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ABSTRACT

Zug, George R. The Distribution and Patterns of the Major Arteries of the
Iguanids and Comments on the Intergeneric Relationships of Iguanids (Reptilia:
Lacertilia). Smithsonian Contributions to Zoology, 83: 1-23. 1971.—The spa-
tial arrangement of the major arteries, i.e., systemic arches, carotid arches and
major branches, subclavians, coeliac, and mesenterics, are described for 42 genera
of iguanid lizards. The arterial patterns are relatively uniform in iguanids. All of
iguanids examined had carotid ducts, lacked a primary common carotid, and
with the exception of Iguana, the coeliac arose anterior to or adjacent to the
mesenterics. Variation was observed in the type of origin of the external carotid
and sternohyoid, subclavians, and mesenterics. These pairs of vessels could arise
separately, contiguous, or form a common trunk.

Ten arterial characters were analyzed to determine their taxonomic value.
Comparison of similarly generated phenograms, one for arterial data and the
other for extant iguanid data, showed the arterial characters to be of little value
for intrafamilial classification. The arterial data can function only as a weak
indicator of relationships.
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George R. Zug

Introduction

The current systematic revolution revolves around
the search for new characters and methods of char-
acter analysis. The saurian arterial system possesses
a diversity of patterns, yet it has remained un-
analyzed. Diversity is a prerequisite for determin-
ing phylogenetic relationships. Uniformity indicates
only the possibility of taxon derivation from a com-
mon ancestor but not the degree and form of intra-
group relationships which are provided by diversity
(Throckmorton, 1968; Wake and Ozeti, 1969). Di-
versity, however, must be balanced with uniformity,
for excessive and discordant variation within the
taxon will mask the relationships. My objectives
have been to determine the patterns and amounts
of variation in the arterial system of lizards. The
iguanids were selected for a critical analysis of pat-
tern variation, since the recent investigations of
Etheridge, e.g., 1959, 1964, 1967, show them to be
a natural assemblage of lizards and provide a basis
for an interpretation of intragroup relationships.

George R. Zug, Department of Vertebrate Zoology, National
Museum of Natural History, Smithsonian Institution, Wash-
ington, D. C. 20560.

The Distribution and
Patterns of the Major
Arteries of the Iguanids
and Comments on the
Intergeneric Relationships
of Iguanids

(Reptilia: Lacertilia)

Saurian Arterial System: A Selective Literature
Review

Corti’'s 1847 thesis on the circulatory system of
Varanus griseus generally is accepted as the first de-
tailed description of the saurian circulatory system.
His description was based on two specimens, one
with the arteries injected. In 1857, Rathke pub-
lished a survey of the aortic arches and its branches
in approximately fifty species of lizards and of the
visceral arteries of a similar number of lizards in
1863. Rathke’s investigations were the first and most
valuable comparative surveys of the saurian arterial
system. His work clearly illustrated the existence of
different arterial arrangements, although his at-
tempt to examine representatives of most saurian
families caused his data to be too superficial for
purposes of classification.

In 1886, two articles on the saurian arterial sys-
tem appeared. Mackay described the arterial system
of Chamaeleo vulgaris. He noted that it was very
different from that of other lizards, although he
did not mention which other lizards. Van Bem-
melen compared the aortic arches of Lacerta
muralis to those of a snake and birds. Shufeldt
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(1890) provided a brief description of the arterial
system of Heloderma in his anatomical investigation
of this genus.

At the beginning of the twentieth century, Bed-
dard published a series of articles, e.g., 1904, 1905,
1906, 1907, on the vascular system of lizards. His
interest in the classification of lizards led him to
draw some systematic conclusions based on the
vascular system. Shindo’s (1914) survey of reptilian
cranial arteries contains data on the saurian condi-
tion and is of particular interest for its topographic
details. In 1920, O’'Donoghue presented a detailed
study of the circulatory system in Sphenodon. Al-
though his study was not concerned primarily with
lizards, he synthesized the published data on lizards
and provided the framework and terminology for
most subsequent investigations.

Three Indian genera of lizards were examined in
the 1920s and 1930s. Thapar (1928) compared the
arterial system of Varanus to those of Uromastix
and Hemidactylus. Bhatia and associate (1929, 1933)
extended and corrected Thapar’s data on Uromas-
tix and Hemidactylus. Additional information on
the lizards of this region was published by Meinertz
(1952) on Varanus, de Silva (1956a and b) on
Calotes, and Kashyap and Nigwekar (1964) on
Riopa.

Adams published a series of articles (1952, 1953,
1957a and b) on the carotid arch—all contain
valuable information on the saurian condition.
Sidky (1967) described carotid sinus of Chalcides
and Scincus. Oelrich (1956) gave topographic de-
tails for the cranial arteries of the iguanid Cteno-
saura. Burda (1966) described the development of
intracranial arteries in Lacerta.

Material and Methods

IGuaNID ARTERIAL sYsTEM.—The following de-
scription serves two purposes: (1) To familiarize the
reader with the topographic relationships of the
saurian arterial system and to indicate the vessels
examined, i.e., the names in this section that are
printed in bold type; (2) to provide sufficient de-
tails so that concise repetitive descriptions are
possible. Figure 2 provides a stylized illustration of
arterial arrangement.

The heart lies at the anterior end of the body
cavity between the forelimbs. Externally two large
vessels originate from the anterior end of the ven-
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tricle. Both are displaced dextrally of the ventricle’s
midline. The pulmonary arch arises ventrally and
the systemic arch dorsally. Both extend anteriorly
between the atria. The pulmonary arch curves dex-
trally and dorsally. Concurrently the systemic arch
curves sinistrally and ventrally. As the two arches
diverge, the systemic bifurcates into right and left
branches. The branches cover ventrally the pul-
monary arch and its bilateral bifurcation. Each
systemic arch curves laterally along the anterior
edge of its adjacent atrium.

The common carotid arteries arise paired from
the right systemic (systemocarotid of some authors)
as the latter begins its lateral course. A primary
carotid artery does not exist. The common carotids
pass laterally along the anterior margins of their
respective systemic arches and continue dorsolater-
ally to the ventral side of the internal jugular
veins. The common carotid divides beneath the
internal jugular. Three arteries, sternohyoid, ex-
ternal carotid and internal carotid, arise from this
division in several different arrangements. The
small sternohyoid extends ventrolaterally and bi-
furcates into an anterior branch to the ventral
throat musculature and frequently to the thyroid
gland and the posterior branch to the pectoral gir-
dle. The external carotid passes anteriorly along the
ventral surface of the internal jugular vein to the
level of the thyroid gland and bifurcates. A small
branch supplies the anterior part of the esophagus
and thyroid gland. The major arterial supply of
the thyroid gland, however, is derived from the
paired laryngotracheal arteries, which arise from
the pulmonary arches. The larger lateral branch
of the external carotid, hyomandibular artery,
passes to the posterior base of the mandible and
divides into numerous branches.

The internal carotid artery extends dorsally
along the medial surface of the internal jugular.
Its posteriomedial face is continuous with the ca-
rotid gland. Dorsally at the body wall, the internal
carotid bifurcates. The posterior branch, carotid
duct, passes caudally and joins the systemic arch at
the beginning of the latter’s posterior course. The
anterior branch, the internal carotid, extends
anteriorly along the medial edge of the internal jug-
ular and enters the base of the skull. It is accom-
panied on its anterior course by a branch of the
musculocervical artery. The musculocervical artery
arises from the dorsal surface of the carotid duct
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and has numerous small branches supplying the
cervical muscles, glands, and digestive tract.

At the lateral edge of the atria, the systemic
arches curve sharply dorsally. They pass medial to
the internal jugular and curve posteriorly as they
reach the body wall. The left systemic arch gives
off several small esophageal arteries before joining
with the right systemic to form the dorsal aorta.
The left and right subclavian arteries arise from
the right systemic near the axillary plane. If they
arise separately, the left is usually displaced pos-
teriorad of the right. A vertebral artery may arise
dorsally from the right systemic near the subcla-
vians or proximally from the left subclavian. The
vertebral artery has a number of branches to the
esophagus and a major branch extending dorsally
into the neck. Posterior to the subclavians, the
paired parietal arteries appear in every segment.
The first pair of parietals may originate from their
respective subclavians. An irregular number of
small gastric arteries extend ventrally from the
aorta to the dorsal surface of the stomach.

Three large arteries arise from the aorta and
extend to the digestive tract. The sequence of
origin—anterior to posterior—is usually coeliac,
inferior mesenteric, and superior mesenteric. The
inferior mesenteric supplies the posterior end of the
small intestine, the caecum, and the large intestine.
The superior mesenteric extends to the middle and
anterior end of the small intestine, the posterior
part of the pancreas, the pyloric region of the
stomach, and generally to the liver in the region of
the gall bladder. Unlike the former two arteries, the
coeliac originates from the sinistral surface of the
aorta rather than the ventral surface. The coeliac
supplies most of the stomach, the spleen, and the
anterior part of the pancreas.

SPECIMENS EXAMINED.—AIl specimens listed be-
low with the exception of an Iguana from a bio-
logical supply-house, did not have the arteries
injected and are a part of the United States Na-
tional Museum of Natural History herpetological
collection. The number in parentheses denotes the
number of specimens examined.

Anolines: Anisolepis undulatus (1), Anolis frazeri
(Alpha Group) (1), Anolis petersi (Beta Group)
(8), Anolis vermiculatus (Alpha Group) (2), Cha-
maeleolis chamaeleontides (1), Chamaeleolis porcus
(1), Phenacosaurus heterodermus (2), Polychrus
marmoratus (3).
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Basiliscines: Basiliscus basiliscus (2), Bastliscus
galeritus (2), Basiliscus plumifrons (1), Basiliscus
vittatus (1), Corytophanes hernandesi (2), Lae-
manctus longipes (2).

Iguanines: Amblyrhynchus cristatus (2), Bra-
chylophus fasciatus (1), Ctenosaura acanthura (1),
Ctenosaura hemilopha (1), Ctenosaura similis (1),
Cyclura carinata (2), Cyclura macleayi (1), Dipso-
saurus dorsalis (2), Iguana iguana (4), Sauromalus
obesus (2).

Sceloporines: Callisaurus draconoides (2), Crota-
phytus collaris (3), Gambelia wislizeni (2), Hol-
brookia maculata (1), Holbrookia texana (2),
Petrosaurus mearnsi (1), Petrosaurus thalassinus
(2), Phrynosoma asio (1), Phrynosoma coronatum
(2), Phrynosoma douglassi (1), Phrynosoma orbic-
ulare (1), Sceloporus cyanogenys (2), Sceloporus
magister (2), Uma notata (1), Urosaurus ornatus
(2), Uta stansburiana (3).

Tropidurines: Ctenoblepharis jamesi (1), Leio-
cephalus carinatus (3), Liolaemus elongatus (1),
Liolaemus fitzingeri (2), Ophryoessoides guentheri
(2), Plica plica (8), Plica umbra (1), Stenocercus
crassicaudatus  (2), Tropidurus delanonis (2),
Tropidurus hispidus (1), Tropidurus peruvianus
(1), Uracentron azureum (1), Uranoscodon super-
ciliaris (2).

Malagasian iguanids: Chalarodon madagascarien-
sis (2), Oplurus quadrimaculatus (1), Oplurus sebae
@).

Incerta sedis: Cupriguanus spatulata (1), Enyali-
oides heterolepis (1), Enyalioides microlepis (1),
Enyalius theringii (2), Leiosaurus paronae (1),
Morunasaurus annularis (2).

CHARACTERS EXAMINED.—Typically, the variation
within the circulatory system is presented qualita-
tively. Such a presentation is usually by necessity
rather than by choice. Nonetheless, it makes ac-
curate analysis of variation impossible. Since many
vessels have their origin along the dorsal midline of
the peritoneal cavity, they share a common axis
with the longitudinal body axis. This linear ar-
rangement enabled me to take the succeeding meas-
urements with a high degree of accuracy. All
measurements were taken with Helios dial caliper
to the closest millimeter. It was necessary to pin out
all specimens to ensure that the longitudinal axis
was straight.

Snout to ventricle length (SVR): Distance from the
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FiGure 1.—The two divergent patterns of carotid arches in iguanids. A, The tropidurine type.
B, The iguanine type. Abbreviations: cc, common carotid; cd, carotid duct; ec, external carotid;
ic, internal carotid; mc, musculocervical; sh, sternohyoid.

anterior end of the lower jaw to the posterior tip
of the ventricle.

Snout to vent length (SV): Distance from the an-
terior end of the lower jaw to the anteromedial
edge of the vent.

Ventricle length (VR): Distance from the origin of
the pulmonary trunk to the posterior tip of the
ventricle.

Snout to axilla length (SA): Distance from the an-
terior end of the lower jaw to the transverse axil-
lary plane.

Snout to subclavian length (SS): Distance from the
anterior end of the lower jaw to the anterior
edge of right subclavian or common subclavian
at its origin.

Snout to dorsal aorta (SD): Distance from the an-
terior end of the lower jaw to the dorsal junction
of the right and left systemic arches.

Snout to coeliac length (SC); Snout to inferior
mesenteric length (SIM); Snout to superior
mesenteric length (SSM); Snout to common mes-
enteric length (SCM) : Distance from the anterior
end of the lower jaw to the anterior edge of the
aforenamed arteries at their origin.

A number of other arterial characteristics were
noted but could not be quantified. The origins of
the external carotid and the sternohyoid may be
separated, contiguous, or from a common trunk.
The relative diameter of the carotid duct is ex-
tremely variable and difficult to record. Generally
it is nearly equal to the internal carotid. Two types
of carotid arches are recognizable. In the tropi-
durine type (Figure 1a), the carotid duct originates
in common with the internal carotid and external
carotid as a trifurcation of the common carotid. In
contrast, the carotid duct and internal carotid of
the iguanine type bifurcate distal to the origin of
the external carotid (Figure 18). These two types
are the extremes of a continuous range, thus it is
impossible to designate two separate classes. The
subclavians may arise widely separated, contiguous,
or from a common trunk. As the subclavian extends
laterally, it passes beneath a thin ligament or the
muscular bundle of a subvertebral muscle (longus
colli ?). The coeliac is usually present; only in one
species was it absent. The inferior and superior
mesenteric may originate separately, contiguous, or
from a common trunk.

CHARACTER ANALYSIS.—The mensural data were
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Ficure 2.—The arterial arrangement and their positions in
the hypothetical lizard. The numerical column provides the
values (in millimeters) assigned to the different measure-
ments. The value assigned to the common mesenteric is 75
mm. Abbreviations: ¢, coeliac; cc, common carotid; da, dorsal
aorta; ec, external carotid; ic, internal carotid; im, inferior
mesenteric; sa, systemic arch; sc, subclavian; sm, superior
mesenteric; v, ventricle.

analyzed by ratio diagrams (Simpson, 1941). Rather
than plot a ratio diagram for each single specimen,
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the data for each genus were combined and a mean
was determined for each measurement. Usually one
of the taxa examined is selected as a standard,
and all other taxa are compared to this standard.
I have constructed, however, a hypothetical lizard
(Figure 2) to be used as a standard. A hypothetical
specimen has several advantages over an actual
specimen: (1) In a hypothetical specimen the
positions of the arteries can be set so that the pro-
portions are evident, i.e., as percentages. (2) Inter-
pretation of the diagram is enhanced, since all
lizards are compared to a single standard of known
proportions. (3) Selection of an actual specimen
implies a certain significance attached to that taxon
and it is difficult to compare the proportions within
this species since all the measurements have been
standardized to zero.

Only the means are plotted in the ratio diagrams.
The sample sizes are too small for the range, stand-
ard deviation, or 95-percent confidence interval to
be meaningful. It is to be expected that the amount
of variation reflects the range of body length in-
stead of interspecific differences. Iguana has the
greatest range of body size and would be expected
to have the highest standard deviations.

Observations and Comparisons of the Arterial
System

AnoLiNes.—Compared to the hypothetical lizard
(Figure 3) the body proportions of the anolines dif-
fer by having the heart more posteriorly, i.e., be-
yond 33 percent of the body length. The latter is
indicated by SVR greater than SV. The heart lies
at the extreme anterior end of the body cavity and
anterior to the transverse axillary plane. In all
genera, the heart is nearly 4 percent of the body
length, SV =~ VR.

The carotid arches of Anisolepis and Phenaco-
saurus are of the tropidurine type, whereas the
other genera have a more iguanine type of arch.
Anisolepis and Phenacosaurus have the origins of
the sternohyoid and external carotid separate but
contiguous. The two vessels originate by a common
trunk in Chamaeleolis. Anolis (Alpha and Beta
Groups) and Polychrus possess both of the previ-
ously mentioned conditions.

The subclavians arise widely separated in all
genera except Anisolepis and one specimen of
Phenacosaurus. The former has a long common
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Ficure 3. —Ratio diagram of arterial characters for anolines. A, Phenacosaurus. B, Anisolepis.
c, Anolis (Beta). », Anolis (Alpha). E, Polychrus. ¥, Chamaeleolis. The stars indicate the position
of the hypothetical lizard. An open circle denotes the presence of a common mesenteric. The
abbreviations on the left are explained in the characters examined section.

subclavian trunk, the latter a short one. In Anolis
(Alpha and Beta Groups) and Chamaeleolis, the
subclavians do not pass beneath a muscular bundle
as in the other genera. The origins of the anoline
subclavians and dorsal aorta are clearly separated
and lie beneath the heart in all genera.

The origin of the coeliac is variable. In Aniso-
lepis and Polychrus, it arises anterior to and well
separated from the mesenterics. The remaining
genera has the coeliac arising in close association
with the mesenterics, both anterior and posterior
to them in Phenacosaurus, posterior to them in
Anolis (Alpha and Beta) and Chamaeleolis, and
laterally contiguous in one Anolis (Alpha). The
relative position of its origin is greater than 60
percent of body length in all genera.

In Anolis (Alpha), Chamaeleolis, and Polychrus
the inferior and superior mesenterics arise sepa-
rately, although only in Chamaeleolis are the two
mesenterics not contiguous at their origin. The
mesenterics arise as a common trunk in Anisolepis,

Anolis (Beta), and Phenacosaurus. In the genera
with two mesenterics, they arise at approximately
72 percent of the body length, ie., the point of
origin of the inferior mesenteric in the hypothetical
lizard. In the genera with a common mesenteric,
the origin is less than 72 percent of body length.

BasiLisciNes.—The body proportions of the basi-
liscines are very similar (Figure 4). The heart and
the axilla are located posterior to the anterior third
of the body. The entire heart lies anterior to the
transverse axillary ‘plane. The heart is clearly
greater than 4 percent of the body length.

The carotid arches are of the iguanine type. The
external carotid and sternohyoid arise distinctly
separated in all specimens examined.

The subclavians arise paired, one on each side
of the right systemic. The subclavians extend lat-
erally beneath a thin ligamentous muscle attach-
ment. The origin of the dorsal aorta is well removed
from the origin of the subclavians. Both lie dorsal
to the heart.



NUMBER 83

VR

sV

SA

SVR

SS

SD

SC

SCM

SIM

SSM ® *-

Ficure 4—Ratio diagram of arterial characters for basiliscines and sceloporine allies. A,
Crotaphytus. B, Phrynosoma. c, Corytophanes. b, Gambelia. E, Laemanctus. ¥, Basiliscus. The
stars indicate the position of the hypothetical lizards. An open circle denotes the presence of a
common mesenteric. The abbreviations on the left are explained in the characters examined

section.

The coeliac is present and anterior of the mesen-
terics in Basiliscus galeritus, B. plumifrons, B. vit-
tatus, Corytophanes, and Laemanctus. The coeliac,
however, is small and supplies only the anterior
part of the spleen and the stomach in that region.
The superior mesenteric has a branch which sup-
plies the visceral region usually supplied by the
coeliac. In B. basiliscus, the coeliac is absent, and
the superior mesenteric has completely taken over
the functions of the coeliac.

Both the inferior and superior mesenterics are
present in all basiliscines. The inferior mesenteric
precedes the superior, and both are anterior of the
site of origin in the hypothetical lizard, SIM and
SSM less than SV.

IcuaNINEs.—Like the anolines and basiliscines,
the heart lies further posterior in the iguanines
than in the hypothetical lizard (Figure 5). The
heart extends posteriorad to the transverse axillary
plane only in Sauromalus. All other genera have
their hearts anterior to the axillary plane. Heart
size is variable. It is larger than the hypothetical

lizard’s heart in all genera except Brachylophus in
which it is smaller.

The carotid arches are of the iguanine type. The
origins of the external carotid and sternohyoid are
variable. All three types of origins are present, and
two different ones may occur in an individual, i.e.,
left and right sides.

The subclavians arise paired, one on each side of
the right systemic. In all the genera except Brachy-
lophus and Dipsosaurus, the subclavian passes
laterally beneath a muscle bundle. In the Brachy-
lophus and Dipsosaurus, only a thin flat ligament
covers the subclavian. The origins of the dorsal
aorta and the subclavians are clearly separated. In
Dipsosaurus and Brachylophus, the origins of both
lie dorsal to the heart. Only the subclavians’ origins
lie above the heart with the aorta’s origin posterior
to the heart in the remaining genera.

The position of the coeliac’s origin in relation to
the mesenterics is variable, whereas its relative posi-
tion in the body is always very similar to that of the
hypothetical lizard. In all genera except Iguana, the
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Ficure 5.—Ratio diagram of arterial characters in iguanines. A, Brachylophus. B, Dipsosaurus.
¢, Amblyrhynchus. o, Sauromalus. , Cyclura. F, Ctenosaura. G, Iguana. The stars indicate the
position of the hypothetical lizard. The open circle denotes the presence of a common mesenteric.
The abbreviations on the left are explained in the characters examined section.

coeliac arises anterior to and separate from the
mesenterics. In Iguana, the coeliac may arise pos-
terior to and separated from the mesenterics, con-
tiguous with the superior mesenteric or nearly so,
between the mesenterics, or contiguous with the
inferior mesenteric.

An inferior and a superior mesenteric are present
in all the genera; however, in one Ctenosaura and
one Sauromalus, the mesenteric arises from a com-
mon trunk. When paired, the inferior mesenteric
always arises anterior of the superior. The mesen-
terics always arise more anterior than those of the
hypothetical lizard.

SceLoporINEs.—The heart of sceloporines lies
posterior to that of the hypothetical lizard (Figures
4 and 6). Only in Phrynosoma, does the heart lie
near to the anterior third of the body. The heart in
Crotaphytus, Gambelia, Holbrookia, Uta, Calli-
saurus, Petrosaurus, and Sceloporus lies anterior to
the transverse axillary plane. In Urosaurus, Uma,
and Phrynosoma, it extends posteriorly beyond the
axillary plane. The size of the heart is nearly
equivalent to that of the hypothetical lizard in

Urosaurus, Uta, Petrosaurus, and Sceloporus, much
smaller in Callisaurus, Uma, Crotaphytus, and
Gambelia, and much larger in Phrynosoma and
Holbrookia.

The carotid arches of the sceloporines are of an
intermediate type. The arches of Sceloporus ap-
proach closest to the iguanine type, whereas those
of Callisaurus are more tropidurine in appearance.
The origins of the sternohyoid and external carot-
id display the three possible patterns. Although the
pattern of origin tends to be symmetrical, some
individuals display different patterns on the left
and right sides.

The subclavians arise paired in all genera except
Phrynosoma. Phrynosoma has a short, but distinct,
common subclavian trunk. A muscle bundle covers
the initial lateral extension of the subclavian in all
genera. The origins of the subclavians and dorsal
aorta are usually separated, although in a few speci-
mens they were nearly contiguous. These origins
lie above the heart in all genera.

The coeliac is the first major visceral artery to
originate. Its origin is well anterior to the mesen-






