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Abstract

 

Sánchez-Martínez, P.M., Ramírez-Pinilla, M.P. and Miranda-Esquivel, D.R.
2007. Comparative histology of the vaginal–cloacal region in Squamata and its
phylogenetic implications. — 

 

Acta Zoologica

 

 (Stockholm) 

 

88

 

: 289–307

We described the histology and morphology of the vaginal–cloacal region in 18
species from 12 Squamata families. This comparative study revealed a wide
variation in the cloacal morphology. Fifteen morphological characters were
considered to be primary homology hypotheses and were optimized over the
topology derived from the parsimony analysis of the available soft morphological
evidence, including the characters described in this study. The synapomorphies
optimized for Squamata are bifid urodaeum, common urodaeal cavity with
similar histological features of the urodaeal horns, and presence of glands
in the anterior urodaeum; for Scleroglossa the synapomorphy is the lateral
position of the vaginal intrusion into the anterior urodaeal chamber, for
Nyctisaura + Scincomorpha the synapomorphy is the presence of a bifid
posterior urodaeum; and for Xantusidae + Annulata it is the presence of simple
glands in the anterior urodaeum. The central position of the vaginal intrusion
into the urodaeal chamber and the intraepithelial position of the glandular unit
in the anterior urodaeum behave as autapomorphies for Iguanidae. This study
contributes evidence that defines the relationships within Scleroglossa. Cloacal
features provide interesting information that is useful as a source of morphological
characters for phylogenetic studies in Squamata.

Daniel Rafael Miranda-Esquivel. Laboratorio de Sistemática y Biogeografía, 
Universidad Industrial de Santander, Escuela de Biología, A.A. 678 
Bucaramanga, Santander, Colombia. E-mail: dmiranda@uis.edu.co

 

Introduction

 

The cloaca of squamates is the cavity that collects the final
products of the digestive and urogenital tracts; it is divided into
internal cavities: the urodaeum, coprodaeum and procto-
daeum. The urodaeum is the anterior cloacal cavity that, in
females, joins the cloaca to the vaginal tubes and in males
joins the cloaca to the deferent ducts; the coprodaeum links
the gut to the ventral cloacal region, and the proctodaeum
is the most distal cloacal cavity that communicates with the
exterior. The most obvious functions of the cloaca include
the passage of digestive and urinary wastes, the site of insertion
of the male copulatory organ, and the passageway for eggs
or birth of young. Some other functions have been suggested
for the cloaca of Squamates: storage and reabsorption of

water, precipitation and diffusion of urea (Minnich 1982),
source of species-identifying or sex and reproductive con-
dition odours (Trauth 

 

et al

 

. 1987; Uribe 

 

et al

 

. 1998), and
transport of sperm (Uribe 

 

et al

 

. 1998).
A wide morphological variation in the vaginal–cloacal

region in Squamata has been suggested. However, the
morphological information about this region is incomplete
(Uribe 

 

et al

 

. 1998). Furthermore, there are few comparisons
among species and the nomenclature used in these descrip-
tions is not consistent. The most complete available studies
about the vaginal–cloacal region in squamates are: the
descriptions made by Gabe and Saint-Girons (1965) for 57
species of Squamata; Inger and Marx (1962) for 

 

Calamaria
lumbricoidea

 

; and Trauth 

 

et al

 

. (1987) for 

 

Eumeces laticeps

 

.
These authors found morphological variations in cloacal
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morphology for some squamate species; their studies are
based on the cloacal zonation described by Gadow (1887),
which delimited the cloacal cavities according to the gross
morphology and not according to histological features.

Gabe and Saint-Girons (1965) described the morphology
and histochemical features of cloacal cavities and cloacal
glands and found an important variation within species and
squamate groups related to phylogeny, sex and reproductive
condition. Although the observed morphological variation
might be associated with phylogenetic relationships among
groups in phylogenetic analyses, the cloacal information has
only been used by Lee (2000, 2005). He analysed the avail-
able information of the soft anatomy of Squamata to present
two phylogenetic hypotheses. In his study, Lee used morpho-
logical characters of the urinary bladder (based on Beuchat
1986) and of cloacal glands (based on Gabe and Saint-
Girons 1965). In this work, the histological and morpho-
logical features of the vaginal–cloacal complex of species in
some representative squamate families are described, and
according to them, morphological characters considered to
be homology hypotheses were defined. Because no other
character of the vaginal–cloacal complex has been used in
phylogenetic analyses of Squamata, we produced a data
matrix including our cloacal characters and the available
details of the soft anatomy of Squamata used by Lee (2000).
This matrix was analysed, and in accordance with the results
of the optimization, cloacal synapomorphies for Squamata
were found.

 

Materials and Methods

 

Studied specimens and character determination

 

Two to five females of each available species of the families
Crotaphytidae, Phrynosomatidae, Polychrotidae, Liolaemidae,
Tropiduridae, Xantusiidae, Gekkonidae, Teiidae, Scincidae,
Anguidae, Xenosauridae and Colubridae (Appendix 1) were
studied. A midventral incision was made breaking the pelvic
girdle to describe the gross anatomy of the vaginal–cloacal
region; the structure and duct position were reported, with
respect to the vertical and horizontal axes of the abdominal
cavity and the sequence of the junctions of the ducts that
constitute the cloacal complex was noted. The posterior
region of the reproductive tracts and the cloacal region
including the ends of the intestine, ureters and urinary bladder
were excised. Tissues were fixed in Bouin’s solution and were
placed in 70% ethanol. Using conventional histological
techniques, the tissues were dehydrated with ascending
concentrations of ethanol, embedded in paraffin, serially
sectioned at 5 

 

μ

 

m and stained with haematoxylin & eosin.
The histology of the vaginal–cloacal region was described in
each examined species. The region was differentiated and the
characters of the cloacal morphology were determined
according to the shape and disposition of the vaginal and
cloacal structures, oviduct to cloaca junction, and presence

or absence of glands. With the information obtained here, as
well as from the literature, we searched for equivalence in the
terminology of the vaginal–cloacal regions in squamates; a
histological pattern delimiting the extension of each region
was determined, and morphological characters considered
to be homology hypotheses were defined.

 

Cladistic analysis

 

Two analyses were performed. The first analysis was con-
ducted using only the cloacal characters proposed here for
the species examined in this study (Table 1). For the second
analysis, a new data matrix was constructed. The cloacal
characters defined here were added to Lee’s data matrix
(Lee 2000; Appendix 2). To include our information in Lee’s
matrix, the species we analysed were converted into the
terminal ‘families’ as used by Lee (2000). Previously, we
eliminated the cloacal characters from Lee’s matrix because
we considered those characters to be ambiguous, since we
found three types of cloacal glands: urodaeal, proctodaeal and
paracloacal. The eliminated characters are numbered into
Lee’s data matrix as: 115–Cloacal glands: discrete ventral
glands present in both sexes, discrete glands lost in males but
not females, discrete glands lost in both sexes; 116–Cloacal
glands: ventral glands in a single mass, ventral glands divided
into two or more discrete masses; and 117–Cloacal glands:
discrete dorsolateral glands absent in both sexes, dorsolateral
glands present in males only, dorsolateral glands present in
both sexes (Lee 2000). The character Urinary bladder
(number 113 in Lee 2000) was re-evaluated using the infor-
mation from the taxa examined in this study. The available
descriptions of the cloaca from the literature were evaluated to
find the equivalent designation between these descriptions
and those of this study. In this way, the character states were
taken from our descriptions and/or from descriptions available
in the literature, especially Gabe and Saint-Girons (1965).

A search for the most parsimonious trees was performed
using the custom search using TNT software (Tree Analysis
using New Technology) (Goloboff 

 

et al

 

. 2003), we used equal
weights and lineal parsimony; the characters were considered
as ordered (following Lee 2000) or unordered. The character
mapping of the cloacal characters and the urinary bladder
character was made onto the consensus of the topologies
obtained in each analysis, using M

 

c

 

C

 

lade

 

 version 3.0 (Mad-
dison and Maddison 1992). In the character mapping for
unordered and ordered characters, characters were traced
using 

 

actran

 

 or 

 

deltran

 

 optimization (Swofford and Mad-
dison 1987).

 

Results

 

Gross morphology

 

The vaginal–cloacal complex includes the region of the
uterus–vagina transition, the vaginas, the cloacal cavity, the
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urinary bladder, the ureters and the final region of the diges-
tive tract (Fig. 1A). The oviducts are paired and almost
symmetric (except in Colubridae) and the digestive tract is
located ventrally between them. The distal oviductal region
(the vagina) has a sphincter, indicated by an increase in the
thickness of its muscular layer. This vaginal sphincter forms
the junction with the cloacal cavity. The cloacal cavity is con-
stituted of three regions delimited following their histological
features: urodaeum, coprodaeum and proctodaeum. The
urodaeum is the anterior cloacal cavity that joins the vaginal
sphincters by means of genital tubercles at different levels
of the urodaeal cavity, but generally is joined at its most
proximal–dorsal region. The coprodaeum or anal region is
a sphincter that links the distal portion of the intestinal tract
to the ventral region of the cloaca; generally this sphincter
receives the urinary bladder. The latter is ventrally located
and opens into the coprodaeum or in the proctodaeum. The
proctodaeum is the most distal portion of the cloaca; it
follows the posterior urodaeum and can have secretory
glands. The ureters open separately at different levels of the
posterior urodaeum or more distally to the proctodaeum.

The shape of the anterior urodaeum varies; it can be simple
or bifid, according to the extension of the two prolongations
(urodaeal horns) connected to the vaginal sphincters
(extended urodaeal horns – known as bifid urodaeum,
Fig. 1B, or not extended – known as not bifid urodaeum
Fig. 1C). The histological features of these urodaeal horns
can be maintained in the common cavity of the anterior
urodaeum or can change in the anterior urodaeum, the
posterior urodaeum or more distally in the proctodaeum. The
posterior urodaeum can also be simple or bifid, depending
on whether anterior urodaeal horns converge to form a
simple urodaeal cavity in its posterior region (Fig. 1D). The
posterior region of the vagina can be inserted in the anterior
region of the urodaeal cavity opening inside it, forming
extended genital tubercles (Fig. 1E), or joined to the urodaeum
without forming extended genital tubercles (Fig. 1F). The
position of the intrusion of the vagina inside the urodaeal
horns can be central, when the vaginal tube is completely
surrounded by the urodaeal cavity, or lateral, when the vaginas
ingress laterally in the anterior urodaeum. Also, the vaginal
end can connect to the cloacal urodaeum ventrally or dorsally.

Table 1 Character matrix of the studied species

Taxon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Crotaphytidae
Gambelia wislizenii 1 0 0 – 1 1 0 – – 1 0 0 ? ? ?
Phrynosomatidae
Sceloporus adovae 1 0 0 – 1 1 1 1 1 1 0 0 0 2 0
S. cozumelae 1 0 0 – 1 1 0 – – 1 0 0 1 2 1
S. horridus 1 0 0 – 1 1 0 – – 0 – 0 1 ? 1
Polychrotidae
Polychrus marmoratus 1 0 1 0 1 0 0 – – 1 1 0 0 2  0
Liolaemidae
Liolaemus albiceps 1 1 0 – 1 0 0 – – 0 – 0 1 2  0
L. quilmes 1 0 0 – 1 0 1 1 1 0 – 0 0 ?  0
Tropiduridae
Tropidurus etheridgei 1 1 0 – 1 0 1 1 0 0 – 0 1 2 0
Xantusiidae
Xantusia vigilis 0 – 0 – 1 1 0 – – 0 – 0 1 2 0
Gekkonidae
Gonatodes albogularis 1 1 1 1 1 0 1 1 1 0 – 0 1 ? 1
Coleonyx variegatus 1 1 1 1 1 1 1 1 1 0 – 1 1 ? 0
Thecadactylus rapicauda 1 1 1 1 1 1 1 1 1 0 – 0 1 ? 1
Teiidae
Cnemidophorus lemniscatus 1 0 1 1 0 0 0 – – 1 1 – 0 2 1
Scincidae
Mabuya sp. 0 – 1 1 1 1 1 1 1 0 – 0 0 2 0
Eumeces copei 1 1 1 1 1 1 1 1 1 0 – 1 0 ? 1
Anguidae
Barisia imbricata 1 0 1 1 1 0 1 1 1 0 – – 1 2 1
Xenosauridae
Xenosaurus newmanorum 1 1 1 1 0 0 1 1 0 1  0 1 0 ? 1
Colubridae
Atractus sp. 1 1 1 1 0 1 0 – – 1  0 – 0 ? 1

‘–’ denotes not applicable characters; ‘?’ denotes unknown character but applicable.
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Histology of the vaginal–cloacal complex

Utero-vaginal region.

 

The transitional region between the
uterus and the vagina is the distal uterine zone where some
of the uterine features change. Thus, in the oviparous spe-
cies, it is the zone where the shell glands disappear (they are
abundant in the uterus), and in the viviparous species (in
which shell glands are few) it is the zone where the connective
tissue is thinned and most of the luminal epithelial cells are
ciliated (Fig. 2A) (mostly secretory in the uterus). In general,
the mucosa of this region is folded; the folds are irregular in
size and shape. Sperm storage structures (Fig. 2B) were
found in some species, located in the basal portion of these
folds. They are deep pockets lined by a simple secretory epi-
thelium of cuboidal cells. Some sperm storage structures
were empty, while others were full of sperm with their heads
directed in an orderly manner toward the bottom of the
structure.

 

Vagina.

 

The vaginal mucosa has tall, thick folds that are
lined with a ciliated simple columnar epithelium with some
dispersed non-ciliated cells (Fig. 2C). These latter cells are
abundant and caliciform only in 

 

Xenosaurus newmanorum

 

(Fig. 2D). The loose connective tissue is enveloped by a very

thick inner layer of circular muscle that forms the vaginal
sphincter in the posterior region, and by an outer, very thin
layer of longitudinal muscle. The latter is not found properly in
the vaginal sphincter. The histological features of the mucosa
change abruptly when the vaginas ingress to the cloaca at the
anterior urodaeum. Only in 

 

Atractus

 

 sp., is there a short tran-
sitional region with a simple and very high epithelium with
columnar ciliated cells that posteriorly lose their cilia.

 

Cloaca.

 

The anterior urodaeum has a wide lumen with low,
thick folds. These are lined with a stratified epithelium with
a superficial layer of secretory cuboidal or columnar cells
(Fig. 3A). Only 

 

Atractus

 

 sp. shows a simple non-ciliated epi-
thelium with very high cells, most of which have a central
nucleus; dispersed among the tall cells are a few ciliated cells
with eosinophilic granules at their basal regions, which dis-
place the nuclei to the apex of the cells (Fig. 3B). In most of
the species, the subjacent loose connective tissue possesses
somewhat developed urodaeal glands; these are exocrine
glands extending from orifices on the oviductal surface
(Fig. 3C,D). The mucosa is enveloped by an inner layer of
circular muscle and an outer layer of longitudinal muscle
(the latter can be absent in some specimens), both thinner
than in the vaginal sphincter. In some specimens, bundles of

Fig. 1—Cloacal cavity. —A. Diagram of the 
vaginal–cloacal complex (modified from 
Gabe and Saint-Girons (1965). —B. Bifid 
urodaeum (e.g. Polychrus marmoratus). 
—C. Not bifid urodaeum (e.g. Xantusia 
vigilis). —D. Bifid posterior urodaeum 
(e.g. Cnemidophorus lemniscatus). 
—E. Intrusion of the vaginal tube into the 
urodaeum (e.g. Mabuya sp.). —F. No 
intrusion of the vaginal tube into the 
urodaeum (e.g. Gambelia wislizenii). 
au, anterior urodaeum; cu, urodaeal corns; 
ov, oviduct; p, proctodaeum; pu, posterior 
urodaeum; tg, genital tubercle; tvi, intrusion 
of the vaginal tube; u, urodaeum; 
unb, not bifid urodaeum.
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striated muscle were observed externally surrounding this
cavity. At the medial portion of the anterior urodaeum, the
muscular layer is thinned and the number of layers of the
stratified epithelium and the number of glands increase.
Table 2 shows the variation among species observed in this
region.

The urodaeal glands could be simple or complex.
Complex urodaeal glands are found for example in 

 

Tropidurus

etheridgei

 

 (Fig. 3D)

 

.

 

 In this species, the glands are constituted
of many alveolar structures lined with polyhedral cells with
abundant eosinophilic secretions; alveoli are located in the
very thick stratified epithelium. The glands open to the lumen
of the distal region of the anterior urodaeum via short ducts
lined with secretory columnar epithelium. At the posterior
end of this region the luminal epithelium has a reduced
number of layers and the glands are fewer, limited to the base

Fig. 2—Utero-vaginal region. —A. Luminal 
columnar epithelium with ciliated and not 
ciliated cells (Mabuya sp.) Scale bar = 25 μm. 
—B. Sperm storage structures (Phenacosaurus 
sp.). Scale bar = 50 μm. —Vagina. 
—C. Luminal simple columnar epithelium 
with ciliated cells (Mabuya sp.). 
Scale bar = 30 μm. —D. Luminal simple 
columnar epithelium with caliciform cells 
(Xenosaurus newmanorum). Scale 
bar = 35 μm. cal c, caliciform cells; 
cc, ciliated cell; ct, connective tissue; 
l, lumen; sst, storage sperm tubule.

Fig. 3—Anterior urodaeum. —A. Luminal 
stratified epithelium (Xenosaurus 
newmanorum). Scale bar = 25 μm. 
—B. Luminal simple epithelium (Atractus 
sp.). Scale bar = 20 μm. —C. Urodaeal 
glands (Xenosaurus newmanorum). Scale 
bar = 40 μm. —D. Urodaeal glands 
(Tropidurus etheridgei). Scale bar = 50 μm. 
an, apical nucleus; cc, columnar cells; 
cn, central nucleus; cm, circular muscle; 
ct, connective tissue; s, secretion; se, simple 
epithelium; ste, stratified epithelium; 
tag, tubulo-alveolar glands; ug urodaeal 
gland; ul, urodaeal lumen.
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of the epithelium. Complex tubuloalveolar glands are also
found in Xenosaurus newmanorum; however, they are located
mainly in the lamina propria of the anterior urodaeum.
Glands are constituted of a simple epithelium of secretory
polyhedral cells; there are accumulated eosinophilic granules
in the lumen of the glands. Some glands cross the epithelium,
forming straight and very long ducts (Fig. 3C). In these ducts,
abundant basophilic material is found, being secreted to the
urodaeal lumen (Fig. 3C). This species shows a complex
urodaeum; the anterior urodaeal horns have several lobules
defined by bands of circular muscle, and all the lobules
converge to the lumen.

The posterior region of urodaeum has a mucosa with thick
folds lined with a stratified epithelium with superficial cells
from cuboidal to squamous (Fig. 4A); the loose connective
tissue is surrounded by an inner layer of circular muscle and

in some species by a very thin outer layer of longitudinal
muscle. This region is evident in seven of 18 studied species.
The variation found in this region is described in Table 3. In
this zone the urodaeal glands disappear except in Gambelia
wislizenii and Xenosaurus newmanorum. Gambelia wislizenii
has urodaeal glands with alveoli immersed in the lamina
propria; the glands are branched tubular, lined with a bi-
stratified epithelium with a very high superficial columnar
cell layer that produces a lighted-sallow secretion (Fig. 4B).
In Xenosaurus newmanorum, alveolar glands in the epithelium
of the posterior urodaeum were observed, but fewer than in
the anterior urodaeum.

The proctodaeum has a mucosa with low, thick folds and
is lined with a stratified epithelium of three to six layers,
the superficial secretory cells change from cuboidal in the
anterior region to squamous in the external junction with the

Table 2 Histological variation found in the anterior urodaeum epithelium

Species No. of epithelial layers Shape of epithelial superficial cells Longitudinal muscle Type of glandular epithelium

G. wislizenii 5 columnar absent no glands
S. gadovae 3–4 cuboidal absent simple columnar
S. cozumelae 5–7 cuboidal absent no glands
S. horridus 5 cuboidal absent no glands
P. marmoratus 7 columnar present no glands
L. albiceps 4–5 columnar absent no glands
L. quilmes 6 columnar to cuboidal absent bi-stratified columnar
T. etheridgei 10–18 cuboidal absent simple cuboidal
X. vigilis 3– 5 columnar to cuboidal present no glands
G. albogularis 5– 8 cuboidal present simple cuboidal
C. variegatus 3–4 cuboidal present simple columnar
T. rapicauda 5–7 columnar to cuboidal present simple columnar
C. lemniscatus 14 cuboidal absent no glands
Mabuya sp. 3 columnar to cuboidal present simple cuboidal
E. copei 4 columnar to cuboidal present simple cuboidal
B. imbricata 2–4 columnar present ?
X. newmanorum 14–24 columnar to cuboidal absent simple columnar
Atractus sp. 1 columnar absent no glands

‘?’ denotes unknown character but applicable.

Table 3 Histological variation found in the posterior urodaeum

Species
No. layers in the 
luminal epithelium

Shape of superficial cells 
in the luminal epithelium Longitudinal muscle Glands

G. wislizenii 7–9 cuboidal to squamous present present
S. gadovae 7 cuboidal ? absent
S. cozumelae 8 cuboidal ? absent
P. marmoratus 18 cuboidal to squamous absent absent
C. lemniscatus 14 squamous ? absent
X. newmanorum 9 columnar to squamous absent present
Atractus sp. 18 cuboidal present absent

‘?’ denotes unknown character but applicable.
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skin (Fig. 4C). The connective tissue is thin and in some
species proctodaeal glands are found (Fig. 4D). The cloacal
glands with an eosinophilic secretion are lined with a simple
epithelium of columnar cells. The mucosa is surrounded by
a very thin layer of circular muscle and bundles of striated
muscle. Table 4 shows the interspecific variation found in
this region. In some individuals, bundles of longitudinal
muscle and paracloacal glands surrounding the procto-
daeum were also observed (Fig. 4E), but external to its
muscular layer. Paracloacal glands are surrounded by abun-
dant connective tissue and bundles of striated muscle. These
glands have simple columnar to cuboidal epithelium and
open to the most distal proctodaeal lumen; the secretion
found in these glands was of both basophilic and eosinophilic
nature. Table 5 shows the interspecific variation found in
the epithelium of the paracloacal glands. Localization of the
paracloacal glands also varies; they are located dorsal to the
proctodaeum or lateroventrally to it. The ureters are joined
dorsally to the distal portion of the cloacal cavity as separate
conduits. These are lined with an epithelium of one or two
layers of high columnar cells and show scant connective tissue
surrounded by a thin layer of circular muscle. The variation
found in the ureters is shown in Table 5.

The coprodaeum is a sphincter (Fig. 5A); the mucosa is
enveloped by a very thick layer of circular muscle and a few
bundles of striated muscle, the longitudinal muscle layer is

absent. In some species, the coprodaeal epithelium changes
with respect to the posterior digestive epithelium, whereas in
others, the coprodaeal epithelium is similar to that of the
posterior intestinal duct. In those species with variation, the
intestinal epithelium is secretory columnar with abundant
high caliciform cells, whereas in the coprodaeum it is a
stratified epithelium with columnar to cuboidal apical cells
(Fig. 5B). The number of layers and the form of the apical
cells in this epithelium vary; also the width of the coprodaeal
sphincter is variable among the studied species. In Xantusia
vigilis, two epithelia were observed in the coprodaeal region:
a simple epithelium of low columnar cells in the anterior por-
tion, and a stratified epithelium of three strata with superficial
cuboidal cells in the distal region. The variation found in this
region is described in Table 6.

All studied specimens have a urinary bladder except the
colubrid. In Sceloporus gadovae and Cnemidophorus lemniscatus,
it was not clearly observed possibly because of errors in
dissection or because it is very reduced and hard to find.
The epithelium of the urinary bladder varies from a simple
columnar epithelium to a stratified (or pseudostratified)
columnar epithelium with ciliated and non-ciliated cells
(Fig. 5C,D). In Xenosaurus newmanorum this epithelium is
complex; it is simple with tall columnar cells of elongated
nuclei located at different levels, and among these cells, there
are columnar ciliated cells with apical nuclei (Fig. 5D). In

Fig. 4—Posterior urodaeum. —A. Luminal 
epithelium (Phenacosaurus sp.). Scale 
bar = 55 μm. —B. Bistratified epithelium of 
branched tubular glands (Gambelia 
wislizenii). Scale bar = 30 μm. be, bistratified 
epithelium; cc, columnar cell; ct, connective 
tissue; sc squamous cells; se, stratified 
epithelium; tg branched tubular gland. 
—Proctodaeum. —C. Luminal epithelium 
(Tropidurus etheridgei). Scale bar = 20 μm. 
—D. Proctodaeal gland (Sceloporus horridus). 
Scale bar = 50 μm —E. Diagram of 
paracloacal glands (T. etheridgei). cg, cloacal 
glands; cm, circular muscle; ct, connective 
tissue; l, lumen; p, proctodaeum; 
pg, paracloacal glands; sc, squamous cells; 
ste, stratified epithelium.
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Polychrus marmoratus the mucosa is folded and lined with a
stratified epithelium of three strata of cuboidal cells; at the
base of the folds, the epithelium is columnar bi-stratified,
whereas in the region near to the junction with the copro-
daeum, the epithelium has 12 layers of cuboidal to squamous
cells in the superficial cell layer. The connective tissue is

scarce and is surrounded by a very thin layer of circular
muscle. In Xantusia vigilis, Gonatodes albogularis and Coleonyx
variegatus a very thin layer of longitudinal muscle was also
observed. The urinary bladder can be joined to the copro-
daeum or to the proctodaeum. Table 6 shows the variation
observed in the urinary bladder.

Definition of characters

The following cloacal characters were defined:
1 Shape of urodaeum: (0) non-bifid (Fig. 1C); (1) bifid

(Fig. 1B). Two horn-like prolongations in the anterior
region of the urodaeal cavity that join to each vaginal
sphincter.

2 Histological features of the horns in the bifid urodaeum similar
to the common anterior urodaeum: (0) the histological
features of the urodaeal horns are not conserved when
both horns join in a common cavity; (1) the histological
features of the urodaeal horns are conserved when both
horns join in a common cavity.

3 Intrusion of the vaginal tube into the urodaeum: (0) absent
(Fig. 1F); (1) present (Fig. 1E). Absent if the vaginal
sphincters finish in the junction with urodaeal region
without penetrating the urodaeal cavity. Present if the
vaginal tube is evidently intruded into the anterior region
of the urodaeal cavity. The vaginal intrusion is named by
Gabe and Saint-Girons (1965) as ‘prominent genital
tubercle’.

4 Place of the vaginal intrusion into the anterior urodaeal
chamber: (0) central intrusion (Fig. 6A); (1) lateral
intrusion (Fig. 6B). The intrusion is central when the

Table 4 Histological variation found in the proctodaeum

Species

Luminal epithelium Muscular layer Cloacal glands

No. layers Superficial cells Type of glands Type of epithelium

G. wislizenii ? ? ? ? ?
S. gadovae 3 squamous circular–striated absent –
S. cozumelae 4 squamous circular crypts simple columnar
S. horridus 6 squamous circular–longitudinal crypts columnar
P. marmoratus 2–3 columnar–squamous circular–striated absent –
L. albiceps 3–5 squamous circular–striated crypts bi stratified columnar
L. quilmes 3–4 squamous circular–striated absent –
T. etheridgei 3–4 cuboidal–squamous circular acinar simple columnar
X. vigilis ? squamous circular–striated crypts simple columnar
G. albogularis 3 cuboidal circular–striated crypts simple columnar
C. variegatus 4 cuboidal–columnar circular–longitudinal crypts simple columnar
T. rapicauda 2 columnar–cuboidal circular–striated acinar simple columnar
C. lemniscatus 7 cuboidal circular absent –
Mabuya sp. 2 columnar circular–striated absent –
E. copei 2–3 columnar–cuboidal circular–striated absent –
B. imbricata 4–6 squamous circular–longitudinal crypts ?
X. newmanorum 3 squamous circular–striated absent –
Atractus sp. 9–6 columnar–squamous circular–striated absent –

‘?’ denotes unknown character state; ‘–’ denotes inapplicable character.

Table 5 Histological variation found in the epithelium of paracloacal 
glands and epithelium of ureters

Species
Epithelium of 
paracloacal glands Epithelium of ureters

G. wislizenii ? ?
S. gadovae absent ?
S. cozumelae simple columnar ?
S. horridus simple cuboidal ?
P. marmoratus absent simple columnar
L. albiceps absent simple columnar
L. quilmes absent ?
T. etheridgei absent bi stratified columnar
X. vigilis absent ?
G. albogularis simple columnar ?
C. variegatus absent ?
T. rapicauda simple cuboidal ?
C. lemniscatus ? bi stratified columnar
Mabuya sp. absent simple columnar
E. copei simple columnar ?
B. imbricata simple cuboidal ?
X. newmanorum simple columnar ?
Atractus sp. ? ?

‘?’ denotes unknown character state; ‘–’ denotes inapplicable character.
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vaginal tube is completely surrounded by the urodaeal
cavity or it is lateral when the vaginal tubes intrude
laterally to the urodaeal cavity.

5 Position of the vaginal tube on the horizontal axis of the
urodaeum: (0) ventral (Fig. 6C); (1) dorsal (Fig. 6D).
Place of the junction of the vaginal tube on the horizontal
axis of the anterior urodaeal cavity.

6 Place of vaginal tube regarding the middle line of the body:
(0) central (Fig. 6E); (1) lateral (Fig. 6B). The vaginal
tube is central when it is oriented toward the middle line
of the body, and is lateral when it is toward the sides of
the body.

7 Urodaeal glands: (0) glands in the anterior urodaeum
absent; (1) glands in the anterior urodaeum present.

Fig. 5—Coprodaeum and urinary bladder. 
—A. Coprodaeal sphincter (Tropidurus 
etheridgei). Scale bar = 380 μm. 
—B. Coprodaeal luminal epithelium 
(Gambelia wislizenii). Scale bar = 40 μm. 
—C. Urinary bladder (Xenosaurus 
newmanorum). Scale bar = 110 μm. 
—D. Luminal epithelium of the urinary 
bladder (Xenosaurus newmanorum). Scale 
bar = 40 μm. c, coprodaeum; ce, columnar 
epithelium; cl, apical columnar layer of a 
stratified luminal epithelium; cm, circular 
muscle; ct connective tissue; l, lumen; 
ste, stratified epithelium; u, urodaeum; 
ub, urinary bladder.

Table 6 Histological variation found in the coprodaeum and epithelia of the urinary bladder

Species

Coprodaeum 
Luminal epithelium 
No. layers Shape of superficial cells

Width of the sphincter 
Urinary bladder 
Luminal epithelium 
No layers Shape of superficial cells

G. wislizenii 3–8 columnar not prominent 8 cuboidal
S. gadovae 8 cuboidal not prominent ? ?
S. cozumelae 4 columnar to cuboidal not prominent 2 ciliated columnar
S. horridus 4 columnar to cuboidal not prominent 3 columnar
P. marmoratus 10 squamous prominent 3 cuboidal
L. albiceps 2 columnar very prominent 1 ciliated and not ciliated, columnar
L. quilmes 2 columnar very prominent 2 ciliated columnar
T. etheridgei 2 high columnar very prominent 1 columnar
X. vigilis 1–3 columnar to cuboidal not prominent 2 columnar
G. albogularis 3 columnar prominent ? ciliated and not ciliated columnar
C. variegatus 1 columnar prominent 2 ciliated columnar
T. rapicauda 2 columnar prominent 1 simple
C. lemniscatus 2 columnar to cuboidal not prominent – –
Mabuya sp. 2 columnar not prominent 2 ciliated columnar
E. copei ? ? ? 2 ciliated columnar
B. imbricata 1 columnar not prominent – –
X. newmanorum 5 columnar to cuboidal prominent 1 columnar
Atractus sp. 2 columnar not prominent – –

‘?’ denotes unknown character state; ‘–’ denotes inapplicable character.
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8 Type of glands in the anterior urodaeum: (0) simple glands;
(1) compound glands. The anterior urodaeal glands are
simple when they are located at the bottom of the
epithelial folds and are connected to the superficial
epithelium by a simple duct; the anterior urodaeal glands
are complex when the glands are located in the connective
tissue or in the bottom of the luminal epithelium and the
excretory ducts are branched.

9 Position of the glandular unit in the anterior urodaeum: (0)
intraepithelial, among the epithelial layers at the bottom
of the epithelium (Fig. 3D); (1) glands in the connective
tissue; (2) glands both in the epithelium and in the
connective tissue.

10 Posterior urodaeum: (0) absent; (1) present. Absence or
presence of the urodaeal region that has a mucosa with
thick folds lined with a stratified epithelium with
superficial cells from cuboidal to squamous.

11 Shape of posterior urodaeum: (0) non-bifid; (1) bifid. This
character is defined by the typical stratified epithelium
that lines the posterior urodaeum. Thus, if this epithelium
just appears at the posterior common chamber of the
cavity, the posterior urodaeum is not bifid. The posterior
urodaeum is bifid (Fig. 1D) when its stratified epithelium
lines the posterior region of the horns. The horns of the
bifid urodaeum are deeply prolonged into the posterior
urodaeum.

12 Place of junction of the urinary bladder to the cloaca: (0) the
urinary bladder empties in the coprodaeum; (1) the
urinary bladder empties in the proctodaeum.

13 Proctodaeal glands: (0) absent; (1) present. Absence or
presence in the connective tissue of glands with an
eosinophilic secretion and lined with a simple epithelium
of columnar cells.

14 Place of junction of the ureters to the cloaca: (0) in the
anterior urodaeum (near the genital tubercle); (1) in
posterior urodaeum (near the anal sphincter); (2) in the
proctodaeum.

15 Paracloacal glands: (0) absent; (1) present. Absence or
presence of glands surrounding the cloacal aperture, and
outside the proctodaeal sphincter (Fig. 4E).

Cladistic analysis

Our matrix (Table 1) using linear parsimony is not informa-
tive regarding relationships among these species; the final
topology is basically unresolved. In the analysis of the modified
data matrix of Lee (2000) (Table 2), using unordered char-
acters, we obtained four trees (length = 318, consistency
index = 0.55, retention index = 0.60), and using ordered
characters we obtained two trees (length = 328, consistency
index = 0.53, retention index = 0.59). The strict consensus
of the analyses of Matrix 2 is shown in the Fig. 7. Here, we

Fig. 6—Diagram of the character states in 
Squamate cloaca. —A. Central intrusion of 
the vagina into the anterior urodaeal chamber 
(e.g. Polychrus marmoratus). —B. Lateral 
intrusion of the vagina into the anterior 
urodaeal chamber (e.g. Coleonyx variegatus). 
—C. Dorsal position of the vaginal tube on 
the horizontal axis of the urodaeum 
(e.g. Mabuya sp.). —D. Ventral position of 
the vaginal tube on the horizontal axis of the 
urodaeum (e.g. Cnemidophorus lemniscatus). 
—E. Central position of the vaginal tube on 
the vertical axis of the urodaeum 
(e.g. Gonatodes albogularis). au, anterior 
urodaeum; c, coprodaeum; k, kidney; 
u, urodaeum; uc, urodaeal horn; v, vagina.
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follow the terminology used by Lee (2000) for the clades.
There are no mutually incompatible clades between the two
analyses, but there are differences between the two topologies
because of the resolution of a given group in each topology.
1 In the strict consensus of the unordered-characters analysis

(Fig. 7A), Scleroglossa and Nyctisaura are unresolved. In
the strict consensus of the ordered-characters analysis
(Fig. 7B), the relationships within Scleroglossa are
[Anguimorpha (Scincomorpha Nyctisaura)] and in
Nyctisaura [Gekkota (Xantusidae Annulata)].

2 In Thecoglossa, in the ordered-characters analysis, the
relationships are unresolved, while in the unordered-
characters analysis the relationships are resolved as
[Serpentes (Varanus Lanthanotus)].

Character mapping

The characters that behave as synapomorphies under any
reconstruction (see Table 7, Fig. 7C) are: the bifid urodaeum
[character 1, state (1)], the lateral position of the vaginal
intrusion into the anterior urodaeal chamber [4(1)], and the

presence of glands in the anterior urodaeum [7(1)]. The last
character [7(1)] behaves as synapomorphy for distinctive
groups, depending on the optimization used (actran or
deltran). The characters, conservation of the histological
features of the urodaeal horns when both horns join in a
common cavity [2(1)] and bifid posterior urodaeum [11(1)],
behave as synapomorphies using actran with the ordered or
unordered characters. The character state junction of the
ureters to the cloaca in the proctodaeum [14(2)] behaves as
synapomorphy using actran with both ordered and unordered
characters and using deltran with unordered characters.
The simple glands in the anterior urodaeum [8(0)] behave as
a synapomorphy using actran with ordered characters.
The following cloacal characters behave as autapomorphies for

Iguanidae: the central position of the vaginal intrusion into
the urodaeal chamber [4(0)], and the intraepithelial
position of the glandular unit in the anterior urodaeum
[9(0)]. For the analysis, the iguanid species were collapsed
into a monophyletic terminal taxon conventionally termed
as ‘Iguanidae’ (see Harris et al. 2001; Vidal and Hedges
2004; they have provided strong molecular evidence for

Fig. 7—Topologies obtained in this work. 
—A. Strict consensus of the unordered-
characters analysis (length = 318, 
consistency index = 0.55, retention index 
= 0.60). —B. Strict consensus of the 
ordered-characters analysis (length = 328, 
consistency index = 0.53, retention index 
= 0.59). —C. Groups and cloacal 
synapomorphies defined. The numbers inside 
parentheses denote character and state of the 
synapomorphies [character , state()].
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the monophyly of the iguanids). The analyses defined
independent gains in the characters: the absence of
intrusion of the vaginal tube into the urodaeum [3(0)]; the
ventral position of the vaginal tube on the horizontal axis
of the urodaeum [5(0)]; the central position of vaginal
tube on the vertical axis of the urodaeum [6(0)]; the
presence of posterior urodaeum [10(1)]; the absence of
proctodaeal glands [13(0)]; the junction of the ureters
with the cloaca in the first half of the urodaeum (near the
genital tubercle) [14(0)]; the absence of paracloacal
glands [15(0)]; and the absence of urinary bladder
[16(0)].

Discussion

Cloacal morphology

According to Blackburn (1998), the squamates show an
interspecific variation in their oviductal morphology and this
variation may have phylogenetic or functional significance.
He observed that the distinction among separate oviductal
regions seems to reflect histology and inferred function more
than gross morphology; consequently, these divisions that
are recognizable grossly do not always correspond to histo-
logical divisions. In the same sense, using histology to delimit
the vaginal–cloacal regions in several species of Squamata,
we found a high variation in the internal cloacal morphology
and described topological and histological characters that
might have an interesting functional significance, and can be
used in phylogenetic analyses.

Uterus–vagina transition. The histological features here
observed in the uterus–vagina transition region correspond
to those described by Conner and Crews (1980) and Perkins
and Palmer (1996) as anterior vagina. In this region, seminal
receptacles were found in most of the examined species.
Seminal receptacles or sperm storage tubules (SST) are
crypts formed by mucosal folds or short ciliated tubules
formed by invaginations of the luminal epithelium
(described by several authors: Ludwing and Rahn 1943; Fox
1963; Cuellar 1966; Conner and Crews 1980; Halpert et al.
1982; Adams and Cooper 1988; Perkins and Palmer 1996;
Girling et al. 1997; Blackburn 1998; Sever and Ryan 1999).

Cuellar (1966), Halpert et al. (1982) and Sever and Ryan
(1999) found two regions where SSTs occur in lizards and
snakes, at the junction of the infundibulum and uterus and
in furrows or glands in the vaginal mucosa. In reptiles, these
crypts are the continuation of the oviductal lining and
appear to be unspecialized for sperm storage (Sever and
Hamlett 2002). Besides their simple morphology, the
observation of SST is related to reproductive condition.
Thus, although in recently copulated females, abundant
sperm can be found in the oviductal lumen and inside crypts
or pockets of epithelial folds (Halpert et al. 1982; Guillette
and Jones 1985; Sever and Hopkins 2004), their occurrence
is not evidence of a functional sperm storage structure.
Similarly, in non-reproductive females, SST could not be
observed; however, this does not mean that SSTs are absent
in females of these species, because these structures are only
evidenced if they are actually storing sperm.

In all the studied species in which SST were observed and
recognized by the presence of sperm bundles, they were
located in the uterus–vagina transitional region. This local-
ization was also observed by Cuellar (1966), Conner and
Crews (1980) and Shanthakumari et al. (1990). Adams and
Cooper (1988), however, suggested that in most squamates,
the SSTs are located in the vagina, and Sever and Hopkins
(2004) described them in the posterior vagina of a skink.
These differences might be a result of the variable nomina-
tion of oviductal zones used by researchers. Sever and Hamlett
(2002) proposed that the ancestral condition for squamates
was SSTs in the infundibulum and the uterovaginal SSTs
were secondarily derived. However, we agree with Sever and
Hopkins (2004) that too few species have been examined to
construct a rigorous phylogenetic hypothesis about the
occurrence of sperm storage tubules in squamates.

Vagina. A mucosa with a simple epithelium of ciliated
columnar cells and few non-ciliated cells, and a wide muscular
layer forming a sphincter that separates the reproductive
tract from the cloaca characterize the vagina of the studied
squamates. Only in Xenosaurus newmanorum were large
caliciform cells observed alternating with ciliated cells in the
vaginal epithelium. For snakes, we observed a very high
secretory epithelium with ciliated and mostly non-ciliated
columnar cells, the same observation as Gabe and Saint-

Table 7 Characters behaving as synapomorphies

Optimization Group Unordered ACCTRAN Ordered DELTRAN Unordered Ordered

Squamata 1(1), 2(1), 7(1) 1(1), 2(1), 7(1) 1(1) 1(1)
Scleroglossa 4(1) 4(1) 4(1), 7(1) 4(1), 7(1)
Scincomorpha 11(1), 14(2) 14(2) 14(2) –
Xantusidae + Annulata * 8(0) * –
Nictisaura + Scincomorpha * 11(1) * –

The character state in parenthesis (see Definition of characters in the text).
*Absent group in the topology; ‘–’ there are no synapomorphies for the group.
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Girons (1965) in several other snake species, suggesting that
this epithelium is slightly different from that found in lizards,
in which ciliated cells predominate and consequently the
secretory activity is lesser than in snakes.

There were no histological differences along the vaginal
tube that suggested zoning this region. This description is
similar to those made by Adams and Cooper (1988) and
Girling et al. (1997). In contrast, Cuellar (1966) zoned the
vagina based on the changes of muscle width, vaginal diameter
and number and height of the epithelial folds. However,
we observed that these features are related to maturity,
reproductive stage, and even to the treatment of samples.
Also, Noble and Greenberg (1942), Fox (1977), Trauth et al.
(1987) Uribe et al. (1988), Ramírez-Pinilla et al. (1989),
Whittier et al. (1994) and Sever and Ryan (1999) described
vaginal regions delimited by histological disposition.
Analysing their descriptions and according to our results, the
zones described by these authors correspond to contiguous
structures such as uterus and cloaca. Thus, we consider that
the vagina in squamates is simple and has particular and
delimited features shared by all the studied species.

Vaginal–cloacal junction. Both oviducts open separately into
the cloacal urodaeum, as Blackburn (1998) observed in his
review on the squamate oviduct. However, there are reports
of species in which the oviducts are distally joined in a
common tube that is continuous with the urodaeum (as in
Elgaria multicarinata Anguidae, Blackburn 1998; Gerrhonotus
liocephalus and Cnemidophorus gularis Teiidae, Brooks 1906;
cited in Blackburn 1998). In species of the same families,
Anguidae (Ophisaurus compresssus, Blackburn 1998; Anguis
fragilis, Raynaud and Pieau 1985; Barisia imbricata, in this
study and Teiidae (Cnemidophorus lemniscatus in this study),
separate oviducts were found opening to the urodaeum, as in
most of the squamates. Therefore, the occurrence of a distal
common oviductal channel in some squamates must be
carefully evaluated. Raynaud and Pieau (1985), describing
the cloacal development of Anguis fragilis, found that the
oviducts open separately into the cloacal urodaeum. They
found that the displacement of the Müllerian ducts to each
side of the cloacal cavity avoided the formation of a common
channel; therefore, at the end of its development, the posterior
end of each duct separately opens into the urodaeal cavity.
During development, the Müllerian duct makes contact
with the dorsal wall of the urodaeum, which extends progres-
sively toward its dorsal–anterior region. This extension can
be deep or can be a simple contact between both tubes. When
the extension is prominent, the vagina forms a tube that
intrudes on the anterior region of the urodaeum, forming the
‘salient genital tubercle’ described by Gabe and Saint-Girons
(1965). When there is not a vaginal intrusion in the uro-
daeum, these authors named the feature as ‘not salient genital
tubercle’. Furthermore, we also found two different disposi-
tions of this intrusion: The central intrusion only found in
Polychrotidae and the lateral intrusion observed in the rest of

the families with this feature. Although other authors reported
the vaginal intrusion (Trauth et al. 1987; Fig. 1A page 460), they
did not describe the variation in the intrusion position. The
families Crotaphytidae, Phrynosomatidae, Tropiduridae,
Liolemidae and Xantusiidae did not show vaginal intrusion
and Gabe and Saint-Girons (1965) reported its absence in
Lacertidae. The presence, absence and variation in position of
the intrusion, seem to be defined during the cloacal develop-
ment when the urodaeum and the Müllerian duct fuse.

Cloaca. The cloacal descriptions for archosaurian reptiles
(crocodiles, Kuchel and Franklin 2000; birds Oliveira et al.
2004) indicate that it is a simple tubular structure divided
into three contiguous compartments delimited by two
sphincters that separate proximally the urodaeum from
the coprodaeum and distally, the urodaeum from the
proctodaeum. For several species of birds Oliveira et al.
(2004) described the location of the ureteral openings into
the cloaca and the variation in cloacal shape among birds.
Cloacal topology in squamates differs from that in the
Archosauria. In squamates, a urodaeal sphincter is absent,
the coprodaeum has a sphincter that separates the gut from
the urodaeum; furthermore, urodaeum and coprodaeum
run parallel and the coprodaeum ends joining ventrally to the
urodaeum.

The available descriptions of the cloaca in squamates are
based on the work of Gadow (1887); he zoned the cloaca by
external anatomical features and not by histology (Gabe and
Saint-Girons 1965). Although we defined cloacal regions
based on histological features, as Gabe and Saint Girons did,
we found some differences in the designation and delimitation
of the cloacal regions.

Urodaeum. Gabe and Saint-Girons (1965) divided the
urodaeal cavity into two regions on a vertical axis, according to
the joined duct. The first region is the ventral urodaeum or
anal region in which the coprodaeum opens, and the second
region is the dorsal urodaeum (genital sinus) where the
oviducts open. We found that in the horizontal axis, urodaeal
regions can be delimited according to histological features in
a similar way. The anterior urodaeum (urodaeum–vaginal
junction) have an epithelium with only a few layers of cuboidal
to columnar superficial cells, and the posterior urodaeum
(where the coprodaeum joins) has a stratified epithelium with
cuboidal to flat superficial cells.

The urodaeum could be simple or bifid. We found the bifid
urodaeum in most of the families studied and our observations
agree with those of Trauth et al. (1987) (in Scincidae) and
Gabe and Saint-Girons (1965) (in Polychrotidae, Gekkonidae
and Teiidae). Inger and Marx (1962) described variation in
the shape of the cloaca in different populations of Calamaria
lumbricoidea. The bulb-shaped cloaca and the cloaca with two
lobules described by these authors could correspond to the
simple urodaeum and to the bifid urodaeum features, respec-
tively. Information about the urodaeal cavity in snakes is
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scarce and the intrapopulation variability obliges us to study
more evidence in this group.

According to the description of cloacal development in
Anguis fragilis by Raynaud and Pieau (1985) the urodaeum
is bifid when the urodaeal cavity is bilobulated and elongated
at its anterior end. The allantois is located between the lobules
and avoids the expansion of the urodaeum in the central
region where there is no prolongation while each lobule
lengthens to develop a urodaeal horn. In the development of
the non-bifid urodaeum, seemingly the prolongation of the
lobules of the anterior end is less than in the bifid urodaeum
or it is absent.

The luminal epithelium of the urodaeum is secretory in all
the species studied, although it is more evident in reproductive
females. In lizards, the stratified epithelium has superficial
layers that secrete to the lumen; the type of secretion seems
to be from apocrine to holocrine. According to Gabe and
Saint-Girons (1965), this secretion corresponds to acid
mucopolysaccharides that stain positively for periodic acid
Schiff and Alcian blue. For female snakes, the available
descriptions of the anterior urodaeum [Morelia spilotes
(Booidea), Cerastes vipera (Viperidae) and some colubrids by
Gabe and Saint-Girons 1965; Conopsis lineata, Uribe et al.
1998; and Atractus sp., in this study] described a mucosa with
an evident, very high simple columnar secretory epithelium
different from the stratified epithelium found in non-snake
squamates. The zone lacks other multicellular mucosal
glands (except in Conopsis lineata where small glands are
described during vitellogenesis) and it is found only in
females, because in males this epithelium is stratified (Gabe
and Saint-Girons 1965). This epithelium could be a synapo-
morphy for snakes; however, only a few species have been
studied and descriptions on other snake families are
unknown. This simple epithelium of the snake anterior uro-
daeum is similar to the pseudostratified epithelium described
in the cloaca of Crocodylus porosus (Kuchel and Franklin
2000). For this crocodile, these authors suggested a capacity
for transepithelial water and ion exchange; thus, they propose
the urodaeum as the primary site for post-renal modification
of urine in this species. For birds and bladderless lizards, the
coprodaeum and the lower intestine are recognized as being
the primary sites for post-renal modification of urine (Gold-
stein and Skadhauge 2000; Kuchel and Franklin 2000). In
most of the examined avian species, the urodaeum and the
coprodaeum showed a simple columnar epithelium usually
with absorptive and goblet cells (Oliveira et al. 2004). Since
crocodilians, birds and snakes lack a urinary bladder, in
snakes this urodaeal epithelium could have a similar absorp-
tive function. However, also in lizards (including those with
reduced urinary bladder) where the urodaeal epithelium is
stratified and secretory, Minnich (1982) suggested that
the urine is excreted into the cloaca where the water is
reabsorbed, because there is a minimal vascularization in the
urinary bladder, and because the transitional epithelium of
relatively undifferentiated cells in the urinary bladder does

not reabsorb water (Stegbauer 1979). On the other hand,
recently, DeNardo et al. (2004) found that evaporative water
loss by the cloaca is crucial for thermoregulation in the gila
monster Heloderma suspectum. Thus, the physiological role of
these different urodaeal epithelia in snakes and lizards is not
clear. Since this character is sexually dimorphic in snakes, it
is possible to suggest a function related to reproduction.

A secretory stratified epithelium is found in the posterior
urodaeum of squamates (this region was named as ‘posterior
portion of the oviductal–cloacal junction’ by Uribe et al.
1998). In snakes, Gabe and Saint-Girons (1965) and Uribe
et al. (1998) found that the secretions stain positively for
periodic acid Schiff, likewise the stain of the gelatinous
matrix (mating plugs) that was found in vaginal lumen of
Conopsis lineata. Therefore they suggest that this epithelium
could be involved in the secretion of some materials that
constitute the mating plug. It is interpreted as an adaptation
of sexual selection obstructing the cloaca to avoid the entry
of the sperm of other males and/or reducing attraction and
reception of the female and avoiding later mating (Shine et al.
2000). In spite of the previous studies, the function of the
epithelia that line the anterior and posterior urodaeum in
squamates and other reptiles is still not well-known, further
research of additional information about these epithelia and
their functions are of considerable interest.

Urodaeal glands. Multicellular urodaeal glands in the studied
species were simple tubular or alveolar, except in Xenosaurus
newmanorum, where compound alveolar and branched
tubular glands were observed. Gabe and Saint-Girons
(1965) also described the urodaeal glands as branched
tubular glands, and in most of the species the authors also
reported simple crypts formed by the epithelial folds that
were not considered as glands. We observed several glands in
the anterior urodaeum of most of the lizard species and these
were absent in the colubrid; these glands can be observed
also in the posterior urodaeum of Gambelia wislizenii and
Xenosaurus newmanorum. These observations are similar to
those of Gabe and Saint-Girons (1965); they observed
numerous glands near to the ‘genital sinus’ and a few in the
urodaeal distal end. The compound urodaeal glands
immersed in the multi-layered epithelium observed in
Tropidurus etheridgei are not reported in the cloacal region in
the literature.

Although Gabe and Saint-Girons (1965) studied the squa-
mate cloaca of males and females, they did not discuss sexual
differences in the abundance or morphology of the urodaeal
glands. They did not find a pattern of presence or absence of
these glands related to the species or sex; thus, in some
species they found urodaeal glands in females but not in the
males, and in other species they found that they were present
in both sexes. Since we found that urodaeal glands are hyper-
trophied in reproductive females, and are specially developed
in some species, it would be very interesting to describe intra-
sexual and intersexual features of these glands associated



Acta Zoologica (Stockholm) 88: 289–307 (October 2007) Sánchez-Martínez et al. • Phylogenetic implications of the cloacal histology

© 2007 The Authors
Journal compilation © 2007 The Royal Swedish Academy of Sciences 303

with reproductive activity. Alblas (2004) studying the cloacal
glands of Cordylus cataphractus found that urodaeal glands are
present only in females and differentiate at sexual maturity.
Urodaeal glands become enlarged in vitellogenic females and
remain active during pregnancy, with glandular activity peaking
around parturition. Thus, they proposed that urodaeal
glands in Cordylus cataphractus have a reproductive function
rather than being for social communication.

Cloacal glands of squamates comprise the urodaeal glands
and the more external proctodaeal (paracloacal and cloacal)
glands. Gabe and Saint-Girons (1965) found some histo-
chemical differences between the secretions of urodaeal and
proctodaeal glands; also these differences were found in the
secretions of cloacal glands among species, reproductive
stages and between sexes. Thus, each type of gland must
have a particular chemical composition and a particular
function in each sex and, according to the morphology,
must be different among species. All of these features related
with their physiology are at present unknown and must be
studied.

Coprodaeum. In the coprodaeal epithelium we found vari-
ability, from a very high columnar simple epithelium with
caliciform cells (typical of posterior gut) to low columnar
stratified epithelium (found in the urodaeum) sometimes
with caliciform cells. Therefore, the coprodaeum is a large
sphincter lined with a transitional epithelium (between the
intestinal and urodaeal epithelia). Similarly, Gabe and Saint-
Girons (1965) described a pseudostratified epithelium with
caliciform cells and three types of coprodaeal simple epithelia
with different staining properties (to periodic acid Schiff and
Alcian blue).

Proctodaeum. In the proctodaeal region we found luminal
epithelia related to the reproductive activity and secretory
function: secretory stratified columnar epithelium, secretory
stratified cuboidal epithelium, and squamous stratified epi-
thelium. These same three epithelia were observed by Gabe
and Saint-Girons (1965). Additionally, there are multicellular
proctodaeal glands. We classified these glands according
to their position in the lamina propria. The glands located in
the mucosa were named cloacal glands, while the glands
located outside the proctodaeal muscle layer were named
paracloacal glands. Gabe and Saint-Girons (1965) described
the histochemistry of the proctodaeal glands (see the differ-
ences between the secretions of females and males in Tables 2
and 3 pp. 251–253, Gabe and Saint-Girons 1965). We found
four different positions of the paracloacal glands around the
proctodaeum: surrounding the proctodaeum (in most spe-
cies), restricted to the sides of proctodaeum (as Thecadactylus
rapicauda), in the dorsal region (as Cnemidophorus lemnisca-
tus), and in the ventral region (as Eumeces copei and Barisia
imbricata). These proctodaeal glands can have a function in
communication. Trauth et al. (1987) cited several studies
that evidence the importance of scent production and secre-

tion by cloacal glands in Eumeces laticeps, E. inexpectatus and
E. fasciatus. These secretions allow sexual discrimination,
thus both sexes of E. laticeps respond to cloacal odours of
conspecifics (Cooper and Vitt 1984); male E. laticeps and
E. fasciatus locate conspecific females by following scent
trails (Cooper and Vitt 1986). Conspecific odours are impor-
tant to both aggressive behaviour and ethological isolation
among the three species (Cooper and Vitt 1987). Moreover,
Edwards et al. (2005) suggested that the products of cloacal or
epidermal steroid metabolism in Tiliqua nigrolutea may carry
information relevant to reproductive condition or identifica-
tion of individuals. In addition to these types of glands, Gabe
and Saint-Girons (1965) also described the anal glands; in
snakes these glands can be well-developed, they are present
at the base of the tail and emit a musk odour as a defensive
behaviour in some species.

The ureters have a simple columnar epithelium and in
some species a few layers of stratified columnar epithelium.
These observed features disagree with the observations of
Gabe and Saint-Girons (1965); they observed pseudo-
stratified epithelia with columnar cells in the ureters of the
females of all Lepidosauria studied. The ureters are individu-
ally joined to the cloacal cavity in all the studied species,
feature also found by Gabe and Saint-Girons (1965). In
contrast, other studies have found that the ureters are joined
to the oviduct (Cnemidophorus and Gerrhonotus Fox 1977; in
Elgaria multicarinata, Blackburn 1998). According to Black-
burn (1998) and Kuchel and Franklin (2000), in most lizards
and snakes the ureters open into the urodaeum; we observed
that the ureteral opening can be located at different levels of
the urodaeum, but was also found in the proctodaeum (in the
families Polychrotidae, Tropiduridae, Xantusiise, Teiidae,
Anguidae, Phrynosomatidae, Scincidae and Liolemidae).
The ureters are not joined to the oviducts nor do they form
common channels in any species. In the studied females of
Anolis, Xantusia and Sceloporus, the opening of the ureters into
the cloaca was in the proctodaeum, whereas in individuals of
these same genera but different species Gabe and Saint-
Girons (1965) reported this opening in the urodaeum. The
ureters are a fine tissue that can be damaged or lost during
the dissection and sample treatment, thus these different
results could suggest a technical problem rather than a
morphological difference among species. However, there is
also variability in this feature in other reptilian groups as in
birds and crocodiles. Differing from most birds, in adult
male Rhea americana and several Tinamus species, the ureters
were found to open into the coprodaeum (Oliveira et al.
2004); and while Kuchel and Franklin (2000) reported in
Crocodylus porosus that the ureters empty into the dorsal wall
of the urodaeum, Oliveira et al. (2004) observed in Caiman
crocodilus that the ureters empty into the coprodaeum. For
Oliveira et al. (2004), this similarity between ancient birds
(ratites and tinamus) and crocodiles may indicate a primitive
character linking reptiles and birds. We agree in that the
variation in the location of the ureteral openings could be
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a feature of phylogenetic importance; however, because the
observed variation is wide and might be related to problems
during dissection or to laboratory methods, or linked to
sex (differed between sexes in some species according to
Gabe and Saint-Girons 1965) it is necessary to review the
descriptions, to obtain information in other species, and to
carry out phylogenetic analyses to define its phylogenetic
implications.

Urinary bladder. To find the urinary bladder in some species
is very difficult because it is very reduced, and in some cases
to consider that it is absent might be a mistake. According to
Beuchat et al. (1985) and Beuchat (1986) this could occur
because the urinary bladder is a fine, transparent structure
that can be lost by the wrong dissection or as the result of
deterioration in preserved samples. We found that the urinary
bladder shows different levels of complexity (shape and
structure). It can be a well-developed structure in some
individuals, such as Xenosaurus newmanorum, or it can be
extremely thin and reduced as in Gonatodes albogularis. This
observation is in accordance with observations of Beuchat
(1986) and Gabe and Saint-Girons (1965) who reported a
well-developed urinary bladder in Amphisbaena and in the
groups Scincomorpha and Anguimorpha and reported a
reduced structure in Gekkota and Iguania and absence of the
structure in snakes. According to Beuchat (1986), among
squamates, not only the absence of the urinary bladder must
be evaluated, but also its different levels of development and
complexity.

Phylogenetic implications

The addition or modification of the cloacal characters to the
data set of soft morphology of Lee (2000) basically produced
two major effects: first, the resolution of the trichotomies of
Scleroglossa and Nyctisaura, and second, the definition of
seven synapomorphies. In agreement with Lee (2005) some
uncertainty remains regarding the affinities of many of the
major squamate groups, major areas of uncertainty include the
basal relationships within Scleroglossa. Here, we contribute
with cloacal anatomy evidence that defines the relationships
within Scleroglossa; thus: [(Nyctisaura + Scincomorpha)
Anguimorpha]. Nyctisaura is not widely accepted because
the phylogenetic position of the limbless taxa, gekkotans and
xantusid, is uncertain (see Camp 1923; Rieppel 1984; Estes
et al. 1988; Presch 1988; Schwenk 1988; Wu et al. 1996;
Evans and Barbadillo 1997; Macey et al. 1997; Evans and
Chure 1998; Lee 1998, 2000; Harris et al. 1999; Lee and
Caldwell 2000; Vicario et al. 2003; Whiting et al. 2003;
Townsend et al. 2004; among others). However, in previous
phylogenetic studies of squamates the relationship between
the taxa that conform Nyctisaura to the traditionally recognized
Scincomorpha has been more closely defined than the relation-
ships between Scincomorpha and Anguimorpha [see Camp
1923; Estes et al. 1988; Schwenk 1988; Lee 2005 (topology

from analysis of the soft anatomy data set with unordered
multistate characters)].

The phylogenetic position of Xantusiidae within Squamata
has been a subject of controversy (Cope 1900; Camp 1923;
Arnold 1984; Rieppel 1984; Estes et al. 1988; Presch 1988;
Schwenk 1988; Macey et al. 1997; Lee 1998, 2000; Harris
1999; Lee and Caldwell 2000; see more in Vicario et al.
2003). The cloacal anatomy evidence resolves the position of
Xantusiidae within Nyctisaura; which could be: [Gekkota
(Xantusidae + Annulata)]; however, we are uncertain about
this arrangement because some of the cloacal evidence is not
quite reliable (see Discussion below). Furthermore, the
available morphological and molecular information used in
other studies weakly supports the phylogenetic hypotheses
that relate the xantusiids with the scincomorphs (e.g. Camp
1923; Estes et al. 1988; Evans and Barbadillo 1998; Saint
et al. 1998; Caldwell 1999; Harris et al. 1999), and xantusiids
with gekkotans (e.g. Macey et al. 1997; Schwenk 1988).

In this work (Fig. 7C) we define seven synapomorphies:
for Squamata, the bifid urodaeum [character 1, state(1)], the
conservation of the histological features of the urodaeal
horns when both horns join in a common cavity [2(1)], and
the presence of glands in the anterior urodaeum [7(1)];
for Scleroglossa, the lateral position of the vaginal intrusion
into the anterior urodaeal chamber [4(1)]; for
Nyctisaura + Scincomorpha, the bifid posterior urodaeum
[11(1)]; for (Xantusidae + Annulata), simple glands in the
anterior urodaeum [8(0)], and for Scincomorpha, the junc-
tion of the ureters to the cloaca in the proctodaeum [14(2)].
The incorporated morphological evidence that supports
the monophyly of Squamata, Scleroglossa and the clade
Nyctisaura + Scincomorpha, is considered reliable because
of the quality of the available information and the number of
sampled specimens.

On the other hand, the cloacal characters [8(0)] that
define the clade Xantusidae + Annulata and the character
[14(2)] that defines Scincomorpha, are not considered to be
as reliable synapomorphies as the previous characters.
We consider that a more complete study of cloacal glands is
necessary. Also, the information obtained for character 14 is
not enough because this feature was observed in only a few
individuals. The ureters are fine structures and the tissue can
be damaged by a wrong preservation. We suggest that this
character must be observed in fresh, well-preserved samples
for histological studies.

Likewise, we also suggest the redefinition of the character:
place of junction of the urinary bladder to the cloaca (character
12). According to Beuchat (1986) among squamates not
only the absence of the urinary bladder must be evaluated,
but also its different levels of development and complexity. In
this study the evaluation proposed by Beuchat (1986) was
not made, because most of the preserved samples showed
some degree of deterioration of the structure, and in other
specimens the urinary bladder was lost in the dissection
because it was extremely thin and reduced.
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The cloacal characters: central position of the vaginal
intrusion into the urodaeal chamber [4(0)], and the intra-
epithelial position of the glandular unit in the anterior
urodaeum [9(0)], behave as autapomorphies for Iguanidae.
There are molecular analyses that strongly support the
monophyly of Iguanidae (Harris et al. 2001; Vidal and
Hedges 2004); however, according to the morphological
evidence, the monophyly of iguanids could be uncertain
(Estes et al. 1988; Frost and Etheridge 1989). In this way, we
could consider that the central position of the vaginal intru-
sion into the urodaeal chamber is at least an autapomorphy
for the family Polychrotidae, because this character in
present in Phenacosaurus sp., Anolis tropidogaster and Poly-
chrus marmoratus (species studied here), in Anolis carolinensis
(Noble and Greenberg 1942; Conner and Crews 1980),
and in Anolis stratulus (Gabe and Saint-Girons 1965).
The intraepithelial position of the glandular unit in the
anterior urodaeum is only present in Tropidurus etheridgei
(Tropiduridae). This character cannot be considered an
autapomorphy for this family, because we only studied it for
Tropidurus etheridgei and there is no available information
about this character in cloacal descriptions of other species
of this same family. Therefore, it is not possible to evaluate
the condition of this character until more information is
obtained.

There are differences between the topology obtained in
this study and the topology from analysis of the molecular
data set by Townsend et al. (2004). These authors present
an unconventional hypothesis under which Scleroglossa,
Varanoidea, and several other higher squamate taxa do not
form a monophyletic group. Townsend et al. (2004) showed a
strong statistical rejection of the monophyly of Scleroglossa,
Iguania is nested within Scleroglossa, Amphisbaenia is the
sister group of Lacertidae, and Gekkonidae and Dibamidae
are the basal clades. Serpentes are grouped with iguanians,
lacertiforms and anguimorphs, but are not nested within
Anguimorpha, and Xantusiidae is the sister group of Cordyl-
idae. Our results differ from the hypothesis of Townsend
et al. (2004), and agree with the hypothesis that taxa tradi-
tionally included in Scleroglossa form a monophyletic group
(here we defined a synapomorphy for Scleroglossa: the
lateral position of the vaginal intrusion into the anterior
urodaeal chamber [4(1)], see above). There are other dis-
crepancies between the two phylogenetic hypotheses (see
Fig. 7 in this study and Fig. 8 in Townsend et al. 2004). In
the same way, our results differ from the hypothesis of Vidal
and Hedges (2005), also obtained using molecular data (see
Fig. 1 in Vidal and Hedges 2005).

On the other hand, the topology resulting from our analysis
(Fig. 7C) partially agrees with the topology resulting from
only the analysis of soft anatomy by Lee (2005) (see analysis
of the soft anatomy data set, Fig. 3B in Lee 2005). This same
topology differs in the definition of the relationships of
Scleroglossa, with the topology obtained from a combined
data set (osteology, soft anatomy and ecological data set) of

the same author (see Fig. 7 in Lee 2005). Our results support
the monophyly of Nyctisaura + Scincomorpha, defining a
synapomorphy for the clade (the bifid posterior urodaeum
[11(1)], see above).

According to this, Nyctisaura and Scincomorpha are sister
groups and this group is related to Anguimorpha. Mean-
while, the combined analysis from Lee (2005) defines the
Scleroglossa’s relationship as: {Xantusiidae, Gekkota [Lac-
ertoidea (Scincoidea, Anguimorpha)]}. This way, the scincids
are more closely related to anguimorphs than to lacertiforms.
Scincids and lacertiforms are more closely related to angui-
morphs than to gekkotans and xantusiids. This is opposed to
our analysis, and in the analysis of Lee (2005) these clades
are poorly supported.

The available data set of cloacal morphology is enough to
provide an idea of the variation within this region in female
Squamata; however, it is insufficient to have a strong sup-
ported phylogeny of the group. To achieve more and complete
phylogenetic information of the cloacal region, it is necessary
to obtain information from specimens of unsampled families,
and male individuals, to use histological techniques that
allow the description of histochemical properties and to
study fresh specimens where delicate structures are not
damaged and can be appropriately studied (usually the
specimens of collections are not adequately fixed). In spite of
these problems, the results of this study show that cloacal
morphology in squamates has a wide variation throughout
squamate families, genera and species. Although most of
the evidence here evaluated does not contribute to the resolu-
tions of the phylogenetic relationships into Squamata, this
type of morphological information might be more useful
and relevant as a source of characters for phylogenetic
studies.
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