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ABSTRACT The distal oberhautchen and proximal beta layer of 41 species 
and every genus of cordylid and gerrhosaurid lizard were examined with a 
scanning electron microscope. Scale organs in these families are concentrated 
on the face, and scale organs occur singly or in pairs below the keel on the 
dorsals of cordylids but not gerrhosaurids. Most species examined possess 
primitive, lenticular scale organs. Unique and previously unknown, projecting 
scale organs occur in two species of Cordylus. Scale organs appear to be absent 
in species of Chamaesaura. The scale surfaces of cordylids are covered in 
macrohoneycomb. Individual compartments of cordylid macrohoneycomb are 
not intracellular structures but may be overlain by apparent oberhautchen 
cells. In some cordylid species, part of each cell is free and projects away from 
the scale surface as a pointed flap. Gerrhosaurids lack macrohoneycomb. 
Instead, their scale surfaces are covered in lamellae without dentate borders, 
50-100 times as long as wide. The epidermis of Platysaurus is unique among 
cordylids in possessing lamellae 1-8 times as wide as long that overlap macro- 
honeycomb in some regions of the body. The scale surfaces of Cordylus 
cordylus undergo an ontogenetic change similar to that recently described for 
the xenosaurid genus Shinisaurus. Phylogenetic analysis of scale surface 
features allows the partitioning of Cordylus into three species groups and 
Charnaesaura into two species groups. Synapomorphies of the species of 
Chamaesaura, the species of Platysaurus, and the genera of the gerrhosaurids 
are also described. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1995 Wiley-Liss, Inc 

Researchers have long known about the 
presence of sensory scale organs and unique 
microstructural features on the surfaces of 
lepidosaurian scales (see Leydig, 1872, 1873; 
Picado, '31, for some of the earliest descrip- 
tions). Only recently, with the advent of scan- 
ning electron microscopy has the impressive 
amount of variation in these features and 
their promising utility (Williams, '89) in sys- 
tematics been realized. Characteristics of the 
epidermis provide valuable phylogenetic in- 
formation because they are often relatively 
conservative at  high taxonomic levels (Har- 
vey, '93j. At least some epidermal features, 
such as microornamentation patterns, re- 
flect phylogenetic relationships rather than 
ecological specializations (Price, '81, '82). The 
scale surfaces of representative species from 
most lizard families have been described, al- 
though many families, such as the Cordyli- 
dae and Gerrhosauridae, remain poorly 
known. 

Most frequently, two types of characters 
have been used in phylogenetic analyses of 
scale surface morphology: epidermal cell 
shape and subcellular microornamentation. 
Among lizards, microornamentation rarely 
consists of structures other than pits or 
spinules (see especially Peterson, '84), al- 
though other forms of microornamentation 
are observed, such as the "teeth" a t  the 
edges of lamellae in many scincids (Ruibal, 
'68; Stewart and Daniel, '75; Gasc et al., '82; 
Perret and Wuest, '82, '83), ridges in the 
lacertid Poromera (Limberger, '85), and ap- 
parently subcellular lamellae in the scincid 
Emoia mzuarti (Irish et al., '88). Cell shapes 
have been classified as lamellate, polygonal, 
and polygonal with raised margins. The lat- 
ter are most commonly referred to as macro- 
honeycomb (Peterson, '84). 
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Lacking from most descriptions of scale 

surface morphology are studies of the histol- 
ogy of the epidermis: a shortcoming that has 
led to the incorrect definition of some charac- 
ter states (Harvey, '93). The histology of 
lepidosaurian scales is complex although well 
studied for a handful of species. Recent re- 
views summarize the histological, ultrastruc- 
tural, biophysical, and functional characteris- 
tics of the six basic cell types (Landmann, 
'79; Maderson, '85) and diverse scale organs 
(Landmann, '75; von During and Miller, '79) 
of the lepidosaurian epidermis. Particularly 
germane to this study is the bilayered nature 
of epidermal keratin. 

In lepidosaurians, but no other vertebrates, 
rigid layers of beta keratin overlie pliable 
layers of alpha keratin. The relative thick- 
ness of these layers and the degree to which 
they invest topographic features on the sur- 
face varies among taxa and is phylogeneti- 
cally informative. Using scanning electron 
microscopy (SEM) and recently described 
techniques (Irish et al., '88; Harvey, '931, 
these deeper epidermal layers can be studied 
at the same time as surface features. The 
simultaneous study of several epidermal lay- 
ers is more likely to result in the correct 
identification of homologous characters. New 
data (Harvey, '93) derived from examination 
of the medial surface of the p-keratin layer 
and distal a-keratin layer demonstrate that 
macrohoneycomb and lamellae are not homol- 
ogous structures and should not be treated as 
alternative states for a single character in 
phylogenetic analysis. At least four tissue 
layers comprise the ridges of macrohoney- 
comb, and lamellae overlap these structures 
on the scale surfaces of some scleroglossans. 

The scale surfaces of cordylids and gerrho- 
saurids have yet to be described in any detail. 
Photographs of scales taken from two or 
three species have been published (Gasc et 
al., zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'82). Unfortunately, poor photographs 
(Gasc et al., '82, their plate 2) of the scales of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Chamaesaura anguina and Gerrhosaurus zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfla- 
uigularis are not properly referenced in the 
figure legend or the text leaving the reader 
unable to determine which photograph corre- 
sponds to which species. Similarly, the figure 
legend for their plate 1A states "motifs epider- 
miques des cordycloides et varanides." Thus, 
their figure 1A could be any one of three 
cordylids examined or a species of Varanus. 
In a separate study (Peterson and Bezy, '851, 
a short paragraph was devoted to the descrip- 
tion of scales taken from Gerrhosaurus nigro- 

lineatus. The authors provided no photos but 
noted that the scales of this species are cov- 
ered in pitted lamellae with unornamented 
free margins. 

Phylogenetic techniques coupled with new 
data have recently been used t o  provide sup- 
port for the monophyly of the Cordylidae + 
Gerrhosauridae (Rieppel, '80; Estes et zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAal., 
'88; Lang, '91, and citations therein). The 
two taxa remain very distinct, and, although 
unlikely, one or the other may be more closely 
related to the Scincidae. A recent study pro- 
posed the superfamily Cordyliformes to ac- 
commodate the two families (Lang, '91). 
Within the Cordylidae and Gerrhosauridae, 
the phylogenetic relationships of the genera 
have been elucidated (Lang, '91). However, 
intrageneric relationships have not been sub- 
jected to rigorous analysis and the only hy- 
pothesized relationships are based on few 
characters and are precladistic (Loveridge, 
'44). As has been pointed out previously (Mou- 
ton, '86; Jacobsen and Newbery, '871, dis- 
agreement exists regarding the taxonomic 
status of many forms, particularly as to 
whether taxa should be treated as subspecies 
or full species. 

The primary goals of this study are t o  
address many of the questions raised in an 
earlier study (Harvey, '93) regarding ontog- 
eny, distributional variation of microstruc- 
tural characters, the identity of microstruc- 
tural features of the distal oberhautchen, 
and the phylogenetic signal of macrohoney- 
comb in noniguanian lineages. Herein the 
distribution and morphology of different types 
of scale organs and epidermal microornamen- 
tation are described for representative spe- 
cies of gerrhosaurids and cordylids. Addition- 
ally, we describe the ontogeny of scale 
surfaces in one species of Cordylus and deter- 
mine if deeper epidermal layers of cordylid 
macrohoneycomb and juvenile epidermal 
morphology are like those observed in xeno- 
saurids (Harvey, '93). Characteristics of the 
epidermis of cordylids and gerrhosaurids are 
discussed in a phylogenetic framework. Fi- 
nally, for species of Cordylus we identify 
three character states that may help resolve 
systematic problems among this speciose ra- 
diation of poorly known lizards. 

MATERIALS AND METHODS 

Scale surface morphologies were studied in 
153 specimens representing 41 species of 
cordyliform lizards (Appendix). Variability of 
the characters reported was determined by 
examining scales of large series of some spe- 
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cies: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACordylus cataphractus, C. cordylus, C. 
niger, C. tropidosternum, and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC. uittifer. For 
most other species, two specimens were exam- 
ined. 

Scales taken from museum specimens were 
dehydrated in an  ethanol series, sonicated to 
remove debris, and air-dried in acetone or 
critical point-dried in a Samdri PVT-3B criti- 
cal point dryer. The samples were then af- 
fixed to EM stubs with double-stick tape and 
coated with 200-300 nm of a gold-palladium 
mixture in a Hummer VI sputter coater. The 
scales were examined under a JEOL JSM 
35C SEM. 

Descriptions of most scale surface features 
are based on P-keratin-containing layers, re- 
moved by pushing on the surfaces of scales 
with a dissectingneedle (methodology of Irish 
et al., zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'88). This technique results in the 
splitting of the mesos layer, perhaps weak- 
ened by the leaching of its lipid sheets by the 
ethanol in which specimens are stored. For 
most cordylid species, the p-keratin layers 
were removed from the parietal and one or 
more dorsal body, dorsal tail, ventral body, 
and supralabial scales. Only dorsal body scales 
were prepared for most gerrhosaurid species. 

Most of the dorsals were mounted with the 
distal surface of the oberhautchen facing up. 
However, the proximal surface of the p layer 
was also prepared by mounting one dorsal 
scale upside down for each species. For speci- 
mens of Cordylus cataphractus, C. cordylus, 
C. giganteus, Chamaesaura anguina, C. mac- 
rolepis, Pseudocordylus melanotus, Gerrho- 
saurus major, and G. flavigularis the distal 
surface of the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa layer was prepared by mount- 
ing an intact scale with the P-keratin-contain- 
ing layers removed. 

The p-keratin-containing layers of cordylid 
scale organs are extremely thin relative to 
those covering the surrounding scale. For 
this reason, removal of these layers using a 
dissecting needle results in loss of the p-kera- 
tin layers over the scale organ. Description of 
scale organ morphology is here restricted to 
only a few species (Cordylus cataphractus, C. 
cordylus, C. warreni, Pseudocordylus melano- 
tus) from which entire scales could be re- 
moved. Intact scales were always critical point 
dried rather than air-dried before being exam- 
ined. 

Cladistic philosophy (Hennig, '66; Wiley, 
'81) was applied to interpret the phylogenetic 
signal of scale surface features. The most 
comprehensive cladistic study of the Squa- 
mata was undertaken by Estes et al. ('88). 

For a hypothesis of outgroup relationships, 
we used the results of that study, taking into 
account Kluge's ('89) critique of the method- 
ology employed. Kluge, using the computer 
program Hennig 86 (Farris, '88) and the 
data of Estes et al. ('881, generated two most 
parsimonious hypotheses of squamate rela- 
tionships when he repolarized several charac- 
ters and treated multistate characters as un- 
ordered (Kluge, '89: pp. 372-373). The two 
hypotheses are as follows: (Iguania (Angui- 
morpha (Gekkota (Lacertoidea (Scincidae 
(Cordylidae, Gerrhosauridae)))))), and (Igua- 
nia (Anguimorpha (Lacertoidea (Gekkota 
(Scincidae (Cordylidae, Gerrhosauridae)))))). 
The first of these hypotheses is the same as 
that of Estes et al. ('88), their figure 5A. We 
use Iguania, Anguimorpha, Lacertoidea, and 
Scincidae in the sense of Estes et al. ('881, 
Gekkota in the sense of Kluge ('871, and 
Cordylidae and Gerrhosauridae in the sense 
of Lang ('91). 

Derived character states identified by out- 
group comparisons were mapped onto previ- 
ously proposed tree topologies (Kluge, '89; 
Lang, '91) or, where appropriate, were used 
to partition terminal taxa into groups. The 
almost complete lack of homoplasy among 
the characters identified made parsimony 
analysis straightforward, obviating the use 
of computer algorithms. 

RESULTS 

Scale organs 
Among cordylids and gerrhosaurids, large 

numbers of tactile scale organs occur on the 
head (Fig. 1) and are most numerous on 
anterior regions of the face and dorsal sur- 
faces of the snout. Most gulars, postmentals, 
and ventrals lack scale organs. In cordylids 
and gerrhosaurids, numbers of scale organs 
on specific scales are often different on oppo- 
site sides of the head and vary considerably 
among individuals. By way of example, lore- 
als in Cordylus cataphractus have 3-8 scale 
organs (n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 10, X = 5, s2 = 2.231, and sec- 
ond infralabials have 3-9 scale organs 
(n = 12, X = 6, s2 = 3.54). Almost the com- 
plete range of counts for these scales occurs 
in a single specimen: 518 scale organs on the 
loreals of UTA 25131; 3/7 organs on the 
second infralabials in UTA 25129. 

Rarely do squamates completely lack tac- 
tile scale organs. Although scale organs were 
clearly visible under a dissecting microscope 
in other cordylids, none could be found any- 
where on specimens of Chamaesaura. The 
absence of scale organs in this genus was 
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Fig. 1. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACordylus zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcataphractus (UTA 25130). Distribution of scale organs on the facial scales. 

later confirmed by examination of SEM prepa- 
rations of the distal oberhautchen and proxi- 
mal zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp layer of labials, dorsals, and ventrals. 

Cordylid and gerrhosaurid tactile scale or- 
gans exhibit considerable variation in shape 
but share extremely thin beta keratin contain- 
ing layers less than 1 ym thick (Figs. 2D, 
4C-D). In preserved specimens, the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp layers 
of cordylid and gerrhosaurid scale organs are 
wrinkled, perhaps as an artifact of prepara- 
tion or preservation. Neither lamellae nor 
macrohoneycomb cover the surfaces of tac- 
tile scale organs in cordylids or gerrhosau- 
rids. Lamellae, however, do traverse the col- 
lars and extend up onto the vertical edges of 
scale organs in Gerrhosaurus (Fig. 2). 

The simplest scale organs project only 
slightly above adjacent scale surfaces (Figs. 
2, 3F) and were observed in Gerrhosaurus 
flavigularis, G. major, Zonosaurus laticauda- 
tus, and Pseudocordylus melanotus. In these 
species the a layer is dome shaped and re- 
sembles those described for other scincomor- 
phan and anguimorphan squamates (Har- 
vey, ’93; Landmann, ’75). More complex scale 
organs occur in Cordylus cataphractus and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
C. cordyZus (Figs. 3A-E, 4A-D). In these 
species, scale organs project up to 120 pm 
above the adjacent scale surface compared to 
less than 15 ym in Gerrhosaurus. Moreover, 
the alpha layers possess lateral expansions 
(arrows, Fig. 4A) that fit into grooves (arrow, 
Fig. 4C) in the flanking @-keratin layers. 

Excluding the scales of the head and ven- 
ter, single or paired scale organs (Fig. 4E,F) 
appear on most scales in all cordylids except 
Chamaesaura but in no gerrhosaurid exam- 
ined. Unlike scale organs on the head, these 

scale organs do not project substantially above 
the adjacent scale surface. Moreover, when- 
ever p-keratin layers were removed, the scale 
organs on dorsals were lost, leaving a hole 
through the @-keratin layers where they oc- 
curred. These scale organs appear to be asso- 
ciated with the keel and may function thigmo- 
tactically in these crevice-dwelling lizards. 

Scale surface microstructure 
Lamellae cover dorsal body scales of all the 

gerrhosaurid species examined (Fig. 5A,B). 
Although scales other than mid-dorsals were 
not prepared for most gerrhosaurids, lamel- 
lae also cover ventrals, parietals, labials, and 
caudals of Gerrhosaurus major, G. flavigula- 
ris, and Zonosaurus laticaudatus. Among 
cordylids, narrow1 lamellae characterize the 
oberhautchen of Platysaurus (Fig. 5C,D), 
where they often overlap macrohoneycomb 
and occur on scales from all the body regions 
mentioned above. 

As in many scincomorphans and anguids 
(Stewart and Daniel, ’75; Peterson and Bezy, 
’851, gerrhosaurid lamellae are anywhere 
from 50 to more than 100 times as wide as 

‘One study (Peterson and Bezy ’85) described the shape of 
lamellae with reference to a proximcdistal axis of each scale and 
defined length as the dimension of lamellae along this axis and 
width as the dimension perpendicular to this axis. For scales with 
concentric lamellae. a different system was employed: “the proxi- 
modistal axis is expanded into a set of’ minimum length radii 
connecting the apex and the margin of the scale. Cell length is 
measured parallel t o  the ‘radius’ through the cell.” Under both 
systems “width” hecame the longer dimension of a lamella and 
“length” the shorter. Herein, this convention is followed without 
reference to any body or scale axis. Neither of the two systems 
described above could be applied satisfactorily to scales on the 
head or on most dorsals where more anterior lamellae do not 
overlap more caudal lamellae. 
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Fig. 2. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGerrhosaurus zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmajor. Lenticular scale organs. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A Intact labial with frame around two scale organs 
enlarged in B D .  B,C: Distal oberhautchen of a lenticu- 
lar scale organ. Lamellae extend up onto the medial wall 

of the scale organ but the dorsal surface lacks lamellae. 
D: P-keratin containing layers (Ob) displaced from the 
surface of a lenticular scale organ. 

they are long; they bear numerous pits with 
diameters ranging from 0.1 km to 0.3 km; 
the terminus of the longer axis of each la- 
mella is most commonly interpolated be- 
tween more anterior and posterior lamellae 
but also juxtaposed in some places; and each 
lamella bears a narrow free margin less than 
0.3 km wide. The lamellae of both gerrhosau- 
rids and Platysaurus lack the dentate mar- 
gins characteristic of scincids. 

The orientation of lamellae is not only 
dependent on the axis of the body, but also 
macroscopic features of the scales. In gen- 
eral, more anterior lamellae overlap more 
caudal lamellae. On the dorsal pictured in 
Figure 5A, lamellae curve to the left in the 
direction of a central keel and to the right in 
the direction of an accessory keel. Between 
the two keels, lamellae maintain anterior 
over posterior imbrication until they reach 
the caudal edge of the scale. There, lamellae 
imbricate in the opposite direction or at right 
angles to the body axis. 

Unlike the lamellae of gerrhosaurids, the 
pitted lamellae of Platysaurus are subelip- 
soid or rectangular and are 1.5-8 times as 
wide as long. They are unlike lamellae of 
most scleroglossans and may actually be ober- 
hautchen cells. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAs in gerrhosaurids, the orien- 
tation of the lamellae of Platysaurus follows 
scale morphology. Lamellae radiate out from 
the center of dome-shaped granular scales of 
the dorsum (Fig. 5C) with more proximal 
lamellae overlapping more distal lamellae. 
Their margins may be juxtaposed as in Fig- 
ure 5D or interpolated between imbricating 
lamellae such as those in Figure 9. As in 
gerrhosaurids, the lamellae of Platysaurus 
possess free margins less than 0.3 pm long. 

Macrohoneycomb is a highly variable scale 
surface feature resembling the honeycombs 
of hymenopteran insects. All cordylid species 
examined thus far possess some form of mac- 
rohoneycomb while all gerrhosaurid species 
examined lack macrohoneycomb. On the sur- 
face of scales, macrohoneycomb consists of a 
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Fig. 3. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACordylus zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcatuphructus zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA Distal oberhautchen 
of an intact supralabial with a row of projecting scale 
organs positioned along the scale’s edge. B-E: Lateral 
aspect of three projecting scale organs from the same 

network of ridges enclosing chambers 15-30 
pm in diameter. Ridges vary in height and 
thickness reaching 15 Frn in height and 3 p,m 
thick among Chamaesaura and some Cordy- 
lus. The other extreme typifies species of 

scale. Pseudocordylus zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmelanotus. F: Scale organs on a 
supralabial. The oberhautchen and beta layers have been 
displaced over the scale organ. Remnants of the mesos 
layer are visible as loose, irregular sheets of tissue. 

Platysaurus, where ridges are typically less 
than 3 pm in height and up to 0.5 p,m thick. 

Like xenosaurid macrohoneycomb, the po- 
lygonally arranged ridges on the surfaces of 
cordylid scales are composed of more than 
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Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACordylus cataphractus. A,B: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa layer of a labial 
scale organ. Arrows, tabs that interdigitate with the 
surrounding zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp layer. Irregular sheets of tissue on the 
scale organ surface are remnants of the mesos layer. 
Cordylus cordylus. C , D  Oberhautchen and p layers re- 
moved from a supralabial. Most of the p layers that 

originally covered the scale organ have been lost leaving 
some thin flaps (F) at the edge of the opening. Arrow, 
groove into which tabs like those in A fit. Cordylus 
warreni. E,F: Caudal aspect of a dorsal body scale. Frame 
encloses a thigmotactic scale organ enlarged in 4F. 

one tissue layer and are not intracellular 
structures. Examination of deeper layers 
demonstrates that each ridge consists of a 
fold extending through the oberhautchen, p 

(Fig. 7E,F), a, and mesos layers. Unlike the 
epidermis of xenosaurids, structures resem- 
bling cell margins overlap the macrohoney- 
comb of cordylids. Moreover, the apparent 
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Fig. 5. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGerrhosaurus flauigularis. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA Lamellae at  the 
caudal end of a dorsal body scale. Arrowheads, direction 
in which lamellae overlap one another. B: Enlargement 
of lamellae showing imbrication and pitting. Platysaurus 
imperator. C: Dorsal granular scale. Frame indicates 
region enlarged in D showingrectangular lamellae. Cordy- 

lus cordylus. E: Lateral edge of a parietal scale. Frame 
encloses region of scale enlarged in F. F: Cell-ridge sys- 
tem. Cells to left are flat where they cover one of the 
macroscopic spines on the surface of the scale. To the 
right, the cells lie atop low macrohoneycomb. Arrowhead, 
flap of free tissue. 

cell margins cannot be explained as mere 
cracks like the lines along macrohoneycomb 
ridges in Xenosaurus newmanorum (Harvey, 
’93). Along the margin of an interparietal 

taken from Cordylus cordylus (Fig. 5E,F), 
macrohoneycomb is not visible although over- 
lapping “cells”, roughly diamond-shaped, are 
seen. Just medial to the edge of the scale, 



CORDYLID SCALE MORPHOLOGY 129 

ridges are present and overlain by “cells.” In 
this species, each “cell” is the same size and 
shape as the chamber it covers, and its mar- 
gins lie atop the ridges. Additionally, the 
caudal tips of these “cells” are raised slightly 
to form flap-like free margins 2-15 pm long 
(see also Figs. 8, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA10). Finally, the imbrication 
of the “cells” is maintained when macrohon- 
eycomb is present. The point must be stressed 
that no evidence other than external appear- 
ance exists to confirm that the structures on 
these scales are cells. Realizing that we may 
be incorrectly identifying these structures, 
we hereafter refer to these apparent cells and 
the associated macrohoneycomb as the cell- 
ridge system. 

Most commonly in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACordylus, cell margins 
lie directly above ridges although this is not 
always the case. Over most of the epidermis 
of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC. polyzonus, the cell margin-ridge overlap 
of C. cordylus is observed. In that portion of 
the interparietal covering the parietal eye, 
the cells and chambers are about the same 
size, but many of the cells appear to overlap 
parts of more than one chamber (Fig. 6E). As 
mentioned above, the lamellae of Platysau- 
rus are much narrower than those in other 
scleroglossans and may be oberhautchen cells. 
As in C. polyzonus, each cell (=lamella) over- 
laps more than one chamber in species of 
Platysaurus (Fig. 6F). The chambers of 
Platysaurus are the same shape as those in 
other cordylids, but the cells are not, being 
subellipsoid to rectangular, rather than 
square to diamond-shaped. Thus, cell mar- 
gins may lie directly above ridges as in C. 
cordylus, be shifted to lie in the middle of 
chambers as in the parietal region of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC. poly- 
zonus, or be a different shape than the under- 
lying ridges as in species of Platysaurus. 

Among cordylids, flap-like margins are 
unique to some species of Cordylus, and these 
are the only species other than Platysaurus 
for which apparent cell margins can be dis- 
cerned. Macrohoneycomb lacking flaps was 
observed in Cordylus, Pseudocordylus, Platy- 
saurus, and Chamaesaura (Fig. 7). 

In addition to flaps and the elongate cells of 
Platysaurus, three other modifications of the 
cell-ridge system were observed in some 
cordylid lineages. In each of the three species 
of Chamaesaura, the chambers are oval 
rather than diamond shaped and deeply in- 
dented by a near-circular pit 7-15 pm in 
diameter. Several species of Cordylus possess 
short ridge-like projections (Figs. 6E, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8) 1-6 
p,m long and the same height as the surround- 

ing ridges but not as high as the flap-like 
margins. They are located in the center of 
some of the macrohoneycomb chambers and 
show no consistent orientation to the long or 
short axis of the cell or any axis of the scale or 
body. Like similar, though taller (up to 13 
pm) and more regular “tubercles” observed 
in the centers of cells in Lepidophyma species 
(Peterson and Bezy, ’85), these projections 
typically are curved with a convex and a 
concave side. Unlike the tubercles of Lepido- 
phyma, approximately 20% are tripartite (Fig. 
8). Central ridge-like projections were ob- 
served only among species possessing flaps. 

Among cordylids, most differences in mac- 
rohoneycomb distribution and morphology 
exhibit varying degrees of intraspecific varia- 
tion. On dorsal scales of the same species, 
macrohoneycomb may cover the entire scale 
or be absent along macroscopic ridges, spines, 
or other features. The central keel of adult 
cordylid body and tail scales is always smooth. 
Other than the central keel, macrohoney- 
comb may uniformly cover the dorsal scales, 
occur in patches, or be restricted to the hinge 
region. The dorsals of Platysaurus lack mac- 
rohoneycomb entirely. 

Wherever macrohoneycomb occurs on dor- 
sal body and tail scales, the ridges are promi- 
nent. However, perhaps as a consequence of 
a thinner epidermis, macrohoneycomb on the 
labials and over the parietal eye is reduced or 
absent. Flap-like margins are almost never 
visible on labial scales but were observed 
there in some specimens of Cordylus cordy- 
lus. In species of PZatysaurus, only lamellae 
were visible over the parietal eye, whereas 
macrohoneycomb covered the rest of the in- 
terparietal (Fig. 9). As with other characteris- 
tics of microornamentation distribution, the 
presence or absence of macrohoneycomb on 
the labials or over the parietal eye varies 
within species, and even within the same 
population. 

On the ventrals of most cordylids, macro- 
honeycomb was observed only in the hinge 
region. The ventrals of Platysaurus lack mac- 
rohoneycomb. Macrohoneycomb is restricted 
to the hinge region leaving most of the ven- 
tral surface smooth in Chamaesaura aenea. 
However, in the other two species of this 
genus, low macrohoneycomb covers the en- 
tire scale surface of ventrals. 

Ontogeny 
The cell-ridge system of juvenile Cordylus 

(Fig. 10) shows some similarity to that of 
adults, but exhibits some striking structural 
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Fig. 6. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACordylus cordylus. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA Macrohoneycomb cover- 
ing a dorsal tail scale. Frame encloses region enlarged in 
B. B: Lateral view of the cell-ridge system showing el- 
evated flaps of tissue. Cordylus polyzonus, interparietal. 
C: Frame encloses region of scale enlarged in D,E. D 
Macrohoneycomb from region of the parietal eye. E: 
Enlargement of macrohoneycomb over the parietal eye. 
Macrohoneycomb in lower half of figure is like that 

elsewhere on the body. In top half, macrohoneycomb over 
the parietal eye shows an  uncoupling of the cell-ridge 
system. Two arrowheads (top half), macrohoneycomb 
ridges positioned within cell boundaries. Arrowhead 
(lower half), a short, centrally positioned, ridge-like pro- 
jection characteristic of the Cordylus zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAnzger species group. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Platysaurus guttatus. F Cell-ridge system. 

differences. Unlike adult specimens, tubercles 
cover the keels of embryonic and juvenile 
dorsal scales (Fig. lOC>. Faint lines occur 
between these tubercles (Fig. 1OC) and may 

represent cell margins. The tubercles grade 
into flaps that become progressively elevated 
nearer the scale margins (Fig. 1OD-F). The 
flaps are considerably thicker, have a more 
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Fig. 7. Macrohoneycomb lacking flaps or noticeable 
cell margins: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACordylus tropidostenum. A: Macrohoney- 
comb from a supralabial. Cordylus coeruleopunctatus. B: 
A parietal scale. Chamaesaura anguina. C :  Macrohoney- 
comb alongside a smooth keel. Frame encloses region of 
scale enlarged in D. D: Oval-shaped and deeply pitted 

macrohoneycomb. E: Proximal surface of the beta layer 
of a dorsal scale. Flap of tissue to the left is the distal 
oherhautchen from the proximal surface of the scale. 
Frame encloses region of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp layer enlarged in F. F: Folds 
in the proximal surface of the beta layer. 

irregular shape, and are considerably more 
prominent in embryos and juveniles than in 
adults. As in the adult, apparent cell margins 
lie atop ridges (Fig. 10D,E) of the underlying 
macrohoneycomb. Examination of the under- 

surface of the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp layer reveals that these ridges 
have the same morphology as in the adult 
and extend through more than one tissue 
layer. However, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa layer tissue does not project 
into the flaps. 
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Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACordylus zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBApolyzonus. Central ridge-like projec- 
tions (arrowheads, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB) and frayed flaps. Arrowheads (A), 
two macrohoneycomb chambers (enlarged in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB). Both 
photos were taken from the interparietal scale in Figure 
6C. 

The distribution of flaps in the epidermis 
of juvenile Cordylus is the same as the distri- 
bution of macrohoneycomb in adults. In the 
two specimens examined, flaps covered labi- 
a l ~ ,  dorsals, and caudals; they were absent 
over the parietal window and restricted to 
the hinge region of ventrals. 

DISCUSSION 

The subcellular bristles of iguanians and 
gekkotans have been the subject of consider- 
able interest and show remarkable morpho- 
logical diversity (Scortecci, '41; Bauer and 
Russell, '88; Williams, '88; Ananjeva et al., 
'91; and numerous citations therein). They 
share two characteristics: a lenticular base 
and some form of rigid projecting structure 
usually positioned in the center of the base. 
Morphologically, they are quite unlike the 
projecting scale organs that have evolved in- 
dependently in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAShinisaurus (Harvey, '93) and 

Cordylus. The dissimilarity of these two 
classes of scale organs is explained by their 
apparent evolutionary histories. Examina- 
tion of outgroups shows that, in each case, 
ancestral scale organs were lenticular, resem- 
bling the scale organs illustrated for Gerrho- 
saurus major (Fig. 2). Bristled scale organs 
probably evolved through modifications of 
existing hair-like structures, or spinules, that 
cover the epidermis in gekkotans and many 
iguanians (Schmidt, '20; Joger, '84). No evi- 
dence suggests that such protoadaptive struc- 
tures were present in the ancestors of either 
Shinisaurus or Cordylus. In these species, a 
projecting structure most likely formed 
through the distal attenuation of an ances- 
tral lenticular scale organ. The resulting scale 
organs lack any remnant of a lenticular base, 
but project directly from the scale surface or 
just medial to a narrow, encircling furrow. 
The scale organs of Shinisaurus were fur- 
ther modified through the thickening of the @ 
and oberhautchen to form a rigid spike resem- 
bling scale organs shown to function like a 
lever arm in Calotes (Hiller, 1978). In Cordy- 
lus, the beta and oberhautchen of the facial 
scale organs remained thin, and the organs 
were modified through the lateral expansion 
of the a layer into the adjacent @ layer. 

Examination of the proximal p layer and 
distal a layer of cordylids further supports 
earlier findings (Harvey, '93) that macrohon- 
eycomb ridges are folds extending through 
several tissue layers and are not restricted to 
the oberhautchen. Thus, oberhautchen cell 
shape and macrohoneycomb chamber shape 
are separate entities. Moreover, this study 
reveals that the ridges of macrohoneycomb 
do not always demarcate cell boundaries. In 
many lizards, no cell margins are visible when 
macrohoneycomb is present. Based on the 
findings of this study, the shape of ober- 
hautchen cells should not be inferred from 
the shape of macrohoneycomb chambers. 

Ontogenetic change in the epidermis of 
squamates has been poorly documented for 
most groups. Among all snakes examined, a 
recognizable neonatal microornamentation 
pattern is replaced by an adult pattern after 
the first shed over most of the scale (Price 
and Kelly, '89; M.B. Harvey and R.L. Gutber- 
let, Jr., personal observation). These findings 
reversed the previously held notion, that mi- 
croornamentation patterns did not change 
during maturation (Picado, '31). Among other 
squamates, the ontogeny of microornamenta- 
tion patterns has been well documented only 
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Fig. 9. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPlatysuurus cupensis, interparietal. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA Lamellae from modified region of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAscale 
covering the parietal eye. B: Cell ridge system from region of scale lateral to  parietal eye. 

for xenosaurids. Species of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAXenosaurus pos- 
sess the same microornamentation patterns 
as an embryo, juvenile, and adult; whereas, 
Shinisaurus undergoes dramatic ontoge- 
netic changes (Harvey, '93). The exaggerated 

flaps on the epidermis of juvenile and embry- 
onic Cordylus cordylus show some resem- 
blance to the flaps on the surfaces of immature 
Shinisaurus. Furthermore, the transforma- 
tional series from tubercles on the keel to flaps 
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Fig. 10. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACordylus cordylus, neonatal scale morphol- 
ogy (cf. Figure 6A,B). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA Scale taken from the dorsal 
surface of the tail. B: Anterior (hinge) region of scale 
pictured in A. showing (C) tubercles from keel, (D) emer- 

gent flaps from anterior (right) edge of keel, and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(E,F) 
exaggerated flaps from the hinge region and regions of 
scale lateral to the keel. 

elsewhere on the scale is reminiscent of the 
transformational series observed on the keeled 
venter of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAShinisaurus zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(Harvey, '93, his figure 
5). However, flaps in the two species are quite 

different morphologically. The flaps of imma- 
ture C. cordylus, like those of the adult, are 
composed solely of beta keratin, while in Shinis- 
aurus the flaps are composed of layers of a- and 
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p-keratin. Furthermore, the exaggerated flaps 
of C. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcordylus are probably free oberhautchen 
cell margins, while the flaps of Shinisaurus 
clearly zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAare not intracellular structures of the 
oberhautchen. 

Phylogenetic signal zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof cordylid and 
gerrhosaurid scale features 

Our polarity decisions for characters in the 
ingroup Cordyliformes are the same for both 
of Kluge's ('89) hypotheses (see methods). 
During the course of the study, 10 phyloge- 
netically informative characters were found: 

1. Macrohoneycomb: (0 )  absent; (1) pre- 
sent. The most parsimonious hypothesis 
of this character's evolution is that mac- 
rohoneycomb has arisen independently 
within four major squamate lineages: 
iguanians, anguimorphans, lacertoids, 
and scincoids. Within the context of cur- 
rent hypotheses (Kluge, '89; Lang, '911, 
the presence of macrohoneycomb is a 
synapomorphy of the Cordylidae. 

2. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa layer of scale organs (Figs. 2-4): (0) 
dome shaped, without tabs that interdigi- 
tate with the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp layer; (1) dome-shaped 
with tabs. Although the a layers of many 
members of the outgroups to Cordylus 
have not been described, tabs have not 
been previously reported in any other 
lepidosaurian and may be unique to spe- 
cies of Cordylus. 

3. Tactile scale organs: (0) present; (1) ab- 
sent. This character is a synapomorphy 
of Chamaesaura. All other gerrhosau- 
rids and cordylids primitively possess 
scale organs. 

4. Scale organs on scales of the body (Fig. 
4E,Fj: (0) present; (1) absent. This char- 
acter may be a synapomorphy of the 
Gerrhosauridae. Scale organs occur on 
scales of the body in cordylids other than 
Chamaesaura, all scincids we have exam- 
ined, other scleroglossans, and gekko- 
tans. 

5. Lamellae (Fig. 5): (0) edentate, 50-100 
times as wide as long; (1) edentate, 1.5-8 
times as wide as long, Lamellae similar 
to those observed in gerrhosaurids are 
widespread among scleroglossans other 
than gekkotans. The lamellae of Platysau- 
rus are unknown in other squamates 
and appear to be a synapomorphy of the 
species of that genus. 

6. Flap-like free margins associated with 
the cell-ridge system (Figs. 6,7): (0) ab- 

sent; (1) present; (2) present and frayed. 
Although, macrohoneycomb appears in 
some scleroglossan lineages such as the 
Lacertidae (Limberger, '85) and Scinci- 
dae (personal observation), we have 
found flaps in only one scincid genus and 
some members of Cordylus. Their pres- 
ence, represents a synapomorphy of C. 
cordylus, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC. campbelli, C. lawrenci, C. 
macropholis, C. mclachlani, C. minor, 
C. niger, C. polyzonus, and C. vittifer. 
Frayed flaps were observed only in C. 
polyzonus but may also occur on the 
interparietal of C. campbelli, C. lawrenci, 
or C. minor. Interparietals for these three 
species were not examined. The flap-like 
free margins mentioned above have not 
been previously reported in published 
descriptions of scale surface morphol- 
ogy. Macrohoneycomb without flaps (Fig. 
7) occurs in many cordylids, all xenosau- 
rids (Harvey, '931, many varanids (Gasc 
et al., '82; and personal observation), 
and some lacertids (Limberger, '85) and 
iguanians (Peterson, '84). 

7. Short ridge-like projections in the center 
of oberhautchen cells (Fig. 6E): (0) ab- 
sent; (1) present. Elevated structures lo- 
cated in the centers o€ apparent ober- 
hautchen cells have been reported in 
species of Lepidophyma (Peterson and 
Bezy, '85), and observed in some vara- 
nids (personal observation). However, the 
narrow central ridges of some Cordylus 
are unknown in other squamates and 
appear to be a synapomorphy of C. camp- 
belli, C. mclachlani, C. minor, C. niger, 
and C. polyzonus. 

8. Shape of macrohoneycomb chambers 
(Fig. 7): (0) diamond-shaped, without 
deep indentations; (1) oval with deep in- 
dentations. The oval and deeply indented 
chambers of the macrohoneycomb of 
Chamaesaura are unknown in other 
squamates and appear to represent a 
synapomorphy of the species of that ge- 
nus. 

9. Ventral scale surfaces: (0) with macro- 
honeycomb restricted to the hinge re- 
gion; (1) with low macrohoneycomb cov- 
ering the entire scale. In scleroglossan 
lizards possessing macrohoneycomb, the 
ventrals either lack macrohoneycomb or 
have macrohoneycomb restricted to the 
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I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGerrhosauridae 
No Scale Organs 
on Body zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAChamaesaura anguina group I 
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I Ventrals 
I Ornamented 

Chamaesaura aenea group Oval Chambers + 
Macrohoneycomb 

Cordylus cordyhs group LA- 

Scale Organs 
Absent Pseudocordylus 

I 
I PIatysaurus 

Flaps I+ cordy/us niger group 

No Macrohoneycomb 

Central Ridges 

Fig. 11. Evolution of scale surface characters and the partitioning of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACordylus into three and 
Chamaesauru into two species groups. Phylogenetic relationships of genera and families is that 
of Lang ('91). 

hinge region. Two exceptions are the spe- 
cies of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAChamaesaura with absent or re- 
duced forelimbs, C. anguina and C. mac- 
rolepis. In the third species, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC. aenea, 
macrohoneycomb is restricted to the 
hinge region of ventrals. 

10. Dorsal scale surfaces: (0 )  with macrohon- 
eycomb at least in the hinge region (1) 
lacking macrohoneycomb. This charac- 
ter probably does not represent a true 
reversal to the gerrhosaurid condition 
which would be expected to result in the 
loss of macrohoneycomb over the entire 
body. (Dorsal scales from Platysaurus 
ocellatus and P. mitchelli were not avail- 
able for study.) 

As has been pointed out (Lang, ,911, few 
and weak synapomorphies of the Cordyli- 
dae + Gerrhosauridae were presented in an 
earlier phylogenetic analysis (Estes et al., 
'88). The former study reviewed new evi- 
dence based on hemipenial morphology, my- 

ology, and karyotypes that further supports 
the monophyletic relationship of these two 
families. 

Scale morphology does not provide evi- 
dence for the monophyly of Cordyliformes. 
The lamellae of gerrhosaurids and Platysau- 
rus are most likely not homologous and are 
not a shared characteristic of cordylids and 
gerrhosaurids. Although gerrhosaurids and 
scincids both possess lamellae, this character 
is plesiomorphic within the Scincoidea. Scin- 
cids rather than gerrhosaurids possess a de- 
rived modification of lamellae, the dentate 
borders. In  contrast to gerrhosaurids, 
cordylids possess macrohoneycomb, which 
they share with some scincids. 

Synapomorphies of the species of Charnae- 
saura, the species of Platysaurus, and the 
genera of the Gerrhosauridae were found 
(Fig. 11). Justification for recognizing three 
groups within Cordylus and two groups 
within Chamaesaura was also demonstrated: 
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Chamaesaura aenea group (1 species) 

Chamaesaura anguina group (2 species) 

C. aenea 

C. anguina 
C. macrolepis 

C. campbelli 
C. mclachlani 
C. minor 
C. niger 
C. polyzonus 

C. cordylus 
C. lawrenci 
C. macropholis 
C. uittifer 

C. cataphractus 
C. coeruleopunctatus 
C. giganteus 
C. namaquensis 
C. tropidosternum 
C. warreni 

Macrohoneycomb covers the ventral scales 
ofboth Chamaesaura anguina and C. macrol- 
epis thus uniting these two taxa in a C. 
anguina group. No phylogenetic hypothesis 
of Cordylus exists. All the members of a C. 
niger group share a central ridge-like projec- 
tion positioned within their oberhautchen 
cells. Two additional groups may be paraphy- 
letic: the C. cordylus group which possesses 
flaps but no central ridges and the C. gigan- 
teus group which lacks both characters. The 
presence of frayed flaps in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC. polyzonus may 
further partition the genus. The species is 
left in the C. niger group because, for some 
species, interparietals were unavailable for 
inspecting the condition of the flaps. When 
interparietals of the other species become 
available, recognition of a fourth group con- 
taining C. polyzonus may be justified. Cordy- 
lus cataphractus and C. cordylus share de- 
rived scale organs. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAs this study did not 
ascertain the condition of the scale organs for 
most cordylids, the level at which this charac- 
ter is informative is not yet apparent. 

Cordylus niger group (5 species) 

Cordylus cordylus group (4 species) 

Cordylus giganteus group (6 species) 
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APPENDIX 

Specimens examined during the course of 
this study are housed in the American Mu- 
seum of Natural History, New York (AMNH), 
the Field Museum of Natural History, Chi- 
cago (FMNH), the Museum of Natural His- 
tory at the University of Kansas, Lawrence 
(KU), the Museum of Zoology at  the Univer- 
sity of Michigan, Ann Arbor (UMMZ), and 
the Collection of Vertebrates at the Univer- 
sity of Texas at Arlington (UTA). 

Specimens 
Cordylidae. Chamaesaura aenea (1): 

FMNH 17465, Chamaesaura anguina (3): 
AMNH 18220, FMNH 168843-44. Chamae- 
saura macrolepis (4): AMNH 57629, FMNH 
154741-42, UTA 34959. Cordylus campbelli 
(1): MCZ 46824. Cordylus cataphractus (14): 

UTA 6300, 7860, 25128-31. Cordylus coer- 
uleopunctatus (5): FMNH 186970-74. Cordy- 
lus cordylus (17): FMNH 17467, 17484-85, 

(embryo), UTA 6692,6763 (juvenile), 29665, 
34061-63. Cordylusgiganteus (9): UTA 6717, 

Cordylus lawrenci (1): MCZ 159177. Cordy- 
lus macropholis (2): FMNH 187016-17. 
Cordylus mclachlani (1): KU 207964. Cordy- 
lus minor (2): KU 207969-70. Cordylus na- 
maquensis (1): MCZ 46840. Cordylus niger 

UMMZ 61461, 62507. Cordylus peersi (2): 
FMNH 186966-67. Cordylus polyzonus (3): 
FMNH 187004-05, UTA 34964. Cordylus 
tropidosternurn (6): FMNH 58294, 78157, 
129601-03, AMNH 16820. Cordylus vittifer 
(18): FMNH 17477, 17479,204852, 219776, 

220209,220211,220260, UTA 9074. Cordy- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Zus warreni (2): AMNH 107313, UTA 10507. 
Platysaurus capensis (2): FMNH 187031, 

FMNH 57648, 187011, 204850, 206533-36, 

186917-19, 186928-29, 187180-81, 204844 

7659, 8025, 8041, 31971, 34493-95, 34545. 

(16): FMNH 186934-38, 186947, 186949-56, 

219778, 220041-43, 220045, 220048-52, 
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206530. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPlatysaurus guttatus (2): FMNH 
17323-24. Platysaurus imperator (1): AMNH 
90176. Platysaurus intermedius (2): FMNH 
187029-30. Platysaurus mitchelli (1): AMNH 
90178. Platysaurus ocellatus (1): AMNH 
90177. Pseudocordylus capensis (2): FMNH 
186916, UTA 34951. Pseudocordylus melano- 
tus (2): UTA 6302, 8246. Pseudocordylus 
microlepidotus (3): AMNH 5888, FMNH 

Gerrhosauridae. Angolosaurus skoogi (1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) : 
FMNH 204849. Cordylosaurus subtessella- 
tus (2): FMNH 74082-83. Gerrhosaurus flav- 
igularis: UTA (6) 29666-69, 34956-57. Ger- 
rhosaurus major (2): UTA 29670, 34096. 
Gerrhosaurus multilineatus (2): FMNH 
17288-89. Gerrhosaurus nigrolineatus (2): 
FMNH 129717-18. Gerrhosaurus validus (2): 
74080-81. Tetradactylus seps (2): FMNH 
206569-70. Tetradactylus tetradactylus (2): 
FMNH 206571-72. Tracheloptychus mada- 
gascariensis (2): FMNH 75636-37. Zonosau- 
rus laticaudatus (2): UTA 9370-71. Zono- 
saurus maximus (2): FMNH 75642-43. 
Zonosaurus ornatus (2): FMNH 73077-78. 

187014-15. 
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