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Introduction

The lizards (L a c e rtilia )  are the most successful group o f liv in g  

re p tile s , having, according to Porter (1972) eighteen liv in g  fam ilies 

with hundreds o f highly d ive rs ifie d  genera. The largest family o f the 

L a c e rtilia , the Iguanidae, is  a diverse group o f lizards having about 

f i f t y  liv in g  genera and 560 species. The fam ily is  confined almost ex­

clus ive ly to the new world-, with representatives on F i j i ,  Tonga and 

the Galapagos Island, and two genera on Madagascar.

The three major c lass ifica tions  o f the lizards were produced by 

Camp (1923) H o ffs te tte r (1955) and Romer (1956). A ll three c la s s if i­

cations are presented below so tha t the position o f the Iguanidae in 

each, may be compared.

Camp (1923)

Suborder Sauria 
Division Ascalabota 
Section Gekkota 

Family Gekkonidae 
Family Uroplatidae 

Section Iguania 
Family Iguanidae 
Family Agamidae 

Section Rhiptoglossa 
Family Chamaeleonti dae 

Division Autarchoglossa 
Section Scincomorpha 

Superfamily Xantusioidae 
Family Xantusidae 

Superfamily Sci ncoi dae 
Family Scincidae 
Family Anelytropsidae 
Family Feyliniidae 
Family Dibamidae 

Superfamily Lacertoi dae 
Family Gerrhosauridae 
Family Lacertidae 
Family Teiidae 

Superfamily Amphisbaenoidae 
Family Amphisbaenidae

H o ffs te tte r (1955)

Order Sauria 
Suborder Ascalabota 

Infraorder Gekkota 
Fam. Gekkonidae 
Fam. Uroplatidae 
Fam. Pygopodidae 

Infraorder Iguania 
Fam. Iguanidae 
Fam. Agamidae 

Infraorder Rhiptoglossa 
Fam. Chamaeleontidae 

Suborder Autarchoglossa 
Infraorder Scincomorpha 
Superfamily Xantusioidea 

Fam. Xantusidae 
Superfamily Sci ncoi dea 

Fam. Scincidae 
Fam. Anelytropsidae 
Fam. Feyliniidae 
Fam. Dibamidae 

Superfamily Lacerteidea 
Fam. Gerrhosauridae 
Fam. Cordylidae

(Zonuridae)
Fam. Lacertidae

Romer (1956)

Suborder L a c e rtilia  
Infraorder Iguania 

Fam. Iguanidae 
Fam. Agamidae 
Fam> Chamaeleontidae 

Infraorder Nyctisauria 
(Gekkota)

Fam. Gekkonidae 
Fam. Pygopodidae 

Infraorder Leptoglossa 
(Scincomorpha) 

Fam. Xantusidae 
Fam. Teiidae 
Fam. Scincidae 
Fam. Lacertidae 
Fam. Cordylidae 

(Zonuridae and 
Gerrhosauridae) 

Fam. Dibamidae 
Infraorder Diploglossa 
Superfamily Anguoidae 

Fam. Anguidae 
Fam. Anniellidae 
Fam. Xenosauridae 

Superfamily Varanoidae 
(Platynota)

1
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Section Anguimorpha 
Subsection Platynota 
Superfami ly  Varanoi dea 

Fam. Varanidae 
Fam. Dolichosauridae 
Fam. Ai gialosauri dae 

Superfamily Mosasauroidea 
Fam. Mosasauridae 

Subsection Diploglossa 
Superfamily Pygopodoi dea 

Fam. Pygopodidae 
Superfamily Anguioidea 

Fam. Heledermatidae 
Fam. Anguidae 
Fam. Xenosauridae 
Fam. Annie!lidae 

Superfamily Zonuroidea 
Fam. Zonuridae

Fam. Teiidae 
Infraorder Anguimorpha 
Superfamily Anguioidea 

(Diploglossa)
Fam. Anguidae 
Fam. Annie!lidae 
Fam. Xenosauridae 

Superfamily Varanoidea 
(Platynota)

Fam. Varanidae 
Fam. He!odermatidae 
Fam. Lanthanotidae 
Fam. Aigialosauridae 
Fam. Mosasauridae 
Fam. Dolichosauridae 

Order Amphisbaenea
Fam. Amphisbaenidae

Fam. He1odermatidae 
Fam. Varanidae 
Fam. Lanthanotidae 
Fam. Aigialosauridae 
Fam. Mosasauridae 
Fam. Dolichosauridae 
Fam. Paleaophidae 

Infraorder Annulata 
(Amphisbaenia)

Fam. Amphisbaenidae

Most closely related to  the Iguanidae, is  i ts  s is te r fam ily the 

Agamidae, which is  its  ecological equivalent in  the old world. The 

closeness o f the two groups was recognized by Camp (1923) who placed 

them together in  the Section Iguania. I t  was established, on the 

basis of characters such as hemipenes, musculature and squamation, tha t 

the family Gekkonidae is  closely related to the Iguania. The gekkos 

were placed in  the Section Gekkota. The Section Iguania, Gekkota and 

Rhiptoglossa, a h igh ly specialized group derived from the Agamidae, 

make up the Division Ascalabota which is the more p rim itive  o f the 

two major div is ions in to  which the lizards are grouped. A ll o f the 

fam ilies fa l l  in  the D ivision Autarchoglossa.

The c la ss ifica tio n  o f H o ffs te tte r (1955) has elements of the Camp 

c la ss ifica tio n  (1923) and o f the Romer c la ss ifica tio n  which appeared 

shortly  a fte r H o ffs te tte r's  (1956). H o ffs te tte r raises the Sauria and 

Ophidia to  the rank o f orders. He removes the Amphisbaenidae from the 

Sauria and creates a separate order fo r  tha t group. He maintains Camp's

2
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Ascalabota-Autarchoglossa d iv is ion  giving each category the rank of sub­

order. He follows Camp in  separating the Rhiptoglossa from the Iguania, 

and includes the Pygopodidae with the Gekkota as Romer was la te r to do.

Romer deemphasizes the Ascalabota-Autarchoglossa d iv is ion  by group­

ing the lizards in  fiv e  in fraorders, the Iguania, Nyctisauria, Lepto- 

glossa, Diploglossa and Annulata. He includes the Family Chamaeleontidae 

with the Iguanidae and Agamidae in  the infraorder Iguania instead o f 

creating a separate section fo r  it'.as  Camp and H o ffs te tte r did. In 

addition Romer removes the family Pygopodidae from the Diploglossa and 

places i t  with the Gekkonidae forming the infraorder Nyctisauria.

Porter (1972) follows Romers' treatment of the Iguanidae.

The major iguanid radiations have occurred on North, Central and 

South America and have produced several separate evolutionary lines .

Forms have evolved with arboreal, te rre s tr ia l and scansorial special­

iza tions. Some are desert forms while others prefer more mesic habitats. 

One en tire  line  is  herbivorous while the remaining iguanids are in se c ti­

vorous with some fu rthe r specialized to eating ants.

The Iguanidae, because i t  is  a c lose ly, related ye t highly diver­

s if ie d , group offers a fine  opportunity fo r  studying the varia tion  of 

characters o f great adaptive s ignificance. The trigeminal musculature 

and en tire  jaw appartus form what must be a complex of such characters. 

The jaws are used fo r  the crucial purpose of capturing, holding on to , 

k i l l in g  and masticating the variety o f food items taken by the d iffe re n t 

members o f the fam ily. The jaws are actua lly the only means the liza rd  

has o f manipulating its  food and as such should re fle c t some of the 

dietary specializations of the various forms.

3
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Being such a successful group the Iguanidae has several evolution­

ary lines each o f which might be expected to show d iffe re n t jaw muscle 

adaptations. The present study is  an attempt to :

1. discover the degree o f varia tion present among the 

iguanid genera and subfamilies.

2. compare the iguanid jaw musculature to that o f the 

fam ilies closest to the Iguanidae in the infraorder 

Iguania and to a few readily available, but more d is ­

tan tly  related fam ilies.

3. compare the varia tion o f the jaw musculature to' tha t 

of another d ie t related character, den tition .

4. where possible, analyse the functional significance 

o f the muscle and jaw varia tions.

5. set up, i f  possible, a c la ss ifica tio n  and phylogency on 

the basis o f jaw muscle characters alone.

6. determine i f  the variation in  the jaw musculature supports 

the present c lass ifica tion  or gives evidence fo r a 

d iffe re n t arrangement.

4
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L ite ra ture

The e a rlie s t reference on liza rd  trigeminal musculature commonly 

found in  the lite ra tu re  is  to Meckels* System der vergleichenden Ana- 

tomie (1829). This is  followed by Cuviers' Lecons d* Anatomie Comparee 

(1835) and Stannius' Handbuch der Zootomie (1856). Mivart (1867, 1870) 

described the jaw muscles o f Iguana tuberculata and Chamaeleon parson ii. 

Sanders in a series o f papers (1870, 1872, 1874) described themuscu- 

lature o f PIatydactylus japonicus, L iolepis b e lli and Phrynosoma cornu- 

tum. Shufeldt (1890) worked on the musculature o f Heloderma suspectum. 

In 1903 Bradley published a tre a tise  e n tit le d  "The Muscles o f Mastica­

tion  and Movements o f the Skull in  the L a c e rtilia " . This was followed 

by Versluys' paper on liza rd  jaw muscles (1904) and Edgeworths' paper 

o f 1907 on the development o f the head muscles of the chicken and the 

morphology o f the head muscles o f the sauropsida.

The great confusion in terminology created by the independent 

e ffo rts  o f these early workers was re c tif ie d  by the Lakjer in  his 

classic paper e n tit le d  "Studien uber die Trigeminus-versorgte 

Kaumuskulatur der Sauropsiden", (1926). In th is  paper Lakjer compared 

the trigeminal musculature o f 52 representatives o f 31 fam ilies o f 

liz a rd , snakes, tu r t le s , crocodiles birds and rhynchocephalians. In 

doing so he consolidated a ll the work done before him and set up a 

muscle nomenclature which is  s t i l l  in use today.

A fte r Lakjer came a series c f papers by Lubosch (1933, 1538). In 

1935 Edgeworth published a work on the cranial muscles of the verte­

brates. Brock (1938) described the cranial muscles of the gecko and

5
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compared them to those o f other gnathostomes. Save-Soderberg in  1945 

published a work on the trigeminal muscles o f the non-mammalian te tra - 

pods. Poglayen-Neuwall (1953) described the trigeminal musculature of 

the snakes and crocodiles. In 1956 Oelrich published a very detailed 

anatomy o f the head o f Ctenosaura pectinata including a careful account 

o f the jaw muscles. Haas (1960) compared the trigem inal muscles o f 

Xenosaurus grandis and Shinisaurus crocodi1urus in  the hopes o f d is ­

covering the relationships of the two genera. Avery and Tanner (1964) 

described the muscles o f the head o f Sauromalus and in  1971 published 

a study o f the iguanine lizards in  which the jaw musculature o f the 

group was described.

As the reader can see most o f the studies mentioned have dealt 

with surveys o f large groups o f animals usually taking one or two 

members o f each family and assuming these are representative. Lakjer 

(1926) fo r  example studied only four iguanids, Iguana tuberculata, 

Polychrus marmoratus, Tropidurus hispidus and Phrynosoma cornutum, out 

o f some f i f t y  iguanid genera. Other studies have dealt with the de­

ta ile d  anatorny of a single form such as Oelrich's paper on Ctenosaura 

(1956) and e a rlie r  papers by Shufeldt (1890), M ivart (1867, 1870) and 

Sanders (1870-73).

Up to th is  time no previous worker has done a detailed study of 

the jaw musculature o f a ll of the major genera o f a single fam ily .

Avery and Tanner (1971) have come closest with th e ir  study o f the 

iguanines, but found very l i t t l e  va ria tion  fo r  they were dealing with 

members o f a single evolutionary lin e . As th is  study w i l l  show,

6
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there is  considerable varia tion  between the members o f the Iguanidae, 

and four members o f the group, no matter how well chosen, could not 

reveal a ll o f the va ria tion  present.

7
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Materials and Methods

In surveying the iguanid trigeminal musculature 56 species belong­

ing to 38 genera, and representing a ll the iguanid subfamilies and pro­

blematical genera were dissected. Dissections were performed under an 

M5 Wild dissecting microscope equipped with a camera lucida. To stan­

dardize comparisons a l l  dissections were carried out in  a set series o f 

steps, each removing a fixed layer o f muscle. Each layer was described 

and drawn p rio r to removal. The same procedure was applied to the 

representatives of the non iguanid genera tha t were studied. A l i s t  o f 

a l l  the specimens dissected and th e ir  sources is  presented below.

In addition, a large series o f iguanid jaws and skulls were ex­

amined and measured to determine certain important sku ll ra tio s , 

characteristics and ontogenetic changes. The data from th is  work are 

summarized in  the body o f the paper and the exact specimens used and 

th e ir  sources and measurements are lis te d  in  the tables in the Appendix.

Specimens Dissected

Iguanids

Chalaradon madagascariensis 
Qplurus quadrimaculatus

Ifluana iguana 
Cvclura cornuta 
Sauromalus obesus 
Ctenosaura hemilopha 
Dipsosaurus dorsalis 
Envaliosaurus quinquecarinatus 
BrachyTophus fasciatus 
Sceloporus cyanoqenys 
Sceloporus undulatus 
Sceloporus o rcu tti 
Uta stansburiana 
Urosaurus ornatus

AMNH 12846 
AMNH 47947

M. K. Hecht 
AMNH 40835 
AMNH 74437 
M. K. Hecht 
R. Ruibal 
AMNH 15997 
Harvard 48955 
M. K. Hecht 
M. K. Hecht 
M. K. Hecht 
AMNH 14464 
AMNH 14659
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Uma notata
Caflisaurus draconoides 
Holbrookia texana

M. K. Hecht 
AMNH 26169 
M. K. Hecht

Phrvnosoma solare 
Crotaphvtus co lla r is

Morunasaurus annularis 
Leiosaurus catamarcensis 
Ophrvoessoides i r i  descens 
Lei ocephalus personatus 
Leiocephalus semi 1i  neatus 
Tropidurus tcrquatus 
Platynotus semj t aeni a.tus 
Phrvmaturus palluma 
Leiolamus piate i 
Hoplocercus spinosus 
Stenocercus carrioni 
PIica p lica
Enyaliodes paraestabilis 
Uranoscodon superciliosa

Basiliscus v itta tus  
Corythophanes cristatus 
Laemanctus serratus

M. K. Hecht 
M. K. Hecht

USNM 6513 
Harvard 96710 
Harvard 18791 
M. K. Hecht 
M. K. Hecht 
AMNH 93486 
Harvard 128435 
Harvard 2033 
AMNH 27581 
AMNH series 93468 
AMNH 21848 
AMNH 14117 
AMNH 28870 
AMNH 36628

M. K. Hecht 
AMNH 75202 
AMNH 79030

Polvchrus marmoratus 
Anolis c r is ta te ll us 
Anolis 1i  neatopi s 
Anolis aoassizi 
Anolis equestris 
Xiphocercus valienciennesi 
Derroptyx sp.
Phenacosaurus heterodernus 
Chamaelinorops wetmorei . 
Chamaeleolis chamaeleonides

M. K. Hecht 
M. K. Hecht 
M. K. Hecht 
Harvard 130611 
AMNH 78125 
AMNH 72246 
M. K. Hecht 
Harvard 78529 
Harvard 68691 
AMNH 58901

Non-Iguanids

Aqama sp. 
Gonatodes fuscus
Hemidactyl us tu rc i cus 
Mabuva sp.
Tupinambis tequi xi n 
Ameiva amei va
Zonurus
Varanus

sp.
i  ndi cus

Chamaeleon chamaeleon 
Xantusia v iq i l is

M. K. Hecht 
M. K. Hecht 
M. K. Hecht 
M. K. Hecht 
M. K. Hecht 
M. K. Hecht 
M. K. Hecht 
M. K. Hecht 
M. K. Hecht 
M. K. Hecht

9
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Part 1

Description of Iguanid Trigeminal 
Musculature
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Iguanid Trigeminal Musculature

Ligamentum Quadratomandibulare

Upon skinning the temporal region, several connective tissue ele­

ment!: superfic ia l to the actual trigeminal musculature are revealed. 

These are the ligamentum quadratomandibulare, the r ic ta l .  plates or 

mundplatten and an extensive sheet o f fasc ia , the infratenporal fascia , 

heretofore only poorly described (F ig. 1). The ligamentum is  promin- 

ant in  a ll iguanid genera, but absent in  Dipsosaurus. The ligament is  

a tough band o f connective tissue a ris ing  from the la te ra l surfaces o f 

the surangular and a r tic u la r , and the ventral la te ra l corner o f the 

quadrate. As the ligament proceeds an te rio rly  i t  generally becomes 

broader and attaches to the ventral corner o f the ju g a l. In most forms 

the ligament is  continuous dorsal ly  w ith the infratemporal fasc ia , and 

ven tra lly  with the ventral edge o f the outer r ic ta l p la te. In some 

forms the ligament may be fused to the outer r ic ta l p late. This appears 

to vary at the species leve l. In Sceloperus cyanoqenys i t  is  fused 

while in S. o rcu tti and undulatus i t  is  not. Among the other fam ilies 

o f lizards the ligament is well developed in  the Agamidae, Teidae, 

Varanidae and Cordylidae. I t  is h ighly reduced in the Scincidae and 

absent in  the Gekkonidae, Xantusidae and Chamaeleontidae as a d is tin c t 

structure.

Infratemporal Fascia

A large sheet of shiny fascia p a r t ia lly  covers the infratemporal 

fossa in  a ll iguanid genera. I t  sha ll be called here the infratemporal

11
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fascia. This fascia was mentioned by Oelrich in  his study o f the head 

o f Ctenosaura pectinata (Oelrich, 1956), but not described in  d e ta il. 

Lakjer in  his classic study o f the jaw muscles o f the sauropsida shows 

the fascia in  three o f his drawings each time labe lling  i t  d iffe re n tly .

The infratemporal fascia arises as a narrow band on the dorsal 

buccal surface o f the surangular, an terio r to  the quadrate. I t  extends 

anterodorsally in to  a broad fascia which attaches along the posterior 

border o f the ju g a l, the ventral border o f the postorb ita l and usually 

continues onto the anterio r h a lf o f the squamosal.

Immediately a fte r o rig ina ting  on the mandible the fascia Crosses 

ex te rio r to the ligamentum quadratomandibulare. In most forms as i t  

crosses the ligament i t  fuses w ith i t  in  such a way tha t the fib res  of 

the ventral border of the fascia become continuous with the fib res o f 

the ligament. The remaining fib res fan out dorsally and posteriorly  

to cover the infratemporal fossa. The amount o f coverage varies from 

genus to genus and is  usually 2/3 to 7/8 of the fossa. The posterior 

border o f the fascia is  free of attachment in  a ll forms except Phrynosoma 

where the posterior fib res attach to the overlying skin and Crotaphytus 

where the posterior fib res attach to the quadrate. Posterior to the 

fascia the underlying adductor superfic ia l is  can be seen f i l l i n g  the 

remainder o f the fossa.

In Crotaphytus, Ctenosaura, Leiocephalus, Pipsosaurus , Uta and 

Chalaradon the fascia and ligament do not appear to be continuous.

In these forms there is  a space between the top o f the ligament and 

the bottom o f the fascia. Through th is  space the underlying r ic ta l
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plates and muscle are v is ib le . In Crotaphytus, Ctenosaura, Leiocephalus 

and Uta th is  gap can be a ttribu ted  to anterior fib res o f the fascia which 

in se rt on the skin and are removed in  skinning. In the other forms how­

ever, no such cutaneous insertions were found.

Special pains were taken to describe the infratemporal fascia and 

ligamentum quadratomandibulare because th e ir  crossed condition appears 

to be an iguanid specia liza tion. Amoung a ll the other fam ilies o f l i z ­

ards only the Varanidae were found to have a s im ila r condition.

These structures show considerable variation among the other fami­

lie s . In the oeckos Hemidactvlus and Gonatodes there is  no ligamentum 

quadratomandibulare. The jugal is  absent and the squamosal is  much 

reduced. The infratemporal fascia arises not on the surangular but on 

the surface o f the su p e rfic ia lis  muscle an terio r to the quadrate. I t  

fans out anterodorsally and inserts on the in fe r io r  border of the 

postorbital and pa rie ta l. In the gekkoes the parieta l is  extended la t ­

e ra lly  to meet the temporal bar. In the skink Mabuya the infratemporal 

fascia arises on the surangular and extends dorsally as a not very wide 

sheet o f fascia and inserts at the junction of the jugal and squamosal. 

Ventral ly  the fascia is  joined by a smaller triangu la r fascia arising 

as in the gekkoes from the surface o f the su p e rfic ia lis . A th in  s lip  

o f fascia extends from the ventral border of the infratemporal fascia 

and attaches to the r ic ta l plates probably representing a much reduced 

ligamentum.

In the te iid  Ameiva a very d iffe re n t condition exists. The lig a - 

montum is  continuous dorsal ly  with a fascia which covers the en tire
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infratemporal fossa. Exterior to th is fascia is  a separate narrow 

fascia resembling the infratemporal fascia as i t  is  usually seen. I t  

arises on the ventral h a lf o f the tympanie crest o f the quadrate and 

extends anterodorsally to the usual insertion  on the jugal and squa­

mosal. In Zpn-urus the ligament is  very strong and is  s o lid ly  fused to 

the external r ic ta l.  p la te. Posteriorly the ligament is  joined by a 

fascia o rig ina ting  on the surface o f the su p e rfic ia lis  muscle. The 

r ic ta l plates are extremely large, extending a ll o f the way back to the 

angle o f the jaw where they make a firm  attachment to  the mandible. Ng 

infratemporal fascia is  present. This may be correlated with the 

strong dermal armor covering the entire  head.

In Chamaeleon there is  no separate zygomatic ligament. The in ­

fratemporal fascia orig inates on the mandible, ventral to the quadrate 

and extends an te rio rly  to  in se rt on the ju g a l. The dorsal h a lf of the 

fossa is  covered by a th in  secondary fascia. In Xantusia the condition 

is  essentia lly  the same as Chamaeleon except that the th in  second 

fascia is  absent.
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Rictal Plates

Media} to the infratemporal fascia and the ligamentum quad­

ra temandibul are the r ic ta l plates or mundplatten are found. These 

are two triangu la r plates o f integument which extend posterior to  the 

juga l. The inner one is  continuous with the skin o f the lower jaw 

and the outer one continuous with the skin o f the upper ja ji. The 

two r ic ta l plates are continuous along th e ir  dorsal border. This 

border slopes downward as the plates are traced poste rio rly . When the 

jaw is  open the r ic ta l plates p a r t ia lly  open and fla tte n  out providing 

extra skin at the angle o f the jaw to accomodate the opening. When 

the jaw is  adducted the r ic ta l plates must be folded again along th e ir  

dorsal crease so as to tuck away neatly. The fo ld ing is  accomplished 

by the levator angularis o ris  muscle.

The r ic ta l plates are o f fa ir ly  constant size throughout the 

Iguanidae. They extend from 1/2 to 2/3 o f the distance from the jugal 

to the quadrate. In Phrynosoma they extend almost the en tire  distance. 

Among the other fam ilies varia tion is  found in  the skinks and gekkoes 

which have very small r ic ta l p lates, h a lf the size o f the iguanid 

p lates, and in the Chamaeleontidae and Cordylidae which have larger 

p ia tes.
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Adductor Mandibulae Group

The jaw musculature has been divided in to  three major portions 

according to the position o f the parts with respect to the mandibular 

and m axillary branches o f the trigem inal nerve (Luther, 1914; Lakjer, 

1926). Both branches arise from the semilunar ganglion which s its  in  

the trigem inal notch o f the prootie. The m axillary branch V2, leaves 

the ganglion and courses through the infratemporal fossa in an antero­

la te ra l d irec tion  on its  way to the o rb it.  The mandibular branch V3,
i

travels ven tra lly  and la te ra lly  to  where i t  enters Meckels fossa in  

the mandible (F ig. 6). The adductor mandibulae externus, the most 

e x te rio r and therefore most easily accessable o f the three parts of 

the adductor mandibulae lie s  la te ra l to both branches o f the trigem­

ina l nerve. Upon removing the adductor externus the two nerve branches

are c lea rly  seen. Most o f the remaining muscle mass is  the adductor

mandibulae internus. I t  lie s  medial to both nerve branches. The small 

and often in d is t in c t adductor posterio r is  found posterior to the man­

d ibu lar ramus in  the posteroventral corner o f the infratemporal fossa 

(Fig. 6).

The adductor internus and externus are both large and c lea rly  d is­

t in c t  separable muscle masses, f i l l i n g  the in fra  and supratemporal

fossae and extending out to the posterior la te ra l corner o f the mandible. 

The adductor posterior is  quite small in  comparison, and though always 

present in  iguanids, i t  is  never c lea rly  separable from the externus.

Bodenaponeurosis

The great mass o f adductor mandibulae muscle has widespread 

orig ins on the p a rie ta l, quadrate, prootie , exocc ip ita l, pterygoid,
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epipterygoid, postorbita l and squamosal. The mandible which must 

receive the force o f contraction of a l l  o f th is  muscle has compar­

a tive ly  l i t t l e  surface area fo r  muscle inse rtion . The surface area 

is  oncreased by an extensive set o f tendons and fascia known as the 

bodenaponeurosis. This consists o f two strong extensions c f  the pos­

te r io r  and dorsal borders o f the coronoid process (Fig. 2). The outer 

tendinous extension serves as the insertion  o f the adductor externus 

while the inner one receives the pseudotemporal is  portion o f the 

adductor internus. The m axillary ramus o f the trigeminal passes an­

te r io r ly  between the two branches o f the bodenaponeorosis. The two 

tendens usually fuse ventral to the nerve, in to  one very th ick tendon.

The external bodenaponeurosis is  actually two sheets o f fascia 

attached along th e ir  thickened ante rio r border. The outer o f these 

sheets is  long and narrow while the inner one is  wide and extends 

poste rio rly  approximately h a lf the width o f the infratemporal fossa. 

Ventrally th is  inner sheet attaches along the medial ridge o f the sur- 

angular forming an entensive trough ju s t dorsal to Meckel's Fossa.

In th is  arrangement the three outer surfaces o f the external boden­

aponeurosis provides insertion  fo r  the various subdivisions o f the 

adductor externus. These w il l  be described la te r.

The in terna l bodenaponeurosis is  a simple unfolded sheet ex­

tending deeply in to  the pseudotemporal is  muscle. At the muscle 

surface the sheet thickens to  a tendon. The bipinnate insertion 

o f muscle fib res on the various faces of a ll o f the parts o f the 

bodenaponeurosis considerably increases the force with which the 

jaw can be closed.
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Adductor Mandibulae Externus

The adductor externus is  a very large muscle mass su p e rfic ia lly  

occupying the en tire  infratemporal fossa in  a ll iguanid species (F ig. 3) 

The extent o f i t s  presence in  the supratemporal fossa varies at the 

genus leve l. I t  f i l l s  the en tire  fossa in  Uma but is  not seen a t a ll 

in  the supratemporal fossa o f Lfrosaurus, Crotaphytus and Leiolaemus.

A ll intermediates are also found and w i l l  be discussed fu rthe r on. The 

muscle originates on the post o rb ita l,  squamosal, quadrate, p a rie ta l, 

exocc ip ita l, prootic and supratemporal. These elements make up the 

temporal bar and posterior region o f the temporal fossae. The externus 

inserts along the ex te rio r bodenaponeurosis, the coronoid and surangular 

I t  has a fa ir ly  complex internal structure and fo r  purposes o f analysis 

can be subdivided in to  s u p e rf ic ia lis , medius and profundus segments. 

These heads can be fu rthe r subdivided in to  more or less consistently 

d is t in c t regions. I t  must be remembered however tha t none o f these 

represents a separate muscle mass isolated by connective tissue; with 

few exceptions th is  is  a ll one muscle.

The adductor mandibulae externus is  innervated by the stout th ird  

branch o f the mandibular ramus of the trigem inal. This branch leaves 

the mandibular ramus shortly  a fte r the ramus becomes distinguishable 

from the m axillary ramus. I t  enters the medial surface o f the profundus 

head of the adductor externus. A fte r passing through the profundus i t  

branches to a ll parts o f the medius and su p e rfic ia lis .
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Adductor Externus S uperfic ia lis

This head o f the externus is c lea rly  separable in to  two d is t in c t 

muscles, the levator angularis oris and the s u p e rfic ia lis .

Levator Angularis Oris

The levator angularis oris is  present in  a l l  iguanid genera. I t  

is  a th in  sheet o f muscle covering a ll but the posteroventral corner 

o f the infratemporal fossa (Fig. 1). I t  lie s  medial to the infratem­

poral fascia and external to the su p e rfic ia lis  muscle from which i t  

probably arises. The levator appears to cover more o f the infratemporal 

fossa in  Anolis and i ts  close re la tives due to the d iffe re n t shape of 

the fossa in  th is  group. In the Anolis group the infratemporal fossa 

tends to be squared o f f  poste rio rly  because the squamosal passes very 

close to the quadrate leaving very l i t t l e  or no space dorsal to the 

quadrate. In these forms the levator orig inates on the in fe r io r  border 

o f the postorbita l and most o f the in fe r io r  border o f the squamosal.

The o rig in  then posses b r ie f ly  onto the surface fascia of the super­

f ic ia l is  muscle and then onto the dorsal h a lf o f the tympanic crest 

o f the quadrate.

In most other iguanid genera the squamosal arches highly over the 

dorsal border o f the quadrate creating a posterior extension of the in ­

fratemporal fossa in  th is  region. Where such as extension exists the 

leavtor does not orig inate along the en tire  length o f the squamosal. 

Instead i t  originates on the anterio r part o f the squamosal, passes on­

to the surface fascia o f the su p e rfic ia lis  and then onto the tympanic
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crest o f the quadrate leaving the dorsal extension o f the fossa covered 

only by the large sheet o f fascia .

In a ll forms the fib res  o f the levator extend anteroventrally and

inse rt on the dorsal border o f the r ic ta l plates. The insertion some­

times extends onto the medial surface of the inner plate. Upon con­

trac tion  the dorsal edge o f the plates are pulled causing them to fo ld .

The muscle is  innervated by the tips  o f one or two twigs of the 

th ird  branch o f the mandibular ramus. These twigs come through the 

su p e rfic ia lis  muscle to  the inner surface o f the leva to r, usually at 

about the center o f the muscle. When the other parts o f the trigeminal 

musculature contract to close to the jaw, the levator angularis oris 

also contracts, pu lls  on the dorsal edge o f the plates and cause tnem 

to fo ld  away.

In Phrynosoma the levator is  very th ick and covers a ll o f the in ­

fratemporal fossa. A n te rio rly  i ts  o rig in  passes onto the j^'gal and pos­

te r io r ly  i t  covers the e n tire  tympanic crest o f the quadrate. In PIica 

the levator orig inates a t the point o f union of the ju ga l, postorbita l 

and squamosal. The o rig in  then: immediately passes onto the surface

fascia. As i t  does so i t  dips sharply ventrad and then sharply dorsal

exposing a large area o f surface fascia. Posteriorly i t  originates on 

the central quarter o f the tympanic crest. In Corythophanes the levator 

orig inates on the point o f union o f the three temporal bones and then 

passes onto the fascia as in  P lica , but in  th is  case the o rig in  continues
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ventrad on the fasc ia , an te rio r to  the quadrate but never touching 

i t .  In Leiocephalus, Dipsosaurus, Uta and Enyaliodes the o rig in  does 

not extend as fa r back as the quadrate, but ends on the fascia o f the 

s u p e rf ic ia lis .

Among the other fam ilies o f lizards the levator angularis oris is  

lacking as a separate e n tity  in  the Gekkonidae and Scincidae. In these 

fam ilies the reduced r ic ta l plates attach d ire c tly  to the surface of 

the an terio r head o f the su p e rfic ia lis  muscle and are operated by th is  

muscle rather than a separate sheet.

In Varanus the levator orig inates as several s lips  from the post­

o rb ita l and squamosal, and one extensive sheet from the tympanic crest 

o f the quadrate. These s lips  are quite th ick  and penetrate deeply in to  

the surface o f the su p e rfic ia lis  muscle. A ll o f the s lip s  jo in  to make 

a strong levator which occupies the ventral h a lf o f the infratemporal 

fossa. In Chamaeleo the levator originates on the surface fascia 

o f the s u p e rfic ia lis  and the ventral 2/3 o f the tympanic c res t, f i l l ­

ing as in  Varanus, the ventral h a lf of the fossa. In Zonurus the lev­

ator originates on the ventral face o f the very much enlarged post­

o rb ita l,  and on the anterio r h a lf  o f the squamosal. There is  no quad­

rate or fascia . The muscle f i l l s  the an te rio r h a lf o f the fossa and 

inserts on the dorsal medial border o f the an terio r h a lf o f the r ic ta l 

p lates. The posterior h a lf o f the plates are attached to the surface 

of the posterior head o f the: su p e rfic ia lis  muscle by means of a sheet 

o f fascia. Thus in  Zonurus the very large r ic ta l plates are operated
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by a strong levator angularis o ris  and the su p e rfic ia lis  muscle. In 

the Teiidae and Xantusidae the levator resenbles that o f the non anoline 

iguanid type.

S uperfic ia lis

The adductor ext. su p e rfic ia lis  is  found medial to the levator 

angularis oris and the r ic ta l p lates. I t  f i l l s  the en tire  infratemporal 

fossa and extends downward to varying degrees over the la te ra l side o f . 

the mandible (Fig. 3). I t  originates on the inner edge of the temporal 

bar, the tympanic crest o f the quadrate and from two sheets o f fascia 

which w il l  be described below. I t  inserts on both surfaces o f the 

outermost fo ld  o f the bodenaporeurosis and on the la te ra l surface o f 

the surangular along the ventral border o f the infratemporal fossa.

In a ll forms the su p e rfic ia lis  can be divided in to  two heads.

The anterio r o f these two originates on the medial surface o f the post­

o rb ita l.  I ts  fib res pass ven tra lly  and inse rt along the outer surface 

o f the outer flap  o f the bodenaponeurosis. I f  the su p e rfic ia lis  is 

highly developed the insertion may continue ventra lly  onto the coronoid 

and dentary. With the jugal removed th is  head can be seen as a long, 

narrow, almost v e rtic a lly  oriented segment occupying the most anterior 

part o f the infratemporal fossa. In about h a lf the genera (Table 1) 

the anterio r head is  immediately distinguishable from the posterior 

head because its  fib res are oriented at a less acute angle than those 

of the posterior head. This is  always the case in anolines and th e ir 

a llie s . In a few genera, Hoplurus, Basil iscus and Polychrus the anterior 

head o f the su p e rfic ia lis  can be seen in  the supratemporal fossa. This
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is  because the fib res extend dorsally fo r  a short distance before 

turning ventrad.

Among the other fam ilies the an terio r head o f the su p e rfic ia lis  

is  usually conspicuous. I t  tends to be enlarged in  those fam ilies 

where the postorbita l expands to roof over the supratemporal fossa, ie . 

Cortfylidae, Scincidae and Xantusidae.

The an terio r su p e rfic ia lis  is  one o f the more c learly  separable 

heads. Its  o rig in  and insertion  are shared by no other muscle. Medi­

a lly  i t  is  completely separable from the pseudotemporalis which is  

part o f the adductor internus. La te ra lly  i t  is  d is t in c t from the 

levator angularis. Anterior to it 'th e re  is no muscle and poste rio rly  

i t  is d is t in c t,  though not separate, from the posterior head.

The posterior head originates on the in fe r io r  surface o f the 

squamosal, the dorsal la te ra l surface o f the quadrate as well as the 

tympanic crest. Fibres also arise from the most la te ra l portion o f 

a fascia which originates on the anterodorsal border o f the quadrate. 

This fascia extends anteroventrally and is  fa ir ly  wide, entering deeply 

in to  the adductor externus and serving as part o f the o rig in  o f the 

adductor externus medius as well as the su p e rfic ia lis . Fibres o r ig in ­

ate on the an terio r and posterior face o f the fascia. F ina lly  there 

is a shiny fascia in  the posterodorsal corner of the infratemporal 

fossa. This fascia covers the su p e rfic ia lis  and gives, r ise  to i t s  most 

superfic ia l fib re s . This is  the same fascia whose la te ra l surface is 

part o f the o rig in  of the levator angularis o r is . In some forms,
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Hop!urus, Urosaurus, Dipsosaurus, Uranoscodon, PIica and Leiocephalus, 

the superfic ia l fascia is joined by a second sheet o f fascia orig inating  

a t the junction o f the postorb ita l and squamosal as a narrow band. This 

band fans out ven tra lly  adding to the surface area available fo r muscle 

orig ination  (F ig. 3).

The fib res aris ing from the supe rfic ia l fascia are the outermost 

fib res o f the muscle. They extend anteroventrad and form the ventral 

most edge o f the posterior su p e rfic ia lis  inserting along the la te ra l 

edge o f the surangular. The insertion extends p os te rio rly , h a lf o f the 

distance from the coronoid to the quadrate. The fib res from the tympani 

crest in se rt a ll along the surangular posterior to those from the super­

f ic ia l  fascia and take over the ventral edge o f the s u p e rfic ia lis .

Fibres from the posterior face o f the quadrate fascia in se rt medial to 

those o f the tympanic crest along the more dorsal reaches of the post­

e r io r  h a lf  o f the surangular. Fibres from the anterio r surface of the 

quadrate fascia along with those from the squamosal slope anteroventrad 

to insert along the anterio r la te ra l h a lf  o f the surangular ventral and 

or posterior to the ventral most extension of the an te rio r head.

The en tire  su p e rfic ia lis  is  innervated by two or three brances 

o f the th ird  trunk o f the mandibular ramus. These pass in to  the medial 

surface o f the muscle from the deeper muscle layers. One branch passes 

through the su p e rfic ia lis  to innervate the levator angularis oris 

(Fig. 3). The insertion  o f the posterior su p e rfic ia lis  covers the 

anterio r surangular foramen causing the posterior in fe r io r  lab ia l nerve 

to pass through the insertion  as i t  courses an te rio rly . This nerve 

does not however, inervate the su p e rfic ia lis .
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The superfic ia l layers o f the posterior su p e rfic ia lis  are the 

most variable. In forms lik e  Anolis and its  close re la tives 

Chamaeleolis.Xiphocercus, Deiroptyx, Chamaelinorops, the su p e rfic ia lis  

inserts along the dorsal la te ra l edge o f the surangular and is  very 

th in . Correlated with th is  the superfic ia l fascia is  small. In most 

other forms (Table 1) the su p e rfic ia lis  extends fu rthe r down the side 

o f the mandible, and orig inates on a superfic ia l fascia whose extent 

is  proportionally increased. In Plica fo r  example, the su p e rfic ia lis  

completely covers the side o f the mandible and has a very extensive 

superfic ia l fascia (Fig. 3).

Among the other fam ilies o f lizards a very extensive su p e rfic ia lis  

extending most of a ll o f the way down the side o f the mandible seems 

to be the ru le . The only exception is  Chamaeleo where the muscle ex­

tends less than h a lf the way down the mandible, in Mabuya and Zonurus 

extensive superfic ia l fascia were not found at the o rig in  o f the sup­

e r f ic ia l is  but over the insertion  o f the muscle on the mandible. In 

these forms the supratemporal fossa is  roofed over providing increased 

surface area fo r  the o rig ina tion  o f the s u p e rfic ia lis . The enlarged 

su p e rfic ia lis  requires increased insertiona l area which is  furnished 

by the fascia over the o rig in . In Ameiva a tough fascia covers the 

en tire  muscle while in  Tupinambis the fascia is  ju s t at the o rig in .
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Adductor Externus Medius

The adductor medius is medial to  and continuous with the post­

e r io r  head o f the s u p e rfic ia lis . I f  the su p e rfic ia lis  fib res in se rt­

ing on the la te ra l side of the mandible are removed, an a rb itra ry  

separation.can be made between the two heads and the medius can be seen 

f i l l i n g  the infratemporal fossa. The medius can usually be seen as two 

heads, one f i l l i n g  the infratemporal fossa and one extending in to  the 

supratemporal fossa (Fig. 4 ).

The fibres o f the infratemporal or ventral head orig inate on 

the medial surface of the posterior h a lf o f the squamosal, the anterior 

medial and dorsal walls o f the quadrate, and from both surfaces o f the 

deeper portions o f the fascia which originates on the anterio r dorsal 

border o f the quadrate and slopes anteroventrad. This is  the same 

fascia whose la te ra l edges give rise  to the posterior s u p e rfic ia lis .

The orig ins o f the ventral head o f the medius and the posterior sup­

e r f ic ia l is  are thus continuous and separation can be accomplished only 

at the insertion .

Fibres orig inating on the posterior face o f the quadrate fascia 

and the anterio r medial wall o f the quadrate slope anteroventrad to 

inse rt along the medial and dorsal border o f the posterior 2/3 o f the 

surangular. Deeper fibres from th is  o rig in  continue the insertion 

onto the trough o f connective tissue created by the inner sheet of the 

externus bodenaponeurosis jo in ing  the surangular. Fibres from the 

anterior face o f the quadrate fasc ia , the squamosal and the dorsal
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quadrate extend anteroventrad at a wider angle than the posterior 

fib res . They in se rt along the la te ra l and posterior surface o f the 

coronoid and extend medially to f i l l  the trough o f the bodenaponeurosis. 

No varia tion was found in th is  head o f the medius.

The supratemporal head o f the medius represents the most dorsal

extension of the adductor externus. I t  occupies the posterior part of 

the supratemporal fossa. The an terio r part o f the fossa is  f i l le d  with 

the pseudotemporal is  su p e rfic ia lis  which is  part o f the adductor in -  

ternus. The supratemporal o f dorsal head originates on the la te ra l 

surface o f the posterior h a lf or so o f the p a r ie ta l, from the surface 

o f the supratemporal and sometimes from the dorsal border o f the poster­

io r  h a lf o f the squamosal. Its  fib res pass anteroventrad in to  the in ­

fratemporal fossa where they inse rt on the an te rio r dorsal la te ra l sur­

face o f the inner sheet o f the externus bodenaponeurosis. The en tire  

insertion is  dorsal to tha t o f the infratemporal head.

Both heads o f the muscle are innervated by the large th ird  trunk 

of the mandibular ramus. The nerve passes through the inner surface 

of the medius at approximately its  middle point. I t  breaks down in to  

two or more branches which pass through the medius and extend to the 

super f i  c ia l is .

The supratemporal head is a rather variable portion o f the jaw

musculature. As Table 1 shows, i t  usually f i l l s  less than h a lf of the

supratemporal fossa. However, in  such genera as Urosaurus, Lelolamus 

and Crotaphvtus the supratemporal head is  not v is ib le  in  the fossa,
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while in Callisaurus, Uma and Phrynosoma the supratemporal head f i l l s  

a ll or most o f the fossa. In Callisaurus and Uma the medius covers the 

pseudotemporal is  by extending a n te rio rly  over i t  as a sheet o f muscle 

orig ina ting  along the dorsal border o f the p a rie ta l. In Phry nosoma the 

medius covers the en tire  fossa because the pseudotemporal is  is  greatly 

reduced. In Leiolaemus and Crotaphytus we have the opposite condition 

from Callisaurus and Uma. In these two the pseudotemporalis is  extend­

ed poste rio rly  covering the o rig in  o f the medius. In Urosaurus the 

dorsal head o f the medius is  actually missing, not ju s t covered. This 

obviously indicates a certain degree o f evolutionary experimentation 

w ith in  the Iguanidae.

Comparison with other fam ilies is  complicated by the fa c t tha t in  

some fam ilies the supratemporal fossa is  reduced or lo s t. The fossa 

is present in  the Teiidae, Agamidae, and Chamaeleontidae. The agamid 

and te iid  fossa are s im ila r to the iguanid fossa. The agamid fossa is 

f i l le d  more than h a lf way with adductor medius while the te i id  fossa 

is  f i l le d  completely with pseudotemporalis s u p e rfic ia lis . The dorsal 

adductor medius is  lo s t in Ameiva and reduced to a tin y  head under the 

su p e rfic ia lis  in Tupinambis. The chamaeleontid fossa is  greatly en­

larged due to the large parieta l crest, and is f i l le d  e n tire ly  with 

adductor medius, the pseudotemporalis being greatly reduced. In Varanus 

the fossa is  reduced to a long narrow opening quite high on the side 

o f the sku ll and is f i l le d  e n tire ly  with pseudotemporalis s u p e rfic ia lis . 

The medius has a parie ta l o rig in  but i t  is  posterior to the fossa.

In the gekkoes the fossa is  absent. The postorbita l and squamosal
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are a rticu la ted  along the length o f the parieta l creating a greatly 

enlarged infratemporal fossa. In the gekkoes the dorsal head o f the 

medius is  very extensive. I t  originates along the in fe r io r  surface 

o f the parie ta l and f i l l s  a l l o f the enlarged infratemporal fossa.

In the Scincidae the supratemporal fossa is  lo s t due to an enlarged 

posterb ita l which extends poste rio rly  between the squamosal and parieta l 

covering the fossa. The dorsal head o f the medius is  again extensive 

f i l l i n g  a ll o f the infratemporal fossa and covering the pseudotempora­

l is  s u p e rfic ia lis . In Xantusia the postorb ita l and squamosal a r t i ­

culate along the side o f the parie ta l e lim inating the supratemporal . 

fossa. As in  the skinks the dorsal head o f the medius f i l l s  most o f 

the enlarged temporal fossa. In Zonurus the fossa is  f i l le d  over by 

the p os to rb ita l. The medius f i l l s  the en tire  infratemporal fossa and 

extends poste rio rly  through the posterior temporal fossa to orig inate  

on the la te ra l wall o f the o cc ip ita l crest which is  well developed in 

Zonurus. This arrangement causes the posterio r part o f the medius to 

l ie  medial to the profundus. This iis because the occ ip ita l crest is  

on the midline o f the animal while the profundus originates on the la t ­

eral posterio r edge o f the parie ta l and on the exocc ip ita l.

I t  seems that the supratemporal fossa may be los tse ithe r by a 

posterior enlargement o f the postorbita l as in  the skunks, Zonurus 

and Xantusia, or by a la te ra l enlargement o f the parie ta l to meet the 

temporal bar as in  the geckos, or possibly by a combination o f both 

fac to rs . Whatever the method, the loss o f the fossa appears to be 

always accompanied by the enlargement o f the medius.
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In most iguanid forms the two heads o f the adductor externus 

medius are continuous, showing no external separation. However in 

the basiliscines and a ll the species of Anolis examined including 

Dei.roptyx, Phenacosaurus . Xi phocercus. Chamaeleolis and Chamaelinorops 

there is  a d is t in c t separation o f the two heads. The separation is 

always ju s t dorsal or medial to the posterior end o f the squamosal 

and is  c learly  marked by the temporal artery which passes between the 

two heads of the medius, continues over the supratemporal head o f the 

medius and the pseudotemporalis su p e rfic ia lis  and then leaves the fossa. 

In most other iguanid genera (Table 1) the temporal artery exists at 

the anterior border o f the medius and passes over the pseudotemporalis 

su p e rfic ia lis  (Fig. 4).

In Envaliodes and Envaliosaurus the temporal artery ex its  as in  

Anolis and i ts  re la tives but does not cause a conspicuous separation 

o f the heads. Callisaurus and Uma show a separation o f the medius, but 

in  these forms the separation is  not marked by the temporal artery.

The artery passes between the medius and pseudotemporalis as in  most 

forms, but is  not v is ib le  s u p e rfic ia lly  because the medius is  greatly 

extended an te rio rly  covering the s u p e rfic ia lis .

33

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Pseudataapexalia 
aaperficialig

itt. M d i w  
iereal
Separation 
«ik»d )gr 
temporal
a rte ry
Ad i. nadluB
-vaatral
head

Dairppty*

Panioteaparalis
superficialisTemporal artery

Aid. neiiua 
▼eatral head

Seelaporue eraaaaawra

T ig . 4 Comparison of Adductor Madina aad Temporal 
Artery la Aaoliao aad Sealapcrlaa Hass

34

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Adductor Externus Profundus

The adductor externus profundus is the deepest part o f the 

adductor externus. I t  lie s  medial to the medius. Its  fib res are 

continuous with those o f the medius, but the two can be separated by 

means o f th e ir  separate o rig ins . Medial to the profundus lie s  the 

pseudotemporalis su p e rfic ia lis  and profundus, the mendibular and 

m axillary ramus o f the trigeminal and the braincase (Fig. 5).

The profundus can be roughly divided in to  two heads. The dorsal

head originates on the posterolateral t ip  of the p a rie ta l, and in ­

fe r io r  surface o f the supratemporal. The fib res from the posterior 

parieta l form a conspicuous bulge which can be seen when looking at the 

head in  la te ra l view a fte r removing the epaxial musculature. Its  

fib res course medially fo r  a short distance then pass an te rio rly  

through the posterior temporal fossa dorsal to the exocc ip ita l. They 

then pass anteroventrad to in se rt on the posterolateral side o f the 

inner sheet of the externus bodenaponeurosis, posterior to the fib res 

o f the medius. At the insertion the profundus fib res are ind is tingu ish ­

able from those o f the medius. At the o rig in  however, the profundus

fib res are c learly  id e n tifia b le  because they pass out from the under­

side o f the parieta l while those o f the medius come from the dorsal 

side o f the p a r ie ta l.

The lower head o f the profundus originates on the posterior pro­

cess o f the prootic and from a sheet o f fascia extending ven tra lly  from 

the exocc ip ita l, medial to the quadrate and dorsal to the quadrate pro-
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cess o f the pterygoid. Its  fib res pass anteroventrad, ventral to 

those o f the dorsal head and inse rt on the bodenaponeurosis ventral 

to  the insertion  o f the dorsal head.

The separation between the two heads is  roughly marked by the 

th ird  branch of the mandibular ramus. This nerve passes between the 

two heads, innervates them and then divides in to  two or more branches 

which pierce the medius and su p e rfic ia lis .

The adductor externus profundus is  fa ir ly  constant throughout the 

iguanidae. In Corythophanes which lacks a posterior temporal fossa t  

the dorsal head o f the profundus which would normally pass through th is  

fossa is  also absent. In Phry nosoma the profundus appears to be miss­

ing. The posterior temporal fossa is  present but no muscle passes 

through i t .  The lower head is  e ithe r very greatly reduced or absent 

altogether.

Among the other fam ilies the profundus shows s lig h t va ria tion .

In Xantusia the posterior temporal fossa is  absent, e lim inating the 

dorsal head o f the medius in  th is  fam ily. In Chamaeleon the dorsal 

head is also absent possibly due to the fa c t that the parieta l on which 

i t  normally o rig ina tes, is  extended in to  a very large mid dorsal spine, 

and does not extend la te ra lly  to meet the quadrate and squamosal as is 

the usual case. In Zonurus the dorsal o rig in  o f the profundus actua lly 

lie s  la te ra l to the medius. This is  because the o rig in  o f the medius 

extends poste rio rly  onto the occ ip ita l crest which lie s  on the middle 

o f the animals body.
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Adductor Mandibulae Internus

The adductor internus is  divided in to  two completely separate 

muscle masses, the pseudotemporalis and the pterygomandibularis both 

o f which l ie  medial to the m axillary and mandibular d ivisions o f the 

trigeminal nerve (Fig. 6). In contrast to the adductor externus which 

is  a single complex but un ified s tructu re , few generalizations can be 

made about the pseudotemporalis and the pterygomandibularis even though 

they are c lass ified  together. The two muscles l ie  at r ig h t angles to 

each other. The pseudotemporalis f i l l s  the an te rio r temporal region 

w ith fibres running roughly dorsoventrad while the pterygomandibularis 

f i l l s  the space between the mandible and the pterygoid with fib res 

running in  an an terio r posterior d irec tion . The o rig in  and insertions 

are completely d iffe re n t as are th e ir  innervations.

Pseudotemporalis

The pseudotemporalis is  a very large muscle mass which when well 

developed occupies the ante rio r h a lf o f the temporal region (Fig. 6 ).

In a skinned but undissected specimen i t  may be seen in the supratempor­

al fossa anterio r to  the medius. In the infratemporal fossa i t  may be 

seen only a fte r the externus is  removed. I t  lie s  medial and anterior 

to the externus, medial to the m axillary ramus and anterio r to the 

mandibular ramus. I t  is  an terio r to the prootic and forms the pos­

te r io r  wall i f  the o rb it.

In some forms i t  is  d ivisable in to  two heads the su p e rfic ia lis
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and the profundus. The su p e rfic ia lis  originates on the anterio r 

la te ra l or dorsal surface o f the p a rie ta l, the la te ra l surface o f the 

a lar process o f the prootic and the la te ra l surface o f the dorsal 

th ird  of the epipterygoid. Its  fib res pass ven tra lly  to in se rt b ip in - 

nately on a sheet o f fasc ia , the internus bodenaponeurosis. Some fibres 

inse rt d ire c tly  on the dorsal edge of the coronoid bone. The muscle 

is innervated by the f i r s t  branch o f the mandibular ramus o f the t r i ­

geminal nerve. The f i r s t  branch along with the second, which is  

sensory (Oelrich, 1956) passes an te rio rly  over the su p e rfic ia lis  next 

to the m axillary ramus often looking lik e  part o f i t .  Closer inspec­

tion however always reveals these branches as offshoots o f the mandibular 

ramus.

Less conspicuous than the su p e rfic ia lis  is  the profundus. This 

is a triangu la r muscle an terio r to the mandibular ramus. Its  o rig in  

is covered by the su p e rfic ia lis  dorsal to i t .  I t  originates on a ll 

but the medial surface o f the ventral two th irds o f the epipterygoid.

Its  fib res fan out to in se rt along the posterior edge o f the coronoid 

and down onto the an terio r h a lf o f the a r tic u la r , ventral and medial
t

to Meckels Fossa. The fib res sometimes extend onto the medial surface 

o f the sheet o f the externus bodenaponeurosis which forms the trough 

above Meckels* Fossa. The profundus is  innervated with the su p e rfic ia lis  

by the f i r s t  branch o f the mandibular ramus. I t  also receives a nerve 

entering i ts  posterior surface at about the midpoint o f the muscle.

This nerve comes o f f  the fourth branch o f the mandibular ramus. The 

main trunk of the fourth branch passes ven tra lly  to innervate the 

pterygomandi bulari s .
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In some cases the two heads of the pseudotemporalis are not 

separable (Table 1). Oelrich (1956) reports p a rtia l fusion o f the 

two in  some specimens o f Ctenosaura pectinata. Even where the heads 

are not separable, the fib res o f the profundus can be seen passing out 

from under the su p e rfic ia lis  at a d iffe re n t angle.

The profundus does not vary much throughout the Iguanidae, or 

even throughout the L a c e rtilia . Whether separable or not i t  is  always 

present. In Plica i t  is  quite large, i t s  o rig in  extending a ll o f the 

way up the anterio r border o f the epipterygoid. In Varanus i t  is  also 

large, i ts  o rig in  extending onto the p a rie ta l.

The pseudotemporalis su p e rfic ia lis  however, is  considerable more 

variable. In most forms i t  f i l l s  approximately the ante rio r two th irds 

o f the supratemporal fossa. In Urosaurus i t  f i l l s  the entire  fossa.

In Holbrookia and Uma the muscle f i l l s  less than h a lf o f the fossa, the 

remaining space being occupied by the adductor medius. In Phrynosoma 

the pseudotemporalis su p e rfic ia lis  is  reduced to a very small s lip  

which originates on the underside o f the an terio r t ip  o f the parie ta l 

and inserts on the ante rio r dorsal border of a very extensive internus 

bodenaponeurosis. Because o f i ts  great reduction the su p e rfic ia lis  

and profundus heads are widely separated and do not touch. I t  appears 

as i f  the internus bodenaponeurosis'remained large or increased in- 

size as the su p e rfic ia lis  retreated in  an attempt to keep the two in  

contact.

The chart l is t in g  the extent of the su p e rfic ia lis  is not, as one
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might expect, the exact reciprocal o f the chart l is t in g  the extent o f 

the supratemporal head o f the medius. This is  because the o rig in  o f 

one muscle can extend under or over the o rig in  o f i t s  neighbor. In 

Callisaurus fo r  instance, the medius extends more than h a lf o f  the 

length o f the supratemporal fossa while the pseudotemporalis super­

f ic ia l is  does the same. This is  possible because the su p e rfic ia lis  

o r ig in  extends pos te rio rly  under the medius o r ig in . The reverse is  

true in  Crotaphytus where the s u p e rfic ia lis  covers the o rig in  o f the 

medi us.

In comparing the data on extent o f the s u p e rfic ia lis  and the 

condition o f the temporal artery (Table 1 ), i t  is  in te res ting  to note 

th a t those forms such as Crotaphytus and Leiolamus in  which the sup­

e r f ic ia l is  is  extended poste rio rly  to  cover the medius, have a temporal 

artery which is  buried w ith in  the su p e rfic ia lis  tissue. Since the an­

te r io r  edge o f the medius is  covered by the s u p e rfic ia lis  the artery 

has no choice but to continue through the muscle. The same condition 

also exists in  Tropidurus although the posterior extension o f the sup­

e r f ic ia l is  is  s lig h t.

In Basiliscus, Corythophanes and Laemanctus large crests have 

evolved by posterodorsal elongation o f the pa rie ta ls . These crests 

provide greatly increased surface area fo r  the o rig in  o f the equally 

enlarged pseudotemporalis s u p e rfic ia lis . The tendency fo r  crest fo r ­

mation exists also in  the anolinae, and reaches greates f ru it io n  in  

such forms as Chamaeleolis. In terms o f muscle the anoline crest 

d iffe rs  from the bas ilisc ine  in  that the former serves as o rig in  fo r  

both the pseudotemporalis su p e rfic ia lis  and the dorsal head o f the
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adductor medius while the la t te r  gives rise  to  the pseudotemporalis 

only. The basiliscene medius originates on the unexpanded parieta l 

la te ra l to the crest and does not fo llow  the pseudotemporalis a ll o f 

the way up the crest as i t  does in  the anoles.

The difference in  musculature o f the parieta l crest c learly  sep­

arates the anolinae and basiliscinae as two d is ta n tly  related groups.

Among the other fam ilies o f lizards the pseudotemporalis super- 

f ic ia l is  shows a great deal o f varia tion  (Table 1). I t  is  absent in  

the gekkoes and chamaeleons and reduced in  the Agamidae, Scincidae, 

Cordylidae, and Xantusidae. In Agama i t  covers less than h a lf o f the 

parieta l but is  s t i l l  visable in  the supratemporal fossa. In the 

Scincidae, Cordylidae, and Xantusidae the muscle is  fu rthe r reduced 

and is  not visable s u p e rfic ia lly . This is due to the fa c t that these 

forms lack a supratemporal fossa and tend to have large an te rio rly  

extended adductor medius which together with the an terio r head o f the 

adductor su p e rfic ia lis  cover the pseudotemporalis superfic ia l is .  

Remembering the fa c t the gekkoes which also lack a supratemporal fossa, 

have lo s t the su p e rfic ia lis  completely, i t  is  tempting to speculate 

tha t loss o f the fossa tends to lead to reduction or loss o f the super­

f i c ia l i s ,  and along with i t  an enlargement of the medius.

On the other hand, based on the specimens I dissected, the 

pseudotemporalis s u p e rfic ia lis  is  well developed in  the Varanidae and 

Teiidae, f i l l in g  the en tire  supratemporal fossa in  these groups. In 

Varanus the fossa is  s lig h t ly  reduced with an extensive adductor medius 

posterior to i t  while in the Teiidae the fossa is  fu l ly  developed.
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Pterygomandi bulari s

The pterygomandibularis is  one of the largest and most complex of 

the jaw muscles. I t  covers the posterolateral and ventral sides o f 

the mandible. In ventral view i t  covers the posterior end o f the 

mandible and extends foreward to i ts  orig ins along the ectopterygoid, 

the posterior border o f the pterygoid and the la te ra l sides o f the 

quadrate process o f the pterygoid extending as fa r  medial as the 

basipterygoid processes. In la te ra l and ventral view the muscle is  

completely covered by the intermandibularis posterior which is  a th in  

extensive sheet o f throat muscle. The pterygomandibularis is  bordered 

poste rio rly  and medially by the f i r s t  ceratobranchial and ceratohyal.

Its  posterior most insertion  on the re tro a rticu la r process is  covered 

to varying degrees by the insertion o f the depressor mandibulae and 

cervicomandibularis muscles. The medial ventral surface o f the muscle 

forms the dorsal la te ra l walls o f the pharynx and as such are covered 

with oral epitheliem. The pterygomandibularis shows a highly pinnate 

organization and is  the only adductor muscle to be oriented in  the 

anterio r posterior plane (Fig. 7).

The pterygomandibularis originates from three sources. The f i r s t  

is  a tough tendon aris ing from the posterior edge of the ectopterygoid. 

This tendon is  continuous medially with a very extensive sheet of fascia 

which arises from the posterior edge of the transverse process of the 

pterygoid. This sheet o f fascia which covers the be lly  o f the muscle
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plus the transverse process form the second part o f the o r ig in . The fascia 

tends medially to the ventral border o f the quadrate process o f the 

pterygoid. The la te ra l surface o f th is  process is  the th ird  o rig in  

o f the pterygomandibularis. Fibres also arise from the jo in t  capsule 

o f the basipterygoid process and quadrate process o f the pterygoid.

The fib res from the f i r s t  two orig ins fan out to  inse rt a ll 

along the posterior end o f the mandible to cover the a r tic u la r  along 

with i ts  poste rio rly  directed re tro a rtic u la r process and i ts  antero- 

medially directed angular process. There is  almost always a sheet of 

fascia extending an te rio rly  between the angular process and the main 

body o f the a r tic u la r . This fascia increases the insertiona l area 

fo r  fib res coming from the shiny fascia o f o rig in  number two.

The fib res from the f i r s t  two orig ins use the a r tic u la r  condyle 

as a fulcrum to adduct the jaw. Compared to the muscles so fa r  discus­

sed th is  is  unique in  that the muscle originates and inserts on opposite 

sides o f the fulcrum i t  is  operating. A ll o f the other adductors or­

ig inate and inse rt on the same side o f th e ir  fulcrum.

The small amount o f space a llo tte d  to th is  section o f the muscle 

is  very e ff ic ie n t ly  used. Rather than f i l l  the space with a small 

number o f long fib res extending from bony o rig in  to bony in se rtion , 

the space is  f i l le d  with a great number of short fib res many o f which 

orig inate and in se rt on extensive sheets o f fascia. This second 

arrangement greatly increases the force of contraction o f the muscle.

This type o f set up is  found in  a l l  o f the muscles discussed so fa r ,
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but i t  seems to be most h ighly developed in  the pterygomandibularis, 

probably because o f the angle at which the muscle is  operating.

The fib res  coming from the th ird  insertion  are seen only a fte r 

the fib res  from the f i r s t  two orig ins have been removed. They pass 

ven tro la te ra lly  from the la te ra l wall o f the quadrate process to in ­

s e rt along the dorsal and medial surface o f the a r t ic u la r ,  ventral 

to Meckels* fossa. These operate d ire c tly  on the mandible and work 

on one side o f the fulcrum. Fibres coming from the an te rio r end o f 

the quadrate process o f the pterygoid and from the basipterygoid pro­

cesses pass poste rio rly  to in se rt on a tendon which jo ins the angular 

process. Fibres o rig ina ting  on the posterior most t ip  o f the quadrate 

process extend poste rio rly  over the angular process to the dorsal t ip  

o f the re tro a rtic u la r process. Oelrich (1956) suggests th a t these 

fib res  assist in  abducting the jaw. Their position ce rta in ly  sup­

ports th is  in te rp re ta tio n , but th is  means tha t while the res t o f the 

pterygomandibularis is  working to adduct the jaw, these fib res  are 

working in  opposition try ing  to abduct i t .  The se lective advantage 

o f th is  is  unclear.

The pterygomandibularis is  innervated by the fourth branch o f the 

mandibular ramus. This long branch leaves the mandibular ramus a short 

distance a fte r the th ird  branch. I t  passes over the p ro tractor pterygoi- 

deus to the flo o r o f the i nf r  a temporal fossa where i t  enters the dorsal 

surface o f the pterygomandibularis. This fourth branch also sends a 

small branch a n te rio rly  to the posterior edge o f the pseudotemporalis 

profundus.

47

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The pterygomandibularis shows almost no varia tion  among the genera 

o f the iguanidae. The exception is  Phrynosoma in  which the muscle is 

greatly reduced and less pinnately organized. In Agama the muscle is  

strong and inserts upon an elongated re tro a rtic u la r process. To the 

skink Mabuya the o rig in  extends onto the dorsal surface o f the pterygoid 

and the base o f the epipterygoid. The angular process here is  much re­

duced.
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Adductor Posterior

The adductor posterior is  the least conspicuous of the three 

divisions of the adductor mandibulae. I t  lie s  posterior to the man­

d ibular ramus in  the posteroventral corner o f the infratemporal fossa 

(F ig. 6). I t  is a single muscle ly ing medial to the lower head o f the 

adductor externus profundus. The muscle originates on the medial and 

la te ra l surface o f a fascia which comes o ff  o f the dorsomedia! corner 

o f the quadrate. Its  fib res fan out anteroventrally passing medial to 

the bodenaponeurosis to Meckel's fossa where they insert on Meckel's 

ca rtilage . Its  fib res are continuous with those of the profundus making 

the determination o f the exact lim its  o f the muscle d i f f ic u l t .  The 

insertion of the adductor posterior however is  quite d is t in c t. The 

fib res entering Meckel's fossa are c lea rly  separable from the fibres of 

the pterygomandibularis which inse rt on the angular ventral to the fossa, 

and those o f the adductor externus which inse rt on the bodenaponeurosis 

and surangular dorsal to the fossa. The muscle is  innervated by the 

f i f t h  branch o f the mandibular ramus. The f i f t h  branch leaves the ramus 

ju s t before the ramus enters Meckel's fossa. The innervation is  very 

d i f f ic u l t  to fin d  and was actually seen in  the very largest specimens 

a fte r considerable parts o f the jaw were removed.
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Constrictor Dorsalis Group

The constric to r dorsalis muscles include the levator pterygoideus, 

the protractor pterygoideus and the levator bulbi muscles. These 

muscles l ie  medial to the adductor in tem us. The two pterygoideus 

muscles l ie  posterior to the epipterygoid and ventral to the prootic 

and function in  elevating and protracting (pushing foreward) the 

m axillary segment via the pterygoid. The bulbi muscles l ie  medial to 

the levator pterygoideus and extend an te rio rly  to operate the lower 

eyelid . None o f these muscles are concerned with adducting the man­

d ib le . A ll o f them are innervated by separate branches of the trigeminal 

nerve, independently o f the three major rami.

Levator Pterygoideus

The levator pterygoideus is  a la te ra lly  compressed strap o f muscle 

ly ing posterior and s lig h t ly  medial to the epipterygoid and the 

pseudotemporalis profundus (Fig. 8). I t  is  an terio r to the prootic and 

the mandibular ramus. I t  is  la te ra l to the orig ins o f the protractor 

pterygoideus, the levator bulbi muscles and the profundus ramus o f the 

trigem inal. I t  originates on a band o f fascia which comes o f f  the ven­

tro la te ra l surface o f the parieta l ju s t an terio r to the prootic and 

posterior to the dorsal t ip  o f the epipterygoid. The muscles usually 

extends about two th irds of the way up from the pterygoid to the p a rie ta l, 

the remaining th ird  o f the distance being f i l le d  by the fascia . The 

fib res extend ven tra lly  to in se rt on the dorsal surface o f the pterygoid
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Levator
—  pberygaidess

interior inferior 
—  process

Quadrate process of
pterygoid

Fig* 8 Levator aad Protractor Pterygeldeua 
of AboH s cristateHus.
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as fa r  an te rio r as the medial border o f the epipterygoid and as fa r  

posterior as the mandibular ramus. Innervation is  by a separate branch 

o f the trigeminal entering the medial side of the muscle.

Protractor Pterygoideus

The p rotractor pterygoideus lie s  medial and posterior to the 

levator pterygoideus (Fig. 8). I t  is  ventral to the p roo tic , ventro­

la te ra l to  the profundus d iv is ion  o f the trigeminal and forms the 

la te ra l wall o f the tympanic cav ity . I t  originates an te rio r to the 

ganglion on the la te ra l surface o f the anterio r in fe r io r  process o f the 

prootic and the adjoining a la r process o f the basisphenoid. The o rig in  

continues onto a tendon which extends fror;; ere pi la  antotica which is  

immediately an terio r to the in fe r io r  process o f the p roo tic , to the an­

te r io r  dorsal surface o f the basipterygoid process. A ll the fib res fan 

out poste rio rly  to in se rt a ll along the medial surface o f the quadrate 

process o f the pterygoid. In a few cases the inse rtion  extends onto t  

the dorsal surface o f the pterygoid. Innervation is  by a separate 

branch o f the trigem inal entering the la te ra l side o f the muscle.

Variation in the p rotractor and levator pterygoideus among 

iguanids appears to be minimal, size being the only va ria tion . Subtle 

size differences however, are d i f f ic u l t  to detect and quantify due to 

the great varia tion in  sku ll size in  the group. Obvious differences 

were found in  the large anolines Anolis equestris and Chamaeleolis 

which seem to have much reduced levators. In Phrynosoma the levator
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appears to be short but th is  may be due to the increased height o f the 

s k u ll.  Among the other fam ilies the greatest varia tion occurs in  the 

Chamaeleontidae where due to the loss o f cranial kinesis both levator 

and p ro tracto r muscles as well as the epipterygoid are gone. In 

Zonurus the protractor appears to be greatly reduced. In the gekkoes 

the fascia o rig in  o f the levator passes medial to  the very much enlarged 

a la r process o f the prootic. I t  is  in te resting  to note tha t reduction 

or enlargement seems to occur usually in  only one o f the two muscles. 

There was no case in  which both were obviously enlarged or reduced ex­

cept o f course in  Chamaeleon where both are lo s t.

Levator Bulbi

The levator bulbi muscles l ie  medial and anterio r to the levator 

pterygoideus, medial to the epipterygoid and pseudotemporalis profundus 

and ventromedial to the eye. The muscle is  composed of a ventral is  

and dorsalis segment. The ventra lis  originates from the ventral surface 

o f a ligament which comes o f f  the membranous braincase medial to the 

prootic and extends anteroventrad, medial and ventral to  the eye. The 

fib res o f the ven tra lis  in se rt on the dorsal surface o f the membrane o f 

the pyriform recess. In a few forms such as Dipsosaurus they in se rt 

on the pterygoid la te ra l to the recess. The dorsalis arises from the 

dorsal surface o f the d is ta l end o f the ligament. Its  fib res fan out 

an te ro la te ra lly  to  form a th in  sheet which passes ventral to the eye 

and inserts on the fascia o f the lower eye lid . The ven tra lis  anchors

53

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



the dorsalis medially insuring that the force of contraction w il l  

be passed medially and not pos te rio rly , allowing fo r  e ff ic ie n t 

lowering o f the eye lid . In addition to th is  medial fib res o f the dor­

sa lis  in se rt on the fascia o f the palatine process o f the pterygoid 

anchoring the an terio r end o f the muscle. Innervation is  by a separate 

branch o f the trigeminal extending an te rio rly  to the muscle, trave lling  

with i t  a good distance before penetrating the surface.

The lavator bulbi muscles showed almost no varia tion  in  the 

Iguanidae and only a small amount o f varia tion throughout the other 

fam ilies . Because o f th is  and the fac t that they do not function 

in  adduction or cranial kinesis I tended to deemphasize them in my 

study. A ll fam ilies had dorsalis and ventra lis segments in  s im ila r 

arrangement to that found in  the Iguanidae.
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Denti t i  on

Up to now most studies o f adaptation to d ie t have been focussed 

on variations in  den tition . Indeed dentition  seems to be a much more 

p la s tic  character than the rather conservative trigeminal musculature. 

Before moving on to the analysis o f the muscle data i t  might be in te res t 

ing to digress fo r  a moment to see how extensive the dental varia tion  is

Hotton (1955) studied the varia tion  in  16 iguanid species belong­

ing to 11 sceloporine and iguanine genera, including Crotaphytus and 

Phrynosoma. The diets o f these were care fu lly  studied and the food 

animals were grouped according to the degree o f th e ir  a c t iv ity  and the 

heaviness o f th e ir  intergument. Hotton lumped a ll o f the herbivorous 

forms in  one group, came up with the five  types of d ie t lis te d  below, 

and correlated these with f iv e  types o f dentition .

DIET

A. Vegetable matter

B. Animals o f low act­
iv i t y  and in te r ­
mediate integument- 
Ants

DENTITION

Teeth with high degree 
o f la te ra l fla tte n in g , 
crowns with bladelike 
cutting edges, teeth 
highly cuspidate f i r s t  
cusped teeth fa r  an­
te r io r  on mandible, 
p ro file  variable

Extremely b lun t, stout 
peglike teeth, no cusps

FORMS

Dipsosaurus, 
Sauromalus, 
Ctenosaura

Phrynosoma
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DIET DENTITION FORMS

Animals of high act­
iv i t y  and intermediate 
integument -  Grasshop­
pers

Teeth moderately to 
highly cuspate, f i r s t  
cusped tooth midway 
along m axilla , fro n t 
teeth higher, sharper, 
more contcal than back 
teeth, s lig h t la te ra l 
compression at apex 
o f tooth.

Crotaphytus 
Gambelia 
Holbrookia 
Seeloperus

D. Diet h ighly varied and 
with high proportion 
o f animals o f in te r ­
mediate a c t iv ity  and 
integument. Leafhop- 
pers

Teeth rather highly 
cuspidate, f i r s t  cusped 
tooth anterior to middle 
o f m axilla , fro n t teeth 
slender sharp and con­
ic a l,  l i t t l e  or no com­
pression at crown, much 
lik e  type E

Uta
*Urosaurus
*Sator
*Petrosaurus

E. Diet rather varied Teeth poorly cuspidate,
with high proportion f i r s t  cuspate tooth pos-
o f food with high te r io r  to middle o f
a c t iv ity  and heavy m axilla , teeth slender,
integument. Bees conical up to apex where
and wasps they taper to sharp po in t,

back teeth as high as 
fro n t, l i t t l e  or no crown 
compression.

* Added to Hottons c la ss ifica tio n  by Etheridge (1964).

Callisaurus
Urosaurus

The highly cuspidate, compressed bladelike teeth o f group A are 

used by iguanines fo r shearing vegetable matter. The blunt peglike 

teeth o f Phrynosoma and certain ant eating forms o f Seeloperus are an 

adaptation to food which does not have to be pierced or held onto. The 

slender, sharp and poorly cusped teeth o f group E are necessary fo r  

piercing the heavy integument of bees and wasps while the highly cuspidate 

teeth o f groups C and D are advantageous fo r grasping animals of in te r ­

mediate a c t iv ity  and integument.
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Hotton lumps group D with group E and comes up with four adaptive 

types o f den tition  fo r  north americal iguanids, herbivorous, ant eating, 

predaceous type A (Animals o f high a c t iv ity  and heavy integument) and 

B (Animals o f intermediate integument).

Groups A and B f i t  n icely with Etheridge's scheme fo r  re la ting  the 

iguanid genera. A ll o f the iguanines are herbivorous and Phrynosoma is  

highly specialized fo r  ant eating. The predaceous types A and B however, 

do not assort according to the c la ss ifica tio n . Uma,Holbrookia and 

Callisaurus which Etheridge holds to be a closely related natural group 

contains predators o f both types. Etheridge maintains tha t Uma f i t s  in
ft

none o f Hottons categories and points out tha t a d ive rs ified  genus lik e  

Sceloporus can and does have considerable varia tion in  i t .  Sceloporus 

species range from groups B to C. The obvious conclusion is  tha t denti­

tion  follows functional and not phylogenetic lin e s .

Montanucci (1968) carried the study fu rth e r by comparing the den­

t i t io n  o f three iguanines, Iguana iguana, Ctenosaura s im ilis  and 

Enyaliosaurus c la rk i ^and Basiliscus v it ta tu s . He found the teeth o f 

Iguana to be highly compressed and serrate fo r  use in  shearing vegetable 

matter. The teeth o f Ctenosaura and Enyaliosaurus are less compressed 

and not serrate but cuspate. This is  an adaptation fo r  nipping small 

leaves, blossoms and buds. The description o f the den tition  of 

Basiliscus seems to put i t  in  group C or D o f Hottons scheme. According 

to Borden (1943) Basiliscus has a very varied d ie t 78% o f which are 

animals spread out over 29 orders and 22% o f which is  p lant material 

some taken by accident and some by design.
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PART 11 

DISCUSSION AND ANALYSIS
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Taxanomic Characters

From the vast amount o f description and comparison given up to th is  

point we can now d is t i l l  o f f  tho;se characters which seem to have tax­

onomic and, or functional significance w ith in  the Iguanidae and discuss 

them in  d e ta il. These are the characters chosen.

1. Extent o f the adductor medius in  the supratemporal fossa.

2. The presence o f a supe rfic ia l separation o f the heads o f the 
adductor s uperfi ci a li s .

3. The extent o f the adductor s u p e rfic ia lis .

4. The extent o f the supe rfic ia l fascia covering the super-
f i  c ia l is .

5. The condition o f the temporal arte ry .

6. The extent and size o f the pseudotemporalis s u p e rfic ia lis .

7. The separation o f the heads o f the pseudotemporalis.

8. The size of the gape o f the jaw.

9. The size and shape o f.the  parie ta l o rig in  o f the jaw muscu­
la tu re .

10. The presence o f an enlarged parie ta l crest with*accompanying 
enlarged jaw musculature.

11. The d ie t and hab ita t.

Most o f these have been described a t length in  the preceeding te x t. 

Tables 1, 2 and 4 sumarize these data. In the follow ing sections I w il l  

attempt to analyze the functional and taxonomic significance o f these 

characters and th e ir  d is tr ib u tio n  among the iguanid genera.
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I t  should be pointed out at the beginning tha t the number of 

characters furnished by the jaw apparatus is  re la tiv e ly  small compared 

to the large large numbers o f characters, derived from many systems, 

which are usually used in  s t r ic t ly  taxonomic studies. The information 

obtained from the few available characters however, is  s u ff ic ie n t to 

allow fo r  the erection o f a c la ss ifica tio n  and phylogeny fo r  the major 

groups which is ,  on the whole, quite consistent with the presently 

accepted arrangement o f the fam ily. In some cases, such as the 

sceloporines, lines w ith in  a subfamily can be substantiated.
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Table 1 Som u j af Ijpertwk i*ua*Ld jnr character differences*
A B G

Genus OLat fittest of add* sod*
is sqprateap* fossa

Igaaatoes

fitiSSE

flaM W kss

trachrlaphns
Sceloporlsos Sooifeporus

m
PP9—

M ro a fe te
P ilH ttHTn*xsanBsasjs

Tropidurines
Crctariiybus
Troddurus

ssassaB e

Staaoccrcqa
Plica
SSsas®
aefflsssateiItesessssaPlatynotus
QqyJf caag
i ^oyyarap,
ftfcrngsrtftdBg

lasillscises
OoCTthonhaaos
Lasnsacttis

Anellnes Polychras 
i Bol i S *" 

lii&ecorcua
FheaMoaaurus
flhanao]1aorops
Chsaaelsolls

I
I
B
H
H
B
H
H
H
H
H

I
1
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I

T
f

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

T
T
T
T
T
A
A
A
T
T
T
T
T
A
A
A
A
A
A
A
A
A
A

2
2

2
2
2
1

2
2
2

2
2
1

5
4
4
5

2
2
2
2
2
2
2
2
2
2
2
2
2

22
2
2

3
.?
2
3
2
2
2

51

0
Superficial m 
of add* super* 
fjcia.Ha

1
1

2
2

2

1
1
2

1
1
1

2
2
2
2

2

1
2
1
1
1
1
1
2
2
1
1
1
2

2
2
1

2
2
2
2
2
2
2
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Superficial sop. 
of add* supers 
fleiaUs

2 F
fittest «f Ettett Of
saperflofel-eerqperfleial
tolls foods

G
ot tap»
orml erfcev j

1
Siae of
ftoeadoteqp*
ggperflatsUs

ISoporefcies 
ofhoris of
peeadefceqfc

1
1

2
2

4
3

4 
2 
4 
4

3
2

3
32
3

4
1

1
1
1
6

2
2

2
2
22
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Table 2 Jatr apparatus characters in non IgttMiids*

Group

Jfyctisanria
Gekkonidae
Henldactyins
turcicus

Gcaafcodss
fuacus

Iguaaia
Agaaddae 
Agaaa sp.

riaf
ASSf t t f i SBchameleon

ScincoMDrpha

lantnaia ? 
Tf l gl &a

Scincidae 
Mabtora sp*

Teiidae
4&S&&aaeiva
Tupinaabjs
tegaJxfw

Cordylidae 
Zonurua ap,

Ddpleglossa
7aranidae
?araaoa
indicug

A 1
Diet Habitat

I

I

I

I

c

G

I

A

A

T

T

T

T

T

Bdbenfc of add* 
ned* in sup ra^ 
tenperel fossa

- (4)

- (4i

Superficial sep* 
of add* superfio-
ialis

- (3)

- (4)

0

0

- (4)

1

2

1

1

2
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D I F G H I
parfioial eep. Exteat cf Extent cf Qwatttica of Sis* «f Separation of
’ auperfic- styerfic*ftl~?«<wperflelal temporal peeudotej*). kMit of peeudo-
lis fascia artery aqperfisialle' tcspbralis

2 3 i  6  0

2 2 1 6 0

2 5 6 1 4

1 2 1 5  6 0

1 3 2 4 -

2 5 6 . 4 -

1 4 5 1 1

1  4 3 I I

2 4 6 . 1  5

2 2 1 1 2  *
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Legend Tables I and I I

A. Diet
C. Carnivore
H. Herbi vore
I .  Insectivore

B. Habi ta t
T T errestria l 
A Arborial

C. Extent o f the adductor externus medius in  the supratemporal fossa.
This is  a measure o f how fa r  an te rio rly  and dorsally the adductor 
medius extends along the parie ta l in  the supratemporal fossa.

1. Adductor externus absent from the fossa a t the surface
2. Externus extends less than h a lf the length o f the parieta l
3. Covers h a lf o f parie ta l
4. Externus extends more than h a lf the length o f the parieta l
5. Externus covers the en tire  supratemporal fossa

No supratemporal fossa present. This is  followed by a measure 
o f the extent o f the muscle imagining a fossa to be present.

D. Is there a visable delineation between the two heads of the adductor 
su p e rfic ia lis  a t the surface o f the muscle?

No separation can be made.
*  A separation is  present.

E. How fa r  down the la te ra l side o f the mandible does the adductor ex­
ternus extend.

1. Externus extends only to the top o f the surangular.
2. Externus extends less than halfway down the side o f the mandible.
3. Externus extends halfway down the side o f the mandible.
4. Externus extends more than h a lf way down the side o f the mandible.
5. Externus extends to the ventral border o f the mandible.

F. How extensive is  the superfic ia l fascia at the posterodorsal corner 
o f the infratemporal fossa.

1. Very l i t t l e  fascia present.
2. Fascia covers ju s t  the posterodorsal corner o f the fossa.
3. Fascia extending halfway to the surangular.
4. Fascia extending to the top o f the surangular.
5. Fascia covering the entire  muscle.
6. Fascia ju s t a t the insertion  o f the muscle.

G. How does the temporal artery pass through the supratemporal fossa.
1. The artery ex its  at the an terio r border o f the medius and con­

tinues an te rio rly  over the pseudotemporalis s u p e rfic ia lis .
2. The artery passes through the fossa deep w ith in  the muscle and 

is  not visable su p e rfic ia lly .
3. The artery passes through the pseudotemporalis su p e rfic ia lis  

and is  not visable.
4. The artery passes over the dorsal head o f the medius and con­

tinues over the pseudotemporalis.
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5. The artery passes through the medius and is  not visable at 
the surface.

6. The artery ex its  through the pseudotemporalis and passes over 
i t .

H. How fa r  posterio rly  does the pseudotemporalis extend.
1. I t  covers a ll o f the p a rie ta l.
2. I t  covers more than h a lf o f the pa rie ta l.
3. I t  covers h a lf o f the pa rie ta l.
4. I t  covers less than h a lf o f the pa rie ta l.
5. Pseudotemporalis su p e rfic ia lis  very small.
6. Pseudotemporalis su p e rfic ia lis  absent.

I .  Is the pseudotemporalis su p e rfic ia lis  separable in to  two heads?
* Yes
- No
0 The superfic ia l head is  lo s t

J. What is  the shape o f the p a rie ta l.
1. Crescentic
2. Triangular
3. Crescentic developing in to  triangu lar in  mature specimens.
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Adaptive Significance and the D is tribu tion  of 

Character States

Table 3 fehows the number o f genera in  each subfamily or recog­

nizable group, tha t have a p a rticu la r character s ta te . Such an 

analysis allows us to see at a glance which character states are 

present in  the greatest number o f genera and groups. I t  also gives 

a clear picture o f the varia tion  o f the pa rticu la r character in 

each group.

Knowing the d is tr ib u tio n  o f each character state i t  is  sometimes 

possible to deduce whether the character is  o f adaptive significance 

to the pa rticu la r suite o f characters being studied. I f  the various 

states o f a character show more or less equal d is tr ib u tio n  among a ll 

of the subgroups o f a fam ily , i t  might be safely assumed that the 

character is  not s ig n ifica n t to the spec ific  adaptations which d is t in ­

guish the subgroups. For example, i f  h a lf the genera in  genus group 

I have character state A and the other h a lf have character state B 

and the same s itua tion  is repeated in  genus group 11, 111 and so on, 

i t  seems reasonable that th is  p a rticu la r character is  not associated 

with the suite of characters which have allowed each genus group to 

adapt to its  p a rticu la r niche. Niche is  defined here as the pa rticu la r 

role of the organism in  re la tion  to the ecosystem and w il l  be used 

synonomously with adaptive zone. The character may however, be s ig n i­

fica n t to the group o f characters tha t separate one genus from the next. 

Thus when speaking of adaptive significance one must always specify the
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Table 3 BLstrfbutien of Character States iaoaag Xguaaid Ganas*
C. Jb&eat of Medina O* Separation of

in Sopratesporal Adductor Super-
?m m  Hatalla

Suhfaaiiy

Madagascan
Iguaninea 
Soelreorua Group 
quo Group 
Trepidurlne# 
Sasilieeines 
Anolines

TfrdagrintfiTi
Ignanrfwos
Soeloporua Group
One. Group
Trdfddurlnes
BaaLHsdnes
Aaoliaoa

Charoator States*

5
1 3X 2 2

S 
3

* 24 2 2
6 82 6 6 $

Sfcatoa

2
3 2
1 3
4
2 6 
2 1 
6___

m
56 44

H* Srteat of Paeuds- 
teaporalia

Character States
i^-3. ,3. .4 5

2
6

2 2 1 2 1
1 7

3
3 -2 7 ---------- 5— I
9 81 * 6  3 %

G* Condition of 
T e ^ o ra l 
Artery

Character States
A . . & . 4 6

1 1
4 1 1
4
3 1
7 1

3
20 n l  i
60 3 33 3 $

* The condition of each state is explained in the legend to Table 1* 
** The nuaber of genera having the character in eaah state*
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i«  sxten t # r
S a p e rfic ia lis

?« Xxbeat of Superficial 
Faseia

Character States 
1 2  3 4

1 1
2 4 
2 2
3 15 2 1

1 2

I ' M  9  y  ~ i
IS 30 27 21 3 $

I. Separation of Heads of
the Pseudoteaperalis

States
1 2

2 3
4
3 1
5 1
1 2 
5 1
72 2356

Character States
1 . 2 2 . .4 . . .S

1 1
1 5
2 2

1 33 3 2
1 2

? l 3 l l  221 39 33 2 J6

J. Shape of Parietal

States
J L

2
4 5
4
4
3

3
6

S B T ' T I
61 25 14*
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level one is  re fe rring  to . To a strong se le c tio n is t every character 

is  adaptively s ig n ifica n t at one level or other.

In examining Table 3 and applying the c r ite r ia  discussed above 

i t  can be seen tha t a ll the characters lis te d  are s ig n ific a n t to the 

radiation of the subgroups of the Iguanidae. In character C, the 

extent o f the adductor ext. medius in  the supratemporal fossa, there 

is  obviously strong selection fo r  character state 2 in  every iguanid 

group except the Uma group where i t  would seem that selection has 

moved the genera to other adaptive ?ones. The same s itua tion  exists 

in character H, the extent of the pseudotemporal i s . This character 

is  roughly the reciprocal o f character C.

Character G, the condition o f the temporal a rte ry , has a character 

state d is tr ib u tio n  which shows clustering a t states 1 and 4. Character 

state 1 is  associated with the adaptive zone or zones o f the iguanines, 

sceloporines and tropidurines while character state 4 associated with 

the basil isc ine , anoline zones. Characters E, the extent o f the adductor 

e. superfic ia l is  and F, the extent o f the superfic ia l fascia show a good 

deal o f va ria tion  a t the genus level but both characters seem to be 

associated with the same two broad zones as character G.

Character D, the separation o f the heads of the adductor e. super- 

f i c ia l i s ,  has only two states with almost equal d is tr ib u tio n  in  each, in  

terms o f number of genera. The d is tr ib u tio n  however, among the subgroups 

c learly  shows the character to  be tied  up with the p a rticu la r adaptations 

o f the Uma group, the anolines and possibly the Madagascan iguanids.

Over the remaining iguanids.
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Character I ,  the separation o f the heads of the pseudotemporal i s , 

shows significance in  a ll groups except the basiliscines and anolines. 

Character J very neatly separates the subfamilies on the crucial factor 

o f parieta l shape which is  of obvious adaptive significance fo r  i t  

allows fo r  an increase in  the o rig in  o f the adductor musculature.
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Jaw Adduction Strength

"Jaw adduction strength" or s inp ly "jaw strength" as used here 

and throughout the remainder o f th is  paper, w i l l  mean simply, the 

force o f adduction generated by the adductor musculature and trans­

mitted to the mandible. The term "e ffic iency" w i l l  re fe r to the 

a b il i ty  o f the jaw apparatus to generate the maximum adductive force 

with the minimum e f fo r t  or waste. Both terms w il l  be used re la tiv e ly  

fo r  i t  is  not the goal o f th is  study to set up mathematical models 

to quantify them.

In examining a large series o f iguanid skulls i t  becomes apparent 

tha t two cranial characters are functiona lly  important with respect 

to the strength o f the jaw apparatus. One is  the shape and size o f 

the parie ta l o rig in  of the adductor musculature and the other is  the 

length of the gape o f the mandible. The parie ta l o r ig in  o f the adductor 

musculature is  found along the la te ra l edge o f the p a rie ta l. The amount 

o f muscle orig ina ting  on the parieta l can be read ily  determined by mea­

suring the extent and shape o f the very conspicuous muscle scar. Since 

the other major orig ins o f the adductor musculature, the quadrate, 

p roo tic , epipterygoid and pterygoid vary l i t t l e  in s ize , the rather 

large varia tion o f the size o f the parie ta l scar can be correlated 

d ire c tly  with the strength o f the adductor mandibulae.

The mandible is  o f great importance fo r  i t  is  the structure which 

receives a ll o f the force o f the adductor musculature. The mandible 

acts as a lever whose fulcrum is  the a rtic u la r  condyle. The depressor 

mandibulae which inserts posterior to the condyle causes the mandible
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to be abducted, while the adductor mandibulae inserting an te rio r to 

the condyle creates the opposite e ffe c t. The adductor mandibulae 

extends as fa r  an te rio r as the coronoid process, anterio r to which there 

is  no adductor musculature. The gape, or length o f the jaw anterio r 

to the adductor musculature is  therefore very important in  estimating 

the force o f contraction present at the t ip  o f the jaws. I f  liza rd  

A and B both have identica l musculature, but A has a gape 20% longer 

than B, the laws o f physics t e l l  us tha t A w i l l  exert a lesser force at 

the t ip  o f i t s  mandible than B w i l l .  Even though lizards do most o f 

th e ir  "chewing" w ith the more posterior parts o f th e ir  jaw, such 

differences, i f  they do e x is t, could reasonably be expected to have 

some e ffe c t on the type o f prey the liza rd  can capture and k i l l  and 

would thus be under great se lective pressure. Further, one might 

predict that goups o f lizards eating d iffe re n t might have gapes o f 

d iffe re n t lengths.

The gape length must be looked at in  conjunction with the strength 

o f the adductor musculature, as measured by the size o f i ts  parieta l 

o r ig in , fo r  long jaws can be strengthened by increased adductor 

musculature. Thus gape length and parieta l muscle scar can be used 

jo in t ly  to get a p icture o f the comparative jaw strength throughout 

the Iguanidae.

The force o f adduction of the jaw can also be increased by in ­

creasing the extent o f the adductor superfic ia l is  which can extend a ll 

or part way down the side of the mandible. The more extensive super- 

f ic ia l is  is  usually accompanied by an enlarged superfic ia l fascia. In
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Cyclura the superfic ia l is  orig inates on a rather broad temporal bar 

and is  probably proportionally strengthened.

Some liz a rd s , especially the sceloporines tend to elim inate one 

or the other o f the two muscles o f the supratemporal fossa. I t  seems 

u n like ly , from d ire c t observation o f the muscles involved, tha t there 

can be much difference in  mass between the two smaller or one larger 

muscle arrangement. There may be however, greater e ffic iency  in  the 

sim pler, one muscle set up and th is  may contribute to  the strength of 

the jaw apparatus.
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Parietal Origin o f the Adductor Mandibulae

The shape o f the parieta l o rig in  of the adductor mandibulae varies 

at the subfamily level in  the Iguanidae. In the sceloperines, tro -  

pidurines^ Crotaphytus and some iguanines (Dipsosaurus, Sauromalus and 

Enyaliosaurus), the parie ta l o rig in  is  in  the shape of a crescent 

(Fig. 9 A). The an terio r po in t o f the crescent begins posterior to 

the o rb it.  The crescent thickens as i t  passes postero la tera lly  to 

jo in  the quadrate and squamosal where the crescent again thins out.

The dorsal border o f the crescent is  convex and the ventral border 

concave often having a s lig h t point an te rio rly  where the epipterygoid 

a rticu la tes . When looking at the sku ll in  dorsal view the two parieta l 

orig ins are seen to be separated by varying amounts o f parieta l roofing 

the braincase. The more poste rio rly  one looks the fu rthe r apart the 

parie ta l crescents are. This is  due to th e ir  posterolateral o rienta tion.

The large iguanines, Iguana, C.yc 1 ura, Amblyrhychus and CpnoTophus 

d if fe r  in  tha t as they grow la rger the parie ta l crescent which at f i r s t  

resembled tha t of Dipsosaurus and Sauromalus, becomes much wider at its  

middle and extends medially and dorsally u n til i t  meets i t s  neighbor on 

the other side o f the s k u ll. In doing so i t  ob lite ra tes the roofing 

parieta l between the two crescents and causes the two supratemporal 

fossae to meet on the dorsal m idline. As growth proceeds a crest of 

bone begins to develope on the dorsal midline between the two fossae.

This crest fu rthe r increases the surface area o f the muscle o rig in  and 

at the same time keeps the two fossae separated. The larger the speci­

men the greater the crest w i l l  be, however i t  never reaches the dimen-
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cpiia-Hg and Baaillsena rLttatna.
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sions o f the crests found in  the anolines and basilisc ines.

In an in i t ia l  experiment twenty skulls o f Iguana iguana were 

measured fo r  the fo llow ing characters:

1. Total jaw length
2. Length from posterior border o f coronoid process

to t ip  of jaw
3. Greatest width o f the parie ta l crescent
4. Smallest distance between parie ta l crescents.

In addition the presence or absence o f a crest was noted. The ra tio

Maximum parie ta l crescent width 

Total jaw length

was calculated and the results plotted against jaw length which is  taken 

as a measure o f the to ta l length, and thus age o f the specimen (Fig. 10).

The distance between parie ta l crescents was p lotted d ire c tly  against the

jaw length (Fig. 11).

The results of these calculations were not lin e a r. When the re­

su lts are p lotted however, i t  becomes quite c lear that as the animal 

increases in  size the parie ta l o rig in  o f the adductor mandibulae in ­

creases in  area (Fig. 10), and i t  does so at the expense o f the roof­

ing parieta l bone between the crescents (F ig. 11).

I t  w i l l  be seen la te r  on the discussion o f jaw length that the 

gape of Iguana decreases as the animal grows larger. The smaller gape 

accompanied by the enlarged surface area fo r the o rig in  o f the adductor 

musculature would seem to increase the force o f adduction o f the lower 

jaw in  o lder, larger animals. This may allow the older Iguana to take
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la rger tougher vegetation.

The development o f the crest in  la rger specimens occurs also in  

Cyclura, Ambl.yrh.ynchus, and Conolophus. The other iguanines with the 

exception o f Ctenosaura have crescentic parie ta l muscle scars through­

out l i f e .

In Ctenosaura the parie ta l o rig in  is  more extensive even in young­

er specimens. Only one small specimen was found where the temporal 

fossae were not confluent. The fla tte n in g  o f the sku ll prevents the 

formation o f a crest in  Ctenosaura.

In the anolines the parie ta l o rig in  o f the adductor mandibulae is  

greatly increased (Fig. 12 B). The crescent is  developed in to  a triang le  

w ith i ts  apex at the posteromedial corner of the p a rie ta l, squaring o f f  

th is  region o f the supratemporal fossa. The two neighboring triangles 

on the sku ll meet at the dorsal midline and are usually separated by 

a small mid-dorsal crest. Very rare ly are the orig ins separated by 

roofing parie ta l even in  the smallest specimens.

The trend towards enlargement o f the parie ta l o rig in  and crest 

formation is  fu rthe r in  the anolines by such forms as Xiphocercus,

Anolis equestris, Chamaeleolis and Phenacosaurus. In Xiphocercus the 

enlargement is  s lig h t but enough to make the posterior end o f the sku ll 

the highest. In forms w ithout crests the sku ll reaches i t s  maximum 

height a t the frontoparie ta l a rticu la tio n  and maintains th is  height 

w ithout much increase to the posterior edge o f the parie ta l s. In forms 

with crests the height increases pos te rio rly .
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In the large Anolis equestris and the small Phenacosaurus hetero 

dermus a mid dorsal crest is  present along with an accessory plate of 

bone extending la te ra lly  from the dorsal border o f the parieta l t r i ­

angle. This plate I shall ca ll a sh ie ld . The shield narrows posterio rly  

and roofs the medial part o f the supratemporal fossa (Fig. 12 A). The 

orig in  o f the pseudotemporalis su p e rfic ia lis  is  extended onto the under­

side o f the sh ie ld . In Chamaeleolis a crest is  formed as in  Anolis 

equestris, from parie ta l and accessory dorsal sh ie ld , but i t  is  much 

higher adding more than 50% to the posterior height o f the s k u ll.  The 

shield accompanies the crest to i t s  very t ip .

The enlargement o f the parieta l o rig in  in  the anolines is  quite 

possibly correlated with an increase in  the gape in  th is  subfamily. The 

longer lever arm created by th is  increase certa in ly  requires a stronger 

adductor muscle to maintain a good force of adduction. Polychrus, which 

Etheridge (1960) maintains is  a p rim itive  anole, has sceloporine parie- 

ta ls with a gape intermediate in  size between the sceloporines and 

anolines.

The basilisc ine  parie ta l is  greatly enlarged in to  a posterodorsally 

directed crest (Fig. 9 B). In Basiliscus the crest is  not covered 

dorsally by a bony sh ie ld . In CQrythQphanes and Laemanctus however, 

a shield is  present. In CQrythophanes the shie ld is  bony but d iffe rs  

from the anoline shield in  that i t  extends only a l i t t l e  more than 

h a lf o f the length of the crest before tapering away completely. In 

Laemanctus the shield continues to the posterior most extension o f the 

crest su p e rfic ia lly  resembling the shield o f Chamaeleolis, but construct-
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ed o f tough connective tissue, not bone. Muscle does not orig inate 

on the underside o f th is  shield as i t  does on the bony shields of 

the anolines and Corythophanes.
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Gape Ratio

To determine the size of the gape in  any ind iv idual a gape 

ra tio  was calculated. For purposes o f convenience and increased 

accuracy the gape was measured from the base o f the posterio r bor­

der o f the coronoid process to the an terio r t ip  o f the jaw. The 

ra tio  GapeyJaw Length was then calculated. The to ta l jaw length, 

including the re tro a rtic u la r  process was used. The re tro a rtic u la r 

process shows l i t t l e  varia tion  in  the Iguanidae and any attempt to 

exclude i t  from the jaw length would surely decrease measuring 

accuracy.

The f i r s t  lizards to be examined fo r  gape ra tio  happenedtto be 

a series o f twenty Iguana iguana ranging in  jaw length from 1.80 to 

11.89 cm. P lo tting  the gape ra tios  against jaw length reveals that 

as the jaw length increases, ie . ,  as the animal ages, the gape ra tio  

decreases. The gape ranged from .63 in  the smallest specimen to .56 

in  the la rgest. I t  would thus appear tha t as the ind iv idua l Iguana 

ages i ts  jaws become stronger by developing a shorter gape and, as 

seen e a r lie r ,  an enlarged parie ta l o rig in  (Fig. 13).

Further investigation found a s im ila r growth curve to e x is t in  

Ctenosaura, AmblyrhynEhus and probably Conolophus. Only very large 

specimens o f CenoTophus were ava ilab le , but a ll o f these had gape 

ra tios  appropriate to th e ir  size according to the Iguana, Amblyrhynchus, 

Ctenosaura curve. In add ition , a l l  o f these genera increase the size
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o f th e ir  parie ta l o rig in  as they grow, thus they a l l  develop stronger 

jaws. Only one specimen o f BrachyTophus was available but i t  too f i t  

the curve.

Dipsosaurus, Sauromalus and Enyaliosaurus seem to have th e ir  own 

growth curve separate from that o f the larger iguanines and below i t  

on the graph (Fig. 1.4). Pipsosaurus which is  a smaller animal than 

Sauromalus tends to have a larger gape, but the ra tio  is  s t i l l  small 

compared to the other iguanines o f that size. These forms apparently 

s ta r t out with a shorter and therefore stronger jaw, and reach the 

minimum iguanine jaw ra tio  a t a smaller size. I t  is  in te resting  to 

note th a t none o f these develop enlarged parieta ls or crests.

Cyclura stands alone w ith a series o f gape ra tios much higher than 

any other iguanines. I t  seems that they s ta r t  out w ith higher ra tios 

and keep them higher, but they to show some decrease with age. Older 

specimens o f Cvclura develop parieta l crests which help to strengthen 

the longer jaws. In addition the enlarged temporal bar gives rise  to 

a strengthened adductor superfic ia l is .

I t  is  very in teresting  to note that the sceloporines also f i t  on 

the Iguana growth curve. Sceloporines tend to be small forms in  com­

parison with the large iguanines. I f  the Iguana growth curve is  extra­

polated down to animals the size o f sceloporines, the ra tios  predicted 

by the curve correspond to those actua lly  found. The ra tio  went as high 

as .66 and .67 fo r  some o f the smaller specimens o f Sceloporus and
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Phrynosoma. The rather long jaws combined with a small crescentic 

parie ta l o rig in  throughout l i f e  would seem to indicate fa i r ly  weak 

jaws fo r  the sceloporines.

Tropidurines, though s im ila r in  size to sceloporines tend to have 

a smaller gape and thus fa l l  below the composite sceloporine, bas ilisc ine  

iguanine growth curve. Tropidurines have small crescentic parie ta l o r ig i 

throughout l i f e .  Their s lig h t ly  shorter jaws however, combined w ith an 

extensive adductor supe rfic ia l i s , probably give them an edge over the 

sceloporines in  jaw strength.

The basilisc ii:es also f i t  on the Iguana growth curve. They tend to 

be larger than the sceloporines and trop idurines, and to have smaller 

gapes. The very large parie ta l crests in  th is  subfamily give the 

basilise ines probably the strongest jaws in  the Iguanidae, despite the 

fa i r ly  long gape.

The anolines have the highest iguanid gape ra tio s , ranging from 

.65 to .71. There is  no evidence of a change in  ra tio  in  larger speci­

mens or species. The lower ra tios  overlap with these o f the smallest 

sceloporines but from .68 to .71 only anolines are found. The enlarged 

parie ta l o rig in  in  the anolines can be interpreted as an adaptation 

probably fo r  ju s t maintaining the strength of the elongated jaws.

In sunmiary th e ir  appears to be one major gape growth curve shared 

by the iguanines, sceloporines tropidurines and b a s ili seines with 

Dipsosaurus and Sauromalus fa l l in g  below the curve and Cyclura above i t .  

The anolines stand alone with ra tios higher than any o f the other iguan­

ids .
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Gape Length and Diet in  the Iguanidae

There seems to be quite a close corre lation between the length 

o f the gape and the type o f d ie t preferred by the iguanid liz a rd . 

Insectivorous iguanids have gapes of intermediate and long lengths 

while the herbivorous forms have d e fin ite ly  shorter gapes.

Insectivores, which are in  the great m ajority in  the Iguanidae, 

use th e ir  jaws fo r  capturing, holding onto and k i l l in g  organisms which 

are usually fa ir ly  active . The longer the gape, the bette r the chance 

the liza rd  has o f capturing i t s  prey and holding onto i t .  In k i l l in g  

prey the liz a rd  w il l  usually b ite  the organism several times, opening 

its  jaws and freeing the organism fo r  a short ins tan t in  time before 

i t  bites i t  again using both i ts  upper and lower jaws. (Alexander, 1968) 

With each b ite  the prey is  brought fu rth e r back in  the mouth un til, i t  

is  f in a l ly  swallowed. The longer the jaws the less chance the liza rd  

has o f losing the prey during th is  process.

Herbivorous liza rd s , (Iguanines only, among the Iguanidae) o f course 

consume non-motile food and would derive no advantage from a long gape. 

What is  more important fo r  the herbivore is  that i t  be able to b ite  o f f  

a manageable piece o f food from a food item which may be much larger 

than its  mouth, a large f r u i t  or piece o f vegetation, fo r example. For 

th is  purpose the short, chopper like  iguanine jaw is  much more advantag­

eous fo r  i t  allows the en tire  foree o f the adductor musculature to be 

spread out over a shorter distance, thus actually strengthening the b ite
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This combined with a shearing rather than a piercing de n tition , makes 

fo r  an e ff ic ie n t p lant eating mechanism. In addition to th is  the 

la rger iguanine herbivores also develop a stronger adductor musculature 

through the development of the triangu la r p a rie ta l. This probably 

allows them to take the larger, tougher vegetable matter tha t a larger

animal would attempt to  take.

I t  is  very in teresting to note tha t the herbivorous iguanids, a l­

most without exception, are to some extent insectivorous as juveniles 

(Montanucci, 1968; Mayhew, 1963; Szarsky, 1962). I t  is  in teresting 

because i t  is  a recapitu lation o f the ancestral insectivorous condition 

in  the ontogeny o f the herbivore. I t  also substantiates the re la tion ­

ship o f gape length to d ie t because the young have gape ra tios which 

are indistinguishable from insectivore ra tios . As the liza rd  matures 

and gradually switches over to being almost exclusively herbivorous, 

the gape ra tio  becomes gradually shorter (Fig. 13).

I t  has been reported that Iguana iguana w ill take carrion (L o ftin , 

1965). This is  not unreasonable, a t least with respect to the jaw 

apparatus. The herbivore jaws and dentition  should be almost as good 

a t shearing o f f  a so ft piece o f dead flesh from a stationary carcass

as they are at shearing a piece o f tomato from a large f r u i t  (Fig. 13).
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Prim itive and Advanced Characters

Before discussing the trigeminal musculature from a taxonomic 

point o f view i t  is  necessary to discuss the c r ite r ia  used in  de­

termining the p rim itive  and advanced conditions o f each character.

A character state is  considered p rim itive  to the family i f  i t  is  

present in  a large number o f genera and a varie ty o f subfamilies.

The most parsimonius explanation o f such a d is tr ib u tio n  is  that the 

character state was present in  the ancestral organism and has persisted 

in  the various lines descendant from the ancestor.

A character is  advanced i f  i t  is  found in  ju s t a few scattered 

genera w ith in  a family or in  a l l  or most o f the genera o f one or two 

subfamilies w ith in  a fam ily. The simplest explanation o f th is  d is t r i ­

bution is  tha t the character state developed independently in  the scat­

tered genera where i t  occurs. I f  i t  occurs in  a ll o f the genera of a 

subfamily, the character probably existed in  the ancester o f tha t sub­

fam ily. I f  the character is  found in  some o f the genera o f a sub? 

family i t  could mean tha t the group is  s p l i t  in to  two or more lines 

only some o f which have evolved the t r a i t .  Table 3 l is ts  the fre ­

quency o f each character state among the iguanid genera and subfamilies 

and is  thus useful in  determining prim itivness.

An organism is p rim itive  with respect to the system studied i f  

a ll or most o f i ts  characters have been assigned as p rim itive  character 

states. I t  is  advanced i f  most o f i ts  characters are advanced. Every 

degree of mixture o f advanced and prim itive  characters is  possible and 

was found in  the present study.
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A character which is  p rim itive  to the Iguanidae could be ad­

vanced or p rim itive  to the lizards as a group. To determine the 

status o f the character w ith respect to the L a c e rtilia , c r ite r ia  

s im ila r to those described above must be applied 4 t the family leve l.

I f  the character is  common throughout the other fam ilies i t  is  p r i­

m itive , i f  rare or absent i t  is  advanced.

I f  the s itu a tio n  exists in  which the p rim itive  members o f a 

group have fo r  some reason become ex tinc t w ithout a trace , and leaving, 

the advanced forms in  the m ajority , one might have trouble establish­

ing what is  p rim itive . Studing the other fam ilies however, would most

lik e ly  c la r ify  the s itu a tion . The condition most common in  the other 

fam ilies , i f  i t  matched a m inority condition in  the fam ily in  question 

could be taken as p rim itive .

With these c r ite r ia  established the condition o f the characters 

used in  th is  study can be analyzed:

1. Extent o f the adductor medius in  the supratemporal fossa.

The most coranon condition is  to have the medius cover

less than h a lf o f the p a rie ta l. I t  is  found in  th is

character state in  82% o f the genera and in  every sub­

fam ily. I t  is  c learly  the p rim itive  character state.

Looking at the character in  other fam ilies does not help 

fo r  th e ir  seems to be a good deal o f va ria tion . The

s itua tio n  is  complicated by the fa c t tha t many fam ilies

lack a supratemporal fossa.
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2. The Extent o f the adductor su p e rfic ia lis

No single character state has a c lear m ajority o f 

genera with respect to th is  character in  the Iguanidae. 

However, throughout the other fam ilies o f lizards the 

tendency is  to have an adductor su p e rfic ia lis  which 

extends more than halfway down the side o f the mandible. 

Within the Iguanidae the more extensive su p e rfic ia lis  is  

present in  the most number o f distinguishable groups thus 

having the widest d is tr ib u tio n . For these two reasons 

a su p e rfic ia lis  extending more than halfway down the side 

o f the mandible w i l l  be taken as p rim itive  and any variant 

as advanced.

3. Extent o f the su p e rfic ia l fascia.

The most coirmon sup e rfic ia l fascia covers ju s t the postero- 

dorsal corner o f the infratemporal fossa. I t  is  present 

in  the most number o f genera and a l l  o f the subfamilies.

I t  is  therefore p rim itive  to the Iguanidae. I t  is  however, 

advanced fo r  the L a c e rtilia  fo r  most o f the other fam ilies 

have more extensive fascias.

4. Condition o f the temporal arte ry.

A temporal arte ry which exits  at the an te rio r border o f 

the adductor medius and passes a n te rio rly  over the pseudo­

temporal is  is  the most common condition. I t  is found in 

the m ajority o f the genera and a ll but one subfamily.

I t  is  also the most coninon condition in  the other fam il­

ies which have a s im ila r supratemporal region. I t  is
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therefore p rim itive  among liza rds .

5. Extent o f the pseudotemporal is

Eighty-one per cent o f the iguanid genera have a pseudo- 

temporalis which covers more than h a lf o f the p a rie ta l.

The condition is  found in  everyone of the subfamilies and 

is  obviously p rim itive  to the Iguanidae. Most o f the 

other liza rd  fam ilies have a smaller pseudotemporal i s , 

possibly ind icating tha t the larger muscle is  advanced 

fo r the L a ce rtilia .

6. Size and shape o f the parieta l muscle o rig in .

S ixty one per cent o f the genera, in  a ll but two o f the 

subfamilies have crescentic parieta ls with expanses o f 

roofing parieta l between the crescentic muscle o rig ins . 

This corresponds to the most common condition in the other 

fam ilies and is  thus p rim itive . Triangular and crested 

parieta ls found in  only a few groups are advanced.

7. Separation o f the heads o f the s u p e rfic ia lis .

The number and d is tr ib u tio n  o f genera showing and not 

showing separation is  about the same, both w ith in  the 

Iguanidae and w ith in  the L a ce rtilia  making the determin­

ation o f p rim itive  or advanced state o f the character 

impossible.

8. Separation o f the heads o f the pseudotemporal is .

The separation o f t ie  pseudotemporal is  seems to be p r i­

m itive to the Iguanidae and advanced to the L a c e rtilia .
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9. The gape

A range o f gape values from .60 to .65 seems to be p r i­

m itive to  the Iguanidae fo r  most o f the genera and sub­

fam ilies fa l l  w ith in  these values. Higher or lower values 

are advanced.

10. Habitat

The te r re s tr ia l,  insectivorous habit is  the most common 

in the Iguanidae and a ll the other liz a rd  fam ilies. Even 

the few herbivorous forms are insectivorous as juveniles. 

These conditions are thus p rim itive .
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Iguanines, Seeloporines, Tropidurines 

and the Madagascan Iguanids

As fa r  as the trigeminal musculature is  concerned, these four groups 

form a closely related natural group, very s im ila r to one another and 

quite d is t in c t from the anolines and bas ilisc ines. They a ll have wide 

skulls when compared with the advanced anolines and bas ilisc ines. A ll 

except the larger individuals of the larger species o f iguanines have 

narrow crescent shaped parie ta l muscle scars. These are considerably 

separated when seen in  dorsal view, and give the supratemporal fossa a 

rounded appearance. The gape ra tios o f the four groups vary consider­

ably. The adductor su p e rfic ia lis  tends to extend down the side o f the 

mandible and in  some forms reaches i t s  ventral border. The large super­

f ic ia l is  is  accompanied by an extensive superfic ia l fascia. The anter­

io r  and posterior heads of the su p e rfic ia lis  may or may not be separable. 

This character seems to vary even w ith in  the subfamilies. The two 

heads o f the adductor medius are almost never separated. The temporal 

a rtery ex its  at the an terio r border o f the dorsal head o f the medius 

and proceeds an te rio rly  over the pseudotemporal i s . The dorsal head o f 

the medius tends to be less prominent than in  the anolines and b a s i l i ­

scines. Large shields or crests of bone or bense connective tissue 

are never found.
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Madagascan Iguanids

According to Avery and Tanner (1971) the Madagascan genera 

Opiums and Chalaradon are the most p rim itive  in  the Iguanidae. They 

are more closely related to each other than to any other genus. Of the 

two Oplurus is  more closely related to the iguanine l in e ,  sharing a 

great many osteological and myological characters with Ctenosaura which 

Avery and Tanner take to be ancestral to the iguanines of the western 

hemisphere. Chalaradon shares few characters with the iguanines and is 

not considered closely related to tha t lin e . The s im ila r it ie s  between 

Chalaradon and Oplurus are a ttribu ted  by the authors to a "Distant common 

ancestry between the two genera and common adaptations needed to meet 

the environmental demands o f Madagascar."

Table 4 which summarizes the d is tr ib u tio n  o f p rim itive  and advanced 

characters shows the Madagascan genera to be the most p rim itive  in  the 

fam ily with regard to jaw musculature as w e ll. In the supratemporal 

fossa both have a large pseudotemporal is and a smaller posterio r, 

adductor e. medius. The adductor e. su p e rfic ia lis  extends more than 

halfway down the side o f the mandible.

The Madagascan forms have narrow crescent shaped parieta ls which 

give o rig in  to the musculature o f the supratemporal fossa. These 

crescents are separated by an expanse o f roofing p a rie ta l.

The gape ra tios o f Oplurus and Chalaradon appear also to be p r i­

m itive in tha t they s i t  at about the middle o f the range o f the iguanid
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values and overlap the ranges o f a ll o f the other subfamilies except the 

anolines.

The only advanced character found in  the Madagascan forms is  the 

position o f the temporal artery in  Oplurus. I t  is  s im ila r to the 

position o f the artery in  the anolines and basilisc ines.

In considering jaw strength, Oplurus and Chalaradon are probably 

as strong as the smaller iguanines and tropidurines by v irtue  o f th e ir  

fa ir ly  extensive adductor s u p e rfic ia lis .
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Iguanines

Avery and Tanner (1971) and Mittleman (1942) select Ctenosuara as 

the most p rim itive  North American iguanine by v irtue  o f the great number 

o f characters i t  shares with Oplurus and the other iguanine genera.

They fu rthe r suggest i t  is  ancestral to a ll North American iguanines.

Cyclura, Ctenosaura and Iguana are said to form a closely related 

natural group, probably representing a primary radiation in  Central 

America. Sauromalus as well as Conolophus and Amblyrhynchus are a ll 

offshoots o f the Ctenosaura lin e , with Amblyrhynchus coming o ff  the_ 

Conolophus lin e . Dipsosaurus is  most closely related to Sauromalus. 

Enyaliosaurus is  another early offshoot o f the Ctenosaura lin e .

Savage (1958) included Crotaphytus with the iguanines. Etheridge 

(1964) separated the two on the grounds tha t the characters they shared 

were also found in  other groups, thus making i t  impossible to diagnose 

the group. Etheridge suggested tha t Crotaphytus is  more closely re la t­

ed to the sceloporines. The jaw musculature tends to support th is 

(Table 7).

With regard to the jaw apparatus Ctenosaura is  a good choice fo r 

the most p rim itive . The only specialized character i t  has is  a t r i ­

angular rather than crescentic parietal adductor o r ig in . A ll the other 

iguanines, plus the sceloporines and tropidurines have a crescentic 

parieta l o rig in . The larger iguanines develop a triangu la r parieta l 

o rig in  as they grow o lder, but only Ctenosaura shows a triangu la r 

parieta l o rig in  throughout l i f e .  I t  seems very improbable that the 

triangu la r parieta l is  p rim itive . I t  may have evolved recently in
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th is genus although the fo ss il record is  inadequate to  c la r ify  the point.

The gape ra tios o f the subfamily seem to f i t  n ice ly with the in ­

formation presented by Avery and Tanner. Ctenosaura, Iguana, Conolophus 

and Amblyrhynchus. i t  w i l l  be recalled, Share the same growth curve with 

respect to gape. They a ll s ta r t  out with large ra tios which decreases 

as the animal grows. Ctenosaura and Iguana are the mainland forms in ­

habiting Central America. Conolophus and Amblyrhynchus invading the 

Galapagos Islands maintained the ancestral growth curve as did 

Brachvlophus on F i j i .  Cyclura another island form coming o f f  of, Cteno­

saura, invaded the A n tilles  and Bahamas. Cyclura however, abandoned the 

ancestral growth curve and maintain the high juvenile  gape ra tio  through­

out l i f e .  Sauromalus, a northern desert form o f f  the Ctenosaura lin e , 

and Dipsosaurus, another desert form closely related to Brachylophus, 

as well as Enyaliosaurus, a Central American form o f f  the Ctenosaura 

lin e , have a ll independently developed a second growth curve o f smaller 

gape ra tios (F ig . I 4 ). This may be correlated with th e ir  reduced size 

although the sceloporines which get to be much smaller, maintain the 

high ra tio  o f the Iguana growth curve.

The large iguanines Iguana, Conolophus and Amblyrhynchus develop 

small parieta l crests as they grow and lose the space between the 

parieta l origins as they do so. The small iguanines maintain the 

space throughout l i f e  and develop no crests.

A ll o f the iguanines except Enyaliosaurus have the temporal artery 

in  the p rim itive  condition, ex iting  at the an terio r border o f the
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adductor medius. Enyaliosaurus has developed an a rte r ia l configura­

tion s im ila r to tha t o f the b as ilisc ines , anolines, Enyaliodes and 

Oplurus.

Other examples o f advanced characters are to  be found in  Iguana 

which has a small adductor s u p e rf ic ia lis , and Dipsosaurus which is  the 

only iguanid studied to lack a ligamentum quadratomandibulare. Sauro­

mal us has a very extensive pseudotemporalis which extends poste rio rly  

to f i l l  the entire  supratemporal fossa. The dorsal head o f the adductor 

medius is  not seen u n til the squamosal is  removed. The temporal artery 

exits  through the pseudotemporalis due to  i ts  posterior extension.

The iguanines are a ll herbivorous, but i t  is  well documented tha t 

the young o f most forms w i l l  take insects. (Montanucci, 1968; Mayhew, 

1963; Szarsky, 1962). I t  is  most l ik e ly  the herbivorous condition tha t 

allows the iguanines to a tta in  th e ir  large size. Insectivorous lizards 

must be small and agile to  get th e ir  prey. Herbivorous forms can grow 

large on th e ir  abundant and sta tionary food supply and then use th e ir  

size fo r  protection.

According to Throckmorton (1972), i t  is  the p r im itive , fleshy 

nature o f the iguanine tongue which allows the group to be herbivorous. 

Such a tongue is  necessary fo r  manipulating p lant m ateria l. Where the 

tongue is  modified as a slender organ o f o lfa c tio n , Throckmorton main­

tains tha t herbivory is  impossible.

Ostrom (1963) feels that the s tre p to s ty lic  quadrate o f lizards 

precludes the p o s s ib ility  o f a radiation o f herbivorous liza rd s . To
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be properly digested, plant material must be well chewed. This re­

quires a side to side grinding motion o f the jaws. Ostrom feels tha t 

such motion is  impossible because the adductor posterior which could 

provide i t  originates on a moveable quadrate. In order fo r  the muscle 

to pu ll the jaw toward the m idline its  o rig in  must be fixed . Ostrom 

maintains that s trep tosty ly  along with cranial kinesis are rea lly  

adaptations fo r  swallowing things whole and not fo r  chewing. Snakes, 

where kinesis reaches i ts  he ight, swall th e ir  food whole while a ll 

tetrapod herbivores except the lizards have fixed quadrates.

I t  seems possible that side to  side movement could be achieved 

in  lizards using the more dorsal fib res o f the pterygomandibularis 

muscle. These fib res run from the la te ra l side o f the quadrate pro­

cess o f the pterygoid to the ventromedial border o f the mandible. Used 

independently and combined with proper grinding de n tition , the pterygo­

mandibularis could provide a combined adducting and grinding force.

The fac t remains tha t the herbivorous iguanids do not chew th e ir  

food any d iffe re n tly  than the carnivorous iguanids. There seem to be 

no features in  the musculature tha t one can point to as herbivorous 

specia liza tions. The major adaptations seem to be in  the serrate 

dentition  which is  necessary fo r  shearing and grasping plant m ateria l.
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Sceloporines

In his review o f the sceloporines, Etheridge (1964) included 

e ight genera and s p l i t  them in to  three groups on the basis o f the 

nuntoer o f cervical vertebrae, a character which he believes to be 

conservative. The c la ss ifica tio n  is as fo llows: Uma, Holbrookia, 

Callisaurus -  2 r ib s ; Uta, Urosaurus, Sator, Sceloporus - 3 r ib s ;

Petrosaurus -  4 r ib s . The Uma group is  thought to be the most ad­

vanced. The tropidurines as a group are chosed by Etheridge as the 

closest re la tives o f the sceloporines. Crotaphytus and Gambelia 

are lumped in  the genus Crotaphytus (Etheridge, 1964; Weiner and 

Smith, 1965). Crotaphytus is  assigned as the closest North American 

re la tive  to the sceloporines and is  i t s e l f  closest to Petrosaurus, both 

forms having the p rim itive  4 r ib s .

Etheridge removes the genus Phrvnosoma from the sceloporines 

s ta ting  tha t i ts  position is analagous to tha t o f Chamaeleo and the 

Agamidae. Phrynosoma obviously evolved from a p rim itive  sceloporine 

but is  so changed tha t very few characters are now shared between the 

two groups. Presh (1969) in  his study o f the genus Phrynosoma recom­

mends that the group remain w ith in  the sceloporines as a fourth group 

o f equal rank with Petrosaurus, the Uta group and the Uma group. Presh 

points out several characters which Phrynosoma has in  common with the 

Uma. Callisaurus, Holbrookia group and suggests that the genus might 

have arisen from an ancestor o f th is  lin e  and not from a protosceloporine 

ancestor as Etheridge (1964) suggests. Presh's in te rp re ta tion  f i t s  

the jaw muscle data more closely than Etheridges'. The muscle modifica­

tions o f Phrynosoma are s im ila r to those o f the Uma group but more
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s t r ik i  ng.

In discussing the jaw musculature o f the sceloporines, I w il l  

include Crotaphytus which, on the basis o f jaw musculature, is  

more s im ila r to the sceloporines than to the iguanines (Table 7) 

where some workers placed i t  (Savage, 1958). However, extensive 

studies by Avery and Tanner (1964) and Etheridge (1964) show 

Crotaphytus to be d is t in c t from the iguanines and rather close to 

the more p rim itive  sceloporines.

The sceloporines, along with Phrynosoma and Crotaphytus seem to 

have the weakest jaws in  the Iguanidae. Table 4 and Figure 14 show 

them to have rather long gapes. The musculature is  not strengthened 

e ithe r by increase of parieta l o rig in  or increase in  the size of 

the adductor s u p e rfic ia lis . The combination o f rather long jaws and 

minimal muscular development seems to put the sceloporines at the 

botton o f the l i s t  as fa r  as jaw strength is  concerned. However, 

being rather small lizards i t  is  probable that th e ir  musculature is 

adequate fo r the size o f the prey taken.

As a group the sceloporines can be recognized from the tropidurines 

by th e ir  longer gape, less developed adductor su p e rfic ia lis  and variable 

supratemporal musculature. The pseudotemporalis su p e rfic ia lis  and pro­

fundus tend to be separable in  the sceloporines while separab ility  is  

variable tn the tropidurines. The small size of the adductor super­

f ic ia l is  allows fo r separation o f i ts  two heads in  most o f the genera.

The sceloporine gape ra tio  ranges from .62 to .67, w ith .60 to .66 

in  Crotaphytus and .63 to .67 in  Phrynosoma. Since the sceloporines
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tend to be smaller animals these ra tios f i t  n icely along the Iguana - 

Ctenosaura gape ra tio  curve. Some o f the highest ra tios  were found 

in  the genus Phrynosoma (Table 4 ), ind icating that there is  no short­

ening o f the jaw in  th is  genus. The apparent shortening is  due actually 

to a heightening o f the s k u ll.

The adductor su p e rfic ia lis  extends halfway or less down the side 

o f the mandible and is  accompanied by a proportionally small super­

f ic ia l  fascia. This gives a su p e rfic ia lis  o f only moderate strength 

to operate th e ir  rather long jaws.

A glance at Table 1 w i l l  reveal that the sceloporines seem to 

have done the most experimentation on the extent o f the pseudotemporalis 

su p e rfic ia lis  and adductor medius muscles in  the supratemporal fossa. 

Only Sceloporus and Uta seem to have retained the p rim itive  condition 

o f th is  musculature. In th is  condition the pseudotemporalis takes up 

more than h a lf o f the pa rie ta l a n te rio rly , leaving the remainder o f 

the parie ta l fo r  the medius. In Callisaurus, Una, Phrynosoma and to a 

lesser extent Holbrookia, the adductor medius is  enlarged and extends 

a n te rio r ly , covering the pseudotemporalis in  Callisaurus, Holbrookia and 

Uma and replacing i t  almost e n tire ly  in  Phrynosoma. In Urosaurus and 

Crotaphytus the opposite has happened. The pseudotemporalis has en­

larged forcing the mddius out o f the supratemporal fossa. I t  is  in ­

teresting to note tha t most o f the experimentation is  confined to the 

more advanced sceloporines Callisaurus, Uma and Holbrookia. This in ­

formation supports Etheridges grouping o f the genera.

There seems to be a trend in  the sceloporines to reduce the number 

o f muscles o rig im a tin g  on the parieta l from two to one. Most genera
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have reduced the pseudotemporalis while one group has reduced the 

medius and only two genera, Phrynosoma and Urosaurus have succeeded 

in  e lim inating one or the other muscle. The advantage o f th is  is  un­

clear. I t  may be tha t a one muscle, one bone arrangement is  more 

e f f ic ie n t .  Fusion o f centers o f o ss ifica tio n  and muscles have occured 

many times in  other groups. The mammalian jaw musculature, not to 

mention the manmalian jaw are much s im p lified  over th e ir  re p tilia n  

counterparts. With fewer parts come greater e ffic ie n cy  and possibly 

greater strength. I t  is  possible th a t th is  is  the method being ex­

plored by the sceloporines to increase th e ir  jaw strength. The only 

other iguanid genera try in g  th is  is  the tropidurine genus Leiolamus and 

the iguanine Sauromalus. In these groups the pseudotemporalis grows 

over the medius pos te rio rly . However, both the tropidurines and 

iguanines as groups, are exploring other methods o f strengthening 

th e ir  jaw apparatus.
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Tropidurines

The tropidurines includ ing, Tropidurus, Leiocephalus, Leio- 

1aemus, Hoplocercus, Stenocercus, Morunasaurus, Platynotus, Leio- 

saurus, Phymaturus, Ophryoessiodes, P lica , Enyaliodes and Uranos- 

codon (Etheridge, 1959, 1964, 1966) separate fa ir ly  well from the 

sceloporines and iguanines on the basis o f trigeminal musculature.

A ll o f them have very s im ila r sku ll characteristics accompanied by 

s im ila r musculature. The parie ta l as in  the sceloporines and some 

iguanines is  narrow and crescentic and therefore gives o rig in  to a 

pseudotemporalis and adductor medius o f average strength. The jaw 

mechanism is  strengthened however by two factors. F irs t ,  the t ro ­

pidurine gape ra tio  is  smaller than the ra tio  fo r  sceloporines or 

small iguanines (excepting Dipsosaurus and Sauromalus) . This strength­

ens the jaw by shortening the lever arm. Secondly the adductor 

su p e rfic ia lis  appears to be consistenly enlarged, extending halfway 

o r more down the side of the mandible (Table I ) .  This is  accompan­

ied by proportionally enlarged superfic ia l fascias, as well as add it­

ional accessory fascias serving as o rig in  fo r  the extra muscle. The 

combination o f these two factors ce rta in ly  make the tropidurine jaw 

stronger than the sceloporine jaw which has a longer gape and no en­

larged musculature.

The two heads of the adductor su p e rfic ia lis  tend to be less sep­

arable in  the tropidurines due to the enlargement of the muscle by the 

addition o f superfic ia l fib re s . The extent o f the pseudotemporalis 

su p e rfic ia lis  in  the supratemporal fossa is  fa ir ly  constant througout the 

group except fo r Lei olaemus where i t  extends posterio rly  to cover 

the en tire  fossa. The extent o f the dorsal head o f the medius is  also 

constant. The rather uniform picture o f the musculature o f the supra-
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temporal fossa in  the tropidurines and also the iguanines is  in  

d e fin ite  contrast to  the condition found in  the sceloporines where 

considerable varia tion  occurs in  th is  area.

The genera P lica , Uranoscodon, and Enyaliodes are arboreal and 

tend to be more s im ila r to  each other than to the te rre s tr ia l tro p i­

durines (Tables 6 ,7 ,8 ). According to Etheridge (1959) th e ir  adaptations 

to being arboreal consist o f having highly arched, broad and short 

sku lls  with a short preorbita l region and a large o rb it.  These are 

quite d iffe re n t from the anoline arboreal adaptations, as Etheridge 

points out. As fa r  as the jaw apparatus is  concerned the arboreal 

tropidurines tend to  have a more extensive adductor su p e rfic ia lis  

and supe rfic ia l fascia than the te rre s tr ia l forms. Enyaliodes is  

special in  that i t  has a temporal artery s im ila r to tha t o f the 

anolines and bas ilisc ines. The arboreal tropidurines w il l  be lis te d  

separately on a ll charts so tha t they can be studied as a group.

According to Etheridge (1966), larger individuals o f certain larger 

species o f the genus Leiocephalus in  the West Indies develop enlarged, 

triangu la r parie ta l adductor orig ins ju s t as the anolines do. Etheridge 

also reports tha t the West Indian species of Leiocephalus have a more 

extensive adductor su p e rfic ia lis  than the South American members of that 

genus. These two pieces o f information suggest tha t these island forms 

have developed increased jaw adduction strength. On the basis of th is  

and many other characters Etheridge puts the West Indian forms in  a sep­

arate genus from the South American forms. The name Leiocephalus is  

maintained fo r  the island forms while the mainland forms are put in  the 

genus Qphryoessoides. Leiocephalus is  closest to the mainland genus
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Leiolamus while Ophryoessiodesis,closest to the genus Stenocercus.

Etheridge (unpubl.) has recently suggested that the genera 

Enyaliodes, Hoplocercus and Morunasaurus are the most p rim itive  o f 

the liv in g  iguanids, on the basis o f skeletal characters. Table 5 

shows these groups to be fa ir ly  p rim itive  but not as p rim itive  as the 

Madagascan forms on the basis of jaw musculature. Both Morunasaurus 

and Enyaliodes have advanced temporal a rte ries , and a ll have the short­

ened tropidurine jaw.
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Basiliscines and Anolines

The basiliscines and anolines are two d is t in c t natural groups, 

easily separable from each other and from the other iguanids, ye t 

sharing some important characters. Both have la te ra lly  compressed 

sku lls  with much enlarged parieta l o rig ins . The orig ins are t r i ­

angular in  shape and meet on the dorsal m idline giving the supra­

temporal fossa a squared o f f  appearance. No space is  present be­

tween the parieta l orig ins on the dorsal surface o f the s k u ll. The 

adductor su p e rfic ia lis  and superfic ia l fossa are not extensive in 

e tthe r group. The an te rio r and posterior heads o f the su p e rfic ia lis  

are usually separable. The dorsal and ventral heads o f the medius 

are always separated by the temporal artery. Both groups have developed 

shields and crests, but w ith d iffe r in g  musculature.
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Basiliscines

The genera B asiliscus, Laemanctus and Corythophanes form what 

appears to be a natural group w ith in  the Iguanidae. They share 

several important characters. A ll three genera have prominent crests 

formed by posterodorsal extension o f the p a rie ta l. The crests a ll 

support the same d is tin c tiv e  type o f musculature. The sku lls  tend to 

be la te ra lly  compressed with Very large parieta l o rig ins . These are 

basica lly tria ngu la r in  shape with large posterior crests. No space 

is  present between the parie ta l orig ins when viewed dorsa lly . The gape 

ra tio  fo r  the group varies from .60 to .66. The higher values belong­

ing to Laemanctus and Corythophanes. The path o f the temporal artery 

is constant in  the group. I t  marks the separation o f the two heads of 

the medius. The adductor su p e rfic ia lis  does not extend fa r  down the 

side o f the jaw in  any group. Two o f the genera show a reduction in the 

posterior parie ta l o rig in  o f the adductor profundus, and two show sep­

aration o f the anterior and posterior heads o f the s u p e rfic ia lis .

vThe crest o f Basiliscus is  the smallest and is ju s t a simple pro­

jec tion  o f the p a rie ta l. In Laemanctus and Corythophanes the crests 

are larger and extend poste rio rly  over the neck. These two genera 

also show a tendency towards the formation o f a sh ie ld . In Corytho­

phanes the shie ld is  bony and not well developed, extending only a l i t t l e  

more than h a lf the length o f the crest before tapering away completely.

In Laemanctus the shield continues to the end o f the crest and is  the 

same width a ll along i ts  length. I t  is  made o f tough connective tissue.
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The crest, regardless o f i ts  size in  each genus, serves as the 

o rig in  o f the pseudotemporalis su p e rfic ia lis  only, a sharp contract 

to the anoline condition. The larger the crest, the larger the o rig in  

o f the muscle and the stronger i t  becomes. The prominent shie ld in  

Laemanctus does not serve as the o rig in  o f any muscle. I t  merely covers 

the pseudotemporalis, possibly fo r  protection or d isplay. The bony, 

poste rio rly  tapered shield o f Corythophanes on the other hand, serves 

as added o rig in  fo r  the pseudotemporalis.

In a ll three genera the temporal artery comes through the adductor 

medius muscle separating i t  in to  dorsal and ventral heads, as in  a ll the 

anolines. The differences however, is  tha t the dorsal head o f the 

bas ilisc ine  medius is  less extensive than tha t o f the anolines so tha t 

ju s t a few fibres o f the medius are seen dorsal to the arte ry . The 

position o f the temporal artery aligns the basiliscines and anolines 

against the other subfamilies. However, since th is  condition o f the 

temporal artery tends to pop up in  d is ta n tly  related groups such as 

Oplurus on Madagascar, Enyaliosaurus in  the iguanines and Enyaliodes 

in  the tropidurines i t  is  d i f f ic u l t  to use the character as evidence 

o f a common ancestry fo r  the b a lilis c in e s  and anolines. I t  may simply 

be tha t the character is  associated w ith the enlargement o f the parie ta l 

musculature present in  the anolines and bas ilisc ines , but there is  no 

enlargement in  the scattered genera where the character is  also found.

The adductor su p e rfic ia lis  reaches ju s t to the top o f the jaw in  

Corythophanes and extends s lig h t ly  fu rth e r in  Basiliscus and Laemanctus. 

The reduced su p e rfic ia lis  is  accompanied by a reduced superfic ia l fascia.
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The enlarged pseudotemporalis probably reduces the need fo r  an extensive 

adductor s u p e rfic ia lis . With respect to th is  character the basiliscines
t

stand between the anolines and the res t o f the Iguanidae.

The posterior parie ta l o rig in  o f the adductor profundus is  fu l ly  

developed in  Basil iscus. I t  is  greatly reduced in  Laemanctus which 

has a strong post temporal fossa, and absent in  Corythophanes which 

has no post temporal fossa. Fibres from the posterior parieta l o rig in  

pass through the post temporal fossa. A reduction o f the fossa would 

ce rta in ly  lead to a reduction or less o f the posterior parieta l o rig in . 

The fa c t tha t the o rig in  is  reduced in  Laemanctus which has a strong 

fossa indicates a de fin ite  tendency in  the more specialized basiliscines 

to reduce th is  head regardless of the condition of the fossa. As demon­

strated by Chamaeleolis, the reduction o f the posterior head does not 

seem to be automatically associated with the development o f a crest and 

sh ie ld . Chamaeleolis which has a s im ila r crest arrangement has a strong 

posterior parie ta l o r ig in .

Basil iscus is  c learly  the most p rim itive  member o f the subfamily 

as is  seen by the condition o f i ts  crest and the presence o f the post­

e r io r parie ta l o rig in  o f the adductor profundus. Laemanctus and Cory­

thophanes show d iffe re n t specia liza tions, the former bearing a prominent 

shie ld and the la t te r  showing greatly enlarged eyes and an odd levator 

angularis o ris .
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Anolines

The genus Anolis including Deinoptyx and Xiphocercus (Etheridge, 

1959), and the closely related but d is tin c t genera Chamaelinorops and 

Chamaeleolis form a natural group quite d is t in c t from the other iguanids. 

They a ll have the same su ite  o f cranial and trigeminal muscle characters. 

To begin with the sku ll is  la te ra lly  compressed as is  the rest o f the 

body. The portion o f the parieta l which gives rise  to the adductor 

musculature is  triangu la r and not crescentic. The apices o f the le f t  

and rig h t triangle..converge on the dorsal midline elim inating any 

space between them. The gape is  elongated with ra tios ranging from 

.65 to .71. The ra tio  does not seem to a lte r  as the liza rd  grows. The 

adductor ext. su p e rfic ia lis  is not extensive, usually reaching ju s t to 

the top o f the surangular. The superfic ia l fascia is  likewise poorly 

developed. The two heads o f the adductor ext. su p e rfic ia lis  are always 

c learly  separable. The adductor ex t. medius is  always c learly  separated 

in to  dorsal and ventral heads by the temporal a rte ry. The dorsal head 

of the adductor ext. medius is  always prominent and where a crest is  pre­

sent i t  extends up onto the crest. The two heads o f the pseudotemporalis 

are usually separable.

The la te ra l compression o f the skull and body are adaptations to 

the arboreal habits of the anolines. The longer and narrower jaws are 

no doubt helpful in  allowing the anolines to pick insects out o f t ig h t 

places. The increased jaw length most lik e ly  necessitated the increased 

parieta l o rig in  o f the adductor musculature, in  order to maintain suf­

f ic ie n t  force at the ends o f the long jaws. The increase in size o f the 

parieta l o rig in  along with the compression o f the sku ll are probably re-

113

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



sponsible fo r  the loss o f the space between the le f t  and r ig h t parieta l 

o rig ins . This space is  also lo s t in  the basiliscines which are also 

arboreal and fa ir ly  long gaped. The increased anoline gape ra tio  does 

not a lte r  w ith age as i t  does in  some iguanines. The anoline ra tios  are

the highest in  the family and they stay high in  the larger forms.

The poorly developed adductor ext. su p e rfic ia lis  must be a spec ia li­

zation in  the anolines and also in  the bas ilisc ines, fo r almost every 

other liza rd  genus, regardless o f fam ily , has a la rger s u p e rfic ia lis .

The reduction is  probably made possible because o f the increased parie­

ta l musculature, and is  most l ik e ly  correlated w ith the la te ra l com­

pression o f the s k u ll.

The two heads o f the adductor ext. su p e rfic ia lis  are c lea rly  sep­

arable because the su p e rfic ia lis  is  not extensive. When th is  muscle

becomes extensive fib res are added to both heads by the superfic ia l 

fascia . These additional fib res plus the superfic ia l fascia i t s e l f  

make i t  d i f f ic u l t  to separate the heads.

There is  a clear separation between the heads o f the adductor ext. 

medius. The dorsal and ventral heads look su p e rfic ia lly  lik e  separate 

muscles and are separated by the temporal artery (F ig. 4 ). The dorsal 

head is  la rger and more conspicuous than in  any other iguanid group.

I t  covers h a lf or almost h a lf o f the enlarged, triangu la r parie ta l o rig in . 

In forms lik e  Chamaeleolis where a parieta l crest is  formed, the dorsal 

head of the a. e. medius extends along the en tire  length o f the crest.

The temporal artery comes through the fib res o f the a. e. medius 

in  Oplurus, Enyaliosaurus and Enyaliodes, but in  none of these does i t
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clearly  separate the medius in to  heads as i t  does in  the anolines and 

to a much lesser extent in  the bas ilisc ines . The presence o f th is  

character in  the three d is tan tly  related genera suggests a tendency 

fo r  the t r a i t  to appear in  iguanid groups, and is  probably a case o f 

para lle lism . The t r a i t  must have been present however, in  the ancestral 

anolines and basilisc ines.

The position o f the temporal artery does not seem to be related to 

the large size o f the adductor ex t. medius fo r  Oplurus, Enyaliosaurus, 

Enyaliodes and the basiliscines a ll have the average small dorsal medius 

muscles. Uma and Callisaurus with very large dorsal medius heads, have 

no separation o f the heads by the temporal a rte ry.

Etheridge (1959) and other workers before him (Cope, 1900) have in ­

cluded the South American genus Polychrus w ith the anolines on the basis 

o f a great many characters. The 20 out o f a possible 22 characters which 

they share however, do not contain those characters unique to the ano­

lines . As fa r  as the jaw apparatus is  concerned Polychrus is  more s im ila r 

to almost any other iguanid group than i t  is  to the anolines. The only 

important character tha t shows s im ila r ity  to the anolines is  the enlarged 

gape. The Polychrus ra tios range from .66 to .68, intermediate between 

the anoline and non-anoline values. Bolychrus tends to  have a s lig h t ly  

enlarged medius as some anolines have and shows separation o f the heads 

o f the adductor ext. su p e rfic ia lis  as a ll anolines do. However, the 

adductor e. su p e rfic ia lis  is  too extensive to be anoline. I t ,  as well 

as the temporal artery and the parie ta l are sceloporine in  appearance. 

Polychrus is  also the anoline not to have a separation o f the two heads
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o f the pseudotemporalis.

On the basis o f th is  data alone Polychrus could not be closely 

a llie d  to the anolines. The few jaw muscle characters they share 

are probably due to para lle lism  or convergence. Polychrus w il l  be 

treated separately in  a ll charts and graphs so tha t i t s  characters 

and relationships w il l  not be hidden.
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S im ila rity  Between Genera

Table 6 shows the s im ila r ity  o f each iguanid genus to every other 

iguanid genus with respect to jaw apparatus, d ie t and hab ita t. I t  does 

so by l is t in g  the number o f these characters tha t each pa ir o f genera 

share. Table 7 gives an idea o f the s im ila r ity  o f each genus to each 

subfamily, genus group or important genus, by averaging the s im ila r it ie s  

o f the p a rticu la r genus to each member o f the group in  question. Table 

8 compares the s im ila r it ie s  of each major iguanid subgroup by averaging 

the s im ila r it ie s  o f the genera involved.

The data in  Table 6 reveals th a t, with respect to jaw apparatus,

14 out o f 31 genera are as or more s im ila r to  a genus in  another sub­

family than they are to the other genera in  th e ir  own group. These 14 

genera however, tend to be the least advanced o f the fam ily and include 

none o f the Uma group, basiliscines or anolines (except Polychrus) , and 

only one arboreal trop idurine. These groups because o f th e ir  specializa­

tions are a ll more s im ila r to th e ir  s is te r  genera than to the genera in 

other subfamilies.

Table 7 shows 10 genera to be as or more s im ila r to groups or sub­

fam ilies other than th e ir  own. These again tend to be the more p r i­

m itive members o f the Iguanidae and thus tend to resemble each other.

Oplurus and Chalaradon fo r  example, are as or more s im ila r to the more 

p rim itive  sceloporines and tropidurines than they are to each other.

In agreement with Avery and Tanner (1971) Opl urus is  s lig h t ly  more 

s im ila r to the iguanines than Chalaradon is .  Chalaradon however, is
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consistently more s im ila r to each remaining iguanid group than Oplurus 

is .  Cyclura, Enyaliosaurus and Dipsosaurus are more s im ila r to the p r i­

m itive Madagascan forms than to the iguanines as a whole. Sceloporus 

and Uta are as or more s im ila r to the Madagascan forms and prim itive  

tropidurines than they are to the sceloporines as a whole. Tropidurus 

and Envaliodes are more s im ila r to the Madagascan forms than to the 

tropidurines.

Polychrus is  more s im ila r to the Uma group. Phrynosoma, Crotaphvtus 

and the tropidurines than i t  is  to the anolines to which i t  supposedly 

belongs. This is  not surprising since the only character i t  shares 

with the anolines is  the tendency to increase the jaw length. The re­

maining 21 genera behave as they should, showing greatest s im ila r ity  to 

th e ir  own kind and l i t t l e  s im ila r ity  to d is tan tly  related forms.

Phrynosoma shows the greatest s im ila r ity  to the more advanced 

sceloporines o f the Uma group and to Crotaphytus. Crotaphytus in  turn 

shows a strong s im ila r ity  to every iguanid genus, group or subfamily 

except the anolines. The anolines and basiliscines are closer to each 

other than to any other group. Both are equally; s im ila r to Polychrus. 

Most p rim itive  groups are more s im ila r to the more p rim itive  Sceloporus 

group than to the advanced Uma group.

Table 8 shows a neater picture than the two preceeding tables.

At the subfamily and genus group level only one group shares more 

characters with another group than i t  does with i t s  own members. This 

occurs in  the two Madagascan genera which are more sirtrilar to the 

te rre s tr ia l tropidurines and Sceloporus group than they are to each
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other. The iguanines are as s im ila r to the Madagascan forms as to 

themselves and the p rim itive  sceloporines are as s im ila r to the tro ­

pidurines and Madagascan forms as to themselves. However, i f  the 

Sceloporus and Uma groups are combined in  a single group, the sceloporines, 

and the arboreal and te rre s tr ia l tropidurines are combined in  a single 

group, the trop idurines, the p icture is  cleared up considerably. The 

sceloporines then more s im ila r to each other than to  any other group, 

the Madagascan forms are more s im ila r to themselves than to the scelopo­

rines and also equally s im ila r to the tropidurines as to themselves. 

However, the s im ila r it ie s  o f the subgroups should not be glossed over 

as they are real and probably represent a mixture o f common ancestry 

and convergent evolution.
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TaUe 6 Am  Apparatus SLeUarltiea letwaem the Geaex*

l i
2.
5.
6 .
7.
8. 
9.
10. Scelwerne 21. &*
22.
23. 3 ft
14. B«TVwH»
15.
26. I t o M i i i  
17. saSfitetoi
18.
19;
20.
21.
22.
23,
24. _

25* Itan^jot
26.
27. QPtoPffgfaxfel28.
29.
30.

34. Poltrahrne
35. Iggllg
3o. fhwn2ee2ie
37.38. Fhwueoaaxmm

2* 2. 3, 4. 5, 6. 7* 8. 9, 2P. Va ft* 47#
7 6 6 6 20 8 7 8 8 7 4 4 5 4 68 6 6 7 5 7 8 7 21 9 8 6 7 8 5 8

7 6 9 7 8 8 8 8 6 7 5 4 5 6 2 6
6 6 9 7 5 5 6 9 5 7 4 4 4 5 3 6
6 7 7 7 4 5 6 8 6 5 3 4 4 5 1 56 5 8 5 4 8 6 7 4 5 4 4 4 5 4 420 7 8 5 5 8 9 8 6 7 5 3 3 5 3 58 8 8 6 6 6 9 8 7 8 7 4 4 6 4 6
7 7 8 9 8 7 8 8 8 8 7 6 7 6 5 7
8 21 6 5 6 4 6 7 8 9 8 7 8 7 58 8
8 9 7 7 5 5 7 8 8 9 8 7 6 7 5 8
7 8 4 4 3 4 5 7 8 8 8 6 7 6 5 7
4 6 4 4 4 4 3 4 6 7 7 6 9 9 8 9
4 7 5 4 4 4 3 4 7 8 6 7 9 9 6 8
5 8 6 5 5 5 4 7 6 7 7 6 9 9 6 9
4 5 2 3 1 4 3 4 5 5 5 5 8 6 6 7
6 8 6 6 4 4 5 6 7 8 8 7 9 8 9 7
9 20 7 5 7 5 8 8 6 9 9 6 6 6 8 4 7
8 9 7 7 5 6 7 8 9 9 9 8 6 7 8 5 ft7 20 5 4 5 4 6 7 7 9 7 8 7 7 7 5 8
7 20 6 4 5 5 6 8 6 20 8 7 6 7 7 4 8
9 20 7 6 5 5 8 9 8 9 9 8 6 6 7 4 6
20 7 9 6 6 8 9 7 9 6 7 5 5 5 6 5 6
9 9 8 6 6 7 9 9 7 8 9 7 5 5 7 4 6
9 9 7 6 7 7 8 20 7 7 9 7 5 5 7 4 7
9 9 6 7 6 6 8 20 20 9 9 7 5 5 6 4 6
9 7 7 6 6 7 6 8 9 7 7 7 5 6 7 5 6
6 8 5 4 4 4 6 7 6 7 7 5 4 4 5 3 5
9 7 6 4 4 6 9 7 6 6 7 5 3 3 4 3 4
6 8 6 5 4 5 5 6 8 7 7 5 5 6 7 4 6
5 5 4 4 5 2 4 3 4 5 5 2 5 4 6 4 6
5 4 4 3 5 2 3 2 4 55 4 2 4 4 4 3 5
5 4 3 3 3 1 4 3 3 4 5 2 3 2 3 4 4
6 6 5 4 3 4 3 5 6 5 6 3 7 6 8 6 7
4 3 4 2 1 3 2 1 3 2 2 1 2 2 3 3 2
4 3 4 3 2 2 3 2 3 3 3 1 2 2 3 3 3
4 3 4 3 2 2 3 2 3 3 3 1 2 2 3 2 3
4 3 4 3 2 2 3 2 3 3 3 1 2 2 3 2 3

* 9 m  nrmfcnr refers to the lin̂ rir ef the gaxms me listed o& the left. 
** The nwfcg ef characters shared hy the tw» fsnsra.
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K ii I7t 18, 20* a u  22. 23. 24. 25. 26. 27t 28; 29. 30. 31. 32; 33. 34. 35. 36. 37. 38.
4 6 9 8 7 7 9 10 9 9 9 9 6 9 6 5 5 5 4 4 4 4 4
5 8 10 9 10 10 10 7 9 9 9 7 8 7 8 5 4 4 6 3 3 3 3
2 6 7 7 5 6 7 9 8 7 6 7 5 6 6 4 4 3 5 4 4 4 4
3 6 5 7 4 4 6 6 6 6 7 6 4 4 5 4 3 3 4 2 3 3 3
1 5 7 5 5 5 5 6 6 7 6 6 4 4 4 5 5 3 3 1 2 3 3
4 4 5 6 4 5 5 8 7 7 6 7 4 6 5 2 2 1 4 3 2 2 2
3 5 8 7 6 6 8 9 9 8 8 8 6 9 5 4 3 4 3 2 3 3 3
4 6 8 8 7 8 9 7 9 10 10 8 7 7 6 3 2 3 5 1 2 2 2
5 7 6 9 7 6 8 9 7 7 10 9 6 6 8 4 4 3 6 3 3 3 3,
5S 8 9 9 9 10 9 6 8 7 9 7 7 6 I 5 i 4 5 2 3 3 3r 5 8 9 9 7 8 9 7 9 9 9 7 7 7 7 5 4' 5 6 2 3 3 3■ 5 7 6 8 8 7 8 5 7 7 7 7 5 5 6 2 2 2 3 1 1 1 1' 8 9 6 6 7 6 6 5 5 5 5 5 4 5 3 5 4 3 6 2 2 2 £2> 6 8 6 7 7 7 6 5 5 5 5 5 4 3 5 5 4 3 7 2 2 2 2
6 9 8 8 7 7 7 6 7 7 6 7 4 5 7 6 4 3 8 3 3 3 3

1 7 4 5 5 4 4 5 4 4 4 5 3 3 4 4 3 4 6 3 3 2 2
} 7 7 7 8 8 6 6 6 7 6 6 5 4 6 6 5 4 7 2 3 3 3
\ 4 7 8 9 10 9 8 10 10 9 7 8 8. 7 4 6 3 5 2 3 3 3
\ 5 f 8 8 9 10 9 9 9 10 10 77 7 9 4 4 3 6 3 4 4 4
t 5 8 9 8 10 9 6 8 8 10 7 7 6 7 3 3 3 3 6 2 2 2
r 4 8 10 9 10 10 7 9 9 10 8 8 7 8 4 4 4 6 2 3 3 3
r 4 6 9 10 9 10 8 11 U 12 10 8 8 8 3 3 3 4 2 3 3 3
i 5 6 8 9 6 7 8 10 9 9 10 66 9 8 5 6 5 5 4 4 4 4
f 4 6 10 9 8 9 11 10 12 11 9 8 9 7 3 4 5 6 2 2 2 2
f 4 7 10 9 8 9 11 9 12 11 9 8 9 7 3 4 5 6 2 2 2 2
> 4 6 9 10 10 10 ia 9 U U 10 8 9 7 3 4 5 6 2 2 2 2
f 5 6 7 10 7 8 10 10 9 9 10 6 8 8 5 5 5 5 4 5 5 $
i 3 5 8 7 7 8 8 6 8 8 8 6 8 9 4 4 4 6 3 4 4 4
V 3 4 8 7 6 7 8 9 9 9 9 8 8 7 5 5 4 5 4 5 5 5
r 4 6 7 9 7 8 8 8 7 7 7 8 9 7 5 5 4 7 4 5 5 5
►> 4 6 4 4 3 4 3 5 3 3 3 5 4 5 5 10 9 6 8 8 8 * 8
* 3 5 6 4 3 4 3 6 4 4 4 5 4 5 5 10 8 5 8 8 9 9
> 4 4 3 3 3 4 3 5 5 5 5 5 4 4 4 9 8 C✓ 8 8 8 8

i 6 7 5 6 6 6 4 5 6 6 6 5 6 5 7 6 5 5 6 5 5 5
3 2 2 3 2 2 2 4 2 2 2 4 3 4 4 8 8 8 6 8 10 10

} 3 3 3 4 2 3 3 4 2 2 2 5 4 5 5 8 8 8 5 8 11 U
2 3 3 4 2 3 3 4 2 2 2 5 4 5 5 8 9 8 5 10 11 12
2 3 3 4 2 3 3 4 2 2 2 5 4 •5 5 8 9 8 5 10 U 12
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Tatt* 7 SiadJarlty of Eub Gnus to Sub Sofcftadly  or GStoop

T e s s a s

SottroaJuLBO

O isflg fliBnt

Soolop— »
m
mSSSSSSi

e g a a i

r*.r»

Mttnywana
Flatyoptno

 _ io d y
Onabwofii

CbaaoeldatooDoU S o t m m vC
R iB H M im r M

IMapaett ZgoMiaoo a * So*!
Foam Gro«p G M | IBM
M 7.2 7*7 443 6.0
6*0 6.5 9.3 7.0 8.2

6.5 8.0 6.0 5.0 5.5
6.0 6.4 . 5.3 4.7 5.0
6.5 5*8 4.7 443 4*5
5*5 6.2 4 a 4*3 U *3
815 7*0 6.0 3.3 4.6
8.0 7.0 7.3 5.0 6a
7*0 6*0 7.6 6.6 7.0
M 5.7 8.5 7.3 7*9
8.5 6.5 8.5 6.7 7.6
7.5 4.6 8.0 6i3 7.7
5.0 3.8 6.7 9.0 7.6
5.5 4.0 7.0 8.0 7.5
6.5 5.3 6.7 9.0 7.8
4.5 2.8 5.0 6.7 5.8
7.0 5.2 7.7 8.7 8a
9.5 6.6 8^0 6.7 7.3
8.5 6.6 8.7 7*0 7.7
8.5 5.- 8.0 710 7.5
8.5 5.6 8.3 6.7 7.5
9.5 6.6 8.7 6*3 7.5
9.5 7.5 6.0 5.3 5*6
8.5 7.5 8.0 5*6 § 8
8.5 7.5 7.7 5.6 617
8.5 7.2 8.3 5*3 6.8
9.5 7.2 7.0 6.0 6.57.0 5.0 6.3 4i3 5.3
8;o 6.0 6.0 3 a 4*6
7.0 5.2 6.7 6.0 6a
5.0 3.6 4.0 5.0 4.5
k *5 3i2 3.7 4.0 3.9
4.5 2.8 3.7 2.7 3.2
5.0 4.0 4.7 7*0 5*8
3.5 2.2 i.7 2.3 2*0
3i5 2.6 1.2 1.2 1.2
3.5 2.6 1.2 1.2 1.2
3.5 2.6 1.2 1.2 1.2

4.0 6.(
5.0 8.<
210 6.C
3.0 6.(
1.0 5.<4.0 4*(
3 ^ 5.<4.0 6.(
5.0 7.(
5.0 8»(
5.0 8.(
5.0 7.C
8.0 9.C
6.0 8.<
6.0 9.C

• 7/7.0
4.0 7.C
510 7«C5.0 8.C
4.0 8.C
4.0 6.C
5.0 6.C
4.0 6.(
4.0 7.(
4.0 6.C
5.0 6.C
3.0 5.C
3.0 4.C
4.0 6.C
4.0 6.C
3.0 5.C
4.0 4.C
6.0 7.<o n« /# v 2.C
3.0 3.C
2.0 3.<
2.0 3.C
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a s a s r
s s m

C ro t*-
vtaftos

TropLdor- 
ine« (terr.)

Tropidnr- 
inos (ari>.)

TropldfcriMs
in*s

Palarehrtts Am :

u *o 6.0 8.6 7.0 7.6 5.0 k*0 440
5.0 8.0 9.8 7 .7 9.0 4.3 3.0

2.0 6.0 6«4 5 .7 6a 3*7 5*0 4*0
3.0 6.0 5*2 4 .7 4 .8 3*3 k*0 247
1.0 5.0 5*k 4 .0 4 .8 4.3 3*0 2*0
4 .0 4.0 5.0 5.0 5.0 1.7 4*0 243
3 *0 5.0 7.0 6 .7 6.9 3 .7 3.0 2.7
4.0 6.0 8;o 8 .7 715 2.7 5*0 1*7
5.0 7.0 7.9 6 .7 8.5 3 .7 6.0 3.0

5.0 8.0 9*2 6 .7 8.3 4*7 540 2a
5.0 8.0 S*4 7.0 7.8 4*7 64O 2.7
5.0 7.0 7*h 5.3 6.6 2.0 3.0 i a
8.0 9.0 6.2 4 .0 5 a 4*0 7.0 240
6.0 8.0 6.6 4 .3 5.7 3.3 6a 2.0
6.0 9.0 7.4 5.3 6.6 4*3 8.0 3a

7.0 4 a 3 .3 4*0 3*7 6.0 2.7
7.0 7*2 5r° 6a 5.0 7.0 247

4.0 7.0 9.0 7 .7 0*1 4a 5.0 247
5.0 ?;o 8.7 7*7 s a 3.7 6a 3.7
5.0 8.0 9.0 6 .7 8.0 3*9 6.0 2.0
4.0 8.0 9*7 7.7 8.8 4(0 6*0 2.7
4.0 6.0 9*5 8.0 8.8 3.0 4a 2.7
5.0 6.0 B*k 7 .7 8.3 5a 5.0 4*0
4.0 6.0 9.8 8.0 9*U 4.0 6.0 2.0
4.0 7.0 9 .8 8.0 9 a 4.0 6.0 2 a
4.0 6.0 10.2 8.0 9.6 4.0 6.0 240
5iO 6.0 8.9 7.3 8.5 5.0 5.0 4.7
3.0 5.0 7.6 8.5 7.8 4.0 6.0 3 .7
3.0 4.0 7*2 7.5 7.3 4 .7 5.0 447
4.0 6.0 7.8 8.0 7.8 4.7 7.0 447
4.0 6.0 3.6 4 .7 4.0 9.5 6.0 8.0
3.0 5.0 4.0 4 .7 4.3 f.o 5.0 8,3
4.0 4.0 3.2 4 .0 3 a 8.5 5.0 • a

6.0 7.0 5*k 6.0 5.6 5 a 5.3
3.0 2.0 2.2 3 .7 2.7 8.0 6.0 9.0
3.0 3 .0 3.0 4 .7 3.5 8.0 5.0 7*5
2.0 3 .0 3.0 4 .7 3.5 0*9 5.0 10.5
2.0 3.0 3 .0 4 .7 3.5 8.3 5a l i a
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TaU* 8 SiidJjupity af Gama Grtqp ta Gama G m p

Madogoacos
For*a

Ifaaaiaaa Saalaaaxwa
G*np a sGroup

Soelopor

Font
8.0 6.8 8.3 5.7 7.0

Igoaainaa 6.8 6.8 5.6 4.7 5.1

SaaXoDaraa
Group 8.3 5.6 8.6 6.7 7.5

Urn
Group

5.7 4.7 6.8 8.7 7.7

Sael»i>ari»aa 7.0 5.1 7.5 7.7 U

f g § ^ f 5 >
8.9 6.1 8.3 6.7 7.5

Trapiiarima
(Jrtoraal) 7.3 5.4 6.3 4.5 5.4

TropiteiaM 8.3 5.8 7.8 5,8 6.8

Basilioeiseo 4.7 3.2 3.8 3.8 3.8

Aaalinaa 3.5 2.5 iU4 1.6 2.4
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t Scelvporlnes Trepidnrlnas Trepfotniinea Trepidoxdaes MaUlsetnee
rap

♦5

;,8

1.6

L.6

7.0

5.1

7.5

7.7

7.5 

5.4

6.8 

3.8 

2*4

(Terrestrial) (AAoraal) 
8.9 7.3

6.1

6.3

6.7

7.5

2*2

7.5 

8J^

3.6

2.7

5.4

6.3

4.5

5.4

7.5

M

7.7

4.5 

4.3

6.3

5.6

7.6

5.6 

6.8

6.4

7.7

& L

3.9

3.2

4.7

3.2

3.6

3.6

3.6

3.6 

4.5 

3.9 

2*0 

8.1

3.5

2.5 

1 U

1.6  

2.4 

2.7 

4*3 

3.2 

8.1

2*Z
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Character Combinations

Table 9 l is ts  a ll o f the major characters found in  the iguanid 

jaw apparatus and shows which character combinations are found in  the 

iguanids and which are not. An "X" indicated the combination is  found 

and a blank indicates the opposite.

Long jaws are found associated w ith none o f the tra its  character­

is t ic  o f non anoline genera. They seem to be the exclusive property 

o f the anolines. Short jaws are found in  combination with almost every 

other character except a small adductor s u p e rfic ia lis , a character 

found only in  the anolines. The sceloporine type o f temporal artery 

"1" is  found with a ll characters except those found only in  the anolines 

and bas ilisc ines. The anoline type o f temporal a rte ry , because o f i ts  

presence in  Oplurus and Enyaliosaurus is  found combined with almost every 

character except a modified pseudotemporal is  which is  characte ris tic  o f 

the Una group.

The standard pseudotemporal is  "2" is  found with every other character 

while the modified pseudo temporal is  is  found only w ith characters peculiar 

to the sceloporines. A greatly  enlarged pseudotemporal is  is  found in  

combi nation with characters shared by the anolines and basiliscines only. 

The standard adductor medius "2" is  found with every character except 

the modified pseudotemporclis o f the Una group and Phrynosoma. The 

modified medius is  found in  the anolines as well as these la s t two groups 

and so is  found with a ll characters except these characte ris tic  o f tro ­

pidurines, where i t  never occurs.
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A small su p e rfic ia lis  is  found with anoline and bas ilisc ine  t ra its  

while the medium and large su p e rfic ia lis  are found only w ith non anoline 

t r a i ts .  Separability o f the heads o f the adductor su p e rfic ia lis  is  found 

with a ll characters except an enlarged su p e rfic ia lis  which is  characteris­

t ic  o f the tropidurines and which tends to obscure the separation.

Herbivory is  found with a ll t ra its  except s t r ic t ly  anoline char­

acters such as long jaws and small su p e rfic ia lis  and advanced sceloporine 

characters such as those o f the Uma group. Insectovory, because i t  is  

so widespread is  found w ith every character. A small parie ta l is  found 

with non anoline tra its  while a large parie ta l is  found with anoline 

and bas ilisc ine  characters. A parie ta l crest as one would expect, is  

found with characters shared by the anolines and basilisc ines.

In some cases i t  is  possible to say tha t the presence o f one 

character functiona lly  precludes the presence o f another. Such is  the 

case with the enlarged su p e rfic ia lis  and separab ility  o f the heads o f 

the s u p e rf ic ia lis , long jaws and small p a rie ta l, standard medius and 

modified pseudotemporalis. In other cases i t  is  probably safe to say 

tha t the characters are fa ir ly  independent o f one another and therefore 

are free to combine or not. This is  probably the case with the anoline 

temporal artery which can be found with a ll but one character. In some 

cases i t  is  obvious tha t characters must be united, such as the enlarged 

su p e rfic ia lis  and the enlarged superfic ia l fascia and the enlarged 

pseudotemporalis and p a rie ta l. These have been eliminated from the chart. 

There are few i f  any other characters which I can say must be associated. 

Probably elongated jaws and increased parie ta l size must go together fo r  

reasons discussed under the section on jaw strength. There are no
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long jawed forms without enlarged musculature. However, enlarged 

parieta l and parieta l musculature need not be accompanied by long 

jaws as can be seen in  the basilisc ines. Further, there are.some 

characters which one would assume to be associated but are not. Such 

is  the case o f long jaws and an enlarged su p e rfic ia lis . The enlarged 

muscle would fu rthe r strengthen the longer jaws in  the anolines and 

basiliscines but i t  does not occur. There must be selection against 

th is  combination fo r a large su p e rfic ia lis  is  p rim itive  and would 

probably be present in  the anolines unless sp e c ifica lly  eliminated.
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1
i

Character 1 2 3 4 5 6 7 8 9 ID 11 12

1. Long jw * X X X X X X

2. Short jaw X X X X X X X X X

3. Tesp. Artery 1* X X X X X X X X

4. Te^p. artery 4 X X X X X X X X

5# Pseudoteap. 2 X X X X X X X X X X

6.
7.

Pseudotesporalie 
Modified 
Medius 1 X

X
X

X
X X X X

X
X X

X

8. Medius aodified X X X X X X X X X

9. Superficialis s*. X X X X X X X

ID. SuperficiaUt* oed. X X X X X X X

11. Superficialis lg. X X JL X X
12.
13.

Separation of 
superficialis heads 
Herbivorous

X X
X

X
X

X
X

X
X

X X
X

X X X
X X X

14. Insectivorous X X X X X X X X X X X X

15. Parietal saall X x- X X X X X X X X

16. Parietal triangular X X X X X X X X X

17. Crest X X X X X X X X

18. Pseudote^ioralis lg. X X X X X X X

Tahls 9 Character coxMaatloms
* See legend te Table 1 
forneaaLng of assSers.
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3 4 5 6 7 8 9 30 31 12 33 34 35 36 17 16

z X X X X X 1 z z z z

Z z z X z z z 1 z z X X z z X

X X z z z z z X X z z

X X z X z X z z z z z z z

X z z z X X z z z z z X z z

z z z X X

z X z X z z z z z z z z z

z X z X X z z X X X z

X X X X z z z z z

z X X z X z z z z

z JL X X z z z z

z z z X z X X z z z z z z z

z X z z z z z z z z

z X X X z z X z z z z z z z

X z X X z X z z z X z

z X X x" X z * z z X X X

z X z X X z X X X X

X X X X z .X z z

Character coafednstioes 
* See Ltgead te Table 1 
foreseeing ef movers*
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Direction o f Evolution o f Character States

As can be seen from an examination o f the preceeding charts, 

the varia tion  o f each o f the trigem inal muscle characters can be 

roughly set in to  character states. This does not in fe r  however, that 

a ll o f the characters show discontinuous va ria tion . Such characters 

as; the extent o f the medius in  the supratemporal fossa; the extent 

o f the adductor s u p e rfic ia lis ; the extent o f the superfic ia l fascia ; 

the extent o f the pseudotemporal is  on the parie ta l and the gape ra tio  

are most probably continuous. However, fo r  ease o f analysis, these 

characters can be treated as discontinuous by se tting  up character 

states representing convenient points along the continuum o f the 

characters va ria tion . Thus we can describe the adductor medius as cov­

ering none o f the p a rie ta l, less than h a lf o f the p a rie ta l, h a lf o f the 

parie ta l and so on.

The existance o f a continuum suggests a possible d ire c tio n a lity  

in  the evolution o f the characters in  question., I f  the p rim itive  

and derived states o f each character can be deduced, as I believe they 

can fo r  the trigeminal musculature, evolutionary trees can be made sug­

gesting the probably phylogeny o f the ind iv idua l character. This pro- 

ceedure was used by Marx & Rabb (1972) and is  quite applicable to the 

trigem inal musculature.

Table 10 reveals tha t most o f the characters show b id irec tiona l 

evolution with the t r a i t  evolving towards both extreme ends o f the con­

tinuum from a p rim itive  condition somewhere between the two ends. The
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characters showing th is  kind o f evolution are the extent o f the super­

f ic ia l is  and the superfic ia l fascia , the extent o f the pseudotemporalis 

on the p a rie ta l, and the gape ra tio .

Two characters show a tr id ire c tio n a l evolution with three conditions 

o r trends evolving from the prim itive  state. The condition o f the par­

ie ta l and the extent o f the medius in  the supratemporal fossa show th is  

evolutionary pattern. In the f i r s t  character the parieta l evolved from 

the p rim itive  crescent to a triang le  with some forms going on to  develop 

a crest and sh ie ld . This occurs in  the anolines and is  one o f the three 

lin e s . In a second lin e , the basilisc ines, the p rim itive  crescent 

evolves d ire c tly  to a triang le  with fu l ly  developed crest with no in ­

termediate stages. In the th ird  l in e , represented by the large iguanines 

a triangu la r parieta l developes in  the ontogeny o f the ind iv idua l.

The extent o f the medius on the parieta l is  a t r i  d irectional 

character. From the prim itive  condition, in  which the medius covers less 

than h a lf o f the p a rie ta l, three separte lines evolve. In one the medius 

is  lo s t (Sauromalus and Urosaurus) . In the second, the anolines, the 

medius increased to h a lf the parieta l and in  a separate th ird  lin e , 

the advanced sceloporines, the medius covers almost the entire  pa rie ta l.

The condition o f the temporal artery and the separab ility  o f the 

heads o f the su p e rfic ia lis  show unidirectional evolution going from the 

p rim itive  to the advanced condition. The temporal artery has three 

character states w ith in  the Iguanidae. One is  the advanced condition 

found in  the anolines and basilisc ines. The other two are the prim itive  

condition found in  most other genera and a variation o f the prim itive  

condition due not to a change in  the course o f the vessel but to a change
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in  the surrounding muscle.

This analysis c learly  shows the evolution o f ind iv idua l characters 

to have proceeded in  d iffe re n t d irections in  the d iffe re n t iguanid lines.
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The Evolution o f the Trigeminal Musculature

The iguanid trigeminal musculature furnishes in s u ff ic ie n t data 

on which to erect an elaborate phylogeny. The most tha t can be done 

is  to describe the probable ancestral condition and where possible, to 

indicate the broad lines o f evolution.

Chalaradon on Madagascar has no advanced characters w ith respect 

to the jaw apparatus and thus probably represents the ancestral jaw 

condition. Avery and Tanner (1971) on the basis o f many characters 

chose Oplurus as the more p rim itive  genus. In terms o f jaw apparatus 

however, Oplurus has an advanced temporal artery which eliminates i t  f  

from consideration, fo r  th is  p a rticu la r set o f characters. The ancestral 

condition whether in  Chalaradon or some other form close to i t  had the 

fo llow ing set o f characters:

1. an adductor medius covering less than h a lf o f the parie ta l
2. an extensive adductor su p e rfic ia lis  and superfic ia l fascia
3. a temporal artery e x it sg at the anterior border o f the

medi us
4. a crescentic parie ta l
5. a pseudotemporalis covering more than h a lf o f the parie ta l
6. a gape ra tio  o f .60 to .65
7. a clear separation o f the heads o f the pseudotemporalis
8. no parie ta l crest or shield
9. te rre s tr ia l

10. insectivorous

From th is  Chalaradon-like ancester evolved the iguanines which 

developed the habit o f p lant eating, and the sceloporines and tropidurines 

which remained insectivorous. Avery and Tanner (1971) take Ctenosaura 

as the most p rim itive  I guanine from which a ll other Western Hemisphere 

iguanines are derived. As fa r as the jaw apparatus is  concerned Cteno-
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saura is  probably the most p rim itive  iguanine genus, but i t  is  s t i l l  

too advanced, by v irtu e  o f i t s  specialized p a rie ta l, to be considered 

d ire c tly  ancestral to the iguanines. Actua lly , there is  no one special­

iza tion  tha t the iguanine trigem inal musculature has consistently over 

the p rim itive  Chalaradon condition except of course tha t the animals are 

herbivorous. Thus the p rim itive  iguanine ancester probably had a jaw 

apparatus tha t would f i t  the description given fo r  Chalaradon with the 

exception tha t the jaws were used on plants and not insects. Ctenosaura, 

i f  i t  lacked the advanced parie ta l would be a good possible ancester.

From th is  herbivorous, Chalaradon lik e  ancester the iguanines 

radiated in  Central America with each iguanine group developing its  own 

specia liza tions. One trend in  the subfamily was towards increased size, 

a character which is  often correlated with p lant eating. The genera 

which grew larger developed enlarged parieta l muscle orig ins and shorter 

stronger jaws during the ontogeny o f the in d iv idua l. The forms that re­

mained small maintained the crescentic parieta ls and longer jaws. Data 

on gape ra tio  suggest tha t Ctenosaura, Iguana, are on the main iguanine 

lin e  from which a ll o f the other genera are offshoots.

The sceloporines and tropidurines are about as s im ila r to each 

other as they are to the Madagasoan genera from which they appear to be 

derived. Etheridge (1964) suggests tha t the two groups s p l i t  from a 

common lin e , o f f  o f the ancestral stock. The jaws musculature indicates 

that they came o f f  o f the Chalaradon like  ancester separately, fo r  the 

two groups share no characters which are unique to them, and both have 

developed quite d iffe re n t trigem inal muscle patterns.
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The prim itive  sceloporine is  again almost indistinguishable from 

a Chalaradon type organism. Within the subfamily the genus Sceloporus 

ranks as the most p r im itive , and with respect to jaw apparatus is  in ­

distinguishable from Chalaradon. The sceloporines as a group tended to 

reduce the extent o f the adductor su p e rfic ia lis  muscle and with i t  the 

extent o f the superfic ia l fascia. The more advanced sceloporines, those 

in  Etheridges two ribbed group (1964), greatly  increased the size of 

th e ir  adductor medius in  the supratemporal fossa while Urosaurus in  the 

more p rim itive  three ribbed group went the other way and lo s t the adductor 

medius in  the fossa. This indicates some so rt o f strong se lec tion 'in  

these groups, against the ancestral condition. The selection might 

possibly be correlated with the fa c t tha t these groups invaded a desert 

hab ita t and were thus subjected to  greatly changed selective forces.

Phrynosoma carried to an extreme, the trends started in  the ad­

vanced sceloporines and also changed over to  ant eating. Etheridge 

(1964) removed Phrynosoma from the sceloporines on the basis o f a large 

su ite  o f characters. With respect to jaw musculature alone I would not 

separate the two fo r  a l l  o f the advanced characters seen in  Phrynosoma 

are to be found also in  Uma, Holbrookia and Callisaurus, ind icating 

tha t Phrynosoma came from th is  group and is  ju s t continuing the trend.

The p o s s ib ility  also exists that the s im ila r it ie s  between Phrynosoma 

and the other advanced sceloporines are due to convergence and that 

Phrynosoma may have come o f f  o f the sceloporine. lin e  before the s p l i t  

in to  the two and three ribbed groups. On the basis o f jaw muscle in ­

formation alone I would discount convergence fo r  reasons o f parsimony. 

Presh (1969) reinstates Phrynosoma among the sceloporines and my fin d ­

ings support th is  action.
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The genus Crotaphytus appears to be very p rim itive  with respect 

to jaw musculature. Its  only advanced character being an enlarged 

pseudotemporalis. The musculature alone gives no clue as to i t s  o r i­

gins. I t  could ju s t as easily have evolved from the iguanines, scelop­

orines or the Chalaradon type ancestor. Its  d ie t and d is tr ibu tion  

lin k  i t  more closely to the sceloporines however.

The tropidurine ancestor retained the extensive adductor superfic­

ia l is  and developed a s lig h t ly  shorter and thus more powerful jaw.

While the sceloporines invaded and radiated in  North America, the tro ­

pidurines went in to  South America. A typ ica l p rim itive  tropidurines is  

probably Tropidurus which has a ll the Chalaradon t ra its  except fo r the 

shortened jaw. The tropidurines remained insectivorous and some became 

arboreal. Some genera increased the size o f th e ir  adductor superfic ia ­

l is  thus evolving in  the opposite d irection  from the rest o f the family 

with respect to th is  character.

We now come to the basiliscines and anolines which cannot be placed 

on our phylogenetic bush with any degree o f accuracty or assurance.

The ancestral basilisc ine  probably had triangu la r parieta l muscle o r i­

gins which met on the dorsal midline o f the sku ll and some kind of dor- 

somedial, bony projection a ll o f which allowed fo r  the orig in  o f an en­

larged pseudotemporalis and a considerable strengthening of the jaw.

I t  also had a temporal artery which ©cited through the adductor medius 

separating i t  in to  two heads. The p rim itive  basilisc ine adductor super­

f ic ia l is  and superfic ia l fascia are much reduced and the animal was 

probably arboreal. The prim itive  basilisc ine  condition, which corresponds 

to the condition in  the genus Basiliscus is  already quite advanced over
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what we have seen so fa r.

Being a Central American group i t  is  improbable tha t they evolved 

from the sceloporines or tropidurines which are North and South American. 

Also these groups were already s ta rtin g  to specialize in  directions 

which are d iffe re n t from what we see in  the b a s ilisc ines . The iguanines 

and as shall be seen la te r ,  the anolines are also too specialized to 

have given rise  to the basilisc ines. The only va lid  source to consider 

is  the ancestral Chalaradon typy organism. This ancester is  s u ff ic ie n tly  

p rim itive  to give rise  to the basiliscines and was in  the r ig h t place 

to do so.

However, i f  the basiliscines go back to the most p rim itive  ancester 

and are thus probably as old as the iguanines or sceloporines, why are 

they represented by only three genera. I t  may be tha t the anolines f i l le d  

many o f the niches that the basiliscines might have i f  they had had no 

competition.

Basiliscus, Corythophanes and Laemanctus a ll evolved separately 

from the Basiliscus lik e  ancester. This is  obvious from the marked 

differences in  crest arrangement in  each group.

The ancestral anoline also had a triangu la r parie ta l muscle o rig in  

or was able to develop i t  in  early ontogeny as some, more p rim itive  

modem anoles can. The organism had no parie ta l crest. I t  used i ts  

enlarged parie ta l fo r the o rig in  o f an enlarged pseudotemporalis and 

medius. This is  a basic difference separating the anolines and bas­

ilis c in e s . Were i t  not fo r  th is  difference the two groups could pro­

bably be linked with respect to jaw characters. The ancestral anoline
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also had a greatly reduced adductor su p e rfic ia lis  and supe rfic ia l fascia , 

and an elogated jaw. The organism was insectivorous and probably atboreal.

Again as in  the bas ilisc ines, almost a ll o f the group specializations 

are already present in  the most p rim itive  members making i t  d i f f ic u l t  to 

trace the groups o rig in . The genus Polychrus is  thought by many workers 

(Etheridge, 1959; Cope, 1900) to closely related to the anolines. The 

data on jaw apparatus reveals Polychrus to be much more p rim itive  than 

the anoles and actua lly more s im ila r to many of the other groups. The 

only true anoline'character i t  has is  an elongated gape. For the o rig in  

o f the anolines we must again go back to the ancestral Chalaradon lik e  

organism, fo r  the most parsimonius arrangement. Polychrus probably 

represents a very early and not too successful experiment o f character 

arrangements in  the anoline lin e .

Within the anoline line  some forms developed large shields such as 

A. equestris and others very large crests with covering shields such as 

Chamaeleolis. The genus Anolis underwent a great radiation in  the 

A n tilles  and Central America. I t  is  quire possibly th is  fac to r which 

lim ited  the radiation o f the basilisc ines. As experiments in  arboreal 

insectivores, the anolines are probably more successful.

A recent attempt to determine the intragroup relationships o f 

the Iguanidae was carried out byRRenous-Lecuru and Ju llie n  (197$. On 

the basis o f the innervation o f the fore and hind limbs they were able 

to separate the Iguanidae in to  three groups. Onetof the groups contains 

only the Madagascan forms. The iguanines, anolines and basiliscimes a ll 

f a l l  neatly in to  one or the other of the two remaining groups. The 

sceloporines and tropidurines however are s p l i t ,  w ith some members 

fa ll in g  in to  each o f the two groups
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In the case of the sceloporines one group contains Phrynosoma, Uma, 

Holbrookia and Uta, and the other contains Sceloporus and Urosaarus. Ex­

cept fo r  the presence o f Uta in  the f i r s t  group the s p l i t  would be con­

s is te n t with previous arrangements o f the group. Their arrangement places 

Crotaphvtus with the more p rim itive  sceloporines which is  also acceptable.

In the case o f the tropidurines the two groups are also somewhat 

discordant. One of the groups contains advanced tropidurines while the 

other is a mixture o f advanced and p rim itive  tropidurines as well as 

very p rim itive  iguanids (Morunasaurus and Enyaliodes) . (Etheridge, unpubl.)

When the presence or absence of femoral and or preanal pores are 

added to the type o f limb innervation, f iv e  groups are formed. The 

iguanines, b as ilisc ines , anolines and sceloporines s t i l l  assort as they 

did previously, however, the tropidurines are now s p l i t  in to  four groups 

which seem to fo llow  Etheridge!s new arrangement. The p rim itive  iguanids 

Morunasaurus and Enyaliodes f a l l  in  one group, two other groups contain 

only advanced tropidurines and a fourth group contains a l l  Etheridge's 

p rim itive  trop idurines. The only discordance is  the presence of 

Uranoscodon (advanced according to Etheridge) in  th is  la s t group.

The information furnished by Lecuru and Julliien is  thus, fo r  the 

most part concordant w ith what is  already known about the iguanid sub­

fam ilies and does not contradict any o f my find ings. Their work is  

especially welcome in  the tropidurines where probably, the least amount 

o f work has been done. The jaw musculature o f the tropidurines gives no 

information as to intragroup re la tionsh ips, therefore they w il l  be treated 

as a single u n it in  my phylogeny.
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Summary & Conclusions

The trigeminal musculature and jaw apparatus of the iguanid 

lizards have been examined. The musculature has been described and 

the degree o f in fra fa m ilia l varia tion  recorded. Variation in  jaw 

length and the extent o f certa in muscles have been used to estimate 

jaw strength. Ontogenetic changes, character combinations and pro­

blematical genera have also been investigated. The information 

gathered supports the fo llow ing conclusions:

1. With very few exceptions, a ll o f the elements o f the 

trigeminal musculature as described by Lakjer (1926) 

are present in  a l l  o f the iguanids examined.

2. Considerable muscular varia tion ex is ts , but is  confined 

mainly to the more superfic ia l muscle layers.

3. S im ilar varia tion in  other fam ilies would necessitate 

the extensive study o f large and varied samples before 

va lid  in te rfa m ilia l comparisons could be made.

4. Variation in  trigeminal musculature and jaw length gener­

a lly  fo llow  subfam ilial lines .

5. The varia tion  in  jaw length and especially in  the extent 

o f the adductor superfic ia l is  and pseudotemporal is  super- 

f ic ia l is  seem to indicate varia tion  in jaw strength in  the 

d iffe re n t subfamilies.

6. Marked ontogenetic changes involving decreased jaw length 

and expanding superfic ia l musculature, both tending toward 

increased jaw strength occur in most o f the larger iguanines.
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7. Other than increased jaw strength in  the larger forms, 

there seem to be no muscular specializations associated 

with the herbivorous condition o f the iguanines.

8. The estimated jaw strength o f the iguanid groups in  de­

creasing order is :  1. Basilisc inae, 2. Anolinae, 3. Large 

Iguanines and Tropidurinae, 4. Small Iguanines, Madagascan 

genera, Sceloporinae and Phrynosoma.

9. The sceloporines show the most intragroup va ria tio n ; the ano­

lines and basilisc ines show the least.

10. The existance o f a more p rim itive  Sceloporus, Uta, Urosaurus 

group and a more advanced Uma, Holbrookia, Callisaurus group 

w ith in  the sceloporines (Etheridge, 1964) is  supported by the 

jaw musculature.

11. The most advanced jaw apparatus is  found in  the anolines, 

basilisc ines and Phrynosoma, the most p rim itive  in  the Madagas­

can forms.

12. Crotaphytus has a p rim itive  jaw apparatus and shows greatest 

s im ila r ity  to the Sceloporines.

13. Phryp;soma is  closest to the. more advanced sceloporines whose 

muscle adaptations i t  has carried to an extreme.

14. Polychrus is  not p a rtic u la r ly  close to the anolines, having 

only one o f the four major characters tha t make up.the anoline 

jaw character complex.

15. S u pe rfic ia lly  the anolines and basiliscines are more s im ila r 

to each other than to any other group but these s im ila r it ie s  

appear to be due to convergence.
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16. Dentition seems to corre late more closely w ith dietary 

va ria tion  than does jaw musculature.

17. Almost every character studied is  found in  combination 

with every other character somewhere w ith in  the Iguanidae 

ind ica ting  tha t almost a ll combinations have been tr ie d  

and have proved successful.

18. Individual characters have shown un id irec tiona l, b id irec ­

tiona l and tr id ire c tio n a l pattern o f evolution.

19. The evidence obtained from the jaw apparatus suggests tha t 

each o f the iguanid subfamilies is  derived independently 

from an ancester s im ila r in  structure to the Madagascan 

Chalaradon.
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12846 1.23 .76 •62
71461 1.02 •63 •62

79962 2.3S 1*40 •59 .27 .50
77436 2.14 1.28 .60 •24 .50
73238 2.32 1.38 .60 •20 .63
75792 2.59 1.52 •59 .30 .55
75551 1.90 1.18 •62 .15 .53
69891 2.12 1*25 .59 .19 .53
68708 2.15 1.28 .59 •20 •48
75552 1.88 1.13 •60 •15 .52
75603 1.99 1.19 •60 .22 •48
75553 1.87 1.10 .59 •15 •46
75554 1.88 1.10 .59 .19 •48

73616 6296 3.42 •56 .70 .60
73516 3.94 2 ^ 8 .58 •43 .58
75606 3.02 1.82 •60
75098 3.73 2J19 .58 .33 .75
75096 3.93 2.25 .57 .32 •60
75097 4.00 2.30 .58 .39 .50
73359 3.87 2.23 •58 .37 •41
74834 3.92 2.31 .59 .38 .50
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72635 3*80 1A 5 *63
75466 2*47 1*51 .61
62125 3,42 2*22 *64
62553 3,99 2.50 .62
S167L 4.49 2.66 .64
71635 4.62 2.92 .63
62574 6.93 3.65 .63
87369 6.20 4.00 .64
43302 6.30 3 .78  .60
74629 6,43 3 .91  .61
97341 6A 3 3.99 .62
74630 7.06 4 .21  .59
62552 7.66 4.55 .57
74631 6.05 5.02 .62
74627 8.50 5.20 .61
97342 8,88 5.08 .57
74736 9A 3 5.56 .59
319347462*0 jb6 5.75 .57
74626 31.75 6 .64 .57
32377 31.89 6.70 .56

_______  72806 30.53 5.97 .57
tfraa 73306 30.00 5.66 .58

74620 9,22 5AO A ?
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77970 9.86 5.64 .57
72805 16061 4A 8 .56
50797 16.68 6.08 .57

i f i im  i
awnfca 57876 9A 5 5,97 .63

57968 11,75 7.36 .63
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76875 6.35 3.96 ,63
76678 6.87 4.24 .62
76876 5.74 3.86 .67
76877 6.00 3.85 .64
75624 31*53 7,34 .64
66631 30.95 7.09 .64
66630 9.39 5.99 .64
66632 33.30 8.30 .61

7

•23 A 3 .68 -
.27 •31 •61 -
,55 A6 A 5 -
.57 A 4 .37 —
.68 .35 .39
.67 •34 •31 —
.80 A 3 A 8 -

3*05 .17 A 3 —
•94 A 5 AO —

1.00 A 5 .00 —
.78 •32 .57 -

1.00 •34 .22 -
3*22 A 5 •00 *
1.12 .34 .22 -
3*31 A 5 •00 -
1.38 .35 •56 -
3*54 •36 .00 *
1.73 A 7 •00 *
2.33 •38 •00 *
2.25 •39 .00 *

3*64 .00 *
3*60 .00 *
1.60 .00 *
1.50 *00 *
3*78 .00 *
1.80 .00 «

1.75 •00 *
2.55 .00 *
2.00 .00 *
..6 9 A 4 -
,79 •34 —
.85 .35 —
.75 AO —
.77 .32 -

1.83 .00 *

3*50 .00 *
2.23 .00 *
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5.70 3.96 .70 .00 *
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5.07 3.49 .69 .00 *
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