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Hemipenile Preference: Stimulus Control of Male Mounting

Behavior in the Lizard Anolis carolinensis

Abstract. The urogenital system of squamate reptiles is represented by separate,
bilaterally symmetrical tracts. Males alternate in their use of the right and left hemi-
penes. Sensory feedback from the hemipenis and, to a lesser extent, from the ipsilat-
eral testis is important in determining which hemipenis the male will use for mating.

The squamate reptiles (lizards and
snakes) are unique among amniote verte-
brates in having bilaterally symmetrical
intromittent organs. These structures,
known as the hemipenes, can be highly
ornamented, possessing numerous pa-
pillae, calyces, and spines. Indeed, hem-
ipenile structure has long been used by
herpetological systematists as an aid in
classifying snakes (/). The functional sig-
nificance of the paired hemipenes is less
well known, however. I now report sev-
eral experiments which indicate that, in
the lizard Anolis carolinensis, sensory
feedback from the hemipenis is impor-
tant both in the male’s initial orientation
during mounting and in the termination
of copulation. Further, propioceptive
feedback from the testes has a similar
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Fig. 1. Urogenital system of the male lizard A.
carolinensis.
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but less pronounced influence on male
copulatory posture. These findings sug-
gest that the hemipenile alternation ob-
served in successive copulations in A.
carolinensis is due to feedback from both
the testes and hemipenis. A possible
function of this process might be to mon-
itor the ability of each testis to deliver
mature sperm.

Courtship and copulation in the lizard
A. carolinensis has been described in de-
tail elsewhere (2). Briefly, the male ad-
vances toward the female, pausing to
perform the courtship display. This dis-
play consists of a species-typical up-and-
down bobbing movement of the body
coordinated with extension of a brightly
colored red throat fan or dewlap. If sex-
ually receptive, the female will stand for
the male, arching her neck as the male
takes a neck grip (3). The male then
straddles the female, swinging his tail be-
neath the female’s to appose the cloacae.
The male then inserts a single hemipenis
into the female’s cloaca; copulation lasts
approximately 10 minutes, although indi-
vidual males have characteristic mating
times (4). If the male mounts on the fe-
male’s right side, he will evert the left
hemipenis and vice versa. Since the male
curves his tail beneath the cloacal open-
ings, it is possible to determine quickly
which hemipenis he has inserted by the
angle of deflection of his tail; for ex-
ample, the male’s tail will be curved to
his right if he has intromitted with the
right hemipenis.

In male lizards and snakes, the re-
tracted hemipenes are paired mem-
branous pouches in the base of the tail
attached to the posterior wall of the
cloaca (/). During mating, intromission
is achieved with the eversion of one
hemipenis through the male’s cloacal

opening. Dissections of the urogenital
system of squamate reptiles reveal that
the vas deferens from the paired abdomi-
nal testes do not enter into a common
urogenital sinus as in other vertebrates.
Instead, sperm are transported by each
vas deferens to a seminal groove on the
surface of the ipsilateral hemipenis (Fig.
1); thus, male lizards and snakes have
two separate and functional reproductive
tracts. )

In my examination of the stimulus
control of male copulatory behavior in
this lizard, I have monitored the sexual
behavior of individual males to deter-
mine whether they exhibit a preference
for either the left or right hemipenis (5).
In general, males alternate in their use of
the right and left hemipenis (Table 1). Al-
though some males exhibited a prefer-
ence if given an extended series of tests
(for example, males B and C), most
males rarely mated with one hemipenis
three or more times in sug:ession [inter-
copulation interval (ICI): X = 1.28 days,
standard error (S.E.) = 0.10]. Differ-
ences in copulation times for the right
and left hemipenis were not significantly
different within individuals, although
males did show individually specific cop-
ulation times [see also ¢)].

Removal of one hemipenis dramatical-
ly altered male mating patterns (Table
1) (6); unilaterally hemipenectomized
males assumed only that posture which
enabled them to use the remaining hemi-
penis. The transition from preoperative
alternation behavior to a postoperative
preference was immediate, without any
obvious ‘‘trial and error’’ on the part of

Table 1. Pattern of alternation in use of right
(R) and left (L) hemipenis exhibited by intact
and unilaterally hemipenectomized A. caro-
linensis during successive matings.

Total
Lizard  Hemipenis used
Right  Left
Intact normal
2 LLRLRLRLRLR S 6
3 LLRLRL 2 4
5 LRLLRLL 2 S
6 LLRLRRLR 4 4
A RLRLRR 4 2
B RRRLRR 5 1
C RRRLRR 5 1
F LRRRLR 4 2
G RLRRLL 3 3
H RLLRRL 3 3
J RLRRLR 4 2
Unilateral hemipenectomy
3 RRRRRRRR 8 0
5 RRRRRRRR 8 0
6 RRRLRRRR 7 1
B LLLLLL 0 6
C LLLLLLLL 0 8
J LLLLLLLL 0 8
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Table 2. Pattern of alternation in the use of right (R) and left (L) hemipenis exhibited by male A.
carolinensis following different surgical alterations of the urogenital system. Since incision
through the body wall might influence hemipenile preference, some animals were castrated
through an incision on the contralateral side. Two of the unilateral castrations were ipsilateral
(I) to the unilateral hemipenectomy, and two were contralateral (C).

Total
Lizard I;;t;fst Hemipenis used
Right Left
Bilateral hemipenectomy
1 LLRLRR 3 3
2 RRLRLLR 4 3
Unilateral castration
3 R RRLRRRLRLRLR 8 4
4 L RRLLLRLLL 3 6
5 L LLLLLRLL 1 7
6 R RLRLRRLRRRLRR 9 4
7 L* RLLLRLLRLRRLLLRL 6 10
8 R* LRLRLRRLRR 6 4
9 L* LLRLRLLRL 3 6
10 R* LRRLLRRRLRRLLRLR 9 7
Bilateral castration
11 LRRLRL 3 3
12 LRRRLRRLR 6 3
13 RRLRLRRLLRLRRLR 9 6
Unilateral castration plus hemipenectomy
14-1 R RRRRLRRRRRRRRRRRL 15 2
15-C L RLLRRLR 4 3
16-1 L LLLL 0 4
17-C L RRRLRRLRLL 6 4

*Incision contralateral to side of castration.

the male. In the single instance in which
the male used the hemipenectomized
side, the copulation time was shorter
(6.15 minutes) than that exhibited nor-
mally (mating time: X = 14.23 minutes;
range = 13.00 to 15.25). Unilaterally
hemipenectomized males also tended to
mate less often than intact males (ICI
X = 3.24 days; S.E. = 0.61). Finally,
duration of copulation was unchanged
and was within the range of preoperative
mating times for each male.

In a series of experiments to extend
these findings, males were either hemi-
penectomized or castrated, and their
mating behavior was observed (Table 2).
Bilaterally hemipenectomized males
continued to exhibit alternation in terms
of copulation posture but mating fre-
quency decline markedly (ICI X = 13.17
days; S.E. = 2.61); when mating did oc-
cur, copulation was prolonged as report-
ed previously (4). Bilateral castrates
failed to exhibit a preference for the right
or left hemipenis (ICI X = 4.54 days;
S.E. = 0.68), but unilateral castration
resulted in a shift in hemipenile prefer-
ence similar to but less dramatic than
that exhibited by unilateral hemipenec-
tomized males (ICI X = 2.67 days;
S.E. = 0.22); unilaterally castrated
males mounted normally but they tended
to mate with the hemipenis contralat-
eral to the castrated side (x* = 9.32,
P < .01).
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Evidence that neural feedback from
the testes is important in determining
which hemipenis is used comes from ex-
periments in which unilaterally castrated
males were also unilaterally hemipe-
nectomized on the contralateral or ipsi-
lateral side. The two ipsilaterally castrat-
ed animals behaved like unilaterally
hemipenectomized males and mounted
almost exclusively on the side with the
intact hemipenis (ICI X = 3.17 days;
S.E. = 0.75). However, unilaterally
hemipenectomized males failed to show
this hemipenile preference if the con-
tralateral testis was removed (ICI
X = 3.25 days; S.E. = 0.70), which sug-
gests that mounting behavior is influ-
enced by neural feedback from both the
hemipenile and testicular levels. The
physiological basis of the alternation is
unknown at this time, but the alternation
observed in sexually active lizards may
reflect the ability of each testis to pro-
vide adequate numbers of sperm for each
copulation (7).

A number of studies indicate that sen-
sory feedback from the penis is neces-
sary for normal mating behavior in mam-
mals. Surgical denervation or anestheti-
zation of.the glans penis of sexually
experienced mammals results in the loss
of erection and ejaculation and a decline
in intromission frequency due to improp-
er orientation by the male (§). The re-
sults of this study indicate that sensory

feedback from the hemipenes is impor-
tant in the initial orientation as well as in
the termination of copulation in the male
lizard. The existence of a unilateral neural
connection between each testis and the
contralateral magnocellular paraven-
tricular and arcuate nuclei of the hypo-
thalamus has been demonstrated recently
in mammals which may play a role in
neuroendocrine feedback (9). The finding
that proprioceptive feedback from the
testes may also play a role in male mat-
ing behavior is, to the best of my knowl-
edge, unique. The discovery of a com-
plete bilateral representation of the gen-
ital tract in squamate reptiles demon-
strates the lizards and snakes to be a
potential model system with which to
study central versus peripheral control
of behavior.

Davip CREWS
Departments of Biology and
Psychology and Social Relations and
Museum of Comparative Zoology,
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Massachusetts 02138
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