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West lndian Mammals 
The Old, the New, 
and the Recently Extinct 

Liliana M. Dávalos and Samuel T. Turvey 

The West Indian mammal fauna has played a key role in the developmentof biogeographic 
ideas for over a century, but a synthesi~ explaining regional patterns of rnammal diversity 
and distribution in a historical framework has. not emerged. We review recent phyloge­
netic, population genetic, and radio~rbon dating studies of West Indian mammals and 
explore the biological and historical drivers of colonization, speciation, and extinction 
in this region of endemism .. We also present ~he first complete list of all its extant and 

extinct mammals. The mammalian biota is older than was earlier presumed, with many 
ancient endemic lineages, even among highlyvagile organisrns such as bats .. Land bridges, 
Cenozoic eustatic sea-leve! changes, and Pleistocene glacial cycles ha ve been proposed to 
explain the colonization of the islands, but phylogenetic divergence analyses often contlict 
with the timing of these events and favor alternative biogeographic histories. The loss 
of West Indian biodiversity is incompletely understood, but new radiometric chronolo~ 
gies indica te that anthropogenic impacts rather than glacial~interglacial environmental 
changes are responsible for most Quaternary extinction and extirpddon events involving 
land mammals. However, many outstanding questions of historical biogeography remain 
unresolved, including appropriate methods for interpreting phylogenies and divergence 
estima tes in a biogeographic' context, and whether to use vicarlance or dispersa! as the null 
hypothesis when investigating regional patterns of colonization, speciation, and extinction 
in compara ti ve analyses. We propase synthetic approaches drawing from phylogenetics, 
population genetics, paleogeography, paleontology, and even archaeology to resolve per­
sisting questions in Caribbean biogeography. 

9.1 Introduction 

The mammals of the West Indies have been crucial to the development of 

biogeography from its very inception (Wallace 1876). The endemicity of the 

Antillean biota, for example, led Wallace to propose land interconnections 
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and subsequent subsidence that isolated the islands first from South America 

and la ter from Central America (Wallace 1876). This was the first cogent- if 

incorrect- biogeographic hypothesis for the region. E ven this early biogeo­

graphic work highlighted two critica! aspects of the Caribbean mammalian 

fauna: its poverty in comparison to continental areas of equal size, and its 

sharp divergence from the nearby continental fauna. By proposing an ancient 

interconnection, severed in.the Miocene, his geological hypothesis accounted 

for the endemicity of the mammals, while the subsidence of a large propor­

tion of the land mass was proposed to explain the small number of surviving 

lineages (Wallace 1876). 

Although Caribbea~ mammals, particularly bats, were key to developing the 

equilibrium theory of island biogeography (e.g., Koopman 1958; MacArthur 

and Wilson 1967), the importance of endemicity and geological changes in 

regional biogeographic studies declined with growing interest in mechanistic 

explanations of island diversity (MacArthur and Wilson 1963). The goal of 

explaining the origin and diversity of West Indian mammals in a historical 

framework, however, was not completely forgotten, especially among system­

atists (e.g., Williams 1952; Williams and Koopman 1951). Initial systematic 

zoogeography reviews (e.g., Baker and Genciways 1978; Koopman 198?) gave 

way to increasingly formal biogeographic analyses (e.g., Griffiths and Klinge­

ner 1988; Woods 1989; Woods, Ottenwalder, and Oliver 2001), culminating 

in the explicit use of phylogenies to infer biogeographic history (e.g., Dávalos 

2004b, 2005, 2006, 2007; Roca et al. 2004 ). Whether informed by phylogeny or 

not, these studies have shared a historical perspective and focus on the origin 

and diversification of multiple mammalian lineages. 

Asid e from questions on the origins and colonization ro u tes of Caribbean 

mammals, another main focus of biogeographic research has been quantifY­

ing and explaining extinction. As Quaternary fossil findings accumulated (e.g., 

Anthony 1918; Koopman and Williams 1951; MacPhee and Iturralde-Vinent 

1995a, 1995b; MacPhee, White, and Woods 2000; MacPhee, lturralde-Vinent, 

and Gaffney zoo3; Miller 1918, 1922, 1929a, 1929b; Williams and Koopman 

1951), new competing hypotheses on the drivers of regional Pleistocene and 

Holocene extinctions were proposed (MacPhee and Marx 1997; Pregill and 

Olson 1981; Steadman et al. 2005). An extensive literature has sought to ex­

plain the extinction and extirpation of numerous terrestrial mammal species 

(MacPhee 2008; MacPhee, Ford, and McFarlane 1989; Morgan 2001; Morgan 

and Woods 1986; Turvey, Gpdy, and Rye 2006, Turvey et al. :Í007). At present, 

three main questions remain on the region's historical biogeography: (1) What 
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is the geographic origin of the endemic mammal fauna?; (2) How did mam­

mals, especial!y nonvolant ones, reach the Antilles?; and (3) What drove most 

of the nonvolant mammal fauna to extinction? In this chapter, we synthesize 

recentevidence from molecular phylogenetics , population genetics, paleontol­

ogy, zoology, and archaeology to address these questions. Our goals are to pre­

sent the status of historical biogeography of Caribbean mammals and to point 

to new methodological and analytical approaches that will resolve persistent 

gaps in understanding Antillean historical biogeography. 

9.1.1 G EOGRAPHIC ANO TA XONOM IC SCOPE 

In this chapter, "West Indies," "Antilles," and "Caribbean" refer to the islands 

of the Caribbean Sea that ha vean insular biota (Koopman 1989; Morgan 2001; 

Margan and Woods 1986), including San Andrés, (Old) Providence, and Swan 

Island (see fig. 9 .1). Phylogenetic studies and analyses of fossil remains have 

overlapped most frequendy in the Greater Antil!es-Cuba, Jamaica, Hispan­

iola, and Puerto Rico-so we devote particular attention to these islands. The 

mammal faunas of Trinidad, Tobago, Margarita, Aruba, Bonaire, and Cura­

'i'ao are not discussed here beca use these islands are characterized by a South 

American biota (e.g., Hooijer 1959, 1966, 1967; Trejo-Torres and Ackerman 

2001; Vázquez-Miranda, Navarro-Sigüenza, and Morrone 2007; Voss and 

Weksler 2009). We ha ve included data on extinct rice ratspecies from Grenada 

and the Grenadines because the terrestrial mammal fauna of these islands, 

though poorly known, is apparently endemic (Turvey et al. 2010). The bats 

of those islands , however, are not discussed, as most of these insular ?Opu­

lations maintain geae flow with South American populations and are better 

thought of as being at the northern margin of their distriburíons (Genoways, 

Phillips, and Baker 1998; Koopman 1989; Presley and Willig 2008). A total of 

55 extant and 12 regionally or globally extinct bats ha ve been recorded in the 

West ludian Holocene, representing about45 independent lineages. Only 16% 

(16 species) of an estimated 99 Quaternary nonvolant mammals survive to this 

day. Fossil and subfossil remains have been described for many lineages, both 

volant and not, but the bat lineages are better covered than other mammals in 

molecular phylogenetic and population genetic analyses, largely because of 

ongoing problems with extracting sequence data from degraded Caribbean 

Quarernary subfossil and zooarchaeological mammal material. We revievv both 

endemic and widespread species, briefly summarize the diversity of all native 

West Indian mammals (table 9.1) , and provide a complete mammal species 

list in appendix 9.1. 
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9.2 The Old: Origin and Phylogeny of West Indian Mammals 

Early proponents of West Indian vicariance cited the vulnerability of mammals 

to refute "flotsam or jetsam dispersa!" and argue instead for land interconnec­

tions, both between islands and between islands and continents (Allen 1911; 

Barbour 1916). In contrast, proponents of dispersa! as the main mechanism 

responsible for biotic assembly pointed to the low diversity and peculiar compo­

sition of the Antillean biota compared to continental islands, such as Trinidad, 

or island-sized continental regions (Darlington 1938; Matrl1ew 1918). By the 

time of Simpson's (1956) review of the West !odian mammal fauna, disper­

sa! explanations held sway, but vicariant mechanisms were current enough to 

merita thorough rebuttal. Des pite advances in Antillean geology, paleontology, 

and mammalogy, the <l:rguments for vicariance or dispersa! relied on similar 

evidence, which remained virtually unchanged over the first half of the twen­

tieth century: (1) classification or, at best, evolutionary systematics; (2) static 

continents (Simpson 1943); and (3) estimares of probability of dispersa! across 

water gaps and, sometimes, their relationship to hurricanes, ocean currents, 

and drainage basins. 

The development of phylogenetics (Edwards and Cavalli-Sforza 1964) and 

the establishment of plate tectonics as the mechanism underlying continen­

tal drift (Hess 1962) helped revive vicariance in the Antilles but did not close 

the debate on the prevalent mechanism of biotic assembly. Formal studies 

of Caribbean biogeography statted with the first biogeographic methods us­

ing a form of phylogenetic information, such as generalized tracks (Rosen 

1975). That analysis compiled the distribution of dozens of monophyletic or 

presumed monophyletic groups (mainly vertebrares) to identity patterns of 

overlap across independent groups of clase relatives. The patterns were then 

interpreted to support a multistep vicariant explanation for the origin of the 

insular biota (Rosen 1975, 1985). In particular, a proto-Antillean archipelago 

bridging North and South America was postulated in the Cretaceous, followed 

by separation of the three landmasses by the Oligocene, concluding with the 

consolidation of Central America and closure of the Isthmus of Panama in 

the late Cenozoic. Almost immediately, Rosen's vicariantmodel was criticized 

for its outdated geological framework, very ancient dates for the majority of 

lineages, and inability to explain the absence of major continental groups on 

the islands (Pregi111981). Despite its gaps, the proto-Antillean archipelago hy­

pothesis was the basis for the first phylogeny-based biogeography of Antillean 

insectivores (MacFadden 1980). In fact, because of the complexity of Carib-
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bean phite tectonics, Rosen's geological frameworkwas, atthe time, considered 

plausible and in the mainsrream of biogeographic explanations (Hedges 1982; 

MacFadden 1981). 

The more recent West lndian dispersa! versus vicariance debate traces back 

ro th e early 1990S, when molecular clocks were first applied to date the colo­

nization of multiple amphibian and reptile lineages (Hedges et al. 1992). The 

absence of phylogenies in that initial salvo was quickly identified as a key meth­

odological problem, requiring reanalysis and reinterpretation using cladistic 

biogeography methods (Page and Lydeard 1994). The land bridge hypothesis 

of MacPhee and Iturralde-Vinent (199sb) emerged as the vicariant alternative 

to the molecular clock-based dispersa! model. Articula red more fully elsewhere 

(Iturralde-Vinent and MacPhee 1999), the Greater Antillean and Aves Ridge 

hypothesis -orGAARlandia-drew on both geological and biologicallines of 

evidence to postulare a temporary land bridge connecting the Greater Antillean 

Ridge and northwestern Sourh America through the Aves Ridge. The GAAR: 

landia hypothesis proposed a two-step mechanism to explain the parteros of 

diversity and distribution of land mammals in the West Indies. Initially, the land 

bridge enabled dispersa! from the mainland without crossing ocean barriers, 

and the eventual disappearance of the bridge then led to vicariant speciation 

and subsequent independent evolution of the Antillean lineages. 

As at the beginning of the twentieth century, the dispersa! counterhypoth­

esis invoked prevailing ocean currents and river drainages ro explain repeated 

dispersa! across ocean barriers, again criticizing the new land bridge hypoth­

esis for its inability to explain the diversity and disrribution of the Caribbean 

fauna (Hedges 1996). If a land bridge existed, why wasn't the fauna a random 

subsample of the continental fauna? This question overlooks the possibility of 

ecological fil tering leading ro the dispersa! and establishment of so me lineages 

but not others; for·example, primates but not marsupials. Another tener of 

thecontemporary dispersa! hypothesis is that the en tire pre-Tertiary Caribbean 

biota went extinct beca use of the dust clouds, tsunamis, and earthquakes that 

would ha ve followed the astero id impact at nearby Chicxulub (Yucatán) 65 Ma 

(Alvarez et al. 1980; Graja! es Nishimura et al. 2000) and the subsidence of the 

West !odies in the Eocene (Graham 2003). 

Although the resurrected dispersa! and vi carian ce hypotheses initially lacked 

phylogenies, multiple morphology-based pbylogenies for Antillean mammals 

soon became available (Horovitz and MacPhee 1999; MacPhee, lturralde-Vinent, 

and Gaffney 2003 ; White and MacPhee 2001; Woods, Borroto, and Kilpatrick 

2001), and the first ta rgeted molecular phylogenies soo n followed (Dávalos 

2005, 2006, 2007; Roca et al. 2004). A reconcil ed··lree appm.tch .tppllr•i lt• 

Caribbean mammal pbylogenies identified a few instanccs of n>llHftl~tll r with 

the GAARlandia hypotbesis, but also pointed to contradicwry nndr' .tno•• 

severa! trees, and difficulties reconciling dated molecular phylogcnies wi th lh r 

timing of the land bridge (Dávalos zo04b). In particular, the coloni7.ation ol 

most nonvolant West Indian lineages was dated to the middle Miocene, b111 

not to tbe late Eocene/early Oligocene boundary as required by GAARla ndia 

(Dávalos 2004b; lturralde-Vinent 2006). At tbe same time, a tbird alternative, 

tbe interconnection of North America and South America through the proto­

Antilles in the Cretaceous, was revived by Mesozoic-age molecular divergence 

es ti mates fo r the soricomorph Solenodon and the xantusiid lizard Cricosaura (Roca 

et al. 2004). Congruence witb GAAR!andia has furtber eroded, as the timing of 

mammalian colonization for most remaining lineages has been dated to either 

before or afte r tbe proposed land bridge (Dávalos 2010; rabie 9.2). Finally, the 

timing of divergence between insular and continental bat lineages has been 

rraced to periods of low sea leve!, conrributing to a fourth biogeograpbic model 

of facilitated dispersa! (Dávalos 2010). 

Ratber than revisit tbe implications of the hypotheticalland bridge (Dáva­

los 2004b), eustatic sea leve! changes (Dávalos 2010), or tbe Cenozoic fossil 

record in tbe Caribbean (MacPhee 2005; Turvey 2009) , we focus instead on the 

a ven u es to resol ve ourstanding biogeograpbic questions. Current biogeography 

studies face two practica! cballenges: how best to use pbylogenies to inform 

biogeography, and how ro incorporare fossil calibrations in phylogeny and then 

interpret the results of divergence analyses. Beyond these methodological con­

cerns, however, Iies thc question of wbich conceptual framework is appropriate 

in historical biogeography. 

First, we concur with earlier analyses that reaffirm the central role of phy­

logeny in biogeographic research (Page and Lydeard 1994). There seems to 

be little debate on this point, as even tbe strongest recent proponents of dis­

persa! curremly rely on phylogenies to show tbat divergences between West 

Indian endemics and their closest extant mainland relatives are not clustered, 

but rather interspersed througb time (Heinicke, Duellman, and Hedges 2007). 

Altbougb phylogenies have beco me available in recent years for bats (Dávalos 

2005, 2006, 2007) and Solenodon (Roca etal. 2004), pbylogenies for rodents and 

vespertilionid and molossid bats are stilllacking. How to use phylogenies to 

inform biogeography remains an open question. Mapping areas as cbaracters 

(Dávalos 2007, 2010; Roca et al. 2004), dispersal-vicariance analyses (Dávalos 

2005, 2006), and pbylogeny-reconciliation approaches (Dávalos 2004b) have all 



Table g.2 Geographic origin of Antillean mammals (endemic species or higher~level taxa), and estimated age of divergence from mainland taxa. 

Closest mainland Inferred geographic Molecular Fossil divergence 

Antillean lineage relatives origin divergence (Ma) (M a) Sources 

Pilosa 

Choloepodinae Cho!oepus South America :2::33-34? MacPhee and Iturralde~Vinent 

{Anatocnus and Neocnus) 1995b; White and MacPhee 2001 

Megalocninae Bradypus South America '2:33-34? MacPhee and Iturralde~Vinent 

(Me,ga!omus and Parocnus) 1995b; White and MacPhee 2001 

Soricomorpha 

Solenodon Eu!ipotyphlan insecti- Proto~Antilles plus 76 (72-81) Roca et al. 2004 

vores (Talpidae + North America 

(Erinaceidae + 
Soricidae) 

Nesophontes Soricidae? Unknown Asher 1999, 2005; Asher, Emry, and 

McKenna 2005 

Rodentia 

Capromyidae ( + Hep- Ciyomys + Euryzygomato- South America 18 (11-27) '2:17.5-18.5 Galewski etal. 2005; MacPhee, 

taxodontidae?) mys(Myocastor?) Iturralde-Vinent, and Gaffney 

2003; Woods. Borroto, and 

Kilpatrick2om 

Heteropsomyinae Mainland echimyid South America/ Wilson and Reeder 2005; Woods, 

(Boromys, Brotomys and rodents/ capromyids Greater Antilles Borroto, and Kilpatrick 2001 

Heteropsomys) 

"Me,ga!omys" audreyae Unknown South America? Turvey et al. 2010 

(continued) 

Table g.2 (continued) 

Closest mainland Inferred geographic Molecular Fossil divergence 

Antillean lineage relatives origin divergence (Ma) (M a) Sources 

Me,galomys desmarestii and Si,gmodontomys aphrastus South America Turvey etal. 2010 

!uciae 

O!igoryzomys virtus Other Oligoryzomys spp. South America Turvey et al. 2010 

Oryzomys anti!!arum Oryzomys couesi Mesoamerica Morgan 1993 

Pennatomys niva!is Oryzomyini "Clade South America Turvey et al. 2010 

D" (Ae,gialomys, 

Amphinectomys, Me!-

anomys, Nectomys + 
Si,gmodontomys) 

Primates 

Xenotrichini Callicebus South America ;;:::17.5-18.5 MacPhee and Horovitz 2004 

Chiroptera 

Nyctiellus, Chilonata!us, Equivocal: Eurasia} 50 (45-56) 

Nataius MainJand Natalidae North America Teeling et al. 2005 

Mormoops blainvi!leí Mormoops me,galophylla Equivoca!: Meso- 15 (11-24) DávaJos 2006, 2010 

america/northern 

South America/ 

Westindies 

Mormoops magna Mormoops me,ga!ophy!!a Unknown Silva~Taboada 1974 

Pteronotus parne!Jií sensu Pteronotus parne!!ii sensu Equivoca!: S (3-8) Dávalos 2006, 2010 

lato (Antillean spp.) lato (mainland spp.) Mesoamerica/ 

northern South 

America 



Table 9.2 (continued) 

Closest mainJa'nd 
Antillean lineage relatives 

................ ~~ ... .......... ....... . .... -----· ·-~ ............ -. .... ~ -~ 

Pteronotus pristinus Ptrronotus parntll ii 

rteranotus quadridtns and Pteronotus douyi and P. 

madroyii 9ymnonotus 

DBmodus puntojudensis Dtsmodus stocki and D. 

archatodaptts 

Manotus wattrltousii sensu Morrotus wattthousii senru 

lata (Antillean spp.) lato (mainland sp.) 

Palynophil (Erophylla, G!ossophaga 

Phyl!onycteris, Brorhy-

phylla) 

Monoph!:lllus G!ossopha,ga 

Sturniro thomosi Sturnira luisi sp. complex 

Chiroderma improuisum C.ui!!oscm 

Artibrus an rhonyi Other Artibtus 

Table 9.2 (continued) 

Closest mainland 

Antillean lineage relatives 

Stenodermatina: Ardops, Artibeus 

Ariteus, Cu bonycteris, 

Phyllops, Stenot:lenna 

Myotis dominiccnsis, and M. otocamrnsis, M. yuman~ 

mortiniqutnsis ensis and M. udifer 

Eptesicus .9 uot:leloupensis E.jUscus sp. complex 

Lasiurus de,gelit:lus Lseminol us 

Lasiurus insuloris L. ego and L. intermtdius 

Lasiurus minor L bortalis, L. blosswilfii, 

and L. saninolus 

Lasiurus pftifferi L. .seminolus 

Nycticeius cubonus Nycticeius humeralis 

Mormopterus minutus M. phrudus and M. 

kalino wskii 

Inferred geographic 

origin 

Unknown 

Equivoca!: 

Mesoamerica/ 

norrhern South 

America/Cuba/ 

Jamaica 

N orth America 

MexiCI) 

Equivoca!: Meso-

america/northern 

South America/ 

Wes tindies 

Equivoca!: Meso-

america(norchern 

South America/ 

Westlndies 

Northern South 

America 
Northern South 

America 

Unknown 

lnferred geographic 

origin 

Equivocal: Meso~ 

america/northern 

South Ame rica/ 

West lnd ies 

Neotropica l 

Unknown 

N orth America 

North America (in~ 

cluding Mexico) 

Nonh America 

N orth America 

N orth America 

Souili America 

Molecular 

divergence (M a) 

14 (9-21) 

17 (12- 26) 

14 (10- 22) 

Molecular 

divergence (Ma) 

10 (7-16 ) 

4(3-S) 

Fossil divergence 

(Ma) Sources 

Fossil divergence 

(M a) 

Simmons and Conway 2001 

Dávalos 2006, 2010 

Suárez 2oos 

Fleming, Murray, and Carsrens 2010 

Dávalos 2010 

Dávalos 2010 

Villalobos and Valerio 2002; C. 

Iudica, pers. comm. 
Baker et al. 1994 

based on systematics-see 

Simmons 200S 

Sources 

Dávalos 2007, 2010 

Stadelmann etal. 2007 

Jones et al. 2002 

Bakeretal.1988 

(continued) 

Morales and Bickham 1995 

based on systematics- see Sim~ 

mons 200s 

Morales and Bickham 199S 

inferred from systematics- see 

Simmons 200S 

Jones etal. 2002 
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been used recently, but these methods u sed neither branch lengt!Js (and hence 

dates- Ree and Smith 2008) nor accounted for environmental change in areas 

ove~ time (Yesson and Culham 2006). The use of character-mapping methods 

thatdo account for branch lengths seems a logical next step in phylogeny-based 

biogeography, beca use there is greater probability of change over long branches 

than over short branches (e.g., Brumfield and Edwards 2007 ; McGuire et al. 

2007). Molecular dating estimares place the earliest divergence of Caribbean 

clades as far back as the Mesozoic (Rocaetal. 2004), so the neteffectof apply­

ing these methods might be to increase uncertainty on the geographic origin, 

mechanism of range expansion, and subsequentdiversification of mammals. 

Greater uncertainty might be more consistentwith the dynamic geological his­

tory and complex biotic history of the regían than a single all-encompassing 

dispersal or vi carian ce model. 

Second, a similar reassessment of molecular divergence dates is in or­

der, as their uncertainty is often large. Rather than confirma particular date, 

molecular divergence dates can only exclude periods of time, such as when 

GAAR!andia would have existed. There are many dating methods, and most 

rely on hard boundaries set by the date of last occurrence as inferred from 

the fossil record (Rutschmann 2006). There is also uncertainty associated 

with the stratigraphy of the fossils u sed in these calibrations, a fact not al­

ways considered in molecular analyses. A minimal requirement for report­

ing molecular divergence dates should be a sensitivity analysis of the dates to 

the fossils available (Dávalos 2010), the use of sofi: boundaries to account for 

stratigraphic uncertainty (Yang and Rannala 2006), and the use of a frequency 

distribution rather than a point estimare of the age of each fossil calibration 

(Drummond et al. 2006). Divergence dates varied up to 10% depending on 

parameters modeling the age.of the root of a clade in a sensitivity analysis of 

molecular dates forCaribbean mammals (Dávalos 2010). If the biogeographic 

hypothesis being tested requires precise divergence times, sensitivity analyses 

could reveal greatervariation, thereby increasing uncertainty in biogeographic 

inference. 

Third, what is the appropriate null for testing historical biogeography? At 

the core of the vicariance versus dispersa! debate is the struggle to define the 

null m o del of biogeography. This choice is crucial. Individual phylogenies can 

simultaneously be congruen t with vi carian ce and dispersa! hypotheses beca use 

both processes can give rise to indistinguishable patterns. Congruence in bio­

geographic patterns between phylogenies is taken to indicare vicariance, an­

other way of saying that vi carian ce should be the null hypothesis. This makes 

Uliana M. Dáualos ond Somuel T. Turuey 

intuitive sense, but it ignores the possibility of congruentdispersal. Converse! y, 
dispersa! as null hypothesis is difficult to test because itrequires somehow test­

ing the predictions of isolated events across different lineages. 

One quantitative approach to dispersa!, the equilibrium theory of island bio­

geography (MacArthur and Wilson 1963) , has been largely overlooked in dis­

cussions of Westlndian mammal biogeographydespite t11e early role of Carib­

bean continental-shelf islands in developing the theory (Koopman 1958). One 

early island biogeography analysis calibrated species-area curves with extanr 

Caribbean bats (Griffiths and !Gingener 1988), withoutestimating colonization 

or extinction rates from the data. Another application included both extinct and 

extant mammals to calibrare species-area curves, and calculared extinction and 

immigration rates based on then-available phylogenies and rough estima tes of 

colonization times (Morgan and Woods 1986). 

Island biogeographic analyses of Caribbean mammals have been limited, 

perhaps beca use paleontologists, phylogenetic systemarists, and ecologists 

ha ve questioned the central tenets of island biogeography, particularly as it 

applies over evolutionary history (Brown and Lomolino 2000; Heaney 2000, 

2007; Olson and)ames 1982; Steadman 1995). The equilibrium theory of island 

biogeography has been criticized beca use: (1) both extant and extinct island 

faunas reveal many instances of nonequilibrium; (2) the theo ry reduces indi­

vidual islands to their isolation and area; and (3) by reducing individual species 

into interchangeable units, the theory ignores the differences in speciation, 

extinction, and colonization rates arising froma species' characteristics. But it 

is precisely the expectation of equilibrium and factoring out of phylogeny that 

makes island biogeography appropriate as a null model for quantitative tests 

of dispersal. If periods of high dispersa! are driven by lowered sea levels, then 

immigration rates should not be uniform but instead show nonequilibrium 

dynamics with peaks around glacial periods. Changes in sea leve! should also 

dicta te the size of islands, producing higher rates of extinction during periods 

of high sealevels. This approach has been u sed to analyze community assembly 

in Lesser Antillean birds (Ricklefs and Bermingham 2001), identitying a rise in 

colonization rate ora mass extinction event befo re the last glaciation. 

Analyzing dispersa! in the framework of island biogeography would com­

plement, not replace, vicariance analyses. Vicariance models are appropriate 

null hypotheses wben paleoclimate or paleogeographic reconstructions in­

dicare continuous habitats at certain periods (e.g., between Grand Terre and 

BasseTerre in Guadeloupe, or between the Exumas in the Bahamas). Choosing 

a dispersa] or vicariance hypothesis as a null model will depend on geological 



WEST INOIAN MAMMALS 

data. When geological data indicare a plausible mechanism of vicariance, this 

can be the null model. In the absence of su eh data, and based on island biogeo­

graphic theory, dispersa! becomes the null model, and quantitative tests based 

on dated phylogenies become possible. 

9.3 The New: Population Genetics of West Indian Mammals 

Historical biogeography has traditionally focused on the srudy of endemic taxa 

and their origins (Dávalos 2004b; Kluge 1989; Page and Lydeard 1994); the 

overlapping ranges of endemics help to outline areas of endemism (Platnick 

1991). With the increasinguse of molecular markers in biogeography, it has 

beco me possible to analyze patterns of population expansion, stasis, or con­

traction, as well as origins of island populations (Lessa, Cook, and Patton 2003; 

Russell eral. 2007; Russell, Goodman, and Cox 2008; Russell et al. 2oosb). In 

the Antilles, only two population-genetic studies, for Anibeusjamaicensis and Ma­

crotus waterhousii, have encompassed both continental and island populations, 

with different results in each case (Fleming, Murray, and Carstens 2010; Larsen 

etal. 2007). The population strucrureof thewidespread fru givorous phyllosto­

mid Artibeusjamaicensis has been studied using mitochondrial restricrion sites 

and RFLP (restriction fragment length polymorphisms) mapping (Phillips et al. 

1989; Phillips eral. 1991; Pumo eral. 1988), mirochondrial sequences (Carsrens 

eral. 2004; Fleming, Murray, and Carstens 2010; Pumo etal.1988; Puma eral. 

1996), and, more recen ti y, amplified fragment-lengrh polymorphisms (AFLPs; 

Larsen, Marchán-Rivadeneira, and Baker 201o). Traditionally, thirteen subspe­

cies of Artibeusjamaicensis have been recognized, three-paruipes,jamaicensis, 

and schwartzi -confined to the West Indies (Koopman 1994; Simmons 2005). 

Large amounts of genetic variation were detected in the earliest genetic analyses 

of Anibeusjamaicensis (e.g., Phillips et al. 1989; Pumo et al. 1988), with highly 

divergent haplotypes found coexisting in the Lesser Antilles (Carstens et al. 

2004; Pum o et al. 1996). 

Multiple hypotheses have been proposed to account for these highly diver­

genthaplotypes: (1) hybridization between differentiated subspecies of a single 

species (Jones 1989); (2) relictual diversity from an ancient invasion that was 

subsequently swamped by new arrivals (Phillips etal. 1989; Pumo et al. 1996); 

and (3) a ring species arriving from the confluence in the Les ser Antilles of 

an eastward Mesoamerican invasion and a northward South American inva­

sion (Carstens et al. 2004). An analysis of mitochondrial sequences offered 

an alternative interpretation: species-level recognition for three reciprocally-
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monophyletic clades, two of them sympatric in S t. Kitts, Nevis , Montserrat, 

S t. Lucia, and Barbados, and al! three present in St. Vincent (Larsen et al. 

2007). The proposed species limits did not follow tl1e traditionally recognized 

subspecies, but they accommodate the clades obrained in analyses of the mi­

tochondrial cytochrome-b gene. This las t interpretation implied that popula­

tions of Artibeusjamaicensis , A. planirostris, andA. schwartzi were crypric in rhe 

Lesser Antilles and have converged on a similar phenotype, despite divergent 

phylogenetic and geographic origins (Larsen et al. 2007). A subsequent study 

of nuclear markers revealed that patterns of genomic variation in A. schwartzi 
are consisrentwith this population originating through hybridization between 

A.jamaicensis andA. planirostris (Larsen, Marchán-Rivadeneira, and Baker 2010). 

Hybridization would have been possible by imperfect reproductive isolation 

between the two parent species. The biogeographic origin of the parent spe­

cies would indicare an eastward invasion of A. jamaicensis from Mesoamerica, 

with planirostris originating in South America. Targeted studies are needed to 

determine if these populations have recently grown, as expected from recent 

colonization leading to hybridization. 

While Artibeus jamaicensis appears to maintain gene flow with mainland 

populations on Mesoamerica, Antillean populations of the insectivorous phyl­

lostomid Macrotus waterhousii seem completely isolated from the mainland coun­

rerparts (Fleming, Murray, and Carstens 2010). Although Macrotus waterhousii 

has been thoughtto comprise one widespread population from Mexico through 

the Bahamas and Greater Antilles, rapidly evolving mitochondrial sequences 

represent at least four reciprocally monophyletic groups, each corresponding 

to islands or island banks. These populations are effectively isolared, without 

shared haplotypes. Morphology-based systematics would suggest a very recent 

colonization from Mexico (Griffiths and Klingener 1988; Koopman 1989), but 

the molecular data showed no evidence of recent population expansion and 

dozens of fixed differences with respect to the mainland population, indicating 

a more ancient colonization date than previously thought (Fleming, Murray, 

and Carstens 2010] . As with Artibeus, additional markers and more research 

on the ecology and morphology of Macrotus are needed to understand how 

these highly divergent allopatric populations maintain their nearly identical 

morphology. 

Population genetic analyses are available for only three other phyllostomid 

endemics: flower-visiting Brachyphylla (Carstens et al. 2004; Dávalos 2004a) 

and Erophylla (Fleming and Murray 2009; Fleming, Murray, and Carstens 2010) 

and the frugivorous Ardops (Carstens et al. 2004). Mitochondrial sequences of 

Brachyphylla revealed the reciprocal monophyly of Brachyphylla nana populations 
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on Cuba and Grand Cayman versus Hispaniola and Middle Caicos (Dávalos 

2004a). Converse! y, detailed analyses of the population genetic strucrure of Bra· 

chyphylla cavernarum showed no evidence of interisland monophyly and instead 

were consistent with incomplete lineage sorting following recent expansion 

into the Lesser Antilles from Puerto Rico (Carstens et al. 2004). A mirror im· 

age of this pattern of stasis in one part of the range and expansion in another 

is shown by Erophylla, whose western populations (Bahamas, Cuba, Caymans, 

and Jamaica) have expanded recen ti y, in contrast with the stable populations 

of Hispaniola and Puerto Rico (Fleming, Murray, and Carstens 201o). Unlike 

Brachyphylla, Erophylla populations ha ve notattained reciproca) monophyly, in· 

dicating much more recent isolation and only incipient speciation. In contrast 

with these two species, which maintain gene flow across most shallow water 

barriers, the Les ser Antillean Ardops is relatively well-differentiated on individ· 

ual islands. Coalescent analyses could not reject island monophyly across tl1e 

northern Antilles (Carsrens et al. 2004). 

None of these endemic genera-Brachyphylla, Erophylla, andArdops-have 

a sister genus on the mainland, and Brachphylla cavernarum and Ardops origi­

nated west of their current range. This can be inferred for Brachyphylla from 

its basal relatives in Hispaniola and Cuba (Dávalos 2004a) , and for Ardops from 

its common ancestty with the Jamaican Ariteus (Dávalos 2007). In contras t. in 

Erophylla , it is the western populations that are recent, likely as a result of sea· 

leve! changes that made the banks of the Bahamas and Cuba much larger than 

at present (Fleming, Murray, and Carstens 2010). Brachyphylla and Erophylla 

share a common ancestor with the (mostly) Mesoamerican Glossophaga and 

Leptonycteris, indicating an origin in that Neotropical subregion. Ardops could 

either be part of an Antillean endemic radiation or the descendent of an ancient 

mainland colonizer (rabie 9.1;.Dávalos 2007, 2010). 

Population genetic approaches are needed in Caribbean mammal biogeog· 

raphy to clase two gaps in higher-level analyses: to delimit species and identifY 

species complexes and w expand biogeographic understanding of widespread 

species. One example of the first gap is the recent revision of Artibeusjamai· 

n•nsis. Although superficially similar, the island populations hitherto called 

Artibeus jamaícensis ha ve complex evolutionary histories and rightfully should 

be called a species complex. In-depth examination of Antillean Natalus has 

revealed isolated populations on Cuba, Jamaica, and Hispaniola (Dávalos 2005; 

Tejedor, Tavares, and Silva·Taboada 2005). The last time these ancient lineages 

exchanged genes was 1.3 million years ago (Dávalos 2010 ). Other populations, 

including Lasiurus (Morales and Bickham 1995), Eptesicus, and Tadarida, remain 

to be studied and mighr also reveal much greater diversity than currently rec· 
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ognized. Although related ro the gap in species delimitation, the biogeography 

of widespread species is indispensable to understand community assembly, 

current strucrure, and to prioritize areas for conservation (Gannon et al. 2005; 

Rodríguez Durán and Kunz 2001). By identifYing routes of colonization and 

providing estimares of the age of colonization, population genetic studies can 

help resolve whether recenr colonizers have outcompeted and replaced endemic 

lineages (e.g., Artibeus replacing Brachyphylla in Jamaica; Koopman and Williams 

1951), if the absence of a species on an island indicares extinction or failure ro 

colonize (e.g., Natalus in Puerro Rico; Tejedor 2006), or whether colonization 

parteros are similar among ecologically distinct genera (Fleming, Murray, and 

Carstens 2010). 

9.4 The Recently Extinct: Caribbean Mammal Species Losses 

In addition to its importance in developing key ideas in biogeography, the An· 

tillean biota has also been used to identifY fundamental ecological processes 

of fauna! turnover and extinction (RicklefS 1970; Ricklefs and Bermingham 

2001; Ricklefs and Cox 1972), and the region's historicalland mammal fituna 

has been the subjecr of considerable investigation into mammalian extinc· 

tion dynamics. The Tertiary terrestrial fossil record of the insular Caribbean is 

still highly incomplete, posing a majar obstacle to understanding ancient pat­

terns of colonization and biogeography across the regían (MacPhee, Iturralde· 

Vinent, and Gaffney 2003; Portell, Donovan, and Domning 2001.). Conversely, 

from the mid-nineteenth century onwards (Castro ~864; Leidy 1868), investi· 

gation of Quaternary deposits on numerous Caribbean islands has revealed 

increasingly diverse assemblages ofrecen ti y extinct mammal species, contain· 

ing both megafaunal and pygmy arboreal sloths, an endemic Caribbean clade 

of primates, and extensive insular radiations of rodents and insectivores, as 

well as numerous bats (see appendix 9.~). Most Quaternary fossils from the 

Caribbean have been reported from cave deposits, but additional material is 

also known from asphalt seeps and sinkholes (Iturralde-Vinent et al. 2000; 

Steadman et al. 2007). 

It is still difficult to generare an accurate estimare of the diversity of the 

prehuman Caribbean mammal fauna. ExtinctLate Quaternary mammal spe· 

cies continue to be discovered from al! of the major Caribbean islands (e.g., 

MacPhee and Flemming 2003; Manci na and Garcia·Rivera 2005; Rega et al. 

2002; Suárez and Díaz-Franco 2003; Turvey, Grady, and Rye 2006), and large 

numbers of additional species, notably Lesser Antillean oryzomyine rice rats, 
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remain undescribed (see appendix 9.1), often because they have been studied 

only by zooarchaeologists (Newsom and Wing 2004; Pregill, Steadman, and 

Watters 1994; Turvey 20a9; Turvey etal. 201a). There are al so majar unresolved 

problems with available taxonomies for-extinct Caribbean mammals, natably 

for Cuban and Hispaniolan capromyid rodents, and many supposed species 

are likely to represent synonyms (Díaz-Franco 2001; Rímoli 1976). However, 

despite these taxonomic uncertainties, aver 100 species ar island papulatians 

af valant and nonvolant land mammals can be interpreted as having become 

extinct during the Late Quaternary (Margan 2a01; Turvey 2009) . Nevertheless, 

it is clear that the Caribbean mammal fauna has experienced the highest level 

af recent species lass of any mammal fauna in the warld , both for the periad 

fallawing 1500 AD and across the entire Holocene (MacPhee 2008 ; MacPhee 

and Flemming 1999; Margan 2001.; Turvey 2a09). Farexample, the Lesser An­

tillean Windward and Leeward Islands alone ha ve lost approximately 20 island 

papulatians af aryzomyine rice rats, many of which were probably distinct 

species; these rice ratextinctions are equivalent in magnitude to the much bet­

ter known historical-era loss of marsupials and rodents in Australia (Johnson 

20a6; MacPhee and Flemming 1999; Turvey 2009; Turvey et al. 2010), but they 

comprise only part of the much greater series of land mammal extinctions so 

far dacumented acrass Caribbean islands. 

Investigatian of the Late Quaternary Caribbean mammal mass extinction 

event may provide novel insights into the putatively human-caused, Late Pleis­

tocene megafaunal extinctions in North America (see Barnosky et al. 2004; 

Martin 1984; Martin and Steadman 1999), anda wider base fordevelopingap­

propriate conservation management plans far surviving Caribbean hutias and 

insectivores, almost all of which are threatened with extinction (Jnternational 

Union for Conservation of Nature [IUCN]2008). As with megafaunal extinc­

tian on the mainland, two majar competing hypotheses have been propased 

to account for Quaternary Caribbean mammal extinctions. Pregill and Olson 

(1981) noted thatmany now-extinct terrestrial vertebrales (particular! y reptiles 

and birds) present in Late Quaternary deposits in the West Indies were charac­

teristic of xeric habitats (arid savanna, grassland , and scrub forest) and obli­

gate xerophiles that are still extant had wider distributions in the Recent fossil 

record. Nonanthropogenic environmental change atthe Pleistocene-Holocene 

boundary at the end of the last glaciatian, natably a large-scale shift to more 

mesic farested habitats, may have been a majar driver of fuunal extinction in the 

region. This hypothesis was adapted to explain West Jndian bat extinctians by 

Margan (2001), who demonstrated thatmost regional batpopulation or species 

175 l iliana M. Dáuafos and Samuef T. Turuey 

losses affected obligare or facultative cave-dwelling species- these extinctions 

may therefore have been driven by changes in cave microclimates ar the inun­

dation of large cave systems by rising sea levels or erosiona] collapse during 

the Pleistocene-Holocene clima tic transirion. In contrast, other authors have 

considered that most or all of the region's mammal extinctions occurred la ter 

in time, and were instead driven by mid-late Holocene anthropogenic actions 

such as overbunting, habitar destruction, and introduction of exotic predators, 

campetitars, and diseases fallawing the arrival af humans in the Caribbean 

around 6ooo BP (Burney, Burney, and MacPhee 1994; MacPhee 2008; Morgan 

and Woods 1986; Wilson 2ao7). 

The question of the timing and causation of Caribbean mammal extinc­

rions is truly interdisciplinary, with patential contriburions from paleantol­

ogy, zoology, and archaeology. However, analyses based on approaches such 

as population genetics have not yet been able to provide useful insights into 

this question, in part because of the continuing difficulty of extracting DNA 

from Caribbean Quaternary specimens, as well as the challenge af obtaining 

sufficient genetic samples from extant but threatened and cryptic land mam­

mal species. Distinguishing between the two extinction hypotheses requires 

establishing "last-occurrence" dates for extinct species based on historical, 

radiometric, or canstrained stratigraphic data; meaningful extinction chronola­

gies are lacking for most of the region's extinctmammal fauna (MacPhee 2008; 

MacPhee, Ford, and McFarlane 1989). Sorne last-occurrence dates are available 

for a handful of mammal species that persisted into the nineteenth or twen­

tieth centuries (e.g., Me¡¡alomys rice rats and the hutia, Geocapromys thoracatus; 

Allen 1942; Clough 1976), but there are few records from earlier centuries and 

they seldom identifY particular species with any accuracy (MacPhee and Fleagle 

1991; Miller 1929a). Dubious twentieth-century reports of severalnow-extinct 

mammal species have generated additional confusion (MacPhee ct al. t9QQ; 

Miller 1930; Raftaele 1979; Woods, Ottenwalder, and Oliver l9ij5). Colla¡¡en 

degradation undcr moist, hum id subtropical condition1 h"• hindered radio• 

metric dating of cvcn youns subfossil material (Turvey et Al. l007), ond dlrect 
radiometric last-occurrence darea are publi1hed for 11 extinctCurlbbeon lnaulu 
manunalspecies . A wider series of terminus poat qutm da tea ha ve bren 1ener· 
ated with reasonable confidencc tiom the apparent stratigntphic co-occurrence 

of extinct species with introduced mammals (particularly Rattus rattus) In su­

perficial cave sediments, although this approach mayal so be problematic and 

open to alternative interpretations (MacPhee and Flemming 1999; Woods and 

Ottenwalder 1992). Information on key variables such as pre-Columbian hu-



WEST INOIAN MAMMALS 

man population densities and prehistoric levels of habitar conversion is also 

highly speculative (e.g., Watts 1987), and evidence on past human exploitation 

of most native Caribbean mammal species, especially large-bodied mammals, 

is typically lacking. 

Des pite these obstacles, stratigraphic studies and applied dating efforts 

since the 1980s (e.g., Steadman, Pregill, and Olson 1984) have provided direct 

or indirect evidence tbat most of the region's LateQuaternary mammal species 

persisted into the Holocene. Tbese srudies ha ve therefore disproved the envi­

ronmental change hypotbesis of Pregill and Olson (1981) as a general explana­

tion for Caribbean mammal extinctions, and have led to the development of a 

two-srage human-driven exrinction model for nonvolantCaribbean land mam­

mals. Although there is evidence forrelarively intensive pre-Columbian Amerin­

dian exploitation of so me rodcnrs, norably in the Lesser Antilles (Nevvsom and 

Wing 2004 ), many or most of the extinct small- and medium-sized rodent and 

insectivore species (nesophontid island-shrews, heteropsomyine echimyids, 

butias, rice rats), and the Jamaican monkey Xenothrix mcgregori are now thoughr 

to have survived until around the time of European arrival. Few of these appear 

to ha ve survived much beyond first European contact (Flemming and MacPhee 

1999; MacPhee and Flemming 1999; MacPhee et al. 1999; McFarlane et al. 2000; 

Turvey et al. 2007; Turvey 2009). 

It is probable that the exrinction of most of the smaller nonvolant land 

mammal fauna was driven by interactions with Rattus rattus, which reached the 

Caribbean by the early 150os, although the subsequent deliberare inrroduction 

of the mongoose Herpestes javanicus and massive forest clearing for sugarcane 

and other crops were also key drivers in extinctions of sorne native small mam­

mals. Although furtherdata are required to clarifjr the ecological mechanism(s) 

by which exotic Rattus species cause extinctions, rats have been implicated in 

the disappearance of small mammals and many other taxa on island systems 

across the world througb competition, predation, disease transmission, and 

habitar modification (Drake and Hunt 2009; Harris 2009; Harris, Gregory, and 

Macdonald 2006; Harris and Macdonald 2007; Towns, Atkinson, and Daugh­

erty 2006; Wyatt et al. 2008) . 

Recent direct radiometric studies have also demonstrated the protracted 

survival of Caribbean large-bodied mammals (MacPhee, Iturralde-Vinent, and 

Vazquez 2007; Steadman et al. 2005; Turvey et al. 2007), with at least so me 

megalonychid sloths (Megalo cnus rodens, Neocnus comes) and heptaxodontid ro­

dents (Eiasmodontomys obliquus) apparently persisting for millennia beyond firs t 

human arrival in the Greater Antilles. These taxa apparently became extinct 
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through attrition , possibly driven by low-level exploitation befo re Columbus or 

by indirect factors su eh as progressive habitar modification- "sitzkrieg"-style 

events (sensu Diamond 1989)-rather than through a rapid "blitzkrieg"-style 

overkill following Amerindian colonization. 

This two-srage pattern of extinction-protracted survival after humanar­

rival, but eventually leading ro extinction- m ay reflect either different levels 

of human exploitation of large-bodied and small-bodied mammal taxa or the 

intrinsically higher vulnerability of larger-bodied species to human impacts 

dueto size-dependentscaling of ecological and life-history rraits (Cardillo etal. 

2005). The delayed extinction of even the large-bodied Caribbean land mam­

mals contrasrs markedly with rapid extinctions of other large-bodied insular 

taxa overexploited by early hunters (e.g., New Zealand moas; Holdaway and 

Jacomb 2ooo), and instead resembles the prorracted late Holocene declines of 

large-bodied mammals on Madagascar (Burney et al. 2004). Severa] extinct Ca­

ribbean bars are known to have persisted into the Holocene (Jiménez Vázquez, 

Condis, and García 2005; Steadman, Pregill, and Olson 1984), and there is 

little or no evidence that humans ever consumed bats in the Caribbean (Mickle­

burgh, Waylen, and Racey 2009). Jt should be noted that many Caribbean bats 

(e.g. , Natalus) are severely threatened by invasive mammals such as feral cats 

(Tejedor et al. 2005) and by loss of foraging habitar through deforestation 

(Gannon et al. 2005) . These anthropogenic factors may also have contributed 

to past bat extirpations and extinctions in the region. Large congregations of 

cave-roosting bars may enhance theirvulnerability to introduced predators su eh 

as rats, cats, and mongooses. This risk becomes particularly acute as natural 

or anthropogenic change confines populations to single caves (e.g., Natalus 

in Cuba or Jamaica; Tejedor, Silva-Taboada, and Rodriguez Hernandez 2004; 

Tejedor, Tavares, and Silva-Taboada 2005). 

Although most Caribbean land mammal extinctions have been caused by 

prehistoric and historie-era human impacts during an interval of relatively 

modest environmental change, there is sorne evidence to suggest that other 

regional extinction events may have occurred as a result of environmental 

change befare bumans reached rhe is lands. Uranium-series disequilibrium 

dates support a nonanthropogenic Late Pleistocene extinction for the giant 

hutia Amblyrhiza inundata, probably caused by inundation of the Anguilla Bank 

at the end of the last glaciation (McFarlane, MacPhee, and Ford 1998). Pre­

Holocene extinctions have also been postulated for other species, including 

the Jamaican giant rodent Clidomys osborni, the Puerto Rican rodent Puertori-
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comys corozalus, and the Cuban monkey Paralouatta varonai, on the basis of the 

heavy fossilization of all known specimens and their absence from well-studied 

Late Quaternary deposits (MacPhee and Meldrum zoo6; MacPhee, Ford, and 

McFarlane 1989; Morgan and Wilkins 2003; Williams and Koopman 1951). 

However, the apparent absence of these species may also reflect incomplete 

palaeontological sampling rather than early extinction. Although none of the 

Greater Antillean islands experienced catastrophic late Quaternary fluctuations 

in exposed areas from eustatic changes in sea leve!, severe climatic events in 

the Antilles have been postulated for the last interglacial period (McFarlane and 

Lundberg 2004)-glaciers may even have formed at higher elevations on the 

largest islands (Schubert and Medina 1982)-with unexplored consequences 

for the regional fauna. Understanding of Caribbean mammal extinctions is 

thus still incomplete and in need of further investigation and testing; we expect 

that the temporal framework for extinctions we have sketched will have to be 

revised as new data emerge. 

9 .5 Prospects for the Historical Biogeography 
of West Indian Mammals 

There are three main gaps in· our understanding of Antillean historical bio­

geography: (1) resolving species limits and phylogenetic relationships for 

severa! endemic lineages (e.g. , hutías , Lasiurus); (2) undertaking revisionary 

morphological and population genetics analyses of widespread Jineages (e.g., 

Mormoops megalophylla and Eptesicusjúscus) ; and (3) combining phylogenetics, 

population genetics, and ecological biogeographywith paleontology, zoology, 

and archaeology to detail the history of both colonization and extinction across 

Caribbean communities. Des pite recent progress in resolving relationships 

among the majority of the endemic West Indian lineages (e.g., Dávalos 2007; 

Horovitz and MacPhee 1999; White and MacPhee 2001), the largest radiation 

of nonvolant mammals-the hutias -remains only partly resolved (Woods, 

Borroto, and Kilpatrick 2001). Revisionary work (e.g., Turvey, Grady, and Rye 

2006) has demonstrated the need to examine species limits of both extant and 

fossil material. This also holds for lineages with fewer species, such as La­

siurus, that ha ve never been included simultaneously in a phylogenetic analyses 

and whose pbylogenetic relationships are still poorly understood (Simmons 

2005). QuantifYing rates of colonization, speciation, and extinction over time 

requires as many phylogenies and instances of colonization as possible, anda 
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phylogeny of hutias would add the largest number of nonvolant species in the 

region. The phylogenies of these taxa would be much more than single data 

points in historical biogeography- they would illuminate the mechanisms of 

dispersa! from the mainland, interisland colonization, and further clarifY driv­

ers of extinction risk. 
A second remaining gap in Caribbean mammal biogeography involves 

widespread species and species complexes whose population genetic structure 

and geographic origin remain largely unexplored. Both morphological mea­

surements and the few mitochondrial sequences available suggest that insular 

populations of Pteronotus parnellii constitute distinct species (Dávalos 2006; 

Lewis-Oritt, Porter, and Baker 2001). Mormoops megalophylla requires similar 

revisionary work to determine if the fossils found throughout North America, 

th e West Jndies, and northern South America are conspecific (Czaplewski and 

Cartelle 1998; Silva-Taboada 1974). Although population structure in large, 

vagile, wide-ranging species such as Tadarida brasiliensis or Eptesicus}Uscus should 

be detectable only at very broad geographic sea les, the distan ces and depths 

separating West !odian and mainland populations might still prove to be sig­

nifican! barriers to gene flow (Russell and McCracken 2006; Russell, Medellin, 

and McCracken 2005) . 

Closing the third gap will require extending population genetic studies to 

continental populations, and using ecological modeling, radiometric dating 

of fossils and subfossils, and even sequencing genetic samples from extinct 

populations. Despite severalrecent studies taclding the population genetics and 

phylogeography of West Indian bats (e.g., Carstens et al. 2004; Fleming and 

Murray 2009; Fleming, Murray, and Carstens 2010; Larsen et al. 2007; Larsen, 

Marchán-Rivadeneira, and Baker 2010), there has been no research investigat­

ing both population genetic structure and timing of colonization in widespread 

bats (e.g., Russell, Goodman, and Cox 2008). By combining timing of diver­

gence or colonization from population genetics analyses with modeling of the 

climatic niche of the populations in question, new insighrs on the relarionship 

between climate change, colonizarion, and persisrence are possible (e.g., Car­

naval and Moritz 2008; Carnaval et al. 2009). Dating tos sil remains (McFarlane 

and Lundberg 2004), and even the use of ancient DNA from subfossils (Shapirn 

et al. 2004), would refine the timescale of decline and extinction of popula­

tions. These synthetic analyses would test clima te change as the primary driver 

of extinction in the West !odies, particularly among bats (Margan 2001). By 

directly evaluating the availability of suitable habitar for different species under 

alternative di mate conditions, su eh studies would help clarifY the relative roles 
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of overexploitation and habitar change in pastCaribbean mammal extinctions 

(MacPhee, Irurralde-Vinent, and Vazquez 2007; Turvey etal. 2007). 

Both traditional systematic approaches (e.g., to resolve species limits us­

ing morphological data, and syntheses of more novel methods) along with 

combining historical and ecological biogeography with radiometric dating of 

fossil remains, will be necessary to resolve the outstanding questions on the 

geographic origins and drivers of extinction in this biota. After reviewing the 

century-long history of rhe vicariance versus dispersa! debate, we conclude 

that quantitative approaches, including equilibrium models hitherto absent 

from most historical analyses, can better serve as null hypotheses than single­

mechanism hypotheses such as dispersa! or vicariance. 
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Appendix g.1 

Table Ag.1 Complete taxonomic list, starus, and distriburion of extincr and extant West lndian mammals. Taxonomy follows contributors to Wilson 

and Reeder (2005) and Turvey (2009), with additional data from White and MacPhee (2001) and Rega et al. (2002) for sloths, MacPhee and Flem­

ming (2003), Borroto-Páez, Woods, and Kilpatrick (2005), and Twvey eral. (2006, 2010) for rodents, and Dávalos (2006), I.arsen etal. (2007), Mar­

gan (2001), and Tejedor (2011) for bats. Named subspecies of Pt"onotus pamellii, Chilonatalus micro pus, and Brachyphylla nana are treated as disrinct 

based on morphological and molecular data in Dávalos (20043, 2006), Margan (2001), and Tejedor (2011). Five batspecies found in the Anrilles only 

on Grenada (Anoura ,geoffioyi, Artíbeus,glaucus, Micronycterís megalotis, and Peropteryx macrotis) are not induded in this list. An online version of this rable 

is available at http://sites.google.com/site/lmdavalos/appendix9_1.csv. 

ORDER, FAMILY, andGtnus SPECfES ENDEMIC EXTINCT DISTRI BUTION ("!" indicates extirpatcd from an island) 
---------------------------------------------- ----------------------
PILOSA 

MEGALONYCHIDAE 

Acratornus 

Galerocnus 

Mryalornus 

Ntocnus 

Paramiornus 

Parornus 

Table Ag.1 (continued) 

ORD.ER, FAMILY,andGtnus 

SORJCOMORPHA 

NESOPHONTI DAE 

Ntsophontts 

SOLENODONTlDAE 

So!tnodon 

RODENTIA 

CAPROMYTDAE 

Capromys 

odontri.gonus 

anti!lensis 

Y' 
simorhynchus 

jaimtzi 

rodtns 

zile 

,glirlfomis 

majar 

comtS 

dousman 

toupiti 

riveroi 

StrUS 

browni 

SPECtES 

tdithae 

hypomicrus 

majar 

micrus 

paramicrus 

zomicrus 

sp. nov. A 

sp. nov. B 
-····-···· .......... 

arredondoi 

cubanus 

marcanoi 

paradoxus 

antiquus 

amdondoi 

latus 

pappus 

pilcridtS 

rob11stus 

sp. nov. 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

ENDEMIC 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

r 
t 
-¡-

t 

-¡-

EXTINCT 

-¡-

l 
l 
-¡-

l 
-¡-
-¡-

l 

-¡· 

l 

-¡-

l 

r 
¡· 

¡-

Puerto Rico 

Cuba 

Hispaniola 

Hispaniola 

Cuba 

Cuba 

Hlspaniola, lle de la Torrue 

Cuba 

Cuba 

Hispaniola 

Hispan iota 

Hispaniola 

Cuba 
Hispaniola, llede la Tortue, ttede la Gonave 

Cuba 

DISTRIBUTION (l indicates extirpated from an island) 

Puerto Rico, Vieques, Sr. John, S t. Thomas 

Hispaniola, T!e de la Gonave 

Cuba 

Cuba, [sle of Pines 

Hispaniola 

Hispaniola, lle de la Gonave 

CaymanBrac 

Grand Cayman 

Cuba 

Cuba 

Hispaniola 

Hispaniola, lle de la Gonave 

Cuba 

Cuba 

Cuba 

Cuba 

Cuba, Isle of Pines, otherCuban offi;:hore islands 

Cuba 

Cayo Bailen tino del Medio (Camaguey, Cuba) 

{continues) 



2.¡;' ORDER, FAM I LY, and Gtnus SPEC IES 
sc e 

ENDEMI C EXTI N CT DISTR I BUTJON (l indicatesextirpated from an is land) ... 
• ;¡ Geocapromys brownii + Jamaica 
~ ffi 
lll 9-: columbianus + -¡- Cuba 

~ ~ inyrahami + Ackl ins, Crooked Island, Middle Caicos, Andros , Cat rsland, Eleuthera lsland, 
~ '0§. Great Exuma, Little Ex urna, Long rsland, New Providence, Ragged Island, Great 

11 Abaco, East Plana Cay, San Salvador, Samana Cay 
iif 3 p!tistocenicus + 1" Cuba ~w 
e ¡¡¡ 

thoraratus + i Linle Swan Isfand 
~! 
c e sp. nov. A + r CaymanBrac 

i l sp. nov. B + -¡- Grand Cayman 

;g. ~ Hexolobodon phenax + 1" Hispaniola, fle de la Gonave 
;:r §= gen. nov.? (aff. Hexolobodon) sp. nov. + -¡- Hispaniola 
~::c.· 

~ l Iso!obodon montanus + -¡- Hispaniola, !le de la Gana ve 

Jfg_ portoricensis + -¡- Hispaniola, JI e de la Gonave, [le de la Tortue, Mona, Cuan a, Jostvan Dyke, Puerto 
IIL ~ 

Rico, S t. John, St. Thomas, Torcola, Vieques, St. Croix ~f 
s· o Mesocopromys an_gelcabrerai + Cayos de Ana Maria (Cuba) 
~· ~ auritus + Cayo Fragoso (Archipielago de Sama na, Cuba) ;!fl 

barbouri + -¡- Cuba ~ e 

~ ~ bcatrizat + t Cuba 
~ o delicatus + t Cuba 
~ [ 

graci !is + "1" Cuba 1'"8 
~ m kra,gl ieuiclti + t Cuba 

~~ melanurus + Cuba 
:\l minimus + -¡- Cuba cil" 
~ nanu.S + Cuba,lsleof Pines 
~ sanftlipensis + San Felipe Cays (Cuba) "' J si!vai + -¡- Cuba 

(continuts) 

Q.C} Table Ag.1 (continued) 

~~ 
ORDE R, FAMILY, and Genus SPEC IES ENDEMI C EXTIN CT DI STRI BUTION (]' in di cates extirpated from an island) ~ " 

!i 
M!Jsoteles garridoi + Cayo Maya, Cayo La ego, Cayo de la Piedrn (Cuba) li .9undlachi + Isle of l?ines 

~~ 

"@~ jaumei + "1 Cuba 
~. [ meridionalis + lsle of Pines (Cuba) 
"'3 

~~ prthensi!is + Cuba 

Plagiodontia aedium + Hispaniola, lle de la Gonave 

~~ ararum + i Hispaniola, Ue de la Gonave 
~ ~ 

ipnatum + i Hispaniola -8~ 
~·~ Rhizoplagiodontia !emkti + t Hispan iota 
;:?;§= 

~ ~ : Cricetidae 
=-<!" 

gen. nov.? sp. nov.? + t Anguilla, St. Manin, Timamarre Jf~ 
!!Lg gen. nov.? sp. nov.? + 1 Barbados 
~Jr 
~-o gen. nov.? sp. nov.? + 1 Carriacou 
e· -u 

sp. nov.? + 1 Grenada ~ ~ gen. nov.? 

ffi§= gen. nov.? sp. nov.? + l Grenada 

~~ gen. nov.? sp.nov.? + 1 Guadeloupe 
Q g. gen. nov.? sp. nov.? + i La Desirade 
~[ gen. nov.? sp. nov.? + l Marie Galante 
1' "8 
2:~ gen. nov.? sp. nov.? + ~ Montserrat 

~~ gen. nov.? sp. nov.? + "1 Montserrat 

~· 
gen. nov.? sp. nov.? + l Saba 

o gen. nov.? ("Ekblrtom¡¡s") sp. nov.? + l Antigua, Barbuda 
~ Mtga!omys audrt!Jat + 1 Bacbuda 
~ 
í· 

dtSmarertíi + -¡- Martinique 

luciat + -¡- St Lucia 



ORDER, FA MI LY, and Genus SPECJES 

Oligoryzomys uictus 

Oryzomys antillarum 

Ptnnatomys nivalis 

ECHIMYIDA E 

Boromys olfdla 

ton ti 
Bmtomys contractus 

uoratus 

Heteropsomys insulans 

Puertoricomys corozalus 

HEPTAXODONTrDAE 

C!idomys osbomi 

Elasmodontomys obliquus 

Qurmisio gravis 

Xaymara incertat stdis fulvopulvis 

gen. nov. sp. nov. 

Taínotherium ualei 
···----··················--·-···----··· ··--·--·--·-------··--------- . 

PRJMATES 

PITH EC 1 1 DA E 

Antiliothrix 

Paralouatta 

Xenothrix 

Table Ag.1 (continued) 

ORDER.. FAMI LY, andGrnus 

CHIROPTERA 

MOLOSSIDAE 

Eumops 

Molossus 

Monnopwus 

Nyctinomops 

Tadarida 

MORMOOPIDAE 

Mormoops 

berntnsis 

uaronai 

mcgregori 

SPEC I ES 

ouripendutus 

glaudnus 

ptrotis 

molossus 

minutus 

loticaudatus 

monotis 

brasiliensis 

blainvi!lei 

ENDEMIC EXTINCT DISTRIBUTION ("\" indicates extirpated from an island) 

+ l St. Vincent 

+ l Jamaica 

+ l Nevis, S t. Eustatius, S t. Kitts 

+ l Cuba 

+ l Cuba, [sle of Pines 

+ l Hispaniola 

+ l Hispaniola, tle de la Gonave 

+ l Puerto Rico, Vieques 

+ l Puerto Rico 

+ 
+ -¡- Jamaica 

+ -¡ Puerto Rico 
+ -¡- Hispaniola 

+ -¡- Jamaica 

+ l Jamaica 

+ -¡· Puerto Rico 
.......... ------ "" ......... _. ____ ....... _. __ ~ 

+ -¡- Hispaniola 

+ ¡- Cuba 

+ ¡- Jamaica 

(rontinues) 

ENDE M IC EXTIN CT Ü ISTRI KUT ION (l indicares extirpated from an island) 

+ 

+ 

Jamaica 

Cuba, Jamaica 

Cuba 

Cayman Brac, Cuba, lsleof Pines, Grand Cayman, Hispaniola, He de la Gonave, 

Jamaica, Culebra, Guana, Puerto Rlco, S t. John, S t. Thomas, Torwla, Vieques, 

Virgin Gorda, St. Croix, Anguilla, St Barthetemy, St. Eustatius, Sr. Martín, 

Antigua, Barbuda, Barbados, Dominica, Carriacou, Grenada, Union, Guade~ 

loupe, La Desirade, Marie Galante, Marcinique, Montserrat, Saba, S t. Lucia, S t. 

Vincent, Nevis, St. Kitts 

Cuba 

Cuba 

Cuba, Jamaica, Hispaniola 

Acklins, Crooked Island, Fornme Island, Middle Caicost, Eleuthera Island, Great 

Exuma, Little Ex urna, Long Island, New Providencet, GreatAbaco, Little Abaco, 

Cuba, Isle of Pines, Grand Cayman, Hispaniola, Jamaica, Puerto Rico, St. John, 

Anguil!a, St. Barthelemy, St. Eustatius, S t. Martín, Antigua, Barbuda, Dominica, 

Guadeloupe, La Desirade, Martinique, Montse rrat, Saba, S t. Lucia, S t. Vincent, 

Nevis, St. Kirrs 

Uttle Exumal, New Providence-1-, Great Abacol, Cuba, Hispaniola, lle de laGo~ 

navet, Jamaica, Mona, Puerto Rico, Anguillú, Antigua-¡·, Barbuda·t· 



ORDER, FAMILY, and Genus 

Pteronotus 

NATALIDAE 

Chi!ono tolus 

Natalus 

Nyrtitl/us 

Table Ag.• (continued) 

OR.DER, FAMILY, and Gtnus 

NOCTILIONIDAE 

Noctilio 

PHYLLOSTOMIDAE 

Ardops 

Ariteus 

Artibt.us 

Brachyphylla 

SPECJES ENDEMt C EXT t NCT DISTRIBUTION ('j' indicateS extirpated from an is!and) 

mayna + 
mr,golophylla 

davyi 

macleayii + 
porndlii pornrilii + 
parnrllii + 

portoricensis 

parnellii pusi!! us + 
pornellii 

rubiginosus 

pristinus + 
quodridrns + 
sp. nov. + 

rum id!frons + 
mi(ropus micropus + 
micropusmacer + 
rtramintus + 

jamaictnsis + 
major + 
primus + 
ltpidw: + 

Cuba 

Andros, Grear Abaco, Cuba, Hispaniola , Jamaica 

Dominica, Grenada, Marie Galan te, Martinique 

New Providencet, Cuba, Isle of Pines, Jamaica 

New Providence1·, Great Abacol, Cuba, Isle of Pinesl, Grand Caymant, Jamaica 

Mona, Puerto Rico, Antiguat 

Hispaniola, Ile de la Gonavei· 

St. Vincent 

Cuba 

Androst, New Providencel, GrearAbacot, Cuba, Hispaniola, Jamaica, Puerto Rico 

Hispaniola 

Andros. cat lslandl, Great E.xumat, New Providencet. Great Abaco, San Salvador 

Hispaniola, Jamaica, Providencia 

Cuba, Isle of Pines, Grand Caymanl 

AnguiJla, St. Martin, Antigua, Barbuda, Dominica, Guadeloupe, Marie Galante, 

Martinique, MonlSerrat, Saba, Nevis 

Jamaica 

Hispaniola, Middle Caicost 

Androsl , New Providencel, Grear Abacol, Cuba, Isle of Pinesl , Grand Caymanl 

Androsl, Cat Island, E.!euthera Island, Grear Exumat, Little Ex urna, Long lsland, 

Cuba, Isle of Pines 

(continues) 

SP ECI ES END EMIC EXTJNCT DISTRI BUTI ON (T indica tes extirpated from an island) 

!eporinus 

nichollsi 

jlavesctns 

jamaicensis 

!ituratus 

onthonyi 

schwa mi 

p!anirostris 

cavernarum 

nana nana 

nana pumila 

+ 

+ 

+ 
+ 

+ 

+ 
+ 

Great Inagua, Cuba, lsle of Pines, Hispanio!a, Jamaica, Mona, Culebra, Puerto 

Rico, St. John, S t. Thomas, Vieques, St Croix, Sr. Martin, Antigua, Ba rbuda, 

Barbados, Dominica, Carriacou, Grenada, Guadeloupe, Mari e Galante, Martin~ 

ique, Monrserrat, S t. Lucia, St. Vincent, Nevis, St. Kins 

St. Eustatius, St. Martin, Dominica, Guadeloupe, Marie Galante, Manínique, 

Monrserrat, Saba, St Lucia, St. Vincem, Nevis, S t. Kins 

Jamaica 

Providenciales, Grea t Inagua, Li ttle !nagua, Mayaguana, Cayman Brac, Litrle Cay~ 

man, Cuba, lsle of Pines, Grand Cayman, Hispaniola, He de la Gonave, Jamaica, 

Anegada, Culebra, Guana, Puerto Rico, S t. John, St. Thomas, Tortola, Vieques, 

Virgin Gorda, Sr. Croix, Anguilla, S t. Banhelemy, St. Eustatius, St. Martin, 

Antigua, Barbuda, Barbados, Dominica, Bequia, Carriacou, Grenada, Mustique, 

Un ion, Guadeloupe, La Desirade, Marie Galante, Martinique, Montserrat, Saba, 

St. Lucia, S t. Vincent, Nevis, S t. Kitts, Providencia, San Andres 

St. Vincent 

t Cuba 

Barbados, Montserrat, St. Lucia, S t. Vincent, Nevis, St. Kitts 

St. Vincent 

Guana, Puerto R.ico, S t. fohn , S t. Thomas, S t. Croix, Anguilla, S t. Barthelemy, 

St. Eusratius, St. Martin, Antigua, Barbuda, Barbados, Dominica, Guadeloupe, 

La Desirade, Marie Galante, Martinique, Montserrat, Saba, St Lucia, S t. V in~ 

cent, Nevis, St Kitts 

Androsl, New Providencel, Cayman Bracl, Cuba, Isle of Pines, 

Middle Caicos, Cayman Bract, Hispaniola, Jamaicat 



ORD ER, FAMILY, and Genus 

Chiroderma 

Cubanyrttris 

Desmodus 

Erophy lla 

Glosso pha,ga 

Macro tus 

Monophyllus 

Phyllonycteris 

Table A9.1 (continued) 

ORDER, FAMILY, andGrnus 

Phyllops 

Stenoderma 

Stumira 

Tona tia 

VESPERTILIONIDAE 

Antrozous 

Eptt.Sicus 

Lasiurus 

Myotis 

Nycticeius 

SPEC IES 

improvisum 

si/vai 

puntajudt:nsis 

bombiftons 

smkorni 

lon,girostris 

sorícina 

wattrhousii 

plrthodon 

redmani 

aphylla 

poey i 

major 

SPECIES 

fo icatus 

sí!vai 

vetus 

ruJum 

Hlium 

thomasi 

scurophila 

pallidus 

.fi¡scus 

_guadetoupensis 

degdidus 

insularis 

minor 

pfriffiri 

intermedius 

dominict:ruis 

martiniquensis 

EN DE MI C 

+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 

+ 
+ 
+ 

ENDEM IC 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

cf. austroriparius + 
cubanus + 

EXTINCT DISTRI BUTION ("!"indica tes extirpated from an island} 

Guadeloupe, Monrserrat 

t Cuba 

l Cuba 

Hispaniola, Pueno Rico 

Acklins, Crooked Island, East Caicos, Middle Caicos, North Caicos, Providen-

ciales, Andros, Cat Island, Eleuthera Island, Great Exuma, Little Exuma, Long 

Island, New Providence, Greatlnagua, Grand Bahama, GreatAbaco, Maya-

guana, East Plana Ca y, San Salvador, Cayman Brac, Cuba, Iste of Pines, Gra nd 

Cayman, Jamaica 

Carriacou, Grenada, Un ion, S t. Vincent 

Jamaica 

Acklins, Crooked Island, East Caicos, Middle Caicosl, North Caicos, [>roviden-

ciales, Andros, Cat Island, Darby, Eleurhera Jsland, Great Ex urna, Litde Exuma, 

Long Island, New Providence, Great lnagua, Great Abaco, East Plana Cay, San 

Salvador, Cayman Brac, Little Cayman, Cuba, Isle of Pines, Grand Cayman, 

Hispaniola, lle de la Gonave-r, Jamaica, Navassa, Puerto Ricol, Anguillat 

Puerto Ricol, Anguilla, St. Barthelemy, SL Martin, Antigua, Barbuda , Barbados, 

Dominica, Guadeloupe, Martinique, Montserrat, Saba, St. Lucia, St. Vincent, 

Nevis, St. Kitts 

Acklins , Crooked Is!and, Middle Caicos, North Caicos, Providenciales , Androsl, 

New Providencel, GreatAbacol, Cayman Bract , Cuba, lsle of Pines, Grand 

Caymant, Hispaniola, lle de la Gonavel, Jamaica, Puerto Rico 

Jamaica 

New ProvidenceT, Great Abacol, Cayrnan Bract, Cuba, Isle of Pines, Hispaniola 
·¡· Puerto Rico 

(continut.S) 

EXTI NCT DI STRI BUTION (l indicates extirpated fro m an isJand) 

Cayman Brac, Cuba, Isleof Pinest, Grand Cayman, Hispaniola 

Cuba 

Cuba 

Puerro Rico, S t. John, S t. Thomas, Vieques, St. Croix 

Dominica, Grenada, Martinique, SL Lucia, St. Vincent 

Guadeloupe, Momserrat 

Jamaica 

Cuba 

Grand Bahama, GreatAbaco, San Salvador, Cayman Brac, Cuba, Isle of Pines, 

Grand Cayman , Hispaniola, Jamaica, Pueno Rico, Dominica 

Guadeloupe 

Jamaica 

Cuba 

Providenciales, Andros, Cat Island, Long Jsland , New Providence, Great !nagua, 

Grand Bahama, Mayaguana, Hispaniola, Puerto Rico 

Cuba 

Cuba, lsle of Pines, Hispaniolal 

Dominica, Guadeloupe 

Martinique, Barbados 

A baca 

Cuba 
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