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CLADISTICAL ANALYSIS OF FEMALE REPRODUCTIVE
HISTOMORPHOLOGY IN PHYLLOSTOMATOID BATS

CRAIG S. HOOD AND JAMES DALE SMITH

Abstract

Hood, C. S. (The Museum, Texas Tech University, Lubbock, Texas 79409) and ]. D.
Smith (Department of Biological Science, California State University, Fullerton, Cali-
fornia 92634; and Natural History Museum of Los Angeles County, 900 Exposition
Blod., Los Angeles, California 90007) 1982. Cladistical analysis of female reproduc-
tive histomorphology in phyllostomatoid bats. Syst. Zool., 31:241-251.—A cladistic analy-
sis of the neotropical bat families Noctilionidae, Mormoopidae, and Phyllostomatidae
is presented utilizing structures of the female reproductive tract. Several shared-derived
(synapomorphous) features of the uterus, oviduct, and ovaries were identified within these
taxa. These included features of external and internal uterine anatomy, the uterotubal
junction, form of oviductal mucosal folds, anatomical relationships between oviduct and uter-
us, and the position of the ovarian ligament. A cladogram based on these female reproductive
histomorphological synapomorphies was constructed and is proposed as a phylogenetic hy-
pothesis. This hypothesis was tested for congruence with independent data sets involving
comparative morphological, karyological, and biochemical characteristics. Noctilionids, mor-
moopids, and phyllostomatids possess synapomorphies that indicate they shared a common
ancestor and thereby form a monophyletic group, the Phyllostomatoidea. However, based on
features of the female reproductive tract, the neotropical family Thyropteridae (which has
been previously assigned to the superfamily Vespertilionoidea) should be included in con-
sidering phylogenetic relationships of the Phyllostomatoidea. Familial relationships are
somewhat conflicting; some studies (including the present analysis) specify a sister-group
relationship between mormoopids and phyllostomatids, whereas others suggest a noctilionid-
mormoopid relationship. Relationships within the Phyllostomatidae are resolved at subfamil-
ial levels with female reproductive and independent data sets. The high level of congruence
found between the phylogenetic relationships predicted by these data sets is proposed as
strong evidence for the phylogenetic resolving power of female reproductive histomorphol-
ogy. [Reproductive histomorphology; Noctilionidae; Mormoopidae; Phyllostomatidae; Thy-
ropteridae; phylogeny.]

Studies on the phylogenetic relation-
ships of bats (Chiroptera) have been in-
terpreted largely in the context of the
classification proposed by G. S. Miller, Jr.
(1907), as modified by Simpson (1945) (for
a review, see Smith, 1980). Comprehen-
sive studies on various aspects of chirop-
teran biology have included many ad hoc
comments on phylogenetic relationships.
However, there are few comparative
studies which have critically evaluated
kinship relationships among bats.

Evolutionary relationships of the neo-
tropical chiropteran families Noctilioni-
dae, Mormoopidae, and Phyllostomati-
dae have been debated for many years.
Some workers have emphasized primi-
tive features of noctilionids and proposed
phylogenetic relationships with the Em-
ballonuridae leading to the placement of

noctilionids in the superfamily Embal-
lonuroidea (Dobson, 1875; Trouessart,
1897; Miller, 1907; Simpson, 1945). Oth-
er workers have emphasized a close as-
sociation of noctilionids with mormo-
opids and phyllostomatids on the basis of
shared-derived features and place these
three families in a monophyletic super-
family, the Phyllostomatoidea (Winge,
1892; Walton and Walton, 1968; Smith,
1972, 1976, Patton and Baker, 1978; Ar-
nold et al., 1982).

This study presents the first cladistic
analysis of noctilionids, mormoopids, and
phyllostomatids based on features of the
female reproductive tract. Phylogenetic
relationships proposed on the basis of
synapomorphous features of the female
reproductive tract are compared with
those found in studies of other, indepen-
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TABLE 1. A LIST OF PHYLLOSTOMATOID TAXA ANALYZED IN THIS STUDY. FOR A COMPLETE LIST OF OUT-
GROUP TAXA EXAMINED, SEE HOOD AND SMITH (1983).

Noctilionidae Carolliinae

Noctilio albiventris
Noctilio leporinus
Mormoopidae
Pteronotus macleayi
Pteronotus parnellii

Pteronotus quadridens
Mormoops blainvillii

Phyllostomatidae
Phyllostomatinae

Macrotus californicus
Micronycteris hirsutus
Micronycteris megalotis
Phyllostomus discolor
Phyllostomus hastatus
Phylloderma stenops
Trachops cirrhosus
Glossophaginae
Glossophaga soricina
Monophyllus redmani
Leptonycteris curasoae
Lonchophylla robusta
Anoura geoffroyi

Carollia castanea
Carollia perspicillata
Carollia subrufa
Rhinophylla pumilio
Stenoderminae
Sturnira lilium
Uroderma bilobatum
Vampyrops helleri
Vampyrodes carraccioli
Vampyressa pusilla
Ectophylla alba
Artibeus jamaicensis
Enchisthenes hartii
Ariteus flavescens
Ametrida centurio
Centurio senex

Brachyphyllinae
Brachyphylla cavernarum
Phyllonycteris aphylla

Desmodontinae
Desmodus rotundus

dent data sets. These include morpholog-
ical studies (Walton and Walton, 1968;
Smith, 1972; Smith and Starrett, 1979),
chromosomal studies (Patton and Baker,
1978; Sites et al., 1981), and biochemical
studies (Baker et al., 1981; Arnold et al.,
1982).

METHODS

All specimens used in this study were
obtained from natural populations. Mu-
seum specimens were fixed in formalin,
whereas fresh material was fixed in Zenk-
er’s or Bouin’s solution (Humason, 1972).
Whole reproductive tracts were photo-
graphed, prepared by standard histolog-
ical procedures, and stained with Mallo-
ry’s Trichrome or Gomori’s One Step
Trichrome Method (Thompson, 1966:788,
as modified by Hood and Smith, 1983).
The histomorphology of the female re-
productive organs was reconstructed by
examining of serial sections.

Phylogenetic relationships were as-
sessed following Hennig (1966) as dis-

cussed by Smith (1980). Histomorpho-
logical features were examined and cod-
ed in character transformation series
(morphoclines). The polarity of these
morphoclines was determined by out-
group comparison. Out-groups used in
this study included representatives from
the following chiropteran families (gen-
era, species): Pteropodidae (4, 5), Em-
ballonuridae (4, 4), Rhinolophidae (1, 1),
Hipposideridae (1, 2), Vespertilionidae (7,
9), Mystacinidae (1, 1), and Molossidae
(3, 4). Literature reports were used to de-
termine character distributions in other
eutherian orders. A total of 29 genera and
36 species representing the neotropical
families Noctilionidae, Mormoopidae, and
Phyllostomatidae (including all subfami-
lies) were examined (Table 1).

The following characters of the female
reproductive tract were used to assess
phylogenetic relationships among phyl-
lostomatoid bats. The characters as well
as the justification of character morpho-
clines are discussed in detail by Hood and
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PIPISTRELLUS

HESPERUS

TADARIDA PLICATA

F1G. 1.—Semi-diagrammatic, frontal sections of the uterus, oviducts, and ovaries of out-group chiropteran
families including, Vespertilionidae, Pipistrellus hesperus; Molossidae, Tadarida plicata. These taxa have
long uterine horns and short common uterine bodies. A comparison to Figure 2 illustrates the marked
degree of external uterine fusion found in phyllostomatoids.

Smith (1983). Zero states correspond
to primitive (plesiomorphic) conditions,
numbered states are portrayed in ever in-
creasing, derived (apomorphic) condi-
tions (e.g., 1> 1" — 1),

Character 1. External uterine fusion (Figs. 1, 2).

0 = Uterine horns more than % length of com-
mon uterine body.

1 = Uterine horns % length of common uterine
body.

1’ = Uterine horns % length of common uterine
body.

1" = Fully simplex uterus, uterine horns not dis-

tinct from common body.
Character 2. Uterotubal junction.
0 = Uterotubal junction with oviductal papilla
or complex folds.
1 = Uterotubal junction simple, no papilla or
complex folds.
Character 3. Internal uterine fusion.
0 = Short common uterine lumen, cornual lu-
mina join within the common uterine body.

1 = Large common uterine lumen, cornual lu-
mina join immediately within the common
uterine body.

1’ = Large common uterine lumen, cornual lu-

mina reduced to tubular intramural uterine
cornua (IUC).

1" = A single common lumen, no remnants of
cornual lumina.
Character 4. Oviductal mucosal folds (Fig. 3).
0 = Oviductal folds occur throughout the ovi-
duct.
1 = Oviductal folds restricted to extramural ovi-
duct.
Character 5. Relationships between oviduct and
uterus.

0 = Oviducts enter the lateral border of the
uterine horns or body.

1 = Oviducts enter the fundic border of the
uterine body.

1’ = Oviducts enter the fundic border of the

uterine body near the midsagittal line.
Character 6. Ovarian ligament (Fig. 4).

0 = Ovarian ligament extends from ovary to ex-
ternal entry of oviduct.
1 = Ovarian ligament extends from ovary to lat-

eral border of common uterine body.

RESULTS

Phyllostomatoid bats have both primi-
tive and derived features of female repro-
ductive histomorphology compared to
out-group chiropteran families (Table 2).
Because symplesiomorphies do not con-
tribute to resolving phylogenetic rela-
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NOCTILIO ALBIVENTRIS

GLOSSOPHAGA SORICINA

F1G. 2.—Semi-diagrammatic, frontal section of the uterus, oviducts, and ovaries in phyllostomatoid bats.
Noctilio albiventris represents phyllostomatoids with bicornuate uteri, whereas, Glossophaga soricina is
representative of phyllostomatoids with a simplex uterus. By referring to Figure 1, fusion of external
uterine anatomy is illustrated in Noctilio (Char. 1, state 1). By using the cervix as a marker, the internal
uterine lumina are retained as a primitive in Noctilio (Char. 3, state 0). Additionally derived fusion events
occur between Noctilio and Glossophaga. Abbreviations: ov, ovary; ovd, oviduct; olp, oviductal lamina
propria; utj, uterotubal junction; myo, myometrium; end, endometrium; cs, cervical stroma; cf, cervical
folds; va, vagina; cl, common uterine lumen; inc, intramural uterine cornua.

tionships, only synapomorphous features
were used in the phylogenetic analysis.

Familial Phylogenetic Relationships

A cladogram that depicts geneological
relationships among phyllostomatoid bats
based on the derived states of female re-
productive characters is shown in Figure
5. The Noctilionidae, Mormoopidae, and
Phyllostomatidae are linked as a mono-
phyletic group by two synapomorphies—
fused external uterine anatomy (Char. 1)
and simple uterotubal junction (Char. 2,
Fig. 5). These synapomorphies distin-
guish noctilionids, mormoopids, and
phyllostomatids from out-groups and
support the recognition of the superfam-
ily group Phyllostomatoidea. Inclusion of
the chiropteran family Thyropteridae in
the cladogram in Figure 5 is based on the

results of a recent paper by Wimsatt and
Enders (1980) in which they described
the uterus and placenta of the Neotropi-
cal Disc-winged bat, Thyroptera tricolor.
With regards to the features studied in
the present work, thyropterids appear to
possess a fused external uterine anatomy
(Char. 1) and a simple uterotubal junction
(Char. 2); proposed synapomorphies link-
ing noctilionids, mormoopids, and phyl-
lostomatids. The phylogenetic position of
thyropterids will be discussed below.
Above this level of genealogical
branching, additionally derived uterine
and oviductal morphologies have evolved.
Although noctilionids and mormoopids
share several features of female repro-
ductive histomorphology, they do not
share any derived features to the exclu-
sion of phyllostomatids. However, mor-



