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Journal of Mammalogy, 89(2):282-291, 2008 

MOLECULAR CONFIRMATION OF THE ORIGIN AND 
INVASIVE STATUS OF WEST INDIAN RACCOONS 

Kristofer M. Helgen,* Jesus E. Maldonado, Don E. Wilson, and Sandra D. Buckner 

Division of Mammals, National Museum of Natural History, NHB 390, MRC 108, Smithsonian Institution, 

P.O. Box 37012, Washington, DC 20013-7012, USA (KMH, DEW) 

Department of Biological Sciences, Division of Environmental and Life Sciences, 

Macquarie University, Sydney, New South Wales 2109, Australia (KMH) 
Center for Conservation and Evolutionary Genetics, NMNHINZP, 3001 Connecticut Avenue NW, 

Washington, DC 20008, USA (JEM) 
Villa Capulet, Montague Foreshore, P.O. Box N 8893, Nassau, The Bahamas (SDB) 

Raccoons occur on a number of islands in the Bahamas and the Lesser Antilles in the West Indies. 

Zooarcheological studies have long suggested that these animals are not native to the West Indies. Originally, 
Caribbean populations were described as endemic insular species Procyon maynardi (Bahamas), P. minor 

(Guadeloupe), and P. gloveralleni (Barbados), a classification that was recognized throughout much of the 20th 

century. More recently, studies of qualitative morphology and a review of historical publications and documents 

have been used to bolster arguments that these populations of raccoons are not unique species worthy of special 

conservation attention, but invasive populations of the North American raccoon (P. lotor) introduced in recent 

centuries. Raccoons in the Bahamas and the French Antilles appear to be spreading onto other islands with 

human assistance, but the population on Barbados is now apparently extinct. We present evidence from the 

mitochondrial control region, including sequence data from the extinct population on Barbados generated using 
ancient DNA protocols, indicating that all 3 major insular populations of West Indian raccoons are conspecific 
with P. lotor and probably originated via recent translocations from eastern North America. Like nonnative 

populations of raccoons that have been established elsewhere (e.g., in Alaska, Japan, and Europe), the raccoons 

of the West Indies deserve no special taxonomic recognition or conservation status. They may be destructive to 

native wildlife on West Indian islands where they have been introduced, particularly if their spread to and across 

other islands continues. 

Key words: ancient DNA, Carnivora, conservation, invasive species, island biogeography, taxonomy 

This is a cautionary tale involving island endemics, invasive 

aliens, premature descriptions, and the need for solid sys 
tematic studies in making conservation decisions. In a previous 

paper (Helgen and Wilson 2003), we documented that the 3 

recently recognized "species" of raccoons from the Caribbean 

(Wozencraft 1993) are each the result of introductions of the 

widespread North American species, Procyon lotor (Fig. 1). 
Modern molecular methods allow for an unprecedented level of 

discrimination in determining the origin of introduced popula 
tions. Building on the genetic study by Pons et al. (1999), we 

used DNA sequencing to further establish the provenance of 
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populations of raccoons from the Bahamas, Guadeloupe, and 

Barbados. 

In the latter part of the 19th century, Charles Johnson 

Maynard, a nationally known ornithologist respected for his 

research, particularly on the vocal organs of birds, travelled 

from his home in Newton, Massachusetts, to the Bahamas in 

search of natural history specimens. He noted the abundance of 

raccoons on New Providence Island, and brought back live 

animals in 1897, which he showed to Outram Bangs, Cura 

tor of Mammals at the Museum of Comparative Zoology at 

Harvard University. Bangs subsequently arranged for the col 

lection of a specimen, an immature male with the posterior part 
of the skull smashed, which became the type specimen of 

Procyon maynardi Bangs, 1898 (Helgen and McFadden 2001). 
Had Bangs been aware of the journals of Johann David 

Schopf, he would have realized that Bahamian raccoons were 

the result of an introduction, rather than a naturally occurring, 

undescribed species. Schopf was born in 1752 in the German 
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Fig. 1.?Map of the West Indies, showing the distribution of raccoons on islands throughout the region. The North American raccoon (Procyon 

lotor) occurs throughout the mainland of North and Central America and has been introduced in the Bahamas (New Providence, Grand Bahama, 

and Abaco), St. Martin, Guadeloupe and surrounding islands, Martinique, and formerly Barbados and perhaps Jamaica. The crab-eating raccoon 

(Procyon cancrivorus) occurs throughout mainland South America and also (probably naturally) on Trinidad and Tobago. The Cozumel raccoon 

(Procyon pygmaeus), a small insular species immediately related to P. lotor but recognized nominally here as by Helgen and Wilson (2005), is 

found only on the oceanic island of Cozumel. Drawings borrowed from Reid (1997). 

principality of Bayreuth. Educated as a physician and natural 

scientist, he arrived in New York in 1777 as chief surgeon of 

the Ansbach troops in the service of George III. Schopf 
travelled widely in the southeastern United States and in the 

Bahamas, where he documented the increasing population of 
raccoons on New Providence Island, and clearly identified their 

presence as the result of an introduction from the mainland. 

After returning to Europe that same year (1784), Schopf died in 

1800 while serving as president of the United Medical Colleges 
of Ansbach and Bayreuth. The German edition of his book was 

published in Erlangen in 1788, but an English translation by 
Alfred J. Morrison appeared only in 1911, well after Bangs 
described the animals as new (Bangs 1898; Morrison 1911). 

A subsequent introduction of raccoons to Grand Bahama 

Island occurred in 1932 or 1933, when a Mr. Jack Morris 

turned loose a pair that had been brought from the Florida 

mainland. According to Senior Commissioner Herman Pyfrom, 
as of 1952 "... the raccoons have multiplied immensely and 
... 

they are now scattered over the entire island ..." (Sherman 

1954:126). Raccoons are still present on the island today. 
In 1911, Gerritt S. Miller, Jr., Curator of Mammals at the 

United States National Museum in Washington, described 

Procyon minor from the Lesser Antillean island of Guadeloupe 
(Miller 1911). The holotype and only specimen was once again 
an immature male, collected at Pointe-a-Pitre by L. Guesde. 

Miller, a careful worker and diligent observer of slight mor 

phological differences, noted that P. minor was characterized 

by "size and general appearance as in the other small members 

of the genus 
... ." He added "the color indicates no special 

peculiarities ... ," and "the skull is too young to furnish a 

satisfactory basis for comparison." Nevertheless, he concluded 

with "Although represented by a single rather unsatisfactory 

specimen this animal shows such marked characters that I have 
no hesitation in regarding it as a distinct species." Little is 

known about the origin or timing of the introduction to 

Guadeloupe (Helgen and Wilson 2002). Allen (1911:221) 

speculated that raccoons had possibly been "... introduced by 
the French in the early days" and Lorvelec et al. (2007) 
discussed the possibility of raccoons being imported from 

Canada or South Carolina in the early to mid-19th century. 

Interestingly enough, the animals are viewed with such affec 

tion on Guadeloupe that their change in status from island en 

demic to invasive alien has had no apparent effects (Fig. 2). 

Helgen and Wilson (2002) documented the introduction of 
raccoons to Barbados in some detail. Barbados served as 1 leg 
of a triangular trade route involving the eastern seaboard 

British Colonies of North America and West African slave 

ports. Raccoons were introduced sometime between 1650 and 

1680 (Helgen and Wilson 2002). In 1867, a Reverend Barnett 

collected 2 specimens and sent them to the Smithsonian, where 

they were put on display (Goldman 1950). 
Glover M. Allen (1911) knew of the presence of raccoons on 

Barbados, and he speculatively and erroneously referred to 

them as "Procyon ? cancrivorus" (see also Tate 1939:201). 

Through Allen's efforts, Sir Francis Watts collected a juvenile 
male in 1920, and later sent it to Allen at the Museum of 
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Comparative Zoology (Helgen and McFadden 2001). This is 
the holotype of Procyon gloveralleni, later described by Nelson 

and Goldman (1930). Nelson and Goldman were unaware of 
Barnett's 2 additional mounted specimens from Barbados, on 

exhibit at the time (Goldman 1950; Helgen and Wilson 2002, 

2003), so this made the 3rd new species of raccoon named from 

Caribbean islands on the basis of a single immature specimen. 

Today, taxonomists usually recognize only 3 species of 

raccoons?the North American raccoon (Procyon lotor) of 

North and Central America; the Cozumel raccoon (P. pyg 

maeus), a closely related insular endemic restricted to the 

Mexican island of Cozumel; and the more distantly related crab 

eating raccoon (P. cancrivorus) of Central and South America 

(Helgen and Wilson 2005; Wozencraft 2005). Having affirmed 
that all 3 previously recognized West Indian insular "species" 

(Fig. 1) were the result of introductions of the widespread spe 
cies P. lotor (Helgen and Wilson 2002, 2003), we sought to 

determine the origin of the populations in greater detail. The 

promise of using modern methods of DNA analysis led us to 

assemble tissue samples from a variety of sources, including 
museum specimens and freshly collected material from dif 

ferent islands in the Bahamas and Barbados that, according to 

historical publications and documents, are supposedly the result 
of separate raccoon introductions. 

Methods and Materials 

Study areas.?The 3 taxonomically described populations 
of Caribbean raccoons are from New Providence (Bahamas), 

Guadeloupe, and Barbados (Fig. 1). We visited each of these 

islands in May-June 2004, in order to establish the current 
status of these insular populations, as well as to obtain addi 
tional specimens and tissue samples (Table 1). In the Bahamas 

we collected voucher specimens and tissue samples from New 

Providence and Abaco islands. In Guadeloupe we did not 

obtain specimens of raccoons, and relied on previously col 

Fig. 2.?Raccoons in Guadeloupe (left) are favorite animals 

exhibited in the Pare des Mamelles (Pare Zoologique et Botanique) 
and used as symbols for the island's national park (right). 

lected museum specimens (Helgen and Wilson 2002, 2003) 
and previously published molecular sequences (Pons et al. 

1999; Table 2) for our analyses. From Barbados, we attempted 
to obtain DNA from 1 skin sample from the only museum 

specimen remaining on the island (Fig. 3), and we also 

attempted to extract DNA from the turbinal bones of 2 museum 

specimens previously collected in Barbados and deposited at 

the National Museum of Natural History (USNM 267380 and 

USNM 267381?see Helgen and Wilson 2002, 2003). How 

ever, we were only successful in amplifying and sequencing 1 

of the museum bone samples (USNM 267380; Table 1). Our 

newly sequenced mainland tissue samples came from the states 

of Georgia, South Carolina, and Virginia, in the southeastern 

United States (Table 1). 
Extraction, amplification, and analysis of mitochondrial 

DNA.?Tissue samples were obtained from 2 raccoons from 

Table 1.?Sampling localities, haplotype designation, and GenBank accession numbers of raccoon samples sequenced for this study. PL 

numbers designate samples stored in the laboratory of Michael L. Kennedy (University of Memphis, Memphis, Tennessee); NDM numbers 

designate samples from the tissue collection of Nancy D. Moncrief (Virginia Museum of Natural History, Martinsville, Virginia); and USNM 

numbers designate samples at the United States National Museum of Natural History, Smithsonian Institution, Washington, D.C. 

Locality Specific locality Specimen no. Haplotype GenBank accession no. 

Bahamas Bahamas?Abaco USNM 597652 BAH1 EU021073 
Bahamas Bahamas?Abaco USNM 597653 BAH1 EU021073 

Bahamas Bahamas?New Providence USNM 597654 BAH2 EU021074 

Bahamas Bahamas?New Providence USNM 597655 BAH2 EU021074 

Barbados "Barbados" USNM 267380 BAR1 EU021075 
Virginia Barrier Islands NDM 2900 V5 EU021077 
Virginia Barrier Islands NDM 3859 V4 EU021076 

Georgia Chatham?Ossabaw Island PL 1350 GAISCl EU021078 
Georgia Chatham?Ossabaw Island PL1351 GA2 EU021081 
Georgia Chatham?Ossabaw Island PL1352 GA2 EU021081 
Georgia Chatham?Ossabaw Island PL1353 GA2 EU021081 

South Carolina Aiken?Savannah River Plant PL 1355 SC2 EU021079 
South Carolina Aiken?Savannah River Plant PL1356 SC3 EU021080 
South Carolina Aiken?Savannah River Plant PL1357 SC2 EU021079 
South Carolina Aiken?Savannah River Plant PL1358 SC3 EU021080 
South Carolina Aiken?Savannah River Plant PL1359 GAISCl EU021078 
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Table 2.?Sampling localities, haplotype designation, and GenBank 

accession numbers of raccoons used by Pons et al. (1999) and also in 

this study. 

Sample Specific locality, GenBank 

Locality size if known Haplotype accession no. 

Guadeloupe 3 G AF08174 

Virginia 1 VI AF08175 

Virginia 1 V2 AF08176 

Virginia 1 V3 AF08178 

Maryland 1 Greenbelt M AF08179 

Illinois 3 Kane / AF08180 

Quebec 2 Chaudiere-Appalache Ql AF08181 

Quebec 1 Chaudiere-Appalache Q2 AF08182 

Arizona 3 NW Tucson A AF08183 

Abaco and 2 from New Providence in the Bahamas (the type 

locality of "P. maynardi") and stored in ethanol (95%) at 

?70?C. Eleven additional tissue samples were obtained from 3 

different localities from the southeastern United States in 

cluding Georgia (n = 4), South Carolina (n = 5), and Virginia 
(n = 2; Table 1). Total genomic DNA was extracted from 

tissue samples using the tissue protocol of the QIAGEN 

DNeasy DNA extraction kit (Qiagen Inc., Valencia, California). 
In order to compare our results with previously published 
sequences from raccoons throughout the United States and 

Canada, we amplified approximately 450 base pairs (bp) of the 

left domain of the mitochondrial DNA control region with 

universal primers L15910 and H16498 (Kocher et al. 1989) as 

in Pons et al. (1999). We also attempted to extract DNA from 

the turbinal bones of 2 museum specimens following protocols 
for sampling ancient DNA that minimize damage to museum 

specimens established by Wisely et al. (2004). DNA extrac 

tions and polymerase chain reactions for the 2 museum samples 
were conducted in a separate facility specifically designed for 

DNA extraction of ancient samples. Because our amplifications 
with the larger universal primers did not work for the museum 

specimens, we also designed 2 internal primers?Proc L 5' 

TCATCGAAAATAATCTGTTAAAATGAA-3' and Proc H 

5' - CGG AGCG AG A AG AGGT AC AC-3', that amplify a shorter 

392-bp fragment of the mitochondrial control region of 
raccoons. For both primer sets the polymerase chain reactions 

were performed in a volume of 25 ul with 1.0 unit of AmpliTaq 
Gold (Applied Biosystems, Foster City, California), lx 

polymerase chain reaction buffer, 0.2 mM each deoxynucleo 
side triphosphate, 0.6 uM each primer, 3 mM MgCl2 and 20 ug 
bovine serum albumin. A 10-min denaturation at 95?C was 

used followed by 35 cycles of 94?C for 1 min, 53?C for 1 min, 
and 72?C for 1 min, and finally a 10-min elongation step at 

72?C. Polymerase chain reaction products were cleaned using 

Qiaquick polymerase chain reaction purification columns 

(Qiagen Inc.) and sequenced in both directions using the 

BigDye Terminator V3.1 Cycle Sequencing kit (Applied Bio 

systems) according to manufacturer's recommendations. Re 

actions were purified via centrifugation through Sephadex 
columns (Amersham Biosciences, Piscataway, New Jersey). 

Sequences were run on an ABI Prism 3100 Genetic Analyzer 

(Applied Biosystems) and edited and aligned in Sequencher 4.1 

^m when a s^.X^ve rt? b?***" ^^^^^^^^^^^^^^^^^^H 

^H dentrtio^^p relatel -*<?f^^^^^^^^^^^^^^^^^^^^^^^^M 

Fig. 3.?The raccoon population in Barbados is extinct. This 

mounted skin, on display in the Barbados Museum, Bridgetown, is 1 

of only 5 known museum specimens from the island (others are at 

BMNH, MCZ, and USNM). 

(Gene Codes Corporation, Inc., Ann Arbor, Michigan). 

Sequence data have been submitted to GenBank (accession 
numbers EU021073-EU021081; Table 1). 

Levels of genetic diversity within populations (Table 3) were 

evaluated using control region sequences by estimating the 
mean number of pairwise differences along with nucleotide and 

gene diversity (Nei 1987; Tajima 1983). We used TCS version 

1.18 (Clement et al. 2000) to generate a haplotype network and 
to assess the intraspecific phylogeny of the mitochondrial 

control region haplotypes of raccoons collected for this study 
and from the study of Pons et al. (1999). This method uses 

parsimony (as defined by Templeton et al. [1992]) to construct 

pairwise distances (number of mutational steps) between all 

haplotypes until the probability exceeds 95%. The matrix just 
above this cutoff point represents the maximum number of 

mutational steps justified by the 95% parsimony criterion. This 

method is particularly appropriate for population-level analysis 
because it does not involve many of the assumptions of 

phylogenetic reconstruction methods. For instance, it does not 
assume that the ancestral sequence is missing and does not 

require bifurcating relationships (Gentile et al. 2002). The TCS 

program then connects the haplotypes based on these criteria 

into a network with the number of mutational steps indicated 
on the lines connecting haplotypes. On the basis of coalescent 

theory, this program also identifies the haplotype that has the 

highest probability of representing the outgroup haplotype 
among the collection of samples (Castelloe and Templeton 
1994; Donnelly and Tavare 1986). 
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Table 3.?Estimates of mitochondrial DNA control region sequence divergence between haplotypes from the Bahamas and Barbados and 

continental raccoons. Absolute values of number of all substitutions are given above the diagonal; Kimura-2-parameter distances are provided in 

percentages (%) below the diagonal. 

BAH1 BAH2 BAR1 G VI V2 V3 V4 V5 M GASC1 SC2 SC3 GA2 I Ql Q2 A 

BAH1 0 4 8 12 7 12 13 11 3 14 2 4 11 4 6 3 9 12 
BAH2 1.4 0 6 12 7 12 13 11 3 14 2 4 11 4 6 3 9 13 
BAR1 6.4 4.8 0 15 112 5 1 6 4 16 5 6 5 7 
G 4.3 4.3 0.7 0 7 2 3 3 9 4 10 8 1 10 6 11 5 13 
VI 2.5 2.5 4.2 2.5 0 5 6 6 6 7 5 5 6 7 16 6 10 
V2 4.3 4.3 0.7 0.7 1.8 0 1 3 9 2 10 8 1 10 6 11 5 13 
V3 4.6 4.6 0.7 1.0 2.1 0.3 0 4 10 3 11 9 2 11 7 12 6 14 
V4 3.9 3.9 1.5 1.0 2.1 1.0 1.4 0 8 5 9 7 2 9 5 10 4 12 
V5 1.0 1.0 3.8 3.2 2.1 3.2 3.5 2.8 0 11 1 1 8 15 2 6 10 

M 5.0 5.0 0.7 1.4 2.5 0.7 1.0 1.7 3.9 0 12 10 3 12 8 13 7 15 
GASC1 0.7 0.7 4.8 3.5 1.7 3.6 3.9 3.1 0.3 4.2 0 2 9 2 4 1 7 11 

SC2 1.4 1.4 3.1 2.8 1.8 2.8 3.2 2.4 0.3 3.5 0.7 0 7 2 4 3 5 9 
SC3 3.9 3.9 0.7 0.3 2.1 0.3 0.7 0.7 2.8 1.0 3.2 2.4 0 9 5 10 4 12 
GA2 1.4 1.4 4.4 3.5 2.5 3.6 3.9 3.1 0.3 4.2 0.7 0.7 3.1 0 6 3 7 11 
/ 2.1 2.1 4.1 2.1 0.3 2.1 2.4 1.7 1.7 2.8 1.4 1.4 1.7 2.1 0 5 5 9 

Ql 1.0 1.0 4.8 3.9 2.1 3.9 4.3 3.5 0.7 4.6 0.3 1.0 3.5 1.0 1.7 0 8 12 

Q2 3.1 3.1 3.4 1.7 2.1 1.7 2.1 1.4 2.1 2.4 2.4 1.7 1.4 2.4 1.7 2.8 0 12 
A 4.2 4.6 5.9 4.6 3.5 4.7 5.0 4.2 3.5 5.3 3.9 3.1 4.2 3.9 3.1 4.2 4.2 0 

Museum specimens discussed herein are deposited in the 
Natural History Museum, London, United Kingdom (BMNH); 
the Museum of Comparative Zoology, Harvard University, 

Cambridge, Massachusetts (MCZ); and the United States 
National Museum of Natural History, Smithsonian Institution, 

Washington, D.C. (USNM). 

Results 

Geography.?On the basis of published accounts and 
museum material, we have previously noted the occurrence 

of raccoons on 2 islands in the Bahamas (New Providence and 
Grand Bahama) and on Guadeloupe. Although extinct today, 
populations of raccoons were also present until the late 20th 

century on Barbados, and possibly also on Jamaica during the 
18th century (Helgen and Wilson 2002, 2003). 

We have documented in detail the historical evidence for the 
introduction of raccoons to these islands (Helgen and Wilson 

2002). Raccoons were introduced to Barbados sometime 
between 1650 and 1679, and persisted there until about 1970 

(Helgen and Wilson 2002; Fig. 3). Raccoons were probably 
introduced to New Providence in the early 18th century 

(Schopf, in Morrison 1911), and they may have been intro 

duced to Jamaica, where they do not occur today, around the 
same time (Browne 1789; MacPhee and Fleagle 1991; Sloane 

1725). As noted earlier, the introduction of raccoons to Grand 

Bahama Island occurred in 1932-1933, with a pair of raccoons 

from Florida released on the island (McKinley 1959; Sherman 

1954). Raccoons were probably introduced to Guadeloupe in 
the 19th century, and were definitely established there before 
1886 (Helgen and Wilson 2002; Miller 1911). More recently, 

Breuil (2003:260) suggested that a historical reference to the 

killing of an animal "which belongs to the genus Felis" in 

Guadeloupe in 1840 mistakenly refers to a raccoon, but we 

regard this as highly unlikely, and suggest instead that the 

referral of the animal to Fells indicates that it was likely a feral 

cat, not a raccoon. 

Here we note that raccoons are now found on a number of 

additional West Indian islands. First, we learned during our 

work in the Bahamas that in recent years, raccoons have been 
introduced to the island of Abaco (apparently from Grand 

Bahama Island, immediately adjacent to Abaco), where they 
have been rapidly spreading across the island, from north 

(Little Abaco) to south (Great Abaco). As far as we are aware, 
our specimens from Abaco constitute the 1st vouchered record 
of occurrence of raccoons on this island. Second, raccoons are 

now rather widespread in the French Antilles, where they occur 

beyond Guadeloupe on the nearby islands of Marie-Galante 
and La Desirade, and farther afield to Martinique and Saint 

Martin?all French overseas possessions (Bon Saint Come and 
Tanasi 1994; Breuil 2003; Laurent 2006; Lorvelec et al. 2001). 
The presence of raccoons on Martinique dates back at least half 
a century, perhaps longer. Raccoons have been present on 

Martinique since at least 1954 (Bon Saint Come and Tanasi 

1994), where according to Lorvelec et al. (2001:13) they are 

firmly established. Raccoons may have been present in 

Martinique several decades earlier than 1954, because Matthew 

(1919) made mention of a "Martinique raccoon," although we 

suspect based on Matthew's comments that this was a lapsus for 

the Guadeloupe raccoon, at the time recently described by Miller 

(1911). However, other Antillean introductions date to recent 

years (Lorvelec et al. 2001). Raccoons were probably introduced 
to St. Martin around 1985, since which time the population has 

progressively increased (Lorvelec et al. 2001). Glatston (1994) 
stated that the crab-eating raccoon (P. cancrivorus) also has 

been introduced to Guadeloupe in recent decades, an assertion 
that we have repeated (Helgen and Wilson 2003), but we have 
been unable to find any evidence to support this claim. 

In summary, introduced populations of P. lotor apparently 
occur today on at least 3 islands in the Bahamas (New 
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Fig. 4.?Statistical parsimony (TCS) network of control region 

haplotypes. Each line connecting a circle/oval/square indicates 1 base 

pair substitution and each substitution is indicated for each step. Small 

circles denote hypothetical internodes. Note that the haplotype with 

the highest outgroup probability in TCS is Procyon lotor pallidus (A) 
from Arizona, displayed as a square, whereas other haplotypes are 

displayed as ovals. West Indian haplotypes are denoted by slanted 

lines; all others are shown in solid shading. Localities and haplotypes 
are specified in brackets (BAH, Bahamas; BAR, Barbados; SC, South 

Carolina; GA, Georgia: Q, Quebec; V, Virginia; I, Illinois; M, 

Maryland; A, Arizona; G, Guadeloupe). 

Providence, Grand Bahama, and Abaco) and on at least 5 

islands in the French Antilles (Guadeloupe, Marie-Galante, La 

Desirade, Martinique, and Saint-Martin). The spread of raccoons 

to many of these islands has occurred in recent decades or years. 

Morphology.?In an earlier study, we explored qualitative 

morphological affinities between West Indian and other popu 
lations of raccoons on the basis of museum specimens, leading 
to the suggestion that West Indian populations are morpho 

logically indistinguishable from P. lotor and in particular 
resemble specimens of P. lotor from the southeastern United 

States (Helgen and Wilson 2003). 
We also noted that, despite previous assertions that West 

Indian raccoons represent size-dwarfed populations (Allen 
1911; Bangs 1898; Goldman 1950; Miller 1911; Zeveloff 

2003), the few specimens available suggest that there is 

probably no true size difference between raccoon populations 
from the West Indies and the eastern United States (Helgen and 

Wilson 2002). Here we bring a few more measurements of 

body mass to bear on this point. A body mass of 4.1 kg has 

been reported for a raccoon from Barbados (Helgen and Wilson 

2002; Schomburgk 1848), and a mass of 3.9 kg for an adult 

from New Providence (Helgen and Wilson 2002). More 

recently, Morin (2003) noted that raccoons from Guadeloupe 
may reach weights up to 15 kg (although we suspect that this 

could well be based on captive raccoons at the Pare Zoologique 
et Botanique). The range of body masses established for West 

Indian raccoons (3.9-15 kg) corresponds to that established for 

P. lotor from across its North American range (Goldman 1950; 
Nowak 1999). We suspect that the idea of smaller insular 
raccoons derived from the original descriptions of all 3 pur 

ported Caribbean species, all of which were based on immature 

specimens. 

Genetics.?Pons et al. (1999) previously demonstrated that 

control region sequences from 3 Guadeloupe raccoons nested 

among haplotypes of P. lotor from eastern North America. We 

build on their study by reporting the 1st genetic analyses in 

volving the other major populations of West Indian raccoons? 

those from Barbados (based on a museum specimen) and the 

Bahamas (based on fresh tissues). As noted above, we success 

fully obtained mitochondrial DNA from the turbinal bones of 

only 1 specimen of a raccoon from Barbados (USNM 267380); 
other specimens that we had access to (USNM 267381 and a 

mount at the Barbados Museum) failed to amplify. 
Our genetic sampling of North American P. lotor included 

samples collected in the southeastern United States (Georgia 
and South Carolina), east-central United States (Virginia and 

Maryland), midwestern United States (Illinois), western United 

States (Arizona), and Canada (Quebec). The most divergent 

haplotype was from Arizona (P. lotor pallidus), whereas the 

remainder of central and eastern North American haplotypes 
clustered into 2 divergent groups, with samples from Virginia, 
South Carolina, and Quebec sorting within both haplotype 
clusters (Fig. 4). This indicates that genetic variation in P. lotor 

is broadly correlated with geography, but it also suggests that 

there is extensive gene flow between regional populations? 
results generally concordant with earlier genetic analyses 

drawing from other analytical techniques (Beck and Kennedy 
1980; Dew and Kennedy 1980; Hamilton and Kennedy 1987; 

Kennedy and Lindsay 1984; White et al. 1998). It is not 

unexpected that raccoons should exhibit little regional genetic 
structure, especially in eastern North America, given that the 

species is geographically widespread, maintains high local 

population densities in some areas, is capable of long-distance 
individual dispersal events, and has been widely translocated 

by humans within the eastern United States (Beck and Kennedy 
1980; Dew and Kennedy 1980; Frantz et al. 2005; Gehrt and 

Fritzell 1998; Hamilton and Kennedy 1987; Kennedy and 

Lindsay 1984; Mosillo et al. 1999; Nielsen and Nielsen 2007; 
Randa and Yunger 2006; Sherry and Chapman 1980; Smith et 

al. 2005; Wright 1977). 
Two different haplotypes sampled from the Bahamas (from 

New Providence and Abaco, respectively?the latter from 

animals introduced from Florida to Grand Bahama about 70 

years ago, and only recently established on Abaco) cluster with 

samples from the southeastern United States (Georgia, South 

Carolina, and Virginia) and Quebec, and more distantly with 

other haplotypes from Virginia and Illinois. Different haplo 
types from raccoons from Barbados and Guadeloupe cluster 

with another group of haplotypes that includes samples from 

the east-central United States (Maryland, Virginia, and South 

Carolina), and more distantly, from eastern Canada (Quebec). 
Historical accounts document at least 3 independent introduc 

tions of P. lotor to Caribbean islands. The earliest was from an 

unrecorded source population to Barbados in the mid-17th 
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century (see Helgen and Wilson 2002). The 2nd was the 

establishment of raccoons on New Providence Island, probably 
in the early 18th century, via "one or more tame pairs of these 

droll beasts, brought by the curious from the mainland" 

(Schopf, in Morrison 1911). The 3rd was a pair of raccoons 

from mainland Florida introduced to Grand Bahama Island 
in 1932-1933. The source population of the population of 
raccoons in the French Antilles is unknown. Goldman (1950) 

highlighted morphological resemblances between the raccoons 

from the Bahamas and Guadeloupe, allowing for the possibility 
that the latter insular population was derived secondarily from 

the former. 

The presence of 4 different haplotypes of P. lotor in the West 

Indies, each from a different island, is compatible with the 

historical record's documentation of at least 3 independent 
introductions of raccoons in these archipelagos. Because we 

suggest that each of these translocation events was more likely 
to be the result of the establishment of very few animals (e.g., 
as described by Sherman [1954]) and occurred in the past few 

hundred years, we imagine that the 4 haplotypes that have been 

detected to date likely represent 4 independent initial trans 

location events from mainland North America. Whatever the 

actual number of events, the distribution of particularly diver 

gent haplotypes on New Providence and on Guadeloupe render 

it extremely improbable that the French Antillean population 
was derived from a secondary translocation from the Bahamas. 

DISCUSSION 

West Indian raccoons are unknown in the subfossil record of 

the Bahamas or the Lesser Antilles (Allen 1911; Drewett 1991, 

2000; Matthew 1919; Morgan 1989; Morgan and Woods 1986; 
Olson 1978, 1983; Olson and Pregill 1982; Steadman et al. 

1984), are not morphologically distinctive relative to North 
American P. lotor (Helgen and Wilson 2002, 2003), are known 

to have been introduced on their respective islands of occur 

rence (Helgen and Wilson 2002; Schopf, in Morrison 1911; 
Sherman 1954), and are shown by molecular analyses to be 

nested genetically within continental populations of P. lotor 

(Pons et al. 1999; present study). There is no avenue open for 

recognizing these nominal taxa as distinct species endemic to 

their respective islands, as some have continued to do (Laurent 
2006; Morin 2003; Zeveloff 2003). Instead, the remaining tasks 

are to assess from where these populations of raccoons were 

originally introduced, what impacts they have on West Indian 

ecosystems, and how they should best be managed. 

Considerably more extensive genetic sampling will be 

needed to effectively unravel the phylogeographic patterns of 

variation in P. lotor across its extensive range (cf. Helgen and 

Wilson 2005), but results from the molecular dataset presented 
here are concordant with our earlier morphology-based assess 

ment (Helgen and Wilson 2003) in suggesting that West Indian 
raccoons were most likely introduced from source populations 

in the eastern United States. On purely geographic grounds, 
this would seem to be the most straightforward explanation as 

well. Although previous interpretations of the native status of 

Caribbean raccoons were perhaps based on the perception that 

these animals were unlikely to have been introduced multiple 
times throughout the Caribbean (Bangs 1898; Miller 1911), the 

historical record demonstrates that raccoons were introduced to 

the West Indies on at least 3 independent occasions from 

mainland North America. The presence of at least 4 different 

haplotypes of P. lotor in the West Indies suggests to us that 
the actual number of independent introductions was probably 
even greater. 

Examination of our molecular data reconfirms a point that 

we have previously made on the basis of historical and anatom 

ical research. Although most recent authors have regarded 

P. maynardi, P. minor, and P. gloveralleni as endemic insular 

species in need of conservation attention, these insular popula 

tions instead represent introduced P. lotor (Helgen and Wilson 

2002, 2003). These nonnative populations do not deserve 

taxonomic recognition or conservation attention, and should 

be regarded in the same way as introduced populations of 
raccoons in other regions where they are established as invasive 

species, including in Alaska, Japan, and Europe (e.g., Abe et al. 

2005; Frantz et al. 2005; Long 2003; Okabe and Agetsuma 
2007; Schrader and Hennon 2005). Populations of raccoons in 

the Bahamas and the French Antilles can truly be regarded as 

"invasive" species in that they are nonnative, are spreading to 

new islands, and have been identified as threats to native 

wildlife. In the Caribbean, raccoons have been identified as a 

potential or actual threat to iguanas (Hayes et al. 2004; Laurent 

2006), sea turtles (e.g., Barton and Roth 2007; Engeman et al. 

2005; Garmestani and Percival 2005; Ratnaswamy and Warren 

1998), and ground-nesting birds, particularly the Bahama 

parrot (Amazona leucocephala bahamensis), a. Bahamian en 

demic found only on the islands of Abaco and Inagua (Hayes 
2006; although the species nests on the ground only on 

Abaco?S. Buckner, in litt). Raccoons also are considered 

agricultural pests on some islands (Goldman 1950; Helgen and 
Wilson 2002, 2003; Lorvelec et al. 2001; Schopf, in Morrison 

1911). The Bahamas now recognizes the raccoon as an inva 

sive species, rather than a conservation priority, and steps are 

being taken to manage populations or attempt its eradication 

on Bahamian islands (Bahamas Environment Science and 

Technology Commission 2003). The same cannot be said in 

Guadeloupe, where the raccoon remains a popular animal and 

the symbol of the Pare National de la Guadeloupe (see 

Fig. 2)?that is, still held up as a "flagship" species and the 

largest "native" terrestrial mammal (Morin 2003). This popu 

larity may explain its continuing spread to other French 

possessions in the Caribbean, increasing its invasive potential 
in an archipelago without native mammalian carnivores. 

Introduction of invasive organisms into an ecosystem or re 

moval of engrained species from an ecosystem can fundamen 

tally and unpredictably transform the ecological dynamics of 

the system, complicating removal or control of problematic 
elements (Courchamp et al. 2003; Helgen 2004; Rodriguez 
2006; Roemer et al. 2002; Urban et al. 2007). A particularly 
relevant example comes from coastal Florida, where raccoons 

prey on sea turtle eggs (Engeman et al. 2005; Garmestani and 

Percival 2005). In some areas, removal of raccoons from beach 

areas, an undertaking aimed at reducing predation on sea turtle 
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nests, actually had the opposite effect (Barton 2005; Pennisi 

2006). On these same beaches, raccoons eat ghost crabs, which 

also prey on sea turtle nests. When released from raccoon 

predation, ghost crabs may take a greater overall toll on sea 

turtle eggs than when raccoons were present (Barton 2005; 
Pennisi 2006). Barring the potential for similar dynamics in 

West Indian ecosystems, which invite detailed study, we en 

courage the active control, if not eradication, of all extant West 

Indian populations of P. lotor. Certainly there is no need to 

elevate them as worthy targets of conservation attention. 

ACKNOWLEDGMENTS 

We thank M. Kennedy for raccoon tissue samples from Georgia and 

South Carolina and N. Moncrief for tissue samples from Virginia. Our 

visits to New Providence, Guadeloupe, and Barbados were made 

possible by a grant from the Smithsonian Institution's James Bond 

Fund. Our research was also supported by Short-Term Visitor Grants 

and a Postdoctoral Fellowship from the Smithsonian Institution to 

KMH. For assistance during our visit to the West Indies, we thank 

especially S. Wells-Moultrie (Bahamas Environment Science and 

Technology Commission), D. A. Knowles (Bahamas Department of 

Agriculture, Abaco), F. Rickwood (Colleton House, Barbados), K. 

Watson and J. Horrocks (University of the West Indies, Barbados), M. 

Colly more (Barbados Museum), O. Lorvelec (National Institute for 

Agricultural Research, France), B. Ibene (Association pour la 

Sauvegarde et la rehabilitation de la Faune des Antilles), and the 

Wildlife Committee of the Bahamas National Trust. Collecting per 

mits were facilitated by J. Lynn and T. Ferguson (Bahamas Depart 
ment of Agriculture). We thank J. Leonard, A. Rivara, and G. Sayed 
for assistance in the laboratory, and R. Fleischer for support of our 

work in the Genetics Program at the Smithsonian Institution. L. E. 

Helgen prepared the map and assisted with other figures. We thank 

L. K. Gordon for access to USNM specimens, and T. F. Flannery for 

assistance and advice. 

Literature Cited 

Abe, H., et al. 2005. A guide to the mammals of Japan. Tokai 

University Press, Tokyo, Japan. 

Allen, G. M. 1911. Mammals of the West Indies. Bulletin of the 

Museum of Comparative Zoology 54:175-263. 

Bahamas Environment Science and Technology Commission. 2003. 

The national invasive species strategy for the Bahamas. Bahamas 

Environment Science and Technology Commission, Nassau, The 

Bahamas. 

Bangs, O. 1898. A new raccoon from Nassau Island, Bahamas. 

Proceedings of the Biological Society of Washington 12:91-92. 

Barton, B. T. 2005. Cascading effects of predator removal on the 

ecology of sea turtle nesting beaches. M.S. thesis, University of 

Central Florida, Orlando. 

Barton, B. T., and J. D. Roth. 2007. Raccoon removal on sea turtle 

nesting beaches. Journal of Wildlife Management 71:1234-1237. 

Beck, M. L., and M. L. Kennedy. 1980. Biochemical genetics of the 

raccoon, Procyon lotor. Genetica 54:127-132. 

Bon Saint Come, M., and M. Tanasi. 1994. Le raccoon en Martinique. 

Rapport, Office National de la Chasse, Fort-de-France, Martinique. 

Breuil, M. 2003. In the footsteps of French naturalists, a "battle" of 

iguanas, and "improvements" in biodiversity. Pp. 255-270 in 

Islands and the sea: essays on herpetological exploration in the 

West Indies (R. W. Henderson and R. Powell, eds.). Society for the 

Study of Amphibians and Reptiles, Ithaca, New York (Contribu 
tions to Herpetology, Vol. 20). 

Browne, P. 1789. The civil and natural history of Jamaica. 2nd ed. 

B. White, London, United Kingdom. 

Castelloe, J., and A. R. Templeton. 1994. Root probabilities for 

intraspecific gene trees under neutral coalescent theory. Molecular 

Phylogenetics and Evolution 3:102-113. 

Clement, M., D. Posada, and K. A. Crandall. 2000. TCS: a com 

puter program to estimate gene genealogies. Molecular Ecology 
9:1657-1660. 

Courchamp, F., R. Woodroffe, and G. Roemer. 2003. Removing 

protected populations to save endangered species. Science 

302:1532. 

Dew, R. D., and M. L. Kennedy. 1980. Genie variation in raccoons, 

Procyon lotor. Journal of Mammalogy 61:697-702. 

Donnelly, P., and S. Tavare. 1986. The ages of alleles and 

a coalescent. Advances in Applied Probability 18:1-19. 

Drewett, P. L. 1991. Prehistoric Barbados. Institute of Archaeology, 

University College London, London, United Kingdom. 

Drewett, P. L. 2000. Prehistoric settlements in the Caribbean: 

fieldwork in Barbados, Tortola, and the Cayman Islands. Archetype, 

London, United Kingdom. 

Engeman, R. M., et al. 2005. Dramatic reduction in predation on 

marine turtle nests through improved predator monitoring and 

management. Oryx 39:318-326. 

Frantz, A. C, P. Cyriacks, and L. Schley. 2005. Spatial behaviour 

of a female raccoon (Procyon lotor) at the edge of the species' 

European distribution range. European Journal of Wildlife Research 

51:126-130. 

Garmestani, A. S., and H. F. Percival. 2005. Raccoon removal 

reduces sea turtle nest depredation in the Ten Thousand Islands of 

Florida. Southeastern Naturalist 4:469-472. 

Gehrt, S. D., and E. K. Fritzell. 1998. Duration of familial bonds 

and dispersal patterns for raccoons in south Texas. Journal of 

Mammalogy 79:859-872. 

Gentile, G., A. della Torre, B. Maegga, J. R. Powell, and A. 

Caccone. 2002. Genetic differentiation in the African malaria 

vector Anopheles gambiae s.s., and the problem of taxonomic 

status. Genetics 161:1561-1578. 

Glatston, A. R. (ed.). 1994. The red panda, olingos, coatis, raccoons, 

and their relatives: status survey and conservation action plan for 

procyonids and ailurids. IUCN (World Conservation Union), 

Gland, Switzerland. 

Goldman, E. A. 1950. Raccoons of North and Middle America. North 

American Fauna 60:1-153. 

Hamilton, M. J., and M. L. Kennedy. 1987. Genie variability in the 

raccoon Procyon lotor. American Midland Naturalist 118:266-274. 

Hayes, W. 2006. The urgent need for conservation taxonomy in the 

Bahamas: new bird species as an example. Bahamas Naturalist and 

Journal of Science 1:3-24. 

Hayes, W. K., R. L. Carter, S. Cyril, and B. Thornton. 2004. 

Conservation of an endangered Bahamian iguana. I. Population 

assessments, habitat restoration, and behavioral ecology. Pp. 232 

257 in Iguanas: biology and conservation (A. C. Alberts, R. L. 

Carter, W. K. Hayes, and E. P. Martins, eds.). University of 

California Press, Berkeley. 

Helgen, K. M. 2004. Predators and prey in the Channel Islands. 

Science 305:777-778. 

Helgen, K. M., and T. L. McFadden. 2001. Type specimens of 

Recent mammals in the Museum of Comparative Zoology. Bulletin 

of the Museum of Comparative Zoology 157:93-181. 

Helgen, K. M., and D. E. Wilson. 2002. The history of the raccoons 

of the West Indies. Journal of the Barbados Museum and Historical 

Society 48:1-11. 

This content downloaded from 130.216.158.78 on Thu, 6 Mar 2014 20:38:54 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


290 JOURNAL OF MAMMALOGY Vol. 89, No. 2 

Helgen, K. M., and D. E. Wilson. 2003. Taxonomic status and 

conservation relevance of the raccoons (Procyon spp.) of the West 

Indies. Journal of Zoology (London) 259:69-76. 

Helgen, K. M., and D. E. Wilson. 2005. A systematic and 

zoogeographic overview of the raccoons of Mexico and Central 

America. Pp. 221-236 in Contribuciones mastozoologicas: en 

homenaje a Bernardo Villa (V. Sanchez-Cordero and R. A. 

Medellin, eds.). Instituto de Biologia e Instituto de Ecologia, 

UNAM, Mexico City, Mexico. 

Kennedy, M. L., and S. L. Lindsay. 1984. Morphologic variation in 

the raccoon, Procyon lotor, and its relationship to genie and 

environmental variation. Journal of Mammalogy 65:195-205. 

Kocher, T. D., et al. 1989. Dynamics of mitochondrial DNA 

evolution in animals: amplification and sequencing with conserved 

primers. Proceedings of the National Academy of Sciences 

86:6196-6200. 

Laurent, O. 2006. Conservation de l'iguane des Petites Antilles 

(Iguana delicatissima) en Martinique: suivi des populations sur 

1'ilet Chancel et reintroduction sur Filet Ramiers. M.S. thesis, 

Universite Paul Sabatier, Toulouse, France. 

Long, J. L. 2003. Introduced mammals of the world: their history, 
distribution and influence. CSIRO Publishing, Canberra, Australia. 

Lorvelec, O., M. Pascal, and C. Pa vis. 2001. Inventaire et statut des 

mammiferes des Antilles francaises (hors Chiropteres et Cetaces). 

Association pour 1'Etude et la Protection des Vertebres et Vegetaux 

des Petites Antilles, Petit-Bourg, Guadeloupe. 

Lorvelec, O., M. Pascal, X. Delloue, and J.-L. Chapuis. 2007. Les 

mammiferes terrestres non volants des Antilles francaises et 

1'introduction recente d'un ecureuil. Revue d'Ecologie (Terre et 

Vie) 62: 295-314. 

MacPhee, R. D. E., and J. G. Fleagle. 1991. Postcranial remains of 

Xenothrix megregori (Primates, Xenotrichidae) and other late 

Quaternary mammals from Long Mile Cave, Jamaica. Bulletin of 

the American Museum of Natural History 206:287-321. 

Matthew, W. D. 1919. Recent discoveries of fossil vertebrates in the 

West Indies and their bearing on the origin of the Antillean fauna. 

Proceedings of the American Philosophical Society 58:161-181. 

McKinley, D. 1959. Historical note on the Bahama raccoon. Journal 

of Mammalogy 40:248-249. 

Miller, G. S., Jr. 1911. Descriptions of two new raccoons. 

Proceedings of the Biological Society of Washington 24:3-6. 

Morgan, G. S. 1989. Fossil Chiroptera and Rodentia from the 

Bahamas, and the historical geography of the Bahamian mammal 

fauna. Pp. 685-740 in Biogeography of the West Indies: past, 

present, and future (C. A. Woods, ed.). Sandhill Crane Press, 

Gainesville, Florida. 

Morgan, G. S., and C. A. Woods. 1986. Extinction and the 

zoogeography of West Indian land mammals. Biological Journal 

of the Linnean Society 28:167-203. 

Morin, S. 2003. La Faune des Antilles. Editions Grand Sud. 

Morrison, A. J. (transl., ed.) 1911. Travels in the confederation 

[1783-1784] from the German of Johann David Schopf. Vol. 2. 

W. J. Campbell, Philadelphia, Pennsylvania. 

Mosillo, M., E. J. Heske, and J. D. Thompson. 1999. Survival and 

movements of translocated raccoons in northcentral Illinois. Journal 

of Wildlife Management 63:278-286. 

Nei, M. 1987. Molecular evolutionary genetics. Columbia University 

Press, New York. 

Nelson, E. W., and E. A. Goldman. 1930. Six new raccoons of the 

Procyon lotor group. Journal of Mammalogy 11:453^-59. 

Nielsen, C. L. R., and C. K. Nielsen. 2007. Multiple paternity and 

relatedness in southern Illinois raccoons (Procyon lotor). Journal of 

Mammalogy 88:441^147. 

Nowak, R. M. 1999. Walker's mammals of the world. 2 vols. 6th ed. 

Johns Hopkins University Press, Baltimore, Maryland. 

Okabe, F., and N. Agetsuma. 2007. Habitat use by introduced 

raccoons and native raccoon dogs in a deciduous forest of Japan. 
Journal of Mammalogy 88:1090-1097. 

Olson, S. L. 1978. A paleontological perspective of West Indian birds 

and mammals. Special Publications of the Academy of Natural 

Sciences, Philadelphia 13:99-117. 

Olson, S. L. 1983. Biological archeology in the West Indies. Florida 

Anthropologist 35:162-168. 

Olson, S. L., and G. K. Pregill. 1982. Introduction to the 

paleontology of Bahaman vertebrates. Smithsonian Contributions 

to Paleobiology 48:1-7. 

Pennisi, E. 2006. Crab, raccoon play tag team against turtle. Science 

311:331. 

Pons, J.-M., V. Volobouev, J.-F. Ducroz, A. Tillier, and D. Reudet. 

1999. Is the Guadeloupean racoon [sic] (Procyon minor) really an 

endemic species? New insights from molecular and chromosomal 

analyses. Journal of Zoological Systematics and Evolutionary 
Research 37:101-108. 

Randa, L. A., and J. A. Yunger. 2006. Carnivore occurrence along an 

urban-rural gradient: a landscape-level analysis. Journal of 

Mammalogy 87:1154-1164. 

Ratnaswamy, M. J., and R. J. Warren. 1998. Removing raccoons 

to protect sea turtle nests: are there implications for ecosystem 

management? Wildlife Society Bulletin 26:846-850. 

Reid, F. A. 1997. A field guide to the mammals of Central America 

and southeast Mexico. Oxford University Press, Oxford, United 

Kingdom. 

Rodriguez, L. F. 2006. Can invasive species facilitate native species? 
Evidence of how, when, and why these impacts occur. Biological 
Invasions 8:927-939. 

Roemer, G. W., C. J. Donlan, and F. Courchamp. 2002. Golden 

eagles, feral pigs, and insular carnivores: how exotic species turn 

native predators into prey. Proceedings of the National Academy of 

Sciences 99:791-796. 

Schomburgk, R. H. 1848. The history of Barbados; comprising 
a geographical and statistical description of the island; a sketch of 

the historical events since the settlement; and an account of geology 
and natural productions. Longman, Brown, Green and Longmans, 

London, United Kingdom. 

Schrader, B., and P. Hennon (comps.). 2005. Assessment of invasive 

species in Alaska and its national forests. United States Department 
of Agriculture Forest Service, Regional Office, Anchorage, Alaska. 

Sherfy, F. C, and J. A. Chapman. 1980. Seasonal home range and 

habitat utilization of raccoons in Maryland. Carnivore 3:8-18. 

Sherman, H. B. 1954. Raccoons of the Bahama Islands. Journal of 

Mammalogy 35:126. 

Sloane, H. 1725. A voyage to the islands Madera, Barbados, Nieves, 

St. Christopher's, and Jamaica with the natural history of the herbs 

and trees, four-footed beasts, insects, reptiles, etc., of the last of 

these islands. British Museum, London, United Kingdom. 

Smith, D. L., L. A. Waller, C. A. Russell, J. E. Childs, and L. A. 

Real. 2005. Assessing the role of long-distance translocation and 

spatial heterogeneity in the raccoon rabies epidemic in Connecticut. 

Preventive Veterinary Medicine 71:225-240. 

Steadman, D. W., G. K. Pregill, and S. L. Olson. 1984. Fossil 

vertebrates from Antigua, Lesser Antilles: evidence for late 

This content downloaded from 130.216.158.78 on Thu, 6 Mar 2014 20:38:54 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


April 2008 HELGEN ET AL.?ORIGIN OF WEST INDIAN RACCOONS 291 

Holocene human-caused extinctions in the West Indies. Proceed 

ings of the National Academy of Sciences 81:4448-4451. 

Tajima, F. 1983. Evolutionary relationship of DNA sequences in finite 

populations. Genetics 105:437-^60. 

Tate, G. H. H. 1939. The mammals of the Guiana region. Bulletin of 

the American Museum of Natural History 76:151-229. 

Templeton, R., K. A. Crandall, and C. F. Sing. 1992. A cladistic 

analysis of phenotypic associations with haplotypes inferred from 

restriction endonuclease mapping and DNA sequence data. III. 

Cladogram estimation. Genetics 132:619-633. 

Urban, M. C, B. L. Phillips, D. K. Skelly, and R. Shine. 2007. The 

cane toad's (Chaunus [Bufo] marinus) increasing ability to invade 

Australia is revealed by a dynamically updated range model. 

Proceedings of the Royal Society, B. Biological Sciences 

274:1413-1419. 

White, S. E., P. K. Kennedy, and M. L. Kennedy. 1998. Temporal 

genetic variation in the raccoon, Procyon lotor. Journal of 

Mammalogy 79:747-754. 

Wisely, S. M., J. E. Maldonado, and R. C. Fleischer. 2004. 

Technique for sampling ancient DNA that minimizes damage to 

museum specimens. Conservation Genetics 5:105-107. 

Wozencraft, W. C. 1993. Order Carnivora. Pp. 279-348 in Mammal 

species of the world: a taxonomic and geographic reference (D. E. 

Wilson and D. M. Reeder, eds.). 2nd ed. Smithsonian Institution 

Press, Washington, D.C. 

Wozencraft, W. C. 2005. Order Carnivora. Pp. 532-628 in Mammal 

species of the world: a taxonomic and geographic reference (D. E. 

Wilson and D. M. Reeder, eds.). 3rd ed. Johns Hopkins University 

Press, Baltimore, Maryland. 

Wright, G. A. 1977. Dispersal and survival of translocated raccoons in 

Kentucky. Proceedings of the Annual Conference of the Southeast 

ern Association of Fish and Wildlife Agencies 31:285-294. 

Zeveloff, S. 1.2003. A review of the taxonomic and conservation statuses 

of the island raccoons. Small Carnivore Conservation 29:10-12. 

Submitted 22 May 2007. Accepted 24 September 2007. 

Associate Editor was Carey W. Krajewski. 

This content downloaded from 130.216.158.78 on Thu, 6 Mar 2014 20:38:54 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 282
	p. 283
	p. 284
	p. 285
	p. 286
	p. 287
	p. 288
	p. 289
	p. 290
	p. 291

	Issue Table of Contents
	Journal of Mammalogy, Vol. 89, No. 2 (Apr., 2008), pp. i-iv, 269-528
	Front Matter
	Mitochondrial DNA Variation and Systematics of the Guanaco (Lama guanicoe, Artiodactyla: Camelidae) [pp. 269-281]
	Molecular Confirmation of the Origin and Invasive Status of West Indian Raccoons [pp. 282-291]
	Morphometrics and Taxonomy of Bats of the Genus Pteronotus (Subgenus Phyllodia) in Venezuela [pp. 292-305]
	Morphological and Molecular Definition of Calomyscus hotsoni (Rodentia: Muroidea: Calomyscidae) [pp. 306-315]
	Morphometric Variation and Phylogeographic Structure in Macrotarsomys bastardi (Rodentia: Nesomyidae), an Endemic Malagasy Dry Forest Rodent [pp. 316-324]
	Systematics and Biogeography of the Mozambique Thicket Rat, Grammomys Cometes, in Eastern Cape Province, South Africa [pp. 325-335]
	A Comparative Description of Dimorphism in Skull Ontogeny of Arctocephalus australis, Callorhinus ursinus, and Otaria byronia (Carnivora: Otariidae) [pp. 336-346]
	Social Organization of Marine Tucuxi Dolphins, Sotalia guianensis, in the Cananéia Estuary of Southeastern Brazil [pp. 347-355]
	A Novel Approach for Assessing Density and Range-Wide Abundance of Prairie Dogs [pp. 356-364]
	Spatiotemporal Variation in Survival of Male Yellow-Bellied Marmots [pp. 365-373]
	Does Repeated Human Intrusion Alter Use of Wildland Sites by Red Squirrels? Multiyear Experimental Evidence [pp. 374-380]
	Spatial and Temporal Dynamics of Small Mammals at a Regional Scale in Canadian Boreal Forest [pp. 381-387]
	Effect of Local Density of Males on the Occurrence of Multimale Mating in Gray-Sided Voles (Myodes rufocanus) [pp. 388-397]
	Responses of a Carnivorous Marsupial (Antechinus flavipes) to Local Habitat Factors in Two Forest Types [pp. 398-407]
	Estimating Puma Densities from Camera Trapping across Three Study Sites: Bolivia, Argentina, and Belize [pp. 408-418]
	Distribution, Occupancy, and Habitat Correlates of American Martens (Martes americana) in Rocky Mountain National Park, Colorado [pp. 419-427]
	Using Genetic Relatedness to Investigate the Development of Conflict Behavior in Black Bears [pp. 428-434]
	Dietary Shifts in Relation to Fruit Availability among Masked Palm Civets (Paguma larvata) in Central China [pp. 435-447]
	Factors Affecting Birth Dates of Sympatric Deer in West-Central Texas [pp. 448-458]
	Interactions between Feral Horses and Desert Bighorn Sheep at Water [pp. 459-466]
	Activity Budgets and Sexual Segregation in African Elephants (Loxodonta Africana) [pp. 467-476]
	Short-Term Roost Fidelity of Rafinesque's Big-Eared Bat (Corynorhinus rafinesquii) Varies with Habitat [pp. 477-484]
	Diet and Abundance of the Bat Sturnira lilium (Chiroptera) in a Brazilian Montane Atlantic Forest [pp. 485-492]
	Foraging by Mediterranean Horseshoe Bats (Rhinolophus euryale) in Relation to Prey Distribution and Edge Habitat [pp. 493-502]
	Seasonal Roosting Habits and Population Structure of the Long-Fingered Bat Myotis capaccinii in Greece [pp. 503-512]
	Measuring Bite Force in Small Mammals with a Piezo-Resistive Sensor [pp. 513-517]
	Book Reviews
	Review: untitled [p. 518-518]
	Review: untitled [p. 519-519]

	Books Received [p. 520-520]
	Comments and News [pp. 523-525]
	Back Matter



