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Abstract. In East Africa, spotted hyenas live in large clans
in a highly structured society dominated by females. A
clan is a fission-fusion society where members are often
solitary or in small groups. Spotted hyenas have a ritual-
ized greeting during which two individuals stand parallel
and face in opposite directions. Both individuals usually
lift their hind leg and sniff or lick the anogenital region of
the other. The unique aspect of greetings between indi-
viduals is the prominent role of the erect ‘penis’ in ani-
mals of both sex. Female spotted hyenas have fused outer
labiae and a ‘pseudo-penis’ formed by the clitoris which
closely resembles the male penis and can be erected. Dur-
ing greetings subordinates signalled submission with ges-
tures which were not necessarily reciprocated by the
dominant participant. Asymmetries were most pro-
nounced in greetings between adult females where the
probability of asymmetries increased with the divergence
in rank between partners. Greetings between adult fe-
males and males were uncommon and restricted to males
above median rank, principally the alpha male. Models
of primate affiliative behavior assume that benefits
derived from social relationships with different individu-
als are not equal and that individuals are selected to max-
imize the benefits they receive from social relationships
with others. The observed distribution of greetings be-
tween partners of different rank matched the predictions
of these models. An examination of non-adaptive hy-
potheses on the evolution of the ‘pseudo-penis’ demon-
strated that the conventional scenario linking (initial)
virilization of female genitalia with selection for female
dominance does not explain either the initial virilization,
nor the evolution of the ‘pseudo-penis’ to its current form
and use. We sketch a new scenario that links (1) initial
virilization to the occurrence of neonatal siblicide
amongst members of a twin litter, and (2) costs of mainte-
nance, ‘pseudo-penile’ control over copulation and male
submission. Our analysis confirms previous adaptive hy-
potheses on the function of the ‘pseudo-penis’ in greet-
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ings and suggests new hypotheses to account for hitherto
unexplained features.
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Introduction

In many social mammals, subordinate individuals active-
ly submit to dominants during ritualized greetings that
confirm asymmetries in relationships between greeting
partners (Schenkel 1967; Mech 1970; Klingel 1972; de
Waal 1982; Colmenares 1990). In the Serengeti, spotted
hyenas live in a highly structured society in large, stable
groups called clans (Hofer and East 1993a, b, c). Fe-
males are dominant over males and within clans there
are separate female and male dominance hierarchies
(Kruuk 1972; Frank 1986b; Mills 1990; East and Hofer
1991a). A clan is a fission-fusion society, where members
are often solitary or occur in small groups (Kruuk 1972;
Mills 1985). Individuals participate in greetings (Wickler
1964; also termed meeting ceremonies, Kruuk 1972;
Mills 1990) most often when they initially encounter an-
other clan member, but greetings also occur when indi-
viduals have been in each others’ company for some
time (Kruuk 1972; Mills 1990). If greetings in spotted
hyenas are used to actively confirm asymmetries in social
status between greeting partners, we predict that (1) sub-
ordinates should initiate greetings more often than dom-
inants; (2) greeting gestures should reliably distinguish
the relative rank of a greeting partner; (3) asymmetries
in the display of greeting gestures should be most pro-
nounced when greetings involve participants that differ
widely in social status.

In primates, affiliative social interactions such as
grooming are important in the formation and mainte-
nance of social bonds (Fairbanks 1980; Silk et al. 1981 ;
Mehlman and Chapais 1988). If social bonds have long-
term implications for the individuals involved (Dunbar
1980; Seyfarth 1983; Seyfarth and Cheney 1984) and
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the benefits obtained from affiliative social interactions
are not equal for all members of a group, individuals
should preferentially seek affiliative interactions with
those group members that can provide benefits (Cheney
and Seyfarth 1990). This implies that there is an optimal
set of group members with which each individual should
try to interact (Seyfarth 1977, 1983). Here we describe
the distribution of greetings between clan members visit-
ing the communal den and assess this distribution in
the light of predictions about the selection of grooming
partners in primates with linear dominance hierarchies
(Seyfarth 1977, 1983; Dunbar 1980; Cheney and Sey-
farth 1990).

A unique aspect of greetings between spotted hyenas
is the prominent role of the erect ‘penis’ in animals of
both sex. Female spotted hyenas have a ‘pseudo-penis’
formed by the clitoris which closely resembles the male
penis in form and size (Frank et al. 1990) and can be
erected (Matthews 1939; Neaves et al. 1980; Frank et al.
1990). There is no vulva, the labiae are fused and the
urogenital tract passes through the clitoris. Greetings
typically involve two hyenas standing parallel, facing
in opposite directions. The hind leg nearest the animal
being greeted is usually raised while each animal sniffs
or licks the erect ‘penis’ (Wickler 1964; Kruuk 1972;
Mills 1990), and the anal scent gland (personal observa-
tion) of its partner. There has been a long-running de-
bate about the evolution, ontogenetic development and
function of the female ‘pseudo-penis’ of spotted hyenas,
on both proximate and ultimate levels, but centered
mainly around the role of the ‘penis’ in greeting ceremo-
nies (see Wickler 1964, 1965a, b; Kruuk 1972; Racey
and Skinner 1979; Gould 1981; Gould and Vrba 1982;
Lindeque and Skinner 1982; Hamilton et al. 1986; Lin-
deque et al. 1986; van Jaarsveld and Skinner 1987; Sher-
man 1988; Frank et al. 1991). Hamilton et al. (1986)
stated that the display of an erect ‘penis’ in spotted
hyenas is correlated with low social status, but prior
to the present study no quantitative data were available
on the use of this signal by individuals of different sex
and social status. As we will show, the use of an erect
‘penis’ as a signal of submission is unique to spotted
hyenas. We will therefore consider the current informa-
tion available on the development of the female ‘pseudo-
penis’ and its use as a signal in greeting ceremonies.
We will then suggest a new approach to this topic.

Methods

Study clans. Data were collected from two clans between June 1987
and April 1992. The majority of the data were collected during
observation periods ai communal dens. Individuals in both clans
were recognized by their spot patterns, scars and other natural
features such as ear ‘notches’. All clan members were individually
known (Hofer and East 1993 a). Individuals were sexed using differ-
ences in body outline (Frank 1986a), reproductive status (lacta-
tion), examination of hair and histological samples (Wurster et al.
1970; Yost 1977) and, from the 3rd month of age onwards, the
shape of the phallic glans (Frank et al. 1990). Females were philo-
patric and each clan contained several matrilines. Females were

classified as adults when they reached 3 years of age (Hofer and
East 1993a). Males were classified as adults when they reached
2 years of age, and most males dispersed from their natal clan
after this age (Hofer and East 1993a). Some males remained with
their natal clans for several months after they reached maturity.
All reproductively active males within each clan were known or
assumed to be immigrants. The two study clans held territories
at the woodland/plains boundary in the Serengeti National Park.
For details on the social and spatial behavior of clans in the Seren-
geti see Hofer and East (1993 a, b, ¢). Both study clans were habitu-
ated to the presence of a vehicle at the den.

Data collection. Data used in this analysis were of two kinds. (1)
From behavioral data recorded mainly at dusk (approximately
1700-2000 hours) and dawn (approximately 0600-0900 hours) at
communal dens between June 1987 and March 1992, we extracted
the identity of animals that participated in 3396 greetings. These
data were used to describe the distribution of greetings between
clan members of different sex, age and social status, and included
greetings involving 50 adult females, 29 immigrant males, 23 suba-
dults, and 100 cubs. (2) Detailed records of the behavior of individ-
uals involved in 1530 greetings observed between April 1988 and
April 1992; these records included: date; time; identity of partici-
pants; who initiated the greeting; how the greeting was initiated;
which participant lifted its leg first, the position of the leg and
tail of both partners; which participants had their ‘penis’ erect;
for how long each partner lifted its leg; the behavior and vocaliza-
tions of both partners during the greeting; which partner terminat-
ed the greeting; how the greeting was terminated; the total time
of ‘the greeting measured from when both partners stood head
to tail until they separated. This sample included 47 adult females,
35 adult males, 32 subadults and 55 cubs.

Data analysis. The social rank of adult clan members was based
on an interaction matrix using aggressive actions (flunging, chasing,
biting, pushing), and submissive reactions (retreat, cower, ears
down, tail between legs) in dyadic interactions recorded ad libitum
(see Frank 1986a; East and Hofer 1991a). This produced a linear
hierarchy for both adult females and males. In one clan the hierar-
chy showed no rank reversals during the study, but death and
immigration resulted in shifts in rank. In the second clan rank
reversals occurred when the alpha matriline (alpha female plus
her two reproductive daughters) were deposed by a coalition of
four mid-ranking females. Participants in greetings were therefore
assigned a rank appropriate for the day on which the greeting
occurred. Holekamp and Smale (1991) have shown that spotted
hyena cubs typically ‘inherit’ their social rank from their mother.
For the purpose of comparing social dominance between cubs we
assigned cubs the social rank of their mother. This index of a
cub’s social status was also used to comsider the importance of
a cub’s social status during greetings with other clan members.

The number of potential greeting partners present at communal
dens varied with prey availability within a clan territory, and the
number of females with dependent cubs in the den (Hofer and
East 1993c¢), and thus need to be corrected for den attendance.
We carried out significance tests on the distribution of greeting
frequencies by comparing the number of observation periods where
at Jeast one greeting between individuals of a given pair of categor-
ies occurred with the number of observation periods where at least
one individual of both categories was present. One observation
period is equivalent to 2-3h of observation (East and Hofer
1991b). For assessing the distribution of greetings of immatures
with adult females and immigrant males we calculated individual
greeting rates per hour for each adult rank. We scored time at
the den by following the procedures outlined in East and Hofer
(1991 b).

For significance tests concerning greeting gestures, data were
summarized per individual (Machlis et al. 1985). In tests where



we related social status to greeting gestures that could be expressed
separately by both greeting partners we proceeded as follows. For
greetings between individuals of the same category and if sample
sizes were sufficient, we matched the response of each individual
when it was dominant with its response when it was subordinate
and tested for differences in response due to social status with
a Wilcoxon signed-rank test. A score was the number of greetings
when, for instance, an individual as the subordinate partner lifted
its leg divided by the number of greetings the individual participat-
ed in as a subordinate partner. As these tests exclude top- and
bottom-ranking individuals the results are comservative. When
sample size was insufficient for such comparisons we compared
the scores summarized per individual of dominants with those of
subordinates using a Mann-Whitney U-test. In mixed-category
greetings, differences in the use of gestures between categories was
also tested with a U-test. Unlike greeting gestures that were dis-
played by each greeting partner, scoring of who initiated and who
terminated a greeting was common to both participants. In assess-
ing the relationship of social status to initiation and termination
in mixed-category greetings we therefore used Wilcoxon signed-
rank tests to compare the score of the subordinate and dominant
category summarized for each individual that belonged to the sub-
ordinate category. If an individual was involved in less than three
greetings within a particular test group, it was excluded from the
analysis.

Statistical and graphical analyses were performed on a personal
computer using SYSTAT 5.0 .(Wilkinson 1990). All probabilities
were two-tailed. Regression residuals were tested for normality us-
ing the Lilliefors test as implemented in SYSTAT (using corrected
P-values, see Wilkinson 1990). For all models examined, residuals
were normally distributed. Nonlinear models were preferred if their
fit was substantially better than linear models.

Results

The mean duration of a greeting ceremony between two
hyenas was 19.9+19.7 s (X+S.D., n=1259). Amongst
greetings between adults, those between females at
24.3+20.6 s (n=230) lasted significantly longer than
greetings between males at 14.2+12.8 s (n=97) or be-
tween males and females at 16.2+14.6 s (n=43; Krus-
kal-Wallis test H=32.74, df=2, P<0.0001, and a poster-
iori multiple comparisons, Conover 1980, p. 231). Ta-
ble 1 displays the frequency of greetings between differ-
ent age/sex categorics at the communal den. Amongst
adults, 69% of all greetings were between females, 19%
between males and only 12% were between adults of
different sex. Greetings between females and natal males
(prior to their dispersal) made up 64% of mixed-sex
greetings between adults. When correcting for den atten-
dance, (1) adult females greeted natal males significantly
more frequently than immigrant males (G, =23.35, P<
0.0001), (2) greetings between immigrant males and
adult females occurred significantly less often than either
immigrant male/immigrant male (G, =19.78, P <0.0001)
or female/female greetings (G; =89.18, P<0.00001). The
majority (63%) of greetings between immigrant males
and females involved the alpha male. With one excep-
tion, all other immigrant males that greeted adult fe-
males were above median rank, and thus immigrant
males above median rank greeted adult females more
frequently than males below median rank after correct-
ing for den attendance (G, =20.60, P <0.0001). The ma-
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Table 1. Frequencies of greetings between different age and sex
categories

Greeting partners Frequency Percentage

ADULTS SAME SEX

Female female 618 18.7

Male male 169 5.1

ADULTS MIXED SEX

Female natal male 69 21

Female alpha male 24 0.7

Female immigrant male 14 04
other than alpha

Female male (total) 107 32

ADULTS IMMATURES

Female immature 1299 394

Male immature 467 14.1

IMMATURES IMMATURES

Immature Immature 641 19.4

Total 330t 100.0

Immature includes subadults and cubs

jority of immigrant males were never observed to greet
an adult female.

In contrast to greetings between adults, a large pro-
portion (51%) of greetings between immatures involved
individuals of the opposite sex. Immatures of both sex
greeted both adult females and immigrant males. There
was no significant relationship between the frequency
of greetings between immatures and adult females and
adult female rank (Fig. 1a). In contrast, there was a ra-
pid decline in the frequency of immature greetings with
immigrant male rank. Immatures rarely greeted low-
ranking adult males but frequently greeted the alpha
male (Fig. 1b).

Initiation

We identified the individual that initated a greeting by
two criteria. (1) The individual that directly approached
an animal which it then greeted. By this criterion, adult
females initiated greetings more often when they were
the subordinate participant than when they were the
dominant participant. Younger participants also initiat-
ed more often than older participants (Table 2). (2)
Kruuk (1972) defined the initiator as the animal that
lifted its hind leg first. Applying this criterion, individual
adult females initiated greetings more often when they
were the subordinate participant than when they were
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Fig. 1a, b. The rank of adults greeted by immatures (i.e. cubs and
subadults). a Adult females (Spearman’s p=0.04, NS); b immigrant
males (¥Y=0.199 x EXP(—0.306 X), fyope=4.127, df=16, P<
0.001, r*=0.77)

Table 2. Relative rank and likelihood of initiation of a greeting

dominant. In greetings between immigrant males and
adult females, males lifted their legs first in all greetings
except one. In greetings between individuals from differ-
ent age categories, younger individuals initiated by lift-
ing their leg first more often than the older participant.

In 18% of greetings between adult females and 6%
of greetings between adult males a dominant animal ap-
peared to force a subordinate to greet by pushing at
the side or beneath the hind leg of the subordinate, or
by standing over the subordinate while it was lying or
nursing cubs (difference G, =11.32, P<0.001). The fre-
quency of forced initiation was independent of the differ-
ence in rank between female participants (considering
females with a difference of 1-4, 5-8, and 9-14 rank
positions: G,=13.23, NS).

Following intrasexual agonistic encounters between
adults, the ‘loser’ occasionally greeted the ‘winner’ of
the encounter. The initiation of greetings as a form of
reconciliation or appeasement accounted for 8% of
greetings between adult females and 9% between adult
males.

Greeting gestures

Greetings involved ritualized gestures, but the display
of gestures was not necessarily symmetrical in both
greeting partners. Three body parts were involved in
the most prominent gestures displayed during a greeting:
the hind leg (lifted or not lifted); the ‘penis’ (erect or
not erect) and the tail. There were four possible tail
positions: (1) relaxed, i.e. hanging down and covering
the sub-caudal scent-gland (see Kruuk 1972, Fig. 58c¢);
not considered a special gesture below; (2) tail held be-
tween the hind legs and curled along the belly (see Kruuk
1972; Fig. 58d), covering the sub-caudal scent gland
[this is a submissive signal used by subordinates in agon-
istic interactions (unpublished data)]; (3) tail root held
horizontally away from the body, thereby exposing the

Greeting partners

Wilcoxon signed-rank test

Initiation by approach

Initiation by lift leg first
Wilcoxon signed-rank test

z P n z P n
Adult female adult female 3.102 <0.002 17 3.172 <0.0002 18
Immigrant male immigrant male 1.153 NS 6 2.201 <0.03 6
Subadult adult female —2.359 <0.02 13 —2.399 <0.02 12
Subadult immigrant male 2 0 2 0
Cub adult female —2.007 <0.05 37 —5.022 <0.00001 38
Cub immigrant male —3.759 <0.002 21 —2.053 <0.04 14
Cub subadult 1.746 NS 10 2 6
Cub cub 0.586 NS 8 2 5

An individual was scored as initiator if it (1) approached its greet-
ing partner, (2) was the individual to Lift its hind leg first. Signifi-
cant results indicate that the subordinate/younger of two greeting
partners was significantly more likely to initiate the greeting than

the dominant/older partner. Sample sizes are the number of indi-
viduals with sufficient data for each test
2 Sample sizes too small for tests to be meaningful
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sub-caudal scent-gland (see Mills 1990, Fig. 5.4); (4) tail
held vertically upwards (see Kruuk 1972, Fig. 58a, b)
exposing the sub-caudal scent-gland. A tail in this posi-
tion typically is a signal of aggression but it has also
been attributed to extreme ““social attraction” (Kruuk
1972).

Figure 2 shows the proportion of greetings where (1)
either both or neither of the participants displayed a
particular greeting gesture (symmetrical greeting), (2)
one participant displayed a particular gesture while the
other one did not, or in the case of tail position, the
two partners displayed different kinds of gestures (asym-
metrical greeting). The asymmetric display of an erect
‘penis’ was common in greetings involving adult females
(Fig. 2a). Greetings not involving adult females were
typically symmetrical with both partners displaying an
erect ‘penis’. Symmetrical greetings where neither partic-

ipant erected a ‘penis’ were most frequent between adult
females. Considering the lifting of a hind leg (Fig. 2b),
asymmetrical greetings during which only one partici-
pant lifted a hind leg were most common in greetings
involving adult females. Greetings involving other age/
sex categories were typically symmetrical with both par-
ticipants lifting a leg. Instances where both participants
failed to lift their legs were rare. In contrast to the two
previous gestures there was a large proportion of greet-
ings between adult females where neither participant
used tail position as a gesture. Overall, tail position was
less commonly used as a gesture than the position of
the ‘penis’ or leg (Fig. 2¢). For leg, ‘penis’ and tail posi-
tion, greetings between adult females and immigrant
males were asymmetrical in the majority of cases, while
greetings between immigrant males and between cubs
were rarely asymmetrical (Fig. 2a—c).
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Table 3. The use of two greeting gestures (*penile erection’ and lifting of hind leg) by partners of different social status, sex and age

Greeting partners ‘Penis’ erect

Wilcoxon signed-rank test

Leg lifted

Wilcoxon signed-rank test

z P

n z P n

Adult female adult female 2.722

<0.01 17

2.417 <0.02 18

Mann-Whitney U-test

Mann-Whitney U-test

U P ny n, U P my n,y
Immigrant male immigrant male 44 <0.02 14 12 41 NS 10 12
Adult female immigrant male 2 3 S “ 3 5
Subadult adult female 29.5 <0.001 15 14 72 <0.003 17 20
Subadult immigrant male a 1 1 2 1 1
Cub adult female 66 <0.00001 50 30 138 <0.00001 51 33
Cub immigrant male 111 <0.001 30 14 143 NS 30 14
Cub subadult 135.5 NS 20 16 108 <0.03 20 17
Cub cub 35 <0.03 10 12 27 NS 6 15

Significant results indicate that the subordinate or younger of two greeting partners was significantly more likely to use the gesture
than the dominant/older partner. Sample sizes are the number of individuals with sufficient data for cach test

* Sample sizes too small for tests to be meaningful

If exposing the scent-gland during a greeting serves
to emphasize an individual’s clan membership or more
specifically its identity (see Discussion), then we would
expect categories of individuals that meet less frequently
to expose their scent-gland more often than categories
of individuals that encounter each other frequently. We
would then predict (see Discussion) that adult females,
in particular nursing females, that are present at the
communal den more frequently than adult males (Hofer
and East 1993¢) to expose their scent-gland less fre-
quently than adult males. This was the case (G, =50.21,
P <0.00001).

Dominance and greeting gestures

Do subordinates differ from dominants in their use of
particular gestures? Individual adult females were more
likely to erect their ‘penis’ and lift their legs when they
were the subordinate participant than when they were
the dominant participant (Table 3). In greetings between
immigrant males, subordinates were more likely than
dominants to erect their ‘penis’, but social status did
not influence leg lifting. During greetings between cubs,
subordinates were more likely than dominants to erect
their ‘penis’, but cub rank did not influence leg lifting
(Table 3). During greetings between different age classes,
the younger individual was more likely than the older
participant to erect its ‘penis’ or lift its leg, except for
leg lifting during greetings between cubs and immigrant
males.

As the rank of adult females declined, the proportion
of greetings in which they erected their ‘penis’ (Spear-
man’s p=0.619, df=19 ranks, P<0.01) or lifted their
legs to cubs (p=0.609, df=19, P<0.01) increased. Also,

the proportion of ‘penile’ erections by adult females
when greeting cubs grew as the difference in rank be-
tween the adult female and that of the cub, i.e. originally
the rank of the cub’s mother, increased (p=0.486, df=
18, P<0.05). There was no such correlation with leg
lifting.

During greetings between adult females, each female
was more likely to provide access to its caudal scent-
gland when it was the subordinate participant than when
it was dominant. This was true for tails held horizontally
from the body (Wilcoxon signed-rank test, z=2.24, P<
0.01, n=23) and for tails held vertically up (z=2.07,
P <0.05, n=18). As the rank difference between greeting
females increased the proportion of subordinates that
held their tail up also increased (p=0.679, df=11, P<
0.05). Low-ranking females less often had their tails re-
laxed or their caudal scent-gland covered than high-
ranking females (p=0.636, df=15, P<0.02). As rank
difference between adult female greeting partners in-
creased so did the proportion of subordinate partici-
pants that held their tails between their legs (p=0.699,
df=10, P <0.05). Thus low-ranking females preferential-
ly use two extreme tail positions (“tail between legs’ and
‘tail held vertically up’) when greeting high-ranking fe-
males.

During greetings between immigrant males, the sub-
ordinate participant was less likely than the dominant
to have its tail relaxed (Mann-Whitney U-test, U=284,
n, =18, n,=21, P<0.001). The same was true of subor-
dinate cubs when greeting dominant cubs (U=36, n, =6,
n,=7, P<0.02). Cubs also used ‘tails between legs’ as
a submissive gesture when greeting adult females. Cubs
of low-ranking females were more likely to use this ges-
ture than cubs of higher ranking mothers (p =0.467, df =
19, P<0.05). In addition, as the status of a cub’s mother
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declined the proportion of greetings in which cubs held
their tails horizontally from the body increased when
greeting adult females (p=0.639, df=15, P<0.02).

Amongst adult females, there was a positive linear
association between the proportion of asymmetrical ges-
tures and the degree of divergence in rank (Fig. 3). We
found no such significant associations in greetings be-
tween adult males and greetings between cubs. We as-
sessed asymmetry in the duration of leg lifting in relation
to rank by scoring a difference in duration of leg lifting
with a (1) negative sign if the dominant lifted its leg
longer, (2) positive sign if the subordinate lifted its leg
longer. Subordinates lifted their legs for a significantly
longer time than dominants in greetings between adult
females (U=0, n, =6, n, =6, P=0.003) and immigrant
males (U=0, n; =6, n,=10, P=0.001). Among adult
females, there was also a positive association between
the difference in the duration each leg was lifted and
the difference in rank that approached significance (p =
0.508, df=14 means of time differences, one for each
rank difference, P=0.075). This was not the case for
adult males (p =0.500, df=9, NS).

Termination

Most greetings were terminated by one animal walking,
running or jumping away from its partner (Table 4).
Sometimes one greeting partner lunged at or bit the
other, or termination occurred because individuals other
than the greecting partners became involved. In these
cases a greeting participant was threatened or chased
by an individual not involved in the greeting or a greet-
ing participant chased a third individual. The relative
frequency of different types of behavior terminating
greetings varied between different age/sex categories (Ta-
ble 4). The highest frequency of aggressive terminations
occurred at the end of greetings between adult females,
and greetings between adult females were most frequent-
ly interrupted by interference from an individual not
involved in the greeting.

In greetings between immigrant males, subordinates
were more likely to terminate greetings than dominants
(Table 5). This was not the case for greetings between
adult females, or between cubs. In greetings between
age categories, younger partners terminated greetings
more frequently than dominants except for greetings be-
tween cubs and males (Table 5).

Greetings within matrilines

In this analysis, only offspring born or nursed during
the pertod of the study were considered members of a
particular maternal lineage. Of the total number of
greetings (n=225) involving alpha females, 39% were
with individuals known to be direct descendants of these
alpha females. This contrasts with all other females
whose greetings involved an offspring only in 5% of
all cases (n=>514). Thus, the offspring of alpha females
greeted their mothers more frequently than offspring of
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Table 4. Percentage of occurrence of behaviors used by different age/sex categories to terminate a greeting

Category Behaviors involving greeting Behaviors involving individuals n
partners only other than greeting partners
Turning, walk- Lunge or Threatened or chased Chases uninvolved
ing, running, bite partner away by individual individual
jumping away not involved
from partner in greeting
Adult female adult female 77.5% 12.9% 7.6% 2.0% 249
Immigrant male immigrant male 95.2% 1.8% 2.8% 0.9% 106
Adult female immigrant male 90.0% 5.0% 5.0% 0.0% 20
Adult subadult 86.2% 10.9% 0.0% 2.9% 138
Adult female cub 89.8% 6.8% 2.9% 0.5% 383
Immigrant male cub 91.7% 41% 4.1% 0.0% 145
Subadult cub 921% 4.9% 2.0% 1.0% 101
Cub cub 87.9% 71% 5.1% 0.0% 99
Table 5. Relative rank and likelihood of . . .
termination of a greefing Greeting partners Wilcoxon signed-rank test
z P n
Adult female adult female 1.018 NS 17
Immigrant male immigrant male 2.665 <0.01 9
Cub cub 1.742 NS 13
Subadult adult female 2.229 <0.03 23
Subadult immigrant male 2.666 <0.01 9
Cub adult female 5.816 <0.000001 44
Cub immigrant male 2.200 NS 23
Cub subadult 2.263 <0.03 12

Significant results indicate that the subordinate/younger of two greeting partners was signifi-
cantly more likely to terminate the greeting than the dominant/older partner

lower-ranking females greeted theirs (G, =75.85, P<
0.0001).

Rank of greeting partners

In order to assess the distribution of greetings of a focal
group of adults with adjacent ranks, in relation to the
rank of their partners, we used focal groups that in-
cluded three adjoining rank positions. This had the ad-
vantage that the number of unique rank combinations
of greetings within the focal group was equal to the
number of unique combinations of greetings formed by
that focal group with individuals of any of the other
rank positions. For instance in the case of high-ranking
adult females the group of focal ranks was defined as
ranks 1 to 3. This provided for three unique rank combi-
nations within the focal group (between individuals
ranked 1 and 2, 1 and 3, and 2 and 3). Similarly, the
number of specific rank combinations of that focal
group with each rank for positions 4, 5, ... » would
be three (e.g. with rank 4 the unique combinations would
be 1 and 4, 2 and 4 and 3 and 4).,

Figure 4 illustrates how the frequency of greetings
of a focal group of adults was distributed in relation
to the rank of their partners. High-ranking females (rank

1-3, n=7304) greeted mostly other high-ranking females
(Fig. 4a) and greeted lower-ranking females progressive-
ly less frequently as the divergence in rank between greet-
ing partners increased (Spearman’s p=0.89, df=17, P<
0.001; here and in subsequent tests greetings within the
focal category were excluded). Similarly, mid-ranking
females (rank 7-9, n=182) also greeted each other most
frequently (Fig. 4b). The relative frequency of greetings
of mid-ranking females with higher ranking females
tended to increase with target rank (p=0.81, df=6, P=
0.065). In contrast the relative frequency of greetings
of mid-ranking females with lower ranking females de-
clined with target rank (p=0.90, df=11, P<0.001). No
trend was apparent (p=0.27 NS, df=14 higher target
ranks) in the distribution of greetings of low-ranking
females (rank 15-17, n=286). In contrast to the two other
focal groups, low-ranking females rarely greeted other
females within the focal group (Fig. 4c).

Similar to females, high-ranking males (rank 1-3, n=
64) preferred to greet other high-ranking males (Fig. 4d).
There was a sharp drop in the relative frequency of greet-
ings of high-ranking males with a decline in target rank
(p=0.93, df=12, P<0.001). In contrast to mid-ranking
females, mid-ranking males (rank 7-9, n=>58) greeted
other males in their category very rarely (Fig. 4e) and
were mostly involved in greetings with males in rank
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categories immediately above and below their own. In
particular, the relative frequency of greetings with higher
ranking males declined with an increase in target rank
(p=0.90, df=6, P<0.02). There was a trend that the
relative frequency of greetings declined with target rank
in greetings with lower ranking males but this was not
significant (p=0.75, df=6, NS). Low-ranking males
were not considered as a focal group due to small sample
sizes (we observed a total of 12 greetings by them).

Discussion

Many forms of greetings have been described from social
mammals (yellow-bellied marmot, Marmota flaviventris:
Armitage 1962; Sciuridae: Steiner 1975; African ele-
phant, Loxodonta africana: Douglas-Hamilton 1972 ; ze-
bra, Equus burchelli: Klingel 1972; wolf, Canis lupus:
Mech 1970; wild dog, Lycaon pictus: Kithne 1965a, b;
domestic dog, Canis familiaris: Schenkel 1967; striped
hyena, Hyaena hyaena: Fox 1971a; brown hyena, Para-
hyaena brunnea: Mills 1990; felids: Leyhausen 1960 ; pri-
mates: Wickler 1965a, b, 1967; Kummer 1968; Nishida
1970; de Waal 1982; Colmenares 1990). In some species
greetings permit subordinates to actively submit to dom-
inants; this is also the case in spotted hyenas where greet-
ings are a ritualized, active form of submission that con-
firm asymmetries in status between greeting partners.
Greeting gestures may be derived from juvenile behavior
(wolf: Mech 1970; elephant: Douglas-Hamilton 1972;
brown hyena: Mills 1990), or reproductive behavior, i.e.
presentation by subordinates of both sex and mounting
by dominants of both sex (primates: Wickler 1966, 1967;
Sugiyama 1971; Jolly 1972; Stammbach 1978; Colmen-
ares 1990). In zebras subordinate males use gestures sim-
ilar to those diplayed by females in oestrus when greeting
dominant stallions (Klingel 1972). Fox (1971b) sug-
gested that in Canidae inguinal and genital presentation
is derived from early mother/cub interactions, and the
same may be true for anal protrusion in the striped
hyena (Fox 1971a). Thus submissive greeting gestures
are often derived from behavioral traits typical of subor-
dinate members of social groups, such as juveniles or
females in male-dominated societies. Compatible with
this line of thinking is the result of this study that in
the female-dominated society of spotted hyenas a typi-
cally male trait, the erect ‘penis’, is used as a signal
of submission during greetings. In all other mammalian
species that use penile displays during interactions, males
are dominant to females, and the erect ‘penis’ is used
as a display of dominance (Ploog and Maclean 1963;
Wickler 1967; Anthoney 1968 ; Jolly 1972; Weigel 1979).
Even among platyrrhine species (Ateles spp., Alouatta
spp.) in which females have an enlarged clitoris, the en-
larged clitoris is used by females to display dominance
(Ploog 1967).

We propose that by lifting their tails during greetings,
spotted hyenas expose their sub-caudal scent gland to
advertise by olfactory cues their identity and/or clan
membership. Subordinates expose their scent glands

more commonly than dominants during greetings. Dur-
ing social interactions, striped hyenas also lift their tails
and portrude slit-like scent glands on either side of the
anus, a behavior most frequently displayed by subordi-
nates (Fox 1971 a). Brown hyenas can distinguish scent-
marks of their own group from those of neighbours
(Mills et al. 1980) and Mills (1990) has suggested that
spotted hyenas may be able to distinguish the scent-
marks of clan members. Even if clan members that meet
frequently can identify each other by means other than
odor, individuals that encounter each other less often
may minimize the chance of aggression that could arise
from mistaken identity by permitting the inspection of
their scent to confirm their identity and clan member-
ship. This may explain why greeting partners that meet
infrequently lift their tails and expose their scent-gland
more often than partners that regularly meet. We also
predict that individuals that bad been absent from the
den should scent-mark at a higher rate on their return
than during periods of frequent den attendance. This
hypothesis awaits testing.

Benefits, asymmetries and submission

Here we consider the costs and benefits of greetings and
the distribution of greetings amongst clan members. We
use models of primate grooming to predict the optimal
distribution of greeting partners and compare the predic-
tions with our results.

Greetings may entail costs. Two gestures, the lifting
of the hind leg and the erection of the ‘penis’, expose
a vulnerable part of the body to close contact with the
jaws of the greeting partner. We have occasionally ob-
served cubs to bite the underside or erect ‘penis’ of an-
other cub or a subadult during a greeting. Thus there
is clearly a potential for injury.

Greetings may also provide benefits. Benefits to adult
females include: (1) A mechanism whereby females re-
solve conflicts in a way that minimises the chance of
potentially damaging physical conflicts. Clan cohesion
depends on the resolution of conflicts between members.
The potential for conflict among female clan members
is high, as competition for access to food resources is
intense (Kruuk 1972). Typically the alpha female and
her matriline dominate large carcasses (Frank 1986b).
(2) Affiliative behavior may reduce social stress. Stress
can have detrimental effects on the immune system (Sa-
polsky 1982; Kiecolt-Glaser and Glaser 1991; Munck
and Guyre 1991; Alberts et al. 1992) and heart rate
(Eisermann 1992). Nursing females attending their off-
spring at the communal den suffer considerable harass-
ment from dominant females (unpublished data). It is
possible that relationships cultivated by subordinate fe-
males with dominants reduce the harassment and stress
they and their cubs suffer. (3) Affiliative behavior may
permit the acquisition and/or maintenance of high rank
through the formation of strongly bonded coalitions of
females. High rank is important because top-ranking fe-
males have shorter interbirth intervals (Frank 1986b),
produce cubs at a higher rate, and their cubs grow faster



and survive better than those of subordinate females
(unpublished data). Coalitions between females play a
vital role in the maintenance of rank in captive hyenas
(Frank et al. 1989), while in our study population, coali-
tions of females were able to depose alpha matrilines
when they held the numeric advantage. In primates with
linear dominance hierarchies, affiliative behavior is
thought to help establish and maintain bonds between
group members (Seyfarth 1977; Dunbar 1980; Fair-
banks 1980; Silk et al. 1981 ; Cheney and Seyfarth 1990),
and coalitions can be important in the maintenance of
rank (Datta 1983; Chapais 1988).

It appears that affiliative behavior in female spotted
hyenas may be as beneficial as, or even more beneficial
than in most primate societies. Our results indicated that
females actively signal acceptance of their current rela-
tive social status to their greeting partner, and subordi-
nates initiated greetings and displayed greeting gestures
more often than dominants. The increase in the propor-
tion of greetings that are asymmetric with the divergence
in rank between females indicates that greeting partners
were aware of each other’s relative rank. This point was
also demonstrated by the positive correlation of the rela-
tive frequency with which different greeting gestures
were used by subordinates with the rank difference be-
tween greeting partners. If a subordinate failed to greet
a dominant it was sometimes forced into a greeting, sug-
gesting that dominants may view a lack of active sub-
mission (i.c. failure to greet) as a challenge.

The benefits of affiliative behavior in males are less
obvious than in females, as males are at the bottom
of the feeding hierarchy, mate choice is probably con-
trolled by females (East and Hofer 1991b) and the domi-
nance hierarchy is mainly the result of a queueing system
(East and Hofer 1991b). If male reproductive success
is a function of a non-transferable resource, e.g., a spe-
cial relationship with females (East and Hofer 1991b,
and sce below), then acquisition of rank by physical
combat between males is unlikely to increase paternity.
This may explain why levels of aggression between male
clan members are low (Frank 1986b; East and Hofer
1991b), why asymmetries in the gestures displayed dur-
ing greetings between males are less common than in
greetings between females, and why, in contrast to fe-
males, the number of forced greetings was low. It seems
that emphasis of dominance by high-ranking males is
less important in immigrant males than females.

Mills (1990) noted that immigrant males never greet-
ed adult females. In this study we found that although
immigrant males regularly visited the communal den,
with one exception they made no attempt to greet adult
females unless they were above median rank. Given the
separation of female and male dominance hierarchies
and the general intolerance of females to the close prox-
imity of males, the low frequency of greetings between
adult females and immigrant males, and particularly the
lack of greetings between females and immigrant males
below median rank, may be a consequence of males
avoiding situations in which they may be injured. Why,
then, do males participate in potentially dangerous
greetings with females at all? We suggest mixed-sex
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greetings involving top-ranking males, in particular the
alpha male, help to promote their relationships with fe-
males, and thus increase mating opportunities. Greeting
females may also help top-ranking males to maintain
their social position within the male hierarchy by advert-
ising their special relationship with females to subordi-
nate males.

As greetings probably assist immatures to integrate
into the social structure of the clan, it is not surprising
that rates of greeting of adult females and immatures
do not vary with the rank of the adult female. The sys-
tematic variation in the proportion of ‘penile’ displays
of adult females when greeting cubs emphasizes the in-
fluence of the rank of a cub’s mother on the socialization
of the cub and is one mechanism that permits the en-
forcement of ‘rank inheritance’. If social and nutritional
benefits acquired by offspring of alpha females are larger
than those provided by lower-ranking mothers, we
would expect offspring of alpha females to greet their
mothers more often than other cubs greet theirs. This
was confirmed by the results. Greetings between imma-
tures and immigrant males involved chiefly males above
the median rank and primarily top-ranking males. Top-
ranking immigrant males are generally tolerated by fe-
males and permitted closer to immatures than subordi-
nate immigrant males. Thus high-ranking males have
more opportunities to associate with and be greeted by
immatures. These greetings may help high-ranking males
develop associations with immature females that will
eventually become potential reproductive partners.

In greetings between cubs, both partners typically dis-
played all gestures, thus asymmetries in greetings be-
tween cubs were rare. Cub rank had no influence on
the initiation and termination of greetings between cubs.
This is compatible with the propositions that (1) domi-
nance relationships between cubs may be poorly defined,
(2) the ability to display rank during greetings may be
poorly developed in cubs, and/or (3) the need for cubs
to display rank may be small. Currently we do not know
whether one or several of these factors apply. Asymme-
tries were more common during greetings between suba-
dults and cubs than between cubs, indicating that in
subadults the need and/or competence to display domi-
nance is greater than in cubs.

Competition and partner choice

Models of primate affiliative behavior assume that the
benefits derived from social relationships with different
individuals are not equal, and that individuals are se-
lected to maximize the benefits they receive from social
relationships with others. Affiliative behavior with high-
ranking individuals (Seyfarth 1977) or close kin (Dunbar
1980) are thought to provide the highest benefits and
therefore high-ranking individuals are preferred groom-
ing partners and are the target of most grooming at-
tempts. Consequently, individuals compete for access to
high-ranking individuals, and as a result females with
adjacent rank are frequent grooming partners, while
low-ranking individuals suffer from competition for ac-
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cess to higher-ranking individuals (Seyfarth 1977, 1983;
Seyfarth and Cheney 1984; Cheney and Seyfarth 1990).

Our results on the distribution of greetings amongst
adults confirm these predictions, with one interesting
exception. As predicted, top-ranking females greeted fe-
males less frequently as the rank of their partner de-
clined. Also as predicted, mid-ranking females greeted
other mid-ranking females most frequently but, in con-
trast to vervet monkeys, Cercopithecus aethiops (Cheney
and Seyfarth 1990) increased their proportion of greet-
ings with the target rank of higher-ranking partners. In
contrast to many primate troops, a spotted hyena clan
is a fission/fusion society where individuals are often
absent from the social centre of the clan, the communal
den, for several days (Hofer and East 1993c). Because
competitors are often not present, competition for access
to high-ranking females may be reduced, thus allowing
casier access for mid-ranking females to top-ranking fe-
males than in primate societies. Low-ranking females
rarely greeted top-ranking females which indicates that
they were competitively excluded.

The distribution of greetings amongst males matched
the pattern observed in female primates (Cheney and
Seyfarth 1990). As in spotted hyena females, high-rank-
ing males mostly greeted other high-ranking males but
the decline in greetings with rank was more dramatic
than in females. This was because (1) subordinate males
visited the den less frequently than high-ranking males
(East and Hofer 1991b), and (2) access to top-ranking
males was limited for lower-ranking males because top-
ranking males spent much of their time in close vicinity
to the den (unpublished data). In stark contrast to fe-
male primates, lower-ranking males were not excluded
from greeting top-ranking males by members of the
same sex but by the close proximity of the top-ranking
males to females, the dominant sex. Thus, greetings often
required top-ranking males to leave the immediate den
area and approach lower-ranking males. This top-rank-
ing males did, and for this reason the initiations by ap-
proach amongst males were not influenced by rank, in
contrast to initiations by lifting the hind leg first. Mid-
ranking males may also direct the majority of their greet-
ings to males adjacent in rank because these males may
be more important to them in the queucing system than
the current top-ranking males.

In socicties based on matrilines in which rank is ‘in-
herited’ (Holekamp and Smale 1991), the distribution
of affiliative behavior is thought to be dominated by
kin relationships (Gelada baboons, Theropithecus gela-
da, Dunbar 1980) or the result of a mixed strategy where
a large amount of grooming occurs between kin and
the remainder is directed at high-ranking individuals
(bonnet macaques, Macaca radiata, Silk et al. 1981). If
attraction among kin was the prime factor affecting the
distribution of greetings, then the proportion of greet-
ings with kin should be similar in all matrilines, regard-
less of their rank. Alternatively, if both relatedness and
rank are important we predicted that the proportion
of greetings between members of high-ranking matrilines
should be higher than that amongst low-ranking matri-
lines. In spotted hyenas the latter is clearly the case as

offspring of alpha females greeted their mothers more
frequently than offspring of all other mothers.

The evolution of virilization of female genitalia

Penile displays accompany mating behavior in several
mammals (bottle-nosed dolphin, Tursiops truncatus:
Brown and Norris 1956; Ugandan kob, Kobus kob:
Buechner and Schloeth 1965; bonobos, Pan paniscus:
de Waal 1988; Kano 1992; wildebeest, Connochaetes
taurinus: Estes 1991), while in some primates they are
signals of dominance (Ploog and MacLean 1963;
Wickler 1967; Jolly 1972; Weigel 1979). Spotted hyenas
are unique amongst mammals in using an erect ‘penis’
as a gesture of submission. On an ultimate level (Sher-
man 1988), the evolutionary origins of the ‘pseudo-pe-
nis’ have been attributed to non-adaptive processes and
adaptive selection pressures. The non-adaptive hypothe-
ses (Fig. 5) state that female virilization was (1) an inci-
dental by-product of selection for elevated prenatal an-
drogen levels leading to large size and social dominance
of females over males (Gould 1981; Gould and Vrba
1982); (2) a consequence of a punctuated genetic translo-
cation (van Jaarsveld and Skinner 1987). The adaptive
hypotheses attribute the evolution of the ‘pseudo-penis’
(1) directly to selective advantages of a conspicuous
structure that focuses the attention of greeting partners
and keeps partners together over a longer period, there-
by facilitating the re-establishment of social bonds
(Wickler 1965b; Kruuk 1972); (2) indirectly to a two-
stage process where (i) initial virilization of female geni-
talia evolved as a by-product of selection for larger body
size and aggressiveness to obtain a competitive feeding
advantage, (i) a penile signal was incorporated into
greetings, favoring selection for the enlargement and er-
ectile nature of the ‘pseudo-penis’ (Hamilton et al.
1986).

Although the evolutionary history of the female
‘pseudo-penis’ is unknown, and current function does
not imply historical origin (Gould and Lewontin 1979),
two questions are pertinent: (1) Is the current non-adap-
tive hypothesis sufficient to account for the present day
ocurrence and structure of the ‘pseudo-penis’? (2) Do
females with a ‘pseudo-penis’ incur a cost due to its
presence? The non-adaptive argument is that we do not
require an adaptive explanation if we can identify a
mechanism that creates that trait as an incidental by-
product of selection operating on a different trait. All
current non-adaptive scenarios state that masculiniza-
tion of the female external genitalia was driven by selec-
tion for female dominance via selection for neonatal an-
drogenization leading to large, aggressive, adult females
(Fig. 5). Is this so?

Masculinization and female dominance. Masculinization
of female external genitalia is rare in mammalian species
and where it occurs it is not associated with female domi-
nance in any species other then the spotted hyena (e.g.,
European moles Talpa europaea: Matthews 1935; pla-
tyrrhine monkeys: Ploog 1967; Oppenheimer 1977). In
mammalian species, female dominance is also uncom-
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mon, but does occur in a wide variety of species (Ralls
1976; Hrdy 1981) and is typical in Lemuriformes (Jolly
1984 ; Richard 1987; Kappeler 1990; Young et al. 1990).
However, masculinization of female external genitalia
has not been recorded in any female-dominated species
except for the spotted hyena. Female dominance in
mammals is not dependent on females being larger than
males, and dominance is not a function of aggressiveness
(Rowell 1974). Even in spotted hyenas, females are not
necessarily larger than males (Hamilton et al. 1986; un-
published data) and body size in males and females is
not related to social rank in our Serengeti population
or in captive animals (Frank et al. 1989). In several pri-
mate species (Saimiri, Cebus, Cercopithecus talapoin,
Macaca mulatta, Erythrocebus patas) coalitions of fe-
males can successfully challenge dominance of larger
males (Hall 1967; Kaplan and Zucker 1980; Harvey
et al. 1987; Robinson et al. 1987; Smuts 1987), while
in spotted hyenas coalitions are important in the mainte-
nance of female rank (see above), and may have been
important in the development of female dominance
(Frank et al. 1989).

Androgens. Adult female spotted hyenas do not have
significantly higher levels of androgens than adult males
{Racey and Skinner 1979; Frank et al. 1985, Lindeque
et al. 1986; van Jaarsveld and Skinner 1991; Glickman
et al. 1992b). Androgen levels in female spotted hyenas
are not elevated in relation to androgen levels in female
brown or striped hyenas (van Jaarsveld and Skinner
1987). The striking aspect of the hormonal profile of
adult spotted hyenas are the low androgen levels of adult
males compared with males of other hyena species (van
Jaarsveld and Skinner 1987, 1991).

In summary, neither comparative evidence nor cur-
rent knowledge of spotted hyena behavior and endocri-
nology support the non-adaptive scenario that links se-
lection for social dominance with elevated pre-natal an-
drogen levels via body size or aggressiveness. There is,
however, an alternative hypothesis that links pre-natal
androgen levels to siblicide (Hofer and East 1992). Spot-
ted hyenas are unique amongst mammals in that there
is frequent fatal neonatal aggression between members
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Fig. 5. Schematic overview of hypothesized
traits and their links involved in the evolu-
tion of the ‘pseudo-penis’ in female spotted
hyenas. Key traits on which selection pres-

s°i‘;i°c'”:i§r“°' sures were hypothesized to operate are sur-
contexts rounded by double-lined boxes. Key traits in

non-adaptive scenarios are depicted on the
left (siblicide and social dominance) while
those postulated in adaptive scenarios are
listed on the right. The series of traits to

control over the right of the central circle all refer to
copulation current features of the female ‘pseudo-
,L penis’. Shaded boxes refer to functions in
male a greeting. Thick arrows indicate traits and
submission links first proposed by Hofer and East

(1992) and this study

of a twin litter (Frank et al. 1991). Siblicide is associated
with extremely high neonatal aggression and high an-
drostenedione levels at birth and during ontogeny
(Frank et al. 1991; Licht et al. 1992). Frank et al. (1991)
proposed that siblicide is “another phenomenon that
may have originated as a by-product of selection for
female androgenization”. In contrast, we suggested that
the exceptionally large (Gittleman and Oftedal 1987) in-
vestment in lactation and long nursing period in spotted
hyenas (East et al. 1989; Hofer and East 1993¢) favors
strong selection for high neonatal aggression leading to
siblicide (Hofer and East 1992, Fig. 5). Following this
line of argument, the elevated levels of androgens (an-
drostenedione in females, testosterone in males) re-
corded during foetal development, at birth, and during
the initial months of life (Glickman et al. 1987; Frank
et al. 1991; Licht et al. 1992) have been selected for to
produce neonates primed for severe agonistic encounters
with fully erupted teeth and open eyes. High concentra-
tions of circulating androgens (especially testosterone
and dihydrotestosterone) in adult females during the fi-
nal period of pregrancy are thought to be one source
of testosterone circulating in the fetus (Matthews 1939;
Licht et al. 1992). If this is the case, then we suggest
that the elevation of androgens during the final period
of pregnancy may have been selected to contribute to
the production of neonates primed for agonistic en-
counters.

Costs and benefits of maintaining the pseudo-penis

We now turn to our second question and ask: If our
non-adaptive scenario for the initial virilization of female
genitalia is correct, are there anatomical components of
the ‘pseudo-penis’ and/or behavioral features of its use
that are inexplicable unless we postulate selective pres-
sures that operated directly on the ‘pseudo-penis’?
Hamilton et al. (1986) pointed out that (1) large func-
tionless organs are usually selected against, and the
‘pseudo-penis’ is a large organ, as it makes up circa
1% of adult body mass (Neaves et al. 1980); (2) experi-
mentally induced virilization of female genitalia in a va-
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riety of species did not produce a penile structure equiva-
lent to that of the male. There are no reports that partu-
rition is impeded in female primates with virilized genita-
lia while female moles have a separate vaginal opening
at the base of their ‘pseudo-penis’ (Matthews 1935;
Niethammer 1990). In contrast, when female spotted
hyenas give birth, the ‘pseudo-penis’ ruptures on the
caudal side, causing a large wound (several centimeters)
that may be a source of infection. Unusually many pri-
miparous captive females produce stillbirths while subse-
quent deliveries are easier (Glickman et al. 1992a). Los-
ing a first litter at parturition implies a loss in terms
of lifetime reproductive success of at least 5% (unpub-
lished data). These points suggest that maintenance of
the ‘pseudo-penis’ in spotted hyenas entails a cost and
that direct selection pressures operated to maintain the
pseudo-penis in its current form.

The fusion of outer labiae. We propose a selective advan-
tage for females that have the opening to their reproduc-
tive tract (urogenital meatus) displaced to a position for-
ward of their hind legs at the tip of their hypertrophied
clitoris. The structure and position of the ‘pseudo-penis’
dictates that males have considerable difficulty locating
and penetrating the clitoris opening (Kruuk 1972). Al-
though the ‘pseudo-penis’ is not erect during mating,
its presence and position prevent males from achieving
intromission without the complete cooperation of the
female, i.e., forced copulations are impossible. Females
thus gain control over the mechanics of copulation and
male mating success becomes dependent on the relation-
ships they develop with females. Thus, the importance
of sexual selection for male fighting prowess is minimal
because an amicable relationship with a female is a non-
transferable resource. As males achieve little by fighting
with each other, game theory predicts that fights should
be rare and/or fighting intensity low (Maynard Smith
1982; Harper 1991). This hypothesis explains (1) why
aggression amongst contemporary males is low (Frank
1986b; East and Hofer 1991b), (2) why males expend
extensive effort on courting females (East and Hofer
1991b), (3) their unusually low androgen levels, (4) why
asymmetries in gestures in greetings between males are
less common that in greetings between females, and (5)
why the number of forced greetings between immigrant
males was low. In short, maintenance of the ‘pscudo-
penis’ facilitated the evolution of male submission by
providing females with control over mating in a species
where males do not contribute to parental care (Fig. 5).

The ability to erect the ‘pseudo-penis’. There are no re-
ports that females of species other than spotted hyenas
with masculinized genitalia can fully erect the enlarged
clitoris. This is probably a consequence of sexual di-
morphism found in Onuf’s nucleus, the area in the sacral
spinal chord responsible for erecting the ‘penis’ which
is well-developed in males but not in females in all spe-
cies studied so far (Breedlove and Arnold 1980; Forger
and Breedlove 1986). We predict that in spotted hyenas,
Onuf’s nucleus is monomorphic in structure. If this is
the case, then the ability to erect the ‘pseudo-penis’
might be another trait that is not explained by the non-
adaptive scenario (Fig. 5).

Behavioral aspects. Our previous discussion referred to
a number of benefits associated with greetings but did
not specify the contribution of the ‘penis’. The adaptive
hypotheses on the role of the ‘penis’ in greeting ceremo-
nies specifically claim that the presence of the ‘penis’
augment the benefits gained from a greeting. The hy-
potheses of Wickler (1964, 1965b), Kruuk (1972) and
Hamilton etal. (1986) predict that (1) categories of
adults that meet infrequently should display an erect
‘penis’ relatively more frequently than categories of
adults that meet frequently; (2) greetings should last lon-
ger and be more likely to be asymmetric with respect
to ‘penis’ erection in adult females than in other categor-
ies where the benefits of greetings appear to be relatively
smaller; (3) the erect ‘penis’ provides information not
available through other greeting gestures. In line with
these predictions (1) greetings between immigrant males
who meet infrequently included a substantially higher
proportion of cases with both individuals erecting their
‘penis’ than greetings between adult females who meet
more frequently; (2) greetings between adult females
lasted significantly longer and comprised a higher pro-
portion of asymmetric greetings with respect to ‘penis’
erection than greetings between males. Our results show
that during greetings there are gestures besides the erect
‘penis’ that are available to signal submission. However,
the erect ‘penis’ is the only gesture that reliably signals
absolute rank as well as relative rank difference in greet-
ings between adult females and cubs. This emphasizes
the influence of the rank of a cub’s mother on the sociali-
zation of the cub because it permits cubs to assess the
social status they obtain from their mother in relation
to that of an adult female greeting partner. Thus, it
provides a mechanism that permits the enforcement of
‘rank inheritance’ (cf. Holekamp and Smale 1991).
Previously, discussions of the importance of the erect
‘penis’ in social situations has been restricted to greet-
ings, with the exception of Hamilton et al. (1986). How-
ever, an erect ‘penis’ is used as a submissive signal in
a wide variety of social situations (unpublished data).
A detailed study of the use of the erect ‘penis’ in all
social contexts may uncover additional points for con-
sideration (Fig. 5).
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