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The buffy flower bat (Erophylla sezekorni) is a neotropical leaf-nosed bat
(Phyllostomidae) that is endemic to the Greater Antilles. Although this species is one of
the most common and abundant species of mammals in the West Indies, very little is
known about its ecology and evolution. To address this deficiency, I studied the genetic
structure and mating system of the buffy flower bat on several islands throughout its
range, focusing a more intensive study on the island of Exuma, Bahamas. I first studied
the effects of ocean barriers on genetic diversification within Erophylla and two related
endemic genera of endemic West Indian bats, Brachphylla, Phyllonycteris (Chapter II).
found evidence that ocean barriers inhibit gene flow and promote speciation within these
genera. Focusing on genus Erophylla (Chapter I11), I found that ocean channels usually
act as barriers to gene flow among island populations within species. However, relatively
shallow and narrow ocean channels formed semi-permeable barriers allowing gene flow
between some island populations. Within the bufty flower bat, Erophylla sezekorni
(Chapter IV), genetic diversity of mitochondrial DNA fragments was positively
correlated with island size, with small islands having reduced genetic diversity. However,
genetic diversity at several nuclear microsatellite loci was not correlated with island area

and levels of genetic diversity were high for most island populations. In addition, island



populations within the Great Bahamas Bank and Little Bahamas Bank showed high levels
of gene flow between island and showed no evidence of genetic bottlenecks. Populations
of E. sezekorni on Exuma (Chapters IV and V) exhibited a polygynous mating system
that included vigorous visual, acoustic, and olfactory male display behaviors. However,
the social structure that I observed had a negligible effect on genetic diversity and genetic
structure within these populations. Overall, the buffy flower bat exhibits very few of the
genetic symptoms of island life, such as reduced genetic diversity and increased genetic

isolation, and is evolutionarily adapted to persist on small oceanic islands.
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CHAPTER1

GENERAL INTRODUCTION

Many of the seemingly contradictory conclusions or assertions to be found in the island literature
appear to me to be resolvable once scale has been brought in as an organizing principle, and once
it is recognized that particular island effects or theories hold relevance within only a limited
portion of the time-space array ...

Robert J. Whittaker (2000)

Spatial and temporal scales are critical factors in island biogeography (MacArthur
and Wilson 1967, Haila 1990, Lomolino 2000, Whittaker 2000). The definition of an
island itself is dependent upon the vagility of species. Thus, to wide-ranging or migratory
species, even relatively large, isolated islands are not really islands (Haila 1990). In bats,
for example, several studies have shown that genetic boundaries within species
correspond to island boundaries, whereas this is not the case in other species (Carstens et
al. 2004, Heaney et al. 2005, Fleming et al. in press). Temporal scale adds an additional
layer of complexity to island systems. The fundamental processes of island
biogeography, immigration, extinction, and evolution (Lomolino 2000), often occur over
long time periods during which climates and even the islands themselves may change
substantially. As an organizing principle, we can categorize spatial and temporal
variability of island species into four ecological scales: 1) individual, 2) population
dynamics, 3) population differentiation, and 4) evolutionary (Haila 1990). The individual
scale encompasses the area in which an organism performs all vital ecological functions
(e.g. foraging, reproduction, dispersal, etc.). At the population dynamics scale,

populations may or may not function as independent units. They will be independent if



they are closed to immigration; otherwise, they are not. As spatial and temporal scales
increase, populations will begin to differentiate, and at the evolutionary scale, speciation
occurs (Haila 1990, Whittaker 2000).

This multi-scale approach has been used very successfully for several species of
bats, such as Cynopterus sphinx (Storz et al. 2001a,b, Campbell et al. 2006), Myotis
bechsteinii (Kerth et al 2000, Kerth et al. 2002a,b), Myotis myotis (Castella et al. 2000,
2001, Ruedi and Castella 2003, Ruedi et al. 2008), and Rhinolophus ferrumequinum
(Rossiter et al. 2000a,b, 2006). However, no studies have looked at an island bat species
at multiple taxonomic, spatial, and temporal scales. Bats in the genus Erophylla are
common and widespread throughout the Greater Antilles. There are two species of
Erophylla, the brown flower bat (E. bombifrons) which occurs on Hispaniola and Puerto
Rico and the buffy flower bat (E. sezekorni) which occurs on Cuba, Jamaica, the Cayman
Islands, and the Bahamas. These bats offer an excellent opportunity to study the genetic
structure of an endemic island species at multiple scales.

I begin my dissertation at the evolutionary scale in chapter II by examining
molecular differentiation between species within Erophylla and its two most closely
related genera, Phyllonycteris and Brachyphylla. Each of these genera is endemic to the
West Indies. The current taxonomy of these bats is based on morphology, and the number
of species within each genus as well as the relationships between those species is not
well-resolved (Morgan 2001, Timm and Genoways 2003, Davalos 2004). In addition,
there is strong potential for cryptic species within these genera due to the isolating effect
of islands. I used mitochondrial genes (cytochrome-b and control region) to investigate

genetic differentiation and phylogenetic relationships within each genus. In addition, I



used nine microsatellite loci to examine more recent genetic divergence between species
of Erophylla.

In chapter III, I focus on the population differentiation scale, examining the
phylogeography of both Erophylla bombifrons and E. sezekorni. Most phylogeographic
studies of island bats employ molecular markers from the mitochondrial genome and
essentially focus on an historical timescale (Carstens et al. 2004, Salgueiro et al 2004,
Roberts 2006). While this scale is crucial for understanding the evolutionary history of a
species, contemporary processes should not be ignored. I applied molecular dating
techniques to establish a rough timescale of divergence within each species of Erophylla.
I then applied a suite of molecular markers, including mitochondrial DNA and nuclear
microsatellites, to examine both historical and contemporary patterns of gene flow among
island populations. Finally, I used demographic analyses to look for evidence of recent
population growth in E. bombifrons and E. sezekorni.

In chapters IV and V, I begin at the boundary between the population
differentiation and population dynamics scales, move through the population dynamics
scale, and end up at the individual scale. In chapter IV, I examine the genetic
consequences of island life in eleven island populations of E. sezekorni and use data from
the mtDNA control region and 11 microsatellite markers to determine: 1) does island size
affect genetic diversity?, 2) is there evidence of genetic bottlenecks in these island
populations?, and 3) are these islands genetically isolated? In this chapter, I also focus on
a single colony of E. sezekorni on Exuma. For these bats, I use 8 nuclear microsatellites

to determine the genetic consequences of social structure, sex-biased dispersal, and



mating system. Finally, in Chapter V, I conclude this study at the individual scale by
describing the male display behavior and mating system of E. sezekorni on Exuma.
Islands are widely recognized for their importance as natural laboratories for the
study of evolutionary biology (MacArthur and Wilson 1967, Whittaker 2000). Their
discrete nature, reduced complexity, and their ability to be replicated and manipulated in
some cases, make islands ideal settings in which to study the pattern and process of
evolution. The insights we gain from studies of island organisms can have far-reaching
implications for continental species. In chapter VI, I briefly summarize the results of each
chapter and discuss the implications of this research for both island and mainland bat

species.



CHAPTER II
SPECIES ON THE EDGE: MOLECULAR DIFFERENTIATION IN THREE
LINEAGES OF ENDEMIC WEST INDIAN BATS
BACKGROUND
Since the time of Linnaeus, morphological differentiation has been used as the
standard criteria to describe and delineate species. It has been our most effective means
of quantifying the biodiversity of the planet and has been used to describe approximately
1.7 million species (Waugh 2007). However, there are potential problems with the
morphological approach. The main problem is cryptic species, organisms with distinct
evolutionary histories that are morphologically indistinguishable due to convergent
evolution (Lefebure et al. 2006). Numerous studies have shown that cryptic species are
common in a variety of organisms (Mayer and von Helversen 2001, Bickford et al. 2006,
Waugh 2007). The rate of discovery of cryptic species has dramatically increased over
the past two decades, largely due to the use of molecular data (Bickford et al. 2006). A
second problem is that morphological characters under selection may produce a pattern
that contradicts the actual evolutionary history of a species. Examples of this include
Anolis lizards and Myotis bats. Morphological similarities within these two genera are a
result of convergent selective pressures for habitat type (Anolis) or foraging style
(Myotis) and not common evolutionary histories (Hoofer 2003; Losos 1997; Losos 1998).
For these reasons, many researchers have sought an alternative or supplementary
approach to morphological taxonomy.
DNA taxonomy, the use of molecular data to describe species, has emerged over

the past two decades as an alternative to morphological species delineation (Vogler and



Monaghan 2007). Molecular markers have been used successfully to detect cryptic
species (Mayer and von Helversen 2001, Baker and Bradley 2006, Bickford et al. 2006)
and to provide valuable information on patterns of evolution and gene flow (Ruedi and
Mayer 2001, Hajibabaei et al. 2006, Giordano et al. 2007). Molecular data is not perfect,
however, and suffers some significant shortcomings (Vogler and Monaghan 2007). DNA
is not ideal for detecting incipient speciation because neutral gene mutations can
accumulate at a slower rate than changes in morphological characters under selection
(Mayer and von Helversen 2001, Rodriguez and Ammerman 2004, Hickerson et al.
2006). Also, DNA data can be just as misleading as morphological data in identifying
species. Introgression, incomplete lineage sorting, and differences between the gene tree
and species tree can all obscure true patterns of species divergence (Rubinoff 2006,
Rubinoff et al. 2006). Despite these potential pitfalls, DNA taxonomy has been applied
very successfully to bats (Order Chiroptera) in recent years (Mayer and von Helversen
2001, Baker and Bradley 2006, Clare et al. 2007). Several studies have used DNA
sequence data to discover cryptic diversity within genera (Mayer and von Helversen
2001, Baker and Bradley 2006) and to clarify the phylogenetic relationships within and
among various genera of bats (Hoffmann and Baker 2001, Ruedi and Mayer 2001,
Hoffmann and Baker 2003, Hoffmann et al. 2003, Porter and Baker 2004, Fleming et al.,
in press).

Bats in the phyllostomid subfamilies Phyllonycterinae (Erophylla and
Phyllonycteris) and Brachyphyllinae (Brachyphylla) represent a unique clade of bats
endemic to the islands of the West Indies. The morphological taxonomy of these three

related genera has been addressed in several studies (Buden 1976, Swanepoel and



Genoways 1978, Morgan 1989, Koopman 1993, Morgan 2001, Timm and Genoways
2003, Davalos 2004). However, the taxonomic arrangement of species within each genus
is still unresolved, and the literature is fraught with various interpretations of the
morphological data (Morgan 2001, Davalos 2004). Brachyphylla has been thought to
contain a single species, B. cavernarum (Buden 1977) or two species, a smaller form, B.
nana and a larger form, B. cavernarum (Swanepoel and Genoways 1978, Morgan 1989,
Koopman 1993, Timm and Genoways 2003). The most recent revision, based on
cytochrome-b, proposed three species, B. nana, B. pumila and B. cavernarum (Davalos
2004). Erophylla has been considered to contain a single species, E. sezekorni,
throughout its range (Buden 1976, Baker et al. 1978, Gannon et al. 2005) or two species,
E. bombifrons and E. sezekorni (Koopman 1993, Timm and Genoways 2003). Finally,
Phyllonycteris has been considered to contain two species, P. aphylla and P. poeyi
(Morgan 1989, Koopman 1993, Timm and Genoways 2003) or three, P. aphylla, P.
obtusa, and P. poeyi (Morgan 2001).

We followed the process outlined by Vogler and Monaghan (2006) to investigate
species relationships within these three genera. The steps are 1) compile existing
taxonomic data; 2) formulate hypotheses regarding species delimitation; 3) test
hypotheses with new data; and 4) revise species hypotheses. We used prior
morphological and molecular research to formulate hypotheses of species relationships
for Brachyphylla, Erophylla, and Phyllonycteris. We followed Simmons (2005) in
making our species hypotheses, except for Brachyphylla for which new data were
available (Davalos 2004). We made three initial hypotheses, 1) Brachyphylla is

composed of three species (B. nana- Cuba, Grand Cayman; B. pumila- Hispaniola, Grand



Caicos; B. cavernarum- Puerto Rico, Lesser Antilles), 2) Erophylla is composed of two
species, E. bombifrons (Hispaniola, Puerto Rico) and E. sezekorni (Jamaica, Cuba,
Cayman Islands, Bahamas), and 3) Phyllonycteris is composed of two species, P. aphylla
(Jamaica) and P. poeyi (Cuba, Hispaniola). We tested these hypotheses with new genetic
data from multiple molecular markers (mitochondrial cytochrome-b gene and control
region, and nuclear microsatellites) using a variety of techniques to quantify molecular

differentiation and examine the boundaries between species within these genera.

METHODS
Sample Collection

Tissue samples were collected from throughout the geographic ranges of the three
genera. Bats were captured with extendable hand nets inside caves or with mist nets set at
cave entrances. We recorded age, sex, reproductive status, body mass (g), and forearm
length (mm) for all captured individuals. A small piece of tissue (2-20 mg) was clipped
from one wing membrane and stored in 95% ethanol until analyzed in the lab. Genomic
DNA was extracted from 5 mg pieces of tissue using a standard ethanol precipitation
procedure or DNeasy® DNA isolation kits (Qiagen) and stored in 50 pl of Tris-HCI, Ph

8.5.

MtDNA sequencing and analyses
We used PCR (Polymerase Chain Reaction) to amplify the entire mitochondrial
cytochrome-b (cyt-b) gene with two primer sets, each covering approximately two-thirds

of the gene. For Erophylla, we used primer set AjaForl and AjaRevl to amplify the first



two-thirds of the gene and primer set EroFor2:5’-CCAACCTATTCTCTGCCATCC-3’
and AjaRev2 to amplify the second two-thirds of the gene. For Phyllonycteris, we
substituted primer PapRev1:5’-TAAGGG-TGGAAGGGAATTATG-3’ for AjaRevl and
primer PapFor2:5’-CAAACCTATTATC-CGCCATTC-3’ for EroFor2. Primer set
AjaForl and BcaRev1 and primer set BnaFor2:5’-CTAACCTACTC-TCCGCCATCC-3’
and BnaRev2:5’-CCCCCTTTTCTGGYTTACAAGAC-3’ were used for Brachyphylla.
Primer sequences AjaForl, AjaRevl, AjaRev2, and BcaRev1 were taken from Carstens
et al. (2004).

We also amplified fragments of approximately 350 bp of mitochondrial control
region (CR) using PCR. Because traditional primers used to amplify bat control region
fragments (P and F; Wilkinson and Chapman 1991) were not reliable for these genera,
primer F1:5’-CCCCACCCTCAACACCCAAA-3’ was redesigned from the Artibeus
Jjamaicensis mitochondrial genome (Pumo et al. 1998) and coupled with traditional
primer F:5’-GTTGCTGGTTTCACGGAGGTAG-3’ for Erophylla and Phyllonycteris.
For Brachyphylla, we substituted primer BN-F1:5’-TTCCTACCATCAG-CACCCAAA-
3’ for primer F1.

For both cyt-b and CR fragments, total PCR volume was 10 pl, with 1.0 pl
Promega 10X buffer (1.5 Mm MgCl, added), 1 unit 7ag DNA polymerase (Promega), 0.1
Mm dNTPs, and 14 pmol of each primer. PCR conditions were: initial denaturation at 94
°C for 2 min, followed by 30 cycles of 94 °C for 15 s, 55 °C for 15 s, and 72°C for 30 s,

with a final elongation step at 72 °C for 5 min. Annealing temperature was lowered to 50

°C when necessary. Before cycle sequencing, DNA fragments were incubated with

ExoSAP-IT (USB) to dephosphorylate double-stranded DNA and degrade excess primer.
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All fragments were sequenced with Big Dye Terminator Cycle Sequencing Kit,
version 1.1 (Applied Biosystems). Ten pl reaction volumes contained 2.5 pl of Big Dye
reaction mix, 10-50 ng of template DNA, and 3.2 pmol of forward or reverse primer. The
sequencing reaction involved an initial denaturation of 92 °C for 1 min, followed by 25
cycles of 92 °C for 10 s, 50 °C for 5 s, and 60 °C for 4 min. Products were run through
sephadex columns (Princeton Solutions) to remove unincorporated nucleotides. Samples
were then dried for 30 min with a vacuum centrifuge and resuspended in 15 ul of Hi-Di
Formamide (Applied Biosystems) for sequencing. All samples were sequenced in both
directions using an ABI 310 automated sequencer. For Erophylla, we used sequencing
primers Es-intl:5’-TTCCG-ATGTTTCATGTTTCTGT-3’ and Es-int2:5’-GCACCCCT-
CCACATATCAARC-3’ to sequence the 5’ and 3’-end of the cyt-b gene, respectively.
For Phyllonycteris, we used Es-intl and Ppo-int2:5’-ATACCCCACCACATATCAAAC-
3’. Raw sequence data was edited in SEQUENCHER v.4.5 (Gene Codes). We aligned all
sequences for each genus in CLUSTALX (Thompson et al. 1994) and then used aligned
sequence files in DNASP v.4.10 (Rozas et al. 2003) to determine unique haplotypes.

We sequenced the entire mitochondrial cyt-b gene (1140 bp) for 60 individuals of
Erophylla and 11 individuals of Phyllonycteris and 1,089 bp of the cyt-b gene for 21
individuals of Brachyphylla. One Erophylla sequence from Dominican Republic
(AY620438), one from Jamaica (AY620439), and one Phyllonycteris sequence from
Jamaica (AF187033) were taken from GenBank (NCBI). Fifty-one Brachyphylla
sequences (AY572365-AY 572382, AY 620440, AY 620444, AY620446-AY 620450,
AY620453-AY 620455, AY620457- AY620461, AY620463, AY620465-467) were taken

from GeneBank (Carstens et al. 2004, Davalos 2004). Brachyphylla samples from
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GenBank came from 11 islands, Anguilla (n = 5), Dominica (n = 1), Grand Cayman (n =
2), Guadeloupe (n = 4), Montserrat (n = 14), Nevis (n = 7), Puerto Rico (n = 3), Saba (n =
3), St. Eustatius (n = 2), St. Martin (n = 5), Turks and Caicos (n = 5).

We sequenced approximately 360 bp of the mitochondrial CR for 223 individuals
of Erophylla, 25 individuals of Phyllonycteris and 27 individuals of Brachyphylla.
Sampling locations and sample sizes for cyt-b and CR sequences generated in this study

are summarized in Table 2.1.

Microsatellite genotyping and analyses

We obtained microsatellite genotype data from 214 individuals (Table 2.1) and 9
loci (ES6,8,22,24,27,35,38,40,46) for Erophylla using the techniques described in
Murray et al. (2008). All samples were analyzed on an ABI 3730XL Genetic Analyzer
(Applied Biosystems, Inc.) and scored with GENEMAPPER v.3.0 (Applied Biosystems,
Inc.). We used FSTAT (Goudet 1995) to test for deviations from Hardy-Weinberg
equilibrium (HWE) and genotypic linkage equilibrium. A Bonferroni correction was used
to adjust alpha and correct for multiple statistical tests when evaluating the results of
HWE and linkage equilibrium tests. Genotype data were screened for null alleles, large-

allele dropout, and scoring errors with MICRO-CHECKER (Van Oosterhout et al. 2004).

Molecular differentiation
Molecular differentiation was investigated by 1) calculating genetic distances for
cyt-b, CR, and microsatellite data (Erophylla only) and 2) constructing phylogenetic trees

for each lineage. We used the program MEGA v.4.0 (Tamura et al. 2007) to calculate
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average pairwise genetic distances within and among species groups. For sequence data,
we used the Kimura 2-parameter model of nucleotide substitution (Kimura 1980) to
estimate all genetic distances. GENEALEX v.6 (Peakall and Smouse 2006) was used to
calculate Nei’s genetic distance statistic (Nei’s D; Nei 1987) for microsatellite data. All
genetic distance values are presented as mean + 1 SE. Finally, Mantel tests were carried
out in ARLEQUIN v.3.01 (Excoffier et al. 2005) to determine if genetic distance matrices
for different molecular markers were correlated.

To compare the phylogenetic signal of cyt-b and control region datasets for each
genus, we constructed neighbor-joining (NJ) and maximum parsimony (MP) trees
separately for each dataset and lineage of bats in MEGA. K2P genetic distances were used
to construct NJ trees. For MP analyses all characters were unweighted. For both NJ and
MP phylogenies, statistical support for each node was assessed with 1000 bootstrap
replications .

For species delimitation, Bayesian and MP phylogenetic trees were constructed
using MRBAYES v.3.12 (Huelsenbeck and Ronquist 2001) and MEGA, respectively.
Bayesian and MP phylogenies were constructed for the cyt-b gene and for a concatenated
dataset of cyt-b and CR sequences for individuals for which we sequenced both genes. In
MRBAYES, we ran four Markov chain Monte Carlo (MCMC) chains for 3.5 million
generations, sampling every 100 generations. Samples from the burn-in period (350,000
generations) were discarded. We partitioned cyt-b datasets into three parts corresponding
to codon position. Concatenated datasets in MRBAYES were also partitioned into cyt-b and
control parts. We used the Akaike Information Criterion (AIC) test statistic in MODELTEST

v.3.7 to determine the most appropriate model of nucleotide evolution (Posada and
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Crandall 1998, Posada and Buckley 2004) and applied that model to each partition. Indels
were ignored in all analyses. MP phylogenies were constructed in MEGA. Statistical
support for each node was evaluated with Bayesian posterior probabilities (BPP) and

1000 MP bootstrap replicates.

Species delimitation using mtDNA

We used several methods to delineate species within Brachyphylla, Erophylla,
and Phyllonycteris using mitochondrial sequence data. First, we employed the 10X rule
(Hebert et al. 2004), commonly used in DNA-barcoding studies. The 10X rule states that
genetic divergence between putative species must be at least 10 times the average genetic
divergence within species. Second, reciprocal monophyly was used as a criterion for
species delimitation (Weins and Penkroft 2002, Hickerson et al. 2006). Reciprocal
monophyly has been used to define evolutionary significant units (Moritz 1994) and as
part of the phylogenetic species concept (Donoghue 1985) and is defined as the condition
in which all members of a putative species share more recent common ancestors than any
member of another putative species. We evaluated reciprocal monophyly using Bayesian
and MP phylogenetic trees.

Finally, we calculated a molecular speciation threshold for Brachyphylla,
Erophylla, and Phyllonycteris using the method proposed by Lefebure et al. (2006).
Within each bat genus, we calculated frequency distributions of intraspecific and
interspecific genetic divergences (Highton 1998). We used these distributions to plot 1)
the percentage of intraspecific divergences (y-axis) below a particular genetic distance

value (x-axis) and 2) the percentage of interspecific divergences above a particular
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genetic distance value. The point at which these plots intersect is the molecular threshold,
the minimum genetic distance that allows maximum discrimination between putative
species. We then used the molecular threshold and average genetic distance between

putative species to make species determinations.

Species delimitation using microsatellites

For Erophylla microsatellite data, we used three methods to examine species
boundaries. First, we used a method of species delimitation based on linear regression of
intra- and interspecific genetic distances on geographic distance (Good and Wake 1992,
Sites and Marshall 2003). Conspecific taxonomic units are expected to exhibit a pattern
of genetic isolation by geographic distance (IBD), and the regression line should pass
through the origin (i.e. at zero geographic distance populations should be genetically
identical). Taxonomic units from different species are expected to show a pattern of
genetic divergence independent of geographic separation, and the regression line should
not pass through the origin (i.e. at zero geographic distance the species should be
genetically divergent). We used linear regression to examine the relationship between
average genetic distance between island populations and the geographic distance (km)
between islands. T-tests were used to determine if regression coefficients and y-intercepts
were significantly different from zero. Regression analyses were conducted in SPSS v.15.0
(SPSS Inc., Chicago, USA) and a = 0.05.

The second method we used involved plotting a histogram of pairwise Nei’s
genetic distances between populations of Erophylla (Mallet 1996, Highton 1998). If all

populations comprise a single species, the frequency distribution should be unimodal
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with a mean with a low value of Nei’s D. If sampled populations represent different
species, the frequency distribution should be bimodal with smaller Nei’s D values
representing intraspecific population comparisons and larger Nei’s D values representing
interspecific population comparisons. This method assumes that divergence in multiple
loci conforms to a molecular clock and is representative of reproductive isolation (Sites
and Marshall 2003).

Finally, we calculated recent migration rates (i.e. gene flow) between E.
bombifrons and E. sezekorni using BAYESASS v.1.3 (Wilson and Rannala 2003). Lack of
gene flow between populations is considered indirect evidence of reproductive isolation.
Therefore, we considered putative species with no gene flow between them to be distinct
species. BAYESASS determines the proportion of non-migrants and the proportion and
origin of migrants within each population using a Markov Chain Monte Carlo (MCMC)
algorithm. MCMC chains were run for 5 million generations with a sampling frequency
0f 2000. The first one million iterations were discarded as the burn-in period. All other
parameters were left at their default settings. The BAYESASS analysis was repeated three

times to assess stability of estimated migration rates.

RESULTS
Molecular differentiation

Kimura 2-parameter genetic distances for cyt-b were always smaller within (range
=0.24-0.95%) and larger between (range = 2.10-7.83%) putative species (Table 2.2). The
results were similar for CR data, but intraspecific divergences were usually larger and

interspecific divergences smaller than for cyt-b data (Table 2.2). For microsatellite data,
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average Nei’s D was 0.26 between two E. bombifrons populations, 0.35 £+ 0.04 among E.
sezekorni populations, and 0.77 + 0.02 between E. bombifrons and E. sezekorni. Mantel
tests revealed that genetic distances calculated from different molecular markers were
correlated. As expected, correlations between mitochondrial datasets (cyt-b and CR) were
strongest (Brachyphylla: ¥* = 0.97, p = 0.033; Erophylla: * = 0.88, p = 0.013). There
were too few populations to include Phyllonycteris in these analyses. For Erophylla,
Nei’s D data was correlated with both cyt-b data (> =0.68, p =0.002) and CR data =
0.76, p = 0.004).

Neighbor-joining phylograms (Figs. 2.1 — 2.6), maximum parsimony analyses
(trees not shown), and Bayesian phylogenetic analyses (Figs. 2.7 — 2.8) all showed that
putative species formed well-supported monophyletic clades in Brachyphylla and
Phyllonycteris but not in Erophylla. In Erophylla, a single E. bombifrons sample from
Dominican Republic (Ebom1) was nested within the E. sezekorni clade. For distance (NJ)
and parsimony analyses (not shown), topology was very similar between cyt-b and CR
phylogenetic trees, but nodal support was usually lower for CR data (Figs. 2.1 — 2.6).
Similarly, Bayesian tree topology was nearly identical between cyt-b and concatenated
trees, but nodal support was higher for concatenated trees (Figs. 2.7 — 2.8). We recovered
essentially the same topologies using Bayesian and MP (not shown) phylogenetic
methods (Figs. 2.7 — 2.8). The major nodes (those separating putative species) were the
same among all phylogenetic methods (Bayesian, MP, and NJ), with one exception. For
Phyllonycteris, the NJ trees for the cyt-b gene (Fig. 2.5) differed from both Bayesian and

MP trees (Fig. 2.7). In the NJ tree, P. aphylla (Jamaica) was ancestral to the rest of
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Phyllonycteris, but on Bayesian and MP trees, P. obtusa (Hispaniola) was ancestral to the

clade.

Species delimitation using mtDNA

We used several criteria to determine the appropriate boundaries between species
within these genera. First, we applied the 10X-rule commonly used in DNA-barcoding
studies (Table 2.2). According to the 10X-rule, there was sufficient interspecific relative
to intraspecific divergence in the cyt-b gene to differentiate between three putative
species groups, B. cavernarum-B. nana, B. nana-B. pumila, and P. aphylla-P. obtusa.
None of the other cyt-b or any of the CR species comparisons conformed to the 10X rule
threshold for distinguishing between species. Species delimitation based on the 10X rule
would result in two species of Brachyphylla and a single species of both Erophylla and
Phyllonycteris.

Based on reciprocal monophyly, Bayesian and MP trees (Figs. 2.7 — 2.8)
supported the existence of three species each within Brachyphylla (B. cavernarum, B.
nana, B. pumila) and Phyllonycteris (P. aphylla, P. obtusa, and P. poeyi), but only a
single species in Erophylla (E. sezekorni). While there was evidence of strong molecular
divergence between E. bombifrons and E. sezekorni, there was a single E. bombifrons
haplotype (Ebom 1) nested within the E. sezekorni clade (figs. 2.3 —2.4,2.7 — 2.8).

Molecular threshold analysis for all three genera combined established a threshold
genetic distance of 1.4% at which 97.0% of cyt-b samples could be assigned to the
correct species group (Fig. 2.9). The molecular threshold for CR data was 2.6% genetic

divergence at which 84.0% of samples could be accurately assigned to species (Fig. 2.9).
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Based on these molecular thresholds and average genetic distances between putative
species, our results support the existence of three species of Brachyphylla, two species of
Erophylla, and three species of Phyllonycteris for cyt-b data. For the CR molecular
threshold (2.6%), our results supported two species of Brachyphylla and Erophylla and at

least two species of Phyllonycteris (data for P. aphylla was not available).

Species delimitation using microsatellite data

Microsatellite data from Erophylla conformed to some of the predictions of
species delimitation based on regression of genetic distance upon geographic distance.
Interspecific pairwise values of Nei’s D were not correlated with geographic distance
between populations (+* = 0.02, df =12, P = 0.67), and the y-intercept was significantly
different from zero (y-intercept = 0.79, P < 0.01). Intraspecific Nei’s D values were
correlated with geographic distance (#* = 0.74, df = 19, P < 0.01). However, contrary to
expectation, the y-intercept was significantly different from zero (y-intercept = 0.102, P =
0.02) for these comparisons. We made no species determinations because these data did
not conform to expectations of the model (Good and Wake 1992).

The frequency distribution of intraspecific and interspecific Nei’s genetic
distances was bimodal for Erophylla (Fig. 2.10) which is expected if sample populations
come from two genetically distinct species. However, some intraspecific divergences
(Fig. 2.10, asterisks) were unusually high and were similar in magnitude to interspecific
divergences. Each of these high intraspecific genetic divergences involved comparisons
with Jamaica. Mean Nei’s genetic distance between Jamaica and other islands was 0.67 +

0.06. Removing Jamaica from the analysis yielded a mean Nei’s D of 0.25 + 0.02 within
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E. sezekorni and 0.75 £ 0.02 between E. bombifrons and E. sezekorni. Thus, our data
support the existence of two species of Erophylla but also indicate that Jamaican
populations have differentiated from both E. bombifrons and E. sezekorni.

Estimated recent migration rates from E. bombifrons populations to E. sezekorni
populations was 0.004 £ 0.003 (1 SD) and was 0.006 £+ 0.006 (1 SD) in the reverse
direction; 95% confidence intervals of these estimates were 0.0001 to 0.0120 and 0.0002
to 0.0219, respectively. Migration rates were nearly identical in three runs of BAYESASS.
The lack of gene flow between E. bombifrons and E. sezekorni supports the existence of

two species within Erophylla.

DISCUSSION
Species questions

Our initial species hypotheses were: 1) Brachyphylla is composed of three species
(B. nana- Cuba, Grand Cayman; B. pumila- Hispaniola, Grand Caicos; B. cavernarum-
Puerto Rico, Lesser Antilles), 2) Erophylla is composed of two species, E. bombifrons
(Hispaniola, Puerto Rico) and E. sezekorni (Jamaica, Cuba, Cayman Islands, Bahamas),
and 3) Phyllonycteris is composed of two species, P. aphylla (Jamaica) and P. poeyi
(Cuba, Hispaniola). These hypothesized species relationships were based primarily on
morphological data in Erophylla and Phyllonycteris (Morgan 1989, Koopman 1993,
Timm and Genoways 2003, Simmons 2005). Our initial hypothesis for Brachyphylla was
based on cytochrome-b sequence data (Davalos 2004). We tested these hypotheses with
new datasets from the mitochondrial control region and cytochrome-b gene and, in the

case of Erophylla, from nuclear microsatellites.
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Neighbor-joining (NJ), maximum Parsimony (MP), and Bayesian phylogenetic
trees for cyt-b and concatenated datasets all showed strong nodal support for three
reciprocally monophyletic clades within Brachyphylla (Figs. 2.1, 2.7 — 2.8). The control
region dataset recovered a similar topology but provided only weak bootstrap support for
the split between B. cavernarum and B. pumila (Fig. 2.2). Mean genetic distances
between each putative species exceeded the molecular threshold for cytochrome-b, but
not for D-loop data (Table 2.2, Fig. 2.9). In addition, cyt-b genetic distances among
putative species of Brachyphylla exceeded levels of intraspecific divergence found within
other species of bats (x = 1.6%; range = 0.6-2.3%) and, except for B. pumila, were
within the range of divergences seen between sister species in bats (X = 8.3%; range =
3.3-14.7%; Baker and Bradley 2006). Mean cyt-b distances distinguishing B. pumila
(Table 2.2) were slightly above mean intraspecific divergence but well below mean
divergence between sister taxa compared to other bats (Baker and Bradley 2006).

Our data supported the hypothesis of three species within the genus Brachyphylla:
B. cavernarum from Puerto Rico and the Lesser Antilles, B. nana from Cuba and Grand
Cayman, and B. pumila from Hispaniola and the Turks and Caicos islands. Our dataset
and results were similar to those of Davalos (2004). However, we included data from the
mitochondrial control region and multiple individuals from Cuba (Table 2.1). Prior to
Davalos (2004), taxonomy in Brachyphylla was based on the morphological work of
Swane