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ABSTRACT: The neurohypophysial peptide arginine vasotocin
(AVT) alters the display of several sexually dimorphic behaviors
in the bullfrog (Rana catesbeiana). These behaviors include
mate calling, release calling, call phonotaxis, and locomotor
activity. Populations of AVT-immunoreactive cells are present
in six areas of bullfrog brain and fibers are widespread. Neural
areas involved in vocalization, in particular, contain AVT cells
and fibers. As well, AVT concentrations in a subset of brain
areas are sexually dimorphic and steroid sensitive. Effects of
gonadectomy and gonadal steroid treatment vary, depending
on the brain area and sex of the frog. For example, some
anterior areas are sensitive to changes in both dihydrotestos-
terone (DHT) and estradiol. In some posterior brain areas, on
the other hand, AVT levels are affected only by DHT. A similar
situation exists for putative AVT receptors in bullfrogs. Recep-
tors are widespread, occurring in many areas that have been
linked to behavior. Receptor concentrations are sexually dimor-
phic in the amygdala pars lateralis, hypothalamus, pretrigemi-
nal nucleus, and dorsolateral nucleus. Estradiol alters AVT re-
ceptor level in the amygdala of both sexes of bullfrog and both
estradiol and DHT alter the receptor number in the pretrigemi-
nal nucleus, but only in males. The mechanisms responsible for
steroid effects on vasotocin neurons and their targets are un-
known. Specific AVT cells, fiber terminal fields, and receptor
populations are likely influenced by gonadal steroids for effec-
tive timing of individual behaviors displayed by bullfrogs.
© 1997 Elsevier Science Inc.

KEY WORDS: Vasopressin, Amphibian, Receptor, Androgen,
Estrogen.

INTRODUCTION

Vocalizations are a critical component of the sexual behavior of
most anuran amphibians (frogs and toads). In bullfrogs (Rana
catesbeiana), for example, only males give a species-specific
‘‘mate call,’’ which serves to attract females and maintain territo-
ries [16]. Not only are there sexual differences in calling, but the
response of male and female bullfrogs to the mate call is also
dimorphic. Another male will answer the call with a mate call of
his own, while another female will never call but instead will
approach the call source (‘‘call phonotaxis’’). Both sexes of bull-
frogs can give ‘‘release calls,’’ which function to end inappropriate
clasping, although call rate differs in males and females. The
chemical messengers responsible for these sexually dimorphic
behaviors are unclear.

The peptide arginine vasotocin (AVT) may represent a neuro-
chemical link between sexual dimorphism in central nervous sys-
tem anatomy and display of sex-typical behaviors (such as calling)

in amphibians. AVT belongs to a family of closely related peptides
and it is the ‘‘ancestral’’ peptide, found in representatives from all
vertebrate classes [1,66]. In amphibians, reptiles, and birds, AVT
and mesotocin are the two neurohypophysial peptides. Homolo-
gous peptides in most mammals are arginine vasopressin (AVP)
and oxytocin. AVT, AVP, and oxytocin modulate display of re-
productive behaviors in representatives from all vertebrate classes
[44]. The chemical messengers that control many reproductive
behaviors in amphibians are thus substantially the same as those of
other vertebrates. Sexual differences in brain anatomy and behav-
ior are also found across vertebrate classes [19]. Amphibians differ
in having simpler brains and smaller repertoires of stereotyped
behaviors. These characteristics make many amphibians uniquely
advantageous model systems.

VASOTOCIN CONTROL OF AMPHIBIAN SEXUAL
BEHAVIORS

Vocalizations are modulated by AVT in several anuran am-
phibian species, including bullfrogs [8,39,53,60]. For example,
AVT increases mate call frequency and decreases calling latency
in male bullfrogs. Calling in males was stimulated by exposure to
tape recordings of calling field choruses. The same treatment of
female bullfrogs, however, never has elicited mate calling. Instead,
AVT injection of female bullfrogs enhances their physical attrac-
tion to recorded calls. Specifically, AVT decreases the time re-
quired for females to reach a call source and decreases latency of
females to leave the starting position during call playback. AVT
also stimulates phonotaxis in female toads [59]. These experiments
were done during the natural breeding season of bullfrogs, when
endogenous steroids were at their highest.

AVT also alters release calling in male and female bullfrogs,
but in a sexually dimorphic fashion [7]. Both sexes give release
calls, which are indistinguishable in most acoustic characteristics
but differ in call rate (faster in males). AVT decreases release call
rates in female bullfrogs but increases call rate in males in the
spring. AVT has no significant effect in the fall, outside the natural
breeding season, in either sex. Effects of AVT on calling in
bullfrogs are thus sexually dimorphic and seasonally variable, as
are plasma steroid concentrations [38,42]. These sexual and sea-
sonal differences support the hypothesis that gonadal steroids and
AVT interact in neuroanatomical areas controlling vocalization. In
addition, previous studies indicate that vocalizations in birds and
mammals are altered by AVT, AVP, and oxytocin [17,20,35,71,
77]. Effects of neurohypophysial peptides on vocalization are thus
found in several vertebrate classes, but sites where these peptides
influence vocal behaviors are unknown.
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Gonadal steroids are probably required for the display of mate
calling in frogs. Castration is followed by a disappearance of mate
calling in many species [49,53,55,75]. Androgen replacement can
sometimes restore calling behavior [53,73,75], but sometimes not
[49,55]. Occasionally, androgen treatment has been able to induce
mate call-like vocalizations in female frogs [33,53] or alter vocal-
ization areas [56,58]. Both behavior and brain are thus influenced
by steroids. Presumably, steroids must modulate frog calling be-
havior by altering neuronal activity of cells in vocalization brain
areas, but this has not been tested.

Brain areas controlling vocalization in amphibians are best
studied in the South African clawed frogXenopus laevis.Briefly,
information from the amygdala/striatum complex, thalamus, and
preoptic area (POA) is sent to the vocalization pattern generator in
the pretrigeminal nucleus (PTN) and via motor neurons (cranial
nerve IX–X) to the larynx [29]. Structural sex differences have
been described for almost every portion of this system in various
amphibian species [29,56,57,63]. Androgen-concentrating cells
(labeled using in vivo3H-steroid autoradiography) predominate in
vocalization areas and are found in the thalamus, PTN, and nucleus
IX–X [29]. Estradiol-concentrating cells are found in more rostral
areas, including the striatum, amygdala, thalamus, and POA [46].
Frog brain therefore possesses a simple pathway for vocalization
control and putative steroid receptors are found throughout that
pathway. These brain areas are likely sites for AVT–steroid inter-
action in control of calling in bullfrogs.

Because both male calling and female call phonotaxis were
evoked by the same stimulus (a recording of male bullfrog calls),
we have hypothesized that AVT stimulates both behaviors through
a common site in the auditory system [8]. Cells that concentrate
3H-estradiol and progestin inXenopushave been found in the torus
semicircularis, whereas in the ventral hypothalamus cells accumu-
late labeled estradiol, progesterone, and testosterone [46,54]. Ste-
roids may alter auditory processing in amphibians because there
are sexual, seasonal, or steroid-treatment differences in auditory
sensitivity in some species [2,34,47,53,78]. Sexually dimorphic
and steroid-sensitive regions in the frog auditory system thus
represent other potential sites for gonadal steroid and AVT inter-
action.

In addition to effects on vocalizations and mate call phonotaxis,
AVT also alters general locomotor activity in bullfrogs [6]. AVT
inhibits locomotion in a dose-dependent fashion during bullfrog
tadpole development. The minimum effective dose of AVT, when
injected directly into tadpole brain, is 100-fold less than that
required when AVT is injected peripherally. This supports the
hypothesis of a central nervous system site of action for the
peptide. A vasopressin antagonist (d(CH2)5[Tyr(Me)2]AVP ad-
ministered peripherally or centrally) significantly increases loco-
motion, suggesting a role for endogenous peptide in tadpoles. In
addition, these effects of AVT are relatively specific since some
related peptides (AVP, oxytocin, AVP4–9) alter behavior but oth-
ers (mesotocin, desGly(NH2)AVP, pressinoic acid) do not. Behav-
iorally-active peptides have also been shown to bind to putative
brain AVT receptors in vitro (see below). The effect of AVT on
bullfrog locomotor behavior changes during development and a
sexual difference appears after metamorphosis. Specifically, AVT
stimulates activity in juvenile or adult females bullfrogs (rather
than the inhibitory effect observed in tadpoles) but has no effect on
locomotion in metamorphosed male frogs. Gross locomotor activ-
ity in adult bullfrogs is sexually dimorphic during the breeding
season. Males are relatively sedentary and occupy small territories
while females traverse breeding ponds widely and are not territo-
rial. AVT stimulation of female locomotion, but not male, may
thus be related to reproduction as well.

Arginine vasotocin regulates other reproductive behaviors in

amphibians. InTaricha granulosa(newt), males exhibit amplectic
clasping behavior when injected with AVT, and AVT levels in
some brain areas correlate with occurrence of sexual behaviors
[44]. AVT facilitation occurs in the brain and gonadal steroids are
necessary. This peptide also modulates the display of egg-laying
behaviors in newts [45]. Thus, AVT stimulates both male-typical
and female-typical behaviors in amphibians, sometimes both types
of behavior in one sex [45,53]. Likewise, AVP influences repro-
ductive behaviors in mammals including flank marking [28], lor-
dosis [61], intromission and ejaculation patterns [5], parental be-
havior [52], and pair bonding [76]. AVP thus also alters male and
female sexual behavior in mammals. In birds, neuropeptide and
steroid interaction in the control of behaviors is also being inves-
tigated [50,51,67–69]. Across vertebrate classes, therefore, there is
a consistent interaction between gonadal steroids and neurohy-
pophysial peptides in control of sexually dimorphic behaviors.

DISTRIBUTION OF AVT IN THE BULLFROG BRAIN

AVT immunoreactivity is widespread in bullfrog brain, con-
sisting of six cell populations with extensive hypothalamic and
extrahypothalamic fiber projections [13,40]. AVT-immunoreactive
(AVT-ir) cells are located in the septum, amygdala pars lateralis,
magnocellular POA, suprachiasmatic nucleus (SCN), hypothala-
mus, and PTN. These same populations have been detected in
bullfrog brain using an oligonucleotide probe to the toad AVT
gene and in situ hybridization [14]. Several AVT cell populations
are located in areas that concentrate sex steroids inXenopus(see
above). Specifically, androgen-concentrating cells are present in
the frog PTN and estradiol-concentrating cells are present in the
amygdala and POA. Other steroid-concentrating cell groups over-
lap with AVT-ir fibers (i.e., torus semicircularis). These locations
are especially likely sites for direct effects of gonadal steroids on
AVT synthesis or release.

AVT cells and fibers appear in the bullfrog brain early in
tadpole development [9]. AVT-ir cells are already present in the
three diencephalic areas (POA, SCN, and hypothalamus) at Stage
III, when tadpoles are free-swimming larvae but with only rudi-
mentary limb buds. AVT-ir cells in the telencephalic septal nu-
cleus and amygdala do not appear until Stage VI. Interestingly,
during development, AVT-ir cells are present in the medial amyg-
dala and not the lateral portion of the nucleus. At adulthood,
AVT-ir cells are found predominately in the amygdala pars late-
ralis. In most other amphibian species, AVT-ir cells have also been
found only in the amygdala pars medialis [18,30–32,36,40]. Be-
cause the amygdala pars lateralis of amphibians receives projec-
tions almost entirely from the accessory olfactory bulb [48], this
suggests that AVT-ir cells in the bullfrog may have a unique
function, perhaps associated with olfaction, that is not found in
other amphibians. Finally, cells in the hindbrain pretrigeminal
nucleus appear much later—after Stage XX and around metamor-
phosis. Thus, different populations of neurons begin to express
AVT at unique times during development. It is likely that AVT
gene expression is controlled by different factors in these brain
regions, but the factors are unknown.

Several sexual differences in the distribution of AVT cells and
fibers in bullfrogs are evident [13]. The most obvious difference is
in the amygdala pars lateralis, where male bullfrogs have signifi-
cantly more AVT-ir cells and fibers than do female bullfrogs. As
mentioned above, immunoreactivity in this area is not even present
until after metamorphosis so the sexual differences must appear
during juvenile frog development or at adulthood. This coincides
with divergence of steroid hormone profiles into sex-typical pat-
terns [41]. Gonadal steroids may thus be altering AVT cell migra-
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tion into the amygdala pars lateralis from the pars medialis, or
specific patterns of cell birth and death in the amygdala.

Sex differences in immunocytochemical staining are also
present in the bullfrog habenula and SCN [13]. In the habenula,
males have a denser distribution of fibers than females. The source
of these fibers is unknown. On one hand, tract-tracing shows a
strong bilateral connection between the septum and the habenula
of frogs [37] so septal AVT-ir cells may be the source of habenular
AVT-ir fibers. Alternatively, by homology with rats, amygdala
AVT-ir cells may be the source of such fibers. Some evidence
indicates that the amygdala pars lateralis cells of bullfrogs are
homologous to the bed nucleus of the stria terminalis/medial
amygdala (BNST/MA) AVP-ir cells in the rat [13]. Those AVP-ir
cells are the major source of sexually dimorphic fibers in the lateral
habenular nucleus of the rat [25]. In the SCN of bullfrogs, AVT-ir
cell size is significantly greater in females than in males [13]. The
causes and consequences of this sexual difference, as well as the
connections of this cell population, remain to be investigated.

Sex differences in AVT-ir are also observed when microdis-
section and radioimmunoassay are used to assess AVT concentra-
tions [10,12]. This technique also allowed detection of differences
in fiber areas, where quantitation of immunocytochemical staining
was difficult. We found higher levels of AVT in males, compared
to females, in six brain areas: amygdala pars lateralis, septum,
habenula, optic tectum, PTN, and tegmentum. Concentrations in
the bullfrog auditory dorsolateral nucleus are higher in females
than in males. Sex differences are thus present in a subset of
AVT-ir areas, including three that contain AVT cell bodies (amyg-
dala, septum, and PTN). In addition, dimorphisms were found in
two vocalization areas (amygdala, PTN) and an auditory region
(dorsolateral nucleus). These areas may represent neural sites of
AVT and steroid interaction in control of bullfrog behavior. Den-
sity of AVP- or AVT-ir is sexually dimorphic in some amniote
species as well, including birds [68,72], reptiles [62,64], and
mammals (e.g., [4,22,27]). Sexual differences in these peptide
pathways are thus a conserved feature across vertebrate classes.

GONADAL STEROID EFFECTS ON AVT
CONCENTRATIONS

Gonadal steroids are likely responsible for these dimorphisms
[10]. Gonadectomy and steroid-replacement experiments show
two ‘‘patterns’’ of steroid influence on AVT concentrations. The
three anterior dimorphic areas (amygdala, septum, and habenula)
show a pattern with similar effects in both sexes and influence by
an androgen and an estrogen. Specifically, gonadectomy decreases
AVT content in amygdala, septum, and habenula of both sexes. In
these areas, both DHT and estradiol treatment are able to restore
AVT concentrations to levels equal to or greater than sham levels.
In the three posterior dimorphic areas (optic tectum, torus semi-
circularis, and PTN), AVT concentrations appear to be only an-
drogen sensitive. Gonadectomy decreases AVT levels in these
areas in males only (only males had detectable DHT before go-
nadectomy). DHT treatment significantly increases AVT levels in
both males and females. Estradiol treatment has no effect in either
sex in these posterior three areas. The gonads thus maintain AVT
concentrations in several brain areas in bullfrogs and this may be
one mechanism for gonadal maintenance of sexual behavior. In
addition, differences in sites of DHT and estradiol effects on AVT
levels may account for sexual and seasonal differences in behavior.

The mechanism for steroid effects on AVT concentrations is
currently unclear. AVT cells are present in three areas altered by
treatment—the amygdala pars lateralis, septum, and PTN. Andro-
gen-concentrating cells are likely present in the PTN and estrogen-
concentrating cells in the septum, amygdala, POA, and hypothal-

amus (based on homology withXenopus;see above). It is therefore
possible that steroids are directly affecting AVT synthesis in these
brain areas but it is unknown whether steroid receptors are colo-
calized in any AVT cells. In mammals, both estrogen and andro-
gen receptors are colocalized in AVP cells in the BNST/MA [3,79]
and both steroids alter AVP-ir and AVP mRNA in these areas
[4,15,22–24,74]. Similar changes are observed in bird AVT path-
ways [50,68,72]. In bullfrogs, an indirect mechanism may be
responsible for steroid effects in areas such as the optic tectum.
The tectum does not possess AVT-ir cells, and androgen receptors
have not been previously described in this region in amphibians,
but AVT levels are nonetheless androgen sensitive. These changes
may be due to dimorphic fiber projections from other, steroid-
sensitive, regions with AVT cells.

STEROID EFFECTS ON AVT RECEPTOR
CONCENTRATIONS

Putative receptors for AVT are located in many regions of the
amphibian brain and share significant similarities with mammalian
and bird brain AVP and AVT receptors. We have used in vitro
quantitative autoradiography to characterize binding sites for3H-
AVP in the medial pallium of the newt brain [65]. These high
affinity (Kd 5 1 nM) and low capacity (about 60 fmol/mg protein)
binding sites exhibit many characteristics of authentic AVT recep-
tors. In particular, the rank order of potency for related peptides is
as follows: AVT . d(CH2)5[Tyr(Me)2]AVP (a mammalian pres-
sor antagonist). AVP, oxytocin, and [dPen1Tyr(Me)2]AVP (also
a pressor antagonist). mesotocin@ desGly(NH2)AVP, AVP
fragment 4–9, and pressinoic acid. These binding sites are thus
similar to mammalian brain AVP receptors in recognizing pressor
analogs (i.e., likely belong to the VI class of receptor subtypes) but
differ from mammalian receptors in greater potency of AVT. We
have recently expressed an AVT receptor fromXenopuswhole-
brain mRNA in aXenopusoocyte expression system [43]. The
ability of AVT and d(CH2)5[Tyr(Me)2]AVP to alter current flux
across oocyte membranes was similar to that observed in autora-
diography studies. We have no evidence for multiple subtypes of
AVT receptor in brain, whether from studies with newts, bullfrogs,
or Xenopus(synthetic analogs developed for mammals may not be
optimal for such detection). Neither have we ever detected a
separate mesotocin receptor that might be analogous to the mam-
malian oxytocin receptor.

Using these autoradiography procedures first developed in
newts, we have characterized the distribution of putative AVT
receptors in the bullfrog brain (Table 1). Highest concentrations of
receptors (not including pituitary) were present in the bullfrog
medial pallium, amygdala pars lateralis, and hypothalamus. Both
the hypothalamus and amygdala possess significant AVT-ir cell
populations and dense fiber fields, but the medial pallium of
bullfrogs is more puzzling. The medial pallium contains a few
fibers and terminal fields and we can detect AVT-ir with RIA but
this low level of AVT content is not obviously consistent with the
high concentrations of AVT receptors. In the brainstem, beginning
at the level of the cerebellum, putative AVT receptors are found in
a relatively continuous ‘‘rod’’ that continues to the spinal cord.
Thus, the data shown in Table 1 come from sampling within
precise neuroanatomical areas, but this does not imply that these
are the only brainstem locations where AVT receptors were found
or that there were receptor-free areas separating these regions.
AVT receptors in brainstem are located within the vocalization
pathway and AVT injection may have altered frog calling by a
very specific action in these areas. Alternatively, the broad distri-
bution supports the hypothesis that AVT has a more general
‘‘activating’’ action within the brainstem that may alter multiple
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behaviors. Discrimination between these possibilities awaits mi-
croinjection and specific behavior studies.

Density of putative AVT receptors is sexually dimorphic in
some neuroanatomical areas in bullfrogs (Table 1). During the
breeding season, binding site concentrations were significantly
greater in female bullfrogs, compared to males, in the amygdala
pars lateralis and hypothalamus. On the other hand, concentrations
were greater in male bullfrogs in two hindbrain areas—the pretri-
geminal nucleus and dorsolateral nucleus. This is the first report of
sexual differences in density of AVT receptors in any ectotherm.
Such differences have been previously observed in a few endo-
therms (e.g., [21,26,70]). Sexual dimorphism in receptor concen-
trations may account for sexual differences in the behavioral
effects of AVT in bullfrogs. Importantly, the amygdala and pre-
trigeminal nucleus control sexually dimorphic vocalizations. AVT
may directly affect vocalization behavior in amphibians by altering
sensory processing in the amygdala or motor output from the
pretrigeminal nucleus.

These sexual differences in receptor concentrations may be due
to activational actions of gonadal steroids in two brain areas (Fig.
1). In the amygdala pars lateralis, gonadectomy significantly re-
duced putative receptor concentrations similarly in male and fe-
male bullfrogs. Gonad removal reduces AVT receptor concentra-
tions in the amygdala of the newt, as well [11]. Estradiol treatment
of gonadectomized male and female bullfrogs not only restored
receptor concentrations but those levels surpassed sham levels.
DHT treatment had no significant effects. In the pretrigeminal
nucleus, only receptor concentrations in male bullfrogs were af-
fected by treatment. Castration of males significantly decreased
binding site concentrations. Either DHT or estradiol treatment
were able to restore receptor concentrations to sham levels in

castrates. Because the presence of gonadal steroids is required for
behavioral effects of AVT to be seen in amphibians [7,44], steroids
may alter behavior by maintaining receptors for behaviorally im-
portant neuropeptides. It is also possible that treatment effects on
AVT receptors were secondarily due to changes in AVT concen-
trations under different steroid regimes.

Although AVT receptor concentrations were sexually dimor-
phic in the hypothalamus and dorsolateral nucleus of bullfrogs,
gonadectomy and steroid treatment did not alter receptors in those
areas. This was unexpected because the hypothalamus of other
amphibians contains estradiol-concentrating cells and the dorso-
lateral nucleus contains androgen-concentrating cells (see above).
It is possible that steroid receptors in these areas are present on a
separate subpopulation of cells, not AVT target cells. As well,
steroids may have had permanent organization effects on AVT
receptors in these areas but be no longer required to maintain the
dimorphisms. For example, steroids may influence cell survival in
these areas but not directly alter AVT receptor expression in
adulthood. Finally, AVT receptors are likely located on cellular
processes, which may be far removed from the cell body. Because
steroid receptors would be primarily located in cell nuclei, steroids
may function in neuroanatomical regions other than those where
significant receptor effects are observed.

SUMMARY

Exogenous treatment with AVT alters the display of several
behaviors in male and female bullfrogs. Effects on calling behavior

TABLE 1
AVT RECEPTOR CONCENTRATIONS IN INDIVIDUAL ANATOMICAL

AREAS OF THE MALE AND FEMALE BULLFROG BRAIN DURING THE
BREEDING SEASON (JUNE)

Neuroanatomical Area

AVT Receptor Concentration
(Mean6 SEM fmol/mg Tissue)

Males Females

Forebrain
Olfactory bulb 9.16 1.9 8.66 1.7
Medial pallium 28.76 2.8 30.16 2.3
Lateral pallium 21.46 3.0 25.16 2.3
Septal nucleus 13.36 1.5 12.56 2.2
Amygdala pars lateralis 21.16 1.0 30.76 1.3*

Diencephalon and pituitary
Preoptic area 12.86 1.5 15.76 1.8
Hypothalamus 27.66 1.4 33.56 1.5*
Thalamus 11.96 1.2 12.36 1.1
Anterior pituitary 26.56 1.7 29.06 1.4
Posterior pituitary 47.56 3.1 46.76 2.6

Midbrain and brainstem
Optic tectum 13.36 1.5 14.56 2.2
Torus semicircularis 19.56 1.5 14.46 3.2
Tegmentum 15.56 0.9 17.26 1.4
Pretrigeminal nucleus 16.56 1.1 10.16 1.0*
Dorsolateral nucleus 21.76 1.4 13.26 1.4*
Nucleus of cranial nerve IX–X 11.56 1.4 10.06 1.2

n 5 5/sex; see [65] for methods.
* Indicates areas where receptor concentrations in males and females

differ significantly from each other; Unpairedt-test,p , 0.05.

FIG. 1. Concentrations of putative AVT receptors (method in [65]) in
bullfrog brain. Frogs were sham operated or gonadectomized (GnX) and
treated with control or steroid implants for 30 days. See Boyd, 1994 [10]
for complete description of treatments, number of animals, and plasma
steroid concentrations. Asterisks (*) indicate groups that differ significantly
from sham animals of the same sex (p , 0.05; one-way ANOVA within
each sex). Bars indicate standard error of the mean.
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are the most robust and consistent across anuran amphibians. The
involvement of endogenous peptide in control of these behaviors is
supported by several lines of evidence. First, AVT-ir cells and
fibers and AVT receptors are all present in vocalization brain
areas. Second, there is a correlation between effects of gonadal
steroids on calling behavior and on AVT and AVT receptor
concentrations. Specifically, steroids are required for maintenance
of some behaviors and of some AVT pathways. The AVT system
in the bullfrog brain may therefore act as a ‘‘neurochemical link’’
between gonadal steroids and the ultimate display of behaviors.
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