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Abstract

Cnemidophorus whiptail lizards offer a unique opportunity
to study behavioral and neural evolution because unlike
most genera, ancestral and descendant species are still ex-
tant, and comparisons between species provide a window
into correlated changes in biological organization through
speciation. This review focuses on the all-female or parthe-
nogenetic species Cnemidophorus uniparens (descendant
species), which evolved through several hybridization
events involving the sexually reproducing species Cnemi-
dophorus inornatus (ancestral species). Data compiled over
more than 2 decades include behavioral, endocrine, and
neural differences between these two related species of
whiptail lizards. For example, unlike females of the ances-
tral species, individuals of the descendant species display
male-like mounting behavior (pseudocopulatory behavior)
after ovulation. Pseudocopulatory behavior in the partheno-
gen is triggered by the progesterone surge after ovulation,
and the behavioral capacity to respond to progesterone ap-
pears to be an ancestral trait that was inherited from C.
inornatus males through the hybridization events. Interest-
ingly, the regulation of sex steroid hormone receptor mRNA
in brain areas critical for the expression of sociosexual be-
haviors differs between females of the two species and sug-
gests that evolutionary changes in the regulation of gene
expression could be a proximate mechanism that underlies
the evolution of a novel social behavior in the parthenogen.
Finally, because the sexual species is diploid, whereas the
parthenogen is triploid, differences between the species
could directly assess the effect of ploidy. The behavioral
and neuroendocrinological data are pertinent for consider-
ing this possibility.
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Whiptail Lizards as a Model System for
the Study of Behavioral Evolution

omparative models systems are advantageous to the

study of behavior as well as the neural substrates

underlying behavior because they lend insight into
the evolutionary history of, and the general rules governing,
a particular phenotype. For example, traits or characteristics
shared by many different taxa are often evolutionarily more
ancient and hence more fundamental compared with traits
that are unique to a species and evolutionarily more recent
and derived (Gould 1977). In addition, comparative systems
often include species with novel adaptations or traits that
can be considered alternative solutions to evolutionary
problems. The study of such systems often requires us to
reconsider standard approaches or perspectives to under-
stand and incorporate features of particular species. Reptiles
in particular are useful taxa in the study of behavioral evo-
Iution because they are the present-day representatives of
ancestors of mammals and birds.

We study the neural mechanisms underlying species dif-
ferences in behavior in two related species of whiptail liz-
ard. Whiptail lizards (genus Cnemidophorus) afford a
particularly good opportunity to investigate the evolution of
social and sexual behaviors and their neural mechanisms
because a direct ancestor-descendant phylogeny is present.
Approximately one third of extant whiptail lizard species
are all-female (parthenogenetic) species that resulted from
hybrid unions of sexual species (Wright 1993). For ex-
ample, the parthenogenetic desert-grasslands whiptail
(Cnemidophorus uniparens) descended from an initial hy-
bridization event between two sexually reproducing species,
the rusty rumped whiptail (Cnemidophorus burti) and the
little striped whiptail (Crnemidophorus inornatus) and a sub-
sequent back-crossing of the diploid parthenoform with C.
inornatus (Wright 1993; Figure 1). Consequently, two
thirds of the triploid genome of the descendant parthenoge-
netic species is derived from C. inornatus, the maternal
ancestral species. This ancestor-descendant relationship of
these two extant species affords a window into the evolution
of behavior and the brain.

Parthenogenetic Cnemidophorus lizards also provide a
unique system for studying reproductive behavior because
many of these species, including C. uniparens, display both
male- and female-typical sexual behavior. Thus the neural
substrates for the display of masculine and feminine repro-
ductive behaviors can be investigated within the same in-
dividual. Because females of the ancestral, sexual species
naturally display only female-typical sexual behaviors, the
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