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FEEDING AND LOCOMOTOR MECHANISMS OF TEIID 
LIZARDS: FUNCTIONAL MORPHOLOGY AND EVOLUTION 

William P. MacLean 

Abstract 

Macro- and microteiid lizards are distinguishable by large suites of 
morphological characters and are recognized as the subfamilies Teiinae 
and Gymnophthalminae, respectively. Large and small size are the pri- 
mary adaptations of these two groups and are significant in escape or con- 
cealment from predators. Locomotor specializations in the two groups 
support this interpretation. Inertial feeding has been perfected in the 
Teiinae to rapidly ingest relatively small prey, while in the Gymnoph- 
thalminae, the feeding mechanism has been modified to handle relati- 
vely large prey. 

Introduction 

Ever increasing sophistication in understanding speciation and 
the events preceding it has monopolized evolutionary theory. Most 
students of evolution view the major features of life history as 
vast accumulations of population phenomena and, as such, as well 
understood as their components. The accumulations are, however, 
so vast that analysis at the population level is essentially impos- 
sible. Also, the microevolutionary phenomena cannot be imagined 
to be additive, but rather to have cause and effect relationships 
and degrees of importance, so that patterns arise which have 
theoretical. interest. At present, patterns of macroevolution are 
poorly understood and major theoretical synthesis is not possible. 

One approach is to examine a phylogenetic divergence in detail. 
The lizard family Teiidae is well suited to such a study. It is 
composed of two groups which are ecologically and morphologically 
quite distinct. These groups have long been informally recognized 
as macro- and microteiids, in reference to their size. The 
dichotomy has not been examined in detail. A short paper by 
Sinitsen (1928) notes that the groups differ in the relative positions 
of the nasal cavity and Jacobson's organ. 

The object of this study is to find adaptively interpretable 
morphological variation in the Teiidae, above the species level 
and to correlate such variation, with ecological diversity. An under- 
standing of the ancestry of the family would certcdnly contribute 
to the interpretation of the adaptive dichotomy and radiations, 
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however no progress was made in the direction. The Cretaceous 
fossii lizard Polyglyphanodon has been referred to. as a primitive 
teiid by various authors (Hoffstetter, 1955 and 1962; Romer, 1966; 
Estes, 1969). An exhaustive examination of this form, including 
serial sectioning of a skull, indicates that it is not related to teiids 
and should probably be placed in the infraorder Iguania. 

Great morphological variability in the Teiidae invites evolu- 
tionary analysis. This diversity is evident in size; the smallest 
teiids rival certain geckos for the title of smallest lizard and the 
largest are only exceeded by some species of Varanus and the 
largest iguanids. Preliminary anatomical studies (Camp, 1923; 
Sihitsen, 1928) and non-anotomical data (Gorman, 1970) indicate 
that the family is made up of two very distinct sub-groups, but is, 
nevertheless, a natural assemblage. 1 Since size is obviously very 
important in the biology of an animal and because the teiids 
include a large and a small group which apparently have quite 
separate histories, a survey of the adaptations of each should prove 
interesting. This survey is limited to morphology due to the large 
number of genera and species in the family, the difficulty of 
obtaining live specimens of most genera and of applying techniques 
such as electromyography and motion analysis to the smaller forms. 
The results of this survey are used in framing hypotheses con- 
cerning the functional anatomy and adaptive strategies of the 
various groups of teiids and for making historical inferences about 
their evolution. The former can be tested by detailed analysis of 
living species and the latter by -the discovery and study 
of additional fossil material. Also, such a survey is useful in 
expanding our knowledge of variability within the Teiidae, which can 
be applied to evolutionary analyses above the family level. 

Attention has been focused on feeding and locomotor mechanisms 
for three reasons. Preliminary consideration revealed that there 
was variability in these systems, such as distinct types of tongues 
and body forms, which cpuld be directly related to the. way of life 
of the animal. These systems can be studied with little recourse to 
complex and time consuming techniques such as serial sectioning. 
Most important, feeding and locomotion are basic variables in 
vertebrate adaptation; many adaptive radiations are founded on 
shifts in one or both systems. 

The basic assumption of this study is that feeding and locomo- 
tor mechanisms reflect phylogeny to some degree. The results 
include various hypotheses concerning the phylogeny of the teiid 
lizards. These can only be tested by a multiple character analysis 
such as that being done by Dr. William Presch. The data at hand is 
not suitable for such analysis because the character state phylogenies 
a.re almost all identical and thus have low resolution for dis- 
tinguishing paralellism and convergence and because the data 
matrix is very incomplete. 

Boulenger (1885) divided the Teiidae into four groups on the 
basis of external morphology. Group I comprises the macroteiids 
and groups II to IV comprise the microteiids. The macro- and 
microteiids are so obviously distinct that reasonable, arguments 
could be advanced for separating them at the familial level. The 
three groups of microteiids are also quite distinct, however, the 
division is quite unequal, with group II including most of the 
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genera and species and groups III and IV set apart due to very 
obvious external features. These are elongation and limb reduction 
in group III and skink-like features such as flattened head and 
body, reduction of a digit and cycloid scales in most genera for 
group IV. Group II could easily be divided into six to eight groups 
of status comparable to that of III and IV. 

Peters and Donoso-Barros (1970) list 39 genera and 200 species 
in the family Teiidae. The validity of a few of the genera, such 
as Ophiognomon and Cnemidophorus, is doubtful, but this list is 
followed in this study. At the species level, the taxonomy of most 
genera is confused. Less than half of the recognized genera have 
been reviewed or described in this century. Many workers, including 
Thomas Uzzell, Thomas Fritts and James Dixon are working at this 
level and interesting zoogeographic patterns are resulting. The fol- 
lowing list of genera and number of species included is taken from 
Peters and Donoso-Barros (1970). Readers unfamiliar with teiids 
should consult this work and Boulenger (1885). 

Group I: Ameiva (15), Callopistes (2), Cnemidophorus (36), 
Crocodilurus (1), Dicrodon (3), Dracaena (2), Kentropyx (9), 
Teius (1), Tupinambis (4). 

Group II: Alopoglossus (5), Anadia (11), Argalia (1), Arthro- 
saura (4), Arthroseps (2), Cercosaura (1), Echinosaura (1), Ecpleo- 
pus (2), Eu&pondylus (10), Leposoma (7), Macropholidus (2), 
Neusticurus (7), Opipeuter (1). Pantodactylus (2 or 3), Pholidobolus 
(2), Placosoma (3), Prionodactylus (4), Proctoporus (15). Ptycho- 
glossus (7), Stenolepis (1). 

Group III: Anotosaura (1), Bachia (18), Colobodactylus (1), 
Heterodactylus (2), Ophiognomon (3). 

Group IV: Colobosaura (3), Gymnophthalmus (6), Iphisa (1), 
Micrablepharus (2), Tretioscincus (2). 

Only two genera, Ameiva and Cnemidophorus (which are 
probably congeneric), have extensive distributions outside of South 
America. Ameiva is found throughout the West Indies, with many 
endemic species. Cnemidophorus extends north to the 40th parallel 
in Eastern United States and to the 45th in the west, where there 
are various species. Within South America, the genera are divisible 
into three quite distinct geographical groups. These correspond to 
the western and northern highlands, the lowlands and the eastern 
highlands. Only a few genera, such as Bachia and Cnemidophorus 
occur in more than one of these regions. About ten genera, 
including Callopistes, Neusticurus, Echinosaura, Alopoglossus and 
Arthrosaura, are restricted to the Andes from Northern Chile to 
Central America and the Guianian highlands. The greatest diversity 
of teiids in terms of numbers of genera and species in a small 
geographic area probably occurs in Eastern Ecuador or Northern 
Peru. A second large group of genera, including all the macroteiids 
except Callopistes, most of group IV and Pantodactylus, Cercosaura 
and a few others are in the Amazonian hylea and llanos and in 
the lowlands of Southern Brazil, Paraguay, Uruguay and Northern 
Argentina. A few genera, such as Placosoma, Colobosaura and 
Heterodactylus are restricted to the highlands of Southeastern 
Brazil. 
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The classification developed here designates the macroteiids, 
subfamily Teiinae and the microteiids, subfamily Gymnophthalminae 
(used at the family level by Wiegmann, 1834). The microteiids could 
further be divided into tribes, but this is not thought desirable at 
present. Three to five natural groups are easily recognizable within 
this group, but about half the genera cannot be so organized at this, 
time. Presch (dissertation, 1970) divides the Teiinae into two tribes, 
the Teiinii and Tupinambinii. 
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Materials and methods 

Skeletal material of the following Teiinae was examined: Ameiva 
ameiva (7), A. alboguttata (5), A. aquilina (2), A. atrata (3), A. &i- 
frontata (2), A. birdorum (5), A. crysolaema (6), A. corvma (1), 
A. dorsalis (1), A. edracantha (7), A. erythops (1), A. erythrocephala 
(2), A. exul (3), A. festiva (3), A. fuscata (1). A. maynardi (9), A. 
panchlora (3), A. pleii (1), A. pleurianotata (2), A. polops (3), A. 
quadrilineata (4), A. thoracica (3), A. undulata (7), A. wetinarei (3), 
Cnemidophorus communis (1), C. deppei (2), C. guttatus (1), C. hy- 
per ythr us (2), C. innotatus (2), C. inornatus (1), C. lemniscatus (2), 
C. neomexicanus (1), C. ocellifer (2), C. sacki (3), C. sexlineatus (3), 
C. stictogrammus (1), C. tessellatus (1), C. tigris (10), Callopistes fld- 
vopunctatus (3), C. maculatus (2), Crocodilurus lacertinus (1), 
Dicrodon guttulatum (2), D. heterolepis (1), D. barb our i (1), Dra- 
caena guianensis (4), Kentropyx calcaratus (6), Teius teiou {l),'Tupi- 
nambis nigropunctatus (5), T. rufescens (1) and T. teguixin (7). 
For the Gymnophthalminae, skeletons studied are as follows (for 
each species, the first number is dry skeletons, the second cleared 
and stained and the third the number of specimens x-rayed): 
Alopoglossus buckleyi (2,1,5), A. copei (0,0,1), A. festae (1,1,0), A. 
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plicatus (0,0,1), Anadia angusticeps (0,0,2), A. bogotensis (3,0,6), A. 
metalhca (1,0,1), A. pulchella (0,0,2), Argalia sp. (0,0,1), Arthrosaura 
reticulata (1,1,2), Arthroseps fluminens-is (1,0.0), A. werneri (0,0,2), 
Bachia sp. (0,0,1), B. alleni (2,0,0), B. barbouri (2,1,0), B. bicolor 
(1,0,1), B. bresslaui (1,0,0), B. cophias (0,0,1), B. d'orbignyi (0,1,3), 
B. intermedia (4,0,0), B. lineata (0,1,0), B. pallidiceps (0,0,11), Cer- 
cosaura ocellata (1,0,0), Colobosaura modesta (0,0,1), Colobodactylus 
taunayi (1,0,0), Echinosaura horrida (0,1,21), E. palmeri (0,0,2), E. 
panamensis (1,0,0), Ecpleopus affinis (0,0,2), Euspondylus bolivianus 
(0,0,3), E. brevifrontalis (2,0,0), E. guentheri (0,0,2). E. maculatus 
(0,0,1), E. ockendeni (0,0,1), E. simonsii (5,0,0), E. spinalis (1,0,3), 
Gymnophthalmus line at us (1,0,0), G. speciosus (0,1,23), G. sumicrasti 
(0,0,1), G. underwoodi (1,0,0), Heterodactylus imbricatus (1,0,1), 
Iphisa elegans (0,0,3), Leposoma parietale (1,1,0), L. rugiceps (3,0,6). 
L. scincoides (1,0,0), L. southi (0,0,8), Macropholidus annectens 
(1,1,0), Microblepharus maximiliani (0,0,2), Neusticurus apodemus 
(0,1,9), N. bicarinatus (0,0,1), N. ecpleopus (0,0,27), N. rudis (1,0,1), 
N. strangulatus (3,0,2), N. tatei (1,0,0), Ophiognomon abendrothi 
(1,0,1), Pantodactylus schreibersii (1,0,1), Pholidobolus montium 
(4,0,25), Placosoma cordylinum (1,0,2), Prionodactylus albostrigata 
(1,0,0), P. argulus (1,0,12), P. manicatus (0,0,5), P. marianus (2,0,0), 
P. vertebralis (1,0,4), Proctoporus achylens (0,0,17), P. bogotensis 
(4,0,0), P. columbianus (0,0,4), P. luctuosus (0,0,2), P. meleagris 
(0,0,6) P. petersi (0,2,12), P. striatus (0,0,12), P unicolor (4,1,0), P. 
ventrimaculatus (0,0,1), Ptychoglossus sp (0,0,11), P. brevifrontalis 
(0,0,2), P. festae (0,0,39), P. kugleri (3,0,0), P. plicatus (0,0,16), 
Tretioscincus agilis (0,0,2), T. bifasciatus (2,1,3). 

Hyoid musculature was dissected in the following Teiinae; 
Ameiva bifrontata, A. festiva, Cnemidophorus sexlineatus (2), Callo- 
pistes flavopunctatus, C. maculatus, Crocodilurus lacertinus, Dicro- 
don guttulatum, D. heterolepis, D. lentiginosus, Dracaena guianensis 
(2), Kentropyx calcaratus, Teius teiou (2), and Tupinambis nigro- 
punctatus (3). And in the following Gymnophthalminae; Albpo- 
glossus buckleyi (2), A. festae, Anadia bogotensis, Arthrosaura 
reticulata, Bachia bicolor, B. bresslaui, B. d'orbignyi, B. lineata, 
Echinosaura horrida, E. palmeri, Ecpleopus affinis, Euspondylus 
simonsii, Gymnophthalmus speciosus (2), Iphisa elegans, Macropho- 
lidus annectens, Neusticurus apodemus, N. ecpleopus, N. strangu- 
latus (2), Ophiognomon abendrothi, Pholidobolus montium (2), 
Prionodactylus argulus, Proctoporus petersi and P. unicolor. 

Feeding was observed in the following Teiinae: Ameiva ameiva, 
A. exul, Cnemidophorus sexlineatus, Dracaena guianensis, and 
Tupinambis nigropunctatus and in the following Gymnophthalminae; 
Gymnophthalmus rubricauda, G. speciosus, Neusticurus ecpleopus, 
Pantodactylus schreibersii, and Proctoporus bolivianus. 

Also available were serially sectioned skulls of Proctoporus 
petersi and Gerrhonotus multicarinatus and dry skeletons of the 
following lizard families: Gekkonidae, Iguanidae, Agamidae, Cha- 
maeleontidae, Lacertidae, Cordylidae, Xantusiidae, Scincidae. An- 
guidae, Varanidae, Helodermatidae, Mosasauridae, and Amphis- 
baenidae. AH Polyglyphanodon and Paraglyphanodon material at 
the U. S. National Museum (listed in Gilmore 1942 and 1943) was 
examined and a skull of the former was serially sectioned. The fossil 
teiid material from the Lance formation (Estes, 1964) was briefly 
examined. 



184 Papeia Avulsos de Zoologia 

Most of the dry skeletons used in this study are from museum 
collections. Some were prepared using either trypsin or sodium 
hypochlorite; the former is preferred because it does not affect the 
bone. Clearing and staining was with trypsin and KOH, stained 
with alizarin red and stored in glycerine. 

List of abbreviations 
AMNH American Museum of Natural History 
BH basihyal or copula 
BRH branchiohyoideus muscle 
CBI first ceratobranchial 
CBII second ceratobranchial 
CH ceratohyal 
GG genioglossus muscle 
GH geniohyoideus muscle 
GHH geniohypohyoideus muscle 
HG hyoglossus muscle 
HH bypohyal 
HYH hypohyoideus muscle 
IB Instituto Butantan 
IM intermandibularis muscle 
LR lingual rod 
OH omohyoideus muscle 
SH sternohyoideus muscle 
TG tongue 
USNM United States National Museum 
WPM3rd author's collection 

Analysis of Variation 

Skull 

1. Jacobson's organ and nasal canal. — Sinitsen (1928) reported 
that in the Teiinae the nasal cavity is dorsal to Jacobson's organ 
and that in the Gymnophthalminae it is lateral to this structure. 
These findings are confirmed by all specimens examined in this 
study. 

Both of these character states are considered derived from the 
general state in lizards. In most lizard families, the septomaxilla, 
which surrounds Jacobson's organ, is ventro-medial to a large nasal 
cavity. In all teiids, the size of the nasal cavity is greatly reduced 
— in the Teiinae because of the narrowness of the snout and in 
the Gymnophthalminae due to the relatively enormous Jacobson's 
organ, a result of reduction in size. Also, Jacobson's organ is 
relatively larger in teiids than in most other lizard families, perhaps 
indicating greater use of olfaction. 

2. Frontal. — In all Teiinae and the genera Arthrosaura, 
Gymnophthalmus, Leposoma, Tretioscincus, Bachia and Ophiogno- 
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mon, the frontal is a flat, superficial, bone with lateral, descending 
ridges. In Alopoglossus, Anadia, Cercosaura, Echinosaura, Euspon- 
dylus, MacropholiduS; Neusticurus, Pantodactylus, Pholidobolus, 
Placosovia, Prionodactylus, Proctoporus, and ^Ptychoglossus, the 
frontal is tubular, enclosing the olfactory tracts of the brain. Among 
other modem lizards, frontals enclosing the olfactory tracts are 
only known in some Platynota (McDowell and Bogert, 1954). 
Tubular frontals in the Gymnophthalminae is a derived state. This 
modification is structurally significant. With reduced size sense 
organs such as eyes become relatively larger. Constriction of the 
frontal enlarges the orbits but weakens the skull, an architectural 
problem which is overcome by the tubular structure. Posteriorly, 
the tube widens and opens near the frontal-parietal contact, but 
anteriorly the ventral portion of the tube contacts the prefrontals 
and palatines, producing a more rigid attachment of the snout than 
would the superficial contact of the frontal alone. The Gymnophthal- 
minae without tubular frontals are all crepuscular litter dwellers 
or borrowers and have relatively , smaller eyes than those with 
tubular frontals. In platynotans, the frontal is not tubular as it is 
in the Iphisinae, but the ventral portion is a narrow bridge under 
the olfactory tracts; it has no apparent structural significance. 

3. Frontal-parietal Articulation. — The frontal-parietal contact 
in the Teiinae is roughly a straight line. The two bones can be 
weakly sutured or can form a functional joint, with the rounded 
posterior edge of the frontal fitting into a groove on the anterior 
edge of the parietal. Teius and Dicrodon, which have transversely 
oriented, bicuspid, occluding teeth and some of the long-snouted 
species of Ameiva and Cnemidophorns (such as A. festiva) lack a 
frontal-parietal joint. In these forms, precise occlusion is necessary, 
which would be disrupted by raising of the snout about the frontal- 
parietal joint. The fact that Teius and Dicrodon have relatively large 
pterygoid processes, which position the mandibles laterally in 
occlusion, supports this interpretation. Sub-adult Tupinambis have 
a functional frontal-parietal joint, which fuses in mature individuals 
(Hofer, 1960). The biological significance of this phenomenon is 

not understood, but it may be associated with the ontogenetic shift 
from pointed conical teeth in juveniles to blunt, molariform teeth 
in adults. Dracaena, which has extreme molariform teeth, retains 
a joint throughout life. 

The frontal-parietal contact in the Gymnophthalminae is not 
a straight line; a pair of anteriorly directed tabs of the parietal 
overlie the frontal and a pair of posteriorly directed tabs of the 
frontal underlie the parietal. The frontal tabs are immediately 
lateral to the parietal tabs and adjacent to the postfrontal. 
Approximately one third of the width of the frontal-parietal contact 
lies between the parietal tabs. This area can be a weak, straight 
suture or a narrow, median fenestra. 

The general pattern of the frontal-parietal contact is constant 
throughout the Gymnophthalminae. Variation was found in the 
length of the tabs. Group III has tabs far larger than those of 
Groups II and IV. In well sampled genera (e.g., Neusticurus, 
Proctoporus), tab length is quite variable. 

Among other lizards, unstraight frontal-parietal contacts are 
known only in Delma, Aprasia and the Amphisbaenidae (all 
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attenuate forms, with reduced limbs). The condition in the Teiinae 
is primitive, since it is the general condition in the Sauria. The 
derived state in the Gymnophthalminae is apparently a modifica- 
tion to suppress movement at the frontal-parietal contact. The 
constancy of the intricate contact pattern indicates that the feature 
arose only once. 

4. Parietal-braincase Articulation. — In all Teiinae and most 
Gymnophthalminae the posterior processes of the parietal are not 
in contact with the braincase. This is the general condition in 
lizards. In Alopofflosstos, Arthrosaura, Cercosaura, E chinos aura, 
some Gymnophthalmus, some Leposoma, some Neusticurus, some 
Proctoporus, and Ptychoglossus the entire posterior edge of the 
parietal is in contact with the braincase. The complete contact 
state is probably derived since it is atypical for1 lizards, and absent 
in rhynchocephalians, eosuchians, and captorhinomorphs. This featu- 
re may have some mechanical significance in consolidation of the 
skull, but it is probably mainly due to the relatively large size of 
the brain and braincase in these small forms. If accurate size 
distributions were available, this latter possibility could be studied. 

5. Temporal Fenestra. — The temporal fenestra is roofed over 
in some Gymnophthalminae. This state is derived and is found in 
Alopoglossus, Arthrosaura, Leposoma rugiceps (but not L. parietale), 
Ptychoglossus and Bachia bresslaui (but not other species). Roofing 
is accomplished by expansion of the squamosal and postorbital 
bones. Some forms have an intermediate state with the fenestra 
reduced to a longitudinal slit. This condition is found in Echino- 
saura, Gymnophthalmus, some Neusticurus, Pholidobolus, Placosoma, 
some Prionodactylus and Tretioscincus. Roofing of the temporal fe- 
nestra is found in a few other saurian families including most 
Lacertidae and Cordylidae, and some Anguimorpha. No acceptable 
functional interpretation of this modification can be made at 
present. 

6. Squamosal. — All Teiinae have a dorsal process on the 
squamosal. This structure arises from the posterior, expanded 
portion of the bone, forms the rounded, posterior border 
of the temporal fenestra and is firmly bound to the tabular 
and often to the posterior process of the parietal. The squamosal 
bone is roughly triskelion shaped, with a long, thin anterior process, 
that contacts the postorbital, a short ventral process, that fits into 
a notch or foramen in the quadrate and the dorsal process. The 
Gymnophthalminae lack the dorsal process and the squamosal is 
of the type described by Robinson (1967) as hockey-stick shaped. 

Robinson (1967) emphasized the taxonomic significance of the 
presence or absence of the dorsal process of the squamosal, using 
this feature to divide the Lacertilia into two major groups and 
establishing a third, equivalent group for her Kuehneosauridae 
(infraorder Eolacertilia, composed of three monospecific genera of 
Triassic gliding lizards). The changes in this feature between 
the Triassic and modern lizards lead to more streptostyly (movement 
of the quadrate relative to the temporal region) and she implies 
that loss of the dorsal process is - a further stage of this trend. 
Although Robinson draws attention to possible different functions 
of quadrate mobility depending on the plane in which it moves, she 
suggests that the principal function of the peg and notch or hole 
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articulation of this element with the squamosal is in preventing 
disarticulation. When present this articulation can be located 
anywhere in the quadrant, ranging from lateral to anterior to the 
parieto-tabular articulation with the quadrate. Since there is no 
actual contact between the quadrate and squamosal when the peg 
and notch articulation is present, the elements being bound by 
connective tissue fibers, a certain amount of movement is possible. 
The position of this articulation, relative to the other contacts of 
the quadrate head, directionally limits the movements of the 
quadrate. It is possible that when the squamosal peg is lateral to 
the tabular-paroccipital articulation, rotation of the quadrate about 
a transverse axis occurs, but not rotation about a longitudinal axis. 
This condition occurs in the superfamily Iguania (Camp, 1923), If 
the peg is anterior, then anterior rotation of the quadrate is more 
difficult and lateral rotation easier. This approximate condition 
occurs in Camp's Scincomorpha, including the teiids. and in the 
Anguimorpha, In the Teiidae the peg is 30° to 45° laterad from 
directly anterior to the tabular articulation. 

Robinson presents no functional explanation for the loss of 
the dorsal process of the squamosal in most Scincomorpha 
and all Anguimorpha. If we extend our interpretation of the peg 
articulation of the squamosal located approximately anterior to the 
tabular articulation with the quadrate as permitting more rotation 
of the quadrate in a transverse than in a sagittal plane, then loss 
of the dorsal process of the squamosal permits the squamosal and 
quadrate to rotate in unison in the transverse plane. The hypothe- 
sized function of the peg and notch articulation in limiting sagittal 
rotation of the quadrate is not affected by the new freedom of the 
squamosal. 

7. Middle Ear. — In all teiids. excepting Group III, the middle 
ear is of the normal lacertilian type described by Olson (1966). The 
tympanum is suspended from the posterior, concave edge of the qua- 
drate. The ossified stapes is followed laterally by the cartilagenous 
extrastapedial. The extrastapedial is "L" shaped, with an anterior 
process that is in contact with the tympanum and evident from the 
exterior. 

There is no tympanum in Group III. The stapes has a footplate 
of normal size and a very short process that contacts the exoccipital 
and quadrate bones. The extrastapedial is absent. This middle ear 
mechanism is convergent with those of other tympanumless 
squamates such as amphisbaenids (Camp, 1923) and snakes (Parker, 
1878) though each group has its peculiarities. It is a derived state 
and probably functions principally in amplifying ground-born 
vibration. However, Gans and Wever (1972) have shown that the 
amphisbaenid ear is sensitive to airborn sound and probably not 
specialized to sense ground-born vibration. The adaptive significance 
of such ears would then be mainly protective, that is, not having 
a delicate tympanum at the surface. 

8. Lacrimal-prefrontal. — All Teiinae have separate lacrimals 
and prefrontals, while these bones are fused (typical features of 
both are retained) in all Gymnophthalminae. The latter condition 
is derived. No functional intepretation can be made at present. 

9. Suborbital Fenestra. — The suborbital fenestra in the 
Teiinae is bordered by the palatine, pterygoid, and ectopterygoid 
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bones. The maxilla is excluded by an anterior process of the 
ectopterygoid which narrows to a point between the former element 
and the palatine. Viewed dorsally, the ectopterygoid generally 
bifurcates, surrounding the foramen for the ramus maxillaris of 
V in the maxilla. 

In the Gymnophthalminae, the ectopterygoid has no anterior 
process and the entire lateral border of the suborbital fenestra is 
formed by the maxilla. Viewed ventrally, the ectopterygoid merely 
abuts against the posterior tip of the maxilla and ventralmost 
surface of the jugal bone. On the orbital surface, the jugal and 
ectopterygoid have short, pointed processes that are in grooves on 
the maxilla. These processes are very short; neither contacts the 
lacrimal and the suborbital bar is formed almost entirely by the 
maxilla. This condition (jugal, ectopterygoid and maxilla loosely 
bound) is almost universal in lizards. Frazzetta (1962) considers 
this region an important joint in adduction of the snout complex. 
The teiine condition seems less flexible than that of the Gymnoph- 
thalminae. The former condition is considered derived since it is 
unique and the latter is general in other lizards. 

10. Palate. — In all Teiinae and some Gymnophthalminae the 
choanae are immediately posterior to the orifice of Jacobson's organ. 
In these forms the breathing passages are deep lateral grooves 
between the maxillae and the vomers. These grooves lead to the in- 
terpterygoid vacuity, a medial groove in the soft palate. When the 
mouth is closed, the glottis rests in the posterior portion of the in- 
terpterygoid vacuity. Thus air is channeled to and from the glottis in 
grooves well above the resting position of the tongue. Many micro- 
teiids have a secondary palate, which encloses the anterior, paired 
grooves by joining the medial flanges of the maxilla and palatine 
with the lateral flange of the vomer. This state is) found 
in Alopoglossus, Arthroseps, Cercosaura, Colobodactylus, Echino- 
saura, (j-ymnophthalmus, some Leposoma, Macropholidus, some 
Neusticurus, Pholidobolus, Placosoma, some Prionodactylus. some 
Proctoporus, Ptychoglossus, Tretioscincus and all members of 
Group III. 

The secondary palate probably serves to keep food and saliva 
out of the breathing passages. It is absent in most lizards. Some 
Scincidae have secondary palates, but they differ in construction 
from those found in the Gymnophthalminae. The secondary palate 
is a derived state in the Teiidae (as it is in other groups). 

11. Mandible. — One of the most frequently used criteria for 
identifying fossil teiids is the extension of the splenial bone to 
the mandibular symphysis (Estes, 1964). This is the case in all 
Teiinae and some Gymnophthalminae. Many Gymnophthalminae 
have reduced the exposure of the splenial. Examination of a 
sectioned head of Proctoporus petersi showed that, even though 
Meckel's groove is closed and fused, the splenial extends anteriad 
within the tubular dentary. This is not the case in iguanids with 
reduced splenials (Etheridge, personal communication). The splenial 
is large in Captorhinomorphs and Eosuchians (Homer, 1956) and 
its reduction is the derived state in teiids. 

12. Dentition. — The dentition of lizards is surveyed by Edmund 
(1960a. 1960b, 1969). In the Gymnophthalminae tooth attachment 
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is pleurodont. The teeth are fused to a large labial lamina and their 
bases are free. The replacement series develops in the basal fossae 
of the teeth in service. No teiine has strictly pleurodont dental 
implantation. When a labial lamina is present, it is small. The 
teeth are fused to the jaw at the base and, when there is erosion 
to accommodate a replacement tooth, this seldom detaches the entire 
base, or when it does, the tooth is soon to be lost. Most Teiinae 
have acrodont implantation, with the bases of the teeth fused to a 
horizontal surface on the tooth bearing bone. In adult Tupinambis, 
Dracaena, Teius and Dicrodon, there appears to be no replacement. 
Replacement seems to be always present in microteiids, an 
apparently primitive condition. 

Few dental specializations have been found in the Gymnoph- 
thalminae and none of these involve large modifications. The most 
extreme condition is in Group III, the three genera in this tribe 
lack accessory cusps, the teeth being conical and recurved. These 
teeth are reminiscent of those of some pleurodont amphisbaenids 
(Gans, 1957), being much more robust than snake teeth. Bachia and 
Ophiognomon have very few and relatively very large teeth. These 
genera have eleven or less teeth on the maxilla and a maximum 
of fifteen on the mandible. In Groups II and IV, only juveniles of 
a few species were found to have tooth counts (more accurately, the 
number of tooth positions) this low. The single specimen examined 
of Heterodactylus imbricatus had 18/19 maxillary teeth, 11 on the 
pre-maxilla and 23/24 mandibular teeth. The raandibular count is 
about in the middle of the range for the Groups II and IV, as are the 
other counts. The condition in Heterodactylus is considered primi- 
tive for Group III since it is the universal state in the presumed 
ancestral group, and since most attenuate lizards with reduced 
limbs (amphisbaenids, Gans, 1957, 1960; pygopodids, McDowell and 
Bogert, 1954; Anguis, Cooper, 1966)) have few teeth. 

Number of tooth positions in lizards is correlated with size 
(Ray, 1965), so that, unless data are available to do regression ana- 
lyses, trends in this feature can only be discussed in the most general 
terms. The only robust conclusion which can be drawn from the 
tooth count data for the Gymnophthalminae is that there definitely 
are trends involving tooth number. These data are summarized in 
figure 7. Due to the large ranges found in the few large samples, 
the ordering of genera by maxima in this graph can only be 
considered grossly indicative of order in the true spectrum. 
Frequency distributions for Ptychoglossus are nearly "flat", so that 
it would be equally misleading to order the small samples by their 
means. The only adequate means of analyzing this type of data is 
regression, but unfortunately, the vast majority of tooth counts are 
from x-rays and linear measurements cannot be obtained to an 
accuracy even 10 per cent, which is not sufficient for this purpose 
and samples are very small. Qualitatively, it is evident that the 
genera Ptychoglossus and Alopoglossus have dental adaptations 
involving more tooth positions than Proctoporus and Pholidobolus 
since the teeth of the former two are much narrower and close 
together. 

The occurrence of secondary cusps in Groups II and IV is 
irregular. In an individual, the smaller anterior teeth are conical 
and the larger posterior teeth have one or two cusps. One species, 
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Gymnophthalmus underwoodi, was found to have no secondary 
cusps. 

The Teiinae have a wide range of dental specializations. The 
primitive condition is laterally compressed, hi- or tricuspid teeth, 
found in Callopistes, Kentropyx, Ameiva, Cnemidophorus, and 
Crocodilurus, as well as being the general condition in most lizard 
families. The specializations appear to follow two main trends. One 
trend involves transverse orientation of the (two) cusps, precise 
occlusion between upper and lower teeth (sometimes involving 
occlusal wear) and, in its most advanced conditions, development 
of a ridge linking the, cusps. Terns and Dicrodon show stages of 
this trend. The other trend was described by Yanzolini and Valencia 
(1965) as molarization. The teeth in Dracaena (Peyer, 1929) and 
adult Tupinambis can be compared only to those of placodonts — 
large, flat, plate-like crushing teeth which, in the former genus, 
have their borders conforming to each other. In Tupinambis the 
condition is much less extreme than in Dracaena and is acquired 
only in the last stages of ontogeny. Juveniles have tricuspid, laterally 
compressed teeth. In young adults, sucessive tooth generations 
become increasingly expanded and flat-topped. There is no replace- 
ment in large adults, the flat-topped teeth becoming permanently 
fused to the maxilla and dentary. The premaxilla is not involved 
in these modifications nor are the anterior-most teeth of the dentary 
which are immediately below it. There are no juvenile specimens 
of Dracaena available for study, so it is impossible to say what 
situation pertains. From the evidence supplied by Tupinambis, it 
would appear that this type of dentition develops directly from 
the primitive condition, independent from the transverse expansion 
trend. 

Edmund (1969) gives tooth counts for some Teiinae. In 1960, 
Edmund noted irregularities in the pattern of tooth replacement, 
possibly attributable to crowding out of tooth positions to accom- 
modate development of larger teeth during growth. Pterygoid teeth 
occur in Callopistes, Dicrodon, some Ameiva and Kentropyx and in 
Gymnophthalmus speciosus. 

Tongue 
1. External Morphology. — Boulenger (1885) included tongue 

descriptions in generic diagnoses in the Teiidae, noting many 
variations. Most subsequent attention paid to teiid tongues has 
concerned the validity of Boulenger's principal character for 
separating Cnemidophorus from Ameiva — the condition of 
the posterior margin of the tongue, "more or less retrac- 
tile at the base" in Ameiva and "not retractile" in Cnemi- 
dophorus (see Vanzolini and Valencia, 1965 for recent comments). 
Boulenger described the general condition of the tongue in teiids 
as "arrow headed." This consists of a narrow, bifid, smooth anterior 
portion and a papillate posterior part which has a bilobate rear 
margin. 

The general external shape of the tongue in teiids is the uni- 
versal condition described by Boulenger for eighteen of the 
twenty-one lizard families he listed. Aside from the Teiidae, the 
two exceptions are the Varanidae, which have long, thin, greatly 
extendable tongues and the Chamaeleontidae, which have a highly 
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specialized mechanism consisting of a fleshy projectile attached to 
a stalk longer than the body of the lizard. 

The Teiidae exhibit much more diversity in tongue morphology 
than does any other family of lizards. The genera Kentropyx, 
Cnemidophorus, Dicrodon, Teius, and Crocodilurus and ail Gym- 
nophthalminae have the "typical" tongue described above. The 
tongues of these Teiinae are somewhat narrower than those of 
microteiids, conforming to the narrower dental arcades. Dracaena, 
Ameiva (if the intermediate states between this genus and Cnemido- 
phorus are ignored) and Callopistes lack the posterior, glandular 
flaps and the tongue is somewhat retractile into the floor of the 
mouth. These three genera have wide posterior, glandular areas, 
but they taper, rather than ending in lobes. Tupinambis has a long 
tongue, of nearly equal width throughout, which lacks expanded 
glandular areas. The tongue of Tupinambis is retractile into a 
sheath at its base and is free from the floor of the mouth anterior 
to the sheath (reminiscent of a varanid tongue). The tongues of 
other teiids examined are attached for approximately half the 
length of the glandular, expanded area. 

2. Hyoid Skeleton. — Zavattari (1908) and Fiirbringer (1922) 
surveyed the hyoid skeleton of lizards. The medial portion of the 
hyoid skeleton is beneath the glottis, which is immediately posterior 
to the tongue. This is the copula or basihyal, a triradiate bone 
with a thin anterior process, which usually terminates in the base 
of the tongue, and paired postero-lateral processes, which are much 
more robust. A thin rod of calcified cartilage lies between the 
hyoglossus muscles in the body of the tongue and is embedded in 
the intrinsic musculature. This rod terminates near the tip of the 
anterior or lingual process of the copula and extends anteriad, almost 
to the bifurcation of the tongue. Jollie (1960) called it a detached 
anterior process of the basihyal. Callopistes differs from other teiids 
in the position of the basihyal, which is much farther posterior. 
The lingual process of the basihyal is very long in this genus and 
its tip lies beneath the glottis. The postero-lateral processes in the 
Gymnophthalminae are distinctly more laterally oriented than are 
those of the Teiinae (Fig. 12). 

Two long rod-shaped bones are attached to the lateral terminus 
of the basihyal on either side. The antero-laterally directed rod is 
the hypohyal and the postero-laterally directed bone is the first 
cerato-branchial. The hypohyal terminates near the lingual surface 
of the mandible, just beneath the floor of the mouth. This element 
is relatively longer in microteiids than in macroteiids. The cera- 
tohyal, another rod shaped bone, is attached to the posterior edge 
of the hypohyal and is posteriorly directed, anterior and parallel 
to the first ceratobranchial. Both the hypohyal and the first oerato- 
branchial curve upwards, separated from the throat skin by thin 
sheets of muscle and terminating just posterior to the tympanum. 
The first ceratobranchial in the Teiinae is an approximately 
straight rod, except for its upward curvature, following the 
roundness of the throat. In the Gymnophthalminae, this element 
is almost longitudinally oriented medially and laterally oriented 
distally (Fig. 12), Attached to the termini of the ceratohyal and 
first ceratobranchial are thin, cartilagenous epi-elements, which in 
some forms (e.g., Cnemidophorus sexlineatus) are attached to the 
posterior surface of the braincase (exoccipital). Many Gymnophthal- 



192 Papeis Avulsos de Zoologia 

minae have disjunct epi-elements, one portion attached to the 
cerato-element and the other to the braincase. Second ceratobran- 
chials are thin, tapered, posteriorlly directed cartilage rods which 
are attached to the posterior edge of the basihyal. The second 
ceratobranchials in Callopistes are relatively about four times 
longer than those of any other teiid (Fig. 9). This1 element is ves- 
tigial in all teiids and little significance can be attached to its large 
size in this genus. Many microteiids and a few macroteiids lack 
second ceratobranchials. 

A teiid hyoid is distinguishable from that of all other lizards 
except amphisbaenids by its large hypohyals, which extend far 
beyond the base of the ceratohyal. The hyoid skeleton in the 
Amphisbaenidae (Camp, 1923; Furbringer, 1922; Richter, 1933; Jollie, 
1960; Cans, 1960) is very similar to that of teiids, but it is about half 
its size relative to skull length. The Iguania (Iguanidae, Agamidae, 
Chamaeleontidae differ in hyoid structure from all other lizards 
in their large, apposed second ceratobranchials, which are associated 
with gular fans. The presence of a large hvpohyal in only one highly 
derived family besides teiids, indicates that this may be a derived 
feature in the Teiidae. Large hynohvals have not been found in 
embryonic lizards or Sphenodon (DeBeer, 1937) which supports the 
view that it is a derived structure. 

3. Hyoid Musculature. — The hyoid musculature of lizards 
has been surveyed by Richter (1933), Zavattari (1910, 1911) and 
Edgeworth (1935). Oelrich (1956) gives an excellent description for 
Ctenosaura. The hyoglossi muscles of teiids, which have been 
mentioned above as forming the core of and terminating in the 
tips of the tongue, run posteriorly, ventral to the hypohyal, to insert 
on the first ceratobranchials in all squamates (MacLean, 1968). 
In Iguanids and agamids, which have fleshier and less extensible 
tongues than teiids, the hyoglossi are robust and insert on the 
proximal portion of the first ceratobranchial (Gandolfi, 1908). In 
the Gymnophthalminae the hyoglossi are somewhat less robust, 
closer to fusiliform than flat, and insert on the first cerato- 
branchial immediately lateral to its inflection (Figs. 30, 11, 12). 
In all Teiinae except Callopistes the hyoglossi are narrow and 
fusiliform, running posteriorly in a groove formed by a curved 
medial portion of the hypohyal and the parallel edges of the cera- 
tohyal and first ceratobranchial, to insert on the tip of the cerato- 
branchial (Figs. 8, 12). This state is derived, since the microteiid 
state is almost universal in other lizards. The hyoglossi retract the 
tongue by contracting and greater length would permit greater 
extensibility. The tongue is extended by the genioglossus muscles, 
which originate on the mandible near the symphysis and insert 
on the hyoglossus muscles anterior to the basihyal. 

In both species of Callopistes, the hyoglossus muscle inserts on 
the medial half of the first ceratobranchial (Fig. 17) as it does in 
the Gymnophthalminae. Tretioscincus bifasciatus approaches the 
teiine condition in having the insertion of the hyoglossus on the 
distal ouarter of the ceratobranchial. Genioglossus muscles are 
lacking in Group III; it appears that their tongues are either not 
capable of protraction or are protracted slightly by muscles which 
can move the hyoid forward (Fig. 21). 

Two muscles connect the hyoid apparatus to the shoulder 
girdle. The omohyoideus muscle has its origin on the anterior edge 
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of the clavicle and inserts on the ventral surface of the basihyal 
and on the posterior edge of the first ceratobranchial. These paired 
muscles are always apposed along the midline. Deep to the 
omohyoideus is the sternohyoideus muscle, which originates on the 
sternum and inserts on the posterior edges of the basihyal and 
first ceratobranchial. The second ceratobranchials, when present, 
are between the sterno- and omohyoideus. In Callopistes and most 
Gymnophthalminae the sternohyoidei do not insert on the basihyal 
and are not apposed, as they are in other Teiinae. The sternohyoideus 
muscles are absent in Group III. 

The hyoid skeleton is attached to the mandible on either side 
by two muscles. The larger of these is the geniohyoideus, a large, 
flat sheet which runs from the ventro-medial edge of the coronoid 
region of the ramus to the anterior facing edges of the first cerato- 
branchial and basihyal. In teiids, the medial borders of the ge- 
niohyoideus muscles diverge, but in Callopistes and Dicrodon len- 
tiginosus they are apposed for their entire length, their origin 
reaching the mandibular symphysis. In Crocodilurus, Dracaena and 
Dicrodon lentiginosus there is interdigitation of the geniohyoideus 
and the anterior portion of the intermandibularis (a thin transverse 
band connecting the rami), but in all other teiids examined, the 
anterior slip of the intermandibularis is immediately deep to the 
geniohyoideus. Interdigitation of these muscles is widespread in 
other families of lizards. The posterior portion of the intermandi- 
bularis is a thin sheet of muscle, superficial to all of the hyoid 
muscles, which runs between the posterior halves of the mandibles. 
Posterior and more or less continuous with this muscle is the 
constrictor colli musculature, which wraps around the neck. 

The second muscle running from the mandible to the hyoid is 
the geniohypohyoideus. The anterior portion of the origin of this 
muscle on the mandible is deep to the insertion of the anterior 
intermandibularis. The posterior extent of the origin of the ge- 
niohypohyoideus is variable and depends on its width, which ranges 
from a thin ribbon (Proctoporus, Fig. 10) to a substantial sheet 
(Cnemidophorus sexlineatus, Fig. 8). The geniohypohyoideus inserts 
on the hypohyal or the ceratohyal, or splits and inserts on both. 

Two muscles are confined to the hyoid. The hypohyoideus runs 
between the hypohyal and the ceratohyal. It varies from a ribbon 
connecting the distal ends of these elements to a sheet attached to 
the entire anterior edge of the ceratohyal and most of the posterior 
edge of the hypohyal. The branchiohyoideus muscles connect 
the ceratohyal to the first cerotobranchial. In Macropholidus 
annectens the branchiohyoideus lies lateral and deep to the 
hyoglossus, due to the unique condition of the latter muscle 
discussea above. The branchiohyoideus muscle is absent in Group 
III. In other Gymnophthalminae examined and Callopistes the 
branchiohyoideus is lateral to the hyoglossus. In other macroteiids, 
the branchiohyoideus is deep to the genioglossus, the insertion of 
the latter muscle lying distal to the former. 

The condition of the hyoglossus muscle in the Teiinae, 
excepting Callopistes, is a derived state and a specialization which 
increases the extensibility of the tongue. Callopistes and the 
Gymnophthalminae are primitive in this regard. 

Group III, which has derived states of many features not 
related to the tongue, has lost the sternohyoideus, branchiohyoideus 
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and genioglossus muscles. The other muscles retain a typical 
microteiid arrangement (Fig. 11). but without genioglossus muscles, 
only very limited protraction of the tongue seems possible. 

The impasse to better understanding of the functioning of teiid 
hyoid apparatuses is the lack of knowledge concerning the move- 
ments and deformations of the hyoid skeleton. Langebartel (1966) con- 
siders the hyoids of snakes and a few lizards as immobile, with all of 
the muscles not directly associated with the tongue functioning only 
to stabilize the hyoid. Observation of live Dracaena and Tupirumibis 
clearly shows that this is not the case in teiids. The outlines of the 
oeratohyal and first ceratobranchial on the throat move forward 
when the tongue is protracted. It also seems that elements become 
more horizontal, but little confidence can be placed in this kind 
of observation. Without more detailed information on these move- 
ments, it is impossible to associate variations in structure with 
different functions. 

Trunk and Limbs 
1. Number of Presacral Vertebrae. — All Teiinae examined 

have 24 or 25 presacral vertebrae. Presacral counts in the Gymnoph- 
thalminae range from 24 to 50 (Fig. 13). Number of body vertebrae 
is directly related to relative body length in the Gymnophthalminae, 
the individual vertebrae being of approximately the same pro- 
portions in all species. Group II and IV have 24 to 34 presacrals. 
Eight genera have only 24 or 25 presacral vertebrae: Arthrosaura, 
Leposoma, Pholidobolus, Placosoma, Arthroseps, Ecpleopus, Macro* 
pholidus, and Pantodactylus. Seven genera have representatives in 
this low range, and others which ranged higher; Echinosauro, 
Neusticurus, Prionodactylus, Euspondylus, Proctoporus, Alopoglossus 
and Ptychoglossus. The remaining nine genera examined (in- 
cluding one undescribed genus) ranged higher than 25 presacrals: 
Argalia, Tretioscincus, Anadia, Calliscincopus, Microblepharus, Iphisa, 
Colobosaura and Gymnophthalmus. 

Group III has between 34 and 50 presacral vertebrae, the entire 
range being encompassed by the ten species of Bachia examined. 
The single count for Heterodactylus was 36 and single count for 
Ophiognomon, 46. 

It is likely that 24-25 presacral vertebrae is the primitive state 
in teiids. This range is associated with typical lizard ("lacertiform") 
body form in teiids. Hoffstetter and Gasc (1969) refer to 24 presacral 
vertebrae as a fundamental number in lizards and their discussion 
indicates that they think it is the primitive state. Eosuchians, 
rhyncocephalians and Captorhinomorpha approximate this value. 

In Anadia, which has a wide range of presacral counts, there 
is some indication that longer bodied forms occur at lower altitudes 
(Dunn, 1944). 

2. Dermal-vertebral Correlation. — In all Gymnophthalminae 
with more than 25 presacral vertebrae and in a portion of those with 
this count, there are either one or two dermal segments (usually 
annuli) per vertebra. These correlations are arrived at by examining 
x-rays in which both vertebrae and scutulation are evident. Precise 
correlation means that the border of each or of alternate dermal 
segments corresponds to a given position on a vertebra. If this was 
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not the case, then counts were made of the number of dermal 
segments corresponding to the number of dorsal vertebrae. Those 
Gymnophthalminae with 24 and some of those with 25 body- 
vertebrae have their body scales arranged seemingly at random 
relative to the metameric segmentation (about 1 1/2 dermal 
segments per vertebra). In the few specimens which were exa- 
mined with this situation in mind, those with precise dermal- 
vertebral correlation had heavy sub-dermal musculature and slips 
of the rectus abdominis attached to the posterior edge of each 
dermal segment. The forms without precise correlation have much 
less sub-dermal musculature and no dermal association with the trunk 
muscles. Precise dermal-vertebral correlation is problably a derived 
state in teiids, since it is associated with elongation. The distribution 
of this character in other squamates is confused. Alexander and 
Gans (1966) clarified the situation in snakes and amphisbaenids, 
finding that these groups, excepting the Typhlopidae. have precise 
correlation, be it 1 to 1 or 1 to 2. It is impossible to use Camp's 
(1923) and Stehli's (1910) information here, since both of these 
workers seem to have counted dermal segments and vertebrae 
separately and, assuming that the correlation is always a whole 
number ratio, assigned the closest ratio, ascribing discrepancies to 
method. Their conflicting arguments about the primitiveness of one 
or the other ratio must be rejected and new data collected and 
analyzed. 

The dermal-vertebral correlation in the autotomizing portion of the 
tail of teiids is always 2 to 1. An annulus corresponds to the anterior 
half and another to the posterior half of each autotomizing vertebra. 
The first three to seven caudal vertebrae do not autotomize and 
the dermal-vertebral correlation is the same here as on the body. 
Dermal-vertebral correlation in the caudal region is known only in 
the Amphisbaenidae. among other families of lizards, where it is 
2 to 1 except in Blanus, where it is 1 to 1, as it is in snakes 
(Alexander & Gans, 1966). 

3. Abdominal Skeleton. — The Teiinae have a xiphisternal 
arrangement similar to that found in the Iguanidae (Etheridge, 
1965). The two abdominal ribs posterior to the last sternal rib 
meet a xiphisternal rod on each side, which is attached to the 
sternal plate anteriorally. In the Gymnophthalminae, there is a 
medial xiphisternal rod, to which attach two or three pairs of 
inscriptional ribs. The inscriptional ribs posterior to the xiphisternal 
ribs do not meet or contact any skeletal element medially in these 
forms. 

In Group III the abdominal skeleton is highly modified, as it 
frequently is in elongate lizards (Camp, 1923). In the three cleared 
and stained specimens I have examined, there was a median 
xiphisternal rod to which one pair of inscriptional ribs was 
attached. Thus the asymmetrical conditions in Camp's illustration 
is probably anomalous. The eleven to fifteen pairs of inscriptional 
ribs posterior to the pair of xiphisternal ribs are attached to medial, 
ventral elements. Etheridge (1965) prefers not to call these elements 
parasternae, since they are cartilaginous and not homologous with 
the bony parasternalia of Sphenodon and archosaurs, which are of 
dermal origin. Similar median elements have been developed inde- 
pendently in burrowing forms in other families (Camp, 1923) and 
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are probably not homologous with any elements of forms which 
lack post-xiphisternal, median, abdominal, skeletal structures. 

The teiine condition, paired xiphisternal rods, which is found 
in the Iguania and many other lizards as well, is probably the 
primitive state in teiids. The condition found in Groups III and 
IV can be considered derived from the teiine states; median xiphis- 
ternal rods are not known outside the Gymnophthalminae. Due to 
its median xiphisternal rod, the arrangement found in Group III 
may be considered derived from that found in Groups II and IV. 

4. Limbs. — All Group IV microteiids examined show some pha- 
langeal reduction in the manus. In all forms, except Macropholidus 
annectens, the first digit is reduced: this ranges from very short 
first two phalanges (of three), as in Tretioscincus Ufasciatus and 
Micrablepharus, to a single phalanx in all species examined of 
Gymnophthalmus. Macropholidus annectens is unique in having 
three short phalanges in the first digit and five in the fourth, as 
opposed to the usual six. No phalangeal reduction was found in 
any species of Group II. 

Only Dicrodon and Teius among macro teiids exhibit any pha- 
langeal reduction. In Dicrodon the first digit of the pes has two 
short phalanges, in place of the usual three. This digit is lacking 
in Teius. The manus and pes are degenerate in Group III. Not 
more than three short digits occur on the former and two on the 
latter. Boulenger (1885), Camp (1923) and Piibringer (1870) ade- 
quately document the reduction of the extremities, in these forms. 

Discussion 

Feeding Mechanisms 
The Teiinae are specialized for inertial feeding. The frontal- 

parietal joint serves to raise the snout segment relative to the 
occipital segment (Frazzetta, 1962), thus quickly disengaging the 
teeth from the prey. The tongue has little function in ingestion 
and can become specialized for olfaction as in varanids and snakes. 
In Tupinambis, the long narrow tongue often hangs limply out of 
the angle of the mouth during feeding. Dracaena is an exception. 
This lizard has been observed to carefully manipulate food with 
the tongue, when feeding on snails, but it can also feed inertilly on 
other prey. The ectopterygoid-maxila contact in the Teiinae is 
strengthened to increase the rigidity of the snout segment. The 
dental arcades are narrowed, resulting in a rearrangement of the 
nasal cavities and Jacobson's organs. The teeth are fused to the 
jaws at their bases, to withstand increased shocks. 

The Gymnophthalminae, because their primary adaptation is 
being small, ingest relatively larger prey than the Teiinae. Thus, 
the quadrates are more freely suspended from the occipital segment, 
so that they can swing laterally and increase the gape. The tongue 
functions to manipulate the prey in the mouth. The frontal-parietal 
joint is lost, but the maxila is loosely attached to neighboring ele- 
ments, so that the upper dental arcade can widen. These anatomical 
conclusions have been confirmed by extensive laboratory observa- 
tions of feeding in Neusticurus ecpleopus. In the semi-aquatic mi- 
croteiids the tongue protrudes only very slightly in olfaction (a small 
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fraction of the head length, as contrasted with close to twice the 
head length in Tupinambis). During feeding, the tongue is active 
in manipulating food .in the mouth. This is especially evident 
when large morsels are being ingested. Rocking of the quadrates 
and advance of the mandibles, independent of the skull, were easily 
observed. When eating smaller items. Neusticurus occasionally uses 
inertial feeding. 

Locomotion 

In one meristic character, presacral vertebral count, many 
genera and some species of Gymnophthalminae are more variable 
than all Teiinae combined. Stability of this character and of general 
body-limb proportions in the Teiinae indicates adaptive stability of 
the locomotion system. "High performance" locomotion is a central 
adaption of the Teiinae, while it is much less so in the microteiids. 
Preliminary support comes from Urban's (1965) "quantitative study 
of locomotion in teiid lizards". Motion analysis of running in five 
teiine genera (Ameiva, Cnemidophorus, Teius, Tupinambis, and 
Crocodilurus) and one gymnophthalmine (Pholidobolus) showed 
that the microteiid was by far the poorest performer in size inde- 
pendent measurements. An integration study (Olson and Miller, 
1958), would probably show that this system is more highly inte- 
grated in the Teiinae than in the Gymnophthalminae. 

Conclusion 

Phylogeny and Adaptation 

The macro-microteiid dichotomy is the major feature of the 
descent of modern teiid lizards. Morphology and ecology clearly 
indicate that the Teiinae and Gymnophthalminae are natural 
groups. 

Size and feeding mechanisms are the key morphological differen- 
ces between subfamilies. The Teiinae have frontal-parietal joints, 
squamosal with dorsal processes, rigid maxilla-ectopterygoid contacts, 
acrodont or sub-acrodont tooth implantation and extendable tongues. 
The Gymnophthalminae have suppressed the frontal-parietal joint, 
have lost the dorsal process of the squamosal, have flexible contact 
between maxillae and ectopterygoids, retain pleurodont tooth 
attachment and fleshy tongues which are only slightly extendable. 

Gymnophthalminae are specialized primarily in their shape. The 
advantage of small size for an insectivorous lizard is in escape from 
the notice of predators. They produce two eggs per clutch, one 
from each oviduct. Dybas (1966) reports the same adaptation in 
the smallest beetles. This reproductive limitation can be compen- 
sated for by laying various clutches in a single year. Indirect 
evidence for this phenomenon in Euspondylus brevifrontalis is 
given by Fouquette (1968). The prey are much larger relative to 
Gymnophthalminae than to Teiinae. The feeding mechanism is mo- 
dified in the former to increase gape and the frontal-parietal joint, 
which in the larger forms functions in inertial feeding, is discarded. 
The maxilla-ectopterygoid flexibility and presumed associated loosen- 
ings allow the upper dental arcade to widen, while loss of the 
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dorsal process of the squamosals permits lateral swing of the 
quadrates and wider separation of the mandibular rami. The tongue 
is broad and muscular and functions in food manipulation, besides 
olfaction. 

Inertial feeding may be, in general, a mechanism for rapidly 
ingesting moderate to small sized food particles. In the Teiinae this 
speed would be an advantage, since a conspicuous animal is vulne- 
rable while feeding. Although no motion analysis have been done 
on teiid feeding, some Teiinae with extremely narrow dental 
arcades, appear to have the most highly developed inertial feeding 
mechanisms among lizards. 

Whereas the Gymnophthalminae rely on secretiveness and have 
thus been able to experiment widely with body and limb proportions, 
the Teiinae escape from, rather than escape the notice of predators 
and their body and limb proportions are relatively constant. 

Taxonomy 

Among the twenty odd families of lizards, there are relatively 
few pairs which are indisputably closely related. Examples of such 
pairs are the Agamidae — Chamaeleontidae, Iguanidae — Aga- 
midae, Varanidae — Mosasauridae, Gekkonidae — Pygodidae, 
and Lacertidae — Gerrhosauridae. The dichotomy in the Teiidae 
is not comparable to the taxonomic distances between these most 
closely related pairs of lizard families, although an unequivocal sta- 
tement will have to be based on quantitative analysis. In addition, 
division of the Teiidae into two families would not result in clari- 
fication for students who are not intimately familiar with the 
classification of lizards. Thus the decision was made to divide the 
Teiidae into two subfamilies. Diagnoses for the family and subfa- 
milies are presented below. It is noteworthy that all previous ana- 
tomical diagnoses of the family (i. e., Camp, 1923; Romer, 1956) 
exclude the microteiids. 

Family Teiidae 
Skull arches present, the temporal fenestra generally open, the 

parietal not expanded laterally over the fenestra. Frontals and 
parietals unpaired. Postfrontal small or fused with postorbital 
which is well developed. Supra-temporal generally well developed, 
extending forward along lateral margin of parietal process. Parietal 
foramen generally absent. Supraorbital absent. Descending flange 
of pterygoid weakly developed. Vomers elongate; interpterygoid va- 
cuity narrow, the palatines meeting anteriorly. Dentition generally 
heterodont. Teeth large. Replacement teeth developed in sockets at 
tooth bases. Second ceratobranchials and hypohyals present. Zy- 
gosphenezygantrum articulations present. Scapulocoracoid and both 
coracoid fenestrae present. "Parasternum" generally absent. No 
osteoderms on head or body. 

Subfamily Teiinae, New Subfamily 
(Macroteids, Boulenger's Group I) 

Temporal fenestra open. Postfrontal and postorbital frequently 
fused; when separate, jugal and postfrontal in contact, excluding 
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postorbital from orbit. Functional joint generally present at frontal- 
parietal contact. Dorsal process of squamosal prominent. Lacrimal 
present. Ectopterygoid excludes maxilla from suborbital fossa. Den- 
tition strongly heterodont. Teeth acrodont or sub-acrodont. Repla- 
cement frequently suppressed in adults. Teeth conical, blunt bi- or 
tricuspid. Pterygoid teeth present in a few genera. Descending 
flanges of frontal weakly developed. Splenial large, continuous to 
symphysis. Hyoglossus muscle incerts on distal tip of first cera- 
tobranquial except in Callopistes. Two caudal annuli per vertebra. 
Large, active, diurnal lizards common throughout tropical and tem- 
perate North, South and Middle America and Antilles. 

Subfamily Gymnophthalminae, New Subfamily 
(Microteiids, Including Boulenger's Groups II, III and IV) 

Temporal fenestra frequently roofed over by postorbital and squa- 
mosal. Postfrontal and postorbital not fused. Jugal and postfrontal 
not in contact; postorbital included in orbital margin. Frontal and 
parietal strongly sutured by median, superficial frontal tabs and 
lateral, deep parietal tabs. Dorsal process of squamosal absent or, 
if present, a secondary development associated with roofing 
over of temporal fenestra. Lacrimal absent. Maxilla forms 
entire lateral border of suborbital fossa. Dentition weakly hete- 
rodont. Teeth strongly pleurodont, conical, bi- or tricuspid. Re- 
placement not suppressed in adults. Pterygoid teeth absent. Des- 
cending flanges of frontal generally well developed and frequently 
fused ventrally to form a tube. Splenial small, frequently extending 
anteriorly only to alveolar foramen. Hyoglossus muscle inserts 
medially on first ceratobranchial. Small, generally secretive lizards 
which are most diverse on the Amazonian slopes of the Andes. 
Moderately diverse in the Guiana highlands and the slopes of the 
Brazilian Plateau. Range includes most of the American tropics, the 
western slopes of the northern Andes and the southernmost Antilles. 
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1 cm 

Fig. 1. Skull of Teius teyou (AMNH 21094). Drawing by S. B. McDowell. 
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Fig. 2. Skull of Dicrodon lentigenosus (AMNH 21871). Drawing by 
S. B. McDowell. 
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Fig. 3. Skull of GymnopMhalmus speciosus (WPMSrd 1531). Scale is 3mm. 
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Fig. 4. Skull of Alopoglossus buckleyi (USNM 163138). Scale is 5mm. 
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Fig. 5. Skull of Proctoporus unicolor (USMN 163428) Scale is 5mm. 
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Fig. 6. Skull of Bachia hresslaui (IB 216). Scale is 5mm. 
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Fig. 7. Microteiid mandibular tooth counts. 
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Pig. 8. Hyoid musculature of Cnemidophorus sexlineatus. 
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Fig. 9 (left). Hyoid musculature of Callopistes flavopunctatus. Fig. 10 
(right). Hyoid musculature of Proctoporus petersi. 
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Fig. 11. Hyoid musculature of Ophiognomon abendrothi. 
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Fig. 12. Macro- (left) and microteiid (right) hyoglossi and branchohyoidei. 
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Fig. 13. Teiid presacral vertebral counts. 




