St. Kitts" (1156 m), and Nevis (985 
m). All three are relatively rocky, volcanic islands 
with montane rainforest in the upper elevations and 
dry scrub forest along the coasts. 

Barbuda Bank: Barbuda (62 m maximum ele- 
vation) and Antigua (402 m) are low, mostly denud- 

Fig. 4:6. Islands and island groups of the Lesser Antilles. Re- 
donda, located between St. Eustatius and Montserrat, has no re- 
ported amphibian species. 
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lower elevations near coast), rainforest (slopes), and 
cloud forest (summits); the maximum elevation is 
950 m. 

St. Vicent:  There are some secondary forests, 
but apparently there is only one remaining undis- 
turbed montane rainforest area which is located along 
the ridge in the center of this volcanic island; the 
maximum elevation is 1234 m. 

Grenada Bank: Grenada (840 m maximum el- 
evation) is the largest of these volcanic islands; 
the Grenadines, including among others Carriacou 
(294 m), Ronde (164 m), and Union Island (305 m), 
is a chain of small, low islands between Grenada 
and St. Vincent. Forests on Grenada include dry 
scrub forest (south), secondary montane rainforest 
(intermediate elevations), and elfin woodland (sum- 
mits). 

Barbados: This densely populated low island, 
formed by uplifted ocean floor, is devoid of forest; 
the maximum elevation is 340 m. 
Bahamas Bank 

This cluster of islands lies to the north of Cuba 
and Hispaniola and to the east of the southern tip of 
Florida. It includes two political units, the Bahamas 
and the Turks and Caicos, which have a total area of 
11,296 km2. All of the thousands of islands on this 
bank are low (0-40 m elevation) and with a calcare- 
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ous substrate. Some well-developed lowland rain- 
forest existed at the time of discovery, but only sec- 
ondary forests are present today. 
Cayman Islands 

These are three small islands (Grand Cayman, 
Cayman Brac, and Little Cayman) located about 250 
km south of central Cuba and about 250 km north- 
west of Jamaica; the total area is about 260 km2. 
They represent the emergent portion of the east-west- 
oriented Cayman Ridge (the southern edge of the 
North American tectonic plate) and lie immediately 
to the north of the Cayman Trough. The substrate is 
mostly coral and limestone and the highest point is 
only 45 m elevation (Cayman Brac). Dry scrub for- 
est is the predominate vegetation, although a few 
pockets of primary hardwood forest (including ma- 
hogany) remain. 

The complex geologic history of the Caribbean 
still is the subject of intense study but some general 
features are evident. The Greater Antilles are old is- 
lands that originated in the early Cretaceous through 
island arc accretion in a zone between North and 
South America (Perfit and Williams, 1989; Pindell 
and Barrett, 1990). During the mid-Cretaceous, sub- 
marine basaltic extrusions in the eastern Pacific cre- 
ated an unusually thick and buoyant oceanic plate 
that later formed the Caribbean Plate after moving 
to the north and east behind the Greater Antillean 
arc (Burke et al., 1978). In the late Cretaceous (70 
mya), the island arc connection between North and 
South America began to break apart as the north- 
eastward movement progressed and a trailing sub- 
duction zone formed in the Pacific which would lat- 
er become the isthmus of Central America. By the 
early Tertiary (60 mya), the Greater Antilles arc had 
reached the Bahamas Platform and started a colli- 
sion which plugged the subduction zone and even- 
tually (50 mya) sutured Cuba, northern Hispaniola, 
and Puerto Rico to the North American Plate. As a 
result, a fault zone and small spreading center (Cay- 
man Trough) south of the arc now became the north- 
ern boundary of the Caribbean Plate and the direc- 
tion of plate movement shifted from northeast to east. 
Jamaica and the southern portion of Hispaniola were 
carried eastward with the Caribbean Plate to their 
present locations; the two major portions of Hispan- 
iola became sutured in the Miocene. Although vol- 
canic rock is present, mountain building in the Great- 
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er Antilles largely has been caused by uplift as a 
result of compressional forces; there are no active 
volcanoes. 

Subduction of the Atlantic Plate beneath the 
eastern edge of the Caribbean Plate initiated the 
Lesser Antillean arc system in the mid- or late Cre- 
taceous. Back-arc spreading shortly after the Creta- 
ceous-Tertiary boundary split the arc into the Aves 
Ridge (now inactive and almost completely sub- 
merged) and the present Lesser Antilles (Bouysse, 
1988; Maury et al., 1990). Since then, there has been 
further subdivision within the Lesser Antilles. An 
older outer arc (Marie-Galante, Grande Terre of 
Guadeloupe, La Dgsirade, Antigua, Barbuda, St. 
Bartholemew, St. Martin, Dog, and Sombrero) is 
characterized by low limestone islands that are rel- 
atively flat, whereas most other islands (inner arc) 
in the Lesser Antilles are volcanic and some have 
active volcanos; there is one active submarine vol- 
cano north of Grenada (Maury et al., 1990). The two 
arcs diverge north of Martinique. This double arc 
pattern is the result of an initial period of volcanic 
activity in the Eocene (outer arc), a quiescent peri- 
od for about 10 my in the late Oligocene and early 
Miocene, and then renewed volcanic activity since 
the mid-Miocene (Maury et al., 1990). Barbados dif- 
fers from the other islands in being the emergent 
portion of the Lesser Antilles Accretionary Ridge 
and is, therefore, not volcanic. The presence of 
Mesozoic basement rocks at several locations in the 
Lesser Antilles supports a Mesozoic origin for the 
arc (Bouysse, 1988; Maury et al., 1990; Pindell and 
Barrett, 1990). 

It was suggested recently that the northern 
(north of Martinique) and southern Lesser Antilles 
have had separate geologic histories that have in- 
fluenced the evolution of anoline lizards in the West 
Indies (Roughgarden, 1995). The southern Lesser 
Antilles were proposed to be a separate plate "or 
piece of the South American Plate that has become 
sutured to the present-day eastward-moving Carib- 
bean Plate." This was based in part on a suggestion 
in the geologic literature that the northern and south- 
ern portions of the Lesser Antilles were separated 
by a major east-west transform fault (Bouysse, 
1984). Motion along the fault was believed to have 
caused the separation between the Aves arc and Less- 
er Antilles arc. However, the location of that pro- 
posed fault was north of Dominica (not Martinique) 
and Bouysse since has abandoned the hypothesis 
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Table 4:l. Numbers of species of anurans in the West Indies. 

Taxon Total Native' Endemic2 Introduced %Endemic3 

Bufonidae: 
Bufo 12 11 11 1 92 

Dendrobatidae: 
Colostethus 1 1 1 0 100 

Hylidae: 
Calyptahya 1 1 1 0 100 

Hyla 7 5 5 2 100 
Osteopilus 4 4 4 0 100 
Pseudacris 1 0 0 1 0 
Scinar 1 0 0 1 0 

Leptodacty lidae: 
Eleutherodactylus 139 
Leptodacrylus 5 

Microhylidae: 
Gastrophryne 1 

Ranidae: 
RUM 3 

Total 174 

'Occurs naturally within the West Indies. 
20ccurs naturally within the West Indies and nowhere else (except as introduced). 
'Number of endemic species divided by number of native species. 

based on more recent geologic evidence that favors 
back-arc spreading of a single continuous island arc 
(Bouysse, 1988; Holcombe et al., 1990; Maury et 
al., 1990). A geologic model by Speed (1985) also 
was cited by Roughgarden (1995) as supporting ev- 
idence, but Speed's model indicates a different ori- 
gin only for the extreme southern islands (e.g., 
Grenada) in the Lesser Antilles. 

The location and extent of exposed land through 
time is important in understanding the historical bio- 
geography of the West Indies. Unfortunately, very 
little of this information is known. In the mid- to 
late Cretaceous (90-70 mya), paleocoastline data 
suggest that areas in North and South America adja- 
cent to the proto-Antilles were below sea level 
(Smith et al., 1994) suggesting that the proto- 
Antilles also were submerged, or at least did not form 

a land connection with the mainland. Jamaica is be- 
lieved to have been completely (or nearly so) sub- 
merged during the Oligocene based on the exten- 
sive limestone sediments of that period virtually 
covering the island (reviewed in Hedges, 1989a). 
The southern portion of Hispaniola also may have 
been submerged during the Oligocene, although a 
large amount of subsequent mountain building since 
has erased much of that evidence (Maurrasse, 1982). 
Most of Cuba, northern Hispaniola, and Puerto Rico 
also were submerged during that time, although some 
areas appear to have been emergent throughout the 
Cenozoic (Bowin, 1975; Maurrasse, 1982; Ituralde- 
Vinent, 1988; Lewis and Draper, 1990). The Baha- 
mas Bank, presently a low limestone platform, prob- 
ably was completely submerged during the 
interglacial periods of the Pleistocene. 

THE AMPHIBIAN FAUNA 

The number of native amphibian species inhab- 
iting the West Indies (167 species) is remarkably high 
considering the relatively small total area. Even more 
surprising is the small number of native families (4.) 
and genera (7) represented; all are anurans (Table 
4:l). Only two native West Indian species (Lepto- 
dactylus insularum and L. validus; Heyer, 1994) 
occur naturally outside the area. The majority of spe- 
cies (139 species or 84%) are from a single lepto- 

dactyIid genus Eleutherodactylus, which also is the 
largest genus of vertebrates with over 500 species 
(Duellman, 1993). Other components of the amphib- 
ian fauna include: a relatively small radiation of bu- 
fonids (1 1 species: Bufopeltocephalus group), cen- 
tered primarily in Cuba, but with representatives in 
Hispaniola and in the Puerto Rican Bank, some hylid 
frogs placed in three genera (10 species: Calyptahy- 
la, Hyla, and Osteopilus), other leptodactylids (5 
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Table 4:2. Numbers of species of anurans on islands and island groups in the West Indies. Introduced taxa are noted by an asterisk. 

Region Total Native Endemic Introduced % Endemic 

Cuba: 52 50 48 2 96 
Bufo 8 8 8 0 100 
Ost eopilus 1 1 0 0 0 
Pseudacris* 1 0 0 1 0 
Eleutherodactylus 41 41 40 0 98 
Ram* 1 0 0 1 0 

Jamaica: 26 22 22 4 100 
Bufo* 1 0 0 1 0 
Calyptahyla 1 1 1 0 100 
Hyla 2 2 2 0 100 
Osteopilus 2 2 2 0 100 
Eleutherodactylus 19 17 17 2 100 
Rana * 1 0 0 1 0 

Hispaniola: 65 63 63 2 100 
Bufo 3 2 2 1 100 
Hyla 3 3 3 0 100 
Osteopilus 1 1 1 0 100 
Eleutherodnctyfus 56 56 56 0 100 
Leptodactylus 1 1 1 0 100 
Ram* 1 0 0 1 0 

Puerto Rican Bank: 25 20 20 5 100 
Bufo 2 1 1 1 100 
Hyla* 1 0 0 1 0 
Osteopilus* 1 0 0 1 0 

Scinax* 1 0 0 1 0 
Eleutherodac~lus 18 18 18 0 100 
Leptodacty [us 1 1 1 0 100 
Rana* 1 0 0 1 0 

Lesser Antilles: 14 10 9 4 90 
Bufo* 1 0 0 1 0 
Colostethus 1 1 1 0 100 
Osteopilus* 1 0 0 1 0 
Scinax* 1 0 0 1 0 
Eleutherodactylus 8 7 7 1 100 
Leptodactylus 2 2 1 0 50 

Bahamas Bank: 6 2 0 4 0 

Hyla* 1 0 0 1 0 
Osteopilus 1 1 0 0 0 

Eleutherodactylus 1 1 0 0 0 
Gastrophryne* 1 0 0 1 0 

Raaa * 2 0 0 2 0 

species: Leptodactylus), and a dendrobatid (Co- have been introduced successfully on most of the 
lostethus) on Martinique in the Lesser Antilles. major and many of the smaller islands. 

Introductions of plants and animals are common The high level of endemism seen in the West 
in the West Indies, and there are eight introduced Indian amphibian fauna also extends to the level of 
amphibian species (Table 4:l). Unfortunately, two individual islands (Table 4:2), where completely en- 
large species, Bufo marinus and Rana catesbeiana, demic faunas are found in Jamaica (22 species), His- 
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Fig. 4:7. Discovery curve of West Indian amphibian species in relation to curves of other West Indian vertebrate groups. Plotted is 
.the number of species known at each time interval. 

paniola (63 species), and the Puerto Rican Bank (20 
species). High levels of endemism also are found in 
Cuba (96% of 50 species) and the Lesser Antilles 
(90% of 10 species). Only two species (Eleuthero- 
dactylus planirostris and Osteopilus septentriona- 
lis) are native to the Bahamas Bank and only one 
(Osteopilus septentrionalis) is native to the Cayman 
Islands; none is endemic. As with the amphibian fau- 
na in general, the genus Eleutherodactylus is the 
major component of the amphibian fauna in each 
island, although there are some subtle differences. 
In Cuba, Bufo (8 species, 16% of total) is a signifi- 
cant component, whereas in Jamaica, it is the hylid 
frogs (5 species, 23% of total). 

Trend curves of the rate of species description 
(Steyskal, 1965) can provide a gauge of our current 
understanding (in terms of species diversity) of a tax- 
onomic group. Such discovery curves for West Indi- 
an vertebrates (Fig. 4:7) show that some groups, such 
as mammals and birds, have reached a plateau sug- 
gesting that nearly all of the extant species have been 
discovered. However, the curves for amphibians and 
reptiles rise steeply indicating that our knowledge 
of these groups is far from complete. For example, 
at least 16 new species of frogs have been discov- 
ered in the last four years; these represent 10% of 
the known amphibian fauna and include a family 
(Dendrobatidae) new to the West Indies. 

PATTERNS OF DISTRIBUTION 

There are 50 native amphibian species in Cuba 
(Appendix 4:1), 48 of which are endemic (Eleuth- 
erodactylusplanirostris and Osteopilus septentrion- 
alis also occur elsewhere). The total number of spe- 
cies inhabiting each biogeographic region of Cuba 
varies from five in the low Llanura de Zapata to highs 
of 26 and 27 in the two eastern highland regions 
(Sierra Maestra and Macizo de Sagua-Baracoa, re- 

spectively). Three other regions with high numbers 
of species are the Cordillera de Guaniguanico (17 
species), the Macizo del Escambray (17 species), and 
the Alturas de Camaguey-Maniabbn (16 species). 
These five peaks also are seen in the species density 
map (Fig. 4:8). Steep gradients in species density 
(6-20 species) are evident along the northern edges 
of the two eastern regions and correspond closely to 
rainfall and elevation. The depression in species den- 
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Fig. 4:8. Amphibian species density in Cuba (contour interval = two species). 

sity between the two eastern peaks (Fig. 4:8) corre- 
sponds to the Valle Central, which separates the Si- 
erra Maestra from the Macizo de Sagua-Baracoa. 
Noteworthy is the relatively high number of species 
(up to 15) occurring at low elevations in several parts 
of Cuba; this reflects the radiation of bufonids (Bufo) 
that mostly inhabit low areas on the island and pos- 
sibly also reflects the high rainfall in some coastal 
regions of eastern Cuba. 

Three of the five peaks in species density are 
not reflected in regional endemism (Appendix 4:l). 
The two eastern regions each have seven endemics; 
these account for 28% of the species on the island, 
whereas three other regions (Peninsula de Guana- 
hacabibes, Llanura de Zapata, and Macizo del Es- 
cambray) each have only one endemic species, and 
one region (Cordillera de Guaniguanico) has two en- 
demics. The highest numbers of sympatric species 
at single localities are 16 at Soroa, Pinar del Rio 
(200 m), and 13 at Gran Piedra, Santiago de Cuba 
(1 100 m). 

Analysis of amphibian faunal similarity identi- 
fies three major clusters corresponding to the west- 
ern, central, and eastern regions (Fig. 4:9A). Am- 
phibian faunal similarity among these clusters is low 
(CBR = 0.294.49). Even within these clusters, some 
adjacent regions have large differences in faunal 
composition. For example, the two eastern highland 
regions, separated by only 45 km, have only 68% 
(CBR = 0.68) of their species in common. The am- 
phibian fauna in the Macizo del Escambray is more 
like that in the Alturas de Camaguey-Maniab6n 
(CBR = 0.91) than in the adjacent Alturas Centrales 
(CBR = 0.66). The regions of western Cuba associ- 
ate into two groups: the upland regions (Cordillera 

de Guaniguanico, Alturas de la Habana-Matanzas) 
and the lowland regions (Peninsula de Guanaha- 
cabibes, Llanura Occidental, Isla de Juventud). The 
position of the Llanura de Zapata differs between 
the two analyses (Fig. 4:9A, B), probably because of 
the small number of species (5) in that region. The 
relationships of the three major clusters (western, cen- 
tral, and eastern) also differs between the two trees. 

All 22 native amphibian species in Jamaica are 
endemic, and four other species are introduced (Ap- 
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Fig. 4:9. Relationships of  the biogeographic regions of Cuba 
based on amphibian faunal similarity. (A) Neighbor-joining anal- 
ysis (scale in distance units). (B) UPGMA analysis (scale in sim- 
ilarity units). 
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Fig. 4:lO. Amphibian species density in Jam 

pendix 4:2). The total number of species inhabiting 
each biogeographic region of Jamaica ranges from 
one each in the three dry southern regions (South- 
ern Lowlands, Portland Ridge Peninsula, and 
Hellshire Hills) to a high of 15 in the Cockpit Coun- 
try of west-central Jamaica. The highland regions 
have considerably more species (5-15, X = 9.9) than 
the lowland regions (1-6, X = 2.4). This pattern 
also is seen in the species density map of Jamaica 
(Fig. 4:10), where overlapping ranges reach peaks 
of 12 species in the Cockpit Country and 10 species 
in the Blue Mountains. Three regions have endemic 
species: Cockpit Country (2), Portland Ridge Penin- 
sula (I), and the Blue Mountains (2). The highest num- 
bers of sympatric species at single localities are: 12 
species at Quick Step, Trelawny (400 m) and 11 spe- 
cies at Hardwar Gap, St. AndrewPortland (1200 m). 

Analysis of faunal similarity defines two ma- 
jor clusters in Jamaica (Fig. 4:ll): the western and 
central regions (CBR = 0.59) and the eastern regions 
(Blue Mountains and John Crow Mountains) (CBR 
= 0.70). The average similarity between these two 
clusters is only 0.35. This illustrates the strong re- 
gional endemism of amphibian species within Ja- 
maica. Within the cluster of western and central re- 
gions, the neighbor-joining tree separates most of 
the upland regions (Western Uplands, Cockpit Coun- 
try, Manchester Plateau, and Central Uplands) into 
one group and the two lowland regions (and Santa 
Cruz Mountains) into a separate cluster. Also, that 
analysis joins the Cockpit Country and Central Up- 
lands together as "sister regions." These relation- 
.ships, although concordant with geography and some 

laica (contour interval = two species). 

species distributions, were not seen in the UPGMA 
analysis (Fig. 4: 1 lB). 

There are 63 endemic native amphibian species, 
and two introduced species in Hispaniola (Appen- 
dix 4:3). The number of species inhabiting each bio- 
geographic region of Hispaniola ranges from only 
one in three Haitian regions Osle Gonlve, Plaine de 
l'Artibonite, Massif des Montagnes Noires) to the 
highest (32) in any region in the West Indies, in the 
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Fig. 4:ll. Relationships of the biogeographic regions of Jamai- 
ca based on amphibian faunal similarity. (A) Neighbor-joining 
analysis (scale in distance units). (B) UPGMA analysis (scale in 
similarity units). Three regions with only one species in each were 
omitted. 
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Fig. 4:12. Amphibian species density in 

Massif de la Hotte (also in Haiti). Two other moun- 
tain ranges have at least 20 species: the Massif de la 
SelleSierra de Baomco (26) and the Cordillera Cen- 
tral (20). Although these three regions represent the 
peaks of species diversity within Hispaniola, the spe- 
cies density map (Fig. 4:12) reveals that the high 
density of the Cordillera Central primarily is because 
of the large area of the defined region (Fig. 4:4), 
which encompasses species with nonoverlapping 
ranges. The actual species density of overlapping 
ranges does not exceed 12 (Fig. 4:12) and represents 
only a modest rise above the surrounding regions 
with 8-10 species. For similar reasons, species den- 
sity reaches only 16 in the La Selle-Baomco range. 
However, species density in the Massif de la Hotte 
drops only slightly, from 32 (regional) to 28 (spe- 
cies density); this rises steeply from the surround- 
ing areas of the Tiburon Peninsula that have only 12 
species. 

Regional endemism within Hispaniola shows 
patterns similar to species density. Approximately 
one-fourth (16 species) of Hispaniolan amphibian 
species occur only in the Massif de la Hotte region, 
where they represent 50% of the anuran fauna. About 
16% (10 species) and 10% (6 species), respectively, 
of Hispaniolan species occur in the Massif de la 
Selle-Sierra de Baoruco and Cordillera Central re- 
gions. In the poorly known northwest peninsula of 
Haiti, the Presqu'ile du Nord Ouest, three of the five 
anurans are endemic species. Other regions with 
endemic species are the Chaine des Matheux-Sier- 

I Hispaniola (contour interval = two species). 

ra de Neiba (2), the Llanura Costera del Caribe (2), 
fle de la Tortue (I), the Plaine du Nord-Valle de 
Cibao (I), and the Massif du Nord (1). The highest 
numbers of sympatric species at single localities are 
24 at Castillon, Dept. de la Grande'Anse, Haiti (950 
m) and 11 at Furcy, Dept. de I'Ouest, Haiti (1500 m). 

The neighbor-joining analysis of faunal relation- 
ships of the biogeographic regions of Hispaniola 
(Fig. 4:13A) defines two major clusters (CBR ap- 
proximately 0.50) which corresponds to the classi- 
cal "North Island" and "South Island" of previous 
workers (Mertens, 1939; Williams, 1961; Schwartz, 
1980) and is supported by molecular phylogenetic 
studies of amphibians (Hedges, 1989b; Hass and 
Hedges, 1991). The other regions not joining these 
two clusters have relatively small numbers of spe- 
cies (3-6) and primarily are low, dry regions. Strong 
regional differentiation is illustrated by the two ma- 
jor South Island regions which are separated by only 
110 km. Although clustering as sister regions, they 
have a CBR of only 0.52. Relationships within the 
large cluster of North Island regions agrees closely 
with geography. For example, the four regions of 
eastern Hispaniola (Peninsula de Samana, Haitises, 
Cordillera Oriental, and Llanura Costera del Car- 
ibe) form a cluster, as do two adjacent regions in the 
northern part of the island (Cordillera Septentrional 
and Plaine du Nord-Valle de Cibao). However, the 
UPGMA analysis (Fig. 4: 13B) separates the two South 
Island upland regions and does not agree as well with 
geography as does the neighbor-joining analysis. 



232 PATTERNS OF DISTRlBl JTION OF AMPHIBIANS 

A Peninsula de Samana 6 Haitises 
LI. Costera del Caribe 

Plaine du Nord-Valle de Cibao NORTH ISLAND 
Cordillera Septentrional 

Ch. des Matheux-S. de Neiba 
Cordillera Central - Massil du ~ o r d  I 

Presqu'ik de la Tiburon 

M. de la Selk-Baoruco 
Sierra Maflin Garcia 

Ile de la Tortue 

Barahona 
Valle San Juan 

Plateau Central 
Presqu'ik du Nord Ouest 

0.2 

B Cordillera Septentrional 
Cordillera Oriental 
Peninsula de Samana 
Plaine du Nord-Valle de Cibao 
Haitises 
U. Coslera del Caribe 
M a i l  du Nord 
Presqulle de la Tiburon 
Cordillera Central 
Massif de la Selk-Bao~co 
Ch. des Malheux-S. de Neiba 
Massit de la Hone 
ile de la Tortue 
Barahma 
Cul de Sac-Valk de Neiba 
Simna Martin Garcia 
Valle San Juan 
Plateau Central 
Presqulla du Nod Ouest 

, I , , , , I I I I I  

0 1 .o 
Similarity 

Fig. 4:13. Relationships of the biogeographic regions of His- 
paniola based on amphibian faunal similarity. (A) Neighbor-join- 
ing analysis (scale in distance units). (B) UPGMA analysis (scale 
in similarity units). Three regions with only one species in each 
were omitted. 

There are 20 endemic native amphibian species 
and five introduced species in the ~uertb Rican Bank 
(Appendix 4:4). The number of species inhabiting 
each biogeographic region of the Puerto Rican Bank 

, ranges from only one species on Mona and Anega- 
da to 13 species in the Central Uplands and 14 spe- 
cies at El Yunque. The species density map of Puer- 
to Rim (Fig. 4:14) also identifies those latter two 
regions as having high species density but with great- 
er resolution; the high densities are shown to be as- 
sociated with higher elevations on El Yunque, the 
Cordillera Central, and the Sierra de Cayey. The 
steepest contours of species density occur around 
El Yunque, where density ranges from 6 to 14 spe- 
cies in a distance of less than 10 km. 

Regional endemism within the Puerto Rican 
Bank is relatively low compared to the other Great- 

er Antillean islands; there is only one endemic spe- 
cies in each of the four regions (Island Mona, Sierra 
de Cayey, Cuchilla de Panduras, and El Yunque). 
Disjunct ranges, rather than regional endemism, ex- 
plain the distinct peaks in species density seen in 
Puerto Rim (Fig. 4:14). The highest number of sym- 
patric species at a single locality is 11 at El Yunque 
Peak (1065 m). 

The neighbor-joining analysis of faunal simi- 
larity indicates that the biogeographic regions of the 
Puerto Rican Bank (Fig. 4:15A) form two major 
clusters corresponding to the regions of Puerto Rico 
and those of the islands to the east (Fig. 4:15A). 
The amphibian faunal similarity between these two 
clusters is low (CBR = 0.44-0.56). Within the Puer- 
to Rican cluster, the three highland regions form a 
group, with a strong association between El Yunque 
and the Central Uplands (CBR = 0.96). The Sierra 
de Cayey, with its single endemic (Eleutherodacty- 
lus jasperi), is slightly more differentiated (CBR = 
0.82). With the cluster of eastern islands (Fig. 
4:15A), the two satellite islands of Puerto Rico 
(Vieques and Culebra) are identical in faunal simi- 
larity, as are St. Thomas and St. Croix. The three 
U.S. Virgin Islands form a group (CBR = 0.89 among 
islands) and the two British Virgin Islands form a 
group (CBR = 0.57 between islands). Some of these 
relationships, which are largely concordant with ge- 
ography, are,not evident in the UPGMA analysis 
(Fig. 4:15B). 

LESSER ANTILLES 

Ten of the 14 species inhabiting the Lesser An- 
tilles are native (including nine endemics) and four 
are introduced (Appendix 45). The number of spe- 
cies inhabiting each biogeographic region of the 
Leser Antilles ranges from one species on five of 
the island banks to four species in Guadeloupe. Five 
island banks have endemic species:~Guadeloupe (2) 
Dominica (I), Martinique (I), St. Vincent (I), and 
Grenada (1). 

The relationships among island banks in the 
Lesser Antilles, based on faunal similarity, differ 
between the two analyses (Fig. 4:16). Both define a 
southern cluster containing St. Vincent and the 
Grenada Bank, and a northern-central cluster con- 
taining the Barbuda Bank, Marie Galante, Martin- 
ique, and the Guadeloupe Bank. However, the neigh- 
bor-joining analysis (Fig. 4:16A) joins Montserrat 
and Dominica and places them as the most diver- 
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Fig. 4:14. Amphibian species density in Puerto Rico (contour interval = two species). 

gent cluster, whereas the UPGMA analysis (Fig. " 
4:16B) places Montserrat as the sister region to the Only two species of amphibians are native to 
northern cluster, with Dominica joining that more the Bahamas Bank; neither is endemic. Osteopilm 
inclusive group. The southern regions (St. Vincent septentrionalis is distributed throughout the area, 
and the Grenada Bank) have a CBR Of Only 0.32 with the exception of Mayaguana Island and the 
with the other regions in the Lesser Antilles. Turks and Caicos Islands. Eleutherodactylus 

planirostris also is widely distributed, but apparent- 

1 Virgin Gorda I 

Cuchilla de Pandura 
Sierra de Cayey PUERTO RlCO 

Central Uplands 1 - 
0.1 

st. Thomas 
St. Croix 
St. John 
V i u e s  

A ' Culebra 
Coastal Lowlands 
Cuchilla de Pandura 

I- Tort& 
Virgin Gorda 

Barbuda Bank 

Martinique 
Guadebupe Bank 

St. Vincent 
Grenada Bank 

Montserrat 
Dominica 

Barbuda Bank 
Marie Galante 
Martinique 
Guadeloupe Bank 
Montserrat 
Dominica 
St. Vincent 
Grenada Bank 

0.4 1 .O 0.3 1 .O 
Sirnilarii Similarity 

Fig. 4:15. Relationships of the biogeographic regions of the Fig. 4:16. Relationships of the biogeographic regions (islands 
Puerto Rican Bank based on amphibian faunal similarity. (A) and island banks) of Lesser Antilles based on amphibian faunal 
Neighbor-joining analysis (scale in distance units). (B) UPGMA similarity. (A) Neighbor-joining analysis (scale in distance units). 
analysis (scale in similarity units). n o  regions with only one UPGMA analysis (scale in similarity units). Five regions with 
species in each were omitted. only one species in each were omitted. 
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ly is absent from Crooked Island, Acklins Island, one microhylid (Gastrophryne carolinensis), and two 
and Mayaguana Island. Both are common and wide- ranids (Rana grylio andR. sphenocephala) have been 
spread species in Cuba. One hylid (Hyla squirella), introduced to the Bahamas. 

DISTRIBUTIONAL AREA 

GEOGRAPHIC PAT~ERNS 
Cuba 

The total area of Cuba, including Isla de Juven- 
tud and other satellite islands, is 110,922 km2. The 
average area of species distributions is 21,130 km2, 
but one-half of the species (25) have distributions 
smaller than 6000 km2 (5% of island area), and about 
one-quarter (13) have distributions occupying less 
than 1100 krn2 (1% of island area). Five species (8% 
of the amphibian fauna) are known only from their 
type localities (Appendix 4: 1, Fig. 4: 17; the single 
locality for Eleutherodactylus pezopetrus encom- 

the total bank area). The distributions of six species 
(30% of fauna) are no larger than 160 km2 or less 
than 1.7% of the total area (Appendix 4:4, Fig. 4:17). 
Lesser Antilles 

The total area of the Lesser Antilles is 5840 km2. 
The average area of species distributions is 1029 km2, 
this high figure is owing largely to the wide ranges 
of Eleutherodactylus johnstonei and E. martinicen- 
sis. Five species (50% of the fauna) have distribu- 
tions no greater than 170 km2 or 3% of the total area 

passes a range in elevation). of the Lesser Antilles (Appendix 4:5). 
Jamaica 

The total area of Jamaica is 10,990 km2. The 
average area of species distributions is 2630 km2, Patterns of distributional area of individual is- 
but one-half (11) of the species have distributions of lands are similar in that many species have small 
less than 1000 km2 (< 9% of the area of the island), distributions, and only a few species are widespread. 
and eight of those species inhabit areas less than 550 Considering all West Indian species, the same high- 
km2 (Appendix 4:2, Fig. 4:17). ly skewed pattern is evident; the median distribu- 
Hispaniola tional area is 1545 km2, and the mode is less than 

The total area of Hispaniola (including satellite 100 km2 (Fig. 4:17). If anuran families are exam- 
islands) is 76,470 km2. The average area of species ined separately, the median distributional area is 
distributions is 9597 km2, but one-half of the spe- 10,425 km2 for the 11 bufonids, 25 km2 for the sin- 
cies have distributions smaller than 1330 km2 (2% gle dendrobatid, 10,990-39,500 km2 for the 10 
of the total island area), and one-third of the species hylids, and only 1250-1315 km2 for the 143 lepto- 
occupy less than 1% of the total area of the island. dactylids. 
Six species (10% of fauna) are known only from The values of distributional area reported here 
their type localities (Appendix 4:3, Fig. 4:17). have at least two sources of error. First, additional 
Puerto Rican Bank collecting almost certainly will reveal that some spe- 

The total area of the Puerto Rican Bank (includ- cies have larger distributions. However, the second 
ing Isla Mona and St. Croix, which are not on the source of error is that much of the habitat contained 
bank) is 9511 km2 (Puerto Rico = 8768 km2, Mona within the distributional areas is unsuitable for the 
= 57 km2, Vieques = 138 km2, Culebra = 27 km2, species because of deforestation or fine-scale eleva- 
U.S. Virgin Islands = 347 km2, British Virgin Islands tional differences. This second source of error is like- 
= 174 km2). The average area of species distribu- ly to be much greater than the first; and therefore 
tions is 2567 km2, although one half of the species many of the distributional areas reported here prob- 
have distributions smaller than 1050 km2 (11% of ably are overestimates. 

ALTITUDINAL DISTRIBUTION 

GEOGRAPHIC PA~TERNS of three species at the highest point in Cuba (Pico 
Cuba Turquino), near 2000 m (Fig. 4:18A). Concordant 

Considering only altitude, amphibian species with this pattern is a decrease in mean maximum 
density in Cuba (n = 50 species) is highest (31) near body size (SVL), from a high of 60.5 mm (n = 27) at 
sea level and then decreases with elevation to a low sea level to 31.3 mm (n = 3) at 2000 m (Fig. 4:18A). 
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mains relatively constant until about 1050 m, after 
which point it drops sharply to three species at 2000 
m. The difference in species density pattern between 
the two analyses probably is because of the inclu- 
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Z: 20: 
.,- 

general (Fig. 4: 18B). 
o - Jamaica 

Amphibian species density in Jamaica (n = 22 
z -. species) increases from 10 at sea level to 17 species 

100 1000 
' at 450-600 m and then decreases to one species at 

Area (square km) the highest point (Blue Mountain Peak), at about 

Fig. 4:17. Histogram showing the number of species of West 
2200 m (Fig. 4:19A). The peak at 450-600 m corre- 

Indian amphibians at intervals of distributional area; intervals 'ponds the limestone platform 
are 2,000 km2 for Cuba and Hispaniola, and 500 km2 for Jamaica and thus includes the endemic species of the West- 
and Puerto R i m  Anows indicate the total area of each island. em Uplands, Cockpit Country, and Centnl Uplands. 
Combined analysis (West Indies) includes species with distribu- general, body size decreases from 53.6 mm at sea tions less than 2,000 km2 in area. 

level to 26.0 mm at 2200 m. However, there is a 
By restricting the analysis to the 26 species in the "depression" in the slope at about 450-600 m ap- 
Sierra Maestra, a somewhat different pattern is seen parently caused by the inclusion of the small Cock- 
(Fig. 4:18B); there species density increases slight- pit endemics (especially Eleutherodactylus griphus 
ly from 14 at sea level to 18 at 450 m, where it re- and E. sisyphodemus). When the Blue Mountains 
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Fig. 4:19. Species density and mean maximum body size (snout- 
vent length, SVL) at different elevations in Jamaica. (A) Island- 
wide. (B) Blue Mountains. 

are examined separately (Fig. 4:19B), the mid-ele- 
vational bulge in species density (10) now extends 
from 500 m to 1200 m, and body size shows a more 
continuous decline with increasing elevation. 
Hispaniola 

Species density in Hispaniola (n = 63 species) 
shows a strong mid-elevational bulge between 600 
m and 1600 m, with a peak of 32 species at 1050- 
1100 m (Fig. 4:20A). Body size shows a relatively 
continuous decline with increasing elevation, from 
51.0 mrn at sea-level to 28.0 mm at 2450 m. The 
slightly higher value of 35.0 mrn between 2450 rn 
and 3050 m relates to the presence of a single spe- 
cies (Eleutherodactyluspatricae) at the highest ele- 
vations of Pico Duarte. 

The effect of elevation on species density and 
body size is perhaps best seen in the fauna of the 
Massif de la Hotte (Fig. 4:20B), because it is an iso- 
lated and well-defined massif that contains the high- 
est density of.arnphibian species in the West Indies. 
Twelve species occur at sea-level; density increases 
to 24 species at 1050-1100 rn before decreasing to 
six species at 2300 m. In contrast to the sharp mid- 
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0 10 20 30 40 

0 5 10 15 20 25 30 35 40 45 50 55 
Mean body size (SVL in mm) 

B Number of species 
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Mean body size (SVL in mm) 
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Fig. 4:20. Species density and mean maximum body size (SVL) 
at different elevations in Hispaniola. (A) Islandwide. (B) Massif 
de la Hotte. (C) Cordillera Central. 

elevation peak in species density, body size decreases 
more or less continuously with elevation, from 55.1 
rnrn at sea-level to 26.5 mm at 2300 m. 



HEDGES: WEST INDIES 237 

A Number of species Number of species 

0 5 10 15 20 25 3b ?k 40 45 5b 
Mean body size (SVL in mm) 

B Number of species 
0 5 10 15 

0 5 10 15 20 25 3b 35 4b 45 
Mean body size (SVL in mm) 

0 5 10 1'5 2'0 25 30 35 4'0 k 50 55 60 

Mean body size (SVL in mm) 

Fig. 4:22. Species density and mean maximum body size 
(SVL) at different elevations throughout the West Indies. 

seen in the larger island faunas are evident in the 
Lesser Antilles. There are more species (9) at mid- 
dle elevations than at sea level (5) or at the highest 

Fig. 4:21. Species density and mean maximum body size elevations (1); mean body size shbws a de- 

(SVL) at different elevations in the Puerto Rican Bank. (A) Puer- crease with increasing (73-2 20.0 mm)- 
to Rican Bank. (B) El Yunque. GENERAL P A ~ R N S  

The Cordillera Central exhibits a different pat- 
tern of species density change with elevation. Spe- 
cies density remains fairly constant (12-14) between 
sea level and 1650 m before decreasing to one spe- 
cies at 2550-3050 m. However, body size shows the 
typical decreasing trend (Fig. 4:20C). 
Puerto Rican Bank 

Analysis of the Puerto Rican Bank (n = 20 spe- 
cies) and a more restricted analysis of El Yunque (n 
= 14) both show species density increasing to a high 
of about 12-13 species at 500-600 m and decreas- 
ing only slightly (10 species) at the highest eleva- 
tions (1050 m). Body size in both analyses decreas- 
es with increasing elevation, from 47.4 mm to 30.7 
mm (Fig. 4:21A) and from 39.4 mm to 30.7 mm 
(Fig. 4:21B), respectively. This somewhat truncat- 
ed pattern, with little decrease in the upper eleva- 
tions, probably is because the highest elevations in 
Puerto Rico are lower than those on the other three 
large islands and that El Yunque Peak (1065 m) cor- 
responds approximately to a general peak in species 
density with increasing elevation (see below). 
Lesser Antilles 

Although the total number of species (10 spe- 
cies) is relatively small, the same patterns that are 

When all West Indian species are examined, a 
mid-elevational bulge in species density is seen: from 
72 species (sea level) to 82-83 species (300-600 m) 
and then to 1 species at 3050 m (Fig. 4:22). Howev- 
er, this pattern is misrepresentative of the elevation- 
a1 pattern observed in a typical mountain range in 
the West Indies, where the mid-elevational increase 
in density occurs at higher elevations. A restricted 
but more representative analysis of 80 species in four 
upland areas (1 2000 m), including the Sierra Mae- 
stra, Blue Mountains, Massif de la Hotte, and Cor- 
dillera Central, shows that the mid-elevational bulge 
extends from 550 m to 1150 m, with a slight peak at 
1050 m (Fig. 4:23). The reason for this difference 
between the complete analysis (Fig. 4:22) and the 
montane analysis (Fig. 4:23) is probably because the 
former includes lower elevation areas of locally high 
species density (e.g., as in the case of the Cockpit 
Country noted above) that cause an elevational "cap" 
in species density. 

The relationship between mean maximum body 
size and elevation is virtually the same in all analy- 
ses: body size decreases with increasing elevation. 
When all West Indian species are considered (Fig. 
4:22), body size decreases from 56.0 mm SVL (sea 
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Number of species level) to 28.0 mm (2450 m), not considering the sin- 

- 0  5 10 1'5 20 25 30 35 4'0 4k 50 55 60 
Mean body size (SVL in mm) 

gle species (35 mm) occurring above that elevation. 
The rate of decrease in body size is approximately 1 
mm per 100 m of increasing elevation. 

If the elevational limits (upper and/or lower) of 
species coincide, then it is possible that some eco- 
logical or topographical factor may be involved. An 
analysis of range limits for all West Indian species 
(n  = 164 species) reveals one major and several mi- 
nor peaks (Fig. 4:24). The major peak is the com- 
mon lower elevational limit of sea level in 72 (44%) 
of the species. The next most significant peak is the 
upper elevational limit of 1050-1099 m found in 14 
(8.5%) of the species. However, that peak is largely 
an expression of the fauna at ElYunque, Puerto Rim, 

Fig. 4:23. Species density and mean maximum body size (SVL) the upper limit of which is restricted by the height 
at different elevations in four montane areas in the West Indies: of the mountain. An analysis of range limits of the 
Sierra Maestra (Cuba), Blue Mountains (Jamaica), Massif de la 80 species in the four montane areas (2 2000 m) 
Hotte and Cordillera Central (Hispaniola). Duplicate species with- above does not show that peak. general, 
in Hispaniola were excluded. range limits, although not completely random, do 

not seem to be significantly clumped. 

West lndies I 

Number of species 

Fig. 4:24. Elevationill limits of amphibian species in the West Indies; front = upper limits, middle = lower limits, and back = 
combined range limits. 
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CORRELATIONS O F  DISTRIBUTION PATI%RNS 

TOPOGRAPHY AND CLIMATE H I ~ R I C A L  PHENOMENA 

Amphibian distribution in the West Indies is 
closely associated with both topography and rain- 
fall. This is evident in comparing the species densi- 
ty maps (Figs. 4:8,4:10,4:12, and 4:14) with corre- 
sponding maps of topography and rainfall (Figs. 
4:2-5), and in the altitudinal analysis. However, be- 
cause of the relationship between topography and 
rainfall, it is difficult to separate these two variables 
to determine the exact relationship of each to spe- 
cies density and distribution. 

The fact that high species density occurs near 
sea level only in regions of high rainfall (e.g., north- 
ern slopes of Cuchillas de Moa and Cuchillas de Toa 
in Cuba; northern slopes of Blue Mountains and John 
Crow Mountains in Jamaica) suggests that rainfall 
is an important factor in the distribution of these am- 
phibians, and that high elevation is not required. 
Supporting that contention is the near-absence of 
amphibian species in the driest areas (e.g., Hellshire 
Hills of Jamaica; Barahona Peninsula of Hispanio- 
la). However, this relationship between rainfall and 
amphibian distribution is not tied to a requirement 
for reproduction in water, because the majority 
(84%) of West Indian amphibians have direct de- 
velopment and can reproduce far away from stand- 
ing water. 

VEGETATION 

Most of the West Indies were at one time cov- 
ered with forests, and virtually all extant West Indi- 
an taxa can be considered forest-dwelling species. 
Because 80-99% of the original forest has been re- 
moved from the Greater Antilles (see below), most 
amphibians presently are found in forest remnants 
and are not distributed evenly throughout their geo- 
graphic ranges. Next to nothing is known about the 
ecological requirements of most West Indian am- 
phibians; therefore, presently it is not possible to as- 
certain the association of species with vegetation 
types except in a general or anecdotal way. Howev- 
er, my impression, gained through field work, is that 
most species are not closely tied to specific species 
of trees or vegetational zones. Examples of some 
possible exceptions are Hyla rnarianae (Tillandsia 
bromeliads), Eleutherodactylus unicolor (elfin 
woodland of Puerto Rico) and E. caribe (mangrove 
forest of southwestern Haiti). 

Mesozoic 
The origin of the West Indian biota has been a 

topic of considerable interest over the years (litera- 
ture reviewed in Williams, 1989; Hedges, 1996). The 
recognition that the geologic history of the Antilles 
extends back into the Mesozoic, and that there has 
been considerable plate movement within the Car- 
ibbean, led Rosen (1975) to propose a vicariance the- 
ory for the origin of the biota. A review of the exten- 
sive literature on the debate over the vicariance versus 
dispersal theories for the origin of thehtillean bio- 
ta is beyond the scope of this paper. Several studies 
of West Indian amphibians have addressed phyloge- 
ny with morphological data (e.g., Joglar, 1989; 
Pregill, 1981). However, pertinent to this discussion 
are the studies that provide estimates of time of di- 
vergence from molecular data (there are no Meso- 
zoic fossils of West Indian amphibians). 

Hedges (1989b) examined variation in slow- 
evolving protein loci in 82 species of West Indian 
Eleutherodactylus (and two mainland species). Phy- 
logenetic analysis defined three major groups with- 
in the West Indies, and each was assigned the rank 
of subgenus. The subgenus Euhyas (83 species) pri- 
marily is a western Caribbean group that includes 
all Jamaican, most Cuban and most South Island 
(Hispaniola) species that are mostly terrestrial. The 
subgenus ~1e;therodactylus includes mostly arbo- 
real species (50) and is distributed throughout the 
West Indies; it includes all taxa in the Puerto Rican 
Bank and Lesser Antilles. Pelorius is a subgenus of 
six large species on Hispaniola. Indications from 
DNA sequence data are that these three West Indian 
subgenera (and possibly Syrrhophus of Central 
America) form a single monophyletic group within 
the genus (Hedges and Youngblood, in prep.). 

It was proposed that the large amount of molec- 
ular divergence between the subgenera Euhyas and 
Eleutherodactylus represents a phylogenetic diver- 
gence event in the late Mesozoic, possibly related to 
the breakup of the proto-Antilles (Hedges, 1989b). 
Albumin immunological data on West Indian and 
mainland Eleutherodactylus indicated that this di- 
vergence event probably occurred in the late Creta- 
ceous, ca. 70 mya (Hass and Hedges, 1991). A re- 
view of the origin of all West Indian amphibians and 
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reptiles indicates that the genus Eleutherodactylus 
is one of the few groups, if not the only group, to 
show a Mesozoic origin (Hedges, 1996). 
Tertiary 

The only known Tertiary fossil amphibians from 
the West Indies are those specimens of 
Eleutherodactylus embedded in Hispaniolan amber, 
Oligocene to mid-Miocene in age (Poinar and 
Cannatella, 1987; Poinar, 1992). These fossils es- 
tablish the presence of amphibians in the West Indies 
by the mid-Tertiary. 

Albumin immunological data suggested that the 
hylid, bufonid, and leptodactyline frogs all arrived 
to the Antilles by overwater dispersal (on flotsam) 
from South America in the Tertiary (Hedges et al., 
1992b; Hedges, 1996). Most reptile lineages in the 
West Indies also show an origin in South America, 
and this pattern probably is due to the direction of 
water currents (Hedges, 1996). It was suggested that 
this predominant pattern of dispersal, rather than vi- 
cariance, may have been related to extinctions caused 
by the bolide impact that occurred in the Caribbean 
region at 65 mya (Hedges et al., 1992b). 

In Eleutherodactylus, dispersal from the Anti- 
lles (subgenus Euhyas) to Central America (subge- 
nus Syrrhophus) during the Tertiary has been sug- 
gested (Hass and Hedges, 1991; Hedges, 1996). No 
albumin immunological data are available for the 
recently described dendrobatid species, although in- 
direct evidence from albumin IDS in the genus Co- 
lostethus, relationships, and distributions, suggest 
that it originated by dispersal from South America 
in the Tertiary (Hedges, 1996). 

Hedges (1989b) proposed a biogeographic sce- 
nario to explain the distribution and relationships of 
Eleutherodactylus in the western Caribbean; this was 
based on allozyme and immunological data (Hedg- 
es, 1989a,b; Hass and Hedges, 1991) and is support- 
ed by chromosome data (Bogart and Hedges, 1995). 
In the early Miocene (20 rnya), the South Island of 
Hispaniola had not yet collided with the remainder 
of Hispaniola, and dispersal of the subgenus Euh- 
yas to Jamaica and the South Island probably oc- 
curred. Speciation during the late Miocene and 
Pliocene led to the large radiation of Euhyas exist- 
ing today in these two areas. Collision of the South 
Island with the North Island of Hispaniola (contain- 
ing frogs of the subgenus Eleutherodactylus) in the 
late Miocene (7 mya) led to limited dispersal be- 
tween the North and South Islands. Jamaican Eleuth- 

erodactylus thus represent a monophyletic group 
within the subgenus Euhyas, and most Cuban and 
South Island species belong to that subgenus. There- 
fore the major differences seen between the North 
and South Island amphibian faunas probably are not 
the result of sea-level changes in the Quaternary (see 
below), but rather are the consequence of completely 
isolated islands colliding in the Tertiary with mini- 
mal subsequent exchange of faunas. 
Quaternary 

Pregill and Olson (1981) suggested that arid sa- 
vanna, grassland, and xeric scrub forest habitats pre- 
dominated in the West Indies during the Pleistocene 
glaciations. This conclusion primarily was based on 
evidence from palynological and climatic studies of 
areas adjacent to the West Indies, and from some 
West Indian deposits indicating frequent fires dur- 
ing that period. Because West Indian amphibians 
predominantly are forest-dwelling animals, these 
vegetational changes would have resulted in a sig- 
nificant reduction in the area occupied by species, 
and probably would have led to extinctions. At the 
same time, this reduction in area would have in- 
creased isolation of populations and may have led 
to geographic differentiation and possibly to speci- 
ation. 

Besides the climatic and vegetation changes, 
sea-level fluctuation both joined and isolated land 
areas during the Pleistocene. Estimates of sea-level 
change suggest dramatic changes in exposed land 
area. Pregill and Olson (1981) speculated that the 
diversity of species within Eleutherodactylus in the 
South Island of Hispaniola largely is the result of 
Pleistocene climatic cycles and fragmentation of 
ranges leading to speciation. Although it is likely 
that climatic cycles were important in the specia- 
tion and radiation of West Indian amphibians, im- 
munological distances > 3 (1.8 mya) between spe- 
cies suggest that most divergences predated the 
Pleistocene (Hedges, 1989a, b; Hass and Hedges, 
1991; Hedges et al., 1992b); this agrees with mo- 
lecular data from most South American amphibians 
examined (Duellman et al., 1988; Maxson and Hey- 
er, 1988; Hass et al., 1995), although speciation may 
have been more recent in the high Andes (Duell- 
man et al., 1988). It is more likely that intraspecific 
variation seen in some West Indian amphibians (e.g., . 

Eleutherodactylus audanti, E. ruthae, E. schmidti, 
Bufo longinasus) is the result of differentiation as- 
sociated with Pleistocene climatic cycles. 
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The absence of endemic amphibians in the Ba- 
hamas may provide additional support for the im- 
portance of pre-Quaternary speciation in West Indi- 
an amphibians. These islands were submerged, either 
mostly or entirely, during interglacial periods and 
therefore their present terrestrial flora and fauna 
probably arrived since that time and could provide a 
"gauge" of the time required for speciation. Some 
geographic differentiation in one of the two native 
species (Eleutherodactylus planirostris) has taken 
place to the extent that an endemic subspecies is rec- 
ognized, but there does not seem to have been enough 
time for speciation to have occurred. The presence 
of endemic species of reptiles in the Bahamas sug- 
gests that speciation may occur more rapidly in rep- 
tiles than in amphibians, but also it could simply 
mean that reptiles were able to colonize the Baha- 
mas more quickly than amphibians. Nonetheless, this 
concept of finding an area that was "wiped clean" at 
a known time period and examining rates of coloni- 
zation and speciation in different groups might be 
useful in other regions of the world. 
Disjunct Distributions 

Typically, West Indian amphibians have well- 
defined distributions restricted to a particular area 
on an island. The few distributions that can be un- 
ambiguously characterized as disjunct tend to be 
upland species isolated in different mountain rang- 
es within an island. For example, in Cuba, this in- 
cludes Eleutherodactylus limbatus, Bufo longinasus, 
and B. taladai. Some Cuban species that appeared 
to have disjunct distributions (Schwartz and Hend- 
erson, 1991) now are known to have wider distribu- 
tions based on recent collections (e.g., E. varians; 
Hedges, unpubl.). 

In Hispaniola, several species (Eleutherodac- 
tylus nortoni, E. oxyrhynchus, and E. semipalma- 

tus) are found only in the Massif de la Hotte and 
Massif de la Selle, but not in the intervening area of 
the Tiburon Peninsula. This may be due to ecologi- 
cal requirements, or more likely, due to the fact that 
little more than barren rock and dirt now exists in 
the intervening areas of suitable elevation because 
of deforestation. The distribution of the burrowing 
species E. ruthae appears to be truly disjunct, and 
four subspecies have been described to recognize 
geographic variation in the species. It is a species of 
low to moderate elevations, and it is possible that 
upland areas have posed barriers to gene flow. This 
is almost certainly the explanation for the disjunct 
distributions of the Hispaniolan toad Bufo guentheri 
and the Puerto Rican toad, B. lemul; both of which 
are restricted to low elevations. One high elevation 
species of Hispaniola, E. audanti, is distributed in dis- 
junct populations on the North and South Islands and 
has differentiated into three recognized subspecies. 

For reasons of economics, politics, and acces- 
sibility, collecting activities in the West Indies have 
not been evenly distributed throughout the region; 
this fact may introduce a bias in the analysis of dis- 
tributions. Puerto Rico, Jamaica, and the Lesser An- 
tilles have received greater attention than Hispanio- 
la, whereas Cuba has received by far the least amount 
of attention by collectors. Within Hispaniola, the 
much more difficult logistics, greater expense, and 
greater personal risk of an expedition to Haiti has 
resulted in a far greater amount of attention given to 
the Dominican Republic. The result of this type of 
bias is an underestimation of distributions, includ- 
ing area and elevational range, in more poorly known 
countries such as Cuba and Haiti. 

ISLAND BIOGEOGRAPHY 

The number of species on an island is a product 
of many factors, but usually it is positively correlat- 
ed, to some degree, with island area. Based on em- 
pirical plots of this relationship, Darlington (1957) 
discovered that a tenfold increase in the area typi- 
cally leads to a doubling of the number of species. 
In an effort to explain this general relationship, an 
equilibrium model of biogeography was proposed 
(MacArthur and Wilson, 1963) which suggests that 
rates of colonization and extinction are the primary 
factors determining the number of species present. 

Other factors include distance from source area and 
the size of the island. More recently, environmental 
heterogeneity has been suggested as the primary fac- 
tor responsible for the species-area effect (William- 
son, 1981, 1988). 

Darlington's (1957) example of the species-area 
effect was the amphibians and reptiles of the West ' 
Indies, and this data set, unrevised, has been repro- 
duced repeatedly (e.g., MacArthur and Wilson, 
1967:s; Cox et a]., 1976:103; Wilson, 1992:222). 
Because the original data on species abundance on 
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Fig. 4: 25. Relationship between island area and number of native amphibian species in the West Indies (areas as in Table 4:3). 
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each island are nearly four decades old, a revised 
plot of this relationship in West Indian amphibians 
is shown here (Fig. 425; Table 43). Although the 
number of species of West Indian amphibians is cor- 
related with island area, this relationship is unlikely 
to be explained by MacArthur and Wilson's (1967) 
equilibrium model of immigration and extinction or 
by extinction alone (Jones, 1980). For example, all 
17 native Jamaican species of Eleutherodactylus are 
the result of a single colonization event and subse- 
quent adaptive radiation (Hedges, 1989a, b). Al- 
though not yet confirmed, preliminary data suggest 
that the amphibian faunas of the other Greater Anti- 
llean islands represent one or a few large adaptive 
radiations (Hedges, 1989b; Hass and Hedges, 1991). 
As noted earlier, Hispaniola is a composite of two 

I I I I I 
- - 

r = 0.93 

. 

islands; it is likely that considerable speciation took 
place prior to the collision of the North and South 
Islands (the postcollision exchange of species poses 
difficulties in treating these two areas as separate 
islands in a species-area analysis). The West Indian 
bufonids apparently represent a single colonization 
from the mainland (Pregill, 1981); there is no phylo- 
genetic evidence of any dispersal of Eleutherodacty- 
lus from the mainland to the Greater Antilles during 
the entire Cenozoic, In fact, dispersal in the reverse 
direction has been proposed to explain the origin of 
the subgenus Syrrhophus in Central America (Hedg- 
es, 1989b). The increased topographic variability and 
greater availability of niches for adaptive radiation on 
larger islands is the most likely explanation for the 
species-area relationship in West Indian amphibians. 

CONSERVATION O F  THE AMPHIBIAN FAUNA 

CURRENT STATUS decline at the species level was found, although eight 

In response to current concerns over the possi- . species were listed that had not been seen in recent 
ble disappearance of some amphibian species in sev- years: Eleutherodactylus orcutti (Jamaica); E. lucioi, 
era1 regions of the world, the conservation status of E. neodreptus, E. warreni, and Bufofluviatica (His- 
West Indian amphibians was reviewed by Hedges paniola), and E. jasperi, E. karlschmidti, and E. len- 
(1993). Each species was listed, along with the year tus (Puerto Rican Bank). However, sufficient infor- 
that it was most recently encountered. No general mation was available for only one of those species 
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Table 4:3. Numbers of species of native amphibians on islands 
in the West Indies (> 10 km2). 

Island Island Area (km2) No. Species 

Cuba 
Hispaniola 
Jamaica 
Puerto Rim 
Isla de Juventud 
Guadeloupe 
Mart inique 
Dominica 
ile GonPve 
St. Lucia 
Barbados 
St. Vincent 
Grenada 
Antigua 
St. Croix 
he  de la Tortue 
Grand Cayman 
St. Kitts 
Barbuda 
Marie Galante 
Isla Vieques 
Isla Saona 
Montserrat 
Nevis 
Anguilla 
St. Martin 
St. Thomas 
Isla Mona 
Tortola 
St. John 
Ile i Vache 
Ile GrandCayemite 
Isla Beata 
Anegada 
Isla Culebra 
La Desirade 
Virgin Gorda 
St. Eustatius 
St. Barthtltmy 
Saba 
-- 

(E. karlschmidti) to conclude that it has probably 
disappeared. At the population level, virtually all 
West Indian amphibians presumably have declined 
substantially as a consequence of deforestation and 
the resulting loss of habitat. Introduced predators 
such as the mongoose (Herpestes auropunctatus), 

black rat (Rattus rattus), and feral cat (Felis domes- 
ticus) have been linked to the extinction of species 
of West Indian reptiles (Henderson, 1992) and also 
may be adversely affecting native amphibians, even 
in undisturbed forest (Hedges and Thomas, 1991; 
Hedges, 1993). The large introduced amphibians, 
Rana catesbeiana and Bufo marinus known to prey 
on smaller amphibians, are well-established on most 
islands and probably have adversely affected the na- 
tive species. Population level surveys have been con- 
ducted for some Puerto R i m  species, although there 
is no agreement as to the reasons for the declines 
(Burrowes and Joglar, 1991; Joglar and Burrowes, 
1991; Moreno, 1991; Rivero, 1991). 

The list of last reported records (Hedges, 1993: 
Table 1) requires some revision following recent field 
work in Hispaniola (1993) and Cuba (1994). In 
northern Hispaniola, nine species were encountered 
(Eleutherodactylus abbotti, E. audanti, E. jlavescens, 
E. inoptatus, E. montanus, E. patricae, E. pictissi- 
mus, E. weinlandi, and Osteopilus dominicensis). In 
Cuba, 26 described species were encountered: Bufo 
empusa, B. gundlachi, B. peltocephalus, B. taladai, 
Eleutherodactylus acmonis, E. albipes, E. atkinsi, 
E. auriculatus, E. cubanus, E. cuneatus, E. dimidia- 
tus, E. guantanamera, E. gundlachi, E. intennedi- 
us, E. ionthus, E. leberi, E. limbatus, E. rnelacara, 
E. planirostris, E. ricordii, E. ronaldi, E. toa, E. 
turquinensis, E. varians, E. varleyi, and Osteopilus 
septentrionalis. No species was conspicuously ab- 
sent in areas where it was expected to occur. Note- 
worthy was the rediscovery in 1994 (Hedges et al., 
1996) of two Cuban species, E. cubanus and E. 
turquinensis, previously known only from the type 
series collected in the mid-1930s (although these two 
species were cited in Hedges, 1993, as having been 
collected recently, that material has been reidentified 
as a new species and E. cwteatus, respectively). 

Estimates of forest cover for islands of the West 
Indies are among the lowest in the world, and this is 
tied to relatively high human population densities 
in the region (Hedges and Woods, 1993; Fig. 4:26). 
Of the ten tropical countries with the highest rates 
of net annual deforestation during 1981-1990, three 
are in the West Indies: Dominican Republic (2.5%), 
Haiti (3.9%), and Jamaica (5.3%); Jamaica's is the 
highest in the world (World Resources Institute, 
1994). Because of the fact that a species will "exist" 
until its last population disappears, the decline in 
forest cover has not been accompanied by a similar 
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pass the largest or last remaining stands of natural 
vegetation. For amphibian species diversity and en- 
demism, some of the most important of these pro- 
tected areas are: Parque Nacional Sierra Maestra 
(Cuba), Blue Mountains National Park (Jamaica), 
Parc National Pic Macaya and Parc National Morne 
la Visite (Haiti), Parque Nacional Sierra de Baoru- 
co, Parque Nacional Armando Bermudez, and 
Parque Nacional JosC del Carmen Ramirez (Domin- 
ican Republic), and Caribbean National Forest (Pu- 
erto Rico). 

Unfortunately, protection of the natural resourc- 
es is not complete in any of these areas, and it es- 
sentially doesn't exist in some areas such as the 
Haitian national parks. In Cuba, the severe econom- 
ic difficulties of the last several years has taken a 
toll on the forests. Felling of trees for firewood, char- 
coal, and building materials is taking place in the 
Sierra Maestra National Park and other protected 
areas in Cuba. Jamaica has only recently established 
a system of protected areas, and it remains to be seen 
whether or not they will be effective. Haiti is the 

Fig. 4:26. Forest cover and human population size in the West poorest country in the Western Hemisphere ($400 
lndies, Central America, and South Gerica. After Hedges and per capita income), has a burgeoning 
Woods (1993); original sources are CsribbeanlLatin American of 7 million, and has exhausted virtually 
Action (1993), Cohen (1984), Johnson (1988), Paryski et al. 
(1989), and World Resources Institute (1992). The figure of 5% its forests. On an in 1991 the 
for Jamaica was disputed (Goreau, 1993) in favor of a much high- center of Pic Macaya National Park, Richard Tho- 
er value, 46% published elsewhere (Rampair, 1986). However, mas and I saw trees being cut and removed from 
that higher value was not included in the reports by the Tropical one of the last remaining stands of natural forest in 
Forests Resource Assessment Project of the Food and Agricul- 
ture Organization of the United Nations, and the United Nations the it is trees in the 
Environment Programme, summarized in Wodd Resources In- Dominican Republic, clearing and burning is wide- 
stitute (1992) as 6% closed forest for Jamaica. Another study of 
Jamaican forest cover (Thompson et al., 1986b) reported a value 
of 7% for "fully stocked Broadleaf Forest," which is in close 
agreement with the value accepted by the United Nations. More 
recent information on forest cover is available (World Resources 
Institute, 1994), but closed forest ("trees cover a high proportion 
of the ground") is not distinguished from open forest ("at least 
10% tree cover and a continuous grass layer on the forest floor"), 
so the earlier values are shown here. 

decline in species (Hedges, 1993). However, the 
critically low levels of forest cover remaining in 
some areas, such as in Jamaica (5%) and Haiti 
(I%), indicate that species extinctions will occur 
in the near future unless the trend is reversed. It 
was suggested that Haiti may soon become the 
Earth's "first major biodiversity disaster" (Hedg- 
es, 1993). 

Nearly all countries in the West Indies current- 
ly have some protected areas that typically encom- 

spread and common, and trees are being cut within 
the National Parks. Protection of the forests in Puer- 
to Rico has been more effective than elsewhere, al- 
though the Caribbean National Forest has "lost its 
virginity" because of the abundance of introduced 
predators. 

RECOMMENDATIONS 
General 

It cannot be overstated that the loss of biodiver- 
sity in the West Indies, as in other regions, is closely 
tied to the loss of forest cover, and therefore it is of 
prime importance to halt the deforestation. Greater 
efforts should be made to enforce park boundaries 
and prevent illegal felling of trees. For the longterm, 
some form of human population control must be 
implemented or else the economic pressures and de- 
mands of a growing population will lead to contin- 
ued deforestation. 
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Specific The majority of researchers surveying tropical 
Additional protected areas: Many "hot spots" biodiversity are not required to do so as part of their 

of West Indian amphibian diversity and endemism employment. Many are university professors whose 
already are contained within protected areas, and primary obligations are to teaching, and are free to 
therefore emphasis should be placed on enforcement. choose any research topic or location. For this rea- 
Important areas for amphibian diversity not yet pro- son, countries that have excessively complicated and 
tected (including proposed areas) are: in Cuba, (1) stringent permitting procedures suffer because sci- 
Sierra de 10s Organos (including region of Viiiales), entists simply avoid them and focus their attention 
(2) Sierra del Rosario (including region of Soroa), on other countries. 
(3) Macizo del Escambray, (4) Macizo de Sagua- Scientific collecting should be promoted, rath- 
Baracoa (including the Meseta del Guaso, Cuchil- er than discouraged. The immediate benefit for the 
las de Toa, Cuchillas de Moa, and Sierra del Purial); country is a much greater knowledge of its biodiver- 
in Jamaica, (5) Dolphin Head National Park, and (6) sity, which will aid in planning and implementing 
Cockpit Country National Park; in Haiti, (7) enlarge- conservation policies. Regulation is important, but 
ment of Parc National Pic Macaya and Parc Nation- permit procedures should be streamlined and have 
a1 Morne La in the Dominican Republic, (8) greater flexibility so that legitimate scientists can 
Sierra de Neiba National Park, (9) eastward exten- obtain permits quickly and collect and export a suf- 
sion of Sierra de Baoruco National Park (including ficient number of specimens for systematic study. 
Loma Remigio and Loma Trocha de Pey); and in Importation procedures also should be improved so 
Puerto Rico, (11) Cuchilla de Panduras. that scientists with proper documentation can enter any 

Removal of introduced predators: In view of port without encountering long, unnecessary delays. 
the disappearance of Eleutherodactylus karlschmidti Acknowledgments: I thank the many individu- 
and apparent decline of several amphibian species als, especially Richard Thomas, who have accom- 
in undisturbed forest on El Yunque, the U.S. Forest panied and assisted me on expeditions throughout 
Service should make feral animal removal/extirpa- the West Indies over the years. The staff of the Divi- 
tion a major concern for the Caribbean National sion of Amphibians and Reptiles, United States Na- 
Forest. Removal of introduced predators also should tional Museum of Natural History (Ronald Crom- 
be a concern in other areas of the West Indies. bie, Ronald Heyer, Addison Wynn, and George Zug), 

Promotion of scientific collecting: All species have been especially helpful in the accessioning of 
of West Indian amphibians were described from specimens. I also thank my Cuban colleagues, espe- 
specimens that had been collected and preserved, cially Alberto Estrada (Ministerio de Agricultura), 
and in most cases, those specimens were exported Orlando Garrido and Gilberto Silva (Museo Nacio- 
to another country for study. Despite the obvious nal de Historia Natural), and Laredo Gonzalez (Ac- 
importance of this activity, it is discouraged by the ademia de Ciencias de Cuba) for support of my re- 
governments of both the country of origin of the search in Cuba; my Dominican colleagues Sixto and 
specimens and the country of origin of the research- Yvonne Inchaustequi (Grupo Jaragua) for support of 
er through unrealistic restrictions and permit proce- my research in the Dominican Republic; Hinrich 
dures (Hedges and Thomas, 1991). Often, collec- Kaiser for use of his unpublished data on Lesser An- 
tion of only a few specimens of each species is tillean anurans; Carla Hass for assistance with many 
permitted even though additional specimens would of the figures; Richard Highton and Linda Maxson 
cause no harm to populations or species and would for providing facilities during earlier stages of the 
increase the quality of the information gathered research; and Carla Hass for comments on the 
(Hedges and Thomas, 1991). It is not uncommon to manuscript. I also thank Bill Duellman for the in- 
spend one week out of a four-week expedition sim- vitation to participate in this volume. This re- 
ply to obtain a collecting or export permit for a small search was supported by grants from the Nation- 
number of specimens while, at the same time, thou- al Science Foundation (BSR 8307115 to Richard 
sands or millions of these organisms have perished Highton, and BSR 8906325 and BSR 9123556 
in that country through deforestation. to S.B.H.). 
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APPENDIX 4:l 

Symbols in columns: - absent, + present (native), I introduced. Abbreviations for regions: AC Alturas de Central (Alturas de 
Santa Clara, Alturas del Nordeste, Alturas del Noroeste), AH Alturas de la Habana-Matanzas (including Alturas de Bujucal-Madmga- 
Coliseo), AS ArchipiClago Sabana-Camaguey, CG Cordillera de Guaniguanico, CM Alturas de Camaguey-Maniab6n (Sierra de Cu- 
bitas, Peniplano de Florida-Camaguey-Tunas, Sierra de Nejasa, Gmpo de Maniabbn), U Isla de Juventud and ArchipiClago de 10s 
Canarreos, LC Llanura Occidental, LR Llanura Oriental, U Uanura de Zapata (including Cienagas de Zapata), ME Macizo del 
Escarnbray, MS Macim de Sagua-Baracoa, PG Peninsula de Guanahacabibes, SM Sierra Maestra. 

-- - 

Taxon 
Elevation Distribution Biogeographic Region 
(meters) Area(km2) PG LC CG IJ AH LZ AC AS ME LR CM SMMS 

BUFONIDAE: 
Bufo cataulaciceps 
Bufo empusa 
Bufo fusliger 
Bufo gundlachi 
Bufo longinasus 
Bufo peltocephalus 
Bufo talodni 
Bufo species "Z" 

HYUDAE: 
Osteopilus septentrionalis 
Pseudacris crucifer (1) 

L E ~ D A ~ L I D A E :  
Ekutherodactylus acmonis 30-1150 
Eleutherodactylus albipes 1300-1974 
Eleurherodacntlur atkinsi 0-1212 
~leutherodac&lus auriculatus 0-1150 
Ekutherodactylus bartonsmithi 30-212 
Eleutherodactylus bresslerae 30-212 
Eleutherodactylus cubanus 1060-1400 
Eleutherodactylus cuneatus 0-1515 
Ekutherodactylus dimidiatus 0-1375 
Eleutherodactylus eileenae 0-700 
Eleutherodactylus emiliae 35G400 
Eleutherodactylus etheridgei 0-15 1 
Eleutherodactylus glamyrus 800-1972 
Eleutherodactylus greyi 0-820 
Eleutherodactylus guanahacabibes 0-20 
Eleurherodaciylur guantanamera 60-1 150 
Eleutherodactylus gundlachi 650-1375 
Eleutherodactylus iberia 600 
Eleutherodactylus intermedius 454-1818 
Eleutherodactylus ionthus 0-1 230 
Eleutherodactylus klinikowskii 75-182 
Ekutherodactylus leberi 394-465 
Eleutherodactylus limbatus 50-1150 
Eleutherodactylus mariposa 720 
Eleutherodactylus melacara 845-1974 
Eleutherodactylus pewpetrus 100-270 
Eleutherodactylus pinarensis 0-38 1 
Eleutherodactylus planirostris 0-727 
E l e u t h e ~ c ~ l u s  ricordii 290-1 150 
Eleutherodactylus speciesnR" 0-830 
Eleutherodactylus ronaldi 212-1060 
Eleutherodactylus symingtoni 70-155 
Eleutherodactylus tetajulia 600 
Eleutherodactylus thomasi 0-390 
Eleutherodactylus toa 195-900 
Eleutherodnctylus tonyi 10-50 
Eleutherodactylus turquinensis 455-1400 
Eleutherodactylus varians 0-845 
Eleutherodactylus varleyi 0-845 
Eleutherodactylus zeus 75-1 82 
Eleutherodactylus zugi 155-390 

RANIDAE: 
Rana cate.sbeiana (I) 0 
Total native species in region (A) 
Endemic species in region (B) 
Percent regional endemism (BIA) 
Percent total endemisrn (Bl50) - - -- - -- 
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APPENDIX 4:2 

Symbols in columns: - absent, + present (native), I introduced. Abbreviations for regions: BM Blue Mountains, CC Cockpit 
Country, CU Central Uplands, HH Hellshire Hills, JC John Crow Mountains, MP Manchester Plateau, NC North Coast, PR Port- 
land Ridge Peninsula, SC Santa Cruz Mountains, SL Southern Lowlands, W L  Western Lowlands, WU Western Uplands. 

Elevation Distribution Biogeographic Region 

Taxon (meters) Area(km2) WL WU S C  CC NC CU MP SL PR HH BM JC 

BUFONIDAE: 
Bufo marinus (I) 

HYUDAE: 
Calyptahyla crucialis 
Hyla marianae 
Hyla wilderi 
Osteopilus brunneus 
Osteopilus new species 

L W ~ D A ~ D A E :  
Eleutherodactylus alticola 
Eleutherodactylus andrewsi 
Eleutherodactylus cawrnicola 
Ekutherodactylus cundalli 
Eleutherodactylus fuscus 
Eleutherodactylus glaucoreius 
Eleutherodactylus gossei 
Eleutherodacylus grabhami 
Eleutherodactylus griphus 
Eleutherodactylus jamaicensis 
Eleutherodactylus johnstonei (I) 
Eleutherodactylus junori 
Eleutherodactylus luteolus 
Eleutherodactylus nubicola 
Eleutherodactylus orcutti 
Eleutherodactylus pantoni 
Eleutherodactyh pentasyringos 
Eleutherodactylus planirostris (I) 
Eleutherodactylus sisyphodemus 

RANIDAE: 
Rana catesbeiana (I) 

Total species native to region (A) 6 1 0  5 1 5  3 1 1  8 1 1  1 1 2 9  
Endemic species in region (B) 0 0 0 2 0 0 0 0 1 0 2 0  
Percent regional endemism (BIA) 0  0 0 1 3 0  0  0  0100 0 1 7 0  
Percent total endemism (BR2) 0 0 0 9 0 0 0 0 5 0 9 0  



APPENDIX 4:3 

Symbols in columns: -absent,+ present (native), I introduced. Abbreviations for regions: AR Plaine de l'Artibonite, BA Peninsula de Barahona, CE Cordillera Central, CI Plaine du 
Nord-Valle de Cibao, CV Plaine du Cul de Sac-Valle de Neiba, GO ile Gonave, HA Los Haitises, LC Llanura Costera del Caribe, LH Massif de la Hotte, LS Massif de la SeUe-Sierra de 
Baoruco, MD Massif du Nord, MN Chaine des MatheuxSierra de Neiba, NO Massif des Montagnes Noires, OR Cordillera Oriental, PL Plateau Central, PN Presqu'Ile du Nord Ouest, PS 
Peninsula de Samana, SE Cordillera Septentrional, SM Sierra de Martin Garcia, TI Presqu'fle de la liburon, TO he de la Tortue, VS Valle de San Juan. No species of amphibians are known 
from Navassa Island. 

Taxon 
Elevation Distribution Biogeographic Region 
(meters) Area(km3 LH TI LS BA CV GO MN SM VS PL NO AR PN TO MD CE CI SE PS HA OR LC . . 

BUFONIDAE: 
Bufo fluviatica 150-175 625 - - - - - - - - - - - - - - - -  + - - - - -  
Bufo gitentheri 0-107 24,135 - + - - + - - -  + + -  + + - -  + + - - - - +  
Bufo marinus (I) 0 - - - - -  I - - - - - - - - - - - - - - - - -  

HYLIOAE: 
Hyla heilprini 0-1856 74,275 + + + - - -  + - -  + - -  + - + + + + - -  + - 
Hyla pulchrilineata 0-1091 39,500 + + + - - - + - + + - - - -  + + + + + + + +  
Hyla vasta 0-1 697 74,590 + + + - - - - - - - - - - -  + + + + + - + +  
Osteopihis dominicensis 0-1212 70,690 + + + + + + + + + + - - -  + + + + + + + + +  

LEPTODACTYUDAE: 
Eleutherodactylus abbotti 0-1818 67,555 + + + - + - + + - - - - - -  + + + + + + + +  
Eleuth. alcoae 0-606 2,300 - - 
Eleuth. amadeus 1CQO-2340 390 + - - - - - - - - - - - - - - - - - - - - -  
Eleuth. apostates 333-1640 815 + - - - - - - - - - - - - - - - - - - - - -  
Eleuth. armstmngi 152-1697 2,190 - - + - - - - - - - - - - - - - - - - - - -  
Eleuth. audanti 800-2500 4,700 + - + - - - + - - - - - - - -  + - - - - - -  
Eleuth. auriculatoides 788-1 879 3,760 - - - - - - - - - - - - - - -  + - - - - - -  
Eleuth. bakeri 890-2325 815 + - - - - - - - - - - - - - - - - - - - - -  
EIeuth. brevirostris 575-2375 920 + - - - - - - - - - - - - - - - - - - - - -  
Eleuth. caribe 0 1 + - - - - - - - - - - - - - - - - - - - - -  
Eleuth. chlorophenax 990-1290 910 + - - - - - - - - - - - - - - - - - - - - -  
Eleuth. corona 
Eleuth. counouspeus 
Eleuth. darlingtoni 
Eleuth. dolomedes 
Eleuth. eunaster 
Eleuth. flavescens 
Eleuth. fowleri 
Eleuth. furcyensis 
Eleuth. glandulifer 
Eleuth. glanduliferoides 
Eleuth. glaphycompus 



Taxon Elevation Distribution LH TI LS BA CV GO MN SM VS PL NO AR PN TO MD CE CI SE PS HA OR LC 
Eleuth. grahami 20-330 78 - - - - - - - - - - - - + - - - - - - - - -  

Eleuth. haitianus 1545-2455 1,72 - - - - - - - - - - - - - - -  + - - - - - -  
Eleuth. heminota 0-1697 10,660 + + + - - - - - - - - - - - - - - - - - - -  

Eleuth. hypostenor 667-1061 2,040 - - + - - - - - - - - - - - - - - - - - - -  
Eleuth. inoptatus 0-1697 69,580 + + + - - -  + + -  + - - -  + + + + + + + + +  
Eleuth. jugans 1242-2146 1,220 - - + - - - - - - - - - - - - - - - - - - -  
Eleuth. lamprotes 818-1455 750 + - - - - - - - - - - - - - - - - - - - - -  
Eleuth. leoncei 1182-2303 1,315 - - + - - - - - - - - - - - - - - - - - - -  
Eleuth. lucioi 100 1 - - - - - - - - - - - -  + - - - - - - - - -  

Eleuth. minutus 879-2300 2,115 - - - - - - - - - - - - - - -  + - - - - - - 
Elettth. montanus 1270-2424 2,540 - - - - - - - - - - - - - - -  + - - - - - -  
Eleuth. sp "N" 1500-1800 440 - - - - - - + - - - - - - - - - - - - - - -  

Eleuth. neodreptus 1121 1 - - + - - - - - - - - - - - - - - - - - - -  

Eleuth. nortoni 576-1515 2,350 + - + - - - - - - - - - - - - - - - - - - -  
Eleuth. oxyrhynchus 333-1212 1,680 + - + - - - - - - - - - - - - - - - - - - -  

Eleuth. parabates 1455-1870 440 - - - - - -  + - - - - - - - - - - - - - - -  
Eletrth. parapelates 950-1050 470 + - - - - - - - - - - - - - - - - - - - - -  

Elettth. patricae 2000-3050 4,700 - - - - - - - - - - - - - - - + - - - - - -  
Eleuth. pa~rlsoni 0-750 8,780 + + + - - - - - - - - - - - - - - - - - - -  
Eleuth. pictissimus 0-1758 20,380 + + + + + - - + + + - - - - -  + - - - - -  + 
Elettth. pittrinus 1212-1770 1,065 - - - - - - - - - - - - - - -  + - - - - - -  

Eleuth. poolei 550-4550 310 - - - - - - - - - - - - - -  + - - - - - - - 
Eleuth. probolaeus 0-60 1,490 . . . . . . . . . . . . . . . . . . . . .  
Eleuth. rhodesi 
Eleuth. rufifemoralis 
Eleuth. rtrthae 
Eleuth. schmidti 
Eleuth. sciagraphus 
Eleuth. semipalmatus 
Eleuth. thorectes 
Eleuth. ventrilineatus 
Eleuth. warreni 400 1 - - - - - - - - - - - - - + - - - - - - - -  
Eleuth. weinlandi 0-788 24,610 - - - -  + - + - - -  + - - - -  + + + + + + +  
Eleuth. wetmorei 0-1324 12,070 + + + - - -  + - - - - - - - + + - - - - - -  
Leptodactylus dominicensis 0-60 1,220 . . . . . . . . . . . . . . . . . . . . .  

RANIDAE: ' 

Rana catesbeiana ( I )  0 - - - - - - - - - - - - - - - - - -  1 - 1 - 1  

Total native species in region (A) 3 2 1 3 2 6  3 5 1 1 0  4 4 6 1 1  5 3 9 2 0 1 1 1 0  8 6 9 1 2  
Endemic species in region (B) 1 6 0 1 0 0 0 0 2 0 0 0 0 0 3 1 1 6 1 0 0 0 0 2  
Percent regional endemism (BIA) 50 0 3 9  0 0 . 0 2 0  0 0 0 0 0 6 0 3 3 1 1 3 0  9 0 0 0 0 1 7  
Percent total endemism (B163) 2 5 0 1 6 0 0 0 3 0 0 0 0 0 5 2 2 1 0 2 0 0 0 0 3  



APPENDIX 4:4 

Symbols in columns: -absent, + present (native), 1 introduced. Abbreviations for regions: ANEAncgada, CAY Sierra dc Caycy, COA Coastal Lowlands, CUL Culebra, CUP Central 
Uplands, MON lsla Mona, PAN Cuchilla de Pandura, STC St. Croix, STJ St. John, STT St. Thomas, TRT Tortola, VGO Wrgin Gorda, VIE Veques, YUN El Yunque. 

Elevation Distribution Biogeographic Region 
Taxon (meters) Area(km3 MON COA CUP CAY PAN W N  VIE CUL S I T  STJ STC TRT VGO ANE 

BUFONIDAE: 
Bufo lemur 0-50 1000 - + - - - - - - - - - + -  
Bufo marinus (I) 0 - - I  - - - - - - 1 1 1 -  - - 

HYLIDAE: 
Hyla cinerea (1) 0 - - I -  - - - - - - - - - - - 
Osteopilus septentrionalis (1) 0 - - I - - - - - - 1 - 1 -  - - 
Scinax rubra ( I )  0 - - I  - - - - - - - - - - - - 

LEPTODACTYLIDAE: 
Eleutherodactylus antillensis 0-1212 9355 - + + + + + + + + + + + + -  
Eleutherodactylus brittoni 100-636 2500 - + + -  - + -  - - - - + - - 
Eleutherodactylus cochranae 0-333 9059 - + + + - + + + + + -  - - - 
Elerrtherodactylrls cooki 91-242 135 - - - - + - - - - - - - - - 
Elerrtherodactylrrs coqrri 0-1 128 8768 - + + + + + -  - 1 - l -  - - 
Eleutherodactylus eneidae 303-1151 1725 - - + + - + -  - - - - - - - 

1050 - - Eleuthemdactylus gryllus 303-1 182 - + - - + - - - - - - 
Eleutl~erodactylus hedricki 455-1152 160 - - + - - + - - - - - - - - 
Elerrtherodactylus jasperi 647-785 110 - - - + - - - - - - - - - 
Eleurherodactytus kurlschmidti 182-630 1050 - - + + - + -  - - - - - - - 
Eieutherodactylus lentus 0-10 347 - - - - - - - - + + + -  - - 
Eleutherodactylus locusfils 273-1050 565 - - + + - + -  - - - - - - - 
Eleutherodactylus monensis 0-10 25 + - - - - - - - - - - - - - 
Eleutherodactylus portoricensis 273-1182 1480 - - + + - + -  - - - - - - - 
Eleutherodactylus richmondi 40-1152 3395 - + + + + + -  - - - - - - - 
Eleutherodactylus schwartzi 0-227 130 - - - - - - - - - + - + + -  
Eleutherodactylus unicolor 670-1039 40 - - - - - + -  - - - - - - - 
Elerctherodactylus wightmanae 303-1182 2020 - - + + - + -  - - - - - - - 
Leptodactylus albilabris 0-1030 9433 - + + + + + + + + + + + -  + 

RANIDM: 
Rana catesbeiana (I) 0 - - 1 -  - - - - - - - - - - - 
Total native species in region (A) 1 7 1 3 1 1  5 1 4  3 3 4 5 3 4  3 1 
Endemic species in region (B) 1 0 0 1 1 1 0 0 0 0 0 0 0 0  
Percent regional endemism (BIA) 1 0 0 0 0 9 2 0 7 0 0 0 0  0 0 0 0  
Percent total endemism (Bl20) 5 0 0 5 5 5 0 0 0 0  0 0 0 0  
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APPENDIX 4:s 

DIST~UBUT~ON OF SPECIES OF  PHIB BUNS IN THE LESSER ANTILLES 

Symbols in columns: -absent, + present (native), E extirpated, I introduced. Abbreviations for regions: AN Anguilla Bank, BB 
Barbuda Bank, BA Barbados, DO Dominica, GR Grenada Bank, GU Guadeloupe Bank, MG Marie Galante, MA Martinique, MO 
Montsenat, SA Saba Bank, SE St. Eustatius Bank, SL St. Lucia, SV St. Vincent. 
-- 

Taxon 
Elevation Distribution Island Group 
(meters) Area(km2) AN SA SE BB MO GU MG DO MA SL SV GR BA 

BUFONIDAE: 
Bufo marinus (I) 

DENDROBATIDAE: 
Colostethus chalcoph 

HWDAE: 
Osteopilus septentrionalis (I) 
Scinar rubra (0 

L~UDACIYUDAE: 
Eleutherodactylus amplinympha 
Eleutherodactylus barlagnei 
Eleutherodaclylus euphronides 
Eleutherodactylus johnstonei 
Eleutherodactylus martinicensis 
Eleutherodactylus pinchoni 
Eleutherodactylus planirostris (I) 
Eleutherodactylus shrevei 
Leptodactylus fallax 
Le~todnctvlus validus 
Total native species in region (A) 
Endemic species in region (B) 
Percent regional endemism (BIA) 
Percent total endemism fBI10h 

ADDENDUM 

Subsequent to my reading proof, two addition- area, and biogeographic region (see Appendix 4 : l )  
a1 species of Eleutherodactylus have been named are, respectively: E. jaumei-150-200 m, 1 km2, 
from Cuba. Their elevational range, distribution S M ;  E. principalis-300-1000 m, 468 krn2, MS. 




