LATE CENOZOIC LIZARDS OF THE

ANZA BORREGO DESERT, CALIFORNIA
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ABSTRACT. Late Neogene (Blancan and Irvingtonian) deposits from the Palm Springs Formation in Anza
Borrego State Park (San Diego County, California, U.S.A.) have yielded the most diverse Tertiary lizard
assemblage yet reported. Five lizard families are represented: Iguanidae, Xantusiidae, Scincidae, Teiidae,
and Anguidae. The assemblages are taxonomically dominated by the Iguanidae, including Gambelia corona
n. sp., Dipsosaurus dorsalis, Pumilia novaceki* n. gen. et sp., which is the sister-taxon of Iguana,
Phrynosoma anzaense n. sp., and two sceloporines not presently referable to genus. The morphology of
the fossil Dipsosaurus dorsalis suggests that specimens of Leiocephalus described from the Neogene of
continental North America may be referred to Dipsosaurus dorsalis. A new species of xantusiid, Xantusia
downsi*, is described. Several specimens, including all anguids and teiids, could be diagnosed to only
general hierarchical levels.

Temporal faunal change took place during deposition of the Palm Springs Formation. Whereas the
underrepresentation of some taxa in the lower part of the section may be due to sampling inconsistencies,
the disappearance of the iguanine lineages roughly correlates with mammalian faunal turnover events.

The sparse fossil record of Neogene lizards hinders comparison among assemblages. In North America,
other late Tertiary lizard assemblages are depauperate, consisting of a skink, a gerrhonotine, and one or
two sceloporines. The Anza Borrego stratigraphic sequence contains all of these groups and additional
taxa, making it the best indicator of late Tertiary lizard diversity yet surveyed.

SUMARIO. Los depositos del periodo neogeno tardio (Blancano e Irvingtoniano) de la formacion en
Palm Springs en el Parque Estatal de Anza Borrego (en el condano de San Diego, California) han provisto
los ejemplares mas diversos hasta ahora recogidos de las lagartijas del periodo terciario. Aqui se encuentran
cinco familias de lagartijas: los Iguanidae, los Xantusiidae, los Scincidae, los Teiidae y los Anguidae. La
fauna esta taxénomicamente dominada por los Iguanidae; estos incluyen Gambelia corona nueva especie,
Dipsosaurus dorsalis, un nuevo género Pumilia novaceki*, que se el groupo hermano al de los Iguana,
Phrynosoma anzaense nueva especie y dos sceloporines a los cuales por el momento no se puede aludir
como a un género. La morfologia del Dipsosaurus indica que los especimenes del Leiocephalus, hasta
ahora descritos como pertenecientes al neogeno de América del Norte continental, pueden referirse como
del Dipsosaurus dorsalis. Un nuevo especie de Xantusiidae, Xantusia downsi*, es descrito. Varios
especimenes, inclusive todos los anguids y los teiids podrian ser inicamente definidos en niveles jerarquicos
generales.

Algin cambio temporal en la fauna ocurrid durante el depésito de la Formacién Palm Springs. Aunque
la subrepresentacion de alguna taxa en la parte inferior de la seccion se deba a inconsistencias en la
recaudacion de ejemplares, la desaparicion de los lineajes de Iguanine se puede relacionar con los eventos
que transformaron la fauna mamifera.

Los escasos registros de fosiles de lagartijas del neogeno impide la comparacion entre faunas. Otras
faunas de lagartijas del periodo terciario son por lo general bastante pobres; consisten en un escinco, y
un gerrhonotine y uno o dos sceloporines. La fauna en Anza Borrego contiens todas estas formas y otras
taxas adicionales, convirtiéndola en el mejor indicador de variedades de lagartijas del periodo Terciaro
que se haya investigado.

INTRODUCTION

Lizards of the North American southwestern des-
erts form a characteristic assemblage of taxa that
is an important element of the modern fauna of
the region. All extant families of North American
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lizards are present in the region except Amphis-
baenidae and Xenosauridae. Regional fossil and
modern lizard assemblages are dominated by the
taxonomically diverse Iguanidae. Little is known,
however, of the history of the modern fauna.
Neogene lizard fossils are rare in southwestern
North American fossil deposits. Only a few local-
ities (Lindsay, 1972; Whistler, 1984; Harrison, 1972;
Rogers, 1976; and others) have produced represen-
tative samples of fossil lizards, and many of these
lack accompanying mammalian faunas and tight



Table1. Faunallist of lizard taxa from the Palm Springs
Formation.

Iguanidae
Dipsosaurus dorsalis
Pumilia novaceki* n. gen. et metasp.
Phrynosoma anazaense n. sp.
Phrynosoma sp.
Sceloporine Type A
Sceloporine Type B
Gambelia corona n. sp.
Teiidae
Ameiva /Cnemidophorus
Teiini (basal)
Xantusiidae
Xantusia downsi* n. metasp.

Scincidae
Eumeces sp.
Anguidae
Gerrhonotinae indet.

stratigraphic control, or are represented by very
fragmentary specimens. The presence of many liz-
ard fossils from the Vellacito Badlands of Anza
Borrego Desert State Park, San Diego County, Cal-
ifornia (Fig. 1), offers an exceptional opportunity
to reconstruct Late Cenozoic regional lizard assem-
blages (Table 1).

Material used in this study was collected by field
parties of the Natural History Museum of Los An-
geles County, under the direction of Theodore
Downs, from 1957 to the present. The fossil pro-
ducing areas were originally prospected by Harley
J- Garbani. Over 450 fossil localities have been col-
lected through 4000 m of conformable sediments.
The localities are stratigraphically tied to the type
section of the Palm Springs Formation, which has
been paleomagnetically correlated with the mag-
netic polarity timescale (Opdyke et al., 1977).

Published work on the region’s fossil assem-
blages has been incomplete. Downs and White
(1968) reported the initial faunal list for the deposits
documenting the rich mammalian fossils. Other re-
ports have dealt with mammalian biostratigraphy
(Opdyke et al., 1977), species of the pocket gopher
Geomys (White and Downs, 1961; Becker and
White, 1981), the nyctophyline bat Anzanycterus
anzaense (White, 1969), and birds (Howard, 1963).
Brattstrom (1961) provided the only account of the
area’s fossil herpetofauna in describing turtle plates
as “referable to large tortoises.” Previous to the
present study, these same lizard specimens were
studied by Richard Etheridge, George Callison, and
Floyd Richey.

MATERIALS AND METHODS

Approximately 75 lizard specimens are catalogued into
75 numbered lots. Locality information is recorded by a
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Figure 1. Location of Anza Borrego Desert State Park.
Area of outcrops marked by an X.

number followed by a slash and the specimen number
(locality number /specimen number). Stratigraphic posi-
tion is fixed by “zone” numbers assigned to all fossil-
producing localities, in reference to the type section. These
zones refer to section thickness and are unrelated to sec-
tion completeness (sensu Schindel, 1980) or faunal com-
position.

The use of metataxa (signified by an * following the
Linnean binomial) follows that of Gauthier et al. (1988)
as modified from Gauthier (1984), Donoghue (1985), and
Mishler and Brandon (1987). Simply, a metataxon is a
systematic unit whose monophyly is not established but
contains some systematic information. Metataxa desig-
nate “‘suspect or unknown groups that can be considered
separately as a general category of uncertain status. This
includes unresolved groups for which there is no character
evidence demonstrating that they are either monophyletic
or paraphyletic” (Gauthier et al., 1988). As used here,
metataxa are specimens or groups of specimens that have
apomorphic characters linking them with a monophyletic
group; however, they lack unique apomorphic characters
defining their monophyly. Metataxa display the character
condition of an ancestor and their monophyletic sister-
group; however, metataxa are not considered as ancestors
here for reasons outlined in Schoch (1986) and Gaffney
(1979). Because metataxa are recognized by branching
pattern and represent the finest level of cladistic analysis,
T use this convention only for metaspecies. Because species
are the only natural units that can possibly be ancestral,
metataxa may in some cases be more than phylogenetic
artifacts. Recognition of metataxa at levels higher than
the species is not recommended because these groups are
of dubious monophyly.

Identification of fragmentary specimens at low taxo-
nomic levels is problematic and often cannot be defended
by reference to observable character states. Overinter-
pretation of the fossil record can lead to problems in
analyzing temporal evolutionary and biogeographic pat-
terns. If alpha-level systematics is used as a database for
such studies, referral can only be made on the basis of
derived characters (synapomorphies). The degree of hi-
erarchical relationship specified for particular specimens
is limited by the hierarchical level defined by characters
preserved on each specimen. To allow maximum reso-
lution, a hierarchical distribution of diagnostic characters
must be established and used in diagnoses. This is espe-
cially the case when taxa have been diagnosed elsewhere
on the basis of characters not preserved on the fossil
specimens. Unfortunately, few lizard families have been
analyzed cladistically to lower levels. Where such infor-
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mation is not available, systematic decisions must be con-
servative.

In naming new taxa, | follow Gauthier et al. (1988),
who suggest that taxonomic stability can be enhanced if
widely used names are “restricted to clades in which at
least two branches stemming from the basal node are
represented by extant organisms.” This approach renders
the diagnoses of extant groups immune to change brought
about by the description of new fossil material. For in-
stance, Pumilia novaceki* new genus and metaspecies,
although very similar and closely related to species of the
genus Iguana Laurenti, 1768, would require the redi-
agnosis of the extant genus Iguana if it were included
therein. Such redefinition based on often fragmentary fos-
sil material is less informative than diagnoses based on
extant material, because it explains less information (i.e.
character data). For the purpose of maximizing explan-
atory information and enhancing nomenclatural stability
of commonly used names, the suggestions of Gauthier et
al. (1988) are adopted herein. The taxonomy follows Estes
(1983).

GEOLOGY

The Palm Springs Formation (Woodring, 1931) is
exposed in the extensive Vallecito Badlands in the
southern section of Anza Borrego Desert State Park.
It is a thick unit (approximately 4000 m) that con-
tains over 30 localities that have produced lizard
fossils. The Palm Springs Formation is comform-
ably overlain by the younger Canebrake Formation,
a granitic gravel and boulder fanglomerate, and un-
derlain by the older Imperial Formation, a predom-
inantly marine unit composed of mud and sand-
stones with occasional biostromal oyster beds
(Pappajohn, 1980). The Palm Springs Formation
can be divided into four lithostratigraphic mem-
bers, each indicative of a different regional depo-
sitional environment and varied source terrain. No
lizard fossils are known from the conformable un-
derlying marine Imperial Formation, although
mammalian remains have been reported (Opdyke
et al., 1977).

Sediment composition varies both vertically and
regionally. The presence of detrital Cretaceous fo-
raminifera (Merriam and Bandy, 1965) indicates that
some of the sediments, especially those lower in
the section at the southeastern end of the park,
were deposited by the ancestral Colorado River.
Up-section and to the north, coarser materials de-
rived from the rising Peninsular and Coast ranges
to the west begin to replace the fluvial deposits.
The sporadic presence throughout the section of
an impoverished marine fauna indicates periodic
intrusion of the Gulf of California into the area
(Downs and Woodard, 1961).

Based on mammalian faunal associations, Downs
and White (1968) divided the fossiliferous section
into three local faunal zones independent of li-
thology. A lower Layer Cake local fauna has char-
acteristic early Blancan affinities, the temporally in-
termediate Arroyo Seco local fauna is late Blancan
in age, and the Vallecito Creek local fauna is late
Blancs  nd early Irvingtonian. Age determination
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Figure 2.  Stratigraphic markers in the fossil lizard-bear-

ing portion of the Palm Springs Formation. Modified from
Downs (pers. comm., 1986), Opdyke et al. (1977), and
Harland et al. (1982).

of the Palm Springs sediments has been further
refined by magnetostratigraphy (Opdyke et al., 1977;
Johnson et al., 1983) (Fig. 2). The magnetic and
paleontologic data gave slightly different results,
indicating that the Layer Cake local fauna is Early
Pliocene (early to middle Blancan), the Arroyo Seco
local fauna is Middle Pliocene (middle Blancan),
and the Vallecito Creek local fauna is Late Pliocene
to Early Pleistocene (late Blancan to early Irving-
tonian) (Downs, pers. comm., 1985).

SYSTEMATIC PALEONTOLOGY
Order Sauria McCartney, 1802

Suborder Lacertilia Owen, 1842
Infraorder Iguania Cope, 1864
Family Iguanidae Oppel, 1811

Subfamily Iguaninae Oppel, 1811

Pumilia new genus

DIAGNOSIS. Referred to a group containing
Iguana and Pumilia on the basis of the synapo-
morphic presence of a ventral quadrate process of
the squamosal and fan-shaped teeth with more den-
ticles than most other iguanines (nine or more).
Differs from Iguana in retaining primitive condi-
tions, including a constricted basisphenoid and teeth
with fewer denticles. The strict monophyly of the
type species Pumilia novaceki* cannot be estab-
lished, as all pertinent characters are primitive for
both Iguana and Pumilia.

TYPE SPECIES. Pumilia novaceki*.

ETYMOLOGY. From Latin pumila, meaning di-
minutive. Referring to the small size of this lizard,
compared to its close relatives.

Pumilia novaceki* new metaspecies
Figure 3

DIAGNOSIS. The same as for genus.

HOLOTYPE. LACM 65116/13739.

REFERRED SPECIMEN. LACM 6661,/78310.

TENTATIVELY REFERRED SPECIMENS.
6563/10600, 6661/78309, 6604/17651, 1922/
10599.

ETYMOLOGY. In honor of my friend and col-
league, Michael J. Novacek.
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Figure 3.
lateral view; B, dorsal view. Bar = 4 mm.

Pumilia novaceki* n. gen. and metasp., holotype skull, LACM 13739 from LACM locality 65116. A, right

DESCRIPTION OF THE HOLOTYPE. The
holotype specimen (Fig. 3) is a well-preserved cra-
nium and mandibles preserved in a fine-grained,
highly indurated siltstone. The left side of the skull
is crushed and laterally deformed. The braincase is
separated and slightly offset from the rostrum. The
dentaries and the ventral extensions of the quad-
rates are not preserved posteriorly. Several late on-
togenetic features of Iguana (large prefrontal ru-
gosity, mid-parietal ridge, and large, inflected angular
process) are present. The mandibles are thick, heavy,
and broken posteriorly; portions of the postdentary
bones are present.

The dentary is deep and robust. Meckel’s groove
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is closed and fused, opening anterolingually as a
small slot. The Meckelian reentrant tapers ante-
riorly and is filled dorsally by the coronoid, medially
by the large splenial, and ventrally by the angular.
An anterior mylohyoid foramen lies on the trian-
gular, slightly concave splenial. The labial surface
of the dentary is smooth with four mental foramina.
Posteriorly, the dentary process of the coronoid
overlaps the labial surface of the dentary.
Approximately 24 teeth are present on each den-
tary. Most of the teeth have been damaged by air-
abrasive preparation or obscured by unremovable
matrix and preservative. The leaf-shaped tooth
crowns are compressed laterally and flare abruptly
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dorsal to the level of the parapet. Four small cusps,
or denticles, are arranged symmetrically on each
side of the apical point.

The coronoid is thick, with a posteriorly deflect-
ed coronoid process that is rounded dorsally as in
young I. iguana Linnaeus, 1758. The angular forms
the ventral surface of the mandible posterior to the
dentary. Anterolabially, it and the surangular con-
tact the dentary along a “V”-shaped suture. The
labial angular-surangular contact lies along a hor-
izontal suture.

Dorsally, the mandible posterior to the dentary
is formed by the surangular. Only the smooth, con-
vex, labial surface is visible and it is broken pos-
teriorly. Posteriorly, the mandibles are fragmented,
but the distal extension of a large, inflected angular
process is present medially.

The premaxilla is undivided and forms the an-
terior margin of the skull. The slender nasal process
forms a convex arc inserting in an incised notch in
the suture dividing the paired nasals, whereas the
maxillary branch forms the anterior portion of the
ventral shelf in the floor of the external nares. A
single ethmoidal foramen lies just ventral to each
narial opening. Seven weakly serrated, almost iso-
dont, premaxillary teeth are present.

The maxillae are large, thick, and triangular, ar-
ticulating anteriorly with the maxillary branch of
the premaxilla, dorsally with the nasals, and pos-
terodorsally with the prefrontals, lacrimals, and ju-
gals. The nares are round and deeply excavated with
the anterior inferior alveolar foramina lying on pos-
terodorsally tapering concave shelves. Six suprala-
bial foramina and approximately 22 teeth are pres-
ent. Maxillary teeth are similar to those on the
dentary.

Convex nasals form the posterodorsal border of
the external nares. Paired nasal rugosities are pres-
ent medially. The septomaxilla is inside the narial
opening and is oriented almost vertically, attaching
to the roof of the nasal capsule at the nasal pre-
maxillary suture.

The frontal forms the dorsal border of the orbit
along a thick, rounded supraorbital ridge. Supraor-
bital foramina lie on the lateroventral surfaces. The
rectangular frontal widens posteriorly and is lat-
erally concave above the orbits. Anteriorly, it forms
an incised “M”-shaped suture with the nasals; an-
terolaterally it articulates with the prefrontals. The
frontal-parietal suture is straight and contains the
parietal foramen.

The anterior and dorsal perimeter of the elliptical
orbit is bounded by three bones: a ventral jugal, a
medial lacrimal, and a dorsal prefrontal. The cres-
cent-shaped jugal is dorsoventrally concave; a
strut-like posterior temporal process contacts the
postorbital but not the squamosal. Anteriorly, the
prefrontals are thick and contact the small, angular
lacrimals along horizontal sutures. At least four
suborbital foramina lie on each jugal. Dorsal to the
lacrimals, the prefrontals form the anterodorsal an-
gles of the orbits and are curved, long, and taper
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posteriorly. A large prefrontal rugosity lies just dor-
sal to the lacrimal prefrontal juncture.

The triangular postorbital bounds the orbit pos-
teriorly. The postorbital articulates anteroventrally
with the temporal process of the jugal and poste-
riorly with the squamosal along a sinuous suture.
The postorbital and jugal do not contact. Dorsally,
the postorbital is constricted. Its posterior margin
is concave and borders the supratemporal fenestrae.
Anterodorsally, a large tuberosity is present just
ventral to contact with the postfrontal. The post-
orbital-parietal boundary is short and lies posterior
to the frontal-parietal suture.

The postfrontal is small and splinter-like, lying
along the junction of the postorbital, parietal, and
frontal on the inside of the orbit at the postero-
dorsal orbital angle.

The hourglass-shaped parietal forms the roof of
the braincase. Paired anterior postorbital processes
meet the postorbitals along the anterior edge of the
supratemporal fenestrae. Posterior to the postor-
bital process the parietal is constricted. Broad,
smooth, sloping surfaces form the medial boundary
of the supratemporal fenestrae meeting along the
midline to form a crest. Anteriorly, the crest divides
and continues as ridges along the postorbital pro-
cesses. Posteriorly, a deep notch is formed by the
posterior extension of the supratemporal parietal
processes.

The dorsally ridged, hook-shaped squamosals
enclose the supratemporal fenestrae posteriorly.
Squamosals do not contact the posterior processes
of the jugals along the ventral postorbital margins.
Posteriorly, the squamosals curve medially to con-
nect with the supratemporals and the parietal. Ven-
tral quadrate processes meet the tympanic crests of
the quadrates. Only the triangular posterior surfaces
of the supratemporals are visible, lying below the
junction of the squamosals and the parietal. A nar-
row splinter-like process lies ventral to most of the
parietal along the supratemporal fenestrae.

The quadrate is “C”-shaped with an enlarged
anterolateral tympanic crest that meets the quadrate
process of the squamosal and the other temporal
bones at the cephalic condyle. The anterior surface
of the bone is slightly convex dorsoventrally and
broad and flat mediolaterally; its posterior margin
is concave. Ventrally the quadrate is not preserved.

The basisphenoid and basioccipital meet in a
transverse suture, defined by a small ridge just an-
terior to the sphenoccipital tubercles. Together these
bones form the hourglass-shaped floor of the brain-
case. The basipterygoid processes extend antero-
ventrally to meet the pterygoids. The ventral sur-
face of the basisphenoid is laterally concave, whereas
the basioccipital is convex.

The prerygoid is large, with a broad, flat palatine
process and a thin posteriorly oriented quadrate
process. A blunt transverse process articulates with
the ectopterygoid laterally. Posterlorly, the quad-
rate process is broken anterior to its connection
with the quadrate. Pterygoid teeth are arranged on
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