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Fig. 3. Fossil-calibrated species tree (left) for the ingroups Boa, Chilabothrus, Corallus, Epicrates and Eunectes. Nodes are labeled with letters (Table 3) and 95% HPD intervals
are shown, with shading corresponding to the posterior probabilities for each node (dark blueP 0.95; light blue < 0.95). The species tree is reflected across the median of the
figure, and on the right the results from the biogeographic DEC analysis are shown. Colored branches above and below each node represent the inferred splits between
lineages (Table 3), which are color-coded by island or island group as shown above the figure. Each tip is labeled with a colored square corresponding to the present range of
that species. A representative West Indian boa (C. inornatus from Arecibo, Puerto Rico) is shown on the far right. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

Fig. 4. Bayesian MCMC consensus tree from the concatenated and partitioned 10-gene dataset. Nodes with posterior probabilities >0.95 are indicated by an asterisk (!), while
numbers indicate posterior probabilities at nodes with lower support. Refer to Supplementary Data S1 for more information on tip labels.
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Network estimation

The 87 sequences of the 647-bp cytochrome b fragment
define 16 polymorphic sites and 12 distinct haplotypes. In
concordance with the well-known substitution bias of the
animal mitochondrial genome, transitions (ti) outnumber
transversions (tv) in pairwise sequence comparisons. The
tcs, median-joining, and UMP approaches all inferred the
haplotypic network shown in Fig. 3(c). Two haplogroups
are well differentiated and are separated by four to six fixed

mutations (depending on the resolution of loops in the
network). Haplogroup I (Fig. 3c) includes seven haplotypes
belonging to individual snakes that are (i) known to originate
exclusively from the western and central portions of the
island (Fig. 3b), and (ii) assigned to groups 1 (blue) and 2
(red) (as inferred from the corresponding microsatellite
data; Fig. 3a). One exception is haplotype 10; although most
individuals bearing it are assigned to group 2 (blue) on the
basis of their multilocus microsatellite genotype, two indi-
viduals exhibiting that haplotype are assigned to group 3

 

Fig. 3 (a) Membership coefficients inferred with structure version 2.1 (Falush et al. 2003) and plotted with distruct (Rosenberg 2004)
without using prior population definitions (using ‘admixture and correlated allele frequencies among populations’ model). Each individual
is represented by a column, and membership coefficients are colour coded according to the cluster of origin (blue, group 1; red, group 2,
and yellow, group 3). Arrows indicate individuals whose mitochondrial haplotypes unexpectedly belong to haplogroup II (haplotypes 4
and 5 in c) or to haplogroup I (haplotype 10 in c). Asterisks indicate individuals that have variable population assignments among the five
independent structure runs (K = 3), whereas circles indicate individuals associated with significant baps admixture; see text for details.
(b) Sampled individuals with known origin placed on a map of Jamaica where the borders of parishes are delimitated; colours correspond
to the group (defined by the structure analyses in a.) to which they are assigned and the number of individuals is indicated. Asterisks
indicate the two individuals (one in St Catherine and the other in St Elizabeth parish) that unexpectedly exhibit a ‘haplogroup II’ mtDNA
haplotype (H4 and H5 in c) and the arrow indicates one individual that unexpectedly exhibits a ‘haplogroup I’ mtDNA haplotype (H10 in
c). (c) Haplotypic network connecting the 12 newly identified mitochondrial cytochrome b haplotypes. The size of the circles is proportional
to the number of individuals. Haplotypes are coloured according to the group to which the corresponding individual is assigned on the
basis of its multilocus microsatellite genotype (structure analysis in a.). The tcs network is shown; dashed and dotted lines indicate
additional connections generated by the median-joining and UMP approaches, respectively.
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Abstract

The Jamaican boa (Epicrates subflavus; also called Yellow boa) is an endemic species whose
natural populations greatly and constantly declined since the late 19th century, mainly
because of predation by introduced species, human persecution, and habitat destruction.
In-situ conservation of the Jamaican boa is seriously hindered by the lack of information
on demographic and ecological parameters as well as by a poor understanding of the
population structure and species distribution in the wild. Here, using nine nuclear micro-
satellite loci and a fragment of the mitochondrial cytochrome b gene from 87 wild-born
individuals, we present the first molecular genetic analyses focusing on the diversity
and structure of the natural populations of the Jamaican boa. A model-based clustering
analysis of multilocus microsatellite genotypes identifies three groups that are also signif-
icantly differentiated on the basis of F-statistics. Similarly, haplotypic network reconstruc-
tion methods applied on the cytochrome b haplotypes isolated here identify two well-differentiated
haplogroups separated by four to six fixed mutations. Bayesian and metaGA analyses of the
mitochondrial data set combined with sequences from other Boidae species indicate that
rooting of the haplotypic network occurs most likely between the two defined haplogroups.
Both analyses (based on nuclear and mitochondrial markers) underline an Eastern vs.
(Western + Central) pattern of differentiation in agreement with geological data and
patterns of differentiation uncovered in other vertebrate and invertebrate Jamaican species.
Our results provide important insights for improving management of ex-situ captive
populations and for guiding the development of proper in-situ species survival and habitat
management plans for this spectacular, yet poorly known and vulnerable, snake.

Keywords: conservation genetics, Epicrates subflavus, Jamaica, Jamaican Yellow Boa, population
structure 
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Introduction

The Jamaican (or ‘Yellow’) Boa (Epicrates subflavus) is
endemic to Jamaica and is the island’s largest native
terrestrial predator (Fig. 1). Although it remained abun-
dant from the arrival of the first Europeans in Jamaica in
the 1500s until the 19th century (Gosse 1851), the condition
of the species deteriorated dramatically in the following

years. Rats (Rattus rattus and Rattus norvegicus) reached
Jamaica with the earliest European ships and rapidly deve-
loped into a large population causing highly significant
destruction in sugar cane fields (then the main commercial
product of the island). In an attempt to control this pest,
several exogenous species were deliberately introduced in
the island: a carnivorous ant from Cuba (Formica omnivora),
the cane toad (Bufo marinus), and the European ferret
(Mustela putorius). These efforts failed to control the Rattus
populations. Subsequently, nine small Asian mongoose
(Herpestes javanicus) individuals were brought to Jamaica in
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concordance with the well-known substitution bias of the
animal mitochondrial genome, transitions (ti) outnumber
transversions (tv) in pairwise sequence comparisons. The
tcs, median-joining, and UMP approaches all inferred the
haplotypic network shown in Fig. 3(c). Two haplogroups
are well differentiated and are separated by four to six fixed

mutations (depending on the resolution of loops in the
network). Haplogroup I (Fig. 3c) includes seven haplotypes
belonging to individual snakes that are (i) known to originate
exclusively from the western and central portions of the
island (Fig. 3b), and (ii) assigned to groups 1 (blue) and 2
(red) (as inferred from the corresponding microsatellite
data; Fig. 3a). One exception is haplotype 10; although most
individuals bearing it are assigned to group 2 (blue) on the
basis of their multilocus microsatellite genotype, two indi-
viduals exhibiting that haplotype are assigned to group 3

 

Fig. 3 (a) Membership coefficients inferred with structure version 2.1 (Falush et al. 2003) and plotted with distruct (Rosenberg 2004)
without using prior population definitions (using ‘admixture and correlated allele frequencies among populations’ model). Each individual
is represented by a column, and membership coefficients are colour coded according to the cluster of origin (blue, group 1; red, group 2,
and yellow, group 3). Arrows indicate individuals whose mitochondrial haplotypes unexpectedly belong to haplogroup II (haplotypes 4
and 5 in c) or to haplogroup I (haplotype 10 in c). Asterisks indicate individuals that have variable population assignments among the five
independent structure runs (K = 3), whereas circles indicate individuals associated with significant baps admixture; see text for details.
(b) Sampled individuals with known origin placed on a map of Jamaica where the borders of parishes are delimitated; colours correspond
to the group (defined by the structure analyses in a.) to which they are assigned and the number of individuals is indicated. Asterisks
indicate the two individuals (one in St Catherine and the other in St Elizabeth parish) that unexpectedly exhibit a ‘haplogroup II’ mtDNA
haplotype (H4 and H5 in c) and the arrow indicates one individual that unexpectedly exhibits a ‘haplogroup I’ mtDNA haplotype (H10 in
c). (c) Haplotypic network connecting the 12 newly identified mitochondrial cytochrome b haplotypes. The size of the circles is proportional
to the number of individuals. Haplotypes are coloured according to the group to which the corresponding individual is assigned on the
basis of its multilocus microsatellite genotype (structure analysis in a.). The tcs network is shown; dashed and dotted lines indicate
additional connections generated by the median-joining and UMP approaches, respectively.
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The Jamaican boa (Epicrates subflavus; also called Yellow boa) is an endemic species whose
natural populations greatly and constantly declined since the late 19th century, mainly
because of predation by introduced species, human persecution, and habitat destruction.
In-situ conservation of the Jamaican boa is seriously hindered by the lack of information
on demographic and ecological parameters as well as by a poor understanding of the
population structure and species distribution in the wild. Here, using nine nuclear micro-
satellite loci and a fragment of the mitochondrial cytochrome b gene from 87 wild-born
individuals, we present the first molecular genetic analyses focusing on the diversity
and structure of the natural populations of the Jamaican boa. A model-based clustering
analysis of multilocus microsatellite genotypes identifies three groups that are also signif-
icantly differentiated on the basis of F-statistics. Similarly, haplotypic network reconstruc-
tion methods applied on the cytochrome b haplotypes isolated here identify two well-differentiated
haplogroups separated by four to six fixed mutations. Bayesian and metaGA analyses of the
mitochondrial data set combined with sequences from other Boidae species indicate that
rooting of the haplotypic network occurs most likely between the two defined haplogroups.
Both analyses (based on nuclear and mitochondrial markers) underline an Eastern vs.
(Western + Central) pattern of differentiation in agreement with geological data and
patterns of differentiation uncovered in other vertebrate and invertebrate Jamaican species.
Our results provide important insights for improving management of ex-situ captive
populations and for guiding the development of proper in-situ species survival and habitat
management plans for this spectacular, yet poorly known and vulnerable, snake.
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Introduction

The Jamaican (or ‘Yellow’) Boa (Epicrates subflavus) is
endemic to Jamaica and is the island’s largest native
terrestrial predator (Fig. 1). Although it remained abun-
dant from the arrival of the first Europeans in Jamaica in
the 1500s until the 19th century (Gosse 1851), the condition
of the species deteriorated dramatically in the following

years. Rats (Rattus rattus and Rattus norvegicus) reached
Jamaica with the earliest European ships and rapidly deve-
loped into a large population causing highly significant
destruction in sugar cane fields (then the main commercial
product of the island). In an attempt to control this pest,
several exogenous species were deliberately introduced in
the island: a carnivorous ant from Cuba (Formica omnivora),
the cane toad (Bufo marinus), and the European ferret
(Mustela putorius). These efforts failed to control the Rattus
populations. Subsequently, nine small Asian mongoose
(Herpestes javanicus) individuals were brought to Jamaica in
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The 87 sequences of the 647-bp cytochrome b fragment
define 16 polymorphic sites and 12 distinct haplotypes. In
concordance with the well-known substitution bias of the
animal mitochondrial genome, transitions (ti) outnumber
transversions (tv) in pairwise sequence comparisons. The
tcs, median-joining, and UMP approaches all inferred the
haplotypic network shown in Fig. 3(c). Two haplogroups
are well differentiated and are separated by four to six fixed

mutations (depending on the resolution of loops in the
network). Haplogroup I (Fig. 3c) includes seven haplotypes
belonging to individual snakes that are (i) known to originate
exclusively from the western and central portions of the
island (Fig. 3b), and (ii) assigned to groups 1 (blue) and 2
(red) (as inferred from the corresponding microsatellite
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individuals bearing it are assigned to group 2 (blue) on the
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Fig. 3 (a) Membership coefficients inferred with structure version 2.1 (Falush et al. 2003) and plotted with distruct (Rosenberg 2004)
without using prior population definitions (using ‘admixture and correlated allele frequencies among populations’ model). Each individual
is represented by a column, and membership coefficients are colour coded according to the cluster of origin (blue, group 1; red, group 2,
and yellow, group 3). Arrows indicate individuals whose mitochondrial haplotypes unexpectedly belong to haplogroup II (haplotypes 4
and 5 in c) or to haplogroup I (haplotype 10 in c). Asterisks indicate individuals that have variable population assignments among the five
independent structure runs (K = 3), whereas circles indicate individuals associated with significant baps admixture; see text for details.
(b) Sampled individuals with known origin placed on a map of Jamaica where the borders of parishes are delimitated; colours correspond
to the group (defined by the structure analyses in a.) to which they are assigned and the number of individuals is indicated. Asterisks
indicate the two individuals (one in St Catherine and the other in St Elizabeth parish) that unexpectedly exhibit a ‘haplogroup II’ mtDNA
haplotype (H4 and H5 in c) and the arrow indicates one individual that unexpectedly exhibits a ‘haplogroup I’ mtDNA haplotype (H10 in
c). (c) Haplotypic network connecting the 12 newly identified mitochondrial cytochrome b haplotypes. The size of the circles is proportional
to the number of individuals. Haplotypes are coloured according to the group to which the corresponding individual is assigned on the
basis of its multilocus microsatellite genotype (structure analysis in a.). The tcs network is shown; dashed and dotted lines indicate
additional connections generated by the median-joining and UMP approaches, respectively.
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