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The Yellow-shouldered bats, Genus Sturnira, are widespread, diverse, and abundant throughout the Neo-
tropical Region, but little is known of their phylogeny and biogeography. We collected 4409 bp of DNA
from three mitochondrial (cyt-b, ND2, D-loop) and two nuclear (RAG1, RAG2) sequences from 138 indi-
viduals representing all but two recognized species of Sturnira and five other phyllostomid bats used as
outgroups. The sequence data were subjected to maximum parsimony, maximum likelihood, and Bayes-
ian inference analyses. Results overwhelmingly support the monophyly of the genus Sturnira but not con-
tinued recognition of Corvira as a subgenus; the two species (bidens and nana) allocated to that group
constitute separate, basal branches on the phylogeny. A total of 21 monophyletic putatively species-level
groups were recovered; pairs were separated by an average 7.09% (SD = 1.61) pairwise genetic distance in
cyt-b, and three of these groups are apparently unnamed. Several well-supported clades are evident,
including a complex of seven species formerly confused with S. lilium, a species that is actually limited
to the Brazilian Shield. We used four calibration points to construct a time-tree for Sturnira, using BEAST.
Sturnira diverged from other stenodermatines in the mid-Miocene, and by the end of that epoch (5.3 Ma),
three basal lineages were present. Most living species belong to one of two clades, A and B, which
appeared and diversified shortly afterwards, during the Pliocene. Both parsimony (DIVA) and likelihood
(Lagrange) methods for reconstructing ancestral ranges indicate that the radiation of Sturnira is rooted in
the Andes; all three basal lineages (in order, bidens, nana, and aratathomasi) have strictly or mainly
Andean distributions. Only later did Sturnira colonize the Pacific lowlands (Chocé) and thence Central
America. Sturnira species that are endemic to Central America appeared after the final emergence of
the Panamanian landbridge ~3 Ma. Despite its ability to fly and to colonize the Antilles overwater, this
genus probably accompanied the “legions” of South American taxa that moved overland during the Great
American Biotic Interchange. Its eventual colonization of the Lesser Antilles and the appearance of two
endemic lineages there did not take place until the Pleistocene. Because of its continual residence and
diversification in South America, Andean assemblages of Sturnira contain both basal and highly derived
members of the genus.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

via mutations. Only through comparative analyses of multiple
widespread groups that diversified over broad time-spans can we

The New World tropics include some of the world’s richest bio-
mes and constitute fascinating theaters for ecological and evolu-
tionary analysis (Lomolino et al, 2006). Climate, landscape,
history, isolation, and intercontinental connections have all con-
tributed to biotic diversification in the Neotropics (Hoorn and Wes-
selingh, 2010; Patterson and Costa, 2012). This region has triggered
ecological opportunities and evolutionary potentials of different
groups in different ways (Stehli and Webb, 1985; Veblen et al.,
2007), ultimately traceable to underlying genetic variation arising
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identify the general patterns of biogeographic relationships needed
to reconstruct Earth’s biological history (Cracraft and Prum, 1988;
Crisci et al., 2003).

Bats of the family Phyllostomidae constitute excellent subjects
for such biogeographic analyses. The family both originated in
the Neotropical Region and is largely restricted there, save for mar-
ginal extensions into the southernmost Nearctic Subregion (Gard-
ner, 2008). Phyllostomids are thought to have originated 34-40 Ma
(Datzmann et al., 2010). Their sister taxon, Mormoopidae, is like-
wise a Neotropical autochthon, as are the three families that are
sister to this group—Noctilionidae + Furipteridae and Thyropteri-
dae. All are part of a larger Gondwanan clade (Teeling et al.,
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2005). Phyllostomids are the most diverse bat family in the Neo-
tropics, with six subfamilies, 45 genera and nearly 150 species in
South America alone (Gardner, 2008; Nogueira et al., 2012).
Although the family exhibits tremendous morphological and eco-
logical variation (Freeman, 2000), more than a third of its species
belong to a rapidly speciating clade of fruit-eating bats (Dumont
et al., 2012), the subfamily Stenodermatinae.

One of the most species-rich lineages of stenodermatine bats is
the genus Sturnira Gray, 1842, the Yellow-shouldered bats. Found
from Mexico and the Lesser Antilles to Argentina, the genus is
thought to comprise two subgenera and at least 17 species (Gard-
ner, 2008; IUCN, 2012; Simmons, 2005). One species, Sturnira lili-
um, is among the most widespread and locally abundant bats of
the New World tropics, while others appear much more localized.
Nevertheless, geographic variation is appreciable, species bound-
aries are rather poorly defined, and specimens are lacking from
many parts of the geographic distribution, which would permit
biological tests of sympatry (Gardner, 2008). This lack of taxo-
nomic resolution complicates discussion of the group and compro-
mises the inferences that can be drawn regarding its
diversification.

1.1. Background

Sturnira was recognized and named as a distinct genus by Gray
(1842), but Luis de la Torre (1961) was the first to comprehensively
review the genus. He recognized eight species: S. angeli, S. bidens, S.
erythromos, S. lilium, S. ludovici, S. magna, S. oporaphilum, and S. tildae

(see also de la Torre, 1966). Sturnirops mordax, named by Goodwin
(1938), was added to the genus (Davis et al., 1964) and S. thomasi
was described from the Lesser Antilles (de la Torre and Schwartz,
1966). The largest species in the genus, S. aratathomasi, was de-
scribed from the northern Andes (Peterson and Tamsitt, 1968),
whereas the smallest species, the Central Andean S. nana, was de-
scribed in the resurrected subgenus Corvira, originally coined for S.
bidens (Gardner and O’Neill, 1969). The insular S. angeli was consid-
ered a subspecies of S. lilium (Jones and Phillips, 1976), while S. luisi
was described from Central and South American samples previously
confused with S. lilium and S. tildae (Davis, 1980). And the discovery
of new species of Sturnira continues: Andean S. mistratensis from
Colombia (Contreras Vega and Cadena, 2000), Andean S. sorianoi
from Venezuela and Bolivia (Sdnchez-Hernandez et al., 2005),
Chocéan S. koopmanhilli from Colombia and Ecuador (McCarthy
et al., 2006), and Chocéan S. perla from Ecuador (Jarrin-V. and Kunz,
2011). A map with the type localities of all the species-group names
used in Sturnira (including subspecies and synonyms) is presented
in Fig. 1.

Owen (1987) was the first to analyze Sturnira phylogeny in the
course of broader studies of Stenodermatinae. Parsimony analyses
of discrete morphological characters found support for the subge-
nus Corvira and recovered S. luisi, S. ludovici, and S. bogotensis as the
next-most-basal taxa. Pacheco and Patterson (1991) subjected 14
species of Sturnira to a parsimony analysis of qualitative morpho-
logical variation. They found support for generic monophyly,
monophyly of the two subgenera and for some supraspecific
groupings, and elevated S. bogotensis from synonymy with S. ery-
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Fig. 1. Type localities for 34 species-group names applied to Sturnira bats, superimposed on the distribution of the genus (gray shading). Asterisks denote approximations for

three indefinite locations.
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Fig. 2. Current phylogenies for Sturnira: (a) the consensus of 10 equal-length trees by Villalobos and Valerio (2002) using maximum parsimony for morphological characters
collected by Owen (1987) and Pacheco and Patterson (1991); no measures of nodal support were given. (b) Bayesian analysis of partial cyt-b sequences produced by Iudica
(2000) and analyzed by Jarrin-V. and Kunz (2011). The tree shown is a consensus of nodes supported by more than 50% of all trees generated; asterisks denote nodes with a

posterior probability greater than 0.95.

thromos. A reanalysis of their data and Owens’ broader-scale data-
set by Villalobos and Valerio (2002) reaffirmed Sturnira monophyly
and the validity of its two subgenera while altering the preferred
topology (Fig. 2a). Taken together, these studies indicated that
morphological characters are adequate for diagnosing genera and
subgenera as well as for delimiting many species, but they are
insufficient to produce a well-resolved phylogeny at the species
level.

Genetic analyses of Sturnira phylogenetics have been limited.
Pacheco and Patterson (1991) analyzed allozyme variation in se-
ven species, producing topologies congruent with discrete-mor-
phology groupings of erythromos with magna and of lilium and
luisi with oporaphilum and tildae. With superb taxonomic sam-
pling, Tudica (2000) analyzed sequence variation in 778 bp of
mitochondrial cyt-b for virtually all then-named forms in the
genus, using parsimony analyses of 37 individuals to recover a
number of apparent groupings, some of which involved species
newly resurrected from synonymy (his Fig. 18): lilium with parvi-
dens (currently a synonym of S. lilium; Simmons, 2005), luisi, and
thomasi; magna with bogotensis and erythromos; mordax with a
form later named koopmanhilli; and hondurensis (a synonym of
S. ludovici) with ludovici and oporaphilum. However, these rela-
tionships were obscured when all 133 cyt-b sequences were ana-
lyzed: the subgenus Corvira and the species lilium, ludovici, and
hondurensis were not monophyletic, and postulated relationships
were not recovered in parallel analyses of morphological varia-
tion. Jarrin-V. and Kunz (2011) used Bayesian analyses on a sub-
set of Iudica’s cyt-b sequences to produce the most explicit and
resolved phylogeny yet (Fig. 2b). Again, there was lack of support
for the subgenus Corvira and a number of species were not recov-
ered as monophyletic. Recently, Jarrin-V. and Clare (2013) ana-
lyzed COI gene variation in Sturnira species found in Ecuador.
Because their analyses were restricted to species that occur in
Ecuador, the relationships proposed by their study are not com-
parable with the results of studies that include a majority of spe-
cies in the genus.

Problems in recovering the group’s phylogeny might be over-
come with multiple gene sequences to allow for idiosyncratic gene
variation and use of phylogenetic methods sensitive to variation in
substitution rates (e.g., Maximum Likelihood and/or Bayesian
Analyses). Such methods have helped to resolve relationships in
other stenodermatine bats (Redondo et al., 2008; Velazco and Patt-
erson, 2008; Larsen et al., 2010; Rojas et al., 2012).

2. Materials and methods
2.1. Taxon sampling

To examine relationships among Sturnira species, we assembled
samples through fieldwork (38 samples of six species from three
countries) and museum loans (94 samples from 24 countries;
Appendix A, Fig. 3). Where feasible, multiple individuals of each
species were used to sample both individual and geographic vari-
ation; each was associated with skin-and-skull or fluid-preserved
museum vouchers that could be used to confirm identifications
and ultimately to refine morphological diagnoses. We also in-
cluded GenBank sequences produced by Iudica (2000) for five spe-
cies: S. koopmanhilli, S. nana, and S. perla were uniquely
represented by these sequences, whereas his sequences for S.
aratathomasi and S. bidens were used to complement sequences
that we produced. The sampled individuals represented all cur-
rently recognized species except S. mistratensis and S. sorianoi,
which are both known only from their hypodigms.

Sturnira is the sole genus in the tribe Sturnirini, sister to other
Stenodermatinae (Lim, 1993; Baker et al., 2003, 2000; Wetterer
et al., 2000). Rhinophylla (Baker et al., 2003) or Rhinophylla + Carol-
lia (Wetterer et al., 2000) are sister to Sturnirini + Stenodermatini
(Simmons, 2005). We used Anoura caudifer, Lionycteris spurrelli,
Carollia manu, Rhinophylla pumilio, and Vampyriscus bidens as out-
groups. The individuals analyzed have vouchers deposited in the
following natural history collections: American Museum of Natural
History, New York (AMNH); Field Museum of Natural History, Chi-
cago (FMNH); Carnegie Museum of Natural History, Pittsburgh
(CM); Louisiana State University, Museum of Natural Science, Ba-
ton Rouge (LSUMZ); Museu Paraense Emilio Goeldi, Belém, Brazil
(MPEG); Museum of Southwestern Biology, University of New
Mexico, Albuquerque (MSB/NK); Museo de Historia Natural, Uni-
versidad Nacional Mayor de San Marcos, Lima, Peru (MUSM); Mu-
seum of Vertebrate Zoology, University of California, Berkeley
(MVZ); Royal Ontario Museum, Toronto, Canada (ROM); Museum
of Texas Tech University, Lubbock (TTU/TK); Texas Cooperative
Wildlife Collection, Texas A&M University, College Station
(TCWC/AK); University of Nebraska State Museum, Lincoln, Ne-
braska (UNSM); and the United States National Museum of Natural
History, Washington (USNM). Two uncatalogued specimens were
also used, with the field acronyms TJM (T.J. McCarthy) and BDP
(B.D. Patterson).
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Fig. 3. Sampling points for tissues included in this analysis, superimposed on the distributional range of Sturnira species (gray shading). The gazetteer of localities and
specimens examined is included in Appendix A. The distribution of samples by taxon are: S. angeli — 10, 11, 14, 18; S. aratathomasi — 41, 45; S. bidens — 46, 49, 54; S. bogotensis
— 61, 63, 65; S. erythromos — 57, 60, 70, 71; S. hondurensis — 3, 12, 15, 19, 20; S. koopmanhilli — 49; S. lilium — 71,72, 73, 74, 75; S. ludovici — 53; S. luisi — 32, 33, 34, 36, 47, S.
magna — 51, 55, 69; S. mordax — 29, 31; S. nana — 67; S. new species 1-31, 35; S. new species 2-53; S. new species 3-27, 28, 37, 38, 39, 40, 42, 51, 56, 57, 58, 60, 62, 70; S.
oporaphilum — 52,57, 58, 59, 60, 68, 69; S. parvidens — 1, 2,4,5,6,7,8,9,13,16, 17, 21, 23, 24, 30; S. paulsoni — 22, 25, 26; S. perla — 50; S. tildae — 28, 39, 43, 44, 48, 51, 64, 68;
Anoura caudifer — 69; Carollia manu — 70; Lionycteris spurrelli — 66; Rhinophylla pumilio — 39; Vampyriscus bidens — 64.

2.2. DNA sequencing

Total DNA was isolated from a small (~0.05 g, wet weight) por-
tion of liver or muscle samples that had been frozen or preserved in
lysis buffer or ethanol. DNA was extracted using a Puregene DNA
isolation kit (Gentra System, Minneapolis, Minnesota) according
to the manufacturer’s instructions.

For Sturnira aratathomasi (FMNH 189778) and S. bidens (FMNH
58719), total DNA was extracted from dried skins, using Rauri
Bowie’s modification of the Qiagen DNAeasy protocol for contam-
ination control, which involves four steps prior to the Qiagen DNA-
easy protocol for animal tissues: (1) place skin into 1 ml 95-100%
EtOH, vortex at high speed for 30 s; (2) remove fluid, add 1 ml 70%
EtOH, vortex at high speed for 30s; (3) remove fluid, add 1 ml
dH20, vortex for 30s; (4) remove fluid, add 1 ml dH20, soak for
30-45 min, afterwards excise a small piece.

Aliquots of genomic DNA isolates were used as templates for
polymerase chain reaction (PCR) to amplify double-stranded DNA
products from two mitochondrial genes, cyt-b and ND2, one regu-
latory region, D-loop (hypervariable region HVRI section), and two
nuclear genes, RAG1 and RAG2. Each PCR had a reaction volume of
25 ul and contained 1 pl of DNA stock, 2.5 pl 10x reaction buffer,
2.5 il of 8 mM premixed deoxynucleotide triphosphates, 15 pl of
ddH20, 2.0 pl of FMNH Tagq, and 1 pl of each oligonucleotide, each
at 10 uM concentration. Primers used for amplification and
sequencing are listed in Table S1.

PCR profiles included an initial denaturation step at 94-95 °C
for 2-3 min, followed by 30-35 cycles of PCR. The cycles involved
denaturation at 94-95 °C for 30 s, annealing at 50-65 °C for 30-
90 s, polymerization at 68-72 °C at 2 min, and a final extension
at 72° at 5-8 min. The PCR bands were cut, and intact DNA was
melted at 70 °C for 10 min, and then 1.5 pl of GELase (Epicentre
Technologies, Madison, WI) was added and incubated for at least
2 h at 45°C. The PCR products were cycle-sequenced using ABI
PRISM Big Dye v. 3.1 (Applied Biosystems, Foster City, CA). The cy-
cling protocol is defined by an initial denaturation step at 96 °C for
60 s, followed by 25 cycles of denaturation at 96 °C for 10s,
annealing at 50 °C for 55, and extension at 60 °C for 4 min. Cy-
cle-sequencing products were purified through an EtOH-EDTA
precipitation protocol and run on an ABI PRISM 3730 Genetic Ana-
lyzer (Applied Biosystems, Foster City, CA). Sequences were edited
and aligned using Sequencher™ 4.1.2 software (Gene Codes Corpo-
ration). All the sequences produced in this study have been depos-
ited in GenBank with the Accession Nos. KC753783-KC754360
(Table 1).

2.3. Data analysis

2.3.1. Alignments and model selection

DNA sequences were aligned by eye using Sequencher™ 4.1.2.
Apparent heterozygosities in the nuclear sequences were coded
using the ITUPAC ambiguity codes. After exclusions and trimming,
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Table 1
Species, collection and tissue ID numbers, and GenBank accession numbers for the Sturnira and outgroup samples used in the study.
Species Voucher number Sample ID number GenBank accession numbers
CytB ND2 D-Loop RAG 1 RAG 2
Sturnira angeli CM 112363/SP 9397 CAl 174 AF435158 AF459310
S. angeli CM 112368/SP 9355 CAI 179 AF435159 AF459311
S. angeli TTU 19906 CAI 229 AF435249
S. angeli UNSM 20062 CAI 233 AF435251
S. aratathomasi FMNH 189778 MSA 1757 KC753899 KC754008
S. aratathomasi ROM 70874 CAI 231 AF435252
S. bidens CM 112824/SP 10654 CAI 175 AF435200 AF459352
S. bidens FMNH 58719 TOL 417 KC753900 KC754009 KC754128
S. bidens LSU 26924 CAI 208 AF435201 AF459353
S. bogotensis FMNH 128787 VPT 345 KC753783 KC753901 KC754010 KC754129 KC754248
S. bogotensis FMNH 128788 BDP 2320 KC753784 KC753902 KC754011 KC754130 KC754249
S. bogotensis FMNH 128789 VPT 301 KC753785 KC753903 KC754012 KC754131 KC754250
S. bogotensis FMNH 128790 VPT 305 KC753786 KC753904 KC754013 KC754132 KC754251
S. bogotensis MUSM 24778 VPT 3504 KC753787 KC753905 KC754014 KC754133 KC754252
S. erythromos FMNH 128809 VPT 512 KC753788 KC753906 KC754015 KC754134 KC754253
S. erythromos FMNH 128811 VPT 606 KC753789 KC753907 KC754016 KC754135 KC754254
S. erythromos FMNH 162521 BDP 3354 KC753790 KC753908 KC754017 KC754136 KC754255
S. erythromos FMNH 162522 BDP 3369 KC753791 KC753909 KC754018 KC754137 KC754256
S. erythromos FMNH 174800 UPE 306 KC753792 KC753910 KC754019 KC754138 KC754257
S. erythromos FMNH 174809 BDP 4178 FJ154179 FJ154245 FJ154311 KC754139 FJ154377
S. hondurensis MVZ 223172 AAC 30 KC753793 KC753911 KC754020 KC754140 KC754258
S. hondurensis MVZ 223178 JLP 24489 KC753794 KC753912 KC754021 KC754141 KC754259
S. hondurensis MVZ 223393 SGP 1391 KC753795 KC753913 KC754022 KC754142 KC754260
S. hondurensis ROM 101366 F35544 KC753796 KC753914 KC754023 KC754143 KC754261
S. hondurensis ROM 101474 F35652 KC753797 KC753915 KC754024 KC754144 KC754262
S. hondurensis TTU 104945 TK 150033 KC753798 KC753916 KC754025 KC754145 KC754263
S. hondurensis TTU 83675 TK 101014 KC753799 KC753917 KC754026 KC754146 KC754264
S. koopmandhilli CM 112804/SP 10655 CAI 225 AF435203 AF459355
S. koopmandhilli CM 112812/SP 10671 CAI 180 AF435202 AF459354
S. lilium FMNH 162524 BDP 3348 KC753800 KC753918 KC754027 KC754147 KC754265
S. lilium FMNH 162542 NB 24 KC753801 KC753919 KC754028 KC754148 KC754266
S. lilium MVZ 154711 RE]J 984 KC753802 KC753920 KC754029 KC754149 KC754267
S. lilium TTU 99168 TK 63779 KC753803 KC753921 KC754030 KC754150 KC754268
S. lilium TTU 99277 TK 61777 KC753804 KC753922 KC754031 KC754151 KC754269
S. lilium BDP 3174 KC753805 KC753923 KC754032 KC754152 KC754270
S. ludovici TTU 102457 TK 135783 KC753806 KC753924 KC754033 KC754153 KC754271
S. ludovici TTU 102461 TK 135787 KC753807 KC753925 KC754034 KC754154 KC754272
S. luisi LSUMZ 25478 MSH 1161 KC753808 KC753926 KC754035 KC754155 KC754273
S. luisi ROM 104204 F38034 KC753809 KC753927 KC754036 KC754156 KC754274
S. luisi ROM 105807 F40100 KC753810 KC753928 KC754037 KC754157 KC754275
S. luisi TTU 103217 TK 135818 KC753811 KC753929 KC754038 KC754158 KC754276
S. luisi TTU 39136 TK 22506 KC753812 KC753930 KC754039 KC754159 KC754277
S. luisi USNM 449721 FMG 2311 KC753813 KC753931 KC754040 KC754160 KC754278
S. luisi USNM 578239 COH 16921 KC753814 KC753932 KC754041 KC754161 KC754279
S. luisi USNM 579052 COH 16987 KC753815 KC753933 KC754042 KC754162 KC754280
S. magna AMNH 272787 AMCC 109732 KC753816 KC753934 KC754043 KC754163 KC754281
S. magna FMNH 174829 BDP 4106 KC753817 KC753935 KC754044 KC754164
S. magna FMNH 174830 UPE 223 KC753818 KC753936 KC754045 KC754165 KC754282
S. magna ROM 104000 F37088 KC753819 KC753937 KC754046 KC754166
S. magna USNM 574555 JFJ 619 KC753820 KC753938 KC754047 KC754167 KC754283
S. mordax MVZ 174439 TAW 68 KC753821 KC753939 KC754048 KC754168 KC754284
S. mordax TJM 6741 AK 7023 KC753822 KC753940 KC754049 KC754169 KC754285
S. mordax CM 92486 AK 7060 KC753941 KC754050 KC754170 KC754286
S. mordax CM 92487 AK 7069 KC753823 KC753942 KC754051
S. mordax CM 92488 AK 7070 KC753824 KC753943 KC754052 KC754171 KC754287
S. nana LSU 16522 CAI 243 AF435253
S. nana LSU 16523 CAI 242 AF435254
S. new species 1 MVZ 174432 TAW 37 KC753825 KC753944 KC754053 KC754172 KC754288
S. new species 1 ROM 104294 F38144 KC753826 KC753945 KC754054 KC754173 KC754289
S. new species 1 ROM 104295 F38145 KC753827 KC753946 KC754055 KC754174 KC754290
S. new species 2 TTU 102351 TK 135127 KC753828 KC753947 KC754056 KC754175 KC754291
S. new species 2 TTU 102661 TK 135049 KC753829 KC753948 KC754057 KC754176 KC754292
S. new species 2 TTU 102663 TK 135051 KC753830 KC753949 KC754058 KC754177 KC754293
S. new species 3 AMNH 268545 AMCC 110416 KC753831 KC753950 KC754059 KC754178
S. new species 3 CMNH 78567 TK 19138 KC753832 KC753951 KC754060 KC754179 KC754294
S. new species 3 FMNH 128825 BDP 2672 KC753833 KC753952 KC754061 KC754180 KC754295
S. new species 3 FMNH 128845 VPT 591 KC753834 KC753953 KC754062 KC754181 KC754296
S. new species 3 FMNH 172153 SS 2080 KC753835 KC753954 KC754063 KC754182 KC754297
S. new species 3 FMNH 203415 SVS 0413 KC753836 KC753955 KC754064 KC754183 KC754298
S. new species 3 FMNH 203416 PMV 2319 KC753837 KC753956 KC754065 KC754184 KC754299
S. new species 3 FMNH 203420 PMV 2402 KC753838 KC753957 KC754066 KC754185 KC754300
S. new species 3 FMNH 203582 PMV 2295 KC753839 KC753958 KC754067 KC754186 KC754301
S. new species 3 FMNH 203587 RCO 0965 KC753840 KC753959 KC754068 KC754187 KC754302

(continued on next page)
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Species Voucher number Sample ID number GenBank accession numbers

CytB ND2 D-Loop RAG 1 RAG 2
S. new species 3 FMNH 203590 RCO 0900 KC753841 KC753960 KC754069 KC754188 KC754303
S. new species 3 ROM 103552 F37015 KC753842 KC753961 KC754070 KC754189 KC754304
S. new species 3 ROM 105875 F40126 KC753843 KC753962 KC754071 KC754190 KC754305
S. new species 3 ROM 107936 F43107 KC753844 KC753963 KC754072 KC754191 KC754306
S. new species 3 ROM117642 F54963 KC753845 KC753964 KC754073 KC754192 KC754307
S. new species 3 TTU 44085 TK 25163 KC753846 KC753965 KC754074 KC754193 KC754308
S. new species 3 TTU 44090 TK 25100 KC753847 KC753966 KC754075 KC754194 KC754309
S. new species 3 TTU 44092 TK 25035 KC753848 KC753967 KC754076 KC754195 KC754310
S. new species 3 TTU 46270 TK 22781 KC753849 KC753968 KC754077 KC754196 KC754311
S. oporaphilum FMNH 128925 BDP 2698 KC753850 KC753969 KC754078 KC754197 KC754312
S. oporaphilum FMNH 128926 VPT 602 KC753851 KC753970 KC754079 KC754198 KC754313
S. oporaphilum FMNH 174843 UPE 224 KC753852 KC753971 KC754080 KC754199 KC754314
S. oporaphilum FMNH 174844 SS 2107 KC753853 KC753972 KC754081 KC754200 KC754315
S. oporaphilum FMNH 203589 RCO 0919 KC753854 KC753973 KC754082 KC754201 KC754316
S. oporaphilum MUSM 39428 RCO 1132 KC753855 KC753974 KC754083 KC754202 KC754317
S. oporaphilum TTU 84970 TK104198 KC753856 KC753975 KC754084 KC754203 KC754318
S. parvidens LSUMZ 28341 DJH 2556 KC753857 KC753976 KC754085 KC754204 KC754319
S. parvidens MSB 53756 NK 5580 KC753858 KC753977 KC754086 KC754205 KC754320
S. parvidens MSB 53758 NK 5623 KC753859 KC753978 KC754087 KC754206 KC754321
S. parvidens MSB 53759 NK 5524 KC753860 KC753979 KC754088 KC754207 KC754322
S. parvidens MSB 53760 NK 5523 KC753861 KC753980 KC754089 KC754208 KC754323
S. parvidens MSB 82216 NK 27048 KC753862 KC753981 KC754090 KC754209 KC754324
S. parvidens MSB 82218 NK 27038 KC753863 KC753982 KC754091 KC754210 KC754325
S. parvidens ROM 96276 FN30092 KC753864 KC753983 KC754092 KC754211 KC754326
S. parvidens ROM 97412 FN30887 KC753865 KC753984 KC754093 KC754212 KC754327
S. parvidens ROM 99284 FN31834 KC753866 KC753985 KC754094 KC754213 KC754328
S. parvidens TTU 104285 TK 136014 KC753867 KC753986 KC754095 KC754214 KC754329
S. parvidens TTU 104631 TK 150240 KC753868 KC753987 KC754096 KC754215 KC754330
S. parvidens TTU 105076 TK 150047 KC753869 KC753988 KC754097 KC754216 KC754331
S. parvidens TTU 44789 TK 27085 KC753870 KC753989 KC754098 KC754217 KC754332
S. parvidens TTU 61103 TK 40384 KC753871 KC753990 KC754099 KC754218 KC754333
S. parvidens TTU 62410 TK 34623 KC753872 KC753991 KC754100 KC754219 KC754334
S. parvidens TTU 62411 TK 34761 KC753873 KC753992 KC754101 KC754220 KC754335
S. parvidens TTU 84422 TK 101765 KC753874 KC753993 KC754102 KC754221 KC754336
S. parvidens TTU 84608 TK 101951 KC753875 KC753994 KC754103 KC754222 KC754337
S. paulsoni CMNH 63413 TK 18602 KC753876 KC753995 KC754104 KC754223 KC754338
S. paulsoni TTU 109259 TK 161224 KC753877 KC753996 KC754105 KC754224 KC754339
S. paulsoni TTU 109257 TK 151345 KC753878 KC753997 KC754106 KC754225 KC754340
S. paulsoni TTU 109258 TK 151346 KC753879 KC753998 KC754107 KC754226 KC754341
S. paulsoni TTU 109255 TK 161186 KC753880 KC753999 KC754108 KC754227 KC754342
S. paulsoni TTU 109256 TK 161519 KC753881 KC754000 KC754109 KC754228 KC754343
S. paulsoni TTU 105466 TK 128280 KC753882 KC754001 KC754110 KC754229 KC754344
S. paulsoni TTU 105654 TK 144594 KC753883 KC754002 KC754111 KC754230 KC754345
S. paulsoni TTU 105679 TK 144620 KC753884 KC754003 KC754112 KC754231 KC754346
S. paulsoni TTU 109260 TK 161231 KC753885 KC754004 KC754113 KC754232 KC754347
S. paulsoni USNM 580674 Herp FS 056552 KC753886 KC754005 KC754114 KC754233 KC754348
S. perla CM 112822/SP 10721 CAl 226 AF435205 AF459357
S. perla CM 112823/SP 10772 CAI 181 AF435204 AF459356
S. tildae AMNH 268556 AMCC 110444 KC753887 KC754115 KC754234
S. tildae CMNH 77643 TK 17702 KC753888 KC754116 KC754235 KC754349
S. tildae FMNH 174860 BDP 4006 KC753889 KC754117 KC754236 KC754350
S. tildae FMNH 174862 UPE 177 KC753890 KC754118 KC754237 KC754351
S. tildae FMNH 174865 ESG 007 KC753891 KC754119 KC754238 KC754352
S. tildae FMNH 174871 BDP 3934 KC753892 KC754120 KC754239 KC754353
S. tildae MPEG 20844 BDP 2128 KC753893 KC754121 KC754240 KC754354
S. tildae TTU 106027 TK 145286 KC753894 KC754122 KC754241 KC754355
S. tildae TTU 44094 TK 25139 KC753895 KC754123 KC754242 KC754356
S. tildae USNM 560796 ALG 14578 KC753896 KC754124 KC754243 KC754357
S. tildae USNM 574556 JF] 649 KC753897 KC754125 KC754244 KC754358
Anoura caudifer FMNH 174515 SS 2217 KC754006 KC754126 KC754245 KC754359
Carollia manu FMNH 172078 PMV 588 KC753898 KC754007 KC754127 KC754246 KC754360
Lionycteris spurrelli AF423096
Lionycteris spurrelli AF316455
Rhinophylla pumilio AMNH 267158 TK 18825 AF187029 AF316484
Vampyriscus bidens MPEG 20840 ALG 14898 FJ154181 FJ154247 FJ154313 KC754247 FJ154379

the cyt-b gene data set contained 1140 characters, ND2 1044 char-
acters, D-loop 422 characters, RAG1 1072 characters, and RAG2
731 characters, totaling 4409 nucleotide characters. Species in-
cluded solely based on sequences produced by Iudica (2000) or
generated by this study from skin snippets include only one to
three markers (Table 1). We statistically evaluated the combinabil-

ity of the five markers using the one-tailed Shimodaira-Hasegawa
test (SH test; Goldman et al., 2000; Shimodaira and Hasegawa,
1999, 2001) implemented in the CONSEL package (Shimodaira
and Hasegawa, 2001). We performed ML analyses for each locus
to obtain a tree using the Randomized Accelerated Maximum Like-
lihood (RAXML) algorithm v.7.2.8 (Stamatakis, 2006). Additionally
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we added a random tree to provide a reference to which the other
trees could be compared. For each locus, six sets of likelihood val-
ues were obtained using RAXML: the likelihood values of the cyt-b,
ND2, D-loop, RAG1, RAG2, and random trees using the cyt-b data-
set, the likelihood values of those trees using the ND2 dataset, etc.
Then we evaluated if the likelihood values from the different trees
obtained under one data set differed significantly. Additionally, we
performed separate Bayesian analyses (BA) for each locus on re-
duced data sets that included only one exemplar per taxa to assess
the compatibility of the different loci by comparing manually their
supported clades. Concatenation of the different loci was per-
formed using SequenceMatrix 1.7.8 (Vaidya et al., 2011). Each lo-
cus and the supermatrix was run under a separate model of
nucleotide substitution selected using the Akaike Information Cri-
terion (AIC) as suggested by jModelTest 0.1.1 (Posada, 2008): cyt-b
(TrN+I+T), ND2 (TIM1+1+T"), D-loop (HKY++I"), RAG1 (TIMT1e-
f+I+I"), RAG2 (HKY+I"), and the supermatrix (GTR+I+I").

2.3.2. Maximum parsimony analysis

Maximum parsimony analyses (MP) were conducted using
PAUP* v.4.0b10 (Swofford, 2003). Heuristic searches to find the
most parsimonious tree(s) were performed using tree bisection-
reconnection (TBR) branch-swapping. One thousand random se-
quence addition replicates were used to minimize the chance of
finding only locally optimal trees (Maddison, 1991). All sites were
equally weighted and gaps treated as missing characters. Nonpara-
metric bootstrapping (Felsenstein, 1985) probed support of clades,
with 100 total pseudoreplicates with ten random sequence addi-
tion replicates per pseudoreplicate.

2.3.3. Maximum likelihood analysis

Maximum likelihood analyses (ML) were conducted using Garli
1.0 (Zwickl, 2006). ML searches were performed using different
models of nucleotide substitution and parameters as suggested
by the AIC as implemented in jModeltest (see Section 2.3.1). Each
analysis was repeated five times from random starting trees using
the auto-terminate setting and default parameters. Garli was used
to generate 1000 ML nonparametric bootstrap replicates with the
generation threshold (without an improvement in topology)
halved to 5000 as suggested by the program; the replicates were
used to calculate a majority-rule consensus tree in PAUP* to assess
clade support.

2.3.4. Bayesian inference

Bayesian analyses (BA) were used to estimate a phylogeny
employing different models of molecular evolution for each data
set. Each locus was run under different models of nucleotide sub-
stitution and parameters as suggested by the AIC as implemented
in jModeltest (see Section 2.3.1). Bayesian inference analysis was
conducted using MrBayes v. 3.1.2 (Huelsenbeck and Ronquist,
2001), with random starting trees without constraints, four simul-
taneous Markov chains were run for 10 million generations, trees
were sampled every 1000 generations, stationarity was assessed
by examining the standard deviation of split frequencies and by
plotting the —InL per generation using Tracer v. 1.5 (Rambaut
and Drummond, 2003), and trees generated before stationarity
were discarded as “burn-in”.

2.3.5. Identification of species-level units

Using the geographical provenance and morphology of the mu-
seum vouchers, we labeled the terminals in our trees with the var-
ious names proposed for different populations of Sturnira (cf.
Fig. 1). Where all instances of a given name applied to well sup-
ported (BA, posterior probabilities >0.95), reciprocally monophy-
letic, and geographically cohesive units within our trees, we
regarded them as species-rank lineages. Where no apparent name

was applicable for clades differentiated at a comparable level, we
regarded these clades as plausibly new. We compared genetic dis-
tances within and between these apparently new forms with those
separating recognized taxa, using factorial ANOVA of uncorrected
cyt-b distances and the categorical variables status (new or recog-
nized) and level (intraspecific and interspecific).

Hierarchical relationships in one or a few genes are an incom-
plete basis for species definition. We regard species as phenotypic,
genetic, and ecological units, and so defer the description and fur-
ther analysis of these lineages to a subsequent, more comprehen-
sive work. Subtly differentiated but reliably diagnosed species
have emerged from fuller analysis of similar genetic patterns in
other stenodermatine genera (Solari et al., 2009; Velazco et al.,
2010).

2.3.6. Divergence-time analysis

Fossil records of Sturnira are scarce, reflecting the poor tapho-
nomic conditions of the moist forests that most species occupy.
Only a handful of records of Sturnira have been reported (Alvarez,
1982; Arroyo-Cabrales and Polaco, 2008; Czaplewski et al., 2003;
Fracasso and Salles, 2005; Winge, 1893), all incompletely identified
and from the Quaternary. Four previously estimated diversification
dates were incorporated as secondary calibration points with nor-
mal distribution priors. Secondary calibration points obtained from
Rojas et al. (2012); see Fig. S1) include: (1) divergence between
Lonchophyllinae and Carollinae + Glyphonycterinae + Rhinophylli-
nae + Stenodermatinae (18.9-25.1 Ma); (2) divergence between
Carollinae + Glyphonycterinae and Rhinophyllinae + Stenodermati-
nae (17.3-23.3 Ma); (3) divergence between Rhinophyllinae and
Stenodermatinae (14.9-20.6 Ma); and (4) divergence between
Sturnira and Stenodermatini (12.8-18.5 Ma).

We performed the estimation of divergence dates in BEAST v.
1.7.2 (Drummond and Rambaut, 2007). We used the uncorrelated
lognormal relaxed clock to account for lineage-specific rate heter-
ogeneity (Drummond et al., 2006) and the Yule process as the tree
prior. Substitution models were unlinked for the five loci. We ap-
plied different models for each loci: cyt-b (GTR+I+I"), ND2
(GTR+T"), D-loop (HKY+I+T"), RAG1 (GTR++T"), and RAG2 (HKY+I);
these models differ from the ones used in the phylogenetic analy-
ses because they were obtained from a subset of the supermatrix,
representing one individual per taxa. We conducted two indepen-
dent analyses with 40 million steps, with sampling every 4000
steps. Convergence of the chain to the stationary distribution
was confirmed by inspection of the Markov Chain Monte Carlo
samples in Tracer v. 1.5 (Drummond and Rambaut, 2007). We com-
bined the last 8000 trees from each independent analysis. From the
final sample of 16,000 trees, we built a maximum clade credibility
tree with the program TreeAnnotator v. 1.6.1.

2.3.7. Biogeographic reconstruction

We used two approaches to infer ancestral areas. The first, dis-
persal-vicariance analysis as implemented in DIVA v. 1.1 (Ronquist,
1996, 1997), involved parsimony reconstruction. DIVA recon-
structs the ancestral distribution at each of the internal nodes of
a given phylogeny. This is accomplished by means of optimization
rules and set costs for both extinction (cost of 1 per area lost) and
dispersal (cost of 1 per area added). Vicariance and sympatric spe-
ciation carry no cost. The second approach was a Likelihood Anal-
ysis of Geographic Range Evolution implemented in Lagrange (Ree
et al,, 2005; Ree and Smith, 2008). This method provides likelihood
values for the different biogeographic scenarios, enabling probabil-
ity-based reconstructions of ancestral ranges and the inferred
directionality of dispersal events.

To conduct these analyses, the following parameters are re-
quired: (a) a phylogenetic tree in the case of DIVA and an ultramet-
ric phylogenetic tree (tree where terminal nodes are all equally
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distant from the root) with branch lengths for Lagrange; (b) a re-
gional classification of distribution, with a set of areas assigned
to each taxon; and (c) an adjacency matrix of plausibly connected
areas. We coded species distributions for the 26 terminal taxa in
our phylogenetic analyses over eight regions: Lesser Antilles, Cen-
tral America, Chocé-Pacific slope, Northern Andes, Central Andes,
Amazonia, Brazilian Shield (including Atlantic Forest, Cerrado,
and Chaco), and Caribbean lowlands and coastal cordilleras (see
Fig. 8a). For adjacency, we deemed all bordering regions to be adja-
cent, except for the Lesser Antilles, which we considered adjacent
to both Central America and the Caribbean lowlands. In the DIVA
analysis, for nodes reconstructed with multiple alternative ranges

Table 2

Result of the Shimodaira-Hasegawa test on site likelihoods obtained from different
gene trees under one data set. Log-likelihood of the trees given the data and
significance are indicated. Cases where the SH found a tree to be significantly
different from the data set (P < 0.05) are denoted with an asterisk (*).

involving multiple regions, we tallied and summarized the propor-
tional representation of each region in the postulated suite, de-
picted in pie diagrams. The Lagrange analysis relied on the time-
calibrated ultrametric tree for Sturnira obtained by the BEAST anal-
ysis (whose topology differs very slightly from the MP, ML, and
BA). Ancestral-area estimates in Lagrange were limited to no more
than three regions to speed computation. The resulting reconstruc-
tions were summarized by regional probabilities; areas with
cumulative probabilities of ancestral occupation >50% were plotted
along the tree as separate symbols, because these do not sum to 1.

3. Results
3.1. Phylogenetic analyses

The Shimodaira and Hasegawa (1999) tests indicated there
were significant differences in the fit of the likelihood values ob-
tained from the RAG1 tree using the cyt-b, ND2, and D-loop data-
sets and the RAG2 tree using the cyt-b, ND2, D-loop, and RAG1

Gene Tree Log-L SH test . . .
p datasets. However, when assessing the likelihood values of the
Cyt-b Cyt-b 65242 1.000 cyt-b, ND2, andh D—.loop trees using the RAG1 and RAG2 datasets,
ND2 —6649.6 0.306 there were no significant differences (Table 2). The conflicts found
D-loop —6860.8 0218 by the SH test appear to be caused by the slow-evolving charac-
RAGI —9622.6 0.000 teristics of our two nuclear genes; comparisons of the exemplar
RAG2 —14051.2 0.000* .
trees showed nearly complete topological congruence of the sup-
ND2 Cyt-b —7446.9 0385 ported clades of each locus (Figs. 4 and S2). Consequently, se-
ND2 ~7225.9 1.000 . L
quences of the different markers from the same individual were
D-loop -7623.2 0.208 - - .
RAG1 _10176.4 0.000* concatenated for combined analyses. For the ingroup, only in
RAG2 -11002.3 0.000" the case of Sturnira aratathomasi were sequences from two indi-
D-loop Cyt-b _4634.6 0.334 viduals, ROM 70874 (cyt—b) and FMNH 189778 (NDZ and D—loop),
ND2 —4660.3 0.228 combined to form a chimera after ML phylogenies of the individ-
D-loop —4498.1 1.000 ual markers consistently recovered S. aratathomasi in the same
RAG1 —>971.4 0'000* position (see Table 1). Another chimera was formed by combining
RAG2 —6401.5 0.000 A . :
the cyt-b and RAG2 sequences from two individuals of Lionycteris
RAG1 Cyt-b —3401.3 0.092 spurrelli (Table 1).
ND2 -3384.7 0.078 . . . .
D-loop 34141 0110 Analyses of the combined mitochondrial and nuclear partitions
RAG1 ~2917.3 1.000 (4409 bp) included 138 individuals. Unweighted MP analysis re-
RAG2 —-3688.3 0.001* sulted in 25,920 most parsimonious trees (CI = 0.40 and 22.7% par-
RAG2 Cyt-b ~1677.3 0.090 simony informative characters). MP, ML, and BA analyses each
ND2 -1682.2 0.090 recovered well supported nodes. Each strongly supported Sturnira
EAIGO?D *1233-? 8-?223 monophyly, with 75% bootstrap under MP, 100% bootstrap under
RAG2 :1 4793 0.998 ML, and 1.0 posterior probability under BA (Fig. 5). The phylogeny

Outgroup Outgroup

recovered 21 highly supported monophyletic clades, most of which

Outgroup

bidens CM112824
nana AF435253
aratathomasi ROM70874

tildae AMNH268556

erythromos FMNH128809
perlaCM112822

bogotensis FMNH128787
magna AMNH272787
koopmanhilli CM112804
mordax AK7023

‘hondurensis MVZ223172

new species 1 MVZ174432
ludoviciTK135783
oporaphilum FMNH128925
lilium FMNH162524

new species 2TK135127

parvidens LSUMZ28341
new species 3 FMNH203582
angeliCM112363

luisi LSUMZ25478

Ppaulsoni TK18602

(a) cyt-b

Fig. 4. Exemplar trees from Bayesian analyses of three independent markers used in this study: mitochondrial cyt-b and nuclear RAG1, and RAG2. Asterisks denote nodes
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(c) RAG2

supported by Bayesian posterior probabilities >0.95. Exemplar trees for two other mitochondrial markers, ND2 and D-loop, are given in Fig. S2.
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< Sturnira nana

Sturnira aratathomasi

Sturnira hondurensis

Sturnira new species 1
Sturnira ludovici

Sturnira oporaphilum

Sturnira koopmanhilli
Sturnira mordax

Sturnira perla

Sturnira tildae

R
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Sturnira erythromos

Sturnira bogotensis
Sturnira magna

Sturnira lilium

Sturnira new species 2

Sturnira parvidens

Sturnira new species 3

Sturnira angeli

Sturnira luisi

Q,

e

Sturnira paulsoni

Fig. 5. Phylogeny of Sturnira, showing support for interspecific nodes via maximum parsimony (MP), maximum likelihood (ML), and Bayesian analyses (BA). For MP and ML,
white indicates bootstrap frequencies <50%, gray indicates bootstrap frequencies between 50% and 75%, and black indicates bootstrap frequencies >75%. For BA, white
indicates posterior probabilities <0.95, whereas black indicates posterior probabilities >0.95. All species-level groups were recovered as monophyletic; the height of
enclosing triangles is proportional to the number of individuals they contain. The letters A and B identify major subclades of Sturnira that are discussed in the text.

have been named or previously recognized as species. Three of
these clades correspond to apparently unnamed lineages. Uncor-
rected pair-wise genetic distances among clades based on cyt-b
(Table S2; Fig. 6) averaged 7.12% (SD = 1.56; n = 210), whereas ge-
netic distances among individual samples within these groups
averaged 0.69% (SD = 0.53; n = 20). These differences are highly sig-
nificant (F= 175, P < 0.0001). New forms were separated by slightly
lower mean pairwise distances than existing taxa, both between
species (6.80+0.23 [SE] versus 7.23 £0.12) and within species
(0.54 £0.22 versus 0.72+0.14). Nevertheless, distributions of
new and recognized forms are broadly overlapping (Fig. 6) and nei-
ther taxonomic status (F=0.39) nor its interaction with intra- and
interspecific variation (F = 0.07) are significant (both P > 0.05). Two
of these species-rank pairs, both involving S. luisi (with S. paulsoni
and with new species 3), differed by as little as 1.87%. A cyt-b phy-
logeny showing the relationships of all 138 terminals appears in
Fig. S3.

Three lineages were recovered at the base of the phylogeny,
each robustly supported by ML bootstrap and Bayesian posterior
probabilities (Fig. 5): Sturnira bidens at the base, S. nana next, and
then S. aratathomasi as sister to all remaining Sturnira. The remain-
ing species comprise two groups: Clade A (S. bogotensis, S. erythro-
mos, S. hondurensis, S. koopmanhilli, S. ludovici, S. magna, S. mordax,
S. oporaphilum, S. perla, S. tildae, and S. new species 1) and Clade B
(S. angeli, S. lilium, S. luisi, S. parvidens, S. paulsoni, S. new species 2,
and S. new species 3). The two clades are strongly supported by

both ML bootstraps and BA posterior probabilities, respectively:
Clade A (86, 0.97) and Clade B (96, 1.0). MP bootstraps offer strong
support for Clade B (76), but weaker support for Clade A (~50).

20
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E=interspecific, recognized
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[ intraspecific, recognized
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Fig. 6. Histogram of pairwise sequence divergences (uncorrected percentage of cyt-
b; Table S2), showing interspecific and intraspecific comparisons involving previ-
ously recognized taxa and three apparently unnamed species-rank lineages.
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Fig. 7. Ultrametric time-tree of Sturnira diversification as reconstructed by BEAST
(Drummond and Rambaut, 2007), using four calibration points within the Phyllos-
tomidae employed as outgroups.

3.2. Divergence time estimation

The dated Bayesian tree inferred from BEAST using four differ-
ent calibration points under the lognormal relaxed-clock model
appears in Fig. 7. Sturnira diverged from a common ancestor with
other stenodermatines in the Middle Miocene (14.2 Ma), with a
confidence interval between 12.6 and 15.9 Ma. The basal diversifi-
cation of Sturnira (including bidens, nana, and aratathomasi) oc-
curred in the Late Miocene. The divergence of clades A and B
from their putative common ancestor dates to the Early Pliocene
at 4.6 Ma (3.7-5.5 Ma). Subsequent radiation from the MRCA of
clade A is inferred at 3.8 Ma (3.1-4.7 Ma), also in the Pliocene, with
species diversification following thereafter during the Late Plio-
cene (3.5 Ma) to the Pleistocene (1.8 Ma). In the case of Clade B,
subsequent radiation from the clade’s MRCA is dated to the Late
Pliocene at 2.8 Ma (2.2-3.7 Ma), with species divergences occur-
ring in the Quaternary.

3.3. Reconstruction of ancestral distributions

Reconstructions of ancestral ranges inferred by the parsimony-
based DIVA (Fig. S4) and likelihood-based Lagrange (Fig. 8) analy-
ses were generally congruent but differ in details. Both models
identify the Andes as the most likely distribution for the mid-Mio-
cene stem Sturnira, the Central Andes appearing most likely in the
DIVA analysis and the Northern Andes in the Lagrange. This region
also gave rise to the basal three extant lineages (bidens, nana, and
aratathomasi). Thereafter, the two analyses bring different scenar-
ios into focus. The DIVA analysis (Fig. S4), whose optimal recon-
struction required 40 dispersal events, suggested that the MRCA
of Clade A was likely distributed in Central America and that some
of its descendents recolonized the Andes in three separate events

(tildae; bogotensis + erythromos + magna; ludovici + oporaphilum)
as other speciation events took place in situ. Colonization of Cen-
tral America and perhaps even recolonization of South America
by Clade A ancestors are postulated prior to 3 Ma. The DIVA anal-
ysis was equivocal concerning the ancestry of Clade B, and few bio-
geographic alternatives were unambiguous, including the polarity
of lilium and its sister-group, new species 2 + parvidens (Fig. S4).

The Lagrange analysis (Fig. 8) cedes greater prominence to the
Northern Andes and the Chocé region as staging areas for the
diversification of Sturnira. Most of the Pliocene-aged nodes, includ-
ing the ancestors for both Clades A and B, are recovered with dis-
tributions assigned to the Northern Andes and the Chocé (i.e., at
the gateway of South America but restricted to that land-mass).
All ancestral nodes assigned Central American distributions are da-
ted to the Quaternary, and all of these subtend species that are cur-
rently distributed there. The five species currently found in Central
America (hondurensis, new species 1, and mordax in Clade A and
parvidens and luisi in Clade B) all postdate the final emergence of
the Panamanian landbridge 3 Ma (Fig. 8).

4. Discussion
4.1. Phylogeny of Sturnira

Genetic patterns of Sturnira do much to clarify fundamental is-
sues concerning their diversity, time of diversification, and histor-
ical biogeography. They provide the first robust and
comprehensive phylogenetic patterns for the genus Sturnira. The
most recent morphological appraisal of the genus (Villalobos and
Valerio, 2002) lacked resolution and measures of nodal support,
whereas the only published molecular phylogeny that included
most of the species of the genus (Jarrin-V. and Kunz, 2011) showed
signs of rampant paraphyly and limited clade support (Fig. 2).
These new perspectives call for changes in assessments of species
richness, taxonomy, and the likely theaters for the evolution of
Sturnira.

Our phylogeny offers new insights into the species richness of
this lineage. In the last global checklist of bats, Simmons (2005)
recognized 14 species of Sturnira: S. aratathomasi, S. bidens, S.
bogotensis, S. erythromos, S. lilium, S. ludovici, S. luisi, S. magna, S.
mistratensis, S. mordax, S. nana, S. oporaphilum, S. thomasi, and S. til-
dae. Currently, the IUCN (2012) recognizes 15 species, the forego-
ing plus S. sorianoi. Both authorities omit the recently proposed S.
koopmanhilli (McCarthy et al., 2006) and S. perla (Jarrin-V. and
Kunz, 2011). Our analysis found support for 21 monophyletic
clades of Sturnira, most of them previously named or recognized
as species, but three of them apparently new (Figs. 5 and 6). Should
ongoing revisions establish that all of these clades are distinct spe-
cies, this would represent 50% increase over the last published
checklist, not including S. mistratensis (Contreras Vega and Cadena,
2000) and S. sorianoi (Sanchez-Hernandez et al., 2005). Those spe-
cies need to be characterized genetically and included in future
analyses to determine whether they represent additional species
or are synonyms of forms that are recognized here.

The mean cyt-b sequence divergence between 21 pairs of spe-
cies-level clades in Sturnira (7.1%; Fig. 6) is comparable to that
found between congeneric species of other stenodermatine bats:
9% for 10 species of Artibeus, 7.5% for five species of Carollia, 5.5%
for five species of Chiroderma, 10% for eight species of Dermanura,
and 7.2% for 14 species of Platyrrhinus (Bradley and Baker, 2001;
Velazco and Patterson, 2008). The species-level groups that we
have postulated here need to be explored and tested via their mu-
seum voucher specimens. This is a reciprocally illuminating pro-
cess that can guide the identification of better morphological
diagnoses and a refined understanding of species limits (e.g.,
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Fig. 8. Lagrange reconstruction of ancestral ranges for Sturnira. (a) Distribution of the genus Sturnira (shaded portion), showing the biogeographic subdivisions used to encode
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Velazco et al., 2010). Although two of these putative species pairs
are separated by as little as 1.87% divergence in cyt-b, it is note-
worthy that both involve S. luisi, one with an allopatric insular en-
demic, and the other with the sympatric clade here called S. new
species 3 (Fig. 6; Table S2).

The genus Sturnira is distinctive and easily recognizable, with
greatly reduced and furry uropatagium, lack of a tail, and often
with epaulettes. Thomas (1915) named the genus Corvira for his
new species bidens, which showed the external traits of Sturnira
but possessed only two lower incisors. He noted that the more tri-
angular shape of the first upper molar and less obsolete molar
cusps of Corvira made it less specialized than Sturnira. The same
dental characteristics and a comparably narrowed and more deli-
cate skull were later found in the smallest species in the genus,
S. nana, which Gardner and O’Neill (1971) allocated to Sturnira
(Corvira). Yet the phylogenetic position of these forms (Fig. 5) make
it clear that: (1) possession of a single lower incisor is plesiomor-
phic within Sturnira; (2) S. bidens and S. nana represent separate
divergences from the ancestral Sturnira and do not constitute a
clade; and (3) Thomas was correct in regarding the obsolescence

of molar cusps as a derived characteristic of most species of Sturn-
ira. The next-most-basal species on our tree, S. aratathomasi, has
two upper and lower incisors like all remaining species of Sturnira,
but retains the definition of the lingual cusps (entoconid and met-
aconid) of the lower molars seen in S. bidens and S. nana (Soriano
and Molinari, 1987). On these bases, we regard Corvira as a syno-
nym of the genus Sturnira.

The remaining species of Sturnira fall into two well-supported
groups, Clades A and B (Fig. 5). Certainly the most striking result
of our analysis was the restriction of Sturnira lilium to biomes asso-
ciated with the Brazilian Shield: Atlantic Forest, Cerrado, Caatinga,
and Chaco. This species was previously thought to range from
northern Mexico to northern Argentina and into the Lesser Antilles
(e.g., Simmons, 2005; but see Iudica, 2000, who recognized parvi-
dens as a distinct species and Ditchfield, 2000, who regarded S. lili-
um as a complex of at least three species). Our phylogeny (Fig. 5,
Clade B) makes clear that this range is occupied by a well-sup-
ported complex of seven species, two of which appear to be un-
named. Ironically, one of the unnamed species occupies the
largest portion of the range of the complex! Species in the lilium
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complex fall into two well supported clusters, with S. lilium itself
outside either group: (1) S. parvidens and S. new species 2, and
(2)S. angeli, S. luisi, S. paulsoni, and S. new species 3. It goes without
saying that most references in the literature to the ecology, behav-
ior, distribution, and parasites of S. lilium actually apply to other
species.

This complex includes three taxa newly elevated to species rank
(angeli, parvidens, and paulsoni) but long recognized as subspecies
of S. lilium. Conspicuously lacking from the complex is S. thomasi,
recognized by Simmons (2005) and IUCN (2012) as a distinct spe-
cies but here synonymized with S. angeli. Cyt-b sequence for TTU
19906 from Guadeloupe (the type locality for S. thomasi de la Torre
and Schwartz, 1966) is robustly recovered in a clade with bats from
Dominica (type locality for S. angeli de la Torre, 1966), Martinique
(S. L. zygomaticus Jones and Phillips, 1976), and Monserrat (S. L vul-
canensis Genoways, 1998; Fig. S3). The lack of third lower molars,
the character used to establish and diagnose S. thomasi, is an unsta-
ble character in this clade. Presence-absence of m3 is polymorphic
among topotypical specimens from Guadeloupe (see also Marti-
nez-Arias et al., 2010). Both angeli and thomasi were described in
the same work and are synonyms; as first revisers, to underscore
the unreliability of this molar character and to acknowledge de la
Torre’s touching salute to his father, we select angeli as valid (Inter-
national Commission on Zoological Nomenclature, 1999). Cyt-b se-
quences (Fig. S3) also indicate that the Grenada population
described as S. L serotinus Genoways, 1998 and the St. Lucia popu-
lation described as S. L luciae Jones and Phillips, 1976 fall within
the species S. paulsoni.

Clade A includes most of the traditionally recognized species of
Sturnira. Although the clade itself is strongly supported, many
nodes remain unresolved (Fig. 5). As previously hypothesized
(Pacheco and Patterson, 1991; Jarrin-V. and Kunz, 2011), there is
strong evidence for a ludovici-oporaphilum clade and for recogniz-
ing an undescribed species and S. hondurensis as successive sisters
to this grouping. Another unsurprising result was the recovery of S.
koopmanhilli and S. mordax as sisters, as the two had previously
been synonymized (Alberico and Orejuela, 1983; Sanchez-Hernan-
dez et al., 2005). The highly nested position of this pair within
Sturnira underscores the synonymy of Sturnirops, which Goodwin
(1938) originally proposed for the elongated skull and large ante-
rior teeth of S. mordax. The tree offers very limited support for S.
bogotensis and S. erythromos, sisters in most morphological analy-
ses (Pacheco and Patterson, 1991), being joined by S. magna
(Fig. 5). On morphological grounds, Villalobos and Valerio (2002)
had recovered S. magna as the most basal member of the subgenus
Sturnira; however, its membership in Clade A is strongly supported
by both ML and BA analyses of sequence variation (Fig. 5).

4.2. Historical biogeography

Both the DIVA and Lagrange analyses agree in placing the initial
radiation of Sturnira in the Andes of South America (Figs. 8 and S4).
BEAST analyses date the initial divergence of Sturnira from a com-
mon ancestor with other stenodermatines to 14.2 Ma (12.6-
15.9 Ma; Middle Miocene) and the basal divergences of living spe-
cies to 8.1 Ma (6.6-9.8 Ma) [S. bidens], 6.7 Ma (5.2-8.1 Ma) [S.
nana), and 5.4 Ma (4.4-6.7 Ma) [S. aratathomasi], in the Late Mio-
cene or early Pliocene (Fig. 7). Dramatic landscape transformations
took place during the late Miocene and Pliocene: the Central Andes
of Peru and Bolivia were already well developed but the Northern
Andes of Ecuador, Colombia and Venezuela were still rudimentary
(Orme, 2007). Paleobotanical evidence suggests that, by 5 Ma, the
Eastern Cordillera had reached only 40% of its current height but
subsequently uplifted rapidly to reach modern elevations by
2 Ma (Gregory-Wodzicki, 2000). Concurrently, the Isthmus of Pan-
ama finally emerged as a dryland connection between North and

South America in the middle Pliocene, ca 3.1-3.5Ma (Coates
et al., 2004), but this corridor for continental interchange had been
crossed by island-hopping terrestrial mammals since at least 9 Ma
(Almendra and Rogers, 2012). The earliest colonists along the Cen-
tral American corridor—sloths into North America and raccoon rel-
atives into South America—were also able to colonize the Antilles
(e.g., Eizirik, 2012; MacPhee and Iturralde-Vinent, 1995). These
“heralds” of the Great American Biotic Interchange appeared well
in advance of the “legions” from both continents that awaited
the final emergence of the Panamanian landbridge and terrestrial
connections (Stehli and Webb, 1985; Almendra and Rogers, 2012).

By the end of the Miocene, three basal lineages of Sturnira had
appeared, all distributed in the Andes or Andes plus Chocé.
Whereas the DIVA analysis (Fig. S4) was equivocal regarding the
loci of subsequent radiations of Sturnira, the Lagrange analysis
(Fig. 8) clearly identifies the Northern Andes and the Choc6 region
as the cradle for the Pliocene flurry of divergences that generated
both Clades A and B. In fact, all five species of Sturnira currently
found in Central America—including four endemics (hondurensis,
new species 1, and mordax in Clade A and parvidens in Clade B)
and one poorly delimited but apparently widespread form (luisi
of Clade B)—appeared after the final emergence of the landbridge.
Although its late appearance in Central America would suggest
that Sturnira is averse to or incapable of crossing open water, Clade
B succeeded in colonizing the purely-oceanic islands of the Lesser
Antilles, along a route originally hypothesized by Koopman (1968).
That invasion ultimately gave rise to two insular endemics (S. an-
geli and S. paulsoni), but both of these divergence events date to
the Pleistocene (Figs. 7 and 8), when lowered sea levels during gla-
cial maxima would have greatly shortened overwater distances (cf.
Davalos and Turvey, 2012).

Both Sturnira and the related stenodermatine genus Platyrrhinus
reach their greatest species richness in the Andes, with five and six
species respectively found along an elevational gradient in south-
ern Peru (Solari et al., 2006). Both apparently originated in South
America. In Sturnira, all three of the oldest lineages are Andean
autochthons, and the Andes and Choc6 remained their principal
theater of diversification. Present diversity of Sturnira in the Andes
is the result of extended residence of basal lineages as well as more
recent speciation in both major clades. Members of several well
supported subclades, such as hondurensis-new species 1-ludovici-
oporaphilum and mordax-koopmanhilli in Clade A or parvidens-
new species 2 in Clade B inhabit both the Andes or Andean foothills
and Central America. Platyrrhinus presents a different pattern
(Velazco et al., 2010; Velazco and Patterson, 2008), one in which
basal branches represent lowland forms. Most Andean Platyrrhinus
are products of a single comparatively recent flurry of speciation
(eight species of Clade C; Velazco and Patterson, 2008). The only
subclade of Platyrrhinus with Central and South American mem-
bers involves P. helleri and P. matapalensis, respectively, and neither
is associated with montane habitats. These differences between co-
distributed clades may be attributable to differences in their age,
water-crossing ability, ecology, or their intrinsic potential for spe-
ciation. General patterns of biotic diversification are ubiquitous
over long stretches of time and large geographic areas, but become
elusive when examining finer-scaled radiations, even among clo-
sely related forms.

4.3. Prospectus

The distribution of Sturnira across most of the wet Neotropics,
its radiation since the late Miocene, and its species richness make
it informative for another sort of reconstruction. Sturnira appears
to be tightly linked ecologically with other lineages at several dif-
ferent tropic levels. Many species of Sturnira show substantial die-
tary reliance on fruits of Solanum, the deadly nightshades
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(Solanaceae; Estrada-Villegas et al., 2007; Giannini, 1999; Iudica
and Bonaccorso, 1997). Although Solanum is cosmopolitan in dis-
tribution and its phylogeny is very incompletely known, the genus
reaches its greatest diversity in the northern Andes of South Amer-
ica. Lobova et al. (2009) reviewed seed dispersal by bats in central
French Guiana and found that 56 species of Solanum were dis-
persed by 31 species of bats in 11 genera, but that 42% of all re-
cords were by the two species of Sturnira (S. new species 3 and S.
tildae). That the evolutionary radiation of Solanum has depended
on and been spatially congruent with the diversification of its prin-
cipal seed dispersers seems plausible.

At the same time, Sturnira is host to an array of ectoparasitic
arthropods, including bat flies (Streblidae). Bat flies are blood-feed-
ing dipterans that live as adults on the flight membranes and in the
fur of bats, completing their larval development in the vicinity of
the roost (Dick and Patterson, 2006). Most species of bat flies par-
asitize only a single species of host bat (Dick and Patterson, 2007).
Do radiations within Aspidoptera, Megistopoda, and the Trichobius
hispidus group, all streblid parasites of Sturnira in Venezuela (Wen-
zel, 1976), recapitulate the diversification of the bats? And what of
the endosymbionts in the guts of the bat flies? Recent work has
identified a range of bacteria, including some that may be associ-
ated with adaptive shifts of their hosts (Billeter et al., 2012; Morse
et al.,, 2012). Recovering seed-containing feces and bacteria-con-
taining parasites from captured bats might offer an encapsulated
vision of the diversification of an entire ecological assemblage.
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Appendix A

Localities of specimens sequenced. Gazetteer numbers refer to
those plotted in Fig. 3; for museum abbreviations, see Section 2.

1

10

11

12

13
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22

Mexico: Sonora; 3 mi S, 2.8 mi W Alamos, La Aduana,
Santo Domingo [27.0422°N, 108.9723°W], S. parvidens
(MSB 53758); 12 mi E (by road) Alamos, Rio Cuchujaqui
[26.9451°N, 108.8843°W] S. parvidens (MSB 53756,
53759, 53760).

Mexico: Tamaulipas; 2 mi W Calabazas, Rio Sabinas
[23.1131°N, 99.1583°W] S. parvidens (TTU 44789).
Mexico: San Luis Potosi; 1.5 mi W Las Abritas [22.7839°N,
99.4642°W] S. hondurensis (TTU 104945).

Mexico: Veracruz; La Mancha Field Station [19.5897°N,
96.3803°W] S. parvidens (MSB 82216, 82218).

Mexico: Veracruz; Paso del Patal [=Panal?] [19.2013°N,
96.4916°W] S. parvidens(TTU 105076).

Mexico: Campeche; 3.7 km SE of Chekubul [18.8°N,
90.9833°W] S. parvidens(ROM 96276).

Mexico: Quintana Roo: 6 km S of Majahual [18.6833°N,
87.7333°W] S. parvidens(ROM 97412).

Guatemala: El Petén; Tikal, 210 m [17.2°N, 89.6167°W] S.
parvidens (ROM 99284).

Mexico: Chiapas; 25 km S, 3 km N Ocozocoautla
[16.5487°N, 93.882°W] S. parvidens(TTU 104631).
Guadeloupe: Basse-Terre; 1 km W Vernou [16.1833°N,
61.6594°W] S. angeli (TTU 19906).

Montserrat: St George’s Parish; Paradise Estates, 1/2 mile
S Harris [16.16667°N, 62.183333°W] S. angeli (UNSM
20062).

Guatemala: Huehuetenango; Finca Ixcansan, 10.3 km (by
road) E of Yalambojoch on road to Rio Seco, Sierra de los
Cuchumatanes, 1647 m [16.0064°N, 91.4998°W] S.
hondurensis (MVZ 223178); 2.5 km S, 2.75 km W San
Mateo Ixtatan, 3060 m [15.8052°N, 91.5062°W] S.
hondurensis (MVZ 223172).

Honduras: Atlantida; Lancetilla Botanical Garden [15.7°N,
87.4667°W] S. parvidens (TTU 84422).

Dominica: St Paul Parish; Springfield Estate, 360 m
[15.3333°N, 61.3667°W] S. angeli (CM 112363/SP 9397).
Guatemala: El Progreso; 3 km W Pinalon, Reserva de
Biosfera Sierra de las Minas, Munic. San Agustin
Acasaguastlan, 2558 m [15.0812°N, 89.9429°W] S.
hondurensis (MVZ 223393).

Honduras: Comayagua; Parque Nacional Cerro Azul,
Meambar, [14.8°N, 87.8833°W] S. parvidens (TTU
104285).

Honduras: Copan; 5 km NW Santa Rosa de Copan
[14.7667°N 88.7833°W] S. parvidens (TTU 84608).
Martinique: Route Forestiere de Fond Baron, 0.5 km N
d’Absalon Junction, along Hwy N3, N Fort de France (near
‘pump bldg’ along Riviére Dumanze in bamboo), 400 m
[14.6667°N, 61.0833°W] S. angeli (CM 112368/SP 9355).
El Salvador: Santa Ana; Parque Nacional Montecristo,
Bosque Nebuloso, 2200 m [14.4167°N, 89.3667°W] S.
hondurensis (ROM 101366). Los Planes, 1850 m [14.4°N,
89.3667°W] S. hondurensis (ROM 101474).

Honduras: Francisco Morazan; La Tigra Parque Nacional
[14.2057°N, 87.116°W] S. hondurensis (TTU 83675).

El Salvador: Santa Ana; Cemetery, 2 mi S Santa Ana
[13.9542°N, 89.5667°W] S. parvidens (TTU 62411).

St. Lucia: Quarter of Praslin; 1.2 km N, 2.3 km W Mon

(continued on next page)
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Repos, 255 m [13.8737°N, 60.936°W] S. paulsoni (TTU
109255). Quarter of Soufriere; Diamond Botanical
Garden, Diamond, 47 m [13.8524°N, 61.0493°W] S.
paulsoni (TTU 109256). Quarter of Micoud; Quilesse
Forest Reserve, 2.5 km N, 8 km W Micoud, 283 m
[13.8398°N, 60.9738°W] S. paulsoni (TTU 109259,
109260). Quarter of Vieux; Fort Woodland Estate,
2.25km N, 1.3 km W Grace, 225 m [13.7985°N,
60.9808°W] S. paulsoni (TTU 109257, 109258).

El Salvador: La Paz; 1 mi N La Herradura [13.3646°N,
88.95°W] S. parvidens (TTU 62410).

Honduras: Valle; 8.5 mi SSW San Lorenzo [13.3025°N,
87.4983°W] S. parvidens (TTU 61103).

St. Vincent and the Grenadines: St Vincent; Charlotte
Parish, Colonarie River, 1 km S, 2.4 km W South Rivers,
248 m [13.2362°N, 61.4639°W] S. paulsoni (TTU 105654);
Montreal Trap 1.5 km N, 1.5 km W Richland Park, 473 m
[13.2085°N, 61.189°W] S. paulsoni (TTU 105679).
Charlotte Parish, Yambou River Gorge, W Peruvian Vale,
49 m [13.1713°N, 61.1541°W] S. paulsoni (TTU 105466);
Saint Andrew Parish, Vermont, 1.6 mi E (by road);
Vermont Nature Trail [13.2°N, 61.2167°W] S. paulsoni
(USNM 580674).

Grenada: St George; 0.5 km E Vendome [12.0833°N,
61.7083°W] S. paulsoni (CM 63413).

Trinidad & Tobago: Tobago; St Patrick, Grange
[11.1833°N, 60.7833°W] S. new species 3 (TTU 44085).
Trinidad & Tobago: Trinidad; Saint George, Arima, 7 mi N
[10.7352°N, 61.2833°W] S. tildae (TTU 44094); Arima,
5mi N [10.7061°N, 61.2833°W] S. new species 3 (TTU
44090); Simla Research Center, 4 mi N Arima [10.6915°N,
61.2833°W] S. new species 3 (TTU 44092).

Costa Rica: Alajuela; 4.2 km SE Cariblanco [10.4167°N,
84.4167°W] S. mordax CM 92486, CM 92487, CM 92488,
TJM 6741).

Costa Rica: Puntarenas; 5 km S, 6 km W Esparza, 164 m
[9.9493°N, 84.7231°W] S. parvidens (LSUMZ 28341).
Costa Rica: Cartago; Colima Tapanti, 1.6 km S Tapanti,
Bridge over Rio Grande de Orosi, 1290 m [9.7539°N,
83.8037°W] S. new species 1 (MVZ 174432); Refugio
Nacional Tapanti, Sombrilla de Pobre Trail at Quebrada
Segunda Trail, 0.2 km N park headquarters [9.692°N,
83.7817°W] S. mordax (MVZ 174439).

Panama: Bocas del Toro; Isla San Cristobal, Bocatorito
[9.2333°N, 82.2667°W] S. luisi (USNM 449721). Peninsula
Valiente, Bahia Azul, Pigeon Key Trail [9.1667°N, 81.9°W]
S. luisi (USNM 578239). Isla Popa, S Shore, 1 km E
Sumwood Channel [9.15°N, 82.15°W] S. luisi (USNM
579052).

Panama: Canal Zone; Gamboa [9.1°N, 79.7°W] S. luisi
(ROM 104204).

Panama: Chiriqui; Santa Clara [8.8333°N, 82.75°W] S. luisi
(TTU 39136).

Panama: Chiriqui; Ojo de Agua, 2 km N Santa Clara,
1500 m [8.7°N, 82.75°W] S. new species 1 (ROM 104294,
ROM 104295).

Panama: Darién; Cafia, 1641 m [7.8167°N, 77.7167°W] S.
luisi (LSUMZ 25478).

Venezuela: Bolivar; 8 km S 5 km E El Manteco [7.3499°N,
62.5411°W] S. new species 3 (CM 78567).

Venezuela: Bolivar; 3 km E of Puerto Caballo del Caura
[7.1667°N, 64.9833°W] S. new species 3 (ROM 107936).
French Guiana: Cayenne; Sinnamary, Paracou [5.3833°N,
52.9°W] S. new species 3 (AMNH 268545), S. tildae
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(AMNH 268556), Rhinophylla pumilio (AMNH 267158).
Guyana: Upper Demerara-Berbice Region; Mabura Hill
[5.2833°N, 58.6333°W] S. new species 3 (ROM 103552).
Colombia: Valle del Cauca; Quebrada Charco Azul,
approx. 5 km E Alto de Galapagos, El Cairo,1800 m [4.8°N,
76.2°W] S. aratathomasi (FMNH 189778).

Suriname: Sipaliwini; Blanche Marie Vallen [4.7561°N,
56.8794°W] S. new species 3 (ROM 117642).

Suriname: Sipaliwini; Lely Mountain, 653 m [4.4166°N,
54.65°W] S. tildae (TTU 106027).

Suriname: Saramacca; SE side of Arrowhead Basin,
Augustus Creek, Tafelberg [3.9°N, 56.1667°W] S. tildae
(CM 77643).

Colombia: Valle del Cauca; Pichinde, 15 km SW of Cali
[3.3413°N, 76.618°W] S. aratathomasi (ROM 70874).
Colombia: Huila; Las Cuevas Parque, Rio Suaza Cascada,
near [1.8°N, 75.9835°W] S. bidens (FMNH 58719).
Ecuador: Esmeraldas; 2 km S of Alto Tambo, 700 m
[0.9°N, 78.55°W] S. luisi (ROM 105807); terrenos aledafios
de La Comuna San Francisco de Bogota, 88 m [1.0731N,
78.7115°W] S. luisi (TTU 103217).

Venezuela: Amazonas; Cerro Neblina, Base Camp, 140 m
[0.8306°N, 66.1127°W] S. tildae (USNM 560796).
Ecuador: Esmeraldas; Reserva Ecologica Cotacachi-
Cayapas, Toisan Mts, along Rio Las Piedras, Los Pambiles
Camp, 1200 m [0.5333°N, 78.6333°W] S. koopmanhilli
(CM 112804/SP 10655, CM 112812/SP 10671); Reserva
Ecologica Cotacachi-Cayapas, El Zinc Camp, 350 m
[0.51667°N, 78.6167°W] S. bidens (CM 112824/SP 10654).
Ecuador: Esmeraldas; Near Nueva Vida, 1.9 km N,

10.4 km E Codesa-Sade Compound at Rio Esmeraldas,
455 m [0.5333°N, 79.2833°W] S. perla (CM 112822/SP
10721, CM 112823/SP 10772).

Ecuador: Napo; Parque Nacional Yasuni, Estacién
Cientifico Onkone Gare, 38 km S Pompeya Sur [0.91°S,
76.616°W] S. magna (ROM 104000) S. new species 3
(ROM 105875). Pastaza; Tiguino, 130 km S Coca, 300 m
[1.1167°S, 6.95°W] S. magna (USNM 574555), S. tildae
(USNM 574556).

Ecuador: Tungurahua; La Estancia, 1644 m [1.25°S,
78.5°W] S. oporaphilum (TTU 84970).

Ecuador: El Oro; Quebrada Seca, Fuerte Militar Arenillas
(7.1 km W and 12.5 km S of the Military Base), 43 m
[3.6567°S, 80.1823°W] S. new species 2 (TTU 102661, TTU
102663); Palmales, Reserva Militar Arenillas, 49 m
[3.6743°S, 80.1056°W] S. new species 2 (TTU 102351);
Jardin Botanico Moro Moro (limite con la Reserva
Jocotoco), 1106 m [3.6897°S, 79.5955°W] S. ludovici (TTU
102457, TTU 102461).

Peru: Piura; Cerro Chinguela, ca 5 km NE Zapalache,
2900 m [5.1167°S, 79.3833°W] S. bidens (LSUMZ 26924).
Peru: Loreto; Alto Amazonas, Nuevo San Juan, Galvez
River [5.2508°S, 73.1633°W] S. magna (AMNH 272787).
Peru: San Martin; Rioja, Pardo Miguel, Naranjos, Caserio
El Diamante, 1078 m [5.7534°S, 77.5261°W] S. new
species 3 (FMNH 203587); Moyobamba, Tingana, 815 m
[5.9107°S, 77.112°W] S. new species 3 (FMNH 203415,
FMNH 203420).

Peru: Amazonas; Luya, Rio Utcubamba, 11 km by road
NW Pedro Ruiz, 1097 m [5.9333°S, 78.1°W] S. new
species 3 (FMNH 128825), S. oporaphilum (FMNH
128925); Bongara, Rio Utcubamba, entre Churuja y Pedro
Ruiz, 1295 m [5.9667°S, 77.9167°W] S. erythromos (FMNH
128809).
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58 Peru: San Martin; Moyobamba, Area de Conservaciéon
Municipal Mishquiyacu Rumiyacu-Almendra, Orquidiario
Wagqanki, 970 m [6.0751°S, 76.976°W] S. new species 3
(FMNH 203416, 203582, 203590), S. oporaphilum (FMNH
203589).

59 Peri: Cajamarca; Chota Querocoto, Monte Riberefio,
1927 m [06.34971°S, 79.1249°W] S. oporaphilum (MUSM
39428).

60 Peru: Cajamarca; Santa Cruz; Rio Zafia, 2 km N Monte
Seco, 1244 m [6.85°S, 79.0667°W] S. erythromos (FMNH
128811), S. new species 3 (FMNH 128845), S. oporaphilum
(FMNH 128926).

61 Peru: La Libertad; Santiago de Chuco, Quiruvilca, Lagunas
Norte, Rio Chuyuhual, 3474 m [7.9306°S, 78.2184°W] S.
bogotensis (MUSM 24778).

62 Peru: Huanuco; Leoncio Prado; 9 km S, 2 km E Tingo
Maria [9.3667°S, 75.9667°W] S. new species 3 (TTU
46270).

63 Peru: Ancash; Huari, Rio Mosna, between Chavin and San
Marcos, 2926 m [9.55°S, 77.1667°W] S. bogotensis (FMNH
128787, 128788).

64 Brazil: Rondénia; Rio Ji-Parand, Cachoeira Nazaré [9.75°S,
61.9167°W] S. tildae (MPEG 20844), Vampyriscus bidens
(MPEG 20840).

65 Peru: Lima; Huarochiri, San Bartolomé, 1560 m
[11.8833°S, 76.5333°W] S. bogotensis (FMNH 128789,
128790).

66 Peru: Madre de Dios; Aguas Calientes, Rio Alto Madre de
Dios, ca. 1 km below Shintuya, 460 m [12.6833°S,
71.25°W] Lionycteris spurelli (MVZ 166632).

67 Peru: Ayacucho; Huanhuachayo, 1660 m [12.7333°S,
73.7833°W] S. nana (LSUMZ 16522, 16523).

68 Peru: Madre de Dios; Manu; Maskoitania, 13.4 km NNW
Atalaya, left bank Rio Alto Madre de Dios, 480 m
[12.7717°S, 71.3854°W] S. oporaphilum (FMNH 174844),
S. tildae (FMNH 174862, 174865, 174860, 174871).

69 Peru: Cuzco; Paucartambo; Consuelo, 15.9 km SW
Pilcopata, 1000 m [13.0236°S, 71.4919°W] S. magna
(FMNH 174829, 174830), S. oporaphilum (FMNH 174843),
Anoura caudifer (FMNH 174515).

70 Peru: Cuzco; Paucartambo; San Pedro, 1480 m
[13.0547°S, 71.5462°W] S. new species 3 (FMNH 172153),
Carollia manu (FMNH 172078); La Esperanza, 2880 m
[13.1777°S, 71.6045°W] S. erythromos (FMNH 174800,
174809).

71 Bolivia: Tarija; Pirulas, road to Chiquiaca, 1550 m
[21.6532°S, 64.1025°W] S. erythromos (FMNH 162522);
Chiquiaca, N of, 990 m [21.7828°S, 64.0937°W] S.
erythromos (FMNH 162521), S. lilium (FMNH 162524,
162542).

72 Brazil: Sao Paulo; Estacdo Bioldgica de Boracéia, 820 m
[23.65°S, 45.9°W] S. lilium (BDP 3174).

73 Paraguay: Canindeyu; Res. Natural del Bosque
Mbaracayu, 200 m [24.1314°S, 55.511°W] S. lilium (TTU
99277).

74 Paraguay: Caazapa; Estancia Golondrina, 300 m
[25.5417°S, 55.4839°W] S. lilium (TTU 99168).

75 Paraguay: Itapda; El Tirol, 19.5 km NNE Encarnacién,
230 m [27.1707°S, 55.8246°W] S. lilium (MVZ 154711).

Appendix B. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ympev.2013.04.016.
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