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THE ABDOMINAL SKELETON OF TROPIDURID LIZARDS
(SQUAMATA: TROPIDURIDAE)
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Lawrence, KS 66045-7561, USA

ABSTRACT:

Morphological variation in the abdominal skeleton of Tropiduridae was examined from

radiographs and cleared-and-stained specimens of 61 species. Based on the numbers of xiphisternal and
postxiphisternal inscriptional ribs, as well as the presence of inscriptional ribs articulating ventromedially,
seven patterns of rib attachment are described. The distribution of these patterns among the species studied
reveals intra- and interspecific variation, which indicates that the abdominal skeleton of lizards is a good source
of fixed and polymorphic characters for phylogenetic analyses.

Key words:  Abdominal skeleton; Iguania; Morphological variation; Tropiduridae

WirH approximately 100 species, Tropidur-
idae is one of the most speciose families of
neotropical reptiles. Several high-level taxo-
nomic arrangements for iguanian lizards have
been proposed during the last 15 yr (Frost and
Etheridge, 1989; Frost et al., 2001a; Macey
et al.,, 1997). Herein, I follow Frost et al.
(2001a) and recognize the taxon name Tropi-
duridae. This family includes two primary
clades—Tropidurinae and the Stenocercus
group (Frost et al, 2001a). Several studies
using both morphological and molecular
characters have investigated phylogenetic re-
lationships among species of Tropidurinae
(Frost, 1992; Frost et al., 2001b; Harvey and
Gutberlet, 2000). In contrast, phylogenetic
relationships among members of the Steno-
cercus group have not been resolved, and
monophyly of this group remains questionable.

The abdominal skeleton of lizards is com-
posed of inscriptional ribs, which are endo-
chondral elements that originate within the
myocommata of the abdominal musculature
(Etheridge, 1965). Several names have been
used in reference to these cartilaginous
elements (e.g., abdominal ribs, parasternum,
parasternalia, gastralia, inscriptional ribs;
Etheridge, 1965), which articulate with corre-
sponding dorsal bony ribs to form the xiphis-
ternal and anterior postxiphisternal ribs (Fig.

! CORRESPONDENGE: e-mail, otorres@ku.edu
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1). The xiphisternal inscriptional ribs (XIRs) lie
posterior to the sternal ribs (i.e., ribs that
articulate with lateral margins of sternum) and
their distal ends fuse with the xiphisternum,
which is composed of paired longitudinal
cartilaginous rods that articulate with the
posterior margin of the sternum (Etheridge
and de Queiroz, 1988). The numbers of sternal
and xiphisternal ribs are variable in lizards, but
the most frequent condition is three sternal
ribs and two xiphisternal ribs (3:2; Hoffstetter
and Gasc, 1969). All postxiphisternal inscrip-
tional ribs (PIRs) are presacral cartilaginous
ribs that are embedded in the abdominal
musculature posterior to the xiphisternum,
and they may, or may not, articulate with the
corresponding dorsal bony ribs. Furthermore,
members of one or more pairs of PIRs may
articulate medially with each other, forming
continuous chevrons.

Inscriptional ribs are present in most lizards
and extant rhynchocephalians (Etheridge,
1965; Etheridge and de Queiroz, 1988; Hoff-
stetter and Gasc, 1969). However, patterns of
morphological variation of these endochondral
elements are poorly known for many sub-
clades. Etheridge (1959) reported some vari-
ation in the abdominal skeletons of lizards,
especially polychrotids. He also described
intraspecific and interspecific variation of
xiphisternal ribs in Sceloporus (= Sator)
grandaevus (Etheridge, 1962) and other sce-
loporine phrynosomatids (Etheridge, 1964).
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sternal

stemum ~, " fontanelle

Fic. 1.—Ventral view of sternum, sternal ribs, and
inscriptional ribs of a juvenile Stenocercus guentheri (KU
147347, SVL = 30 mm). Abbreviations: PIRs, postxiphis-
ternal inscriptional ribs; s, sternal ribs; XIRs, xiphisternal
inscriptional ribs; xr, xiphisternal longitudinal rods. Carti-
lage is indicated in grey. Scale bar = 5 mm.

Similarly, de Queiroz (1987) examined in-
tergeneric variation in the abdominal skeleton
of iguanine lizards. After examination of
several genera of Iguania, Etheridge (1965)
defined four patterns of attachment of in-
scriptional ribs, but later Etheridge and de
Queiroz (1988) grouped previously described
patterns into two character states.

In several genera of tropidurid lizards,
Etheridge (1965) reported (without referring
to species) two patterns of attachment of
inscriptional ribs corresponding to the first
and second patterns recognized by Etheridge
and de Queiroz (1988). In one pattern, pairs of
PIRs are not continuous midventrally and each
PIR attaches to its corresponding dorsal rib;
this condition occurs in Tropidurus, Urano-
scodon, Plica, Stenocercus (including Procto-
tretus and Ophryoessoides), and Uracentron.
The second pattern, also observed in
Ophiyoessoides, differs from the first one only
in that members of one or two pairs of PIRs
articulate with one another midventrally
(forming chevrons). In an attempt to de-
termine whether characters of the abdominal
skeleton in lizards are phylogenetically in-
formative within Tropiduridae, I analyzed
interspecific variation in numbers and mor-

phology of XIRs and PIRs in that taxon, as
well as intraspecific variation in Stenocercus
guentheri.

MATERIALS AND METHODS

Data for 61 species of Tropiduridae (>50%
of the currently recognized species) were
obtained from 226 specimens (Appendix I),
of which 90 were cleared-and-double-stained
following the methodology of Taylor and van
Dyke (1985) and Wassersug (1976), and 62
were x-rayed. Institutional abbreviations are
listed in Leviton et al. (1985), except for Museo
de Zoologia, Pontificia Universidad Catdlica
del Ecuador, Quito (QCAZ). The radiographs
were taken with a FTI Corporation Unit at
5 mA and 50 kV for 40-50 s using Kodak’s
Industrex SR-1 film. Inscriptional ribs could
be seen only in radiographs of specimens >39
mm in snout—vent length (SVL). Data from the
remaining 74 specimens were taken from x-ray
radiographs provided by Richard Etheridge.
Intraspecific variation in the abdominal skele-
ton was assessed in 45 specimens of S.
guentheri, 30-88 mm SVL. Even though size
does not always provide an accurate estimate
of age in reptiles (Andrews, 1982), it was the
only available criterion to determine whether
or not ontogenetic variation in the abdominal
skeleton exists in this species. Descriptions and
illustrations were prepared with the aid of
a stereomicroscope equipped with a camera
lucida. Measurements were made either with
a ruler and recorded to the nearest 1 mm or
they were taken from museum collection data.
I follow the terminology of Etheridge (1965)
for elements of the abdominal skeleton.

REsuLTS

Seven patterns of attachment of inscrip-
tional ribs are recognized (Fig. 2). The main
criteria for establishing the patterns were: (1)
numbers of xiphisternal and postxiphisternal
pairs of inscriptional ribs and (2) the presence
or absence of chevrons (i.e., PIRs articulating
medially). Relative lengths of PIRs and attach-
ment to dorsal bony ribs were criteria used to
define subpatterns when applicable. Postxi-
phisternal inscriptional ribs are considered to
be long if they extend midventrally to about
the same level of the xiphisternal rods and
short if they are less than half this length.
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Fic. 2.—Patterns and subpatterns of inscriptional rib attachment in Tropiduridae. Numbers of pairs of xiphisternal
incriptional ribs and postxiphisternal inscriptional ribs (PIRs) that distinguish each pattern are shown in parentheses.

Patterns 5-7 are characterized by presence of PIRs articulating ventromedially (chevrons). Sternum, sternal ribs,
xiphisternum, and inscriptional ribs are shown in black.
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TABLE 1.—Frequencies of patterns and subpatterns of inscriptional rib attachment in 61 species of Tropiduridae.

Taxon

Pattern

1A

1B

1C

4A

4B

6A

6B

6C

-1

Microlophus
atacamensis

M. occipitalis

M. peruvianus

M. stolzmanni

M. theresiae

Plica plica

P. umbra

Stenocercus

aculeatus

. angel

apurimacus

arenarius

azureus

boettgeri

bolivarensis

. caducus

. chlorostictus

chota

. chrysopygus

crassicaudatus

cupreus

doellojuradoi

empetrus

erythrogaster

. festae

. fimbriatus

. formosus

. guentheri

haenschi

. huancabambae

humeralis

. imitator

iridescens

ivitus

lache

marmoratus

. melanopygus

moestus

nigromaculatus

ochoai

. orientalis

ornatissimus

ornatus

pectinatus

percultus

praeornatus

rhodomelas

. roseiventris

. scapularis

. simonsii

. trachycephalus

. tricristatus

. variabilis

. varius

Tropidurus bogerti

T. etheridgei

T. hispidus

T. melanopleurus

PN NN NN NN NN NN DN LN RLNLNLLNLLLNLLNLLL LY

— DO 0O 0O W

—_

DO = DO = O DD O -] ] H O UL UG LD R GO 00 GO DD R DD UL DO W0 D Ut DO DD 00 WD WO W

0.60

0.20

0.25
1.00
0.14

1.00
0.55

1.00
0.50
0.33
0.33
0.50

0.66
0.40

033 0.33 0.11

0.11

0.125

0.50 0.50

0.07 0.04

0.50 0.50

1.00
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TapLE 1.—Continued.
Pattern

Taxon n 1A 1B 1C 24 2B 2 2D 3 44 4B 5 6A 6B 6C T

T. spinulosus 4 — 025 — — — — — - — 07 = - - — —
T. thoracicus l1 - - - — — 100 - - — — @ — — — — —
Uracentron azureum 1 — - — - = — 1.00 — — - _ = = = —
U. flaviceps 1 - — — — — 100 - - - = = = =
Pattern 1.—Two xiphisternal and two post-  specimens)—17 species 1A (n = 35), 13

xiphisternal pairs of inscriptional ribs (Fig. 2).
Both pairs of PIRs may be long (1A) or short
(1C), or only the posterior pair may be short
(1B).

Paitern 2.—Two xiphisternal and three
postxiphisternal pairs of inscriptional ribs
(Fig. 2). Variation within this pattern includes:
all PIRs long (2A), either the last (2B) or two
last (2C) pairs short, or all pairs short (2D).

Pattern 3—Two xiphisternal and four post-
xiphisternal pairs of inscriptional ribs (Fig. 2).
Each pair of PIRs is shorter than the preceding

air.
P Pattern 4.—Three xiphisternal and two
postxiphisternal pairs of inscriptional ribs
(Fig. 2). Both pairs of PIRs may be long (4A)
or the posterior pair may be short (4B).

Pattern 5.—Two xiphisternal and two post-
xiphisternal pairs of inscriptional ribs. The
postxiphisternal pairs articulate midventrally
(Fig. 2).

Pattern 6.—Two xiphisternal and three
postxiphisternal pairs of inscriptional ribs
(Fig. 2). Some or all postxiphisternal pairs
articulate midventrally, and, in most cases,
they are fused to form continuous chevrons.
All pairs of PIRs may be continuous medially
(6A), or the posterior pair does not articulate
midventrally (6B). In addition, one or more
pairs can be fused midventrally without
articulating laterally with the corresponding
dorsal bony ribs (6C), giving the appearance of
a “floating chevron” (Etheridge, 1965).

Pattern 7.—Two xiphisternal and four post-
xiphisternal pairs of inscriptional ribs. All
postxiphisternal pairs articulate midventrally
(Fig. 2).

Interspecific Variation
Patterns 1 and 2 are the most common
patterns among the species of Tropiduridae
examined in this study (Table 1; Fig. 3).
Pattern 1 was found in 26 species (n = 66

species 1B (n = 29), and 2 species 1C (n
2). Pattern 2 was found in 37 species (n
127)—11 species 2A (n = 29), 19 species 2B
(n = 58), 18 species 2C (n = 29), and 8 species
2D (n 11). Pattern 3 occurs in 5 of the
species examined (n = 5). Only 4 species had
Pattern 4 (n = 11)—2 species 4A (n = 4) and
4 species 4B (n = 7). Pattern 5 was observed in
1 species (n = 1), whereas pattern 6 was found
in 6 species (n = 11)—6 species 6A (n = 9), 1
species 6B (n = 1), and 1 species 6C (n = 1).
Only 2 species had Pattern 7 (n = 2). Four
pairs of sternal ribs were found in one
specimen each of P. plica, T. melanopleurus,
T. spinulosus, and S. ornatus; all other speci-
mens (98%), including most S. ornatus, had
three pairs of sternal ribs. The xiphisternal
longitudinal rods extend posterior to their
articulation with the last pair of XIRs in 12
species (n = 15; Fig. 4). These extensions are
short in all taxa except S. trachycephalus,
Uracentron azureum, and U. flaviceps, in
which they are long and curve laterally and
anteriorly.

Intraspecific Variation

Multiple patterns or subpatterns occur in 29
species (Table 1). Given that the amount of
intraspecific variation might be underesti-
mated because of small sample sizes, I
examined a large sample (n = 45) of S.
guentheri. This species exhibits three patterns
(1, 2, and 4) and six subpatterns (1A, 1B, 24,
2B, 4A, and 4B), with Pattern 2 and Sub-
pattern 2B being the most common types of
rib attachment (80% and 64%, respectively;
Fig. 5). Only 9% and 11% of the specimens
examined have Patterns 1 and 4, respectively
(Table 1). The type of pattern does not appear
to be related to size or sex. Free posterior
extensions of the xiphisternum (described
above) were found only in one specimen (KU
147415). Both the sternum and inscriptional
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ribs were heavily mineralized in large speci-
mens.

Asymmetry

A few specimens are asymmetrical in the
number of xiphisternal and postxiphisternal
inscriptional ribs. Nonetheless, loss of one XIR
on one side was always accompanied by gain of
one PIR on the other side (i.e., the total
number of inscriptional ribs was the same on
each side). Two adult females, one S. festae
(KU 134595, SVL. = 64 mm) and one Micro-
lophus atacamensis (KU 161986, SVL = 87
mm), had 2:3 and 3:2 XIRs/PIRs counts on the
right and left sides, respectively. An adult male
S. orientalis (KU 134460, SVL. = 60.5 mm)
had 3:2 and 2:3 XIRs/PIRs counts on the right
and left sides, respectively.

DiscussioN

Most species of Tropiduridae examined had
three pairs of sternal and two pairs of xiphis-
ternal inscriptional ribs. Except for Anguimor-
pha, this 3:2 count is usual among lizards.
Etheridge (1959) reported this pattern for
tropidurid lizards, except for P. plica (4:2) and
U. azureum (3:1). A 4:2 count for P. plica (KU
167499) also is reported herein; however, the
specimen of U. azureum examined had a 3:2
count, which indicates intraspecific variation in
the number of xiphisternal ribs. Additionally,
P. umbra (KU 146659) had a 3:3 pattern that
demonstrates interspecific variation of num-
bers of sternal and xiphisternal inscriptional
ribs in Plica. Four sternal ribs also were found
in one specimen each of T. melanopleurus and
T. spinulosus. Etheridge (1959) found that,
regardless of the number of sternal ribs, there
are two pairs of XIRs in nearly all iguanians.
Tropidurid lizards certainly follow that pat-
tern—three pairs of XIRs were found only in
S. boetigeri, S. bolivarensis, and 11% of the
specimens of S. guentheri. Phrynosomatids
resemble tropidurids in having patterns that
include two or three pairs of XIRs, though some
phrynosomatid species have only one pair of
XIRs (Etheridge, 1964). Another characteristic
of the xiphisternum that varies among iguanian
lizards is the presence and shape of posterior
xiphisternal processes that extend posterior to
the articulation between the xiphisternal rods
and the last pair of XIRs (Fig. 4). Intra- and

interspecific variation in the occurrence of
these processes has been reported in Phryno-
somatidae (Etheridge, 1962, 1964) and, in less
detail, in Tropiduridae and Leiocephalidae
(Etheridge, 1966; Pregill, 1992). Furthermore,
one of the synapomorphies of Leiocephalus is
the presence of posterior xiphisternal processes
that curve anteriorly and extend to a point
either ventral, or anterior, to the last (second)
pair of XIRs (Pregill, 1992). T found similar
processes in S. trachycephalus, U. azureum,
and U. flaviceps; however, unlike Leiocephalus,
the posterior xiphisternal processes end poste-
rior to the last pair of XIRs in these specimens.

The number and morphology of PIRs in
iguanian lizards has been studied in less detail.
Although the numbers and lengths of PIRs
have been reported to vary among iguanians
(Etheridge, 1959, 1965), intraspecific variation
has only been described in S. grandaevus
(Etheridge, 1962). Four counts of xiphisternal-
postxiphisternal ribs were found in S. gran-
daevus—1:2, 2:2 (the most common), 2:3, and
3:2 (Etheridge, 1962); nonetheless, the fre-
quency of these patterns and differences in the
length of PIRs were not discussed. Variation in
the abdominal skeleton of tropidurids includes
at least four XIRs/PIRs counts (i.e., 2:2, 2:3,
2:4, and 3:2), with the most common (67% of
species and 61% of specimens examined in this
study) being 2:3 (Pattern 2). If the relative
length of each pair of PIRs is considered,
variation within each pattern is evident. Thus,
Pattern 4, Patterns 1 and 6, and Pattern 2 can
be divided into two, three, and four subpat-
terns, respectively (Fig. 2).

The presence of PIRs articulating medially
(i.e., Patterns 5-7) is rare in Tropiduridae and is
restricted to the Stenocercus clade. Species
with PIRs articulating medially do not exhibit
patterns with PIRs not articulating medially
(i.e., Patterns 1-4) and vice versa (Table 1).
Only eight species currently assigned to Steno-
cercus have Patterns 5-7, and they include all
species that were formerly assigned to
Ophryoessoides (as defined by Fritts, 1974)
except for S. scapularis, which exhibits Pattern
2. Two other species (S. fimbriatus and §.
huancabambae) with PIRs articulating medi-
ally have been included in the “Ophryoessoides
group” (Cadle, 2001) along with the species
previously assigned to Ophiryoessoides by
Fritts (1974). Although monophyly of the
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Fic. 3.—Frequency distribution of patterns of rib
attachment among species of Tropiduridae examined in
this study. Number of individuals is indicated above each
bar.

“Ophiryoessoides group” has not been tested,
PIRs articulating medially might represent
a synapomorphy of this group. However, this
character state seems to have originated at least
twice in Tropiduridae because it also was found
in 8. lache, a species that does not belong to the
“Ophiryoessoides group.” In addition, similar
patterns have been reported in other iguanian
lizards. For example, Etheridge (1959) re-
ported that anoles have 3-11 midventrally
fused pairs of PIRs (chevrons); in a few species
of anoles, these ribs do not articulate with the
corresponding dorsal bony ribs. Similarly, all
members of Iguanidae except Sauromalus and
Dipsosaurus have continuous chevrons (de
Queiroz, 1987; Etheridge, 1965). Also, PIRs

/

Fic. 4—Ventral view of abdominal skeleton of Steno-
cercus cupreus (KU 133974, SVL. = 66 mm). Arrow
indicates posterior extension of left xiphisternal longitudi-
nal rod. Scale bar = 5 mm.

Pattern

Fic. 5—Frequency distribution of patterns of rib
attachment in Stenocercus guentheri. Subpatterns A and
B are indicated in black and white, respectively.

articulating medially have been reported in
species of Chamaeleonidae, Dibamidae, Cor-
dylidae, Gekkonidae, Gymnophthalmidae,
Lacertidae, and Scincidae (Camp, 1923; Ether-
idge and de Queiroz, 1988; Hoffstetter and
Gasc, 1969). Because this character state (i.e.,
PIRs articulating medially) does not occur in
extant rhynchocephalians—the only non-squa-
mate lepidosauromorphs in which inscriptional
ribs are known—it is thought to be derived
(Estes et al., 1988). Currently, the simplest
explanation for the distribution of this character
state is independent origins in all the families in
which it occurs (Estes et al., 1988).

There is intraspecific variation in the
abdominal skeleton of lizards. Etheridge
(1962) reported sexual variation in S. gran-
daevus consisting of males having the highest
(3) and females the lowest (1) numbers of
XIRs; intermediate numbers (2) were found in
both sexes. No indication of sexual variation in
S. guentheri was found in this study. Only 11%
of the specimens have three pairs of XIRs;
the other 89% have two. Both of these two
patterns were observed in members of both
sexes. Stenocercus guentheri resembles S.
grandaevus in that there seems to be no
ontogenetic variation in the abdominal skele-
ton. However, ontogenetic and sexual variation
need to be investigated with statistical analyses
if appropriate sample sizes become available.

The abdominal skeleton of lizards repre-
sents a source of fixed and polymorphic
characters of potential use in phylogenetic
analyses. Although intraspecific variation in
the presence of PIRs articulating ventrome-
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dially has been reported in some iguanids (de
Queiroz, 1987), this character seems to be
fixed in other iguanian taxa, including Tropi-
duridae. Numbers of PIRs and XIRs, as well as
relative length of PIRs, are potentially in-
formative characters for use in phylogenetic
studies that have been explored in less detail.
Given that these characters are ol%/morphic,
they should be treated accordingly if included
in phylogenetic analyses (Smith and Gutberlet,
2001; VVgiens, 2000). I have described patterns
of morphological variation of the abdominal
skeleton in tropidurid lizards; however, lar%e
samples of additional taxa will need to be
examined in order to determine the morpho-
logical diversity and evolution of the abdom-
inal skeleton in Iguania.

Acknowledgments.—I thank L. A. Coloma (QCAZ), Tod
W. Reeder (SDSU), W. E. Duellman, and L. Trueb (KU)
for the loan of specimens; R. Etheridge for his comments,
suggestions, and radiographs; and K. de Queiroz, W. E.
Duellman, L. Trueb, and the graduate students of the KU
Division of Herpetology for their critical review of the
manuscript.

LITERATURE CITED

ANDREWS, R. M. 1982. Patterns of growth in reptiles. Pp.
273-320. In C. Gans and H. Pough (Eds.), Biology of
the Reptilia, Vol. 13. Academic Press, New York, New
York, U.S.A.

CapLE, J. E. 2001. A new species of lizard related to
Stenocercus caducus (Cope) (Squamata: Iguanidae)
from Peru and Bolivia, with a key to the “Ophryoes-
soides group.” Bulletin of the Museum of Comparative
Zoology 157:183-222.

Camp, C. 1923. Classification of lizards. Bulletin of the
American Museum of Natural History 48:289-481.

DE QUEIROZ, K. 1987. Phylogenetic systematics of iguanine
lizards: a comparative osteological study. University of
California Publications in Zoology 118:1-203.

Estes, R, K. DE QUEIROZ AND [. GAUTHIER. 198S.
Phylogenetic relationships within Squamata. Pp. 119-
281. In R. Estes and G. Pregill (Eds.), Phylogenetic
Relationships of the Lizard Families. Stanford Univer-
sity Press, Stanford, California, U.S.A.

ETHERIDGE, R. 1959. The Relationships of the Anoles
(Reptilia: Sauria:Tguanidae). An Interpretation Based on
Skeletal Morphology. Ph.D. Dissertation, University of
Michigan, Ann Arbor, Michigan, U.S.A.

. 1962. Skeletal variation in the iguanid lizard Sator

grandaevus. Copeia 1962:613-619.

. 1964. The skeletal morphology and systematic re-

lationships of sceloporine lizards. Copeia 1964:610-631.

1965. The abdominal skeleton of lizards in the

family Tguanidae. Herpetologica 21:161-168.

. 1966. The systematic relationships of West Indian
and South American lizards referred to the iguanid
genus Leiocephalus. Copeia 1966:79-91.

ETHERIDGE, R., AND K. DE QUEIROZ. 1988. A phylogeny of
Tguanidae. Pp. 283-367. In R. Estes and G. Pregill (Eds.),
Phylogenetic Relationships of the Lizard Families.
Stanford University Press, Stanford, California, U.S.A.

Frirrs, T. H. 1974. A multivariate evolutionary analysis
of the Andean iguanid lizards of the genus Stenocercus.
San Diego Society of Natural History Memoir 7:
1-89.

Frost, D. R. 1992. Phylogenetic analysis and taxonomy of
the Tropidurus group of lizards (Iguania: Tropiduridae).
American Museum Novitates 3033:1-68.

Frost, D. R., AND R. E. ETHERIDGE. 1989. A phylogenetic
analysis and taxonomy of iguanian lizards (Reptilia:
Squamata). University of Kansas Miscellaneous Publi-
cations 81:1-65.

Frost, D. R., R. ETHERIDGE, D. Janigs, AND T. A. TiTus.
2001a. Total evidence, sequence alignment, evolution of
polychrotid lizards, and a reclassification of the Tguania
(Squamata: Iguania). American Museum Novitates
3343:1-38.

FrosT, D. R., M. T. RoDRIGUES, T. GRANT, AND T. A. T1TUS.
2001b. Phylogenetics of the lizard genus Tropidurus
(Squamata: Tropiduridae: Tropidurinae): direct optimi-
zation, descriptive efficiency, and sensitivity analysis of
congruence between molecular data and morphology.
Molecular Phylogenetics and Evolution 21:352-371.

HArVEY, M. B, aAND R. L. GUTBERLET. 2000. A phyloge-
netic analysis of the tropidurine lizards (Squamata:
Tropiduridae), including new characters of squamation
and epidermal microstructure. Zoological Journal of the
Linnean Society 128:189-233.

HOFFSTETTER, R., AND J. Gasc. 1969. Vertebrae and ribs of
modern reptiles. Pp. 201-310. In C. Gans, A. d'A.
Bellairs, and T. S. Parsons (Eds.), Biology of the Reptilia,
Vol. 1. Academic Press, New York, New York, U.S.A.

Leviton, A. E., R. H. Gsss, Jr, E. HeaL, anp C. E,
Dawson. 1985. Standards in herpetology and ichthyol-
ogy. Part I. Standard symbolic codes for institutional
resource collections in herpetology and ichthyology.
Copeia 1985:802-832.

Macey, J. R, A. Larson, N. B. ANANJEVA, AND T. [.
PapENFUSs. 1997. Evolutionary shifts in three major
structural features of the mitochondrial genome among
iguanian lizards. Journal of Molecular Evolution
44:660-674.

PrecILL, G. K. 1992. Systematics of the West Indian lizard
genus Leiocephalus (Squamata: Tguania: Tropiduridae).
University of Kansas Miscellaneous Publications 84:
1-69.

SmrrH, E. N., anD R. L. GursegrLET. 2001. Generalized
frequency coding: a method of preparing polymorphic
multistate characters for phylogenetic analysis. System-
atic Biology 50:156-169.

TavLor, W. R., axD G. C. vaN Dyke. 1985. Revised
procedure for staining and clearing small fishes and
other vertebrates for bone and cartilage study. Cybium
9:107-119.

WasSERSUG, R. 1976. A procedure for differential staining
of cartilage and bone in whole formalin-fixed verte-
brates. Stain Technology 51:131-134.

WIENS, J. J. 2000. Coding morphological variation with-
in species and higher taxa for phylogenetic analysis.
Pp. 115-145. In J. J. Wiens (Ed.), Phylogenetic Analysis
of Morphological Data. Smithsonian Institution Press,
Washington, D.C., U.S.A.

Accepted: 16 July 2003
Associate Editor: Stephen Tilley



March 2004]

HERPETOLOGICA 83

APPENDIX I
Specimens Examined

Taxa are arranged alphabetically. Snout-vent length is
indicated in parentheses.

Abbreviations: C&S, cleared-and-double stained; X-R,
x-rayed; M, male; F, female.

Microlophus atacamensis.—KU 161986 (87 mm, C&S,
F), 161983 (121 mm, C&S, M). M. occipitalis—KU 142735
(27 mm, C&S), 142730 (31 mm, C&S), 142721 (62 mm,
C&S, F), 142714 (75 mm, C&S, M). M. peruvianus—KU
134695 (60.5 mm, C&S, M), 134673 (70 mm, C&S, F),
134674 (115 mm, C&S, M). M. stolzmanni—KU 134731
(30 mm, C&S, M), 134704 (63 mm, C&S, F), 134747 (95
mm, C&S, M). M. theresiae—KU 162018 (80 mm, C&S,
F), 162012 (107 mm, C&S, M).

Plica plica.—KU 167499 (100 mm, C&S, F). P. umbra—
KU 146659 (85 mm, C&S, M).

Stenocercus aculeatus.—KU 212628 (79 mm, X-R, M),
212629 (87 mm, X-R, F), 121093 (98 mm, C&S, M). S.
angel—QCAZ 1354 (82.6 mm, C&S, M). S. apurimacus—
KU 134306 (29 mm, C&S), 134278 (64 mm, C&S, F),
134284 (80.5 mm, C&S, M). S. arenarius—SDSU 1688 (90
mm, X-R, M). S. azureus—AMNH 17013 (66.7 mm, X-R,
F), 37357 (54 mm, X-R), 37558 (59 mm, X-R, F). S.
boettgeri—AMNH 13626 (66.5 mm, X-R), 13502 (70 mm,
X-R), 13504 (74.1 mm, X-R), 13505 (64.6 mm, X-R), 13508
(60.3 mm, X-R); KU 134014 (82 mm, C&S, M); MCZ 8085
(74.8 mm, X-R), 45881 (76.5 mm, X-R). S. bolivarensis—
KU 122812 (76 mm, X-R, M), 181994 (81 mm, X-R, M). S.
caducus—SDSU 1690 (67 mm, X-R, F), 1689 (79 mm, X-
R, M). S. chlorostictus—SDSU 1535 (74 mm, X-R, M). S.
chota— QCAZ 2654 (81 mm, C&S, M), 2655 (51 mm,
C&S, F), 2670 (C&S, F), 2671 (C&S, F). S. chrysopygus—
AMNH 63475 (63.6 mm, X-R); KU 133906 (59.5 mm,
C&S, F), 133895 (65.5 mm, C&S, M); UMMZ 58920 (X-
R), 89487 (X-R). S. crassicaudatus—AMNH 23132 (71
mm, X-R), 23143 (79.7 mm, X-R), 23144 (70.7 mm, X-R),
23146 (70.7 mm, X-R); KU 133959 (83.5 mm, C&S, M),
163602 (74 mm, C&S, F); MCZ 12401 (84.4 mm, X-R),
12402 (77.5 mm, X-R), 29303 (77.3 mm, X-R), 45882 (64.2
mm, X-R). S. cupreus—KU 133976 (54.5 mm, C&S, F),
133974 (66 mm, C&S, M). S. doellojuradoi—SDSU 1678
(60 mm, X-R), 3645 (65 mm, X-R, F), 3646 (69 mm, X-R,
M). S. empetrus—KU 134421 (35 mm, C&S), 134403 (77
mm, C&S, F), 134401 (87.5 mm, C&S, M). S. eryth-
rogaster—ICN 7970 (87.8 mm, X-R, M). S. festae—KU
134595 (64 mm, C&S, F), 134603 (81 mm, C&S, M). S.
fimbriatus—LSUMZ 17519 (X-R). S. formosus—KU
134110 (70.5 mm, C&S, F). S. guentheri—KU 147347
(30 mm; C&S), 147525 (32 mm; C&S), 147520 (35 mm,
C&S), 147346 (39 mm, C&S), 147553 (39 mm, X-R),
147516 (44 mm, X-R), 147519 (44 mm, C&S, F), 147542
(45 mm, X-R), 147467 (49 mm, X-R), 147534 (49 mm,
C&S, M), 147467 (49 mm, X-R), 147404 (53 mm, X-R),
147445 (55 mm, C&S, F), 147437 (55 mm, F), 147372 (56
mm, X-R), 147389 (58 mm, X-R), 147416 (58 mm, X-R),
147433 (60 mm, X-R), 147454 (60 mm, X-R), 147477 (60
mm, C&S, F), 147376 (61 mm, X-R, F), 147374 (62 mm,
X-R, F), 147409 (65 mm, C&S, M), 147381 (66 mm, X-R,
F), 147326 (66 mm, C&S, F), 147369 (67 mm, C&S, F),
147382 (68 mm, C&S, F), 147396 (68 mm, X-R, F), 147410
(68 mm, X-R, F), 147508 (70 mm, X-R, F), 147487 (70
mm, C&S, M), 147503 (71 mm, X-R, M), 147418 (71 mm,

X-R), 147401 (72 mm, X-R, M), 147415 (72 mm, X-R, F),
147475 (74 mm, X-R), 147482 (74 mm, C&S, M), 142713
(78 mm, X-R), 147319 (78.5 mm, C&S, M), 147421 (79
mm, C&S, M), 147513 (80 mm, X-R, M), 147457 (81 mm,
X-R, M), 147388 (81 mm, C&S, M), 147488 (81 mm, X-R,
M), 147318 (87 mm, X-R, M), 147412 (88 mm, C&S, M).
S. haenschi—ZMB 16595 (76 mm, X-R). S. huancabam-
bae—KU 209513 (49 mm, X-R), 212630 (68 mm, X-R, M).
S. humeralis—AMNH 27135 (84.7 mm, X-R); KU 134006
(41 mm, C&S), 134001 (92 mm, C&S, F), 134004 (96.5
mm, C&S, M). S. imitator—KU 181912 (79 mm, X-R, M);
SDSU 1534 (72 mm, X-R, F). S. iridescens—QCAZ 2205
(95.7 mm, X-R, M), 2212 (94.6 mm, X-R, M), 5310 (82.5
mm, X-R, F). S. ivitus—KU 134653 (65 mm, X-R, F). S.
lache—ICN 5756 (87.2 mm, X-R). S. marmoratus—
UMMZ 68120 (n = 4, X-R), 68121 (X-R), 68122 (X-R),
68124 (n = 2, X-R). S. melanopygus—KU 134036 (29 mm,
C&S), 134075 (58 mm, C&S, F), 134058 (75 mm, C&S,
M). S. moestus—SDSU 1686 (65 mm, X-R, M). S.
nigromaculatus—AMNH 285534 (68.5 mm, X-R), 28954
(78.4 mm, X-R); KU 134089 (55 mm, C&S, F), 134092 (70
mm, C&S, M). S. ochoai—KU 133876 (35 mm, C&S, M),
133878 (64 mm, C&S, F), 133884 (72.5 mm, C&S, M). S.
orientalis—KU 134464 (29.5 mm, C&S), 134460 (60.5
mm, C&S, M), 134452 (61.5 mm, C&S, F). S. omatissi-
mus—AMNH 27136 (65.8 mm, X-R), 27137 (70.1 mm, X-
R), 28783 (69.4 mm, X-R); KU 134360 (63 mm, C&S, F),
134351 (75 mm, C&S, M). S. ornatus—KU 121128 (86.5
mm, C&S, M), 134128 (62 mm, C&S, F), 134129 (67 mm,
C&S, M), 134139 (66 mm, C&S, F), 134155 (30 mm,
C&S). S. pectinatus—SDSU 1679 (54 mm, X-R, F), 3644
(62 mm, X-R, M), 3643 (66 mm, X-R, F); UMMZ 98880
(n =3, X-R), 98881 (n = 2, X-R); USNM 94093 (63.3 mm,
X-R). S. percultus—SDSU 1596 (85 mm, X-R, M). S.
praeornatus—KU 134229 (91 mm, C&S, M). S. rhodome-
las—KU 152186 (74 mm, C&S, F), 152184 (98 mm, C&S,
M); UMMZ 3518 (81.6 mm, X-R), 3521 (68.6 mm, X-R). S.
roseiventris—KU 172196 (91.5 mm, C&S, F); UMMZ
68116 (n = 2, X-R), 68117 (n = 2, X-R), 68118 (X-R);
USNM 94094 (74 mm, X-R). S. scapularis—SDSU 1691
(70 mm, X-R, F). S. simonsii—KU 134164 (68 mm, X-R,
F), 134168 (79 mm, X-R, M); UMMZ 60093 (n = 2, X-R),
60095 (n = 3, X-R). S. trachycephalus—SDNHM 10781
(72.4 mm, X-R, F), 10782 (75.1 mm, X-R, F), 10783 (59
mm, X-R, F); SDSU 1068 (74.5 mm, X-R, F), 1069 (66.1
mm, X-R, F), 1692 (72 mm, X-R, M), 1695 (72 mm, X-R,
M), 1693 (79 mm, X-R, M), 1694 (90 mm, X-R, M). S.
tricristatus—KU 179058 (88 mm, X-R, F). S. variabilis—
KU 134213 (63 mm, C&S, M), 134198 (80 mm, C&S, M).
S. varius—AMNH 22190 (70.6 mm, X-R), 22202 (64.7
mm, X-R), 22204 (67.2 mm, X-R), 22206 (66 mm, X-R),
22208 (65.4 mm, X-R), 22210 (71.8 mm, X-R), 22817 (68.8
mm, X-R), KU 121135 (65 mm, C&S, M), 142704 (73 mm,
C&S, F).

Tropidurus bogerti.—AMNH 61012 (77.5 mm, X-R). T.
etheridgei—KU 186113 (79 mm, C&S, F), 186102 (90.5
mm, C&S, M). T. hispidus—KU 182742 (31 mm, C&S). T.
melanopleurus—KU 136370 (63.5 mm, C&S, F), 136371
(94 mm, C&S, M). T. spinulosus—KU 97856 (77 mm,
C&S, M), MCZ 28633 (83.1 mm, X-R), 28691 (86 mm, X-
R), 42525 (67.4 mm, X-R). T. thoracicus—KU 163721 (82
mm, X-R, M).

Uracentron azureum.—KU 204989 (72 mm, X-R, M).
U. flaviceps—KU 175319 (72 mm, X-R, F).



