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Simple Summary: To better inform nilgai antelope management decisions, basic life history data are
needed. We collected reproductive tracts of free-ranging female nilgai from 2018 to 2021 in Southern
Texas. We found high pregnancy and twinning rates. Moreover, we found nilgai as young as 1 year
old to be pregnant and nilgai as old as 12 years old to be pregnant. Our findings demonstrate the high
reproductive potential of free-ranging nilgai in Southern Texas. To prevent nilgai overpopulation
and associated damage to the land, harvest management strategies should be used, particularly in
introduced areas where there are no natural predators.

Abstract: Free-ranging nilgai antelope (Boselaphus tragocamelus) are an understudied species, both on
their native ranges of India, Pakistan, and Nepal and on their introduced ranges in southern Texas.
Basic data related to population sizes, survival, reproduction, and recruitment are needed throughout
their range to inform management and conservation decisions. We collected nilgai fetuses from
3 ranches in southern Texas, including East Foundation’s El Sauz and Santa Rosa ranches, and the
Norias Division of the King Ranch® from 2018-2021. We calculated the percentage of individuals that
were pregnant in each of the sample years and overall. We determined monthly average, maximum,
and minimum fetus length. Of 488 nilgai cows, we found 386 to be pregnant (79%) and 214 to be
pregnant with twins (56%). We found nilgai cows as young as 1-year old to have fetuses and therefore
to have reached sexual maturity. Sex ratios of fetuses during any sampling year did not differ. We
found ample evidence supporting our hypothesis that nilgai are fecund on their introduced range of
southern Texas. To prevent nilgai overpopulation and associated problems, harvest management
strategies should be implemented, specifically on nilgai cows.
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1. Introduction

Free-ranging nilgai antelope (Boselaphus tragocamelus) are an understudied species,
both in their native ranges of India, Pakistan, and Nepal and in their introduced ranges
in Southern Texas. Basic data related to population sizes, survival, reproduction, and
recruitment are needed throughout their range in inform management and conservation
decisions. Factors impacting nilgai abundance and management are different in their native
and introduced ranges. For example, nilgai in their native ranges are limited by poaching,
habitat deterioration, and predation by tigers (Panthera tigris tigris) [1,2], whereas nilgai
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in their introduced ranges in Texas are limited by legal harvests and prolonged periods
(>48 h) of below-freezing temperatures [3], with no known predators [4].

Though highly restricted by scope and sample size, prior studies of nilgai in their
introduced ranges of Texas have demonstrated (1) high reproduction rates in captive
environments, (2) female nilgai reaching sexual maturity at 2 years old in free-ranging
environments [4], and (3) that twinning is common in free-ranging environments (~50%) [5].

The East Foundation began implementing its Exotic Ungulate Control Project in 2013.
The aim of this project is to reduce the damage to the land caused by wild pigs (Sus scrofa)
and nilgai. Between 150 and 300 cow or juvenile male nilgai are removed annually. This is
accomplished through commercial meat harvests from a helicopter by a wild meat vendor
(www.brokenarrowranch.com accessed on 20 June 2024). Following harvests, carcasses are
prepared for cold shipping onsite. Inedible portions of the carcass (offal, skins, etc.) are
recycled on ranches. This provided us with the opportunity to collect, record, and compare
data from the reproductive tracts of free-ranging nilgai cows and—most importantly for
our purposes here—nilgai fetuses.

Our objectives were to evaluate free-ranging nilgai cow reproduction metrics, includ-
ing the (1) age of sexual maturity as determined by the presence of a fetus, (2) pregnancy
rates, (3) twinning rates, (4) fetal growth rates, and (5) fetal sex ratio. Consistent with the
limited findings of others, we hypothesized that free-ranging nilgai cows in their introduced
ranges in Southern Texas would be highly fecund.

2. Materials and Methods
2.1. Study Area

We collected nilgai fetuses from 3 ranches in Southern Texas (Figure 1), including
the East Foundation’s El Sauz and Santa Rosa ranches and the Norias Division of the
King Ranch® (Kingsville, TX, USA). These ranches occur within 3 ecoregions, including
the South Texas Brush Country, the Coastal Prairies and Marshes, and the South Texas
Sand Sheet [6]. Common vegetation that occurs throughout these ranches is live oak
(Quercus virginiana), honey mesquite (Prosopos glandulosa), huisache (Acacia farnesiana), lime
prickly ash (Xanthoxylum americanum), granjeno (Celtis pallida), brasil (Condalia hookeri), gulf
cordgrass (Spartina spartinae), and seacoast bluestem (Schizachyrium scoparium) [7].
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Figure 1. Red star is location of East Foundation’s Santa Rosa and El Sauz ranches and King Ranch®
Norias Division, where we collected fetuses from pregnant nilgai (Boselaphus tragocamelus) cows from
2018 to 2021.

2.2. Sample Collection

Broken Arrow Ranch (www.brokenarrowranch.com accessed on 20 June 2024) per-
formed aerial meat harvests of female and juvenile male nilgai in May-July 2018 (n = 130),
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April-June and August 2019 (n = 141), May—July and September 2020 (n = 210), and
April-May 2021 (n = 118) across our 3 study sites. We placed each harvested animal in a
nilgai age class based on the cementum annuli and tooth eruption and wear patterns [8].
Specifically, we identified female nilgai < 1 year old as class 1, 1 year old as class 2,
2—4 years old as class 3, 5-7 years old as class 4, 8-11 years old as class 5, and >11 years old
as class 6 [8]. We assessed the lactation status of each cow through milk expression from
the teats. We assessed the pregnancy status of each cow by the presence of a fetus in the
amniotic sac. If pregnant, we recorded the number of fetuses per cow. We determined the
sex of fetuses, when possible, and we recorded the crown rump length in centimeters.

2.3. Data Analyses

We calculated the percentage of individuals that were pregnant in each of the sample
years and overall. Next, using only the pregnant cows, we calculated the percentage of
those pregnant cows that were carrying twins in each year. We separated the cows into
age classes: class 1 = juveniles (<1 year old), class 2 = 1 year old, class 3 = 2—4 years old,
class 4 = 5-7 years old, class 5 = 8-11 years old, and class 6 = >12 years old [8]. We used
Kruskal-Wallis tests to compare the means of (1) the percentage of cows that were pregnant
and (2) the percentage of pregnancies that carried twins among age classes 2-5 across all
four years. Age class 1 was not included in these analyses because there were no pregnant
individuals in this age category.

We determined the monthly average, maximum, and minimum fetus length. We
conducted chi-square analyses to compare the number of female and male fetuses in each
year of collection. We conducted all statistical analyses using SPSS version 27.0 [9]. We
considered statistical significance at p < 0.05.

3. Results

We sampled 599 total nilgai, of which 488 were females of reproducing age (class 2 > 1
year old). Of these 488 nilgai cows, we found 386 to be pregnant (79%) and 214 to be
pregnant with twins (56%) (Table 1). No differences were observed between the years for
the percentage of pregnant females (x* = 1.61, p = 0.66) or for the percentage of pregnancies
that carried twins (x> = 4.4, p = 0.22). The percentages of cows that were pregnant differed
by age class (H = 12.283, p = 0.015; Figure 2a), with age classes 3-5 (ages 2-11 years
old) demonstrating the highest pregnancy rates (67-100% pregnant). The percentages of
pregnancies that carried twins did not differ by age class (H = 8.319, p = 0.081; Figure 2b),
although there was a trend for classes 3-5 to be more likely to carry twins than younger
(class 2) and older (class 6) cows. We found that nilgai cows as young as 1 year old (i.e., age
class 2) reached sexual maturity. Although we cannot determine at what age nilgai cows
are no longer capable of reproducing, the oldest cementum-annuli-aged nilgai that was
pregnant in this study was 12 years old [7].

Table 1. Adult (>1 year old) nilgai (Boselaphus tragocamelus) cow pregnancy, twinning, and lactation
rates by year from 2018 to 2021 on 3 ranches in Southern Texas.

Year # Adult Cows Pregnant Pregnant with Twins Lactating
n % n % n Y%
2018 114 93 82 60 65 1 <1
2019 124 99 80 50 * 51 8 6
2020 158 125 79 69 55 23 11
2021 92 69 75 35 51 34 30
Overall 488 386 79 214 55 66 14

* One cow was pregnant with triplets in 2019.



Animals 2024, 14, 2150

40f7

100 :

80

60

40

% Pregnant

20

100 [

80 1

40 1

% Pregnant with Twins

20

4 5 6
Age Class

N
w A

Figure 2. (a) Percentages of pregnant nilgai (Boselaphus tragocamelus) cows that were sampled on
3 Southern Texas ranches from 2018 to 2021 by age class (class 2 = 1 year old, class 3 = 2—4 years old,
class 4 = 5-7 years old, class 5 = 8-11 years old, and class 6 = >12 years old [8]). (b) Percentages of
nilgai pregnancies that were twins by age class (see above) on 3 Southern Texas ranches from 2018
to 2021. We considered statistical significance at p < 0.05.

We collected a total of 636 fetuses after harvests across all four years. Beginning in
April, the average fetus length was 18.04 cm, and this average steadily increased with
each successive month until September, when the average length was 73.98 cm (Figure 3).
During September (the latest month of the year of our seasonal harvests), there were four
pregnant females that were lactating and had a fetus(es) that were over 78 cm in length, with
the largest measuring 92 cm. We have observed that crown rump fetus lengths of 78 cm are
close to term. This indicates that the nilgai peak calving season begins in mid-September.
The sex ratios of fetuses during any sampling year did not differ (Table 2).

Table 2. Number of fetuses collected from nilgai (Boselaphus tragocamelus) cows (>1 year old) by year
(from 2018 to 2021) and sex on 3 ranches in Southern Texas.

Year n Sex Ratio Chi-Square p-Value
Female Male

2018 204 107 97 0.397 0.529

2019 142 81 61 2.540 0.110

2020 202 107 95 0.599 0.439

2021 88 48 40 0.557 0.455

Total 636 343 293 3.780 0.052
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Figure 3. Average, maximum, and minimum fetus crown rump lengths of fetuses collected from
pregnant nilgai (Boselaphus tragocamelus) cows (>1 year old) by month, which were sampled on
3 Southern Texas ranches from 2018 to 2021. The solid line is the average length, the dotted line is the
minimum length, and the dashed line is the maximum length.

4. Discussion

We found ample evidence supporting our hypothesis that nilgai are fecund in their
introduced range of Southern Texas. Specifically, nilgai had high pregnancy and twinning
rates. Additionally, we found that cows were capable of reproducing when as young as
1 year old. Ungulates with large body sizes and rapid rates of body growth are typically
able to begin reproducing at earlier ages than species with smaller body sizes [10,11]. Nilgai
cows fit into the large body size category, typically weighing between 100 and 213 kg [4],
which explains how they can reproduce at a young age. Like other keystone herbivore
species, nilgai are reproductively mature at young ages. Our oldest nilgai cow that was
pregnant was 12 years old, based on cementum annuli analyses [8]. These data demonstrate
that the reproductive lifespan of nilgai cows in Southern Texas is at least 11 years but could
be longer. Although there were several individuals in age class 6 (ages > 12 years) that
were pregnant, further research and a larger sample size would be necessary to determine
at what age reproductive senescence occurs. Lastly, our results showed higher pregnancy
and twinning rates than prior captive studies [4].

The average fetal crown rump lengths by month showed the longest fetal lengths in
September. Based on the maximum and average length, and an increase in positive lactation
statuses in individuals at the beginning of September, we surmise that their peak calving
season begins in mid-September and continues into early November. Considering that
nilgai have an average gestation period of 245 days [12], the beginning of the peak breeding
season would start in mid-January and continue into early March. However, the high varia-
tion in the maximum and minimum values of the fetal crown rump lengths and the number
of adult nilgai cows that were lactating and not pregnant (Table 1) showed that nilgai are
capable of breeding throughout the year. A 1:1 fetal sex ratio is common and expected in
most mammalian species because natural populations have strong frequency-dependent
selection in the even production of males and females [13]. Nilgai were consistent with this
and presented an even fetal sex ratio.

5. Conclusions

Our results show that nilgai are highly capable of increasing their population abun-
dance in Southern Texas if harvest management efforts are not implemented. For exam-
ple, assuming average pregnancy and twinning rates, each cow nilgai would produce
>13.5 calves over the course of an 11-year reproductive duration. Nilgai are a manage-
ment concern because they cause property damage by creating fence breaches (areas of
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net wire fencing where an animal pushes the fence up to cross under) in livestock fenc-
ing [14]. Nilgai are also a major concern because they are known carriers of cattle fever
ticks (Rhipicephalus annulatus and R. microplus) [15], which can transmit babesia organisms
(B. bovis and B. bigemina) to cattle [16], although nilgai do not appear to be susceptible to the
disease [17]. The overpopulation of large ungulate species, such as nilgai, can lead to the
degradation of landscapes [18], competition with cattle and white-tailed deer (Odocoileus
virginianus) for forage [19], and the increased spread of wildlife diseases [20]. To prevent
these issues from occurring, harvest management strategies should be implemented, specif-
ically on nilgai cows, to keep nilgai populations under control. These efforts will aid in
preventing nilgai populations from continuing to increase unabated.
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