


ABSTRACT 

We assessed phylogenetic relationships among 48 of 53 genera of 
phyllostomid bats based on mitochondrial DNA (mtDNA) sequence data 
encompassing three adjacent genes (12S rRNA, tRNA Val, 16S rRNA). We 
employed Bayesian methods to produce an mtDNA tree, to reanalyze the nuclear 
Recombination-Activating Gene-2 (RAG2) sequence data, and to produce a tree of 
concatenated mtDNA andRAG2 data. We compared these gene trees with a recent 
total-evidence phylogeny based primarily on morphology. The congruence across 
all three trees (mtDNA, RAG2, total-evidence), was 16 of 55 nodes with identical 
content. The majority of incongruencies involved nodes that were weakly 
supported in the total-evidence tree. There was greater congruence between data 
sets from the mitochondrial and nuclear genomes, with 3 7 of 55 nodes identical in 
content. Analysis of the concatenated molecular data (about 4.0 kilobases) 
produced nearly identical branching patterns but with higher statistical support. 
Forty-eight of 55 generated clades received Bayesian posterior probabilities 2:0.95 
and 42 had a probability of 1.00. The seven weakly-supported clades occurred in 
the middle or terminal part of the tree. We interpret the Bayesian posterior 
probability values as well as the observation that the total number of shared nodes 
(37 of 55) between the gene trees (support from two independent genomes) as 
strong evidence that these nodes, as identified, have a high probability of reflecting 
evolutionary relationships. We contend that digenomic congruence with 
concomitant statistical support is a robust statement in phylogeny reconstruction. 
Using the molecular and total-evidence trees and other information ( e.g. , 
karyotypes), we developed a higher-level classification for the family 
Phyllostomidae that includes 56 genera in 11 subfamilies: Macrotinae, 
Micronycterinae, Desmodontinae, Lonchorhininae, Phyllostominae, 
Glossophaginae, Lonchophyllinae, Carolliinae, Glyphonycterinae, Rhinophyllinae, 
and Stenodermatinae. Our arrangement differs substantially from previous 
classifications. For example, members of the traditional subfamily Phyllostominae 
are divided into five subfamilies. 

Front cover: Artwork by Fiona Reid depicting the five lineages of the former Phyllostominae that are 
representative of subfamilies in the classification proposed herein. Taxa (from left to right) 
are: Micronycteris hirsuta, Lonchorhina aurita, Trinycteris nicefori, Macrotus californicus, 
and Tonatia saurophila. 
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The family Phyllostomidae constitutes a large and 
diverse complex of bats (53 genera and about 141 spe
cies; Wetterer et al. 2000; their Table 7, Pp. 138-139) 
that exhibits more variation in morphological features 
than any other family-level group of mammals. Mem
bers of this family have modifications for insectivory, 
frugivory, nectivory, sanguivory, as well as other modi
fications generally associated with omnivory. This 
diversity has been problematic for systematists, hin
dering efforts to reconstruct the phylogenetic history 
of the group. As a consequence, the systematics of 
Phyllostomidae has been studied for more than a cen
tury without consensus (Wetterer et al. 2000). Stud
ies of phyllostomid relationships make up more than 
one-third of all studies of bat systematics (Jones et al. 
2002). 

Wetterer et al. (2000) recently examined mor
phology and much of the data available in the literature 
to produce a total-evidence tree (Fig. 1; hereafter re
ferred to as the "total-evidence" tree) for all 
phyllostomid genera currently recognized. Their study 
represents the most comprehensive cladistic treatment 
of morphological data for a mammalian family. Jones 
et al. (2002) employed the Matrix Representation us
ing Parsimony (MRP) method for phylogeny recon
struction of Phyllostomidae, a method that loosely 
corresponds to a majority-rule consensus among pub
lished cladograms (and sometimes dubbed "super"
tree analysis). Their tree (Fig. 2; hereafter referred to 
as the "MRP" tree) most closely matches the total
evidence tree, probably because it was largely based 
on the data and studies reviewed by Wetterer et al. 
(2000); however, some differences in topology are 
evident (compare Figs. 1 and 2). Baker et al. (2000) 
performed a cladistic analysis on DNA sequence data 
from the nuclear Recombination Activating Gene-2 
(RAG2) for 66 taxa representing all but five genera 
(Fig. 3; hereafter referred to as the "RAG2" tree). Deep 
branching patterns in the RAG2 tree differed mark
edly from those in the total-evidence tree and from 
most previous systematic hypotheses. 

Our goals were to discriminate between alterna
tive phylogenetic hypotheses for phyllostomid bats 
(e.g., Baker et al. 1989, 2000; Wetterer et al. 2000; 
Jones et al. 2002) by examining mitochondrial DNA 
(mtDNA) sequences (about 2.6 kilobases) encompass
ing three genes (12S rRNA, tRNA~. 16S rRNA) and. 
if appropriate, to examine relationships based on con
catenation of the mtDNA and RAG 2 sequences ( about 
4.0 kilobases ). We chose the mitochondrial ribosomal 
genes for several reasons: 1) they should not be linked 
to the nuclear genome, providing data independent of 
RAG2 sequences, 2) they represent the phylogenetic 
signal present within the mitochondrial genome 
(Cummings et al. 1995), 3) they should provide a 
genealogic estimate largely uncorrelated with morpho
logical adaptations of phyllostomids, and 4) they have 
been used successfully to infer relationships among 
other bat taxa with similar levels of divergence as well 
as in other mammals (e.g., Hixon and Brown 1986; 
Allard and Honeycutt 1992; Frye and Hedges 1995; 
Van Den Bussche and Hoofer 2000, 2001; Hoofer and 
Van Den Bussche 2001, 2003). 

Production of our mtDNA tree creates a new 
and welcomed situation for phyllostomid systematics. 
Three different hypotheses (=trees) now exist for 
nearly all putative genera, each derived by explicit phy
logenetic analysis of independent and primary data 
sources: 1) primarily skeletal and soft anatomy but in 
reality a complex collection of data sources (Wetterer 
et al. 2000); 2) a nuclear gene (Baker et al. 2000); and 
3) mitochondrial ribosomal genes (this paper). The 
ultimate goal of this study was to develop a Linnaean 
classification for higher-level taxa within the 
Phyllostomidae that incorporates information from all 
three data sources. We contend that relationships sup
ported by all three data sources have a high probability 
of representing monophyletic lineages and should be 
recognized in any classification proposed for the fam
ily. Similarly, relationships supported in two of the 
three trees also should be recognized as monophyletic 
assemblages until additional, independent data are pro
vided with support to the contrary. 
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Figure I. Total-evidence tree of Wetterer et al. (2000) from parsimony analysis of 150, primarily morphologic, characters for 63 taxa 
(redrawn from their Fig. 49). Numbers above branches are decay values; those below are percent bootstrap values. We added their 
subfamily classification to the right. M. = Mimon, Micro. = Micronycteris, V. = Vampyressa. 
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Figure 2. Matrix Representation using Parsimony (MRP) tree of Jones et al. (2002) redrawn from their figure 3 (a-c), showing the 
relationships of genera that are recognized or discussed in our text. Numbers identify the presence of that clade in Table I . V = 
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MATERIALS AND METHODS 

mtDNA data collection and analysis. -We ob
tained tissue samples from wild-caught individuals rep
resenting all genera recognized by Koopman ( 1993, 
1994) ( see specimens examined and Wetterer et al. 
2000) except for Lichonycteris, Phyllonycteris, 
Phy/lops, Platalina, and Scleronycteris. We obtained 
23 mtDNA sequences from GenBank, which we (SRH, 
RAVDB) had generated in previous studies. We exam
ined multiple species of Micronycteris, Tonatia, and 
Vampyressa because their monophyly has been ques
tioned ( e.g., Wetterer et al. 2000; Lee et. al. 2002). 
We followed standard methods to extract genomic 
DNA from skeletal muscle or organ tissue samples 
(Longmire et al. 1997) and to PCR amplify and se
quence the 12S rRNA, tRNA Val , 16S rRNAgenes en
tirely in both directions with an assortment of external 
and internal primers (Van Den Bussche and Hoofer 
2000). 

Several parameters can affect alignment of mul
tiple ribosomal DNA sequences and, therefore, phy
logeny reconstruction (e.g., see Lutzoni et al. 2000). 
In this study, we followed the methods of Hoofer et 
al. (2003), who performed two multiple sequence align
ments in CLUSTAL X software (Thompson et al. 
1997), one with the default gap-cost ratio (15.00:6.66), 
the other with a smaller ratio (5:4). Both were refined 
by eye according to secondary structural models 
(Anderson et al. 1982; De Rijk et al. 1994; Springer 
and Douzery 1996). 

We coded nucleotides as unordered, discrete 
characters (G, A, T, C), multiple states as polymor
phisms, and gaps as missing, and inferred phyloge
netic relationships by Bayesian analysis (Li 1996; Mau 
1996; Rannala and Yang 1996) implemented in MrBayes 
2.01 (Huelsenbeck and Ronquist 2001). We chose 
Bayesian analysis over other optimality criteria (i.e., 
maximum likelihood, maximum parsimony) because it 
is quick and efficient for large data sets, provides reli
ability estimates (i.e., branch support) by straightfor
ward posterior probabilities, and utilizes a statistically 
robust procedure to extract the maximum amount of 
information from the sequence data (Whelan et al. 
2001). We analyzed the 2.6-kilobase fragment of 
mtDNA as a single unit, rather than by each gene sepa-

rately, because several studies have demonstrated ho
mogeneity among the three genes (Van Den Bussche 
and Hoofer 2000, 2001; Hoofer and Van Den Bussche 
2001; Van Den Bussche et al. 2002; Hoofer et al. 2003), 
and all mitochondrial genes are linked and should have 
identical phylogenetic histories (Brown 1985; Wiens 
1998). 

We ran all Bayesian analyses at least 1 X 106 

generations with one cold and three incrementally 
heated Markov chains, with starting trees for each chain 
being random in origin, and trees saved every 10 gen
erations. We ran three independent analyses designat
ing Saccopteryx (Emballonuridae) as the outgroup to 
assess whether chains converged on the same poste
rior probability distribution and whether likelihoods 
reached stable values (Huelsenbeck et al. 2002). We 
estimated bum-in values (initial set ofunstable genera
tions to be ignored) by empirical evaluation of likeli
hoods. The general time reversible model of sequence 
evolution (GTR) with allowances for a gamma distri
bution of rate variation (r) and for proportion of in
variant sites (I) best fit the mtDNA data (Modeltest; 
Posada and Crandall 1998). We did not define model 
parameters a priori, but treated them as unknowns 
(with uniform priors) to be estimated in each Bayesian 
analysis (Leache and Reeder 2002). 

Conditional combination of mtDNA and RAG2 
data .-We assessed combinability of mtDNA and 
RAG2 data sets following Wiens (1998; see also Leache 
and Reeder 2002). To do this, we re-analyzed the 
RAG 2 data with Bayesian methods ( as described above) 
and the GTR + r + I model (Modeltest; Posada and 
Crandall 1998), and relied on parametric posterior prob
abilities from Bayesian analysis (P ~ 0.95) to indicate 
statistically supported relationships (Wiens 1998). 
However, because we were able to generate ( or obtain 
from GenBank) mtDNA sequences for most, but not 
all, taxa examined by Baker et al. (2000), we truncated 
the RAG2 data set to include only those taxa shared 
between studies, reducing our operational taxonomic 
units to 62 (56 phyllostomids and six outgroups). 
Nonetheless, all subfamilies and tribes as well as 
unranked taxa of Baker et al. (1989, 2000) and Wetterer 
et al. (2000) were represented. 
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Classification.-We develop a classification for 
Phyllostomidae through taxonomic congruence be
tween three independent phylogenies (mtDNA, RAG2, 
and total-evidence) or between any two of the three. 
That is, we recognized a taxon for each clade shared 
between all three phylogenetic trees, for most clades 

supported in two of the three trees and for most clades 
supported in the concatenated gene tree and one of the 
two gene trees. In the latter situations, we recognized 
taxa with statistically supported relationships (i.e., pos
terior probabilities ~ 0.95) and information from other 
data sources (e.g., karyotypes). 

RESULTS 

Re-analysis of RAG2 data.-All sequences gen
erated in this study are deposited in GenBank (see Ap
pendix 1, Specimens Examined). Bayesian likelihoods 
for the RAG2 data of Baker et al. (2000) reached 
stationarity at 50,000 generations (bum-in = 5,000) 
reducing the number of sampled trees to 95,000. To
pologies and posterior probabilities for nodes and model 
parameters for all three runs were in excellent agree
ment. There was close agreement between the Baye
sian tree (Fig. 3) and the Maximum Parsimony tree of 
Baker et al. (2000, their Fig. 2). 

mtDNA data.- Alignment (default settings) of 
the 59 mtDNA sequences that we generated plus the 
23 obtained from GenBank resulted in 2,804 aligned 
sites. We excluded 544 characters from all analyses 
because positional homology was ambiguous (Hoofer 
and Van Den Bussche 2003), resulting in 2,260 sites 
for phylogenetic analysis. Most ambiguous sites were 
within loop regions of the ribosomal genes, but some 
were in stem regions and within the tRNA gene. Align
ment using the smaller gap-cost ratio ( 5 :4) was slightly 
longer than the default alignment, with more gaps in
serted primarily in large loop regions of the ribosomal 
genes. There were slightly more ambiguous charac
ters in the 5 :4 alignment corresponding to the increased 
number of inserted gaps in variable loop regions. 

Bayesian likelihoods reached stationarity at 50,000 
generations (bum-in= 5,000) reducing the sampled 
trees to 95,000. Topologies (Fig. 4) and posterior 
probabilities for nodes and model parameters for all 
three runs were in excellent agreement. Analyses with 

both alignments also produced identical topologies and 
nearly identical posterior probabilities. There were no 
supported conflicts (P ~ 0.95) between results from 
Bayesian analyses of mtDNA and RAG2 data; there
fore, we combined the data sets. 

Combined data.-The combined alignment of 
mtDNA and RAG2 data resulted in 4,164 characters, 
of which 3,620 were utilized in the phylogenetic analy
sis. Bayesian likelihoods reached stationarity at 20,000 
generations (bum-in = 2,000) reducing the number of 
sampled trees to 98,000. Topologies and posterior 
probabilities for nodes and model parameters for all 
three runs again were in excellent agreement. 

There was statistical support for the majority of 
clades in the combined gene tree (Fig. Sa; hereafter 
referred to as the "combined gene tree"). Forty eight 
of 55 generated clades received posterior probabilities 
~0.95 and 42 had a probability of 1.00. The seven 
weakly-supported clades occurred in the middle or 
terminal part of the tree (Table 1; Fig. Sa). All 55 
nodes (Fig. Sa) are numbered for identification in text 
with Bayesian probabilities given in Table 1. The ma
jority of the 55 nodes in the combined gene tree also 
was supported by independent analyses of the mtDNA 
and RAG2 data (Table 1); 39 of 55 for mtDNA (Fig. 
4) and 30 of 55 for RAG2 received posterior prob
abilities ~0.95 (Fig. 3). Nodes that are present in the 
total-evidence tree (Fig. 1), RAG2 tree (Fig. 3), and 
mtDNA tree (Fig. 4) are mapped onto our combined 
gene tree, indicated by the letters M, R, and T, respec
tively (Fig. Sa) . 
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Figure 3. Cladogram for Phyllostomidae from Bayesian analysis (GTR + r + I) of RAG2 data. Numbers are 
posterior probabilities; * signifies a probability of 1.00. Mean model parameters were: Lnl, -9699.677; Rcr, 
10.085; RCG, 1.302; RAT' 0.649; RAG' 8.138; RAC' 1.813; nA, 0.288; nc, 0.227; nG, 0.232; nr, 0.253; ex, 0.765; P inv' 

0.360. Our results are essentially identical to those from the original parsimony analysis by Baker et al. (2000; 
their Fig. 2), although we included one additional phyllostomid, Vampyriscus brocki. We re-analyzed the RAG2 
data with Bayesian methods to assess conditional combination of the RAG2 and mtDNA data sets. A.= Artibeus, 
G. = Glyphonycteris, M. = Macrotus, Micro . = Micronycteris, N. = Noctilio, V. = Vampyriscus. Generic designa
tions follow the classification proposed in this paper. 
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Figure 4. Cladogram for Phyllostomidae from Bayesian analysis (GTR + r + I) of the mitochondrial 12S rRNA, 
tRNA v.,, and l 6S rRNA genes. Numbers are posterior probabilities; * signifies a probability of 1.00. Mean model 

parameters were: Lnl, -27467.426; RCT, 53.717; Rco• 0.657; RAT' 3.465; RAG' 16.377; RAC' 4.687; TIA, 0.365; Tic, 
0.224; TI

0
, 0.182; TIT, 0.229; ex, 0.616; Pinv' 0.439. A.= Artibeus, C. = Chiroderma, G. = G/yphonycteris, L. = 

Lonchophylla, Lo.= Lonchorhina, Micro.= Micronycteris, N. = Nocti/io, V. = Vampyriscus. Generic designa
tions follow the classification proposed in this paper. 
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DISCUSSION 

Molecular and morphological congruence.
There are 16 nodes shared in the three independent 
data sets (Table 1; total-evidence, Fig. 1; RAG2, Fig. 
3; mtDNA, Fig. 4), which we contend have the high
est probability of being monophyletic assemblages. Of 
these, eight unite sister genera or species within a ge
nus. Thus, congruence among all three data sets pro
vides little resolution to the deep branching patterns or 
the evolutionary relationships among the diverse, mor
phological extremes associated with variation in feed
ing strategies. Comments on each node follow (Table 
1, Fig. 3 and Fig. Sa). 

First, the monophyly of the family Phyllostomidae 
(node 1) is supported in all three trees. This is critical 
to the assumption that the tremendous diversity in 
morphology, feeding strategies, chromosomal evolu
tion, etc. is attributed to evolutionary events occurring 
since common ancestry and not the result of combin
ing unnatural assemblages. This conclusion also is 
critical to many studies of character transformation 
(e .g., McDaniels 1976; Hood and Smith 1982; 
Bhatnager 1985; Ferrarezzi and Gimenez 1996; Free
man 1998). Second, the monophyly of the vampire 
bats (node 50) is supported in all three trees. This 
clade is the most constant feature on which studies of 
phyllostomid systematics agree, with it appearing in 
nearly all previous classifications. Also, the basal rela
tionship of Diphylla to Diaemus + Des modus is present 
in all three trees (node 51 ). 

The monophyly of the Stenodermatinae (node 
10) is indicated in all three data sets. Although Sturnira 
has been placed into its own subfamily (Sturnirinae; 
Miller 1907), Baker (1967) concluded that Sturnira 
was a member of the Stenodermatinae based on chro
mosomal data from nondifferentially stained karyo
types. Unpublished G-band data also are explained 
most parsimoniously by Sturnira being an ingroup to 
the Stenodermatinae after diverging from the remain
der of the Phyllostominae. Node 11 is common to all 
three trees and documents a basal position for Sturnira 
relative to the remainder of the Stenodermatinae. 

Within node 10, there are differences in branch
ing patterns among trees but four clades are common 
to all trees. There has been general agreement that the 
short-faced, white-shouldered taxa, Stenoderma, 

Ariteus, Ardops, Pygoderma, Centuria, 
Sphaeronycteris, and Ametrida (also Phy/lops based 
on morphology; Wetterer et al. 2000), form a natural 
assemblage. The presence of node 15 in all three trees 
supports this conclusion. Within the short-faced bats 
a clade indicating a sister relationship of Ariteus and 
Ardops is indicated in all three trees (node 20). Also 
within the Stenodermatinae the sister relationship of 
Artibeus and Dermanura (node 21) and of Platyrrhinus 
and Vampyrodes (node 25) is indicated. Node 25 also 
is supported in the molecular data (Van Den Bussche 
et al. 1998) and morphological data presented by Lim 
(1993). 

Within the nectar-feeders, a clade (node 39) com
mon to all three trees contains the genera Hylonycteris, 
Choeroniscus, Choeronycteris, and Musonycteris. 
Within this clade, node 40 exists in all three trees indi
cating a basal position for Hylonycteris relative to the 
other three genera. 

The genus Micronycteris (sensu stricto, Wetterer 
et al. 2000) is indicated by node 53 , which is repre
sented by various subsets of species in each of the 
three trees. Because the number of sampled species 
of Micronycteris varies among trees, interpretation of 
sister relationships within node 53 is limited. How
ever, the monophyly of the group as recognized by 
Wetterer et al.(2000) receives support. Node 55 is 
present in all three trees and indicates a sister level 
relationship for the species M. hirsuta and M. 
megalotis. Other sister relationships for pairs of gen
era indicated in the three trees include Glyphonycteris 
and Trinycteris (node 30), Lionycteris and Lonchophylla 
(node 32), and Vampyrum and Chrotopterus (node 48). 

Digenomic congruence.-No additional nodes are 
shared between the RAG2 and the total-evidence trees, 
and only a single additional node was shared between 
the mtDNA and total-evidence trees. This node (38), 
which places Anoura at the base of the taxa in node 39 
noted above (Fig. Sa), received statistical support in 
the mtDNA and combined gene trees but not in the 
RAG2 Bayesian tree (Table 1). Node 38 also was 
present in the RA G2 parsimony tree (Baker et al. 2000). 

In contrast, there are 21 additional nodes shared 
between the two gene trees (Figs. 3 and 4) that are not 
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Table /.-Taxonomic congruence and statistical support among selected studies of phyl/ostomids: mtDNA + RAG2, this study; mtDNA, 
this study; Bayesian analyzed RAG2 data of Baker et al. (2000); total-evidence (primarily morphologic data), Wetterer et al. (2000); and 
Matrix Representation using Parsimony (MRP) analysis of published trees, Jones et al. (2002). Nodes 1- 55 correspond to the combined 
gene tree (mtDNA + RAG2 data; Fig. 5). Levels of statistical support from the combined data analysis and from analyses of independent 
data sets are given for each node (if present) ; support values from molecular analyses are Bayesian posterior probabilities, whereas values 
from the total-evidence study are bootstrap proportions. - indicates that the node was not present. Nodes in the MRP tree and nodes 
shared among all trees are indicated by an X. Node I in the total evidence tree was present, but no bootstrap values were reported. Taxa 
identified for each node (where applicable) are those in the classification proposed in this paper. • denotes unranked names. 

mtDNA + Shared in 
Node Taxon RAG2 mtDNA RAG2 Total-evidence MRP all trees 

Phy! lostomidae 1.00 1.00 1.00 X X X 
2 Karyovarians• 0 .97 0 .96 0.95 
3 Victivarians• 0 .97 1.00 0 .54 
4 Phyllovarians• 1.00 0 .96 1.00 
5 Unnamed* 0 .96 
6 Hirsutaglossa• 1.00 
7 Dulcivarians• 0 .99 1.00 
8 Nullicauda• 1.00 0.95 
9 Carpovarians• 1.00 1.00 1.00 
I 0 Stenodermatinae 1.00 0 .91 1.00 54 X X 
11 Stenodermatini 1.00 1.00 1.00 97 X X 
12 Mesostemodermatini• 1.00 0 .99 
13 0 .52 0.46 
14 Unnamed• 1.00 1.00 
15 Stemodermatina 1.00 1.00 1.00 98 X X 
16 0 .93 0 .95 
17 1.00 0.51 0.64 
1 8 1.00 1.00 
19 0 .87 0 .48 0.95 X 
20 1.00 1.00 1.00 58 X X 
21 Artibeina 1.00 1.00 1.00 73 X X 
22 Vampyressina 1.00 0 .99 1.00 
23 0.53 0 .63 
24 0.72 
25 1.00 0 .52 0.98 46 X X 
26 1.00 1.00 1.00 
27 1.00 1.00 
28 1.00 1.00 1.00 X 
29 Unnamed 0.99 0 .98 
30 Glyphonycterinae 1.00 1.00 1.00 45 X X 

31 1.00 1.00 
32 Lonchophyllinae 1.00 1.00 1.00 80 X X 

33 Glossophaginae 1.00 1.00 0 .29 
34 1.00 1.00 0 .96 
35 Glossphagini 1.00 1.00 1.00 X 

36 1.00 1.00 0 .67 
37 0 .97 0 .76 X 

38 Choeronycterini 1.00 1.00 66 X 

39 Choeronycterina 1.00 1.00 1.00 93 X X 

40 1.00 1.00 1.00 81 X X 

41 1.00 1.00 0.41 
42 Phyllostominae 1.00 1.00 
43 0 .54 
44 Phyllostomini 1.00 0.56 1.00 X 

45 1.00 0 .97 0 .80 
46 1.00 1.00 0 .99 X 

47 0.48 
48 Vampyrini 1.00 0 .81 1.00 89 X X 

49 Macrophyllini 1.00 1.00 0.98 

50 Desmodontinae 1.00 1.00 1.00 100 X X 

51 Desmodontini 1.00 1.00 1.00 100 X X 

52 M icronycterinae 1.00 1.00 0.63 

53 1.00 1.00 1.00 78 X X 

54 1.00 1.00 1.00 

55 1.00 1.00 1.00 85 X X 
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Figure 5. Results from Bayesian analysis (GTR + r + I) of concatenated mtDNA and RAG2 data. Mean model 
parameters were: Lnl, -40011.880; Rcr,34.934; Rea• 0.938; RAT' 2.327; RAG' 10.437; RAC' 4.164; nA, 0.351 ; nc, 
0.211; na, 0.200; nr, 0.238; ex, 0.513; Pinv' 0.407. Generic designations follow the classification proposed in this 
paper. G. = Glyphonycteris, Micro.= Micronycteris, N. = Noctilio, V. = Vampyriscus. a) Cladogram depicting 
nodes 1-55. Levels of statistical support for each node from molecular (mtDNA, RAG2, and mtDNA + RAG2) 
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and morphological data sets can be found in Table l. Nodes present in trees produced from independent analysis 
of mtDNA, RAG 2, and total-evidence data are denoted by the letters M, R, and T, respectively. b) Phy lo gram 
depicting percent sequence divergence among phyllostomid species since their last common ancestor. Our 
proposed subfamily classification is shown at right. Outgroups were the same but not drawn. 
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present in the total evidence tree, bringing the total 
number of shared nodes for the gene trees to 36 of 55. 
This is a high level of congruence, especially at the 
base of the tree where resolution has been most diffi
cult to statistically document in previous studies. Of 
the 36 nodes shared in the two independent gene trees 
all are present in the combined gene tree (Fig. Sa). 
Of these 36, five also are present in the MRPtree (Table 
1 ) . 

Possible resolution of the initial branching pat
tern within phyllostomid bats is present in nodes 2, 3, 
and 4. This branching sequence indicates that the an
cestor of Macrotus was the basal divergence for the 
family (node 2), followed by Micronycteris (sensu 
Wetterer et al. 2000; node 3), followed by the ances
tor of the vampires (node 4 ). Most studies have con
cluded that the vampires were the basal divergence 
within phyllostomid bats, but within the gene trees there 
is statistical support for the branching order revealed 
by nodes 2, 3, and 4. The Macrotus, Micronycteris, 
vampire bat order of divergence is a radical departure 
from the relationships proposed by Wetterer et al. 
(2000) and Jones et al. (2002). In their trees, the 
vampires diverged first andMacrotus andMicronycteris 
are part of a much larger clade of other morphologi
cally primitive taxa ( their Phyllostominae ). Within that 
larger clade in Wetterer et al. (2000), Macrotus is cen
tral to a group composed of Micronycteris (sensu 
Wetterer et al. 2000, p. 141) plus the genera Trinycteris, 
Glyphonycteris, and Lampronycteris (and possibly 
Neonycteris). Sanborn (1949) and Koopman (1993) 
recognized the latter four genera as subgenera of 
Micronycteris . 

In the gene trees, Macrotus is the first clade within 
the family, Micronycteris (sensu Wetterer et al. 2000) 
and Lampronycteris compose the second clade within 
the family, and Glyphonycteris and Trinycteris diverged 
distantly within the remainder of the Phyllostomidae 
(nodes 30, 31; Fig. Sa) . Thus, our molecular data 
divide the Micronycterini of Wetterer et al. (2000; 
Micronycteris, Macrotus, Lampronycteris, 
Glyphonycteris, Trinycteris, and Neonycteris) into three 
distantly related clades, for which the common ances
tor would have contained all phyllostomid bats. 

Using cladistic methods and global parsimony 
with Noctilio and Mormoops as outgroups, Patton and 
Baker (1978) and Baker (1979) proposed that the G-

banded karyotype of Macrotus waterhousii was iden
tical to that primitive for the family Phyllostomidae. 
WithMacrotus central to Micronycteris, Glyphonycteris, 
Lampronycteris, and Trinycteris (all of which have 
highly rearranged karyotypes), Wetterer et al. (2000) 
concluded it was improbable that the karyotype of M. 
waterhousii was primitive for the family. Interestingly, 
the monophyly of the Micronycterini was part of the 
basis for excluding all chromosomal data from the to
tal-evidence analyses (Fig. 1; Wetterer et al. 2000.) 
With Macrotus being the basal divergence within the 
family, the molecular data are compatible with the hy
pothesis that the karyotype of M. waterhousii is un
changed from the primitive condition for the family. 
This conclusion is the foundation for using chromo
somal data as synapomorphies to identify clades such 
as the relationship of Brachyphylla, Erophylla, 
Phyllonycteris, Glossophaga, and Leptonycteris (Baker 
and Bass 1979). 

Node 9 unites Rhinophylla with the 
Stenodermatinae. The phylogenetic affinities of 
Rhinophylla have been a source of debate (Wright et 
al. 1999), but most recent classifications have included 
Rhinophylla and Carollia as the only genera in the 
Carolliinae (Koopman 1993, 1994). There is statisti
cal support in the mtDNA, RAG2, and combined gene 
trees for Rhinophylla sharing a common ancestry with 
the Stenodermatinae after diverging from Carollia . 

Six additional nodes within the Stenodermatinae 
are shared by the three gene trees (14, 17, 19, 22, 26, 
and 28). Node 14 indicates statistical support for 
Artibeus and Dermanura sharing a common ancestry 
with the short-faced bats (node 15) after diverging 
from the remainder of the Stenodermatinae. Node 17 
unites Centuria, Pygoderma, Sphaeronycteris, and 
Ametrida. Node 19 indicates a sister relationship for 
Sphaeronycteris and Ametrida. Nodes 17 and 19 re
ceived a posterior probability of 0.95 in only one tree. 
Node 22 unites Chiroderma, Vampyressa, Uroderma , 
Mesophylla, Vampyrodes, and Platyrrhinus. Genera 
that, for the most part, are characterized by pelage 
with a white line down the center of the back. Within 
this clade, two nodes receive statistical support: node 
26, which unites Vampyressa thyone and Mesophy lla ; 
and node 28, which unites Vampyressa bidens and V 
brocki. These two nodes indicate systematic change 
is needed in content and context of Vampyressa. 
Wetterer et al. (2000) indicated that Ectophylla and 
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Mesophylla are sister taxa and were classified as con
generic. Lim et al. (2003) also indicated that Ectophylla 
and Mesophylla are sister taxa but sufficiently diver
gent morphologically, chromosomally, and genetically 
to merit generic status. The data in the three gene 
trees along with chromosomal data (Baker et al. 1973, 
Greenbaum et al. 1975) indicate that Mesophylla and 
Vampyressa thyone are more closely related to each 
other than to most of the other species in the genus 
Vampyressa as recognized by Koopman (1993). Jones 
et al. (2002) indicated a sister relationship for 
Mesophylla to the genus Vampyressa and Jones et al. 
(2002) and Lim et al. (2003) concluded that the five 
species of Vampyressa were monophyletic. The mono
phyly of the genus Vampyressa as currently constructed, 
is questioned in all three gene trees by the placement 
of Vampyressa bidens and V. brocki in a clade separate 
from Mesophylla and V. thyone. 

Relationships within a subset of the nectar-feed
ers are indicated in node 33, for which molecular data 
(mtDNA and RAG2) are available for 10 genera. In 
the classification of Wetterer et al. (2000), eight of 
these genera were part of the Glossophaginae (Anoura, 
Hylonycteris, Choeroniscus, Choeronycteris, 
Musonycteris, Monophyllus, Leptonycteris, and 
Glossophaga). The other members of node 33 are 
from another traditional subfamily, Phyllonycterinae, 
and from the genus Brachyphylla (placed as incertae 
sedis by Wetterer et al. 2000). Additionally, Wetterer 
et al. (2000) included Lionycteris and Lonchophylla in 
their Glossophaginae. Here, these two genera are ex
cluded from node 33. Node 34 includes three of the 
eight genera noted above as part of the Glossophaginae 
of Wetterer et al (2000), plus a representative of the 
Phyllonycterinae and Brachyphyl/a. Node 35 sepa
rates the three traditional glossophagine genera 
Monophyllus, Leptonycteris, and Glossophaga from 
Brachyphylla and Erophylla. Node 36 indicates a sis
ter relationship for Leptonycteris and Glossophaga. All 
three of these nodes, 34, 35, and 36, have statistical 
support (Table 1 ). Node 41 indicates a sister relation
ship between Choeroniscus and Choeronycteris and is 
statistically supported in the mtDNA and the combined 
gene trees (Table 1 ). 

Within part of the Phyllostorninae (sensu Wetterer 
et al. 2000) nodes 44, 45, 46, and 49 indicate statisti
cally supported relationships. Node 44 unites Tonatia, 
Lophostoma, Phylloderma, Phyllostomus, and Mimon. 

Node 45 indicates that Tonatia (sensu Lee et al. 2002) 
is basal to the other four genera. Node 46 suggests 
that Lophostoma is basal to Phylloderma, 
Phyllostomus, and Mimon. Node 49 indicates that 
Trachops and Macrophyllum are sister, a relationship 
that has not been proposed. However, Trachops and 
Macrophyllum share a feeding strategy of gleaning food 
from the surface of water, which is unique among 
phyllostornid bats. 

Node 52 unites Lampronycteris with 
Micronycteris (sensu Wetterer et al. 2000). Node 54 
suggests thatMicronycteris schmidtorum andM minuta 
are sister taxa; however, several other species of 
Micronycteris have not been analyzed. 

Summary and perspective.-The gene trees (Figs. 
3 - 5) share more clades with each other than they do 
with other previously proposed trees and in many ways 
are incongruent with previous classifications of 
phyllostomid bats. Perhaps the most striking example 
involves the subfamily Phyllostominae (sensu Koopman 
1993, 1994; Wetterer et al. 2000; Jones et al. 2002), a 
group of bats sharing a suite of morphological charac
ter-states that are primitive relative to the remainder of 
the family. The subfamily Phyllostominae has been 
troublesome (Smith 1976) and we think has been a 
"wastebasket taxon" for phyllostomids sharing primi
tive character states rather than a monophyletic group 
identified by shared derived character states. Mo
lecular data suggest that this complex of bats is poly
phyletic. Members of the Phyllostominae (sensu 
Koopman 1994, Wetterer et al. 2000, and Jones et al. 
2002) are divided by deep branches in the molecular 
trees, and are part of five independent lineages distrib
uted throughout the family (recognized in our classifi
cation as five subfamilies). If the gene trees are accu
rate, a common ancestor for the traditionally recog
nized Phyllostominae requires a common ancestor for 
all phyllostornid bats. Two clades, Macrotus (the basal 
divergence of clade 1) and Micronycteris + 
Lampronycteris (node 52) are basal to the vampires 
and do not appear to share a common ancestor with 
each other after diverging from the remainder of the 
Phyllostomidae. Another portion of the genus 
Micronycteris (sensu Jones et al. 2002, node 30) as 
well as a clade restricted to Lonchorhina (the basal 
branch of node 4) also have statistical support that 
questions a common ancestry with any other generic 
level taxon in the Phyllostominae (sensu Koopman 1994, 
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Wetterer et al. 2000 and Jones et al. 2002). There is 
other evidence of major incompatibilities between the 
gene trees (Figs. 3-5) on one hand and the two most 
recent trees generated for the Phyllostomidae on the 
other (Table 2; Wetterer et al. 2000; Jones et al. 2002). 
Only two of the seven subfamilies of Wetterer et al. 
(2000), the Desmodontinae and the Stenodermatinae, 
and three of eight subfamilies of Jones et al. (2002), 
the Desmodontinae, Stenodermatinae, and 
Lonchophyllinae, are monophyletic groups within the 
gene trees or are not nested within genera proposed 
for other subfamilies. 

Thus, there are several major incongruencies 
between our gene trees and those based primarily on 
morphological data. This is especially true if one were 
to compare our classification with previous classifica
tions (Table 2). However, many of the conflicting 
relationships are not conflicts when viewed in terms 
of the level of statistical support for alternatives or, 
more precisely, for each node upon which the alterna
tive classifications are based (Wiens 1998). 

We review the level of support for the gene trees 
in Table 1. In the combined gene tree, 48 of 55 nodes 
have a Bayesian posterior probability of ~0.95, with 
42 having a probability of 1.00. We interpret the Baye
sian posterior probability values as well as the total 
number of shared nodes (37 of 55) between the mito
chondrial and nuclear gene trees (support from two 
independent genomes) as strong evidence that these 
nodes, as identified, have a high probability ofreflect
ing evolutionary relationships. We contend that 
digenomic congruence with concomitant statistical 
support is a robust statement in phylogeny reconstruc
tion. 

What is the statistical evidence supporting alter
native trees in Wetterer et al. (2000) and Jones et al. 
(2002)? Wetterer et al. (2000) provided bootstrap val
ues, decay values, and their complete data set. In 
short, we agree with Wetterer et al. (2000; pp. 132-
135, 172) that there is weak support for much of the 
branching order in their tree and (by implication) their 
classification. Bootstrap values for the 55 nodes in 
the total-evidence tree are ~80 in 13 nodes and ~70 in 
five others (Fig. 1 ). Support based on Bremer's (1988) 
decay method also was limited, with 41 of 55 nodes 
collapsing in one or two additional steps. The total-

evidence offers "weak" support for monophyly of their 
Phyllostominae (Fig. l; bootstrap value = 40%, decay 
value = 2), which probably encompasses the majority 
of differences between our study and theirs. There 
also is little support in the total-evidence tree for the 
clade linking their Phyllostominae to the remaining 
phyllostomids excluding the vampires (bootstrap value 
= 36, decay value = 2), for the internal node uniting 
Macrotus andMicronycteris (sensu Wetterer et al. 2000) 
(bootstrap value = 69, decay value = 3), and for the 
node separatingMicronycteris sylvestris and M nicefori 
from Macrotus and the remainder of Micronycteris 
(bootstrap value= 17, decay value= 1). 

Even though the study of Wetterer et al. (2000) 
probably represents the most comprehensive thus far 
to address the relationships of phyllostomid bats or 
any mammalian family, there apparently are insuffi
cient morphological synapomorphies within their data 
set for robust resolution of the deep branching pat
terns within the Phyllostomidae. This is exemplified 
by the low level of support for the deep branching 
patterns in the total-evidence tree (Fig. 1 ). Perhaps 
new synapomorphies will be discovered, resulting in 
more robust support, as the missing data points in the 
total-evidence matrix are scored and analyzed. This 
condition is true for chromosomal rearrangements as 
well (Baker et al. 1989). For example, there are no 
morphological character-states (including G-banded 
chromosomes) described thus far for the vampires 
that provide synapomorphies for their relationship to 
the remainder of the phyllostomids. 

We do not interpret the low level of support for 
deep branches in the total-evidence tree as robust evi
dence for monophyly of several higher-level taxa pro
posed by Wetterer et al. (2000; e.g., their subfamily 
Phyllostominae). Thus, in our view of their results, 
the majority of"incongruencies" between the molecu
lar and total-evidence trees does not represent sup
ported conflicts. For example, of the 18 nodes with 
bootstrap values ~70%, 11 are present in the com
bined gene tree (nodes 11, 15, 21, 32, 39, 40, 48, 50, 
51, 53, 55). Two others are not at conflict, but were 
not tested, due to differences in sampling (i.e., we did 
not analyze Platalina and Phyllonycteris). Only five 
clades represent supported conflicts between the com
bined gene tree and total-evidence tree: 1) the place
ment of Lonchophylla, Lionycteris, and Platalina 
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within the glossophagines; 2) the exclusion of 
Erophylla, Phyllonycteris, and Brachyphylla from the 
glossophagines; 3) a clade containing Chiroderma, 
Vampyressa, Ectophy lla, and Mesophylla; 4) the sis
ter-taxon relationship between Centuria and 
Sphaeronycteris; and 5) the sister-taxon relationship 
between Lonchorhina and Macrophy lum. 

Jones et al. (2002, pp. 240-241) state, "the phy
logenetic signal in the Phyllostomidae supertree is strong 
and the topology is well resolved ... The supertree sup
ports the monophyly of 8 traditionally recognised sub
families (Desmodontinae, Phyllostominae , 
Brachyphyllinae, Phyllonycterinae, Glossophaginae, 
Lonchophyllinae, Carolliinae, and Stenodermatinae ). " 
However, such a conclusion is not verified by statisti
cal (probablistic) support in their publication for any 
node or proposed taxon (Jones et al. 2002; see appen
dix 2 for decay values). It is important to understand 
the type of support that exists for the MRP tree. MRP 
trees ( or "super" -trees) are not an analysis of primary 
data, but are a synthesis of the presence or absence of 
a clade in other studies (which may have been based 
on new primary data or a review of published data or 
both). Jones et al. (2002) did adjust their data set to 
help limit the redundancy of trees resulting from mul
tiple publications of the same data set. However, the 
MRP method does not address a major concern of 
how much or how little support each clade had in the 
published trees. Few trees included in the MRP study 
were derived from explicit phylogenetic analysis and/ 
or were accompanied by some measure of clade reli
ability (e.g. , bootstrap or decay values). It is probable 
the MRP tree represents a synthesis of nodes presented 
in published dendrograrns, of which many were with
out statistical support. 

The above discussion brings into focus a critical 
feature of the data presented in this paper. First, the 
two gene trees, one from the mitochondrial genome 
and one from the nuclear genome, are strikingly simi
lar in the deep branching patterns for this family of 
bats. Second, the two gene trees are strikingly differ
ent in deep branching patterns from the trees based 
primarily on anatomy, morphology, and chromosomes. 
There are three alternative hypotheses to explain these 
differences. Hypothesis one: the gene trees represent 
the most accurate phylogeny and the morphology trees 
are largely incorrect. Hypothesis two : the trees based 

on morphology represent the most accurate phylog
eny and the gene trees are largely incorrect. Hypoth
esis three: neither the morphology nor the gene trees 
give an accurate representation of the phylogeny of 
this group of bats. 

In light of the observation that one-third of all 
studies of bat systematics are on the phyllostomids 
(Jones et al. 2002), it might be expected that the phy
logeny of the family would be well resolved, if the 
phylogeny of any bat family is well resolved. If hy
pothesis one proves to be most accurate, then why 
have the morphological studies been ineffective at re
solving deep branching patterns in this family? Fur
ther, then are systematic inaccuracies in the 
phyllostomid tree based on morphology a unique prob
lem to phyllostomid bats or is the phyllostomid data 
set a red flag warning of other inaccuracies for mor
phologically based studies of systematics? If hypoth
esis two proves to be most accurate, then our study 
will be a powerful setback for the hypothesis that con
gruent data from the mitochondrial or nuclear genomes 
( di genomic congruence) are among the most robust 
data available for systematic studies. If hypothesis 
three is most accurate, then the results of all previous 
studies of systematics are brought into question. 

There are many incongruences among the 
digenomic tree (Fig. Sa), total-evidence tree (Fig. l ), 
and MRP tree (Fig. 2) that clearly merit further study. 
We do think, however, that the trees generated from 
the gene sequence data have a sufficiently high prob
ability of reflecting the evolutionary relationships for 
this incredibly complex, morphological assemblage of 
bats, and that a classification based on these data is 
merited. The list of characters making these names 
available under Article 13 of the of the International 
Code of Zoological Nomenclature is the shared de
rived character states present in the mtDNA and RAG 2 
DNA sequences as identified in a Bayesian analysis. 
As data analysis varies ( choice of outgroups, model of 
evolution, taxon sampling, etc.) some details of the list 
of characters will change but the main body will re
main. All sequences are available from GenBank. 

It might seem that a classification would be simple 
to develop if the branching order of clades was as 
highly supported as is present in the molecular based 
trees. Nonetheless the assignment of taxonomic lev-
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Table 2.-Classifications for the Phyllostomidae. *=Subgenus. 

Miller 1907 

Phyllostomidae 
Chilonycterinae (= Mormoopidae) 

Chi/anycteris (= Pteranatus, part) 
Marmaaps 
Pteranatus 

Phyllostominae 
Micranycteris (megalotis, micratis, minuta) 
Xenactenes (= Micranycteris hirsuta) 
Glyphanycteris 
Otapterus (= Macratus) 
Lancharhina 
Dalichaphyllum (= Macraphyllum) 
Tanatia 
Miman (bennettii) 
Antharhina (= Miman crenulatum) 
Phyllastamus 
Phylladerma 
Trachaps 
Chratapterus 
Vampyrus= Vampyrum 

Glossophaginae 
Glassaphaga 
Lanchaphylla 
Manaphyllus 
Anaura (geaffrayi) 
Lanchaglossa (= Anaura caudifer) 
Chaeranycteris 
Hylanycteris 
Leptanycteris 
Lichanycteris 

Hemiderminae 
Hemiderma (= Carallia) 
Rhinaphylla 

Stumirinae 
Sturnira 

Stenoderminae 
Brachyphylla 
Uraderma 
Vampyrops (= Platyrrhinus) 
Vampyrades 
Vampyressa (= V. pusilla) 
Vampyriscus (= V. bidens) 
Chiraderma 
Mesaphylla 
Ectaphylla 
Artibeus 
Enchisthenes 
Ardaps 
Phy/lops 
Ariteus 
Stenaderma 
Pygaderma 
Centuria 
Sphaeranycteris 
Ametrida 

Phyllonycterinae 
Phyllanycteris 
Reithranycteris (= Phyllanycteris 

aphylla) 
Eraphylla 

Desmodontidae 
Desmadus 
Diaemus 
Diphylla 

Baker et al. 1989 

Phyllostomidae 
Desmodontinae 

Desmadus 
Diaemus 
Diphylla 

Macratus (incertae sedis) 
Micranycteris (incertae sedis) 
Vampyrinae 

Chratapterus 
Trachaps 
Vampyrum 

Phyllostominae 
Glossophagini 

Brachyphylla 
Chaeraniscus 
Chaeranycteris 
Eraphylla 
Glassaphaga 
Hylanycteris 
Leptanycteris 
Lichanycteris 
Lianycteris 
Lonchaphylla 
Manaphyllus 
Musanycteris 
Phyllanycteris 
Platalina 
Scleranycteris 

Phyllostomini 
Lancharhina 
Macraphyllum 
Miman 
Phyllastamus (includes Phylladerma) 
Tanatia 

Stenodermatini 
Ametrida 
Ardaps 
Ariteus 
Artibeus 
Carallia 
Centuria 
Chiraderma 
Dermanura (includes Enchisthenes) 
Ectaphylla 
Pygaderma 
Phy/lops 
Rhinaphylla 
Sphaeranycteris 
Stenaderma 
Sturnira 
Uraderma 
Vampyressa (includes Mesaphylla) 
Vampyrades 
Vampyrops (= Platyrrhinus) 
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Koopman 1994 

hyllostomidae 
Phyllostominae 

Micronycteris 
• Micronycteris 
*Trinycteris 
*Neonycteris 
*Xenoctenes 
*Lampronycteris 
*Glyphonycteris 
*Barticonycteris 

Macrotus 
Lonchorhina 
Macrophyllum 
Tonatia 
Mimon 

*Mimon 
* Anthorhina 

Phyl/ostomus 
Phyl/oderma 
Trachops 
Chrotopterus 
Vampyrum 

Lonchophyllinae 
Lionycteris 
Lonchophylla 
Platalina 

Brachyphyllinae 
Brachyphylla 

Phyl lonycterinae 
Erophylla 
Phyllonycteris 

*Phyllonycteris 
*Reithronycteris 

Glossophaginae 
G/ossophaga 
Monophyllus 
Lichonycteris 
Leptonycteris 
Anoura 
Hylonycteris 
Scleronycteris 
Choeroniscus 
Choeronycteris 

*Choeronycteris 
* Musonycteris 

Carolliinae 
Carollia 
Rhinophylla 

Stenodermatinae 
Stumirini 

Sturnira 
*Sturnira 
*Corvira 

Stemodermatini 
Uroderma 
Vampyrops (= Platyrrhinus) 
Vampyrodes 
Vampyressa 

*Vampyressa 
*Metavampyressa 
* Vampyriscus 

Chiroderma 
Mesophylla 
Ectophylla 
Artibeus 

*Artibeus 
* Enchisthenes 
*Dermanura 

Ardops 
Phy/lops 
Ariteus 
Stenoderma 
Pygoderma 
Ametrida 
Sphaeronycteris 
Centuria 

Desmodontinae 
Diphylla 
Diaemus 
Desmodus 

McKenna and Bell 1997 

Phyllostomidae 
Phyllostominae 

Micronycteris 
Macro/us 
Lonchorhina 
Macrophyllum 
Tonatia 
Mimon 
Phyllostomus 
Phyl/oderma 
Trachops 
Chrotopterus 
Vampyrum 

Glossophaginae 
Brachyphyllini 

Brachyphylla 
Phylonycterini 

Erophylla 
Phyllonycteris 

Glossophagini 
Glossophaga 
Monophyl/us 
Lichonycteris 
Leptonycteris 
Anoura 
Hylonycteris 
Scleronycteris 
Choeroniscus 
Choeronycteris 
Musonycteris 

Lonchophyllini 
Lionycteris 
Lonchophylla 
Platalina 

Stenodermatinae 
Carolliini 

Carollia 
Rhinophyl/a 

Stenodermatini 
Stumirina 

Sturnira 
Stenodermatina 

Uroderma 
Platyrrhinus 
Vampyrodes 
Vampyressa 
Mesophyl/a 
Ectophylla 
Chiroderma 
Artibeus 
Ardops 
Phy/lops 
Ariteus 
Stenoderma 
Pygoderma 
Ametrida 
Sphaeronycteris 
Centuria 

Desmodonti nae 
Desmodus 
Diaemus 
Diphylla 
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Table 2 (cont.) 

Wetterer et al. (2000) Jones et al. (2000) 

Phyllostomidae 
Desmodontinae 

Diphylla 
Diaemus 
Desmodus 

Brachyphyllinae (incertae sedis) 
Brachyphylla 

Hirsutaglossa (unranked taxon) 
Glossophaginae 

Glossophagini 
Anoura 
Choeroniscus 
Choeronycteris 
Glossophaga 
Hylonycteris 
Leptonycteris 
Lichonycteris 
Monophyllus 
Musonycteris 
Scleronycteris 

Lonchophyllini 
Lionycteris 
Lonchophylla 
Platalina 

Phyllonycterinae 
Erophylla 
Phyllonycteris 

Unnamed clade 
Phyllostominae 

Lonchorhinini 
Lonchorhina 
Macrophyllum 
Mimon 

Micronycterini 
G/yphonycteris 
Lampronycteris 
Macro/us 
Micronycteris 
Neonycteris 
Trinycteris 

Phyllostomini 
Phy/loderma 
Phyl/ostomus 

Yampyrini 
Chrotopterus 
Tonatia 
Trachops 
Vampyrum 

Nullicauda (unranked taxon) 
Carolliinae 

Caro/lia 
Rhinophylla 

Stenodermatinae 
Stenodermatini 

Ectophyllina 
Artibeus 

*Artibeus 
*Dermanura 
*Koopmania 

Chiroderma 
Ectophylla 
Enchisthenes 
Platyrrhinus 
Uroderma 
Vampyressa 
Vampyrodes 

Stenodermatina 
Ametrida 
Ardops 
Ariteus 
Centuria 
Phy/lops 
Pygoderma 
Sphaeronycteris 
Stenoderma 

Sturnirini 
Sturnira 

Phyllostomidae 
Desmodontinae 

Diphyl/a 
Diaemus 
Desmodus 

Phyllostominae 
Macrophyllum 
Lonchorhina 
Macrotus 
Micronycteris 
Trachops 
Chrotopterus 
Vampyrum 
Tonatia 
Mimon 
Phylloderma 
Phyllostomus 

Carolliinae 
Caro/lia 
Rhinophylla 

Brachyphyllinae 
Brachyphylla 

Phylonycterinae 
Erophylla 
Phyl/onycteris 

Lonchophyllinae 
Plata/ina 
Lion yet eris 
Lonchophylla 

Glossophaginae 
Leptonycteris 
Monophyl/us 
G/ossophaga 
Anoura 
Scleronycteris 
Hylonycteris 
Lichonycteris 
Choeronycteris 
Musonycteris 
Choeroniscus 

Stenodermatinae 
Sturnira 
Pygoderma 
Centuria 
Ametrida 
Sphaeronycteris 
Phy/lops 
Stenoderma 
Ardops 
Ariteus 
Artibeus 

*Artibeus 
*Dermanura 
* Enchisthenes 
*Koopmania 

Ectophylla 
Chiroderma 
Mesophylla 
Vampyressa 
Uroderma 
Vampyrodes 
Platyrrhinus 
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Table 2 (cont.) 

Phyllostomidae 
Macrotinae 

Macrotus 
Karyovarians (new, unranked taxon) 

Micronycterinae 
Micronycteris 
Lampronycteris 

Yictivarians (new, unranked taxon) 
Desmodontinae 

Diphyllini 
Diphylla 

Desmodontini 
Desmodus 
Diaemus 

Phyllovarians (new, unranked taxon) 
Lonchorhininae 

Lonchorhina 
Unnamed, unranked taxon 

Phyllostominae 
Macrophyllini 

Macrophyllum 
Trachops 

Phyllostomini 
Lophostoma 
Tonatia 
Mimon 
Phylloderma 
Phyllostomus 

Yampyrini 
Chrotopterus 
Vampyrum 

Hirsutaglossa (unranked taxon) 
Glossophaginae 

Glossophagini 
Monophyl/us 
Glossophaga 
Leptonycteris 

Brachyphyllini 
Brachyphylla 

Phyllonycterini 
Erophyl/a 
Phyllonycteris 

Choeronycterini 
Anourina 

Anoura 
Choeronycterina 

Hylonycteris 
Choeroniscus 
Choeronycteris 
Musonycteris 
Lichonycteris 
Scleronycteris 

This Paper 

Dulcivarians (new, unranked taxon) 
Lonchophyllinae 

Lionycteris 
Lonchophylla 
Platalina 

Nullicauda (unranked taxon) 
Carolliinae 

Carollia 
Glyphonycterinae 

Glyphonycteris 
Trinycteris 

Carpovarians (new, unranked taxon) 
Rhinophyllinae 

Rhinophyl/a 
Stenodermatinae 

Sturnirini 
Sturnira 

Stenodermatini 
Yampyressina 

Chiroderma 
Vampyriscus 
Uroderma 
Vampyressa 
Mesophylla 
Vampyrodes 
Platyrrhinus 

Mesostenodermatini (new, unranked taxon) 
Enchisthenina 

Enchisthenes 
Ectophyllina 

Ectophylla 
Artibeina 

Artibeus 
Dermanura 

Stenodermatina 
Ariteus 
Ardops 
Stenoderma 
Centuria 
Pygoderma 
Sphaeronycteris 
Ametrida 
Phy/lops 

19 
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els to the gene trees was at times complicated and 
subjective. Our goal was to partition molecular and 
morphological data into taxa generally reflecting an equal 
level of evolutionary distance (Fig. Sb). In a previous 
classification, Baker et al. (1989) partitioned the varia
tion into three subfamilies with one, the 
Phyllostominae, containing extensive diversity in mor
phological adaptations for feeding strategies. The feed
back from mammalogists interested in the systemat
ics of this family involved a consistent theme that the 
Baker et al. (1989) application of the subfamilial rank 
was not in agreement with its application among other 
mammalian families. Further feedback indicated that 
the magnitude of morphological variation within this 

family should be partitioned into a greater number of 
subfamilies. In the classification we propose here, we 
have attempted to reflect more closely the level of mor
phological variation associated with subfamilial rank 
in other mammalian families. Others who have pro
posed a classification for phyllostomid bats have also 
recognized more subfamilies than Baker et al. (1989): 
McKenna and Bell (1997) recognized four; Miller 
(1907), Koopman and Jones (1970), Corbet and Hill 
(1991), and Wetterer et al. (2000) recognized seven; 
and Griffiths (1982), Koopman (1993, 1994), and Jones 
et al. (2002) recognized eight. We recognize 11 sub
families in order to partition the major morphological 
and genetic subdivisions into monophyletic groups. 

CLASSIFICATION OF PHYLLOSTOMID BATS 

Family: Phyllostomidae. This family is com
prised of the same taxonomic assemblage as recog
nized by Forman et al. (1968), Baker et al. (1989), 
McKenna and Bell (1997), Koopman (1993, 1994), 
Wetterer et al. (2000), and Jones et al. (2002). All 
three gene trees, RAG2 (Fig. 3), mtDNA (Fig. 4), and 
combined gene (Fig. 5), indicate monophyly of this 
previously recognized family. It might be tenable to 
argue that because this family contains more morpho
logical and anatomical variation than any other family 
of mammals, as a means of standardizing such varia
tion within the class Mammalia, this assemblage should 
be divided into two or more families. Doing so, how
ever, would mask the significance of the evolutionary 
plasticity unique to this monophyletic group as well as 
the relative time frame of origin for this complex rela
tive to other bat families. Within this family we recog
nize 11 subfamilies (Fig. Sb, Table 2). 

Subfamily: Macrotinae. This subfamily is the 
basal clade of the Phyllostomidae and includes mem
bers of the genus Macrotus. Van Den Bussche (1992) 
was the first to classify Macrotus in its own separate 
subfamily. Baker et al. (1989) placed Macrotus as 
incertae sedis within the family, whereas Wetterer et 
al. (2000) placed it in the tribe Micronycterini. The 
statistical support for the exclusion of Macrotus from 
the remainder of the phyllostomids is the evidence for 
the monophyly ofKaryovarians (node 2, Fig. Sa), which 
is present in the three molecular trees (Table 1 ). 

Karyovarians: New, Unranked Taxon. We 
define this taxon as the clade (node 2, Fig. Sa) arising 
from the last common ancestor of Micronycteris (sensu 
stricto) and Artibeus. The taxon name is derived from 
the English karyotype and the Latin varians, meaning 
"diversifying." This taxon is named in recognition of 
the exceptional karyotypic variation present within its 
taxa. The one phyllostomid genus, Macrotus, not 
present in this taxon has a species, M. waterhousii, 
with a karyotype proposed as primitive for the family 
(Patton and Baker 1978; Baker 1979). 

Subfamily: Micronycterinae. This subfamily 
is defined as the clade (node 52, Fig. Sa) arising from 
the last common ancestor of Lampronycteris and 
Micronycteris (sensu Wetterer et al. 2000). The sub
family Micronycterinae was first recognized by Van 
Den Bussche (1992); however, the composition of the 
subfamily was broader (included Trinycteris and 
Glyphonycteris) in his classification. The genus 
Micronyr;teris (sensu Koopman 1993) was placed as 
incertae sedis within the family by Baker et al. (1989). 

Some comments on the generic status of 
Micronycteris are warranted. Sanborn (1949) recog
nized six subgenera (Micronycteris, Lampronycteris, 
Xenoctenes Trinycteris, Glyphonycteris, and 
Neonycteris) in the genus Micronycteris. With the ad
dition of Barticonycteris, this subgeneric arrangement 
was followed by Koopman (1993, 1994). Wetterer et 
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al. (2000, p. 141) elevated five (Micronycteris, 
Lampronycteris, Trinycteris, Glyphonycteris , 
Neonycteris) of Sanborn's subgenera to generic status 
(See also Simmons and Voss 1998 and Simmons 1996). 
The Koopman (1993, 1994) composition of the genus 
was recreated from the MRP database of Jones et al. 
(2002; Fig. 2), and they placed all five subgenera into 
a single genus. The data from both the RAG2 and 
mtDNA genes clearly indicate that the Sanborn (1949), 
Koopman (1993, 1994), and Jones et al. (2002) con
cept of Micronycteris is not monophyletic. Minimally, 
Micronycteris and Glyphonycteris must be recognized. 
We conclude that Lampronycteris is most appropri
ately recognized as a genus distinct from Micronycteris 
because of the arguments of Wetterer et al. (2000) 
and also because of the genetic distance (Fig. 5b) be
tween them is typical of that distinguishing other closely 
related genera within the Phyllostomidae. We also fol
low Wetterer et al. (2000) in recognizing the genera 
Glyphonycteris and Trinycteris although the genetic 
distance separating them is slightly less than that sepa
rating Lampronycteris and Micronycteris (sensu stricto; 
Fig. 5b ). No molecular data are available for 
Neonycteris and presently the generic status of this 
tax.on must be viewed entirely on morphological varia
tion. 

Victivarians: New Unranked Taxon. This tax.on 
is defined as the clade (node 3, Fig. 5a) arising from 
the last common ancestor of Desmodus and Artibeus 
(Fig. 5a, clade 2). The name of this tax.on is derived 
from the Latin victus (meaning both "food" and "live
lihood" or "lifestyle") and varians (meaning "diversi
fying"). This tax.on is named in recognition of the di
versity of feeding lifestyles, which is the greatest varia
tion in feeding strategies present in any mammalian 
family. 

Subfamily: Desmodontinae. This three-genus 
taxon (node 50, Fig. 5a) is defined as the clade arising 
from the last common ancestor of Diphylla and 
Desmodus. This taxon has been recognized in most (if 
not all) previous classifications either as a family (Miller 
1907) or subfamily (Forman et al. 1968). 

Tribe Diphyllini. As proposed, this tribe is mo
notypic. Although studies have recognized Diphylla 
as the basal branch in the vampires, the strongest sup
port for separate taxonomic recognition is the molecu-

lar distance in the mtDN A, RAG 2, and combined gene 
trees (Figs. 3-5). Diphylla has the greatest molecular 
distance for any genus or pair of genera in the com
bined gene tree (Fig. 5a), which we interpret as indi
cating an early divergence and substantial period of 
isolation for Diphylla relative to the other two genera 
of vampires ( even if there is a faster rate of molecular 
evolution). The depth of the node uniting Diphylla to 
the Desmodus+ Diaemus clade equals that of most nodes 
interpreted as justifying subfamilial status (Fig.Sb). 

Tribe: Desmodontini. This tribe is defined as 
the clade (node 51, Fig. Sa) arising from the last com
mon ancestor of Desmodus and Diaemus. Most stud
ies have found a sister relationship between Des modus 
and Diaemus (see Jones et al. 2002). 

Phyllovarians : New Unranked Taxon. This 
tax.on is defined as the clade (node 4, Fig. 5a) arising 
from the last common ancestor of Lonchorhina , 
Vampyrum, and Artibeus. The name is derived from 
the Greekphyllo (meaning "leaf') and the Latin varians 
(meaning "diversifying"). This tax.on is named in rec
ognition of the extensive variation present in morphol
ogy of the nose-leaf. Whereas the deep branches of 
the phyllostomid tree always have been difficult to re
solve (i.e., with concomitant statistical support), mi
tochondrial and nuclear data separately and combined 
support (posterior probability = 0.96 for all three 
datasets) the monophyly and an early divergence of 
Phyllovarians. 

Subfamily: Lonchorhininae. This subfamily 
(Fig. 5a, the basal branch of clade 4), previously un
recognized, is defined as the clade arising from the 
last common ancestor of members of the genus 
Lonchorhina . The position of Lonchorhin a 
within Phyllovarians differs, however, between our 
three trees. Lonchorhina is sister to Lionycteris and 
Lonchophylla in the RAG2 tree, whereas Lonchorhina 
is positioned between the Glossophaginae and 
the common ancestor for the Carolliinae , 
Lonchophyllinae, Glyphonycterinae, Rhinophyllinae, 
and Stenvdermatinae in the mtDNA tree. Both arrange
ments are not supported (P<0.95). The combined 
tree offers the greatest support (posterior probability 
of 0.96) for Lonchorhininae diverging from the re
mainder of the phyllostomids after divergence of the 
vampires but before the common ancestor of the re-
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maining subfamilies (Phyllostominae, Glossophaginae, 
Lonchophyllinae, Carolliinae, Glyphonycterinae, 
Rhinophyllinae and Stenodermatinae; Fig. Sa). There 
is no obvious support for placing Lonchorhina with 
the remainder of the previously recognized 
Phyllostominae (sensu Wetterer et al. 2000; Koopman 
1993, 1994; Jones et al. 2002). Placing Lonchorhina 
in another subfamily would require substantial rear
rangements to produce a monophyletic group or, al
ternatively, would require a paraphyletic arrangement. 
The tribe Lonchorhinini was proposed by Wetterer et 
al. (2000), but included three genera; Lonchorhina, 
Macrophyllum, and Mimon. Our data do not support 
monophyly of Lonchorhinini (sensu Wetterer et al. 
2000). 

Unnamed: Unranked Taxon. This taxon is iden
tified as the clade (node 5, Fig. Sa) arising from the 
last common ancestor for Vampyrum and Artibeus, 
and includes subfamily Phyllostominae and the six sub
families within Hirsutaglossa (sensu this paper). 

Subfamily: Phyllostominae. This subfamily is 
defined as the clade (node 42, Fig. Sa) arising from 
the last common ancestor for Trachops, Vampyrum, 
and Phyllostomus. It has been recognized in all previ
ous classifications; however, herein the content is 
changed substantially and includes nine genera 
(Chrotopterus, Lophostoma, Macrophyllum, Mimon, 
Phylloderma, Phyllostomus, Trachops, Tonatia, and 
Vampyrum ), the fewest number of genera proposed in 
any classification. Notably, the genera Macrotus, 
Micronycteris, Lampronycteris, Lonchorhina, 
Trinycteris, and G/yphonycteris are removed and clas
sified into four other subfamilies. 

Tribe: Phyllostomini. This tribe is defined as 
the clade (node 44, Fig. Sa) arising from the last com
mon ancestor for Tonatia and Phy llostomus and con
tains five genera (Mimon, Phylloderma, Phyllostomus, 
Lophostoma, Tonatia). Monophyly of Phyllostomini 
was supported in the combined and RAG 2 gene trees 
with a Bayesian probability of 1.00. The total-evi
dence tree of Wetterer et al. (2000) does not provide 
support for this tribe. 

Tribe: Macrophyllini. This tribe is defined as 
the clade (node 49, Fig. Sa) arising from the last com
mon ancestor for Trachops and Macrophyllum and 

contains only these two genera. Monophyly of 
Macrophyllini was supported with a probability of 1.00 
in the combined and RAG2 gene trees (Table 1). No 
association between Macrophyllum and Trachops to 
the exclusion of other genera in the Phyllostominae is 
present in the total-evidence tree of Wetterer et al. 
(2000) or has been previously proposed. Bats of these 
genera feed from the surface of pools of water, al
though by different means. Trachops feeds by catch
ing frogs with their mouth, whereas Macrophyllum 
gaffes insects from the water surface with its feet 
(Gardner 1977b). 

Tribe: Vampyrini. This tribe is defined as the 
clade (node 48, Fig. Sa) arising from the last common 
ancestor for Chrotopterus and Vampyrum and contains 
only these two genera. Monophyly ofVampyrini was 
supported in the combined and RAG2 gene trees with 
a probability of 1.00. Chrotopterus and Vampyrum were 
recognized as sister taxa in the total-evidence tree of 
Wetterer et al. (2000). 

Hirsutaglossa: Unranked Taxon. This taxon 
was defined (Wetterer et al. 2000) as the clade (node 
6, Fig. Sa) arising from the last common ancestor of 
the Phyllonycterinae and the Glossophaginae (includ
ing Lonchophylla). Because Wetterer et al. (2000) 
included Lonchophylla in their definition of 
Glossophaginae, it places the definition of Hirsutaglossa 
to node 6 (Fig. Sa). This clade appears in the mtDNA 
and the combined gene trees. Within the Hirsutaglossa, 
we recognize six subfamilies. 

Subfamily: Glossophaginae. We define the 
Glossophaginae as the clade (node 33, Fig. Sa) arising 
from the last common ancestor of Choeronycteris, 
Brachyphylla, and Glossophaga. This subfamily is 
composed of genera that, based on morphological di
vergence, were divided into three subfamilies 
(Brachyphyllinae, Glossophaginae, Phyllonycterinae) 
by Griffiths (1982) and Koopman (1993, 1994). The 
inclusion of Brachyphylla, Erophylla and Phyllonycteris 
was suggested by Baker and Bass (1979). Wetterer et 
al. (2000) divided these taxa into two subfamilies with 
Brachyphylla placed as incertae sedis. McKenna and 
Bell (1997) recognized these taxa as the tribes 
Brachyphillini, Glossophagini, and Phyllonycterini, 
which is similar to our arrangement except that these 
authors included 10 genera in the Glossophagini, 
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whereas we include three. McKenna and Bell (1997) 
also included the Lonchophyllini, which we recognize 
as a separate subfamily. In addition to these differ
ences, the gene trees support the removal of 
Lonchophylla and Lionycteris from the Glossophaginae 
(as proposed by Griffiths 1982; but see Carstens et al. 
2002 for an alternative tree). 

Our mtDNA and RAG2 trees support 
Brachyphylla and representatives of the 
Phyllonycterinae within Glossophaginae (sensu Griffiths 
1982; Koopman 1993, 1994; Wetterer et al. 2000). 
Further, Brachyphylla and Erophylla are within a 
subclade (node 34, Fig. Sa) including Glossophaga, 
Monophyllus, and Leptonycteris to the exclusion of 
the remainder of the Glossophaginae (sensu this pa
per). This branching pattern was produced for these 
genera in Carstens et al. (2002; their Fig. Sa, p. 34) 
when these authors excluded characters associated with 
nectar feeding. G-band chromosomes also document 
that Brachyphylla, Phyllonycteris, Erophylla, 
Glossophaga, Leptonycteris and Monophyllus share a 
common ancestry (Baker and Bass 1979; Haiduk and 
Baker 1982), but the chromosomal data are inadequate 
to resolve whether the karyotype shared by these six 
genera is primitive for all glossophagines or if it repre
sents a synapomorphy for only these six genera. The 
placement of the origin of this derived karyotype still 
remains unresolved. 

Within the Glossophaginae, we recognize two 
major clades. One contains five genera without zygo
matic arches and lower incisors (node 38; Fig. Sa ; 
Carstens et al. 2002). The other (node 34, Fig. Sa) 
contains six genera, Brachyphylla, Phyllonycteris, 
Erophylla, Glossophaga , Leptonycteris, and 
Monophyllus , that often have been classified in three 
different subfamilies. As discussed below, one of these 
clades contains more morphological variation than is 
normally found in an internal clade in a mammalian 
subfamily, whereas the other clade contains substan
tially less morphological diversity. It is problematic to 
partition this variation into a Linnean classification. 
Below, we present our justification for our taxonomic 
placements. 

Tribe: Glossophagini. This tribe is defined as 
the clade (node 35, Fig. Sa) arising from the last com
mon ancestor for the genera Glossophaga , 

Leptonycteris, and Monophyllus, and contains only 
these three genera. The taxonomic content and con
text of this tribe has varied more than any other pro
posed tribe in the family. For example, Baker et al. 
(1989) recognized 15 genera within Glossophagini, 
which is equivalent to our subfamily Glossophaginae. 
Wetterer et al. (2000) recognized 10 genera in their 
Glossophagini. Based on the branching order in all 
three molecular trees, if we were to include additional 
genera within Glossophagini, we would be forced to 
include Erophylla, Phyllonycteris, and Brachyphylla . 
Herein lies one of the complications of developing this 
classification. As the result of extensive systematic 
study of classical morphological characteristics (Miller 
1907; Griffiths 1982; Koopman 1993, 1994; Wetterer 
et al. 2000) Brachyphylla has been placed in the sub
family Brachyphyllinae and Phy llonycteris and 
Erophylla in the subfamily Phyllonycterinae. Our data 
support (posterior probability = 0.96) a shared com
mon ancestry for Brachyphylla, Phyllonycteris , 
Erophylla, Leptonycteris, Monophyllus , and 
Glossophaga to the exclusion of all other phyllostomids 
(genetic data for Phyllonycteris are limited to the RA G2 
gene), and we recognize the morphological distinc
tiveness that was the basis for subfarnilial recognition 
in previous classifications by according tribe status to 
the Glossophagini, Brachyphyllini, and Phyllonycterini. 
McKenna and Bell ( 1997) recognized these three tribes; 
however, the composition of the Glossophagini dif
fered substantially. 

Tribe: Brachyphyllini. This tribe contains a 
single genus with two species. As noted above, the 
tribe has been accorded subfamilial status in several 
other classifications (see Wetterer et al. 2000 for re
view). Morphologically, Brachyphylla has been asso
ciated with the Stenodermatinae (Dobson 1875; Miller 
1907). 

Tribe: Phyllonycterini. This tribe is defined as 
the clade arising from the last common ancestor for 
Erophylla and Phyllonycteris . See discussion under 
Glossophagini for justification. 

Tribe: Choeronycterini. This tribe is defined 
as the clade (node 38, Fig. Sa) arising from the last 
common ancestor for Anoura and Choeronycteris. It 
includes Anoura, Hylonycteris , Ch oeroniscus, 
Choerony cteris , and Musonycteris (and probably 
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Lichonycteris and Scleronycteris) . This clade was rec
ognized by Carstens et al. (2002) in both of their sum
mary trees (their Figs. 4 and 5). The branching order 
of the internal genera was identical to the order shown 
in our combined gene tree (Fig. 5). Based on genetic 
distances the rate of molecular evolution in 
Choeronycterini appears to be among the fastest within 
the family. This accelerated rate of molecular evolu
tion is most apparent in the Choeronycterina as de
fined below. Morphologically, the Choeronycterini 
shares an absence oflower incisors and an incomplete 
zygomatic arch. 

Subtribe: Anourina. This subtribe is defined 
as the last common ancestor shared by members of 
the genus Anoura. It includes a single genus and five 
species. 

Subtribe: Choeronycterina. This subtribe 
comprises the clade (node 39, Fig. Sa) arising from 
the last common ancestor of Hylonycteris and 
Choeronycteris. It includes six genera and represents 
the ultimate modification in length of tongue and ros
trum associated with nectar feeding within the 
Glossophaginae. No molecular data are available for 
the genera Scleronycteris and Lichonycteris, but on a 
morphological basis (Wetterer et al. 2000) they prob
ably belong in this subtribe. 

Dulcivarians: (New, Unranked Taxon). This 
taxon (node 7, Fig. Sa) is recognized as the last com
mon ancestor of Lonchophylla and Artibeus. Support 
for this node is present in both the mtDNA and com
bined gene trees. The name is derived from the Latin 
du/cis (meaning "sweet") and varians (meaning "di
versifying"). The name is given in recognition of the 
fact that the members of this taxon, which we divide 
into five subfamilies, feed predominantly on fruit and 
nectar. 

Subfamily: Lonchophyllinae. This subfamily 
is defined as the clade (node 32, Fig. Sa) arising from 
the last common ancestor of Lionycteris, Lonchophylla, 
and Platalina. Considerable debate (Griffiths 1982, 
1983; Haiduk and Baker 1982; Warner 1983; Smith 
and Hood 1984; Wetterer et al. 2000) has surrounded 
the correct taxonomic placement of these nectar-feed
ing bats. Bayesian analysis of the RAG2 gene does 
not resolve the question of the monophyly of the 

Glossophaginae (sensu Miller 1907 and Wetterer et al. 
2000). However, Bayesian analysis of the mtDNAdata 
and the combined gene data both provide statistical 
support for the conclusion that Lionycteris and 
Lonchophylla did not share a common ancestry with 
the Glossophaginae (sensu this paper) to the exclusion 
of the remainder of the family. Therefore, we follow 
Griffiths (1982) in recognizing the Lonchophyllinae. 
Although no molecular data are available for Platalina, 
morphological similarities indicate that this is the proper 
clade in which this genus should be placed (Wetterer 
et al. 2000). 

Nullicauda: (Unranked Taxon). This taxon was 
defined by Wetterer et al. (2000) as the clade arising 
from the last common ancestor of the Carolliinae and 
Stenoderrnatinae. We follow their definition in our clas
sification; although in our phylogeny, this clade (node 
8, Fig. Sa) includes taxa (Trinycteris and 
Glyphonycteris) not included in Nullicauda by Wetterer 
et al. (2000). 

Subfamily: Carolliinae. This subfamily con
tains only the genus Carollia and is defined as the sis
ter clade to node 30 (Fig. Sa) arising from the last 
common ancestor for members of the genus Caro Ilia. 
There is support in the Bayesian trees from the RAG 2 
and the combined gene data (Table 1) for the phyloge
netic hypothesis that Carollia, Glyphonycteris, and 
Trinycteris shared a common ancestor after diverging 
from the remainder of the phyllostomid genera. Within 
the mtDNA tree, there is support for the hypothesis 
that Caro Ilia, Glyphonycteris, and Trinycteris shared a 
common ancestry with Rhinophy lla and the 
Stenodermatinae. However, unlike the RAG 2 data, the 
Lonchophyllinae is also present in this clade. There is 
no significant statistical support for the branching or
der present in the RAG2 tree. We take a conservative 
approach and recognize the Carolliinae as a subfamily 
but not the clade giving rise to the Carollia + 
Glyphonycteris association. 

Subfamily: Glyphonycterinae. This taxon is 
defined as the clade (node 30, Fig. Sa) arising from 
the last common ancestor of Glyphonycteris and 
Trinycteris, the only two genera recognized in this sub
family. Barticonycteris was recognized as congeneric 
with Glyphonycteris (Wetterer et al. 2000). The phy
logenetic placement of these two taxa is perhaps the 
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greatest surprise of the molecular data. Species of 
both genera always have been placed in close associa
tion with those of Micronycteris, either within the same 
genus (Miller 1907; Sanborn 1949; Baker et al. 1989; 
Koopman 1993, 1994; McKenna and Bell 1997; Jones 
et al. 2002) or tribe (Micronycterini, Wetterer et al. 
2000). If further study documents monophyly of 
Glyphonycterinae and Carolliinae to the exclusion of 
the remainder of the family, it may be appropriate to 
reduce these to a single subfamily. This, however, 
would be more consistent with the remainder of this 
classification if there were morphological 
synapomorphies defining their common ancestry. 

Carpovarians (New, Unranked Taxon): This 
taxon is defined as the clade (node 9; Fig. Sa) arising 
from the last common ancestor of Rhinophylla and 
the Stenodermatinae. This name is derived from the 
Greek karpos (meaning "fruit") and the Latin varians 
(meaning "diversifying") in recognition of the diver
sity of fruit consumed by members of the clade. 
Carpovarians represents an enormously diverse group 
of bats, which we divide into two subfamilies. 

Subfamily: Rhinophyllinae. This subfamily is 
defined as the last common ancestor shared by the 
species of the genus Rhinophylla. Previously, this 
genus has been associated with Carollia in the 
Carolliinae. The most favorable alternative to recog
nizing the Rhinophyllinae would be to place this genus 
in the Stenodermatinae at the tribe level. 

Subfamily: Stenodermatinae. This subfamily 
is defined as the clade (node 10, Fig. Sa) arising from 
the last common ancestor of Sturnira and Stenoderma. 
The amount of biodiversity in number of species (62) 
and genera (20) is the greatest for any subfamily in 
our classification or those of Wetterer et al. (2000) or 
Jones et al. (2002). Based on branch lengths and their 
order in the gene trees, the Stenodermatinae is the most 
recently evolved of the subfamilies in this family. The 
monophyly of this subfamily as well as most internal 
clades are strongly supported (Fig. Sa). However, 
placing taxonomic names for the levels between the 
generic and tribe levels is difficult to standardize. We 
recognize two tribes within this subfamily. 

Tribe: Sturnirini. This tribe contains the genus 
Sturnira and is defined as the clade arising from the 
last common ancestor of the genus (the basal diver-

gence from clade 10; Fig. Sa). This tribe was recog
nized by Koopman (1994) and Wetterer et al. (2000) 
and was accorded subfarnilial rank by Miller (1907) 
but was placed within the Stenodermatinae by Baker 
(1967) based on chromosomal data. 

Tribe: Stenodermatini. This tribe is defined as 
the clade (node 11, Fig. Sa) arising from the last com
mon ancestor of Vampyressa and Ametrida. It com
prises 19 genera and at least 50 species. Within this 
tribe, there are two major clades supported in theRAG2, 
mtDNA, and combined gene trees. 

Subtribe: Vampyressina. This taxon is defined 
as the clade (node 22, Fig. Sa) arising from the last 
common ancestor of Chiroderma, Platyrrhinus, 
Vampyrodes, Uroderma, Mesophylla, Vampyressa, and 
Vampyriscus. We recognize Vampyriscus as a distinct 
genus from Vampyressa because of the placement of 
Vampyriscus brocki and Vampyriscus bidens in the three 
gene trees. The type species for Vampyressa is V. 
pusi//a, and the generic name Vampyriscus was pro
posed for Vampyressa bidens (Thomas 1900). In both 
gene trees, V. brocki and V. bidens are sister, and the 
conservative approach would be to place both species 
in the same genus. The systematic placement of V. 
nymphaea is not resolved by our data. A close rela
tionship between Vampyressa nymphaea and 
Mesophylla was proposed by Owen (1987). In the 
gene trees, Mesophylla macconnelli is sister to 
Vampyressa thyone (not Ectophylla alba). Chromo
somal data also are explained most-parsimoniously by 
a relationship between Vampyressa thyone and M. 
macconnelli relative to the other Vampyressina gen
era. In light of these data, we recognize the genus 
Mesophylla (including only M. macconnelli), place it 
in the subtribe Vampyressina, and consider it to be 
sister to Vampyressa thyone or possibly to a clade com
prised of V. thyone, V. pusi//a, and V. me/issa (for which 
no molecular data are available). Lim et al. (2003) 
arranged Ectophylla and Mesophy/la as sister and ex
plained the chromosomal similarities (Baker et al. 1973, 
Greenbaum et al. 1975) as convergent evolution fol
lowing Gardner (1977a). The branching pattern in 
figure 5 is not parsimoniously compatible with 
Gardner's hypothesis concerning the primitive karyo
type for the family. With Mesophylla and Vampyressa 
thyone being arranged as in figure 5, there is no need 
to invoke convergent chromosomal evolution as an 
explanation. 
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Mesostenodermatini: (New, Unranked 
Taxon.)This taxon is described as the clade (node 12, 
Fig. Sa) arising from the last common ancestor for 
Ectophylla, Enchisthenes, and Ametrida. This name 
is derived from the Greek meso (meaning "middle") 
and the tribe name, Stenodermantini, because this taxon 
forms a middle clade within the Stenodermatini. Within 
this taxon, we recognize four subtribes: the 
Stenodermatina, Enchisthenina, Ectophyllina, and 
Artibeina. 

Subtribe: Enchisthenina. This subtribe is com
prised of the monotypic genus Enchisthenes and is 
defined as the last common ancestor for members of 
Enchisthenes hartii as currently defined. Jones et al. 
(2002) placed E. hartii as a congener of Artibeus. Our 
data from both the nuclear and the mitochondrial ge
nomes indicate that Enchisthenes is not a member of 
the genus Artibeus. This conclusion was also drawn 
by Van Den Bussche et al. (1998) and Wetterer et al. 
(2000). 

Subtribe: Ectophyllina. This subtribe is com
prised of the monotypic genus Ectophylla and is de
fined as the last common ancestor for individuals of 
Ectophylla. In some other classifications (reviewed 
in Wetterer et al. 2000), Ectophylla is thought to con-

tain two species : E. alba and E. (Mesophylla) 
macconnelli. However, as defended below Mesophylla 
appears to be sister to Vampyressa thyone and is not 
included in this subtribe. 

Subtribe: Artibeina. This subtribe is defined 
as the clade (node 21, Fig. Sa) arising from the last 
common ancestor of Artibeus and Dermanura. Van 
Den Bussche et al. (1998) and Wetterer et al. (2000) 
regard Koopmania as a junior synonym of Artibeus. 

Subtribe: Stenodermatina. This taxon is de
fined as the clade (node 15, Fig. Sa) arising from the 
last common ancestor of Ariteus, Stenoderma, and 
Ametrida. This group of bats has been identified mor
phologically as the short-faced bats, and the mono
phyly of this group has been proposed in nearly all 
classifications. Unlike previous studies, Enchisthenes, 
Ectophylla, Dermanura, and Artibeus are allied with 
the Stenodermatina as basal divergences. The alterna
tives are to expand the Stenodermatina to include these 
other four genera or to erect subtribes for them. The 
branching pattern for the clades at the base of the 
Stenodermatina requires the recognition of three 
subtribes if Enchisthenes, Ectophylla, Dermanura, and 
Artibeus are not placed in the subtribe Stenodermatina. 

ACKNOWLEDGMENTS 

We thank L. Ammerman, B. Carstens, M. 
Engstrom, H. Ferrarezzi, P. Freeman, E. Gimenez, T. 
Griffiths, R. Honeycutt, C. Hood, K. Jones, B. Lim, 
D. Parish, S. Solari, N. Simmons, V. Tavares, and D. 
Wilson for editorial assistance and review of drafts of 
the manuscript. For loan of tissues we thank M. 
Engstrom of the Royal Ontario Museum, J. Kirsch of 
the University of Wisconsin, V. Pacheco of the Museo 
de Historia Natural, Universidad Nacional Mayor de 
San Marcos, J. Patton and C. Cicero of University of 
California at Berkeley, N. Simmons of the American 
Museum of Natural History, T. Yates and W. Gannon 
of the Museum of Southwestern Biology at the Uni
versity of New Mexico and H. Gamer M. Kageyama, 
and R. Monk of the Natural Science Research Lab of 
the Museum of Texas Tech University. For assistance 
in collecting specimens we thank B. Amman, R. Brad
ley, J. Brandt, J. Carerra, D . Carroll, N. Durish, C. 

Dick, R. Fonseca, M. Gannon, H. Genoways, J. Groen, 
M. Haiduk, M. Hamilton, M. Haynie, J. Higginbotham, 
F. Hoffmann, T. Johnson, C. Jones, C. Matson, L. 
McAliley, F. Mendez-Harclerode, L. Mitchell, J. Owen, 
R. Owen, D. Parish, C. Phillips, S. Reeder, M. Revelez, 
L. Robins, J. Rodriguez, B. Rodgers, P. Seyfarth, N. 
Simmons, M. Smolen, S. Solari, R. Stevens, J . 
Suchecki, P. Tucker, P. Velasco, E. Vivar, R. Voss, W. 
Webster, S. Williams, M. Willig, and D. Wilson. For 
permission to collect in Ecuador we thank the Ministerio 
del Ambiente, L. Arcos-Teran and L. Coloma of the 
Pontificia Universidad Catolica del Ecuador and X. 
Viteri of Fundacion Natura. This study was supported 
by the Biological Database program at Texas Tech 
University and by a NSF grant to RAVDB. A special 
thanks to M. Anderson and J. Chavez for their work in 
the production of this manuscript. 



BAKER ET AL,- EVOLUTIONARY RELATIONSHIPS OF NEW WORLD LEAF-NOSED BATS 27 

LfIERATIJRE Cm:o 

Allard, M . W. , and R. L. Honeycutt. 1992. Nucleotide sequence 
variation in the mitochondrial 12S rRNA gene and the phy
logeny of African mole-rats (Rodentia : Bathyergidae). 
Molecular Biology Evolution 9:27-40. 

Anderson, S., M. H. L. de Bruiln, A. R. Couslon, I. C. Eperon, F. 
Sanger and I. G Young. 1982. Complete sequence of bo
vine mitochondrial DNA: Conserved features of the mam
malian mitochondrial genome. Journal of Molecular Biol
ogy 156 :683-717 . 

Baker, R. J. 1967. Karyotypes of bats of the family Phyllostomidae 
and their taxonomic implications. Southwestern Naturalist 
12 :407- 428 . 

Baker, R. J. 1979. Karyology. Pp. 107-155 in Biology of the bats 
of the New World family Phyllostomatidae, p . III. (R. J . 
Baker, J. K. Jones, Jr., and D. C . Carter, eds .). Special 
Publications, Museum of Texas Tech University 16:1- 441 . 

Baker, R. J., and R. A. Bass . 1979. Evolutionary relationship of 
the Brachyphyllinae to the Glossophagine genera 
G/ossophaga and Monophy llus . Journal of Mammalogy 
60:364-372 . 

Baker, R. J., H. H. Genoways, W.J . Bleier, J .W. Warner. 1973 . 
Cytotypes and morphometrics of two phyllostomid bats, 
Micronycteris hirsuta and Vampyressa pusil/a . Occasional 
Papers of the Museum of Texas Tech University 17:1-10. 

Baker, R. J. , C. S. Hood, and R. L. Honeycutt. 1989. Phylogenetic 
relationships and classification of the higher categories of 
the New World bat family Phyllostomidae. Systematic 
Zoology 38 :228- 238 . 

Baker, R. J., C. A. Porter, J. C. Patton, and R. A. Van Den Bussche. 
2000. Systematics of bats of the family Phyllostomidae 
based on RAG2 DNA Sequences. Occasional Papers, Mu
seum of Texas Tech University 20 :i+l-16. 

Bhatnager, K. P. 1985. Comparative morphology of the vomero
nasal receptor-free epithelium of some phyllostomid bats : 
light microscopic observations. Australian Journal of Mam
malogy 8 :265- 270 . 

Bremer, K. 1988. The limits of amino acid sequence data in 
angiosperm phylogenetic reconstruction . Evolution 42 :795-
803 . 

Brown, W. M. 1985 . The mitochondrial genome of animals. Pp. 
95 - 130 In Molecular Evolutionary Genetics (R . J. 
MacIntyre, ed .). Plenum, New York. 

Carstens , B. C., B. L. Lundrigan, and P. Myers . 2002. A phylogeny 
of the Neotropical nectar-feeding bats (Chiroptera : 
Phyllostomidae) based on morphological and molecular data. 
Journal of Mammalian Evolution 9:23- 53 . 

Corbet, G B., and J . E. Hill. 1991. A world list of mammalian 
species. Third edition . Natural History Museum Publica
tions , Oxford University Press, New York. 

Cummings, M. P. , S. P. Otto, and J. Wakeley. 1995. Sampling 
properties of DNA sequence data in phylogenetic analysis . 
Molecular Biology Evolution 12 :814- 822 . 

De Rijk, P., Y. van de Peer, S. Chapella, and R. D. Wachter. 1994. 
Database on the structure of the large ribosomal subunit 
RNA. Nucleic Acids Research 22 :3495- 3501. 

Dobson , G. E. 1875. Conspectus of the suborders, famil ies and 
genera of Chiroptera arranged according to their natural 
affinities . Annals of the Magazine of Natural History, Se
ries 4 , 16:345- 357 . 

Ferrarezzi , H., and E. d. A. Gimenez. 1996. Systematic patterns 
and the evolution of feeding habits in Chiroptera (Archonta: 
Mammalia). Journal of Comparative Biology I :75-94 . 

Forman, G L., R. J. Baker, and J. D. Gerber. 1968. Comments on 
the systematic status of the vampire bats (famil y 
Desmodontidae). Systematic Zoology 17 :417- 425 . 

Freeman, P. W. 1998. Form, function , and evolution of skulls and 
teeth of bats. Pp. 140- 156 In Bat Biology and Conserva
tion (T. H. Kunz and P. A. Racey, eds.). Smithsonian Insti 
tution Press, Washington, D. C. 

Frye, M. S ., and S. B. Hedges . 1995 . Monophyly of the order 
Rodentia inferred from mitochondrial DNA sequences of 
the genes for 12S rRNA, 16S rRNA and tRNA-Valine. Mo
lecular Biology Evolution 12: 168- 176. 

Gardner, A. L. 1977a. Chromosomal variation in Vampyressa and 
a review of chromosomal evolution in the Phyllostomidae 
(Chiroptera) . Systematic Zoology 26(3):300- 318 . 

Gardner, A. L. 1977b. Feeding habits. Pp. 293- 350 In Biology of 
the bats of the New World family Phyllostomatidae, Vol. II 
(R. J. Baker, J. K. Jones, Jr., and D. C. Carter, eds.). Special 
Publications, The Museum, Texas Tech University. 

Greenbaum, I.F., R.J . Baker, D.E. Wilson . 1975. Evolutionary 
implications of the karyotypes of the stenodermatine gen
era Ardops, Ariteus, Phy/lops and Ectophylla . Bulletin of 
the Southern California Academy of Science 74 :156- 159. 

Griffiths, T. A. I 982 . Systematics of the New World nectar
feeding bats (Mammalia, Phyllostomidae), based on the 
mo;phology of the hyoid and lingual regions . American 
Museum Novitates 2742 :1- 45 . 

Griffiths, T. A. I 983 . On the phylogeny of the Glossophaginae 
and the proper use of outgroup analysi s. Systematic Zool
ogy 32:283- 285 . 

Haiduk, M. W., and R. J. Baker. 1982. Cladistical analysis of G
banded chromosomes of nectar-feeding bats 
(Glossophaginae : Phyllostomidae). Systematic Zoology 
31 :262- 235 . 

Hixon, J. E., and W. M. Brown . 1986. A comparison of the small 
ribosomal RNA genes from the mitochondrial DNA of the 
great apes and humans : Sequence, structure, evolution and 
phylogenetic implications . Molecular Biology and Evolu
tion 3 :1- 18. 

Hood, C. S., and J. D. Smith. 1982. Cladistical analysis of female 
reproductive histomorphology in phyllostomatoid ba ts. 
Systematic Zoology 3 I :241-251 . 



28 OCCASIONAL PAPERS, MUSEUM OF TEXAS TECH UNIVERSITY 

Hoofer, S. R., and R. A. Van Den Bussche. 2001. Phylogenetic 
relationships of plecotine bats and allies based on mito
chondrial ribosomal sequences . Journal of Mammalogy 
82 :131 - 137 . 

Hoofer, S. R., and R. A. Van Den Bussche. In press . Molecular 
phylogenetics of the chiropteran family Vespertilionidae . 
Acta Chiropterologica 5 (supplemental volume). 

Hoofer, S . R., S. A. Reeder, E. W. Hansen, and R. A. Van Den 
Bussche. 2003 . Molecular phylogenetics and taxonomic 
review of noctilionoid and vespertilionoid bats (Chiroptera: 
Yangochiroptera). Journal of Mammalogy 84 :809- 821. 

Huelsenbeck, J. P. , B. Larget, R. E. Miller, and F. Ronquist. 2002 . 
Potential applications and pitfalls of Bayesian inference of 
phylogeny. Systematic Biology 51 :673-688 . 

Huelsenbeck, J. P., and F. Ronquist. 2001. MRBAYES: Bayesian 
inference of phylogeny. Bioinformatics 17 :754-755 . 

Jones, K. E., A. Purvis, A. MacLarnon, 0 . R. P. Bininda-Emonds, 
and N. B. Simmons. 2002. A phylogenetic supertree of the 
bats (Mammalia: Chiroptera). Biological Review 77 :223-
259 . 

Koopman, K. F. , and J. K. Jones, Jr. I 970. Classification of bats. 
Pp. 22-28 In About Bats (8. H. Slaughter and W. D. Walton, 
eds .). Southern Methodist University Press, Dallas. 

Koopman, K. F. 1985. A synopsis of the families of bats, Part VII. 
Bat Research News 25 :25-27 . (dated 1984 but issued 1985). 

Koopman, K. F. 1993 . Order Chiroptera. Pp. 137- 241 In Mam
mal species of the world : A taxonomic and geographic 
reference. Second edition. (D. E. Wilson and D. M. Reeder, 
eds.). Smithsonian Institution Press , Washington . 

Koopman, K. F. 1994. Chiroptera : Systematics . Handbook of 
Zoology, Vol. 8, Part 60 : Mammalia . Walter de Gruyter, 
Berlin , Germany. 

Leache, A. D., and T. W. Reeder. 2002. Molecular systematics of 
the eastern fence lizard (Sce/oporus undulates): a compari
son of parsimony, likelihood, and Bayesian approaches . 
Systematic Biology 51 :44- 68 . 

Lee, T. E., Jr., S. R. Hoofer, and R. A. Van Den Bussche. 2002 . 
Molecular phylogenetics and taxonomic revision of the 
genus Tonatia (Chiroptera: Phyllostomidae). Journal of 
Mammalogy 83 :49- 57 . 

Li, S. 1996. Phylogenetic tree construction using Markov chain 
Monte Carlo. Ph .D. dissertation, Ohio State University, 
Columbus. 

Lim, B .K. 1993 . Cladistic reappraisal of Neotropical 
stenodermatine bat phylogeny. Cladistics 9:147-165 

Lim, B.K., W.A. Pedro, F. C . Passos. 2003 . Differentiation and 
sp ecies status of the Neotropical yellow-eared bats 
Vampyressa pusilla and V. thyone (Phyllostomidae) with a 
molecular phylogeny and review of the genus . Acta 
Chiropterologica 5: 15- 29 

Longmire, J. L., M. Maltbie, and R. J. Baker. I 997. Use of "Lysis 
Buffer" in DNA isolation and its implication for museum 
collections. Occasional Papers , Museum, Texas Tech Uni
versity 163 :1-3 . 

Lutzoni , F., P. Wagner, V. Reed, and S. Zoller. 2000. Integrating 
ambiguously aligned regions of DNA sequences in phyloge
netic analyses without violating positional homology. Sys
tematic Biology 49 :628-651. 

Mau, B. 1996. Bayesian phylogenetic inference via Markov chain 
Monte Carlo methods . Ph .D. dissertation, University of 
Wisconsin , Madison . 

McDaniels, V. R. I 976. Brain Anatomy. Pp. 147-200 In Biology 
of the bats of the New World family Phyllostomatidae, p. I 
(R. J. Baker, J. K. Jones, Jr., and D. C. Carter, eds.). Special 
Publications , Museum, Texas Tech University I 0 : 1-218. 

McKenna, M. C., and S. K. Bell. 1997. Classification of mammals 
above the species level. Columbia University Press, New 
York . 

Miller, GS., Jr. 1907. The families and genera of bats. Bulletin of 
the United States National Museum 57:1 - 282 . 

Owen, R. D. 1987. Phylogenetic analyses of the bat subfamily 
Stenodermatinae (Mammalia: Chiroptera). Special Publi
cations, Museum of Texas Tech University 26 :1- 65 . 

Patton, J. C., and R. J. Baker. 1978. Chromosomal homology and 
evolution of phyllostomatoid bats. Systematic Zoology 
27 :449-462 . 

Posada, D., and K. A. Crandall. 1998. MODELTEST: testing the 
model of DNA substitution . Bioinformatics I 4 :81 7-8 I 8. 

Rannala, B., and Z. H. Yang. 1996. Probability distribution of 
molecular evolutionary trees : A new method of phyloge
netic inference. Journal of Molecular Evoluti on 43 :3 04-
311. 

Sanborn , C . C. 1949. Bats of the genus Micronycteris and its 
subgenera . Fieldiana, Zoology 31 :215-233 . 

Simmons, N. 8 . 1996. A new species of Micronycteris (Chiroptera : 
Phyllostomidae) from North-eastern Brazil , with comments 
on phylogenetic relationships . American Museum Novitates 
3158 :1- 34 . 

Simmons, N. 8 ., and R. S. Voss. 1998. The mammals of Paracou, 
French Guiana: A neotropical lowland rainforest fauna . 
Part I . Bats. Bulletin, American Museum of Natural His
tory 237 :1- 2 19 . 

Smith, J. D. 1976. Chiropteran evolution. Pp. 49-70. In Biology 
of Bats of the New World Phyllostomatidae Part I. (R.J . 
Baker, J.K. Jones, Jr., and D.C. Carter, eds.). Special Publi
cations, Museum, Texas Tech University 10:1- 218 . 

Smith, J. D. , and C. S. Hood. 1984. Genealogy of the New World 
nectar-feeding bats reexamined : A reply to Gri ffi ths. Sys
tematic Zoology 33 :435- 460. 

Springer, M. S., and E. Douzery. 1996. Secondary structure, con
servation of functional sites, and rates of evolution among 
mammalian mitochondrial 12S rRNA genes based on se
quences from placentals, marsupials, and a monotreme. Jour
nal of Molecular Evolution 43 :357- 373. 

Thomas, 0 . 1900. Annals and Magazine of Natural History 11
• 

series, 5, p. 270. 



BAKER ET AL.- EVOLUTIONARY RELATIONSHIPS OF NEW WORLD LEAF-NOSED BATS 29 

Thompson, J. D., T. J. Gibson, F. Plewniak, F. Jeanmougin, and D. 
G. Higgins . 1997. The CLUSTAL X windows interface: 
flexible strategies for multiple sequence alignment aided by 
quality analysis tools . Nucleic Acids Research 24:4876-
4882. 

Van Den Bussche, R. A. 1992. Restriction-site variation and 
molecular systematics of New World leaf-nosed bats. Jour
nal of Mammalogy 73:29- 42 . 

Van Den Bussche, R. A., J. L. Hudgeons, and R. J. Baker. 1998. 
Phylogenetic accuracy, stability, and congruence: relation
ships within and among the New World bat genera Artibeus, 
Dermanura, and Koopmania . Pp. 59-71 . In Bat biology 
and conservation . (T. H. Kunz and P. A. Racey, eds .). 
Smithsonian Institution Press, Washington , D. C. 

Van Den Bussche, R. A., and S. R. Hoofer. 2000. Further evidence 
for inclusion of the New Zealand short-tailed bat (Mystacina 
tuberculata ) within Noctilionoidea. Journal of Mammal
ogy 81 :865- 874. 

Van Den Bussche, R. A., and S. R. Hoofer. 2001 . Evaluating 
monophyly of Nataloidea (Chiroptera) with mitochondrial 
DNA sequences. Journal of Mammalogy 82:320--327. 

Addresses of authors: 

ROBERT J. BAKER 

Department of Biological Sciences and 
Museum of Texas Tech University 
Lubbock, TX 79409-3191 
Email: rjbaker@ttu.edu 

STEVEN R. HOOFER 

Van Den Bussche, R. A., S. R. Hoofer, and N. B. Simmons. 2002. 
Phylogenetic relationships of monnoopid bats using mito
chondrial gene sequences and morphology. Journal of Mam
malogy 83 :40- 48 . 

Warner, R. M. 1983. Karyotypic megaevolution and phylogenetic 
analysis: New World nectar-feeding bats revisited. System
atic Zoology 32 :279-282 . 

Wetterer, A. L., M. V. Rockman, and N . B. Simmons . 2000 . 
Phylogeny of phyllostomid bats (Mammalia: Chiroptera): 
data from diverse morphological systems, sex chromosomes, 
and restriction sites . Bulletin of the American Museum of 
Natural History 248 :1-200. 

Whelan, S ., P. Lio, and N . Goldman . 2001 . Molecul ar 
phylogenetics : state-of-the-art methods for looking into 
the past. Trends in Genetics 17 :262-272 . 

Wiens , J . J. 1998. Combining data sets with different phyloge
netic histories . Systematic Biology 47 :568-58 I. 

Wright, A. J., R. A. Van Den Bussche, B. K. Lim, M. D. Engstrom, 
and R. J. Baker. 1999. Systematics of the genera Caro/lia 
and Rhinophylla based on the cytochrome-b gene. Journal 
of Mammalogy 80:1202-1213 . 

Department of Zoology and Collection of Vertebrates 
Oklahoma State University 

Current address: 

Stillwater. OK 74078 
Email: srhoofer@hotmail.com 

CALVIN A. PORTER 

Department of Biological Sciences 
Texas Tech University 
Lubbock, TX 79409-313 I 
Email: cporter@xula.edu 

RONALD A.VAN DEN BusscHE 

Department of Zoology and Collection of Vertebrates 
Oklahoma State University 
Stillwater, OK 74078 
Email: ravdb@okstate.edu 

Department of Biological Sciences 
Texas Tech University 
Lubbock, TX 79409-3131 

Current address: 
Department of Biology 
Xavier University of Louisiana 
New Orleans, LA 70125 



30 OCCASIONAL PAPERS, MUSEUM OF TEXAS TECH UNIVERSITY 

Appendix 1. -List of specimens examined. Specimens were collected from natural populations and voucher specimens 
are housed at the American Museum of Natural History (AMNH), Carnegie Museum of Natural History (CM), Louisiana 
Museum of Natural History (LSU), Museo de Historia Natural, Universidad Nacional Mayor de San Marcos, Lima 
(MUSM), Museum National d 'Histoire Natura/le, Paris (MNHN), Museum of Southwestern Biology at the University 
of New Mexico (MSB), Museum of Texas Tech University (ITU), United States National Museum of Natural History 
(USNM), Royal Ontario Museum, Toronto (ROM), Texas Cooperative Wildlife Collection at Texas A&M University 
(TCWC), Universidad Aut6noma Metropolitana-lztapalapa, Mexico City (UAM-I), or University of Wisconsin 
Zoological Museum (UWZM). **"Location of voucher specimen undetermined. 

Tissue 

Taxon No. 

Ametrida cencurio TK 17741 

Anoura caudifer TK 55308 

Ardops nichollsi TK 15602 

Ariteus flavescens TK 27696 

Artibeus obscurus TK 17080 

Artibeus jamaicensis AMNH 267998 

Artibeus jamaicensis AMNH 267999 

Brachyphy/la cavernarum TK 21807 

Carol/ia perspicillata TK I 9368 

Centuria senex TK 13537 

Chiroderma salvini TK 70524 

Chiroderma trinitatum TK 55323 

Choeronycteris mexicana TK 20501 

Choeroniscus minor TK 70471 

Chrotopterus auritus TK 7045 7 

Dermanura cinerea TK 18790 

Desmodus rotundus TK 4764 

Diaemus young/ TK 34625 

Diphy/la ecaudata TK 13514 

Ectophy /la alba TK I 6395 

Enchisthenes hartii TK 5533 1 

Erophy/la sezekorni TK 9416 

Furipterus horrens AMNH 272837 

Locality 

Suriname: Saramacca: Geyskes Cr., 

Tafelberg 

Peru : Cusco: La Convencion ; Camisea, 

Pagoreni 

Dominica : St. Joseph, Clarke Hall 

Jamaica: St. Anne's Parish, Circle B 

Plantation , 2 km SW Priory 

Suriname: Nickerie, Kayserberg Airstrip 

Puerto Rico: Naguabo: Caribbean 

National Forest 

Venezuela: Merida: Merida 

Mexico: Yucatan 

Peru: Cusco: La Convencion; Camisea, 

Pagoreni 

Peru: Cusco: La' Convencion; Camisea, 

Pagoreni 

Mexico: San Luis Potosi: 15 mi. S, I mi. 

E Huizache 

Peru: Cusco: La Convencion; Armihuari 

Peru : Cusco: La Convencion ; Armihuari 

French Guiana: Paracou ; near Sinnamary 

Mexico: Guerrero: 24 .1 mi. N Rio Union 

El Salvador: La Paz: I mi. N La Herradura 

Mexico: Yucatan : I km N. Merida 

Costa Rica: Cano Palma Biological 

Station, 7km NNW Tortuguerro 

Peru : Cusco: La Convencion; Camisea, 

Armihuari 

Jamaica: Hanover Parrish, Flint River, 

1.5 mi. E Sandy Bay 

French Guiana: Paracou 

Museum 

Voucher No. 

AMNH 267279 

USNM 582796 

TTU 31357 

TTU 45291 

CM 68951 

AMNH 267998 

AMNH 267999 

TTU 46380 

CM 78421 

••• 

MUSM 13611 

USNM 577863 

TTU 36118 

USNM 577764 

MUSM 13653 

AMNH 267197 

MNHN 1995.1110 

TTU 35582 

TTU 62792 

••• 

ROM 108296 

USNM 582822 

CM 44113 

AMNH 272837 

GenBank 

Acc. No. 

AY395802 

AY395835 

AY395803 

AY395804 

AY395805 

AF263225 

AF263226 

AY395806 

AY395836 

AF26322"7 

AY395837 

AY395807 

AY395808 

A Y395809 

AF411538 

AY3958 10 

AF263228 

AF411534 

AF411533 

AY39581 l 

AY395838 

AY395839 

AF34592 l 
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Appendix I (cont.) 

Taxon 

G/ossophaga soricina 

G/yphonycteris daviesi 

Glyphonycteris sylvestris 

Hylonycteris underwoodi 

Lampronycteris brachyotis 

Leptonycteris curasoae 

Lionycteris spurrel/i 

Lonchophylla handleyi 

Lonchophyl/a thomasi 

Lonchorhina aurita 

Lonchorhina orinocensis 

Lophostoma brasiliense 

Macrophyllum macrophyl/um 

Macrotus waterhousii 

Mesophylla macconnelli 

Micronycteris hirsuta 

Micronycteris homezi 

Micronycteris mega/otis 

Micronycteris microtis 

Micronycteris minuta 

Micronycteris c.f schmidtorum 

Mimon crenulatum 

Monophyllus redmani 

Mormoops mega/ophylla 

Musonycteris harrisoni 

Tissue 

No. 

TK 70461 

TK 16370 

TK 10461 

TK 20540 

TK 25238 

TK 45108 

TK 22541 

TK 55312 

TK 55321 

TK 20560 

TK 16394 

TK 18834 

TK 19119 

TK 32021 

TK 70491 

TK 25041 

TK 86643 

TK 17071 

TK 18782 

TK 18781 

TK 70447 

TK 25230 

TK 27708 

TK 78661 

TK I 9556 

Locality 

Peru: Cusco: La Convencion; Camisea, 

Armihuari 

Ecuador: Napo: 42 km S, I km E 

Pompeya Sur 

(Parque Nacional Yasuni) 

Suriname: Brokopondo: Brownsberg 

Nature Park, 8 km S, 2 km W Brownsberg 

Mexico: Tabasco: 3 km E Talpa 

Trinidad: Mayaro: Guayaguayare 

Mexico: D.F. : 34 km S Cd. de Mexico, 

La Cima 

Panama: Darien: Cana 

Peru: Cusco: La Convencion; Camisea, 

Pagoreni 

Peru : Cusco: La Convencion; Camisea, 

Pagoreni 

Mexico: Chiapas, 2.5 mi SE, 2.5 E El 

Manteco 

Venezuela: Amazonas : Pozon; 50km 

NE Puerto Ayachucho 

French Guyana: Paracou 

Venezuela: Bolivar: 8 km S, 5 km E 

El Manteco 

Cuba: Guantanamo Prov.; Guantanamo 

Bay Naval Station 

Peru: Cusco: La Convencion; Armihuari 

Trinidad : St. George, Simla Research 

Center, 4 mi N Arima 

Guyana: Berbice Dist. : Dubulay Ranch; 

5° 40' 91" N; 57° 51 ' 52" W 

Suriname: Nickerie, Kayserberg Airstrip 

French Guiana: Paracou; near Sinnamary 

French Guiana: Paracou; near Sinnamary 

Peru: Cusco: La Convencion ; Armihuari 

Trinidad and Tobago : Trinidad : Mayaro 

Jamaica: St. Ann's Parish, 2 km SW Priory 

USA: Texas: Brewster Co.; Black Gap 

Wildlife Management Area 

Mexico: Jalisco: 2 mi. W Tomatlan 

Museum 

Voucher No. 

MUSM 13718 

ROM 104042 

CM 63598 

TTU 36152 

TCWC 

UAM-1 

LSU 

MUSM 13728 

USNM 577763 

TTU 36531 

ROM 43000 

AMNH 267103 

CM 78289 

TTU 52478 

USNM 577949 

CM 97177 

••• 
CM 68390 

AMNH 267097 

AMNH 267098 

MUSM 13737 

CM 97186 

TTU 45277 

TTU 79275 

TTU 36433 

31 

GenBank 

Acc. No. 

AY395840 

AY395812 

AY395841 

AY395813 

AF411536 

AY395814 

AY395815 

AY395816 

AY395842 

A Y395843 

AY395817 

AF.411544 

AF411540 

AF.263229 

AY395818 

AY395819 

AY395820 

AY395821 

AY395822 

AY395823 

AF411535 

AF411543 

AY395824 

AF.263220 

AY395844 
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Appendix I (cont.) 

Tissue Museum GenBank 

Taxon No. Locality Voucher No. Acc. No. 

Mystacina tuberculata UWZM-M 27027 New Zealand : North Island UWZM-M 27027 AF263222 

Noctilio albiventris TK 86633 Guyana: Berbice District ••• AF263223 

Noctilio /eporinus TK 10224 Suriname: Saramacca CM 63552 AF263224 

Phylloderma stenops TK 10201 Suriname: Saramacca: Raleigh Falls CM 63614 AF411542 

Phyllostomus elongatus TK 19289 Venezuela: Bolivar: 28 km E El Palmar CM 78327 AF411541 

Platyrrhinus brachycephalus TK 55320 Peru: Cusco: La Convencion; Camisea, 

Pagoreni MUSM 13791 AY395825 

Pteronotus parnellii AMNH 269115 AMNH 269115 AF26322 l 

Pygoderma bilabiatum TK 12682 Bolivia: Santa Cruz: San Rafael de 

Amboro; 17° 36' S; 63° 36' W MSB 55894 AY395826 

Rhinophyl/a pumilio TK 17550 Suriname: Marowijne: 3 km SW 

Albina CM 77388 AY395827 

Saccopteryx bilineata AMNH 267842 French Guiana: Paracou AMNH 267842 AF2632 l 3 

Sphaeronycteris toxophyllum TK 55326 Peru : Cusco: La Convencion; Camisea, 

Pagoreni USNM 577905 AY395828 

Stenoderma rufum TK 21786 Puerto Rico: Rio Grande: Caribbean 

National Forest TTU 46373 AY395829 

Sturnira magna TK 70473 Peru: Cusco: La Convencion, Armihuari USNM 577905 AY395845 

Tonatia saurophila ROM 103401 ROM 103401 AF 411530 

Trachops cirrhosus TK 18829 French Guyana: Paracou AMNH 267129 AF411539 

Trinycteris nicefori TK 15189 Venezuela: Guarico: 45 km S Calobezo ••• AY395830 

Uroderma bilobatum TK 46006 Peru: Loreto: Quebrada Aguas Negras, 

Cocha Zoraida ••• AY395831 

Vampyressa thyone TK 70454 Peru: Cusco: La Convencion ; Armihuari MUSM 14059 AY395832 

Vampyriscus bidens TK 70451 Peru : Cusco: La Convencion; Armihuari MUSM 14038 AY395833 

Vampyriscus brocki TK 10316 Suriname: Nickerie; 24 km S, 60 km E, 

Apoera (4°,41 'N, 56°, 7'W) CM 66871 AY395834 

Vampyrodes caraccioli TK 70540 Peru: Cusco: La Convencion; Camisea, 

Pagoreni USNM 582872 AY395846 

Vampyrum spectrum TK 40370 Honduras: Atlantida TTU 61071 AF411537 
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