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The social organization of three populations of 2 species of zebras in Kenya and its relationship
to their communication behaviour were studied.  Grant’s zebras (Equus burchelli bohmi) (GTZ)
inhabiting a dry savanna area had a harem-type social organization.  Grevy’s zebras (Equus
grevyi) inhabiting a dry savanna area with many bushes, formed a territorial society (GYZ-1).
Grevy’s zebras (GYZ-2) inhabiting the same area as GTZ, created groups of a few to 20 males
and females, bachelor groups and solitary males in the rainy season, and formed large groups
of over 100 males and females in the dry season.  The GTZ displayed three types of scent-
marking, but GYZ-1 showed seven types, and GYZ-2 four types.  In the GTZ the frequency of
scent-marking with the urine of males on the urine of females (FUU) in the rainy season, and
in the GYZ-1 the frequency of scent-marking with the faeces of males on his own faeces (MFF)
during both seasons, were each significantly higher than other types of scent-marking in the
respective groups.  In the GYZ-2 male/female mixed groups, the frequency of FUU was
significantly higher during the rainy season than during the dry season.  The frequency of
mutual grooming and mutual chin-resting in the GTZ was each significantly higher than that
in the GYZ-1 or GYZ-2.  Mutual chin-resting was occasionally observed in the GYZ-2.  Neither
mutual grooming nor mutual chin-resting was observed in the GYZ-1.  These results suggest
that the type and frequency of communication behaviour differs depending on the type of social
organization in Equus species.
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Studies of the social organization and behaviour of forms a harem or territorial group, determines the

various Equus species[2, 7, 12, 13, 15 , 17–20, 22, 26,
28–35, 37–39] indicate that there are two basic types of
social organization among Equus species.  Several
Equus species exhibit the harem-type of social
organization, in which the horses form long-lasting,
non-territorial family groups composed of one stallion
and several mares with their foals.  Other Equus species
exhibit the territorial type of social organization, in
which several estrous mares or mares with their foals
stay in the territory of a stallion for a short period [21].
In Grevy’s zebras, Ginsberg and his associate reported
that the reproductive condition, i.e., whether a male
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priority a female places on food and water [8, 9].
Regarding the communication behaviour in Equus

species, Klingel [22] reported that in Grevy’s zebras
and wild asses that form a territorial society, scent-
marking has visual and olfactory informational
functions that show the male’s boundaries or help to
orienteer inside its territory by depositing its own dung
piles along the boundary of its territory.  In studies on
the behaviours of other zebras and feral horses, it was
proposed that the scent-marking behaviour of these
animals that form a harem-type society serves to mask
the reproductive information of the mares or to
demonstrate the presence of the stallion, by scent-
marking the urine or faeces of the mares with the urine
of the stallion in the group [35, 36].
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Mutual grooming is considered to strengthen the
bonds between individuals in the harem type society
[4], decrease the rate of their heartbeat [6], and
appease each of two individuals.  This behaviour is
observed between group members, between a mare
and her foals, and among siblings in a group of feral
horses.  The frequency of mutual grooming changes
with the season [15, 37, 38].

Although the scent-marking behaviour and mutual
gr ooming  be hav iour  a re  t yp ic a l  for ms  o f
communication behaviour involving the senses of
smell, sight and touch, such behaviour has not been
quantitatively compared among different Equus
species.  In this study the types and frequency of
communication behaviour including scent-marking
behaviour and mutual grooming behaviour, were
compared among three zebra populations of two
species with different types of social organization.

Methods

Animals
Grevy’s zebras are the largest Equus species.  The

mean body weight of an adult male is approximately
431 kg, and that of an adult female is approximately ten
percent less [16].  The female zebras give birth
throughout the year, and the birth rate in August (Dry
season) is slightly higher than those in other months
[16].  A definite breeding season does not exist because
coupulation is observed in both the rainy and the dry
season [16].  The pregnancy period is approximately
409 days [10].  Females are in estrous within 10 days
after the previous birth and the heat lasts for 6–15 days
[16].  If the female does not become pregnant again,
the estrous cycle is repeated every 27 days [8].

Grevy’s zebras generally form a territorial type of
social organization.  Some Grevy’s zebras live in a semi-
arid area where there are many bushes, whereas others
live in a desert area.  A male mates with estrous females
that enter the territory.  A female stays in the territory
for 1–48 hr.  Some females are monandrous and
remain in the same territory, while others are
polyandrous and emigrate to other territories to mate
with other males.

The body weight of an adult male Grant’s zebra is
approximately 250 kg, and that of an adult female is
approximately ten percent less [16].  The pregnancy
period is approximately 1 year [10].  Females enter
estrous a few days after the previous birth and the heat
lasts for 2–9 days.  If the female does not become
pregnant again, the estrous cycle is repeated every 17–
24 days [16].  Although these zebras give birth
throughout the year, most births are seen during the
rainy season [16].  Their breeding season is considered
to be in the rainy season, that is, March to May.  They
live in the savanna area and form harem-type groups.  A
family group consists of a stallion, several mares and
their foals.  The mares are basically monandrous and
mate with a stallion in the same group.

Location of the study
This investigation was carried out in Samburu

National Reserve of Samburu District and Buffalo
Springs National Reserve of Isiolo District in Kenya.
Samburu National Reserve is located in an arid area
and there are many bushes.  Buffalo Springs National
Reserve is located on the east side of the Ewaso Ngiro
River, and consists of a mosaic pattern of grassy areas
and areas with bushes and rubble [1].

The present study included Grant’s zebras and
Grevy’s zebras that inhabit two different areas.  The
Grant’s zebras (GTZ) inhabit the grassy plains in the
vicinity of the artificial pond located between the
Chokaa Gate of Buffalo Springs National Reserve and
the shrub area, which include plenty of rubble (2.5
km2).  The Grevy’s zebras that inhabit the area along
the river between the West Gate and the Archer’s Post
Gate of Samburu National Reserve were designated as
the GYZ-1 group.  Approximately ten territorial groups
were observed.  Grevy’s zebras that inhabit the glassy
plains, with an area of approximately 20 km2 near the
artificial pond located on the west side of Chokaa Gate
of Buffalo Springs National Reserve, were designated as
the GYZ-2 group.  These animals share the grassy plains
with GTZ.

Sampling methods
The time and frequency of each communication

behaviour (scent-marking behaviour, mutual grooming
behaviour and mutual chin-resting behaviour) were
obtained by the focal animal sampling method and the
behaviour sampling method [25].  The animals were
observed through a pair of field binoculars (8–20 × 24)
at a distance of 5 to 30 m from the animals.  Individual
animals were identified by the specific pattern of stripes
on the coat of each animal during the observation
period in each season.  Some of the GTZ, GYZ-1 and
GYZ-2 zebras observed during the rainy season were the
same individuals as those observed during the dry
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season.  Scent-marking forms of behaviour were
defined as follows. 
Scent-marking behaviour:
FFU: An animal (almost always male) sniffs the faeces
of a female immediately after elimination.  Sometimes
the animal has a flehmen response after sniffing.  The
animal voids urine onto or next to the faeces.
FUU: An animal (almost always male) sniffs the urine of
a female immediately after excretion.  Sometimes the
animal has a flehmen response after sniffing.  The
animal excretes urine onto or next to the spot of urine.
FUF: An animal (almost always male) sniffs the urine of
a female immediately after it is voided.  Sometimes the
animal has a flehmen response after sniffing.  The
animal eliminates faeces onto or next to the spot of
urine.
FFF: An animal (only male) sniffs the faeces of a female
immediately after elimination.  Sometimes the animal
has a flehmen response after sniffing.  The animal
eliminates faeces onto or next to the faeces.
MFU: An animal (only male) sniffs the faeces of a male
immediately after elimination.  The animal voids urine
onto or next to the faeces.
MFF: An animal (only male) sniffs the faeces of a male
or faecal piles.  The animal eliminates faeces onto or
next to the faeces or faecal piles.  After that, sometimes
the animal sniffs his own faeces in the pile.
MUU: An animal (only male) sniffs the urine of a male
immediately after it is voided.  The animal voids urine
onto or next to the spot of urine.

A series of a particular types of behaviour were
recorded as one event (Fig. 1).  The number and type
of events in the scent-marking behaviour of each
animal were recorded every day.The number of events
in mutual grooming and mutual chin-resting behaviour
of each animal was recorded every day.

The field observation was conducted during the
daytime (7–8 hr/day) for 15 days each in August, 1998
(dry season; total observation time for 3 groups of
zebras, 750 hr) and May, 1999 (rainy season; total
observation time for 3 groups, 634 hr).  Three staff
members observed their own group of zebras for 15
days.  The total number of animals observed during the
dry and rainy seasons was: 70 GTZ zebras [17 males (9
in the dry season and 8 in the rainy season) and 53
females (28 in the dry season and 25 in the rainy
season)], 133 GYZ-1 zebras [23 males (11 in the dry
season and 12 in the rainy season) and 110 females (69
in the dry season and 41 in the rainy season)], and 188
GYZ-2 zebras [96 males (53 in the dry season and 43 in
the rainy season) and 92 females (44 in the dry season
and 48 in the rainy season)].

Results

Social structure
The Grevy’s zebras in the GYZ-1 group lived in

territorial groups, each of which was composed of one
male, 1–10 females, and young males, or in groups of
non-territorial bachelor males.  The GYZ-2 zebras
formed different social organizations in the rainy and
dry seasons.  In the rainy season, several different
groups  of  GYZ-2  were  observed:  (1)  a  soc ia l
organization composed of approximately 20 males and
females; (2) bachelor male groups; and (3) solitary
males.  In the dry season, they formed large male/
female mixed groups, each of which was composed of
over 100 individuals.  The GTZ lived in harem groups
of less than 10 animals, each of which was composed of
one male and several females and foals.  Other GTZ
lived in bachelor male groups.

Communication behaviour
The frequency of  a form of communication

behaviour during the daytime (8 hr) in the GYZ-1
males, GYZ-1 females, GYZ-2 males, GYZ-2 females,
GTZ males or GTZ females, was determined by dividing
the number of times that the behaviour was observed in
the animals in a group, by the total observation time for
the animals in that group.  The daily frequency of form
of behaviour in an animal was calculated by converting
it to frequency per one daytime (8 hr) per animal.   The
frequency of each form of communication behaviour
per animal in each group is shown in Table 1.

Scent-marking behaviour
In the GYZ-1, all seven types of scent-marking

behaviour were observed.  The most frequently seen
types of scent-marking in both the dry and rainy seasons
was scent-marking with the faeces of the territorial
males on their own faeces or on faecal piles in the
territory (MFF) (Chi-square test: χ2

6=22.9, p<0.001)
(Fig. 2).

In the GTZ animals which lived in harem-type
groups, three types of scent-marking behaviour were
confirmed.  The most frequently seen type was scent-
marking with the urine of males on the urine of females
(FUU) (Chi-square test: χ2

2=16.4, p<0.001) (Fig. 2) in
the same harem group in the rainy season (breeding
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season).  In the GTZ group, scent-marking behaviour
with the urine or the faeces of the male in a harem
group on the faeces of females (FFU) (FFF) was the
next most-frequently seen behaviour in both the rainy
and dry seasons(Chi-square test: χ2

1=0.07, N.S.).  In the
GYZ-2, four types of scent-marking behaviour were
confirmed.  The most frequently-seen type in the GYZ-
2 solitary males was marking the faecal piles of several
males with faeces (MFF) (Chi-square test: χ2

1=16.2,
p<0.001) (Fig. 2).  In the GYZ-2 male/female mixed

Fig. 1. Scent-marking behaviour. (upper) MFF by a 
zebra; (lower) FUU by a male Grant’s zebra 
Ishiyama
group, the frequency of FUU during both seasons was
the highest among the different types of scent-marking
behaviour (Chi-square test: χ2

2=8.2, p<0.02) (Fig. 2).
A common scent-marking behaviour seen among all

three zebra groups was FUU by males.  Scent-marking
with the urine of stallions on the faeces of males (MFU)
was only seen in the GYZ-1 group in the dry season.
Although the frequency of scent-marking behaviour of
females was lower than that of males in all three zebra
groups (Chi-square test: GYZ-1, χ2

1=23.2, p<0.001; GTZ,

male Grevy’s zebra; (middle) FUU by a male Grevy’s
(left, female; right, male). Photograph by Katsutoshi
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χ2
1=30.4 , p<0.001; GYZ-2, χ2

1=19.0, p<0.001), FFU and
FUU by females in the GTZ, and FUF by female in the
GYZ-2 were confirmed.

Table 1. Mean frequency of communication behaviour
and Grant’s zebras*

FFU FUU FUF FFF

0.21 0.42
(0.12) (0.12) (0.12)

0.72
(0.38)

(0.22)

0.59 2.38 0.40
(0.24) (0.36)

0.27
(0.04) (0.04)

*The frequency of a particular behaviour in an animal i
The frequency was obtained by counting the number o
behaviour type of over the 15-day observation periods
per daytime (8 hr).  (  ); dry season, FFU; marking fem
with urine, FUF; marking female’s urine with faeces, F
ing male’s faeces with urine, MFF; marking male’s fa
urine, MG; mutual grooming, MCR; mutual chin-restin

Fig. 2. Proportion of each type of scent-marking be
of GYZ-1, GYZ-2, and GTZ in the rainy and dr
of events of a particular type of scent-marki
events of all types of scent-marking behaviou

GYZ-1♂

GYZ-1♀

GYZ-2♂ G

GYZ-2♂ S

GYZ-2♀

GTZ♂

GTZ♀
Mutual Grooming (MG) and Mutual Chin-Resting Behav-
iour (MCR)

MG was observed only in the GTZ zebras.  Mutual
chin-resting was observed in the GTZ group during the
rainy and dry seasons, and in the GYZ-2 male/female

s during the daytime in male and female Grevy’s zebras

MFU MFF MUU MG MCR

0.63
(0.12) (0.46) (0.12)

0.07 0.14 0.07

1.17

0.15

0.20 1.78
(0.83)

0.05 0.59
(0.07) (0.56)

n the indicated group during one day (8 hr), is shown.
f times the animals in a group performed a particular
 divided by the number of animals, and converted to
ale’s faeces with urine, FUU; marking female’s urine
FF: marking female’s faeces with faeces, MFU; mark-
eces with faeces, MUU; marking male’s urine with
g.  G; males of mixed groups, S; solitary males.

haviour among the scent-marking types of behaviour
y seasons. The rate was calculated as follows: Number
ng behaviour in that population / Total number of
r in that population * 100.
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mixed groups during the rainy season.  The frequency
of MCR in the GTZ was higher than that in the GYZ-2
male/female mixed groups (Chi-square test: χ2

1=51.30,
p<0.001)(Fig. 3).  This behaviour was not seen in the
GYZ-1 group (Fig. 3).

Discussion

In animals that form a harem-type society, a male
basically mates with females inside the harem.
Therefore, the purpose of scent-marking behaviour by
a male zebra in a harem-type society is to mask the
reproductive information of the females from males
outside the harem [7, 27, 35]; thus scent-marking
behaviour could be limited to three types (FUU, FFU
and FFF) in the GTZ.  In animals that form a territorial
society, a male mates with an unspecified number of
females which come and go in the territory.  In the
GYZ-1,  seven different types of  scent-marking
behaviour ( MFF, FUF, FFF, FUU, FFU, MUU and
MFU) by a male against an unspecified number of
females or males outside the group were observed.  The
purposes of scent-marking behaviour in male zebras in
these groups are more diverse, and they could be

Fig. 3. Frequency of the mutual grooming and mutual
chin-resting types of behaviour during a day in
male and female GYZ-1, GYZ-2, and GTZ. The
frequency was obtained by counting the number
of times the animals in a group performed a
particular behaviour over the 15-day observation
period divided by the number of animals, and
converted to per daytime (8 hr) in the rainy and
dry seasons.  ■mutural grooming, □mutual
chin-resting. 
assumed to be the demonstration of boundaries [19,
20 ,  22],  demons trat ion  of  the  presence of  a
relationship with a female [3, 11, 14], removal [24] or
masking of traces of invading males, masking the
information of females [7, 28, 35], etc.  In a population
that forms a mixed society in between a harem-type and
a territorial type society in accordance with the season
(GYZ-2), at least four different types of scent -marking
behaviour  (FUU, MUU, FUF and MFF)  were
confirmed.  These are in agreement with the theory of
Krebs & Dawkins [23], in that if the sender of a signal
and the recipient of a signal share a common interest,
this should lead to cost-minimizing, muted signals, but
if the sender of a signal and recipient of a signal do not
share a common interest, this would lead to repetitive
ritualized signals.  This would also explain why Grant’s
zebras that form a harem-type society and do not share
females with males outside the harem, express such
behaviour.

Mutual grooming was observed only in the GTZ
zebras .   Th i s  behav iour  has  deve loped a s  a
communication tool to maintain their family-type
organization [4, 6] and has also the function of
removing parasites [37].  The frequency of this
behaviour in the GTZ that we studied seems to be less
than the frequency of MG in zebras that inhabit the
Ngorongoro National Reserve and more moist savanna
areas [17].  The difference in frequency could be
because of the difference of amounts of parasites in the
two area [37].  In the present study, mutual chin-resting
was more frequently observed than mutual grooming.
Mutual chin -resting is performed by a pair of horses in
a similar position as mutual grooming, but instead of
scraping the coat with the incisors, the animal rests its
chin on the back or hip of the other animal.  This
behaviour may be explained by the environment in
which the GYZ-2 and GTZ live, which is a very dry area
where there are fewer parasites.  The mutual chin -
resting behaviour may have been displaced by the
mutual grooming behaviour in the Buffalo Springs
National Reserve.  The mutual chin-resting behaviour
may have retained the function from the mutual
grooming behaviour, and reduces the rate of the
heartbeat of both animals [6], probably because of the
physical contact with the other animal and by mutual
appeasement.  The mutual grooming behaviour was not
observed in the GYZ-1 or GYZ-2 zebras.  During the rainy
season, however, the mutual chin-resting behaviour was
occasionally observed in the GYZ-2 male/female mixed
groups.  The males and females in a GYZ-2 mixed group
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stayed together for a longer time than the males in a
bachelor group.  In the GYZ-2 zebras, no mutual chin -
resting behaviour was observed when the number of
horses increased during the dry season.

Moehlman [30] reported that the frequency of
mutual grooming behaviour in feral asses, in a mesic
area that formed a harem-type society, was five times
higher than that in feral asses in an arid area that
formed a territorial society.
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