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Phylogenetic Analyses of the Bat Subfamily 
Stenodermatinae (Mammalia: Chiroptera) 

Robert D. Owen 

Understanding of the systematic relationships of bats has not progressed 
as rapidly as for many other mammalian groups. Investigators generally 
agree that many characters and techniques traditionally used in mammalian 
systematics are at best insufficient for use with bats, but few studies have 
been undertaken that have included an intensive quantitative examination 
of a chiropteran group. Exceptions are Findley's (1972) analysis of phenetic 
relationships among bats of the genus Myotis, Smith's (1972) systematic 
analysis of the family Mormoopidae, and Freeman's (1981) study of the 
family Molossidae. 

Several investigators, including Dobson (1875), Winge (1892), Smith 
(1976, 1977, 1980), Van Valen (1979), Novacek (1980), Arnold et al. (1982), 
and Hood and Smith (1982), have evaluated phylogenetic relationships 
among bats from the generic to the ordinal level. Concerning the family 
Phyllostomidae, other workers have attempted to determine relationships at 
the subfamilial and lower levels. These studies have involved a variety of 
approaches, including immunology (Forman et al., 1968; Gerber and 
Leone, 1971), karyology (Baker, 1967, 1973; Forman et al, 1968; Davis and 
Baker, 1974; Greenbaum et ai, 1975; Gardner, 1977; Baker et al., 1979; 
Johnson, 1979; Haiduk and Baker, 1982), electrophoresis (Straney et al., 
1979; Koop and Baker, 1983), soft-tissue morphology (McDaniel, 1976; 
Griffiths, 1982; Tandler et al., 1986), classical morphologic assessment— 
including dentition (Miller, 1907; Andersen, 1908; Sanborn, 1955; Davis, 
1958; Peterson, 1968), and morphometries (Forman et al., 1968; Davis and 
Baker, 1974). 

Although the subfamily Stenodermatinae is the most species-rich group 
within the Phyllostomidae, it is in several aspects the most homogeneous 
of the larger subfamilies. Unlike the phyllostomines, for instance, the 
stenodermatines all are dependent on similar foods, each being primarily or 
entirely frugivorous (Wilson, 1973). The subfamily as now constituted, 
consisting of 16 or 17 nominal genera and 55 to 59 species (Jones and 
Carter, 1976; Honacki et ai, 1982), includes three genera that together 
contain over half of the species; in addition, seven to nine genera are 
considered to be monotypic, depending on the authority consulted. 
Although considered as a distinct group since 1855 (Miller, 1907), the 
subfamily Stenodermatinae has undergone several partial revisions, as have 
most of the genera within it. Miller (1907) recognized 19 genera within the 
group. Of these, Brachyphylla has since been placed tentatively in the 
Phyllonycterinae (Silva Taboada and Pine, 1969; Jones and Carter, 1976), 
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Vampyriscus within Vampyressa, and Mesophylla within Ectophylla (but 
see Starrett and Casebeer, 1968). Of the approximately 50 species recognized 
by Miller (1907), at least 17 have undergone taxonomic or nominal 
alteration, and a number of new species have been described. 

Since the appearance of Jones and Carter's (1976) checklist, the number 
of known species has increased from 55 to about 65. My analyses address 
the interspecific relationships within the subfamily. I evaluate seven 
problems of current interest: (1) the interspecific and subgeneric 
relationships within Sturnira; (2) the status and relationships of the 
numerous described species of Vampyrops; (3) the relationship of Uroderma 
to other genera; (4) the phylogeny of the eight "short-faced" genera within 
the subfamily (that is, Ardops, Phyllops, Ariteus, Stenoderma, Pygoderma, 
Ametrida, Sphaeronycteris, and Centurio); (5) the relationships of species 
and subgenera within the relatively small genus Vampyressa; (6) the 
inclusion of Mesophylla within Ectophylla; and (7) the relationships within 
the genus Artibeus. 

These questions can be addressed appropriately only by a phylogenetic 
analysis of the entire subfamily, because even the monophyly of a number 
of the genera is in question. My analyses include all known species within 
the subfamily, and are based upon suites of discrete-state and mensural 
characters. These analyses should produce robust hypotheses concerning the 
phylogeny of the subfamily Stenodermatinae. 

SPECIES IN THE SUBFAMILY STENODERMATINAE 

I analyzed the relationships of 64 taxa considered to be species (Appendix 
1) based on Jones and Carter (1976), and subsequent publications. For ease 
of discussion only, I used the generic names Enchisthenes and Mesophylla 
rather than including these bats in Artibeus and Ectophylla, respectively. I 
have followed Handley (1980) in subfamilial nomenclature. 

Considerable uncertainty exists concerning affinities of the Antillean 
endemic genus Brachyphylla; I have followed Dusbabek (1968), Silva 
Taboada and Pine (1969), Baker and Lopez (1970), Baker et al. (1979), and 
Sites et al. (1981) in not including this genus in the subfamily 
Stenodermatinae. For a review of the taxonomic history of Brachyphylla, see 
Swanepoel and Genoways (1978). 

Following Winge (1892), de la Torre (1961), Baker (1967), Gerber and 
Leone (1971), Gardner (1977), and Baker et al. (1979), I have included the 
enigmatic genus Sturnira in the subfamily. In addition to the 10 Sturnira 
species listed by Jones and Carter (1976), I have included S. luisi and S. 
bogotensis, both of which were recognized by Honacki et al. (1982). 

Gardner and Carter (1972a) and Carter and Rouk (1973) considered 
Vampyrops umbratus to be conspecific with V. dorsalis. Handley (1976), 
however, recognized V. umbratus as distinct Honacki et al. (1982) also 
recognized this separation, and I have treated these as two species. 
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One Stenodermatine species {Phyllops vetus) is known only from fossil 
remains. For the sake of completeness, I have included this species in the 
study. 

There is considerable disagreement concerning the taxonomy of the genus 
Artibeus. For many species names, it is necessary to describe exactly which 
populations are meant, as names have been applied in various ways by 
various authors. Furthermore, dispute continues over the status of names in 
Patten's (1971) unpublished dissertation. The three middle-sized Artibeus {A. 
hirsutus, A. inopinatus, and A. concolor) are well studied. Among the large 
Artibeus the systematics of the Middle American taxa also is understood 
relatively well, and I have used Mexican and Central American specimens 
to represent A. jamaicensis. 

Artibeus lituratus was thought to be taxonomically well understood 
throughout its range until Davis (1984) reported a zone of overlap between 
two size classes of A. lituratus in Honduras. Consequently, he raised 
intermedius (the northern and Gulf Coast taxon) to specific status. My 
specimens of A. "lituratus" were from north of this overlap zone and, 
therefore, are referable to the name A. intermedius. Artibeus lituratus is 
appropriately considered as the sister species to A. intermedius. 

Artibeus jamaicensis may or may not be represented south of Colombia; 
1 have treated South American jamaicensis-like bats as distinct species. One 
of these, occurring on the Pacific versant of the Andes, is A. fraterculus. At 
least two jamaicensis-like taxa occur east of the Andes: {I) A. fuliginosus, 
is a relatively small, dark-colored bat; (2) a larger bat has been identified 
as A. planirostris (the name I have used here). See Koopman (1978) for a 
discussion of these large South American Artibeus, as well as the status of 
names used by Patten (1971). Myers and Wetzel (1983) discussed a 
population that they believed would prove to represent a third jamaicensis-
like bat east of the Andes, and indicated that the name fimbriatus should 
apply to it. I have followed them in treating this population as distinct 
from the other species of large Artibeus; however, the status of the name 
fimbriatus is left to consideration by other workers. 

I have recognized seven species of small Artibeus. These are the six species 
recognized by Jones and Carter (1976) except that, following Koopman 
(1978) and Honacki et al. (1982), A. anderseni was considered distinct from 
A. cinereus. 

CHARACTERS AND CODING 

When possible, I took measurements and coded multistate characters from 
at least 10 specimens, five of each sex (Appendix I). My objective was to 
derive the best estimate of stenodermatine phylogeny obtainable from 
external and osteological characteristics. Accordingly, suites of continuous 
and discrete-state characters were coded, and several analytic methods were 
employed. 
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A total of 22 discrete-state external, cranial, mandibular, and dental 
characters was coded for each specimen. Postcranial characters were not used 
because full skeletons were unavailable for 18 of the 64 species studied. The 
22 characters are listed, their character states described, and an unrooted 
character-state tree is given for each in Appendix II. I assigned the external 
character states of Phyllops falcatus to P. vetus (known only from fossil 
remains). For five of the six characters these also were representative of P. 
haitiensis. 

The 33 continuous-characters also measure aspects of the cranium, 
mandible, and teeth (Appendix III). Some were taken directly from, or 
adapted from. Freeman (1981); I developed additional characters 
representing consistently measurable distances between homologous points. 

ESTIMATING THE ANCESTOR—OUTGROUP PROCEDURES 

Two steps are critical in phylogenetic analyses. The first is inclusion of 
a monophyletic assemblage of taxa as the ingroup, and the second is 
determination of the character-state transformation series. One facet of the 
transformation series is the order of evolutionary change, or tree topology. 
I specified tree topologies "based on the assumption that the most evenly 
graded series of changes is the evolutionarily-most-probable hypothesis" 
(Kluge, 1976). 

A second facet of the transformation series is the direction of evolutionary 
change, specified by the tree root. All proposed procedures for rooting 
character-state trees are simply indirect methods of estimating the suite of 
character states comprising the most recent common ancestor of the study 
group. Watrous and Wheeler (1981) first formalized outgroup-comparison 
methodology and introduced the concept and terminology of functional 
ingroup and functional outgroup. Maddison et al. (1984) showed the 
relationship of the outgroup criterion to global and local parsimony, and 
developed arguments for the critical importance of outgroups with known 
relationships to each other and to the ingroup. They presented rules for 
resolution of outgroup relationships, and underscored the importance of 
using more than one outgroup taxon simultaneously in order to determine 
correctly both the position and direction of character-state changes in the 
ingroup phylogeny. I have followed Maddison et al. (1984) in my use of 
outgroups in the analysis. 

Phyllostomid subfamilial relationships are poorly understood, especially 
the affinities of the Stenodermatinae. However, recent evidence (Honeycutt, 
1981; Hood and Smith, 1982; Honeycutt and Sarich, 1987) indicates that the 
subfamily Carolliinae is the sister group to the stenodermatines. I, therefore, 
included the four species of Carollia among my outgroup taxa. 

In order to strengthen the outgroup process of character-state tree 
construction, I used an additional outgroup species chosen on the basis of 
its presumed similarity to the hypothetical primitive phyllostomid. 
Macrotus waterhousii has been suggested as primitive for the family, not 
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only karyotypically (Bourliere, 1955; Patton and Baker, 1978) but also on 
the bases of general morphology (Winge, 1892), osteology (Walton and 
Walton, 1968), dentition (Slaughter, 1970), and fetal membrane structure 
(Luckett, 1980). 

ANALYSES OF DISCRETE-STATE CHARACTERS 

The six external and 16 cranial characters coded for each specimen are 
listed and described in Appendix II. The number of coded states for the 
discrete-state characters ranges from two (postglenoid foramen) to nine 
(dental formula). Some of these characters were intraspecifically variable in 
some species (Owen, 1987: appendix Al). To choose the character state that 
would most appropriately represent each species in the analyses, I used the 
modal, or most commonly encountered, state. If two states were equally 
common, I used the more plesiomorphic of the two. This is the conservative 
estimate in that I did not postulate a synapomorphy unless a uniquely 
modal state was found. After determining the representative character states 
for each of the outgroup species, a plesiomorphic state for the ingroup was 
considered as the one that is (in order of descending importance): (1) carried 
by all Carollia species; (2) shared by Carollia (one or more species) and 
Macrotus; (3) the modal state among the four Carollia species; (4) the modal 
state among the four Carollia species and Macrotus; or (5) in case of a 
modal tie in (4), the co-mode carried by Macrotus. Criteria 2 through 5 were 
needed in only a few cases. Even if these criteria were invoked in some other 
reasonable sequence, there would be few, if any, different assignments of 
character states to species. 

Once the representative character states were determined for each species 
(Table 1), I transformed them into two-state (presence or absence) characters 
using additive binary coding (Sneath and Sokal, 1973). The 22 multistate 
characters thus were transformed into 72 two-state characters. 

Wagner analysis.—Wagner analysis is a method of estimating a phylogeny 
through construction of the most parsimonious (shortest), rooted branching 
network that reflects the character states of the taxa under study. It is an 
approximation of the Hennigian phylogenetic method that is used 
appropriately when a synapomorphy scheme (Nelson, 1979) cannot be 
determined. The reasons for use of the parsimony criterion have been well 
documented (Camin and Sokal, 1965; Kluge and Farris, 1969; Estabrook, 
1978; Farris, 1982; Panchen, 1982; Maddison et ai, 1984; Rohlf, 1984). 

Maddison et al. (1984) described a method whereby successively smaller 
clades of a group of taxa may be studied, thus allowing the investigator to 
search for locally parsimonious solutions within the previously established 
constraints of a global parsimony solution. I have followed their general 
method of: (1) determining stable portions of the cladogram; (2) 
determining unstable portions in need of further analysis; and (3) 
establishing and confirming the ancestor estimate for these successive 
analyses. 
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TABLE 1.—Discrete-state character values for stenodermatine and outgroup species examined. 
See Appendix II for description of characters, character states, and character-state trees. 

Characters are listed here in the same order as in Appendix II. 

Species 

STENODERMATINAE 

Ametrida centurio 
Ardops nichollsi 
Ariteus flavescens 
Artibeus anderseni 
Artibeus aztecus 
Artibeus cinereus 
Artibeus concolor 
Artibeus fimbriatus 
Artibeus fraterculus 
Artibeus fuliginosus 
Artibeus glaucus 
Artibeus hirsutus 
Artibeus inopinatus 
Artibeus intermedius 
Artibetis jamaicensis 
Artibeus phaeotis 
Artibeus planirostris 
Artibeus loltecus 
Artibeus watsoni 
Centurio senex 
Chiroderma doriae 
Chiroderma 

improvisum 
Chiroderma salvini 
Chiroderma trinitatum 
Chiroderma villosum 
Ectophylla alba 
Enchisthenes hartii 
Mesophylla 

macconnelli 
Phyllops falcatus 
Phyllops haitiensis 
Phyllops vetus 
Pygoderma bilabiatum 
Sphaeronycteris 

toxophyllum 
Stenoderma rufum 
Sturnira aratathomasi 
Sturnira bidens 
Sturnira bogotensis 
Sturnira erythromos 
Sturnira lilium 
Sturnira ludovici 
Sturnira luisi 
Sturnira magna 
Sturnira mordax 

1 

4 
6 
4 
4 
6 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
6 
4 
6 
6 
5 
2 

4 
6 
4 
4 
3 
4 

4 
6 
6 
6 
6 

6 
4 
4 
4 
4 
4 
3 
4 
4 
4 
4 

2 

2 
3 
2 
5 
4 
4 
3 
3 
3 
3 
5 
3 
3 
3 
3 
5 
3 
5 
5 
1 
2 

2 
4 
4 
3 
2 
2 

4 
2 
1 
2 
2 

1 
5 
3 
3 
2 
2 
2 
2 
2 
2 
2 

3 

3 
3 
3 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 

2 
3 
3 
3 
1 
2 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

4 

5 
5 
5 
1 
1 
1 
0 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
6 
1 

2 
3 
3 
1 
0 
1 

0 
5 
5 
5 
5 

5 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 

5 

1 
2 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 

0 
0 
1 
0 
1 
2 

1 
2 
2 
2 
0 

1 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 

6 

2 
2 
2 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 

2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
1 
1 
0 
1 
1 
1 
1 
1 
1 

7 

4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 

1 
3 
3 
3 
1 
3 

3 
3 
1 
3 
3 

2 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 

8 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

0 
1 
1 
2 
0 
0 

1 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 

9 

1 
2 
2 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
0 

0 
0 
0 
0 
1 
1 

1 
2 
2 
2 
1 

2 
2 
1 
1 
1 
1 
1 
1 
1 
0 
1 

10 

1 
2 
2 
1 
2 
2 
2 
2 
2 
2 
1 
3 
2 
2 
2 
2 
2 
1 
2 
1 
3 

0 
2 
0 
3 
1 
1 

3 
2 
1 
2 
2 

1 
2 
1 
2 
1 
1 
2 
1 
1 
2 
1 

Character 

11 

2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
1 
3 

2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

12 

2 
3 
2 
2 
2 
3 
1 
3 
3 
2 
2 
2 
3 
3 
2 
3 
3 
3 
2 
2 
3 

3 
2 
2 
2 
3 
3 

1 
3 
3 
3 
3 

2 
3 
3 
1 
2 
2 
3 
3 
2 
3 
3 

13 

2 
2 
2 
1 
2 
2 
2 
2 
3 
2 
3 
2 
2 
1 
2 
2 
1 
2 
3 
2 
1 

0 
2 
2 
1 
4 
3 

3 
2 
1 
3 
2 

2 
2 
3 
2 
3 
4 
3 
2 
3 
3 
3 

14 

3 
3 
3 
1 
2 
1 
3 
3 
3 
3 
2 
3 
3 
3 
3 
2 
3 
2 
2 
3 
0 

2 
0 
2 
1 
0 
2 

0 
3 
3 
2 
3 

3 
2 
0 
0 
0 
0 
0 
0 
0 
1 
0 

15 

1 
1 
2 
2 
2 
2 
1 
2 
2 
1 
2 
1 
1 
2 
2 
2 
1 
2 
2 
2 
2 

0 
2 
0 
2 
2 
0 

2 
1 
1 
1 
2 

1 
1 
1 
0 
0 
0 
1 
0 
0 
1 
0 

16 

2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
1 
2 
2 
3 

2 
2 
2 
2 
1 
2 

1 
1 
1 
2 
3 

2 
2 
2 
2 
1 
2 
1 
1 
2 
2 
1 

17 

1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
0 
0 
1 
0 
0 
0 
1 
1 

1 
1 
1 
1 
1 
1 

1 
0 
0 
1 
1 

1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 

18 

0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

0 
0 
0 
0 
0 
0 

0 
1 
1 
1 
0 

0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

19 

1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 

2 
2 
2 
2 
1 
1 

1 
0 
0 
0 
0 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

20 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 

2 
1 
2 
2 
0 
0 

1 
0 
0 
0 
1 

2 
3 
1 
0 
1 
0 
1 
1 
1 
0 
1 

21 

1 
1 
3 
5 
5 
5 
1 
3 
3 
1 
3 
1 
1 
3 
3 
5 
1 
5 
3 
5 
5 

5 
5 
5 
5 
5 
1 

3 
1 
1 
1 
5 

1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 

22 

0 
0 
0 
2 
2 
2 
0 
0 
1 
1 
1 
1 
0 
1 
1 
2 
1 
2 
1 
2 
0 

2 
2 
2 
2 
2 
0 

1 
0 
0 
0 
2 

1 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
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TABLE 1.—Continued. 

Species 

Sturnira nana 
Sturnira thomasi 
Sturnira tildae 
Uroderma bilobatum 
Uroderma 

magnirostrum 
Vampyressa bidens 
Vampyressa brocki 
Vampyressa melissa 
Vampyressa nymphaea 
Vampyressa pusilla 
Vampyrodes caraccioli 
Vampyrops aurarius 
Vampyrops 

brachycephalus 
Vampyrops dorsalis 
Vampyrops helleri 
Vampyrops infuscus 
Vampyrops lineatus 
Vampyrops nigellus 
Vampyrops recifinus 
Vampyrops umbratus 
Vampyrops vittatus 

CAROLLIINAE 

Carollia brevicauda 
Carollia castanea 
Carollia perspicillata 
Carollia subrufa 

1 

4 
4 
4 
6 

4 
4 
4 
4 
4 
4 
4 
4 

6 
4 
4 
4 
6 
6 
3 
3 
4 

4 
4 
4 
4 

2 

3 
2 
2 
4 

3 
5 
4 
5 
4 
5 
2 
5 

4 
3 
4 
5 
3 
4 
3 
5 
4 

4 
3 
3 
2 

3 

3 
3 
3 
2 

2 
3 
3 
3 
3 
3 
2 
2 

2 
3 
2 
2 
2 
2 
2 
2 
2 

3 
3 
3 
3 

4 

0 
0 
0 
3 

3 
4 
1 
1 
2 
1 
4 
4 

4 
4 
4 
3 
4 
4 
2 
3 
4 

0 
0 
0 
0 

5 

3 
3 
3 
1 

1 
1 
1 
2 
1 
1 
2 
2 

2 
2 
2 
2 
2 
2 
1 
2 
2 

0 
0 
0 
0 

6 

2 
0 
1 
2 

3 
2 
2 
2 
2 
2 
2 
2 

2 
2 
3 
2 
2 
2 
2 
2 
2 

0 
0 
0 
0 

7 

3 
3 
3 
1 

1 
3 
3 
1 
3 
3 
3 
3 

3 
3 
1 
3 
3 
3 
1 
3 
3 

3 
1 
1 
1 

8 

0 
0 
0 
0 

0 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

9 

0 
0 
1 
0 

0 
0 
0 
0 
1 
1 
0 
0 

1 
0 
1 
0 
1 
1 
1 
1 
1 

0 
0 
0 
0 

10 

2 
1 
1 
2 

2 
3 
3 
2 
2 
2 
2 
1 

2 
1 
2 
2 
2 
1 
2 
1 
1 

2 
2 
2 
3 

Character 

11 

1 
1 
1 
2 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 

12 

2 
3 
3 
3 

3 
2 
2 
2 
1 
2 
2 
1 

1 
2 
1 
2 
2 
1 
1 
1 
3 

2 
2 
2 
2 

13 

2 
4 
4 
1 

2 
2 
2 
4 
2 
3 
3 
3 

3 
2 
3 
3 
2 
3 
3 
2 
3 

4 
4 
3 
3 

14 

0 
0 
0 
3 

2 
0 
0 
0 
0 
0 
1 
0 

1 
1 
1 
0 
0 
1 
0 
1 
0 

0 
0 
0 
0 

15 

0 
0 
0 
1 

0 
2 
2 
2 
2 
2 
2 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

0 
0 
0 
0 

16 

1 
1 
2 
2 

2 
2 
2 
2 
2 
2 
3 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
1 
1 

17 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
0 
1 
1 

1 
1 
1 
1 

18 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

19 

1 
1 
1 
0 

0 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

0 
0 
0 
0 

20 

0 
1 
1 
0 

0 
1 
1 
1 
1 
1 
2 
1 

1 
2 
1 
1 
1 
1 
1 
1 
1 

0 
0 
0 
0 

21 

2 
8 
1 
1 

1 
7 
5 
3 
5 
5 
3 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

22 

0 
2 
0 
1 

0 
1 
2 
1 
2 
2 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

PHYLLOSTOMINAE 

Macrotus waterhousii 8 2 2 0 0 0 5 1 1 3 1 1 2 1 0 2 1 0 1 0 0 0 

I used the WAGNER78 computer program supplied by J. S. Farris. For 
each analysis (all taxa together first, and then successively smaller subsets 
of the taxa), I ran the Wagner program 50 times, each time entering the 
taxa in a different order. This is especially crucial in initial analyses of all 
taxa because of the vast number of possible tree topologies, and 
concomitant low likelihood of finding the shortest in a particular run. 
Another important aspect of this procedure is that it allows the investigator 
to examine a large number of tree topologies for "stable" portions (that is, 
portions that do not differ among the alternate trees being examined). This 
procedure thus adds a robustness to the phylogenetic estimate and, 
simultaneously, identifies portions of the tree in need of additional analysis. 
For any particular analysis, I arranged the results in order of total tree 
length and examined the shortest 25 of the 50 trees plus any others of the 



10 SPECIAL PUBLICATIONS MUSEUM TEXAS TECH UNIVERSITY 

same length as those included in the group. This group is referred to as the 
"shortest half" of the trees. I considered as stable only those portions of the 
tree that did not differ among the shortest half of the trees. 

The initial analysis established the major clades among stenoderniatine 
bats; successive analyses then were performed on "unstable" (thus 
unresolved) portions of the tree. In each case, a monophyletic portion of the 
tree was analyzed and, following Maddison et al. (1984), the ancestral state 
was estimated using those two taxa found to be the shortest distance from 
the hypothetical ancestor of the clade being reanalyzed. Although this 
method of repeated ancestor estimation for successively smaller portions of 
the tree might be suspected of leading to accumulated error, it should be 
emphasized that no locally parsimonious solution was accepted that was not 
concordant with one of the globally parsimonious solutions previously 
determined (that is, the shortest half of the trees found in the initial 
analysis). 

Analysis using Weighted Invariant Step Strategy.—In contrast to the 
Wagner method, the Weighted Invariant Step Strategy (WISS) is a "top-
down" type of clustering algorithm (that is, the terminal taxa with the 
greatest degree of similarity are clustered first, on the assumption that their 
shared similarities are uniquely derived). Farris et al. (1970) first formalized 
this method and discussed its relationship to parsimony (including Wagner) 
methods. The procedure, simply stated, is to select a subset of species for 
inclusion in a monophyletic group that is "best founded" in the sense that 
it shares at least as many derived steps as does any other possible subset of 
species; delete the subset from the set of species under consideration; replace 
it with the Hypothetical Taxonomic Unit (HTU) that represents the most 
recent common ancestor of the members of the subset; and repeat the 
process until the tree is specified. The program used was HENNIG, a 
Fortran IV program supplied by J. S. Farris. 

ANALYSES OF CONTINUOUS CHARACTERS 

Considerable controversy exists concerning the value of and 
methodologies for use of continuous (mensural) data in phylogenetic 
analyses. Wood (1983) pointed out that there is substantial information in 
such characters, but the problem is to extract mathematically the 
information that distinguishes systematically between taxa from the overall 
body of information contained in the data set I use "information" to mean 
"stored information" rather than the "potential information" of Weaver 
(1949) or the "entropy" of Shannon (1949). In his studies of cranes, storks, 
and grassland sparrows. Wood (1983) found that the useful information 
typically represented only five to 10 percent of the total variation in the data 
set, and that the remaining 90 to 95 percent of the variation was common 
to all members of the data set and, hence, not useful. Below I describe a 
series of transformations and other manipulations of mensural characters 
that I believe allow a credible phylogenetic analysis from such a data set. 
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As pointed out by Jolicoeur et al. (1984), "the statistical model generally 
most appropriate in biological morphometries is the lognormal distribution 
(in its univariate, bivariate, or multivjiriate versions)." Accordingly, all 
values in this study first were transformed to their natural logarithms. As 
biological size relationships typically are allometric, the log transformation 
has the effect of linearizing (but not reducing) the effect of size in the data 
matrix. The first principal component, therefore, will have a higher 
eigenvalue than it would have without the log transformation, and the 
remaining components will reflect less of the size relationships among taxa. 
The log transformation has the additional function of legitimizing 
arithmetic means and other linear statistics of the data (Humphries et ai, 
1981). 

As sexual dimorphism is known to exist to varying degrees among 
stenodermatine bats, the number of characters was doubled by using the 
male and female mean value of each character as separate characters (Table 
2). Although this results in mostly redundant variation, the nonredundant 
portion (that is, the part reflecting sexual dimorphism) may have systematic 
usefulness (see Schnell et al., 1978). 

The result of the procedures described above is a matrix of appropriately 
transformed and averaged character-state values for each taxon. The 
remaining problem is to extract the useful information from the matrix 
and, from this reduced matrix, to construct an estimate of the phylogeny. 
I used two methods of data reduction to extract useful information. 

Size-free analysis.—One method used was a "size-out" procedure. After 
averaging (for each sex) the log-transformed values, a matrix of character 
correlations was calculated, and a principal components analysis was 
performed on the matrix. From this, the matrix of projections of each 
species on each component was calculated based on unstandardized data. 
The vector of projections on the first component was deleted from the 
matrix, and the remaining vectors of projections were taken to be character-
state values for a newly created suite of characters; thus, the effect of 
principal component I is removed from the matrix. In the case of the 
transformation described above, this component mostly reflects size 
relationships. More importantly, the converse also is true, and the 
remaining matrix should contain essentially size-free information. A Wagner 
analysis was then performed on this matrix. Unlike the case of discrete-state 
information, "ties" in calculated distances (and, thus, in the order of 
inclusion of species in the tree) are highly improbable; therefore, the same 
tree is generated regardless of order of species entry into the tree-generating 
procedure. This single tree then represents the best phylogenetic estimate for 
the group based on the size-free data matrix. 

Common-part-removed analysis.—Wood (1983) described a transformation 
for phenetic analysis of continuous data. This transformation involves 
regression of the vector of the character values of each species studied on 
the character-value vector(s) of one or more closely related species. He 
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