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Zebra Reproduction
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Introduction

Few studies have investigated the reproductive biol-
ogy of wild equids; much of what we know about
zebra species has come from dissections following
culling.} Zoo research has proven useful in deter-
mnining additional details regarding the ovulatory cy-
cling of females,* and the timing of puberty and
breeding life in both males and females. Behav-
ioral studies both in the field and in captivity have
helped to clarify these factors.>?® In addition, behav-
ioral studies have revealed how breeding behavior,
the degree of breeding seasonality, stages of partu-
rition, mother-infant behavior, and the dispersal of
young males and females can vary in the different
species.”1® Using this combination of behavioral,
physiological, and demographic data, we explain the
reproductive biology of each age and sex class of
plains zebra (Equus burchelli), the two subspecies of
mountain zebra — Cape mountain zebra (Equus ze-
bra zebra) and Hartmann’s zebra (Equus zebra har-
tmannae) — and Grevy’s zebra (Equus grevyi), and re-
late its relevance to their ecology and natural history.

Social context: mating patterns and
their ecological determinants

Zebras live in two broadly different types of soci-
eties.!"13 In one, typified by plains and mountain ze-
bras, females and males live m unimale-multifemale
family groups with their infants, yearlings, and two-
year-olds. These so-called ‘harem’ groups are rela-
tively stable with males and females living together
for many years.! In the other, typified by Grevy’'s ze-
bras, female associations are short-lived and feinales
often roam in groups without males. Fusing and
fissioning of individuals creates these open mem-
bership groups that wander through territories of
isolated males. From the perspective of matles, both
systems are polygynous since reproductively active

and dominant males often mate with more than one
female, In plains zebras, polygyny involves harem
defense since females form strong associations, while
in Grevy's zebras it involves resource defense as
males defend grazing areas that females seek. As
in any polygynous system, younger, less dominant
males form bachelor groups and attempt to cuckold
stallions while strengthening ties to females. From
the perspective of females, however, these mating
systems offer different reproductive opportunities.
In plains zebras, females are monoandrous since all
females in a haremn bond to a particular male. In
Grevy’s zebras, females are polyandrous since they
often move across territorial boundaries and mate
with a variety of males in succession.

Each mating system emerges as a response to
particular ecological circumstances.!? In general,
zebra males provide important material rewards to
females that increase their reproductive success. By
increasing vigilance and enabling females to move
unhindered when seeking resotirces, some males
enable females to spend more time grazing.!? Fe-
males associating with the most dominant males, or
those rising rapidly in rank, rear the most offspring
to the age of independence.’® But this only applies
in mesic habitats where food and water — the two
key resources femnales need to sustain themselves
and their young — are located close enough to each
other so that females of different reproductive states
can stay together and simultaneously derive these
time-related benefits that males provide. For Grevy's
zebras inhabiting more arid areas where rainfall is
highly unpredictable, food and water are typically
far apart, thus females having different needs cannot
stay together and the social fabric becones torn. As
a result, female associations are weak. Since females
exhibiting either postpartum or cycling estrus are
equally valuable to males, those of high rank defend
territories along routes to water so that they can
mate with lactating females residing near water and
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non-lactating females that must come to drink every
3-5 days.’>!® Males of lesser rank defend territories
in grazing areas and thus gain access fo a more
limited pool of reproductively active females.

It is within these social and ecological contexts that
the reproductive biology of zebras must be examined.
Only by appreciating how socioecological selective
pressures shape social relationships and mating be-
havior can the similarities and differences in repro-
duction exhibited by the various age and sex classes
of each zebra species be understood.

Mare

Behavior

Female-female bonds in all zebra species are weak.
There is little competition over food and cooperative
interactions in terms of allogrooming or mutual de-
fense of young are rare. Similarly, there is minimal
competition for mates, but female mountain zebras
compete for dominance, and rank affects reproduc-
tive fitness. Although both dominant and subordi-
nate females produce approximately the same num-
ber of offspring over a lifetime, the survival of young
born to high-ranking females exceeds that of young
born to low-ranking females.'” In addition, as daugh-
ters take on the rank of their mothers, dominant fe-
males will produce disproportionately more female
offspring. In all species, bonds between mothers and
their young weaken as offspring mature, with both

males and females leaving their natal groups by 3
years of age. Reproducing females and males inter-
act regularly. Females generally initiate movements,
with males directing the group from the side or the
rear. Lactating females often initiate moves to water
and lead the way.!

Mating often involves conflict among the sexes.
Females typically adopt a rigid position with tail
raised when initiating copulation. More often, how-
ever, the male identifies females in heat by sniffing
or licking the genital region. Resting his head on a
female’s rump or biting at the withers often precedes
mounting by the male. If a female is not ready to mate
she either walks out from under the mate or uses her
hind legs to drive him away.

Seasonality
Plains zebra

In general, zebra are less seasonal than other African
species, Plains zebra foals are born throughout the
year, although peaks do exist during the long rains
(Figure 302.1). Klingel® reported that 85.5% of foals
were born from October to March in the Ngorongoro
Crater, Tanzania. Similarly, Smuts? found that 82.6%
of foals were born between Septemnber and April in
Kruger National Park, South Africa. Since the gesta-
tion period is about 12 months, mating activity must
occur throughout the year with a peak during the
sumuner months. Plains zebra in North American and
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Figure 302.1 Seasonal distribution of births for the different zebra species. Data compiled and adapted from Klingel® (plains zebra),
Joubert?! (Cape mountain zebra), Westlin-van Aarde et al.2? (Hartmann's zebra), and Dobroruka et al.% (Grevy’s zebra), Grevy’s data

are from captive animals.
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Figure 302.2 Seasonal distribution of births {or plains zebra and Grevy's zebra held in zoos; data are taken from the Plains Zebra
Regional Studbook for North American zoos!? and the Grevy’s Zebra International Studbook.

Buropean zoos!” have given birth in every month
of the year, but births cluster in spring and sum-
mer {Figure 302.2). However, trends for spring and
summer births in zoos are sometimes the result of
management decisions for young to be born in those
months.

Mountain zebra

Free-ranging Cape mountain zebra mares in the
Mountain Zebra National Park and De Hoop Nature
Reserve, South Africa,” foal year round with peaks
around the rains. Over 68% of Cape mountain foals
are born during the rains, from November through
April? Free-ranging Hartmann’s zebra in southwest
Africa are similar, with 81-86% of foaling occurring
from November through April.?* During a 3-year
study of Hartmann's zebra, mating activity was only
seen from September to April, with a peak in Febru-
ary.?! These data, coupled with the fact that the gesta-
tion period is about 1 year, indicate that mating dur-
ing the rest of the year is quite rare.

Grevy's zebra

Grevy's zebra are perhaps the most seasonal of the
zebras with peaks of mating occurring during the
long rains in July and August, and the short rains in
October and November.” In the free-ranging popu-
lations of northern Kenya, breeding is highly depen-
dent upon available resources, with peaks in estrus
coinciding with higher resource availability* Con-

versely, mares can be induced into anestrus when
resources are scarce.”® Gestation is a bit longer in
Grevy’s zebra {about 390 days), so peaks of mat-
ing activity must occur in June through July and
September through October. Captive animals in Dvur
Kralove Zoo in the former Czechoslovakia gave birth
every month from 1973 to 1985, although peaks did
exist in January and from June through August,” gen-
erally following the foaling schedule of wild popula-
tions (see Figure 302.1). Data from the Grevy’s Zebra
International Studbook® for the period 1984 through
2004 show a similar trend, with births throughout
the year but concentrated more in spring and sum-
mer months. As with plains zebra, this trend may
reflect management strategies, but year-round en-
docrine monitoring of the herd of Grevy’s zebra at
the Saint Louis Zoo (J.E. Bauman, C.5. Asa, and M.
Fischer, unpublished) has revealed a pattern of lower
concentrations of progesterone following ovulations
in winter, suggesting that fertility might indeed be
towrer during that period.

Puberty and breeding life
Plains zebra

Early work on plains zebra defined puberty in inares
as the onset of first estrus and estrous behaviors. %
King reported first estrus to occur at an average age
of 2 years 4 months, ranging from 1 year 8 inonths to
2 years'9 months. Klingel® found that Ngorongoro
mares exhibited first estrus earlier, at 13-15 months
of age. Similarly, Smuts® found that the first estrus of
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Table 302.1 Reproductive data for plains and Grevy’s zebras
held in zoos

Plains zebra? Grevy's zebra®

Females

Number of females 334 169

Youngest to give birth® f year 8 months 2 years 6 months

Oldest to give birth 26 years 1 month 28 years 4 months
Most offspring 15 foals 13 foals

Males

Number of males 149 85

Youngest to sire offspring 7 months 1 year 11 months

Oldest 1o sire offspring? 26 years 9 months 25 years 3 months

*Data taken from the Plains Zebra North American Regional Studbook
(2004)'? for records from 1980 through 2003.

bData taken from the Grewy's Zebra international Studbook (2004 for
records from 1984 through 2004,

cage at parturition.

dAge when female conceived.

mares in Kruger National Park occurs at 1.5 to 2 years
of age. The Plains Zebra North American Regional
Studbook (Table 302.1)!? has parturition records for
females at 1 year and 8 months, 1 year and 10 months,
and 1 year and 11 months of age; the data represent
the female’s age at the time she gave birth, not the
time she conceived.

Klingel® estimated the reproductive potential of
mares as one foal per year from the age of 3.5 to about
15 to 18 years. They observed 120 mares for three
seasons. Fifteen percent of the animals had three
foals (one per year), 33% had twa, 42% had one, and
10% had no offspring. On average, mares had a sur-
viving foal once every 2 years. This coincides with
data from a captive animal at Chester Zoo, England,
that at 17 years old, was still breeding after having
produced six foals since attaining sexual maturity.®
North American Regional Studbook (Table 302.1)1
records show that 10 females over 20 years of age pro-
duced foals, the oldest at 26 years. Twelve females
gave birth to more than 10 foals over a lifetime. Of
1232 recorded births, 11 (1%) were twins,

Mountain zebra

In Mountain Zebra National Park, young Cape
mountain zebra mares leave their natal herds at a
mean age of 1 year 10 months; often they are in first
estrus at this time.” Lloyd and Rasa'” reported Cape
mountain fillies m De Hoop Nature Reserve leaving
a bit earlier, at a mean age of 1 year 7 months (again
during first estrus). First foaling has been recorded
at ages as young as 2 years'” to as old as 5 years 7
months.” Regardless of the exact age at first foaling,
it seems likely that the mares do not become sexually
mature until several months after first estrus, The ac-

tual age of first estrus in Hartmann’s zebra has not
been recorded, but free-ranging mares have their first
foal at about 2 years of age. Young mares are expelled
from the natal group at 14 to 16 months of age,?’ at
which time they may be experiencing first estrus.

The reproductive potential of Cape mountain ze-
bra mares has been estimated at about one foal every
25 months, with a range of 13-69 months.”?0 Simi-
larly, Lloyd and Rasa'? calculated an average inter-
birth interval of 27.4 months. Given a reproductive
lifespan of about 15 years, a Cape mountain zebra
mare can be expected to produce eight to nine foals
in her lifetime. The reproductive potential of Hart-
mann’s zebra has not been reported explicitly, but
may be surmised by maternal behavior. Hartmann’s
zebra mares wean their foals at approximately 10
months of age, and begin to actively expel the foals
at 13 to 16 months of age, shortly before the birth of
their next foal. Given this behavior, we can expect the
reproductive potential of Hartmann’s zebra mares to
be about one foal every 1 to 1.5 years.

Grevy’'s zebra

Puberty in free-ranging Grevy’s zebra mares has been
estimated to occur at 3 to 4 years of age' with mating
occurring during the second estrus and conception
occurring after two or three estrous cycles. However,
captive animals have been reported to reach puberty
and achieve conceplion at much younger ages. The
Internationat Studbook has records of one female at 2
years 6 months and another at 2 years 10 months giv-
g birth for the first time (Table 302.1).2% In a study
at the Saint Louis Zoo that monitored behavior and
fecal hormones,? a 2-year-old female conceived but
aborted an 18-cm fetus at about day 100 of gesta-
tion. She subsequently mated and aborted at least
one more time before successfully carrying a foal to
term, which was born when she was 3 years 4 months
of age. Managers had suspected that young females
were more likely to experience abortions, and the re-
sults of this study supported that hypothesis. This
suggests that females may be able to ovulate and con-
ceive before their reproductive tracts are sufficiently
mature to maintam pregnancy. Age at puberty is af-
fected by nutrition, but may also be influenced by so-
cial constraints in the wild that may not be present in
captivity*

Free-ranging Grevy’s zebra mares may breed from
1 to a few months after foaling, with an average re-
productive potential of one foal every 2 years.!'??
In captive animals, the mean interbirth interval
has been estimated at 18 months (range 14.2-34.8
months®) and 19.75 months (range 13-27 months®) in
Czechostovakian and North American zoos, respec-
tively. However, management strategies likely bias



the average intervals. According to the International
Studbook (Table 302.1),”° the oldest female to give
birth was 28 years of age, with 10 females over the age
of 20 giving birth. Over a lifetime, there were seven
females that each produced more than 10 foals, one
of which gave birth to 13,

The female reproductive organs
Plains zebra

The female reproductive organs of culled animals
were studied in detail by King.! The plains zebra
mare has two ovaries, each about 5cm in length,
The ovaries connect to the fallopian tubes {oviducts),
which conduct the ovum from the ovary to the
uterus. Each oviduct attaches to one of the two horns
of the uterus, which are approximately 15c¢m in
length. The homns attach to the body of the uterus
{10-15cm long). Caudal to the uterus is the cervix,
about 5 an long, which enters the vagina. The vagina
is about 15-20 cm long, and is quite elastic, allowing
it to expand. The external opening of the vagina kes
ventral to the rectum. The mare has two mammary
glands, which are smaller in virgin mares. They have
two ducts each, which open externally.

Mountain zebra

Detailed dissections of the female reproductive or-
gans have not been reported in mountain zebra.
Given their average mass of 234kg and 276kg
for Cape mountain and Hartmann’s zebra mares,
respectively,® they are likely. to have organs in-
termediate in size and shape to those of plains
and Grevy’s zebra, For example, Westlin van-Aarde
et al.? reported that the ovaries of Hartmann's zebra
females are heavier than those of plains zebra? at ev-
ery stage of the reproductive cycle.

Grevy’s zebra

The reproductive organs of the Grevy's zebra mare
are similar to, but are about 10% larger than those of
plains zebra.!

Estrus and ovulation

Smuts divided the estrous cycle in all zebra
species into five phases: proestrus, estrus, metestrus,
diestrus, and anestrus.? Proestrus is the phase imme-
diately preceding estrus, and is characterized by an
increase n ovarian activity. Mares during this phase
will generally refuse a stallion’s attempts to mount.
Estrus is the period of acceptance of the male, when a
mare will exhibit the display posture and ‘stand’ for
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a stallion. A mare in the display posture stands with
her legs slightly apart and her tail lifted. The pos-
ture is quite conspicuous, even from a distance, and
seems to be an important attractant for the stallion.®
Increased interest of the stallion, the open-mouthed
facial expression of the mare (often called ‘jawing’),
and mating are other diagnostic features of estrus.!
During metestrus reproductive activity subsides as
the diestrous phase begins. Diestrus is the period of
luteal activity between ovulatory cycles, and anestrus
is the period of sexual rest during the non-breeding
season. For the most part, a mare in anestrus does not
ovulate, and the uterus is small and anemic.?? This is
the normal state of the filly before puberty.

In zebra mares, ovulation occurs at the ovarian
fossa, a depression at the free, ventral edge of the
ovary.? This structure, present in all equid species,
is llned with germinal cells destined to develop into
ova.® Ovulation occurs only at this structure and
never from any other region on the ovary.* In plains
zebras (and probably mountain zebras), the ovarian
fossa is not present at puberty, but develops after a
few estrous cycles. In Grevy’s zebra, the ovarian fossa
is fully developed at puberty, but in other respects re-
sembles that of the other zebra species.

Ovarian activity during the estrous cycle
Plains zebra

Ovarian activity during the estrous cycle was out-
lined by Smuts® using data collected from 310
free-ranging mares shot during a game cropping
campaign in the Kruger National Park, South Africa.
During proestrus, there is an increase in the follicular
activity, with one follicle generally larger than the
others. As in horses, regressing corpora lutea from
previous cycles may be present. The estrous phase is
similar to proestrus except that the follicle that is go-
ing to rupture is clearly identified and the mare now
accepts the stallion. In metestrus, the Graafian follicle
has ruptured, a corpus hemorrhagicuin forms, and
the follicular cavity fills with a lymnph-like fluid. As
the cells Iming the ruptured follicle undergo rapid
division and become luteinized, a corpus Iuteum is
formed. The corpus luteum attains its maximum size
during this period, after which it gradually regresses.
Follicular activity is largely dormant. Should the
mare fail to conceive, she enters diestrus or anestrus.
During diestrus, a new wave of follicles starts de-
veloping and the corpus luteum starts to regress,
Diestrous is generally followed by the proestrus
phase. The corpus luteum is still present by the time
the succeeding cycle commences, and in this respect,
the plains zebra mare is similar to the domestic
horse*? Mares that have failed to conceive by the



2856 Mare: Other Equids

8001
600

400 -

FECAL PROGESTERONE (ng/g) =

|ab]

Q

=]
|

r 16

e
—_
=]

—= {B/6U) 10IAYHLST TVIT4

L - 0

0 _§ [ ]
MARCH ]

Figure 302.3 Patterns of fecal progesterone and estradiol concentr

indicate periods of mating,!

end of the breeding season may cease to cycle and
go into anestrus. The ovaries of anestrous mares are
largely inactive, containing some small follicles and
some tiny, regressed corpora lutea.

Mountain zebra

A detailed study of female reproduction in the Hart-
mann'’s zebra was conducted by Westlin-van Aarde
et al.”? Ovaries and plasma were collected from free-
rangmg zebra mares shot in the Etosha National
Park, Namibia. Both proestrous and estrous mares
have an average of 16.8 smaller follicles {1-10mm)
and 1 larger folicle (either 21-30 or 3140 mm)
present in each ovary. Corpora lutea are not present,
In diestrus, corpora lutea are formed and several
small follicles (averaging 19 follictes per ovary) are
still present. Follicular activity is similar in anestrous
mares, with an average of 20 small follicles and 0
large follicles per ovary, but corpora lutea are not
present. Intermediate-sized follicles (at 11-20mm)
are present at every stage.

Grevy's zebra

Captive Grevy's zebra mares at the Basle 200,
Switzerland, were receptive for 2-9 days, in a 19--33-
day cycle (ref. 33 in ref. 1). In the study by Asa ef al.,*
fermales were receptive for 3 to 6 consecutive days,
with an estrous cycle duration of 28 to 35 days. Simi-
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ations during successive estrous cycles in a Grevy’s zebra; bars

larly, Smuts reported a 6-day estrous phase for mares
in Kruger National Park, South Africa.

Asa et al* measured estradiol and progesterone
in fecal samples from Grevy’s zebra mares during
consecutive estrous cycles to compare with courtship
and mating behavior {Figure 302.3).

Gestation
Plains zebra

Gestation length in captive plains zebra at the Basle
Z0o, Switzerland, was reported by Wackernagel® as
361-390 days, with an average of 371 days, in 28 preg-
nancies. The Philadelphia Zoolo gical Garden, USA
reported gestation lengths of 341 and 355 days.
These data are in accordance with those obtained
from free-ranging animals by Klingel® at 378 and
385 days, and Sinuts,? at 396 days. At 6-7 months
prior to birth, a mare’s abdomen is enlarged (when
viewed posteriorly) and pregnancy is evident.23
Some pregnant horse mares have been reported to
show estrous behavior,® which may also accur in
zebras, so calculations of gestation length based on
estrous behavior may not be reljable.

Mountain zebra

Gestation length in mountain zebra has been esti-
mated at about 1 year. In the wild, a Cape maountain
female was estimated to give birth after 359 days,”
and a Hartmann's female was estimated to give birth



after 362 days.?! A captive Cape mountain zebra
mare gave birth after 375 days.?” These data are few,
but given the gestation lengths of plains and Grevy's
zebra, the figures are not unlikely.

Grevy's zebra

In the wild, gestation is longer in Grevy's zebra,
averaging 390 days.*® Gestation lengths in captive
animals have been shown to range from 358 to 438
days by Read et al.® (St Louis, USA) and from 390
to 406 days by both Antonius® (Germany) and
Kenneth®® (England). Distension of the abdomen
tends to be more apparent in Grevy’s than in other
zebra species.! Gestation length ranged from 391 to
406 days for mature captive mares but was 425 days
for a young primiparous mare.*

Ovarian activity during gestation
Plains zebra

King! investigated ovarian activity during gestation
in 20 free~ranging pregnant animals, postmortem. He
found that until approximately 22 weeks of preg-
nancy, a corpus luteum of about 2.5cm in diameter
was present in one of the ovaries. After 22 weeks, it
began to regress; at full term all that remained was
a 0.3cm wide strip extending approximately 0.9 cm
from the ovarian fossa. Follicles of about 2 cm in di-
ameter were present up to 17 weeks of pregnancy, de-
creased to 0.5 cm at 48 weeks, and showed renewed
activity at full term, measuring 1em. Smuts? found
similar results in the Kruger National Park zebras.
During the first 190 days of pregnancy, he found a
number of interesting phases of ovarian activity. Af-
ter conception, ovarian activity gradually mcreased,
reaching a peak between days 40 and 110. For the lat-

ter half of gestation, follicles larger than 12 mm were

largely absent from the ovaries, although smaller, re-
gressing follicles were often quite abundant. Active
corpora lutea were a red-brown color, changing to
yellow as they regressed.

According to Smuts,? activity was not equal in the
two ovaries. The left ovary appeared to be more ac-
tive than the right. In cases where mares produced
all corpora lutea in only one ovary, a total of 109 were
counted in the left and only 73 in the right (60% left
and 40% right). In addition, the left ovaries of plains
zebra mares were larger. Of 340 ovaries (170 pairs)
measured, the left had a greater mass than the right
in 120 instances (70.6% left > right). This was in con-
trast to King’s results.! He found no difference in ac-
tivity between the two ovaries, with active corpora
lutea occurring in the right ovary in seven animals,
and in the left ovary in eight animats.
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Mountain zebra

During gestation, ovarian activity in the mountain
zebra has been reported to be much like that of other
zebra species. Joubert? conducted a detailed study
on free-ranging Hartmann’'s zebra females in which
he found that large corpora lutea remained in the
ovaries even at advanced stages of pregnancy (up
to 5 months). The average size of the corpus luteum
before reduction was 2.5cm. The color changes of
the corpus luteumn were the same as in other zebra
species, with active luteal bodies having a red-brown
color before changing to yellow with advanced re-
gression. Ovarian activity was reported to be equal
in the two ovaries, with follicles maturing in either
the left or the right, or more often in both ovaries.

Grevy’'s zebra

According to King,! gestational ovarian activity in
free-ranging Grevy’s mares is similar to that of plains
zebra and mountain zebra.?! Until about 24 weeks of
pregnancy, a corpus luteum of about 4 cm in diame-
ter was present in one of the ovaries. By 34 weeks, the
corpus luteum had regressed to about 1.7 cm, but per-
sisted at 1.1cm up to full term. This persistence of a
fairly large corpus luteum during pregnancy was not
associated with endocrine activity; total progesterone
content of the corpus luteum decreased from 4750 pg
at 8 weeks to 500 ug at 24 weeks. Follicular activity
was considerable during early pregnancy (3 cm), but
had ceased by 34 weeks. Follicles at 1cm in diame-
ter reappeared at 42 weeks and reached 3cm by full
term. As with plains and mountain zebra, active folli-
cles were a dark red-brown color and changed to yel-
low as they regressed. For Grevy’s females, ovarian
activity appeared to be equal in the two ovaries, with
corpora lutea forming in both the left (three animals)
and right {three animals) ovaries.

Asa ef . measured levels of estradiol and proges-
terone excreted in feces thmoughout pregnancy (Fig-
ure 302.4) and found patterns similar to those re-
ported for horses (e.g., Squires et al*!). They also
measured equine chorionic gonadotropin (eCG) in
urine, which also revealed a pattern similar to that
seen in horses.*? Levels were in the detectable range
beginning between 35 and 40 days gestation and re-
turned to baseline between days 195 and 200. Ram-
say et al.* also reported eCG elevations during that
period of gestation.

Parturition
Plains zebra

Zebra mares give birth m much the same way as do-
mestic horses. Wackernagel®™ reported information
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Figure 302.4 Patterns of fecal progesterone and estradiol and urinary equine chorionic gonadotropin concentrations during a con-
ceptive estrous cycle followed by pregnancy in a Grevy's zebra.* ¢CG, equine chorionic gonadotropin.

from captive animals, but a detailed account in the
wild was recorded by Klingel.® The mare was recum-
bent, lying flat on her side. The head and front legs
of the foal -had been expelled and were completely
covered by the amnion. Parturition was completed 2
minutes later, at which time the mare sat up. The foal
attempted to stand several times, breaking the am-
niotic sac and umbilical cord. After 14 minutes and
four attempts, the foal stood successfully. The mare
licked at and chewed the amniotic sac but did not
eat any of it. The foal began to walk about, pulling
out the placenta. In other instances observed, the
placenta was retained for more than 1.5 hours. After
parturition, the mare and foal slowly rejoined their
harem group, which ignored the birth and the pres-
ence of the newborn foal. Tn all instances recorded,
the harem male remained within the vicinity of the
foaling mare, between 10 and 50 meters. Single births
are the normal expectation although at least one in-
stance of aborted twins has been recorded.® These
accounts are consistent with the three stages of la-
bor recognized in domestic equids,***! characterized
by behavioral restlessness and the expulsion of the
amniotic fluid in the initial stage, more predominant
abdominal contractions and the expulsion of the foal
in the second stage, and finally, expulsion of the pla-
centa in the third stage.

Mountain zebra

Parturition has not been witnessed in mountain ze-
bras, 15 but is likely similar to that of other zebra
species.

Grevy’s zebra

As parturition approaches, a Grevy’s female leaves
the herd for the safety of heavier bush.’ Birth nor-
mally takes place lying down, with the foal’s hooves
appearing first, and usually takes only about 7-8 min-
utes, The foal frees itself from the amnion and crawls
towards the mother’s head. The mother licks the foal
clean, and unlike a plains zebra, ingests the mem-
branes and some of the amniotic fluid,"* which may
be important in initializing lactation or the mother-
infant bond in this species.

Postpartum estrus
Plains zebra

Klingel® recorded the shortest intervals between two
births as 378 and 385 days. The latency to foal heat
has been reported to vary from 7 to 10 days after
parturition."** This combined with copulations by
mares when their foals are only days old, indicates



that plains zebra exhibit an estrous period only a few
days after foaling.

Mountain zebra

Remnants of a corpus huteum, slightly larger than
that seen at full term (averaging 2.55 cm), were found
in the ovaries of a Hartmann’s zebra female 3 to 6
weeks postpartum.?! This suggests an estrus 1 week
after giving birth. Observations of animals at the
Daan Viljoen Game Reserve, Namibia, showed the
foaling-conception interval to vary between 3 and
7 weeks, indicating that conception does not gener-
ally take place during the first postpartum estrus in
mountain zebra mares.

Grevy's zebra

According to King,! free-ranging Grevy’s zebra
mares showed a range of reproductive activity post-
partum. Soine animals exhibited evidence of estrous
cycles from 2 to 16 weeks postpartum without con-
ception, while others conceived between 3 weeks to
4 months postpartum. According to captive studies,
at least one animal has been recorded as coming into
estrus about 7 days after giving birth,® and post-
partum estrus has been estimated to last from 9 to
14 days.*

Stallion

Behavior

In all three species of zebras the reproductive be-
havior of inales involves interactions with females as
well as breeding and bachelor males. To identify and
locate females in estrus, males will often flehmen to
scents deposited on the ground by the females, Once
a male has found a female he will attempt to moumt
her; if successful he will consort with the female for
varying degrees of time depending upon species. In-
teractions with bachelor males are typically aggres-
sive, but depending on species, cooperation among
breeding stallions is necessary to reduce cuckolding
risk.1

Plains zebra

Plains zebras live in multi-tiered societies. One level
consists of core social groups, such as closed member-
ship harem groups and looser associations of bach-
elors, while another higher level, consists of herds
comprising harem and bachelor groups that come
together and break apart relatively frequently.'%12
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Herds form where resource abundance is high
and where bachelor associations are numerous and
strong. By banding together, stallions amortize the
costs of driving away coordinated groups of cuckold-
ing bachelors while providing their females with in-
creased quality feeding time.

Mountain zebra

Like plains zebras, mountain zebras also have closed
membership harems and bachelor groups, and herds
will form. Although no details of the social dynamics
of mountain zebra herds exist, it is likely that herd
dynamics are similar to plains zebras.

Grevy's zebra

The open membership nature of Grevy’s zebra
groups reveals that relationships within and between
the sexes are transitory. Males establish territories
where all matings occur. Males, however, often leave
their territories when no females are resident. Instead
of searching for females, these males are searching
for bachelors. By associating with bachelors and rein-
foreing their dominance of territory, territorial males
are more easily able to displace bachelors when they
are present on territory with females.”® Also, when on
territory, stallions attempt to restrict estrous females
from leaving their territories. Males inount them fre-
quently and ejaculate at hourly intervals, flushing
previous sperm from a feinale’s reproductive tract.®
This form of sperm competition is facilitated by the
fact that Grevy’s zebra males have disproportionaiely
large testes for their body size.

Seasonality
Plains zebra

Adult plains zebra stallions in the Kruger Na-
tional Park, South Alfrica, show a greater degree of
reproductive activity during the swuinmer months,
particularly in January® This coincides with the
mares’ activity pattern where 85% of all foals are pro-
duced during the summer months, again with a peak
in January.>® Testicle mass and seminiferous tubuie
diameter increase about 24% and 13%, respectively,
from the months of lowest breeding activity to the
peak months. Spermatogenesis is never completely
absent, regardless of activity level. Despite these
peaks in activity, it is clear that plains zebra are less
seasonal than other African mammals, as foals are
produced throughout the year.
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Mountain zebra

Mountain zebra stallions exhibit increased reproduc-
tive activity around the rains. At both the Mountain
Zebra National Park (MZNP) and De Hoop National
Reserve (DHNP), South Africa, Cape mountain
zebra stallions show increased reproductive activity
during the spring, with the majority of foals being
produced the next spring/summer when the areas
are flush with resources from either the summer
(MZNF) or winter (DHNR) rains?® Similarly,
Westlin-van Aarde e¢f al.?? reported that in Etosha
National Park, Namibia, the majority of reproductive
activity in Harbmann's zebra stallions coincides with
the start of the rains, occurring between November
and April with a definite peak in February.22

Grevy's zebra

For Grevy’s zebra in northern Kenya, most reproduc-
tive activity occurs early in the long rains of June and
July, with another, smalier peak of activity in the short
raims of September and October. This behavior coin-
cides with the onset of estrus in Grevy’s mares, when
they seek out and attract males.

Puberty and breeding life
Plains zebra

Puberty in the zebra stallion can be defined as ‘the
interval of time during which reproduction is pos-
sible, but terminating when full reproductive capa-
bility or sexual maturity is reached®® (but see Skin-
ner™). At the Ngorongoro Crater, Tanzania, Klingel®
reported the youngest haremn stallions to be between
5and 6 years old, with most animals leaving their na-
tal groups between the ages of 12 and 25 months, al-
though some remained considerably longer (up to 4.5
years of age). In Kruger National Park, South Africa,?
the youngest harem stallion was 4 years old, and
80.8% of all harem stallions were between 4.5 and
12 years old. According to the Regional Studbook for
North American Zoos, the youngest sire was only 8
months old when the mare conceived and another
was only 10.5 months of age (Table 302.1).1
According to observations of captive animals, stal-
lions are physiologically mature at 3 years of age.5?
In the wild, the attainment of puberty seems to be a
gradual process and sexual maturity comes later.? Pu-
berty was estimated fo last from about 2.5 to 4.5 years
of age. Spermatozoa were present in small numbers
in animals aged 2.5-3 years, but appreciable num-
bers were not present until 3.5 years of age. Males
were not socially mature (able to attract and acquire

females) until 4-4.5 years of age. Testicular mass in-
creased most dramatically between the ages of 3 and
5 years old (from an average of 65g to 302 g), while
tubule development was more gradual, starting be-
fore the animals’ first year (at an average of 40 1un
diameter), and continuing into adulthood {to an av-
erage of 175 uym in diameter). Upon reaching sexual
maturity at about 4-4.5 years old, the combined testes
mass reached 180 g and tubule development became
relatively constant.

Smuts?® indicated that prime breeding stallions are
under 12 years of age, but breeding does not stop in
older animals, as indicated by King.! Stallions over
18 years old still lead harems. The oldest lead stallion
recorded by Smuts? was 21 years old. The oldest male
to sire young in North American zoos was almost 27
years old when the mare conceived (Table 302.1).

Mountain zebra

Puberty in Cape mowuntain zebra typically begins at
about 4 to 4.5 years old, with most males attaining
females at about 5 years of age.*> A detailed study
of testis mass and spermatogenesis of free-ranging
animals was conducted by Penzhorn and Lloyd.2
The testes of bachelor males aged 11, 24, and 29
months were prepubertal in histological appearance.
Active spermatogenesis in the population began at
about 4 to 4.5 years of age, but this was affected by
daylength. Animals approaching 4 years of age dur-
ing Increasing daylength conditions showed more ac-
tivity than did animals approaching 4 years of age
during decreasing daylength conditions. The social
environment was also important. In the absence of
adult males, a Cape mountain zebra colt running
with mares sired a foal when only 3.5 years old.

The testis mass of adult Cape mountain zebra in
MZNP was found to be appreciably less (at ~70 £)
than that of other zebra species.?® The mean mass of
both testes plus their epididymides was 166.4g. In
eight of nine specimens, the right testis was consis-
tently heavier than the left. This is in contrast to what
has been seen in plains zebra males.? The mean di-
ameter of the seminiferous tubules was shown to in-
crease rapidly between 2 and 6 years of age before
leveling off.

In Hartmann’s zebra, the average weight of the
testis at 87.6g is also markedly smnaller than that of
the plains or Grevy's zebra. According to Joubert,?!
testis size varied with season, reaching a maximum
size (99.4g) i January and a minimum size (83.1 g)
in September. The testes started increasing in weight
at about 2 years of age, reaching their maximum size
at around 3.5 years of age.



Grevy's zebra

Free-ranging Grevy's zebra males reach puberty at
about 4 years of age.! At this stage, males are likely
to be living in bachelor groups, not consorting with
mares and foals until a year or two later. Captive an-
imals in England and in Kenya reached puberty be-
tween 3 and 4.5 years, but exhibited low conception
rates until about 6 years of age. Read ef 41,8 however,
found that in the USA captive males could achieve
sexual potency at ages as young as 7 months, and that
one captive animal bred until 18 years of age. More
recent data from the International Studbook docu-
ment that the youngest males able to sire young were
2 years of age at the time the mares conceived, and
that the oldest was almost 26 years {Table 302.1).2

King! studied the testis size and weight of free-
ranging Grevy's zebra in some detail. The testis
of a young adult Grevy's zebra, measuring about
11.5x 8.5x 7.5¢m and weighing about 475g, is sig-
nificantly larger than that of the plains or mountain
zebra. According to King, testis size and weight in
the Grevy's male varied with reproductive state, A
territorial male’s testis weight was recorded at 600 g,
while the testis weight of an older male associated
with a mixed herd was recorded at 550 g.! The testos-
terone content of these animals also varied, with the
young male, the territorial male, and the aged male
having 154, 41.5, and 59 mg /100 pg of testis, respec-
tively.

The male reproductive organs

Plains zebra

The male reproductive organs of culled animals were
studied in detail by King.? The festes are carried in
the scrotum, which hangs between the thighs and
posterior to the penis. The deferent duct passes up
from each testis, through the inguinal canal to the
accessory organs that lie on the ventral floor of the
pelvic cavity. The ducts {0.4cm in diamneter) enlarge
to form the ampullae (1.2cm in diameter} as they
pass back over the dorsal surface of the bladder and
open at the beginning of the urethra. The sac of the
seminal vesicle opens into the urethra behind each
ampulla anterior to the prostate gland. The prostate
gland is a lobulated, bilobed gland extending 2.5cm
on each side of the urethra. The bulbourethral glands
are located about 3cm posterior and lateral to the
urethra at the base of the penis. The urethra passes
around the posterior border of the pubic symphysis
into the penis and extends along the veniral surface
of the abdomen. The extremity of the urethra is
enclosed within the prepuce and lies in the region of
the umbilicus.
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Mountain zebra

The most marked feature of the male reproductive or-
gans in mountain zebra is the size of the testis, At an
average of 70 g and 86 g for Cape mountain and Hart-
mann’s zebra, respectively, the mountain zebra testis
is appreciably smaller than that of either the plains or
Grevy's zebra.?t:28

Grevy's zebra

Even when controlling for animal size, the male ac-
cessory organs are much larger in Grevy’s zebra than
in the plains or mountain zebra.>2"?® The most con-
spicuous feature is the large seminal vesicle, which
can contain up to 400 mL of fluid in the largest stal-
lion sampled, and up to 1 liter in a captive animal at
about 15 years of age. Testis size and weight are also
significantly greater and vary with reproductive state
of the male (see above).

Foal
Plains zebra

Single births were recorded by Klingel and Klingel®®
in the wild and by Wackernagle® in captivity. Klingel
calculated sex ratios for the foals born in the Ngoron-
goro Crater, Tanzania. Of the 170 foals born, 87 were
females and 74 were matles, giving a ratio not dif-
ferent fromn 1:1. Foals exiricated themselves from the
birth membranes unaided, stood within 11 to 13 min-
utes, stepped after 19 minutes, walked after 32 min-
utes, and cantered after 44 to 60 minutes. In the one
instance of actual foaling recorded by Klingel,?® the
offspring suckled for the first time within 1 hour, and
12 more times M the next 4 hours for 30 seconds to
2.5 minutes a time for a total of 14 minutes. Wacker-
nagle® reported first suckling at 71 minutes after par-
turition.

During the first few days to weeks of the foal's life,
the mother is very protective. This correlates with the
imprinting period in which the foal learns to recog-
nize its mother by her call, her scent, and her stripe
pattern. Until imprinting is complete, the foal will
follow any large object, including vehicles,® and the
mare’s protectiveness insures that the foal will not
nnprint on another animal. During this period, other
members of the group (including the harem stallion)
are not allowed to approach the foal too closely. Such
behavior insures protection of the foal during a par-
ticularly vulnerable stage.>* Beyond this period, the
mother and foal remain close, but others are allowed
to interact and socialize with the foal. Mothers with
young foals are more wary than other membenrs of the
group and are the first to move off at signs of danger.
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Mountain zebra

Actual births of mountain zebra foals have not been
recorded in the wild,2%%%.55 put data regarding sex ra-
tio at birth, mare-foal behavior, and foal activity do
exist. The sex ratio at birth is not different from 1:1
m either Cape mountain or Hartmann’s zebra, and
the young are just as precocious, getting up, walking,
and running within a short period of time.”

During the first few weeks of life, mountain ze-
bra foals and their mothers behave very much like
other zebra species. Both Cape mountain and Hart-
mann’s zebra foals remain close to their mothers in
the first weeks. In the first fesv hours after birth, Hart-
mann’s zebra mares spend much time sniffing and
licking the foal. This may be important to insure the
female’s recognition of its young.* Both Cape moun-
tain and Hartmann's zebra foals make frequent tac-
tile contact with their mothers, rubbing their faces
along their mothers’ flanks, initiating naso-nasal con-
tact, and nibbling at their necks. In both subspecies
the mothers actively prevent contact between the foal
and other members of the group. This can be taken to
extremes in Hartmann’s zebra as some mothers will
remain separate from their groups for several days.?’
As in plains and Grevy’s zebra, this behavior is cor-
related with the critical period of imprinting of the
mare’s sound, scent, and stripe pattern onto the foal.
Mares of both species are more skittish than other
group members and are the first to flee at any sign
of danger.

Grevy's zebra

Grevy’s zebra foals are similar to both plains
and mountain zebra foals. Single births have been
recorded both in the wild! and in captivity.? Data
from captive animals show that the young are pre-
cocious, standing 6-14 minutes after birth, walking
by 30minutes, and running by 45 minutes. At about
29 minutes the foal atternpts to nurse, and does so by
69 minutes. At 97 minutes the foal stands well and at
2 hours nurses well. In captivity, the sex ratio at birth
is 1.09:1.°

The Grevy's newborn will follow any large, mov-
ing object. The mother is quite protective (particu-
larly during the {irst 2 days) and keeps other animais
away until her offspring has imprinted upon her call,
scent, and stripe pattern, After imprinting has been
achieved, the mother and foal will join a group of
nursing mothers. When traveling to water, the mare
will sometimes leave the foal with this group.?

Weanling

Plains zebra

According to Smuts,? lactation generally continues
until 1 to 2 months before the birth of the next foal.

The earliest weaning occurred at 11 months of age,
but if a mare does not conceive soon after foaling, she
will continue to suckle her foal throughout and be-
yond its first year. One captive mare suckled her foal
until it was 16 months old, weaning it 6 months prior
to the birth of her next foal.

Mountain zebra

On average, mountain zebra foals are weaned at
about 10 months of age,?” about 3.5 to 6 months be-
fore the new foal is born. For Cape mountain ze-
bra, the timing of weaning is highly dependent on
the birth of new offspring and can be quite variable,
but for Hartmann's zebra, 10 months seems to be
the norm. If mares do not conceive during postpar-
tum estrus, suckling may be permitted for longer pe-
riods. Penzhorn®™*” reported infrequent suckling in
animals as old as 20 months of age.

Grevy’'s zebra

Grevy’s zebra foals are weaned at about 9 months
(3242 weeks!), but will remain with fheir mothers
for several more months or years, depending on the
sex (see below). The young are semi-independent at
about 7 months, often being left by the mother or
leaving her for hours at a time.

Yearling
Plains zebra

Young mares at the age of 1-2 years, around the ime
of their first heat, are abducted from their families
by stallions. Klingel® reported that on average, mares
were abducted at about 18 months, but as young as
13 months of age. These young females do not typi-
cally remain with the initial stallion, but within about
6 months of separating from their natal group, be-
come permanent members of a reproductive group.

Most young stallions leave the natal group at
about 12-25 months of age, in some cases later, and
either stay single or join other stallions to form bache-
lor groups. Bachelor groups are of variable numbers,
up to 15 animals. Smaller groups of two, three, and
four have been reported to be very stable, Departuire
of the young males is not correlated with sexual ma-
turity or any antagonism with the lead stallion, but
seems to be determined more by the composition of
the natal group. In particular, the males tend to leave
after the birth of their mothers’ next foal.

Mountain zebra

The timing of dispersal is similar for males and
females for both Cape mountain and Hartmann’s



zebras. In Mountain Zebra National Park (MZNP),
male and female Cape mountain zebras left their
natal groups at an average of 21.85 months.*% In
De Hoop Nature Reserve (DHNR), however, females
leave their groups earlier, at 18.85 months, than do
the males, at 24.36 months."” Female dispersal coin-
cides with estrus onset, but there is no physiologi-
cal correlate in males. In both MZNP and DHNER, the
yearlings leave the group of their own accord and are
not forced to do so by either the stallion or the mare.
In addition, dispersal is not correlated with the moth-
ers’ subsequent pregnancies or her status,!” and stal-
lHons in MZNP will vigorously attempt to retain their
yearling offspring.*>*” Dispersal in young mountain
zebra is likely due to bond transference from mater-
nal/paternal to age cohort associations. This is simi-
lar to what Klingel® reported in plains zebra.

In stark contrast, Hartmann's zebra typically leave
the natal group at around 14 to 16 months of age.”” At
this stage (shortly before the birth of her next foal),
the mare actively tries to drive the older offspring
(whether male or female) out of the group. Approxi-
mately one-third of yearlings leave the group as a di-
rect result of this aggressive behavior. The remaining
two-thirds leave of their own accord, sometimes as
much as 2 years later. Upon the birth of her next foal,
the mare will ignore the yearling if it has not already
Teft.

Young Cape mountain mares often join bache-
lor groups before joining a more stable, reproduc-
tive group. This was always the case for mares in
DHNR,% and very often the case for mares in
MZNP** At DHNR, the females stay in the bach-
elor groups approximately 8.7 months, leaving when
they are about 29.9 months old. The females are not
abducted by harem stallions; they leave of their own
accord. At MZNP, females will sometimes remain
solitary for several months before joining either bach-
elor or reproductive groups. Older mares are taken
up by harem stallions sooner, while younger mares
are either solitary or in bachelor groups for longer
periods.

Young Cape mountain males in DHNR stay m
their natal groups longer than the females, for an av-
erage of 24.36 months, leaving when they are about
52.44 months of age.” These data agree with Pen-
zhorn’s*% estimate of the age at sexual maturity. In
the MZNP, young nales roam singly or in unstable
groups only loosely associated with the more stable
bachelor groups.” Affiliation with the natal group is
strong; young males having left after the displace-
ment of their fathers will often join them. In addition,
young males having left their natal group still intact,
will often rejoin the group for short periods.

Hartmann’s zebra females are typically herded
by either bachelors, forming the core unit of a new
reproductive group, or by harem stallions, thereby
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integrating into an already stable reproductive
group. Young males leave their natal group to join
bachelor groups that consist of mostly young, but
also older, displaced stallions.?”

Grevy's zebra

Young mares leave their mothers at about 13-18
months of age, typically 2-7 months into the moth-
ers’ next pregnancy.! The females will not breed un-
til they are between 2 and 4 years old. During their
first estrus (at around 4 years of age), the males they
attract separate them from their mothers to mate.*
More experienced mares will present only to terri-
torial males, causing less disruption to the female
groups.

Grevy’s males stay with their mothers until they
are about 3 years old, after which they join a bachelor
group or a mixed herd.! Young males do not typically
gain access to females until they are about 5 years old,
so have a bachelor period of 2 to 5 years.®
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