
  

Introduction
 Przewalski’s horse (Equus przewalskiiPoljakov, 1881 [1] is con-
sidered the last living wild horse species [2]. It was discovered by the  
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Russian general N. M. Przewalskij, who brought back the skull and 
skin of a wild horse from a campaign to Mongolia in 1879. Two years 
later, this discovery was described as Equus przewalskiiPoljakov [3]. 
A recent study has suggested that Przewalski’s horse was not a true 
wild horse but a wild descendant of formerly domesticated horses of 
the so-called Botai culture from the territory of today’s Kazakhstan 
[4]. Further investigations would be required, however, to conclude 
that decisively.

 The last free-living herd of this species was seen in 1967. The 
last animals were spotted around that time in the Mongolian region 
presently called Gobi B at the spring of Chonin-us in 1968 [5]. Since 
1996, Przewalski’s horse has been recorded on the International 
Union for Conservation of Nature (IUCN) Red List of Threatened 
Species as extinct in the wild. Due to a growing population of horses 
in captivity and reintroduction programmes currently in progress, the 
status of the species was re-evaluated as “threatened” in 2011 [6].

 Since 1899, when the first transport from Mongolia took place, 
Przewalski’s horses have been in more than 350 ZOOs and breeding 
stations around the world. Many of these breeds have disappeared for 
various reasons [7]. Over 7,000 individuals kept in 170 institutions 
are now registered in the Studbook [8].

 Przewalski’s horse is the closest relative of domesticated horse 
(Equus caballus) [9,10], but it is distinguished by a larger number 
of 66 chromosomes versus the 64 in domesticated horse [10,11]. 
Such reproductive parameters as oestrus cycle length and gestation 
length are quite similar in Przewalski’s horse and domesticated horses 
Equus caballus. The two species may interbreed and produce fertile 
offspring.

 Assessing basic reproductive parameters in the population of Prze-
walski’s horse and their development in time are essential for identi-
fying factors that may in near future significantly influence the size of 
this population. Research in the population of Przewalski’s horse with 
the aim of long-term maintenance of the species’ gene pool has been 
recommended by [12].

 The importance of the present study lies in the fact that it is the 
first attempt to evaluate comprehensively the selected reproductive 
parameters recorded in Przewalski’s Horse Studbook since 1899.

 The investigation of reproductive parameters within the whole 
population of Przewalski’s horse is crucial for success of the reintro-
duction programmes currently ongoing.

Materials and Methods
 The study is based on data from the worldwide online Przewals-
ki’s Horse Studbook, which has been maintained by Prague Zoo since 
1959. The analysed data consisted of records for mares and their off-
spring. Input data were comprised information from 1899 until 2016.

 With respect to the fact that it was impossible to observe the an-
imals continuously and thus to determine accurately the parturition 
conception interval, interbirth interval was chosen as a reference 
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Abstract 
 The present study’s objectives were to determine basic reproduc-
tive parameters in the population of Przewalski’s horse and to iden-
tify and assess factors of potential relevance to these parameters. 
Input data were obtained from the worldwide online Przewalski’s 
Horse Studbook and comprised information from 1899 until 2016. In-
terbirth interval was used as a reference trait. The average interbirth 
interval was 380.2 days. The highest-frequency (42.2 %) interbirth 
interval was in the range from 361 to 390 days. A non-significant ef-
fect of foal’s sex was observed, with mean interbirth interval 1.5 day 
longer following the birth of a male foal. In contrast, interbirth interval 
was significantly influenced by age of mare (P < 0.01). A 1-year in-
crease of maternal age extended the interbirth interval by 0.64 day. 
This study demonstrated that the main factor influencing length of 
interbirth interval in Przewalski’s horse was age of mare.
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parameter. The records of interbirth intervals shorter than 300 days 
and age of mare at first foaling younger than 2.8 years were excluded 
from the analysis. These thresholds were determined on the basis of 
information from the literature regarding the physiological develop-
ment and maturity of mares and survival rate prognosis for offspring. 
To determine the effect of age of mare on interbirth interval, each of 
the mares was assigned to one of five groups according to its age: (I) 
<5, (II) 5–10, (III) 10–15, (IV) 15–20, and (V) >20 years of age.

 To determine sex ratio changes and length of interbirth interval in 
period of time, were made with attention of data frequency 6 groups 
of time: until 1970, 1971-1980, 1981-1990, 1991-2000, 2001-2010, 
more than 2011. Data were analysed using the statistical analysis 
software package SAS 9.3 (SAS/STAT® 9.3, 2011). Basic statistical 
parameters were determined using MEANS and UNIVARIATE pro-
cedures. The REG procedure (STEPWISE method) was used to select 
an appropriate model. Various factors influencing interbirth interval 
(sex of foal, age of mare, and parity number) were examined.

 The MIXED procedure followed by the Tukey–Kramer test was 
used to compare differences among groups. The statistical model for 
interbirth interval as dependent variable included the fixed effects of 
sex, parity number, age of mare at foaling, linear regression on year at 
foaling respectively.

 The data were analysed also using the multifactorial analysis of 
variance according to the following equation

yijkl= μ + ai + bj+ ck + dl + b*(YEAR) + eijkl,

where:
yijkl is the dependent variable (interbirth interval), 
μ is the mean value,
ai is the fixed effect of foal’s sex (i = females, n = 2971; i = males, n 
= 2796; i = abort, n = 96),
bj is the fixed effect of parity number (j = 1, n = 1331; j = 2, n = 1043; 
j = 3, n = 837; j = 4, n = 668; j = 5, n = 521; j = 6, n = 402; j = 7, n = 
307; j = 8, n = 225; j = 9, n = 168; n = 10 and more, n = 360),
ck is fixed effect of age (in years) at foaling (k = ≤5, n = 1068; k = 
5–10, n = 2438; k = 10–15, n = 1438; k = 15–20, n = 669; k = >20, 
n = 192),
dl is the fixed effect of mare as repeated factor,
b*(YEAR) is linear regression in year at foaling and eijkl is random 
error.

Results
 Over the observed period, the total number of mares was 3116. 
Total number of mares with at least one foal was 1330. The number of 
live-born foals was 5767, including 2971 females and 2796 males. The 
number of documented aborts and stillborns over the observed period 
was 96 (1.6%). The average number of foals per mare was 4.0. The 
highest number of foals, at 20, was seen in a mare that lived 27 years. 
Over the observed period, the total number of twins was 3 - in loca-
tions Askania Nova, Hustain Nuruu and Monarto). The average age of 
mares was 9.5 years, and the lowest and highest age at delivery was 
2.8 and 27.9 years, respectively. The average mare age at first foaling 
was 5.4 years. The average interbirth interval was 380.7 days, while 
the shortest and longest values for live-born foals, respectively, were 
300 and 753 days. The interbirth interval range seen most frequent-
ly (42.2 %) was that from 361 to 390 days (Figure 1). The average 

interbirth interval was 380.2 days following the birth of females, 
whereas it was about 1.5 day longer (381.7 days) in the case of male 
births.
 

 As shown in Table 1, age at foaling was significantly correlated 
with parity (r = 0.78; P < 0.001).

 This correlation was confirmed by linear regression analysis (R2 
= 0.005; P < 0.01) (Figure 2). The value of the regression equation’s 
intercept was 374.15 ± 1.91 (P < 0.001). The slope value indicates an 
increase in interbirth interval with 1-year increase of age at foaling by 
0.64 ± 0.17 days (P < 0.001).

Figure 1: Interbirth interval length frequencies in the population of Przewalski’s 
horse (days).

Parity Interbirth interval

Mare age at foaling

r 0.781 0.071

P <0.001 0.001

n 5803 2795

Parity

r −0.026

P 0.169

n 2798

Table 1: Correlation between parity number and interbirth interval.

Figure 2: Relationship between age of mare at foaling and interbirth interval.
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 The analysis of variance results for the effects of sex, parity num-
ber, and age at foaling on interbirth interval in the population of Prze-
walski’s horse are given in Table 2. The equation used explained 3.3 
% (P < 0.001) of interbirth interval variance. It is evident that the 
interbirth interval was significantly affected especially by parity num-
ber and age at foaling, whereas the sex of foal had no significant effect 
on this trait.

 Figure 3 shows the effect of parity number on interbirth interval. 
Increased parity number was associated with decreasing interbirth in-
terval.

 Statistical significance is indicated by the different letter on the 
columns A, B (P < 0.01); a,b (P < 0.05).

 Figure 4 shows the effect age of mare at foaling on interbirth inter-
val (P < 0.05). Increased age of mare was associated with increasing 
interbirth interval.

 Interbirth intervals observed in mare age groups 1: <5 years, 2: 
5–10 years, 3: 10–15 years, 4: 15–20 years, and 5: >20 years were 
352, 366, 378, 383, and 391 days, respectively. Statistical significance 
is indicated by the different letter on the columns A, B, C(P < 0.01).

 Sex ratio and interbirth interval length in period of time is shown 
in Figure 5. The sex ratio remained almost unchanged during the ob-
servation period. More fillies were born than colts, statistically no 
significant. Over the years, the interbirth interval length has been 
shortening. Between years 1899 -1970, the interbirth interval was 
shortened by 9 days from 1971, until the end of the observation period 
by 3 days.

Discussion
 As reported by Dorj, et al. [13], Przewalski’s horse mares are capa-
ble of reproduction from 2 years of age. Depending on food and water 
availability, a similar age at first parturition has also been reported 
in wild Equidae species [14]. A progressive domestication process 
is reflected in reaching sexual maturity earlier, sometimes even well 
before reaching physical maturity. In extreme cases, this may nega-
tively affect foetus development, mare health, and birthing difficulty 
[15]. First parturition in wild horses typically occurs at 4–11 years of 
age [5]. Similarly, Slotta-Bachmayr, et al. [16] reports that wild horse 
mares foal no sooner than at 4 years of age. Average mare age at first 
foaling of 5.4 years was observed in the present study. On average, 
27.6% of first parturitions occurring between 3 - 4 years of age and 
66% of mares until age of 6.  Dorj, et al. reported in the population of 
Przewalski’s horse living in Hustain National Park on average, 24.7% 
of first parturitions occurring at 3 years of age and 55.6% at 4 years of 
age [13]. The ability to give birth at an early age depends especially 
on individual characteristics of mares and on an abundance of food 
and water [14].

 It has previously been reported that average gestation length in 
the domestic horse is 333 days, with variation ranging from 310 to 
360 days [17]. Mean gestation length reported by Volf J [2] was 335 
days in both species, with variation from 328 to 348 days for the do-
mestic horse and 328 to 343 daysfor Przewalski’s horse. Boyd LE, 
et al. reported gestation length and variation in Przewalski’s horse 
of 11 months and 45 to 50 weeks, respectively, and gestation length 
variation in domestic horse of 327 to 357 days [9]. Similar variation 
has been reported also by Ransom JI [14]. The gestation length of 
Przewalski’s mares in captivity has ranged from 320 to 343 days.

MODEL Sex Parity Age at 
foaling

Year of 
foaling

r2 P F-test P F-test P F-test P F-test P

Inter-
birth 

interval
0.033 <0.01 1.8 0.165 17.54 <0.01 6.03 <0.01 10.15 <0.01

Table 2: Analysis of variance.

Figure 3: Effect of parity number on interbirth interval.

Figure 4: Effect of mare age at foaling on interbirth interval.

Figure 5: Sex ratio and interbirth interval of przewalski foals born in period of time.
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 Instead of gestation length, interbirth interval was chosen for this 
study as a reference parameter, because it was impossible to continu-
ously observe mating in the entire population of Przewalski’s horse. 
The average interbirth interval in this study was 382 days. If mares 
can potentially conceive 7 to 9 days after parturition, which would be 
similar to that observed in domestic horse, then the gestation length 
would be 373 to 375 days. This, however, would be inconsistent with 
the gestation length reported for both Przewalski’s horse and domes-
tic horse in other studies. With respect to similar reproduction physi-
ology in the two species [18], we conclude that the first oestrus after 
parturition in Przewalski’s horse is not always fully developed and 
that mares conceive at the second or third oestrus. Such a hypothesis 
may explain the shorter gestation length reported in other studies.

 The interval between two consecutive parturitions depends upon 
the individual qualities of a given mare and the availability of resourc-
es. Young wild Przewalski’s mares seldom foal in the year following 
after birth of the first offspring [14]. After second and third parturi-
tions, mares become more experienced and foal usually every year. 
Therefore, we had hypothesized that the first interbirth interval in the 
population of Przewalski’s horse would be the longest. This, however, 
was not confirmed by the results, and the first interbirth interval was 
even shorter than those following, probably due to large variation in 
length of the first interbirth interval as evidenced by high statistical 
error.

 A tendency towards decreasing interbirth intervals with increasing 
parity has been reported also in Jeju pony [19] and indicates that Prze-
walski’s mares conceive (and foal) for the first time prior to complet-
ing their physical development. Thus, the mares are not able to secure 
sufficient resources to invest in a foal, to complete their development, 
and to conceive again. The longest interbirth intervals observed in 
young Przewalski’s mares corresponded with the second and third 
parities (Figure 3), and these were probably caused by longer partu-
rition–conception intervals. During later pregnancies the requirement 
for completing physical development becomes less important and ul-
timately disappears completely, and thus the mares have more energy 
available for the following conception. Every subsequent pregnancy 
becomes more routine and, providing that sufficient resources are 
available, interbirth intervals is reduced due to earlier conceptions. 
In addition, the uterus surface area used for nutrient exchange grows 
with each pregnancy. As reported by [20] in Anglo-arabian mares, 
primiparous dams produced lighter and smaller foals and placentas at 
term and have a reduced placental efficiency compared to multiparous 
dams.

 Uterus surface growth connected with good condition of placental 
efficiency results in faster foetus development and its earlier delivery, 
and thus in a reduction of gestation and interbirth interval lengths.

 An effect of age of mare on interbirth interval (P < 0.05) in the 
present study is in contrast to findings reported in Equus quagga zebra 
[21] and in Equus burchelli zebra [22]. Increased age of mares was 
associated with increasing interbirth intervals by 0.59 day per year 
of mare age (Figure 4). Extended interbirth intervals in relation to 
onset of the aging process probably are due to deteriorated utiliza-
tion of resources by older mares, which need more time to acquire 
sufficient energy to conceive again. Another caused was published 
by [23]. Mares older than 13-14 years usually require more mat-
ing per conception, which is explained by progressive degenerative  

changes in the endometrium and increased susceptibility to infections 
Gluckman,et al. [23]. The degenerative changes in the endometrium 
might potentially reduce its nutritive capacity for the development 
of the fetus [24]. Age-related decrease in fertility linked primarily to 
reduced oocyte quality rather than to impaired uterine function have 
been reported in warmblood, Friesian, Standardbred, Arabian, Cobs 
and Quarter-horse breeds [25]. A similar research has not been done 
in a Przewalski horse population.

 Our results show the most fertile age for Przewalski’s mares to 
be between 5 and 10 years. This is in agreement with the findings 
of Dorj, et al. [13], who reported the optimum reproductive age in 
Przewalski’s horse to be from 5 to 15 years, and of Ransom, et al.[14], 
who determined the most fertile period to be from 6 to 16 years of 
age.

 Barnier, et al. reported significantly longer interbirth intervals fol-
lowing the birth of male foals than after female foals in Equus quagga 
zebra [21]. Additional costs to a mare associated with a male foal 
resulting in a 1.5 day longer interbirth interval were also suggested in 
this study with Przewalski’s horse, but the differences lacked statis-
tical significance. Greater demands of male foetuses resulting in lon-
ger gestations have been reported in Hannoverian warmblood [26], 
Warmblood [27,28]. English Thoroughbred, [29] mares [30] reported 
in their study that the reason for the variation of gestation length as-
sociated with the gender of the foal has not yet been completely elu-
cidated. However, it is agreed that male body development is greater 
than female’s and therefore, if the birth occurs when the fetal develop-
ment is complete, the gestation length of a colt would be longer [31].

 In the przewalski horse population interbirth interval length de-
crease has founded during observation period. The greatest decline 
was recorded until 1970 and was probably associated with a lower 
frequency rate and inaccurate data recording. From 1971 until the 
end of the observation period, the length of the interbirth interval de-
creased by 3 days. Breeding management is almost similar during 
observation period. So, they caused might be connected with the at-
titude of breeders to this species. Since the 1970s, when the last wild 
individual of this species was seen in nature [5], the interest in saving 
this species and its return to the wild began to increase. Increased 
awareness and education of breeders might be one of the main factors 
in reducing the length of the interbirth interval in the worldwide pop-
ulation of Przewalski horses.

Conclusion
 Interbirth intervals observed in the population of Przewalski’s 
horse significantly increased with the increasing age of mares. Mean 
interbirth interval following birth of a male foal was 1, 5 day longer, 
but the effect of foal’s sex lacked statistical significance.
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