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Intrageneric relatonships within Caroflia and Rhinophyiia (Phyllostomidae) are examined
using the 1,140 base pairs of the mitochondnal cylochrome-b gene, We also examined the
proposed sister relationship of Carollia and Rhinophyile by comparing the cytochrome-#
gene from those two taxa to that of representatives of Phvllonyeteris, Lonchopivlla, Uro-
derma, Artibeus, Dermeanura, Enchisthenes, and Chiroderma. Within Caroliia, represen-
tatives of C. brevicauda and C. perspicilfata are most closely related, whereas O subrfa
is more closely related to these two species than is C. castaneqa, which forms the basal
divergence for the genus. Within Rhinaephyiin. data for relationships of species are equivocal
and suggest a concomilant divergence for all three species. If the rate of evolotion is the
same fur the cytochrome-£ gene in the two gencra, then species within Riinaphyila di-
verged carlier than did any of the species of Careilia. If thoze lwo genera shared 2 common
ancestor o the exclusion of the remainder of the Phyllostomidae, common ancestry was
of short duration. The alternative hypothesis, that Caroifia and Rhinophylla are not sister
1laxa and shared morphological characterzstics are convergent, remains viable based on our

data.
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Thix study 1% part of an effort to better
understand systemalic relationships among
the diverse species of New World leaf-
nosed bats, family Phyllosiomidae. We in-
vesligated intrageneric and intergenenc ro-
laticnships of Caroflia and Rhinophyila,
The four recognized species of Carnfiia are
C. brevicauda, C. castanea, C. subrfu, and
C. perspiciliata, and the threc recognized
species of Riinaphvila are R. pumilio, R.
Jischerne, and R. alethina. Traditionally,
Carollia and Riinophyila were tecognized
as sister-taxa comprising the subfamily Car-
olliinae (Miller, 1907). More recently, Ba-
ker et al. (1959} placed Carcllia and Rhin-
ephvila in the tribe Stenodermatini, primar-
ily on the basis of morphology of the fe-
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male reprodoctive tract {(Hood and Smith,
1982y and immunology (Honeycott and
Sarich, 1987} Analysis of mapped mtDNA
resiriction sites {(Lim and Engstrom, 1993)
failed to support the monophyly of the
Rhinophyila Carollia clade. Addilionally,
G-band siludies of chromosomes did not
prowvide support for this relationship (Baker
ct al., 1987), primarily becsuse the karyo-
type of Careflia is so radically reorgamzed
that it ix difficolt o dentify any chromo-
somil rcarmangemenis documenting rela-
tionships of this taxon to wther gencra of
Stenodermatind or o other members of the
family Phyllostomidaz. The supposed sis-
ter-taxon relationship of these two genera is
based primarily on tooth morphology, and
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evidence supporting this propascd common
ancestry  from moloccular data  would
strengthen confidence in this proposed
clade.

Relationships of species within the gen-
eta Carollie and Rhiinophyila alsa are un-
resolved. Although Carsllin is one of the
best studied genera of bats, there is little
congruence among the phylogenetic hy-
potheses generated from morphology, kar-
yology, and restriction-enzyme data con-
cerring relationships of bats within the ge-
nus. Furthermeore, becausc therc are few
specimens of Rhinophvila alething, il has
been included in few systemanic studies.

T eslimale systemnatic relationships of
Carollia and Rhinaphylla, we sequenced
the mitochondrial cytochrome-b gene. This
gene has proven usefol in detiving phylo-
genetic hypotheses of relationships of spe-
cies within other genera such as Arribens,
Dermanura, Phyliosiomus, and Chiroderma
(Baker et al., 1994; Van Den Bussche and
Baker, 1993; Van Den Bussche et al., 1993,
1998} A robust phylogenctic hypothesis
coonld be used to analyre in preater detail
the wealth of ecological., behavioral, and
biogeographical data that exists for Carollia
{Fleming, 1988; Lim and Engstrom, [998;
Pine, 1572), provide insight into the place-
ment of B. alething within Rihinophyvila, and
provide additional information concerning
validity of the proposed sister-taxon rela-
tionship between Caroifia and Rhinophviia,

MATERIALS aND METHODS

DMNA was extracied from heart, liver, Ridney,
or muscle tssue that had been frozen (Engsirom
et al., 19997 or stored in lysis buffer following
stamdlard protocol (Longmure o al., 1997, The
colirc 1,140 base pair (bp) cytochrome-f gene
was amplified via the polymerase chain feaclion
(Saiki et al., 1986, 1988) wving primers located
in the tENA for threonne (HI5915R- Iowin ct
al., 1991} and glutamic acid (MYZ)5—Smith
and Patton, 19917, Conditiens for amplificaion
and sequencimg are descnbod in Baker e al
(1994). PCR products were ligated and cloned
using either p-GEM {Promega Corporation, Mad-
won, W or TA cloning kits {Invicogen, Inc.,

Carlsbad, CAj. Double-stranded  seguencing
(Sanget et al, 1977) using the amplifying prim-
ors, as well a5 vanous intermal pomers (HIS 149
MYZO4—Smith and Patton, [991: LISTAZ,
L15513—Irwin et. al.. 1921, HI5767, L15424),
and a pnmer specilic to Careflia and Rhinephvifa
(¥ RAAYOGRATTATRTCHGARTCYGATGG
3°) resulled in the sequence of the cnlire genc.
For cach specimen, a mindmum Gf twe clonhes
was sequenced. TK, oumbers identify LMYA sam-
ples from the frozen-tissue colleclion al Texas
Tech University, whercas FN numbers wently
PiNA samples from the Royal Ontanio Museon.
In this list of specimens cxamined, geosraphic
Iowalities Tollow (issue-sampls gumbess, and gen-
det iz incloded in parentheses: Carellia brevicau-
da—TK 46009 (F), 46013 (F). Peru, Lorewos, Chue-
brada Agvas Negmas, Cocha Zoraida; TE 712
(M), Peny, Cuzen, Convencion, Camisea, Armii-
huari; FN 31805 (F), Guatemala, El Petén, Pop-
tin, Caroilie cestaneo—TK TO6T72 (M), Peru,
Cuzeo, Convencion, Camisea, Armdhuard; FN
38156 (M}, Panama, Chirgui, Ojo de Agua, 2 km
M of Sania Clara; Careliie perspicillaia—TE
17466 (). Sarinam, Mickerie, Kabaleho: TK
74345 (M), Peru, Cuzco, Convencion, Camisca,
Avmihoart: Coroflie swbrgfu—TK 19330, (M),
19551, (K1, Mexico, Talisco, 22 km 5§ Chamela;
TK 153818 (Fu, El Salvador, Ahuachapan, El Ru-
fogie: Lerchophylfe thomay—TER 17177 (M,
Surinam, Saramacca, Volizberg, Fhvllosvcrerds
aphyfla—TEK 9280 (M), Jamaica, Wesimorsland
Farizh, Bwehelds; Rhirophyila aletfing—EFMN
40073 (M), 40093 (M), Ecuador, Esmeraldas,
Ao Tambo, 2 km & Ao Tambo, Rhirophvila
Jischerae—TK 46034 (M), Perw, Lorets, Quebra-
da Aquas Megras, Cocha Zozaida: Rhbiropfviia
pumifio—TE 18525 (M), French Guiana, Para-
cou, Sinnamary: TK 46001 (M), 96026 (F), Pent,
Lereto, Quebrada Aguas Megras, Cocha Zoraida;
Sturmira fifiem—TK 22631, Pew, Huanuco,
Leoncia Prade, 1 km 5 Tinge Mara. Sequences
are deposited in Genbank under accession num-
bers AF187017-AFI87035. (hher cytochrome-f
sequences used in this study came from Genbank;
Uroderma bifobatum—1L28341, Artibeus fjamei-
Cenviv—I1 106503, Dermanura walvomi—UGGH576,
Koopmarnia concalor—L 19515, Enchisthenes hear-
E—L 19514, Chiroderma villosum—1.28943,
The complete cylochrome-b  sequence  was
aligned using MacVector (Fasiman Kodak Com-
pany, Rochester, NY) or Sequencher (Gene
Cuodes Corparation), and entered into MacClade
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3.01 (Maddison and Maddison, 19927 Quanti-
tative pairwise comnpansons among all laxa wene
made for the cytochrome-% genc. Thosc com-
parisons included fransition and imnsversion
substitutions for the first, second, and third £o-
don positions. and percentage of scquence di-
vergence. Sequence-divergence valuss were cor-
rected for multiple substitntions using the two-
parameter model of Kimura {1980, To wst af
rates of nucleotide substitotion of the oyio-
chrome-# gene differed ameng stenodermatines
and, specifically, within Careffia or Rhinephvlia
rclalive to the outgroups {Lanchophylla and
Phylfonyereris)y, we used the relative miles cost
{Sarich and Wilson, 1967 and compared those
valucs [0 a binomial distribution {Allard and Ho-
neyeutl, 1992, Mindell and Honeycutt, 19N,
Using MacClade, nucleolide sequences were
translaled into amino acid residues, and a step
malrx for proloparsimony analysis was created.
Trees based on parsimony were consiructad us-
ing est PAUP*S (Swofflord, 1998) using DNA
sequence and aming acid residues as discrets,
unordercd characters. [n addition o the proto-
parsimany  analysis, phylogenstic relationships
were evaluated by coding DNA ssquences as
discrete, unordered characlers, cmploying van-
ous scarch algorithms (hewtistic, btanch-and-
bound, and exhaustive, depending upon size of
the datasct), Because several studics have shown
that transitions and changes at third-codon po-
sitions tend o accumulate rapidly relalive to
transversions and changes s Arst- and secund-
codon positions (Brown et al., 1982, Honeycuit
and Wheeler, 1990; Irwin et al,, 19913, several
approaches to character-weighting were used in
addition to weighting 211 substitutions equally,
Those approaches included first and second co-
don posilions only, transversion parsimany anal-
ysis {weighting transversions over transitions hy
10, 200 3L 51 10:1), and applying those
weights in addition 1o weights of 2:1; 3:1, and
51 for ficst-and second-codon positions  owver
third-codon positions,

Tir evaluate which dalasets under the various
weighting schermes contgined sigruhcant levels
of phylogenctic structure, dismibution of 10,000
randomily generated or all possible trees was ex-
amined with the g, statistic (Hillis, 1991 Huel-
genbeck, 1991) with the resulling g,-valucs be-
ing compared with ontical values (Hillis and
Huclscnbeck, 1992 All datascls that confained
gignificantly greater levels of phylogenctic sig-
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nai than ooise wete used in subsequent phylo-
genclic analyses. The confidence or accuracy of
each clade was evaluated hrough cither heuns-
lic or branch-and-bound boolstrap analysis with
S0 itcrations. To evaluale further the robustness
of ¢lades on (he most parsimonious treels),
“Bremer support’ analysis was performed {Bre-
mer, 1988, Donoghuc cf al., 1992; Ecmisse and
Kluge, 1993; Kallersjo et al., 1992; Lundrigan
and Tucker, 1994; ¥an Den Bussche et al,
1598),

Cutgroups that provided polarity for charac-
ter-stale changes in the vanious analyses werc
selected on the hasiz of previous syswematic
studics, Lonchophylla and Phyllonryeteris were
selected as vutgroups for analyses conceming
placement ol Carflia and Rhinophyifa in the
iribe Stemodermalind, whereas Chiraderma and
Rhingphyila served as owlgmoups for analyses
concerning relationships within Coroffta, and
Chivederma and Carollio served as outgroups
for analyses of Rhimaphyila.

RESULTS

Description of dain.—Mean percentage
of sequence divergence for all pairwise
comparisons comrected for multiple subsi-
tutions revealed a wide range of nucleotide
divergence values among represeniatives af
stenodermatine genera ranging from 11.9%
between Artibens and Koopmania to 27.7%
between Sturnira and Rhinophyila (Table
13 Mean sequence divergence within Car-
ollia was 8.4%, with the greatest value of
14.2% between C. cartanea and C. brevi-
capda and the lowest value of 4.1% be-
tween . perspiciflala and C. brevicauda,
Mean percentage of sequence divergence
within Rhinophyila was 13.9%, with the
greatest value of 19.5% between R, aferhing
and R pumilic and the lowest value of
16.1% between K. fischerae and R. pumilio
(Table 1). Using Lonchophyvlia and Phyilon-
¥oferis as oulgroups, tests for rale beterg-
geneity using patrwise compansons of all
taxa of Stenodermatini examined in this
study were not significant atl the 0.05 level.
Six hundred forty-four bp (56.5%) of the
1,140 bp cylochrome-b gene were identical
among all taxa examined. In Carollia and
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the ocutgroups (Khinophvila pumilio and
Chiroderma), 798 bp (70.0%) were identi-
cal, and in Rhinsphyila and the outgroups
(Carcllia subrufa and Chirederma), T34 bp
(OR 8%) were identical. Among all taxa ex-
amined, 496 positions were variable.
Among those, 102 were autapomorphous
leaving 394 positions as potentially phylo-
genetically informative. Within species of
Carellia, of the 342 varable positions, 119
were antapomorphic, leaving 223 positions
as potentially phylogenetically informalive.
Of the 356 variable positions within Rhbin-
aphyifa, 101 werc autapomorphic, leaving
255 positions as polentally phylogenetical-
ly informative.

The spatial distribution of transitions and
transversions resulling from a parsimony
analysis of stenodermalines was as expect-
ed for a protein-coding gene. Overall,
69.3% of substitullons were transitions, and
0. 7% were transversions { Table 23, In Car-
oflia 66.7% were ransitions and 33 3%
were transversions, and within RAinophyila,
67.2% were wansiions and 32.7% were
transversions. The distribution of ransitions
and transversions resulting from parsimony
analysis as a function of codon position
among all taxa of Stenodermatini ¢Xam-
ined, among Carellia and among Rhino-
phylla are given in Table 2.

Canstruction of trees for all inxa.—The
topology in Fig. 1 is the result of an heu-
ristic scarch using all varisble positions but
weiphting the first- and second-codon po-
sitions three times that applied o third-co-
don positions and weighting transversion
substitutions three limes that of transition
substitutions. This search resplted in a sin-
gle maost parsimonious tree of 3,312 steps
and a highly significant g -statistic from
10,000 randomly drawn trees (g, =
—(.38%). Numbers in boxes along the in-
ternal lincages (Fig. 1) reflect the percent-
age of 300 bootstrap iterations that were de-
lected for each clade with the branch-and-
bound option {number in the upper portion
of each box) and the number of additional
steps [rom the most parsimonious tree re-

quired for a particular clade o collapse
{Bremer support analysis). All other
weighting schemes resulied in similar to-
pologies concerning relationships of Car-
eflia, Rhinophyila, and other genera of
Sitenodermalini. Dilfersnce among mosi
parsimonious trees from the analyses with
differential weighls assigned to wvarious
types of character-state changes and codon
positions concerned the placement of En-
chisthenes and Sturnira and the level of res-
oluticn provided 1o terminal taxa.

Maximum-parsimony analysis (using all
nucleciide substitutions with equal weight)
1o evaluate phylogeneiic relationships with-
in Carollia resulted in a single most parsi-
monious tree of 611 steps and a highly sig-
nificant g,-statistic of —0932 (P < 0.01—
Hillis and Huelsenbeck, 1992). The tapol-
ogy of thal tree was identical to that
presented for Carcolfic (Fig. 1). The single
most parsimenions tree using only species
of Caroffia, plus Rhinophylla and Chirpd-
erma as cutgroups, had the same branching
order as that presented in Fig. 1, but valoes
for bootstrap and Bremer support analyses
varigd. Dillerential weighting schemes re-
sulted in greater levels of support (com-
pared with equal weighting} for each clade
depicted in Fig. 1.

Maximom-parsimony analysis with equal
weight applied to all coden positiens and
all sobstitutions resulted in a single most
parsimonicus tree of 583 steps and a highly
significant g -statistic of —0.956 (P <
0.01—Hillis and Huelsenbeck, 1992). The
topology of thal tree was identical to that
depicted in Fig. |. Additionally, as in Car-
edlic, the only differences between the sin-
gle most parsimenious fee resolting from
an exhanstive search of all species of Rhin-
ephyila and the guigroups (Chirederma and
Carallia), as compared with that shown in
Fig. 1. were slightly lower bpotsicap and
Bremer support values based on equal
weights,

Discussion

Previous studies using the cytochrome-&
gene W resolve systemalic relationships
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Tanti | —Percemtage of seguence divergence for afl pairwive comparitons correcied for auleple
substitution using the two-parameter model of Kimura (19588), © = Carollia and X, = Rhinophylla,

C. . . . L . L .
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caida ceeda el cauda aesr oeed sebeufe subrefe offlotd ciffate Mg
L TR 7
O brevrcorodor 50
. frrevicoedir 47 L3 —
C. revicoreiu 49 L. 1.2 —
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O subrufe 74 173 T.0 E.l 13.8 1358 —
O sbrifo 7.1 76 7.0 k.2 13.4 133 1.7 —
r.. perspicitlata 4.4 4.3 4.2 §.3 14.7 1248 B0 B —
7. perspicitiata 4.4 4.1 4.1 g1 138 1248 B4 3.2 13 —
R, alpdfiine A Wd 213 209 Xz N4 TS5 29 10 ind
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K. pumiticr 1% %3 20l 197 3 XMe 212 24 N5 20 9.1
K. pumilicr ann s 202 19.7 n2 Ms o N 215 M1s 9.9 LE.E
R fiacherars ana 1.3 21 JRURY 2y Iy 14 25 MR DD LT.E
Furniva 2.4 267 7.3 6.7 7.1 I 6.0 5% L) 25.0 A
T vnde L3 202 LT mn.z 3% 0.9 1.4 nz 2103 s 37
Chivende rina 5.4 173 17.7 17.9 15.8 16.9 9.5 195 LX.6 18.6 I
Arriheuy 196 143 wnn 19.7 L5 199 2.0 2010 20303 3 3.1
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Lo raormeerie 175 164 175 17.2 198 19.0 5.2 4.2 17.6 7.5 1.0
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Flirltomycteris 209 202 N6 206 M5 ve Ils 212 LY XLF O I
fanciupiy e I6.H LE & 19.7 19.5 na 2wy Inz T 196 Iy I2E

within the Phyllostomidae indicate that the
rate of nuclectide substitulion in this gene
is most sppropriate lor resolution of intra-
generic relationships or relationships of
clozely related species. Therefore, we will
examine the systematic implications o the
intrageneric relationships of Caroffia and
Rhinophylia first,

Intrageneric relationships of Carollia.—
Members of the genus Carallic are among
the most intensively swdied species of the
Phyllostomidae {Fleming, 1988). Nonethe-
less, aspects of the systematics of this genus
remain unresclved. Reasons for ths lack of
systematic resolution are complex and in-
clude failure to examine all four recognized
spocics, problems with identification of spe-
cies and peographical variation, or lack of
resclution among the characters examined
{Baker and Bleier, 1971; McLellan, 1934;

Crween, 1987 Owen et al., 1984, Pine, 1972;
Stock, 1975

We found C. perspiciflata and represen-
tatives of T brevicauda from Peru as sister,
with a single C brevicauda ltom Guate-
mala, O subrufa, and C cosfaned, as suc-
cessively more basal lineages (Fig. 1). The
close genetic relationship berwesn the Pe-
ruvian specimens of C. brevicanda and C.
perspiciliara 1s compatible with the diffi-
culty in distinguishing cranial morphomet-
rics between the two (Mclellan, 1984)
Stock’s (1975} examinatron of C-bands also
found that . brevicauda and C. perspicil-
lata were more similar o cach other in
abundance and position of heterochromatin
than either is to O castanea. Karyotypes of
phyllestomids generally are charactenized
by reduced amounts of heterochromatin,
and the addition of C-band-poesitive mate-
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Tau k l.—Exiended,

K.
K. ule- A £ L fiside- Krwe- Do Ohire- Artl- Koope Derma- Fachiz- Pindfo- Lanchia-
hina  pusmilio pumitio pumilioc srae wfra deema dereag bens manie maed o ienes mvcreris pivii
9.5 —
15.9 16 —
153 KR 0.6 —
176 169 1631 1Al —
i B O e . o B X —
346 173 1% 182 197 I6k -
00 1846 193 1946 200 153 14.6
25 190 110 2l4 1140 2ol 17.4 L5.7 —
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TaBLE 2.—Spartal disirtbution of nrcleotide variation based on the most-parsimomions grrange-
ment! of Aucleatide swbstitations on the phylogenelic tree far all laxa cxamined within Carollia und
within Rhinophylla. reflecting the number and percemiage af tranxitions and transversions (in paren-
theses) ai the three codon positions.

Firat Seceond Third Tirtal
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Transitions L84 { kR 55030 008 [(55.5) 1247 (&9.4)
Tramiversions 57 (321 32018 463 (35T S52{M T
Total 25001400 BT (1.4 146461 (312 1,794
L arerdtia
Transitiens LR ElTE Tisth S8 411 94 (6. T}
Transversions e} Dk 44 (31.1) 47 433.3;
Tonal 3F 227 T3 IN2iTzn 141
Hhtfncph vl
Transimons 32120 TizH 167 (53.0) 2120673
Transversions 2(2.5) Fr14) W (286 10332, 7)
Toeal Jai14.6) 12038 57 (814 35
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Fui. 1. -Topeology of the single, most parsi-
monious wee of 3,312 steps from an heuristic
search algonithm amd 500 Boosirap weratons de-
picting the phylogenetic relationships ameng the
1axa of Swepodermatini examined. This ree was
consiructed using the weighting scheme of 13
transitions: transversions and 13 third codun
posibion: first or second codon position for each
change in (he nocleatide ssquence. Mumbers
above cach linecage indicate bootstrap values:
nombers below each lincage imdicae resulis of
the Bremer decay analysis. This tree has a g,-
statistic of —0.388. C. — Coroflia: R. — Ritin-
ophvila.

Val K, Na. 4

rial probably represents the denved condi-
tion. Cur phylogenstic hypothesis can ex-
plain the addition of heterochromatin as 2
single event in the common ancestor of C
brevicauda and C. perspicillata.

Methods used to set confidence levels on
clades in phylogenetic trees have been the
source of considerable debale {Bremer,
19R%, 1994; Donoghue ct al., 1992; Felsen-
stcm, 1985, Felsenstein and Kishing, 1993,
Hillis and Boll, 1993, Penny and Hendy,
1985, 1986). Although there is little agree-
ment as to the best method {0 estimate the
robustness of clades, the combination of
bootstrap (Felsenstein, 1983) and decay
analyses (Bremer, 1988, 19%4) has been
shown to be a useful approach for exam-
ining overall stability and reliability of
clades {Simmons, 1998 Van Den Bussche
et al., 1998), However, care should be taken
in interpreting Bremer support valoes ap-
plied 1o trees generated from DINA sobst-
totions. When all nucleotides are weighted
equally, each step indicates a change in a
single base pair of the gene. However, in
our weighted scheme (Fig. 1), mangitions
can generate a score of one {third-codon po-
sitton transitions) ot three (first- and sce-
ond-codon position transitions), and trans-
versions can gencrate a score of three
{third-codon position tratisversions) or nine
{first- and second-codon position transver-
stonsy. Therefore, scores can be altered
highly by the weighting schemes and may
or may not be reflective of single events.
For example, a score of three may be gen-
erated by three transitions at the third-co-
don position or 2 transversion at the third-
codon pusition or 4 ransition at the firse- or
second-codon positions.

Phylogenetic relationships within Cared-
fia, based on DNA-sequence data of the cy-
tochrome-& gene, are robust in terms of
both hootstrap and Bremer support values
(Fig. 1). The strongest evidence in our most
parsimonious tree indicates that C. castanen
is basal 1o the remainder of the species of
Carnifia. Four other clades in Fig. | are
supported by bootstrap values of 100%6, and
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high Bremer sopport values. Relative to the
cumrently recognized taxonomy, the distri-
bution of specimens identified as & brevi-
cauda 1% problematic. The single C brevi-
cauda from northern Guatemnala clearly fits
within the Caredfie clade, However, it does
not group with the other & brevicanda or
within any of the other species of Carolfia.
High bootstrap valees (100%) and moderate
Bremer decay wvalues {12 steps) are com-
parable with valuoes that separate other spe-
cies of Carellia from each ather. The fact
that the cytochrome- gene from this indi-
vidual does not cluster with any other rec-
ognized species makes it less probable that
this individual is simply 2 case of misiden-
tification of another species. Iis position in
the tree and percentage of sequence diver-
gence may indicate an as yet unrecognize:d
species of Carolfie or at least significant
levels of geographic variation. We interpret
these results as suggesting that, as presently
tecognized, . brevicauwda consists of two
biclogical species. However, if we are cor-
rect, 10 determine the range of each species
will require examination of geographic
variation of this gene or perhaps other char-
acters across the recopmized  geographic
cange of O brevicends. Without this dawa-
sel, it seems inappropriate to change the ex-
1sting taxonomy.

Our study is the first to evaluate intra-
generic relationships of Carellia using
DMNA-sequence data. However, Lim and
Engstrom (1998) also have uwsed molecular
rnethods (mitochondrial resirietion-enzyme
sites) to evaluare intrageneric telationships
of Carollia. Mapping restriction sites pto-
vides an advantage aver DNA sequencing
in the feasibility of examining larger num-
bers of individuais to better estimate geo-
graphic and phyvlogenetic variation. How-
ever, the ability (0 detect phylogenetically
informative characters is substantially re-
duced with restriction-site data compared
with DNA sequencing. Lim and Engstrom
(1998} proposed that . perspicifiaig and C.
subrufa are sister-taxa, that these taxa were
sigter to . brevicandg, and that O casma-

nea represents the basal divergence. Cur
data are compatible with the hypothesis that
C. rastanea represents the basal lineage
within Caraflia, but nat with their proposed
relationships among C. perspiciffata, C.
subrifa, and C. brevicauda. Bremer support
analysis indicated a low ievel of support for
three of the six lineages reported by Lim
and Engstrom (1998). The largest level of
support is the branch uniting C. drevicauda
as the sister taxon o the clade containing
. perspicitlara and . subrufa, and this
clade collapses with the addition of two
steps 1 the most parsimonious arrange-
ment. Lim and Engstrom {1998) detected
only 123 phylogenetically informative sites
among 75 umique haploiypes and 145 in-
dividuals. Therefore, one possible reason
for the discrepancy berween the phyloge-
netic hypothesis of Lim and Engstrom
{1998) and our study iz the ievel of reso-
lution provided by a reduced number of in-
formative sites. A secand explanation con-
cerns geographic varation. Lim and Eng-
strom [ 1998) documented significant levels
of gecgraphic varation within all four spe-
cies of Careliig. Because our study was
hased on g small number of individuals per
species, il is possible that our study has
been affected by mtDNA lineage sorting
and our gene trees do nol accurately rep-
resent species trees, Inany case, we apree
with Lim and Engstrom (1998} that rela-
tionships within Carolfia are evolutionarily
more complex than indicated by their rela-
tively conservative morphology,
fntrageneric relationships af Rhinophyl-
la.—Phylogenetic celalionships among spe-
cies of Rhinophylla are poorly known com-
pared with Carolfia because members of
this genus are less well represented in mu-
geum collections and the penus is restricted
to South America where there have been
fewer faunal studies. Bhinophvila pumilio
and R. fischerae are similar in sive and 2p-
pearance, whereas R aflerhing is consider-
ably larger, has a distinctive pelage, and rel-
atively well-haired interfermoral membrane.
All three species are morphologically dis-
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tinct. Analysis of cytochrome-b data resuolts
in a cladogram placing & pumifio and R
fischerae as sister taxa relative o £ alethi-
na. The bootstrap value (67%) and the Bre-
mer support value {93 for this pumifio-fis-
cherae sister relationship are weaker than
any that support clades for species relation-
ships of Carsllia, and this intrageneric re-
lationship should be viewed with caution.
Percentage of sequence divergence
shows that the three species of Riinopinlia
are quite different from each other relative
o inwageneric relationships among ather
phyllestomids. The lowest percentage of se-
quence divergence iz 16.0% bebween a
specimen of R, fischerge and one of R.
pumilic, the highest iz 19.8% between a
specimen of R. alething and one of R, pum-
ifig. In companson, the highest percentage
of sequence divergence seen among Cer-
eliia 1z 13.6% between C. castunea and C.
subrufa and the lowest is 4.3% between C.
perspicillata and C. brevicauda. Applying
the commonly used molecular clock for the
rate of evolution of mtDNA at 2% sequence
divergence/l.0 X 10* years {Brown et al.,
1979, Irwin et al., 1991, Shields and Wil-
son, 1987; Smith and Patton, 1991 ; Sudman
and Hafner, 1992} pravides a rough esti-
mate far the first divergence within Rkino-
phvila at ca. 8-10 million years and for
Caroffia as = 7 million years ago. An al-
lernative way to examine these data is to
compare substitutions resulting in the
branching pattern of the topology of Fig. 1
for each of the three-codon positions and
documenting if these changes arc transi-
tians or transversions ( Table 23, None of the
changes in lineages of Caroffia are due 1o
second-codon transversions, but five of the
changes in the lincages of Rhinophylla are
due 1o second-codon position transversions.
These observations, along with the per-
cenlage of sequence divergence values, cor-
rected for multiple substitutions, lend ad-
ditional support {0 the proposilion that ei-
ther speciation events in Rhinophylia were
earlier than in Caradlia or that there is het-
erogeneity in tates of nucleotide substitu-
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tions between these generz, However, the
latter explanation ix less probable because
we did not detect significant rate heleroge-
neity among pairwise comparisons of the
taxa of Stenodermatini relative o our out-
groups bazed on relative-rales esty. There-
fore, available DNA-sequence data are
compatible with the hypothesis that speci-
ation events in Rhinopfivila occurted prior
to thase in Caroflia.

Information on the approximate age of
the genus iz vseful in light of status of K.
pumific as an example of karyotypic mega-
evolution. Karyotypic megaevolution 15 a
model of chromosomal evolution proposed
by Baker and Bickham { 1980), in which the
karyatype undergoes a radical recrganiza-
tion in what is proposed to be a short penod
of time. Baker and Bickham (19800 sug-
gested that £ pumilio underwent karyolyp-
ic megaevolution after diverging from X
fischerae. Data from the cytochrome-b gene
suggest that these two lineages have been
separated from each other for a relatively
long ome (relative ta other congeners with-
in this family) and that there have been sev-
eral million years {8-10) available for ex-
tensive autapomorphic chromosomal rear-
rangements to evolve that distinguish R
pronilie from the rest of the phyllostomids,
MNonetheless, within this ome frame, chro-
mosomal evolution within B pumilio has
been several times greater than that typical
for most other congeners within the family,

Sister-taxon grouping of Carollia and
Rhinophyifla - -Certzin aspects of the cyto-
chrome-b gene sequence {third-codon po-
sition and transitions) do not appear appro-
prate for evaluating this relationship be-
cause of the amount of homoplasy in these
characters (Brown, 1933; Brown et al.,
1982; Hogan el al, 1947 Honeycentt and
Wheeler, 1990, [rwin et al., 1991). How-
ever, informaticn on the arder of amino acid
residues and changes at the firsl- and see-
ond-codon positions should provide some
insight in evaluating this relationship. Anal-
vies of the entire nucleotide dataset and of
transversions only produce a tree in which
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Careliia and Rhinophyilg are sister taxa,
but all ¢ther analyses of the data, including
those used to generate Fig. 1, resull in trees
with Rhinophyila allied to other members
of the Stenodermatini to the exclusion of
Carellia. Two possible explanations of
these data remain viable. First, Rkinophyfla
and Caroflia are sister taxa, but they shared
a short period of common ancestry after di-
verging from the remainder of the Stennd-
ermatini, and the cytochrome-£ gene is in-
appropriate for examining such a distant re-
lationship, Second, either Rhinophyila or
Carellia diverged basally from the remain-
der of the Stenodermatini (Baker at al.,
1589) and the dental features used to justify
the taxon Carolliinae (Miller, 1907 are
convergent. These two possible explana-
tions are compatible with the data of Lim
and Engstrom (1998} who found litile evi-
dence to support a sister-group relationship
between Caraeflia and Rhinophylia.
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