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Pregnant spotted hyaenas were treated with anti-androgens to interfere with the unusually
masculine 'phallic' development that characterizes females of this species. The effects on

genital morphology and plasma androgen concentrations of infants were studied during the
first 6 months of life. Although there were consistent 'feminizing' effects of prenatal
anti-androgen treatment on genital morphology in both sexes, such exposure did not
produce males with extreme hypospadia, as it does in other species, nor did it produce
females with a 'typical' mammalian clitoris and external vagina. 'Feminization' of males
resulted in a penis with the morphological features of the hyaena clitoris, and 'feminization'
of females exaggerated the sex differences that are typical of this species. The effects of
treatment were present at birth and persisted for at least 6 months. Treatment of pregnant
females with flutamide and finasteride also markedly reduced circulating concentrations of
testosterone and dihydrotestosterone in maternal plasma during pregnancy. Plasma
\g=D\4-androstenedione was reduced in the female, but not the male, infants of treated mothers,
consistent with an epigenetic hypothesis previously advanced to explain hormonal
'masculinization' of females. The present 'feminizing' effects of prenatal anti-androgen
treatment are consistent with contemporary understanding of sexual differentiation, which
accounts for morphological variation between the sexes in terms of steroids. However,
current theory does not account for the basic genital structure of females and the present
data suggest that development of the male penis and scrotum, and the female clitoris
and pseudoscrotum, in spotted hyaenas may involve both androgen-dependent and
androgen-independent components.

Introduction

Female spotted hyaenas have the most 'masculinized' external
genitalia of any female mammal. The vagina is fused to form a

pseudoscrotum and the clitoris, or pseudopenis, is elongated
and fully erectile, traversed to its tip by a central urogenital
canal through which the female urinates, copulates, and gives
birth (Watson, 1877). On close inspection, it is apparent that
there are substantial differences between the female clitoris and
the male penis of the spotted hyaena. The clitoris is shorter and
thicker than the penis (Neaves et al, 1980; Forger et al, 1996)
and the urogenital meatus at the tip of the clitoral glans is
larger and more elastic than the opening at the tip of the glans
penis, which presumably facilitates reception of the male during
copulation and delivery of young (Glickman et al, 1992a).
Finally, when erect, the glans penis presents an angular
appearance at its distal end, whereas the glans clitoridis is more

rounded (Frank et al, 1990). Thus, despite a long history of

confusion about external sexing, the genitalia of the two sexes

can be distinguished easily by a trained observer.
The masculinized external genitalia of female spotted

hyaenas have generally been attributed to the organizational
effects of androgens acting during fetal life and the activational
effects of gonadal steroids operating during postnatal life
(Matthews, 1939; Glickman et al, 1992b). A4-Androstenedione
(androst-4-ene-3,17,dione) of ovarian origin is the primary
circulating androgen in female spotted hyaenas throughout
postnatal life (Lindeque et al, 1986; Glickman et al, 1987,
1992a). Placental conversion of maternal  -androstenedione
to testosterone is the probable source of testosterone for the
developing female fetus (Licht et al, 1992; Yalcinkaya et al,
1993). It has been demonstrated that this conversion of
A4-androstenedione to testosterone is in place during sexual
differentiation of the fetus and that radiolabelled maternal
A4-androstenedione is transferred to the fetus as testosterone
(Licht et al, 1998).

Thus far, there have been no direct tests of androgenic
influence on the developing genitalia of female hyaenas, eitherReceived 14 August 1997.
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during fetal life or in association with puberty. The present
study was undertaken to test the actual role of androgens in
regulating the formation and growth of a penile clitoris in the
female of this species. In addition, since development of the
penis during fetal life and pubertal growth of the penis during
postnatal life are generally attributed to androgenic stimula¬
tion, the role of androgens in the formation and development
of the penis in male hyaenas was also examined. Data
regarding androgenic influence are presented from two differ¬
ent life stages: the fetal stage (present study) and the pubertal
stage (Glickman et al., 1998). In the present study, anti-
androgens were administered to pregnant hyaenas and the
effects on their offspring were examined to determine whether
androgens are responsible for the development of the hyaena
clitoris and fusion of the vaginal labia during fetal life. Because
of the unusual genital morphology of female spotted hyaenas,
stillbirths are common during first deliveries (Frank et al, 1995),
so for genital measurements, the infant subject pool included
live cubs as well as stillborn neonates.

With regard to genital development during fetal life, if it is
assumed that the differences in appearance of the female and
male external genitalia described above are the result of the
higher concentrations of testosterone circulating in males (from
the fetal testes), provision of anti-androgens during the critical
stages of development should result in males and females
converging on a single anatomical profile. For example, male
rodents and dogs exposed to anti-androgens during fetal life
develop a blind vaginal pouch, rather than a scrotum, and a

penis that is much reduced in size, with the urethra opening at
the base of the organ rather than at the tip (hypospadia: Neri
et al, 1972). Therefore, if development of the 'masculinized'
genitalia of female spotted hyaenas is similarly dependent
on the actions of placental androgens, interfering with the
action of testosterone at androgen receptors should result in
both male and female hyaenas displaying the more

typical configuration of female mammals. Both sexes would
show a marked reduction in penile—clitoral size, with the
organ no longer traversed by the urethra to the tip, and
there would be an external vaginal opening instead of the
scrotum—pseudoscrotum.

There is an alternative possibility. Arnold (1996) has
recently noted that convergent evidence from mammals and
birds suggests direct genetic effects on sexually dimorphic
systems. For example, the formation and development of the
female marsupial pouch or the male scrotum from abdominal
tissue are the result of genetically controlled processes,
independent of androgenic influence (Rentree and Short, 1988).
These observations provide a precedent for the presence of
elaborate, female-specific, external reproductive structures that
differ from those of the male, without the intervention of
androgens. Thus, there are at least two alternative, though not
necessarily mutually exclusive, hypotheses that could explain
the formation of the spotted hyaena clitoris; the first involves
an androgen-dependent mechanism and the second an

androgen-independent mechanism.
Interfering with an androgen-dependent mechanism would

probably result in the convergence of external genital mor¬

phology on the typical female mammalian form (that is, with an
external vagina or blind vaginal pouch, and a clitoris of reduced
size, no longer traversed by a central urogenital canal). If an

androgen-independent mechanism is responsible for the forma¬
tion of the basic clitoral structure, with the action of androgens
limited to 'tuning' the system in both males and females,
interfering with androgenic activity during fetal life should
result in the convergence of both sexes on the form of the
female spotted hyaena.

The aim of the present study was to maximize interference
with androgenic actions on developing genital tissues. As there
were no previous reports of anti-androgen treatment in
hyaenas, several agents were used to identify an effective
regimen. When administered to other pregnant mammals
(for example, rats, mice, guinea pigs, rabbits and dogs), the
androgen receptor blockers cyproterone acetate (Neumann
et al, 1970) and flutamide (Neri et al, 1972; Neri, 1977) modify
the external genitalia of male offspring, resulting in a penis of
reduced size, with hypospadia, and a blind vaginal opening in
the scrotal area. Although the present study was initiated with
cyproterone acetate, subsequent pregnancies were treated with
flutamide, which is preferable in terms of minimizing side
effects (Ward and Ward, 1985). The progestational effects
associated with cyproterone acetate administration interfere
with parturition and make Caesarean sections a necessary
accompaniment of such treatment (Neri, 1977).

In addition, 5a-dihydrotestosterone has been implicated as

the primary active metabolite of testosterone, promoting
development of male external genitalia (Siiteri and Wilson,
1974; Wilson et al, 1981). In spotted hyaenas, there is a steady
and proportional increase in maternal plasma testosterone and
5cz-dihydrotestosterone throughout the course of normal ges¬
tation (Licht et al, 1992). In the late stages of pregnancy,
maternal concentrations approximate or even exceed those
observed in adult males. Thus, 5a-dihydrotestosterone may
reach fetuses from the maternal circulation or via conversion of
testosterone to 5a-dihydrotestosterone at target tissues by
5a-reductase. The 5rx-reductase inhibitor, finasteride, was added
to the flutamide treatment in a subset of pregnancies to block
the conversion of testosterone to 5ct-dihydrotestosterone.
Maternal blood was analysed for testosterone and
5rx-dihydrotestosterone to assess the efficacy of finasteride
treatment.

Yalcinkaya et al (1993) proposed that the high concentration
of plasma  -androstenedione observed in female spotted
hyaenas was the result of follicular atresia during fetal life,
due to exposure of the fetal ovary to testosterone. According
to this line of speculation, preventing follicular atresia by
blocking the effects of testosterone should result in more
effective conversion of A4-androstenedione to oestrogen and,
consequently, reduced A4-androstenedione secretion by the
ovary during postnatal life. Consequently, plasma steroid
concentrations were measured in developing infants.

Materials and Methods

Animals
The genital morphology of the offspring of eight experimen¬

tal pregnancies, in which anti-androgens were delivered during
gestation (Table 1), and of six untreated, control pregnancies, in
spotted hyaenas (Crocuta crocuta) maintained at the Field
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Table 1. Anti-androgen treatment regimens for eight spotted hyaena pregnancies resulting in live births
and stillbirths

Pregnancy Drug(s)

Treatment

Mean dose
(mg kg ~ day

"

Duration
(days)

Number of progeny
(sex)

Live
births Stillbirths

1
2
3*

4

5

6*

7

8

Cyproterone acetate3
Flutamide
Flutamide
Finasteridec
Flutamide
Finasteride
Flutamide
Finasteride
Flutamide
Finasteride
Flutamide
Finasteride
Flutamide
Finasteride

10.0
18.0
22.8
0.56
23.1
0.60
24.0
0.64
23.6
0.61
19.7
0.51
24.6
0.98

73
78
75
48
72
72
89
89
89
89

100
100
98
98

1 (F)
2 (M, M)

2 (F, F)

1 (M)

0

2 (F, F)

0

0

2 (M, M)f
1 (M)
1(F)

0

2 (M, F)

0

1(F)+
2 (F, F)

*Pregnancies involved the same mother.
Animals were used for histological studies of the external and internal urogenital system, so their phallic measurements are not

reported in this paper. However, these animals were examined for scrotal fusion and existence of a central urogenital canal traversing
the phallus.
aBerlex Laboratories, Inc., Wayne, NJ.
bSchering Corporation, Kenilworth, NJ.
cMerck and Co., Inc., West Point, PA.

Station for Behavioral Research of the University of California,
Berkeley, was studied. For heuristic purposes, the offspring of
anti-androgen treated pregnancies are referred to as 'exper¬
imental' subjects, but note that there was no postnatal treat¬
ment. Data on genital development and steroid secretion were

derived from eight infants of anti-androgen treated pregnancies
(three males and five females; Table 1) and nine infants from
control pregnancies (five males and four females), followed
through the early juvenile period (1-6 months). Six stillborn
neonates of anti-androgen treated pregnancies (two males and
four females; Table 1) and five stillborn neonates from control
pregnancies (two males and three females) were also examined.
Within this sample of stillborn neonates, there were two pairs
of mixed-sex twins. One pair was exposed prenatally to
anti-androgens; the other was not. These four animals were a

particularly useful group for comparison as they provided the
best control available for sex and treatment variation.

Anti-androgen treatment

Agents, doses (corrected for body weight) and duration of
drug administration for each anti-androgen treated pregnancy
are presented (Table 1). In all but two of the anti-androgen
treated pregnancies, a 5<x-reductase inhibitor (finasteride) was

added to the daily regimen of drug administration. Anti-
androgen treatment began after positive pregnancy tests and
was continued throughout the remainder of the estimated 110
day gestational period (Kruuk, 1972). Drugs were administered
orally in the daily diet and detailed records of actual consump-

tion were kept (Table 1). As described below, all treatments
had comparable effects on infant genital morphology.

Genital appearance in developing and stillborn hyaenas
Photographs were taken of the phallus (used here to refer to

both male and female organs) and scrotal areas of all subjects.
The presence or absence of papillae on the extruded organs of
stillborn neonates was noted.

Erections displayed by young cubs engaged in meeting
ceremonies were photographed, as described by Frank et al
(1990).

Genital measurements in developing and stillborn hyaenas
Genital development was monitored monthly (from 2—6

months) in anaesthetized infants (4—6 mg ketamine kg ~

and
1 mg xylazine kg ~

, i.m.). The penis or clitoris is normally
retracted into the abdomen under anaesthesia, so all measures

were taken after extrusion of the organ. In stillborn fetuses, all
measurements were taken of the dissected, formalin-preserved
genitals, as in an earlier study of dissected, fresh material from
juvenile and adult hyaenas (Neaves et al, 1980). Data from live
and stillborn cubs were handled separately. Although our

measurement techniques differed slightly by subject pool, the
basic measures were similar and were derived as follows:

The relaxed length of the urogenital meatus at the tip of the
glans was measured, in both live and stillborn cubs, by placing
a caliper on the glans and recording the length of the slit
(Fig. la).
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Fig. 1. Illustrations of a 'unisex' spotted hyaena phallus, with arrows showing the morphological
measures used: (a) relaxed length of the urogenital meatus; (b) stretched length of the urogenital
meatus; (c) diameter of the major axis of the glans; and (d) estimate of phallus length. Drawn by C.
Drea.

In developing cubs, the stretched length of the meatus was
determined by first inserting a specially designed instrument,
with one fixed and one mobile prong, into the meatus
(Glickman et al, 1992b). The meatus was then placed under
tension of 50 g, as measured by a calibrated spring scale, and
the length of the stretched opening was recorded (Fig. lb). It
was not possible to take a stretched meatus measurement from
fixed tissue equivalent to that obtained in live subjects, so for
stillborn cubs the circumference was estimated by insertion of
a hypodermic needle into the urogenital opening. Successively
larger needles were inserted until a snug fit, without pushing or

stretching, was achieved. The meatus circumference was then
calculated by multiplying the outer diameter of the 'best fit'
needle by  .

The diameter of the major axis of the glans was measured, at
its base, with a caliper (Fig. 1c).

The mid-shaft circumference was obtained, for stillborn cubs
only, by tying a piece of silk thread around the middle of the
shaft to a snug, but not pressured, fit. The thread was then cut
and measured.

Phallus length in live cubs was measured by slipping a string
'noose' under the glans and pulling, at a right angle to the
abdomen, to a tension of 150 g (Fig. id). This technique
provides a reliable short-term measure, but as the phallus
matures and increases in thickness, more tension is required to

achieve full extension, and so the actual growth in length may
have been underestimated by using a constant tension. In
stillborn cubs, after retraction of the prepuce to expose the
glans, the skinned phallus was suspended by the prepuce and
the phallus length was measured from the point of attachment
of the ischiocavernosus muscle on the dorsal aspect of the shaft
to the tip of the glans.

Plasma steroid measurements in pregnant adult and developing
infant hyaenas

Blood samples were obtained from the jugular vein of
anaesthetized animals, 2—4 times from pregnant mothers, and
each month from 1 to 6 months from their developing infants.
Although sampling of mothers treated with cyproterone
acetate or flutamide and finasteride was limited, samples were

available from control and treated pregnancies for three sub¬
jects during the late stages of gestation; such paired com¬

parisons are necessary because of large and consistent
individual variations in pregnancy concentrations of steroids
in these animals (Licht et al, 1992). Testosterone and
5a-dihydrotestosterone were separated by chromâtography of
extracted plasma on microcolumns of celite (Licht et al, 1992).
The blood of developing cubs was assayed for circulating
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concentrations of testosterone, A4-androstenedione and oestra¬
diol. Radioimmunoassays were performed for the measurement
of testosterone, A4-androstenedione, 5a-dihydrotestosterone
and oestradiol, as described by Licht et al. (1982, 1992).

Statistical analyses
It is not always possible to obtain phallic measurements

before the third month of life, due to adhesion of the prepuce
to the glans. Therefore, when available, data on phallic
development for the second month are presented, but were

excluded from statistical analyses. Initially, the four sex-

treatment groups (control females, control males, experimental
females, experimental males) were cast in a two-way ANOVA
with age as a repeated measure. On the basis of these analyses,
a mean value for each morphological measure was calculated
during months 3—6 and cast in a second set of ANOVAs, in
which sex and treatment variables were separated to isolate
effects. Analyses of phallic measurements in stillborn hyaenas
and of blood hormone concentrations in developing infants
(averaged across months 1-6) used one-way ANOVAs for the
four sex-treatment groups. Post hoc, paired comparisons
between groups used Scheffe's test.

Results

Genital appearance in developing hyaenas
All experimental males and females of anti-androgen treated

mothers had a large, pendulous phallus and retained a normal
scrotum or pseudoscrotum, respectively, with no evidence of
any separate vaginal opening. However, there were effects of
maternal anti-androgen treatment on infant phallic mor¬

phology, as detailed below. In addition, two of the three
experimental males displayed a change in the shape of the
glans when erect, assuming a rounded contour (Fig. 2b),
indistinguishable from that of the erect clitoris of the female
hyaena (Fig. 2a). The glans of the third male retained the
normal angular configuration of control males (Fig. 2c), despite
showing 'feminization' of the urogenital meatus, glans
diameter, and phallic length (see below; Frank et al, 1990).

Genital measurements in developing hyaenas
Initial two-way ANOVAs revealed differences among sex

and treatment groups in measures of relaxed and stretched
meatus length, glans diameter, and phallic length (Fs3 12 > 7.3,
 < 0.005). Significant effects of age were noted for all
measures (Fsil2> 8.5,  < 0.001) except phallic length
(P>0.10). None of the interaction effects among age and
sex—treatment group approached significance (P>0.10). As
detailed below, subsequent analyses revealed that the effects of
fetal anti-androgen treatment were consistent: the penis was

'feminized' and the clitoris was further modified in the female
direction.

Control female infants had a larger urogenital opening in the
glans than did control males, both in the relaxed (Fll2 = 8.82,
 < 0.02; Fig. 3a) and stretched (F112 = 24.3,  < 0.001;

Fig. 3b) states. Maternal anti-androgen treatment resulted in
additional enlargement of the meatus in both male and female
infants when measured in the relaxed (Fllz = 9.04,  < 0.02;
Fig. 3a) and stretched (F112 = 33.96,  < 0.001; Fig. 3b) states.

The diameter of the glans was larger in control females than
control males (F112= 11.96,  < 0.01) and fetal anti-androgen
treatment resulted in an increase in diameter in both sexes

(r\ I2
= 24.45,  < 0.001; Fig. 3c). By contrast, the clitoris was

shorter than the penis (Fj 12 = 13.5,  < 0.01) in control infants
and treatment produced a decrease in both clitoral and penile
length (F112= 13.39,  < 0.005; Fig. 3d). Neither interaction
term was significant (P> 0.10).

Genital appearance in stillborn hyaenas
All stillborn hyaenas of anti-androgen treated mothers had a

normal scrotum or pseudoscrotum, with no evidence of any
external vaginal opening in either sex. Photographs of neonate
phalluses show that the meatus of experimental males (Fig. 4c)
was more similar in appearance (that is, position, size, and
shape) to that of control females (Fig. 4e) than that of control
males (Fig. 4a). Experimental males (Fig. 4d) and females
(Fig. 4h) also showed alterations in the pattern of pigmentation,
epithelial folds, and papillae that characterize the glans penis
(Fig. 4b) and glans clitoris (Fig. 4f) of control animals. Some of
these morphological differences are detailed below.

Genital measurements in stillborn hyaenas

Morphological data for the four 'test case' individuals from
two mixed sex litters, as well as the averaged data obtained
from the entire sample of stillborn neonates, are presented
(Table 2). As in older, postnatal animals, the difference between
the sexes was reduced in the experimental twins, with phallic
measurements in males approaching female values.

The length and circumference of the relaxed urogenital
meatus were smallest in control males and largest in exper¬
imental females, and this difference was of borderline signifi¬
cance for meatus length (P = 0.055; Table 2). The meatus
circumference of experimental females was significantly larger
than that of either control females or control males (P < 0.05)
and the meatus circumference of experimental males was larger
than that of control males (P < 0.05). There were no differences
between experimental males and experimental females in either
measure (P> 0.10).

Glans diameter did not appear to differ as a function of sex,
as there was no difference between experimental males and
experimental females (P < 0.10); however, experimental females
had a thicker glans than control females or control males
(P < 0.05), and experimental males had a thicker glans than
control males (P < 0.05; Table 2).

Mid-shaft circumference was smallest in control males and
substantially larger in all other stillborn neonates (P < 0.05;
Table 2). There were no significant differences between control
and experimental females nor between experimental females
and experimental males (P>0.10).
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Fig. 2. Photographs of the erect phallus of infant spotted hyaenas: (a) control female; (b) experimental
male, treated prenatally with anti-androgens, showing feminization of form; and (c) control male. Note
that the control male presents an angular contour of the glans and a constriction proximal to the glans,
both of which are absent in the normal female and the experimental male.
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Fig. 3. Developmental changes in (a) relaxed meatus length, (b) stretched meatus length, (c) glans diameter,
and (d) phallus length in infant spotted hyaenas. Male (— —) and female (—O—) infants of control
pregnancies; male (—A—) and female (—O—) infants of pregnancies treated with anti-androgens.
Values (mm) are reported as means + sem and arrows indicate the direction of 'feminization'.

Phallus length was greater in control males than in any
other stillborn neonates; however, no differences among the
sex—treatment groups approached significance (P>0.10;
Table 2).

Plasma steroids in pregnant adult and developing infant hyaenas
Paired comparisons of androgen concentrations during

control and treated pregnancies for three adult hyaenas during
the late stages of gestation are shown (Fig. 5). There was

a consistent reduction in maternal plasma testosterone
(Fig. 5a), as well as a larger proportional reduction in
5a-dihydrotestosterone (Fig. 5b) accompanying the combined
treatment with flutamide and finasteride. The single subject
treated with flutamide alone presented a testosterone concen¬

tration of 1.8 ng nú- and a 5rz-dihydrotestosterone concen¬

tration of 0.4 ng ml
~

] at day 92 of gestation. Although there
were no comparable samples from an untreated pregnancy for
this subject, these values are within the normal ranges. No late
pregnancy samples were available from the lone female treated
with cyproterone acetate.

A one-way ANOVA of mean A4-androstenedione concen¬

tration in developing infants from 1 to 6 months revealed
significant differences across the four sex—treatment groups

(f3,i2 = 15·47'  < 0.001; Fig. 6a), with higher plasma
A4-androstenedione in control females than in control males
(P < 0.001) or in experimental females (P < 0.02). There were

no differences in plasma A4-androstenedione between control
males and experimental males (P>0.10). Plasma testosterone
did not vary across sex—treatment groups during the period
studied (P> 0.10; Fig. 6b). Oestradiol was undetectable in cubs
before 6 months of age, within the limits of sensitivity of the
assay (30 pg ml

~ J).

Discussion

The results of the present study show, for the first time, that
naturally circulating androgens normally influence develop¬
ment of the penile clitoris of spotted hyaenas, as well as

modifying postnatal hormone profiles. Moreover, the changes
in clitoral-penile morphology in both female and male hyaenas
are generally consistent with contemporary understanding of
sexual differentiation, which accounts for differences between
females and males of the same species in terms of higher
concentrations of androgens in male fetuses (Jost, 1953; Wilson
et al., 1981). Anti-androgen treatment of male hyaenas during
fetal life 'feminized' their external genitalia, modifying the
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Fig. 4. The distal tip of the glans penis and glans clitoris of stillborn hyaenas from control and
anti-androgen treated pregnancies, viewed from the front (top row) and side (bottom row) of the same

specimens: (a,b) control male; (c,d) experimental male; (e,f) control female; and (g,h) experimental female.
Scale bar represents 2 mm.

Table 2. Effects of fetal anti-androgen treatment and sex on phallic morphology in stillborn spotted
hyaenas

Treatment
group Sex

Meatus
length

Morphological measures (mm)

Meatus
circumference

Glans
diameter

Shaft
circumference

Phallic
length

Individual values for two litters of mixed-sex twins
Control Female 1 1.1 4.6 4.3 21.4 36.3

Male 1 0.9 2.8 4.6 16.4 48.6
Experimental Female 1 2.3 6.6 7.4 23.7 36.0

Male 1 2.1 5.2 7.6 24.9 40.3
Average values (mean + sem) for all available litters

Control Female 3 1.5 ± 0.3 4.6 ± 0.4 4.3 ± 0.2 24.0 ± 1.3 38.4 ± 2.1*
Male 2 1.0 ±0.1 2.8 ± 0.0 3.7 + 0.8 16.9 + 0.5 40.5 + 8.1

Experimental Female 4 2.4 ± 0.3 6.3 ± 0.4 6.7 ± 0.4 22.7 ± 0.5 33.6 ± 1.4
Male 2 2.1 ± 0.0 5.5 ± 0.4 6.8 + 0.8 24.0 + 1.0 35.7 + 4.7

*Only two measures were available.

appearance of the glans and producing a penis with the
essential morphological characteristics of the female hyaena
clitoris (that is, a shorter, thicker organ, with a large urogenital
meatus and a glans with a rounded contour). The external
genitalia of female hyaenas were also affected by fetal anti-
androgen treatment, which further accentuated development in
a feminine direction. Examination of stillborn infants indicated
that fetal treatment with anti-androgens changes the phallus in
a feminine direction and, as previously reported for dogs
(Beach, 1970), alters the pattern of papillae on the glans. Thus,
the basic sex differences in genital morphology are in place at
birth and are not dependent on sex differences in postnatal
steroid secretion. It is clear that urogenital development of

both male and female spotted hyaena fetuses is normally
influenced by circulating androgens, with placental circulation
providing a major source of testosterone for female fetuses
(Licht et al, 1992, 1998; Yalcinkaya et al, 1993).

Forger et al. (1996) have reported data on the genital
musculature and nervous system of spotted hyaenas compat¬
ible with the observations regarding the form of the external
genitalia in the present study. The bulbocavernosus muscle,
which is involved in penile erection in other mammals and
presumably influences male and female erections in the hyaena,
is innervated by motor neurones in Onuf's nucleus of the sacral
spinal cord. Sexual dimorphism, resulting from fetal androgen
secretion, has been observed in the genital musculature and
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Fig. 5. Plasma concentrations (ng ml-1) of (a) testosterone and (b)
5a-dihydrotestosterone in adult female spotted hyaenas (individuals 1,
2, and 3) during late gestation of a pregnancy treated with flutamide
plus finasteride (B) compared with values from comparable times in
the preceding control pregnancy of each female (D). Blood samples
were taken at day 93 and day 90 of gestation for female I, at day 99
and day 104 of gestation for female 2, and at day 97 and day 92 of
gestation for female 3, during control and treated pregnancies,
respectively.

associated spinal control mechanisms in a variety of mammals
(Breedlove and Arnold, 1980; Forger and Breedlove, 1986).
Despite the male-like clitoral erections that occur in female
hyaenas, there were more motor neurones in Onuf's nucleus in
males than in females, and this sex difference was associated
with a larger bulbocavernosus muscle in males. Forger et al
(1996) used material from some of the same subjects that form
the basis of the present study and found that prenatal anti-
androgen treatment feminized both Onuf's nucleus and the
bulbocavernosus muscle of neonatal male hyaenas, eliminating
the sex difference normally present in these structures.

Despite the compatibility of our results with contemporary
understanding of the role of androgens in accounting for
structural differences between the sexes, a puzzle remains. At
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) of (a)
A4-androstenedione and (b) testosterone in spotted hyaenas at
1-6 months of age. Male ( ) and female (D) infants of control
pregnancies; male (Ü) and female (0) infants of pregnancies treated
with anti-androgens. ***P< 0.001, *P<0.02.

the present time, the only mechanism known to produce a

penis-like structure involves the influence of androgens on the
genital tubercle during the fetal life of placental mammals. The
clitoris and penis of spotted hyaenas remain remarkably
'masculine', despite the provision of anti-androgens and a

5ct-reductase inhibitor in quantities that block the formation
and development of a penile structure in other species
(Neumann et al, 1970; Neri et al, 1972; Neri, 1977). A decrease
in androgen concentrations in the maternal circulation confirms
that the anti-androgens were having an effect. The prenatal
treatments in the present study produced neither males with
extreme hypospadia nor females with an 'ordinary' mam¬
malian clitoris and an external vaginal cleft in the scrotal
region.

There are two possible explanations for these observations.
First, it is conceivable that the treatments used did not block
the androgenic activity underlying the formation of a penile
structure from the genital tubercle (or a scrotal structure
from the genital swellings), either because treatment was not
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initiated at a sufficiently early stage of gestation or because it
produced inadequate effects on androgen receptors. The exact
time of genital development in spotted hyaenas is not known,
but in pigs, which have a gestation period of similar duration to
that of hyaenas, formation of the penis and scrotum occurs

between days 30 and 40 of gestation (Patten, 1948; Ford et al,
1980), well after the point at which treatments were initiated in
the present study. In pregnancies 7 and 8 (Table 1), treatment
was initiated and maintained during the final 98-100 days of an

approximately 110 day pregnancy, suggesting that flutamide
and finasteride were circulating from days 10—12 of gestation.
The formation of the penis or clitoris from the genital tubercle
and the development of the scrotum or pseudoscrotum
from the genital swellings would have had to occur at an

unprecedentedly early stage of hyaena gestation to avoid the
effects of our treatments; however, data presented in Licht et al.
(1998) indicate that development of internal urogenital struc¬
tures is proceeding at a pace approximating that of pigs.
Nonetheless, in the singleton male and two female stillborn
neonates that resulted from these pregnancies, the penis and
clitoris were traversed in the usual manner by a central
urogenital canal and there was no indication of impaired fusion
of the scrotum or the vaginal labia.

As to the possibility that an insufficient number of the
relevant receptors were blocked, the success of the treatments
in 'feminizing' male hyaenas (that is, producing precisely the
cluster of changes required to approximate the normal female
configuration) strongly suggests that circulating concentrations
of anti-androgen or finasteride, or both, similar to those
inducing 'feminization' in other species, were achieved in
developing hyaena fetuses in the present study. The fact that,
thus far, no correlation between the magnitude of morpho¬
logical effect and the variation in cyproterone acetate, fluta¬
mide, or flutamide-finasteride treatment has been observed
also suggests that the maximum effective dose has been
achieved. In addition, although no direct measure of
5a-reductase or circulating 5rx-dihydrotestosterone in fetuses
was made, the markedly decreased concentrations of maternal
plasma 5a-dihydrotestosterone argue for the efficacy of
finasteride treatment in producing a general reduction in
5a-reductase activity in spotted hyaenas.

The second possible explanation for the present results is
that the treatments were effective in blocking androgenic
activity but that there is an androgen-independent mechanism
in spotted hyaenas that promotes the development of clitoral—
penile tissues and the fusion of the genital swellings to form a

scrotum, or pseudoscrotum. A second set of data, involving
both the normal pace of growth and the effects of prepubertal
gonadectomy, was analysed to explore the implications of this
latter explanation, that is, to determine whether an androgen-
independent mechanism promoted postnatal, as well as pre¬
natal growth (Glickman et al, 1998). In this companion study,
both penile and clitoral growth proceeded in near-normal
fashion, with no evidence of either accelerated growth
associated with pubertal secretion of steroids or any marked
retardation of growth resulting from prepubertal gonadectomy.

As regards fetal androgens and postnatal steroid concen¬

trations, a reduction in plasma A -androstenedione was

observed in the daughters of anti-androgen treated mothers,
during the first 6 months of postnatal life. This finding supports

the epigenetic hypothesis advanced by Yalcinkaya et al. (1993)
to account for the high concentrations of ovarian
A4-androstenedione secretion in female spotted hyaenas of all
ages (Glickman et al, 1992b). Yalcinkaya et al (1993) suggested
that placental conversion of maternal A4-androstenedione to
testosterone bathes the female fetus in testosterone, which
could permanently modify the structure of developing ovaries.
Specifically, the number of follicular granulosa cells that syn¬
thesize oestradiol from A4-androstenedione would be reduced
(Payne et al, 1956; Hillier and Ross, 1979; Hsueh et al, 1994),
but A4-androstenedione-secreting thecal and interstitial cells
would remain intact. Thus, a blockade of the placental andro¬
gens that normally circulate in the female fetus may increase
the proportion of follicular tissue that survives in the ovary.
Because follicular granulosa cells convert A4-androstenedione
to oestradiol, ovarian secretion of oestradiol would be
increased and secretion of A -androstenedione decreased in
females treated prenatally with anti-androgens. Additional
studies of ovarian secretion and correlated histological com¬

parisons of ovaries from normal and experimental females
will be required to determine whether this is the actual
mechanism.

Our current understanding of sexual differentiation provides
an explanation for differences in the external genitalia between
males and females of the same species, but it does not account
for the basic morphology of the clitoris. There is extensive
species variation in mammalian penile and clitoral morphology
that is, at present, unexplained (Petter-Rousseaux, 1964; Short,
1979; Austin, 1984; Dahl and Nadler, 1992). For instance, the
European mole (Talpa europea) has a peniform clitoris traversed
by a urethra (Matthews, 1935), as do some lemuriform primates
(Petter-Rousseaux, 1964; Ioannou, 1971). The results of the
present study raise the possibility that the development of the
hyaena clitoris and penis from the genital swellings and genital
tubercle is driven by an androgen-independent mechanism.
As noted previously, an alternative, androgen-independent
mechanism has been described in marsupials (Rentree and
Short, 1988). In tammar wallabies, development of the male
marsupial penis is an androgen-dependent phenomenon; how¬
ever, there are tissues of the abdomen that can develop into
either a pouch or a scrotum. The formation of the male scrotum
is an androgen-independent event involving a non-steroidal
genetic mechanism, whereas development of a pouch is con¬
trolled by the presence of two X chromosomes. It is conceiv¬
able that the development of the clitoris and pseudoscrotum in
female spotted hyaenas, as well as the development of the
penis and scrotum in the male, are also the result of an

androgen-independent genetic event.
Androgen independence does not necessarily imply a com¬

plete absence of hormonal effects. Avila et al. (1996) have
recently identified a single amino acid substitution in the
hormone binding domain of the spotted hyaena that is not
found in the striped hyaena (Hyaena hyaena). Female striped
hyaenas do not exhibit the masculinized genitalia characteristic
of spotted hyaenas. The functional significance of this amino
acid substitution remains to be determined, but it is possible
that the binding characteristics of the receptor have changed in
a manner that either enhances the response to other steroids or
limits the anti-androgenic actions of flutamide and cyproterone
acetate. Limiting the action of anti-androgens would not,
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however, explain the lack of effect of prepubertal gonadectomy
on penile growth and the relatively minor effects on clitoral
growth.
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