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Photographs of each visit were taken to ensure the collection
of only new samples each week. Each latrine received a trail
camera for an independent assessment of usage and gauge time
since fecal samples deposition. Images of nilgai that defecated
were classified to individuals if nilgai had distinctive physical
characteristics. We handled the samples with latex gloves and
changed gloves in between each sample to reduce potential for
contamination. A top pellet was collected from fresh groups of
newly distinguishable piles, using the weekly photographs for
reference. Fecal samples were placed in 2-ml screw-top tubes
containing DETs buffer (DMSO/EDTA/Tris/salt; Frantzen et
al. 1998). The buffer included 20% dimethyl sulfoxide, 0.25 M
sodium-EDTA, 100 mM Tris, pH 7.5, and NaCl to saturation
(Seutin et al. 1991). Samples were stored in shaded containers
on ice and transported to a —20°C freezer within 10 h of the
time of collection. Samples were maintained at this tempera-
ture until DNA extraction. We extracted DNA from fecal sam-
ples using the QIAamp DNA Stool Mini Kit with manufacturer
protocols (Qiagen Inc.), but for the final elution step, we used
120 pl of buffer after a 5-min incubation. Every extraction set
consisted of 12—13 samples and had a negative control. The
negative controls contained only reagents for quality control, to
guard against cross-contamination (Waits and Paetkau 2005).
Extracts were then stored at 4°C until genotyping.

We identified seven genetic markers that amplified in
nilgai and were sufficiently variable to identify individu-
als: BM415, BM4208, ETH152, BovPRL, BM848, ILSTS,
OCAM, and sex determination marker S4B (Supplementary
Data SD4). The sexing marker was included to determine if
males or females deposited feces; the X- and Y-chromosome-
specific alleles of the amelogenin gene can be detected via
small fragment sizes, and are a good candidate for nonin-
vasive samples (Kageyama et al. 2004; Riviere-Dobigny et
al. 2009). We used a 16-pl PCR volume for each sample,
including 8.0 pl AmpliTaq Gold 360 PCR master mix (ther-
mal stable DNA polymerase, MgCl,, and dNTPs), 3.5 ul
double-deionized H,0, 1.0 ul bovine serum albumin (2 mg/
ml; ThermoFisher Scientific, Waltham, Massachusetts), 10
pmol for each forward and reverse primer, and 1.5 ul DNA
extract. We included negative controls during extraction
and PCR to verify the absence of contamination. Selected
markers were amplified after the empirical optimization of
the PCR protocols (Table 1). We pooled markers into two
panels before loading onto an ABI 3130x/ DNA sequencer
for separation and detection (Table 1). Panel 1 included
BM415, BM4208, BM848, and ETH152; we mixed 2 pl of
each PCR product and combined 1 ul of the mixture with
formamide and an internal size standard, as recommended
by the manufacturer. Panel 2 consisted of BovPRL, ILSTS,
OCAM, and S4B; we prepared the mixture for loading onto
the sequencer in the same manner. Fragment sizes and allele
bins were quantified using the software GeneMapper 4.0.
We genotyped all heterozygotes >2 times and all homozy-
gotes >3 times to account for the potential of allelic dropout,
failed amplification, and false alleles (Taberlet et al. 1999;
Broquet et al. 2007).

RESULTS

Density, area, and placement of latrines.— Latrines were
abundant in all road surveys, with higher densities during five
of six Spring surveys than Autumn surveys over all sites (Fig.
3). During the four road surveys, we identified 192 latrine loca-
tions at El Sauz, 112 at Santa Rosa, and 97 at Russell. Of the
401 latrine locations detected, 15% were detected in all four
surveys (October 2017 to May 2019). Excluding latrines that
were only present in the last survey, 32% (n = 113) of the
latrines persisted for <6 months.

Average area (+ SD) of road latrines was similar between
sites; 5.5 + 4.0 m? at El Sauz, 4.7 + 3.0 m? at Santa Rosa, and
4.2 + 3.6 m? at Russell, and latrines detected during Spring
tended to be larger than latrines detected the previous Autumn.
However, variation was high (Fig. 4). Latrines ranged from
0.2-42.4 m? in size. The greatest maximum height was 18 cm
and averaged (= SD) 5.13 £+ 3.0 cm. Some latrines classified as
old in Autumn 2017 to Autumn 2018 (29 at El Sauz, 3 at Santa
Rosa, and 16 at Russell) were active in subsequent surveys
(90% at El Sauz, 67% at Santa Rosa, and 56% at Russell). The
average distance between road latrines (+ SE) was 180 = 10 m
(range 3-2,043 m) at El Sauz, 352 + 23 m (1-2,583 m) at Santa
Rosa, and 108 + 6 m (range 1-431 m) at Russell.
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Fig. 3.—Density of nilgai latrines on unpaved roads at the El Sauz,
Santa Rosa, and Russell ranches in South Texas, United States, during
Autumn 2017, 2018, and Spring 2018, 2019. Surveys were complete
counts of latrines assuming a fixed 5-m width. The number of latrines
identified are labeled above bars.
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Fig. 4.—Spatial area (length x width) of nilgai antelope latrines on
unpaved roads (m?> + SD) at the El Sauz, Santa Rosa, and Russell
ranches, South Texas, United States, calculated from surveys during
Autumn 2017, 2018, and Spring 2018, 2019.
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Overall, 28% of road intersections (n = 139) had latrines
with 24% at El Sauz (n = 42), 20% at Santa Rosa (n = 60),
and 46% at Russell (n = 37). Road latrines occurred in 16 veg-
etation classes, with highest % use in vegetation classes with
highest % available (Fig. 5). Densities of on-road latrines were
>6 times greater than off-road for all three sites (Table 2). The
average off-road mean latrine area (= SD) of 6.0 £ 2.9 m> (n =
68) was similar to on-road latrine mean area (+ SD) of 5.7 £ 3.5
m? (n = 287) during Spring 2018. For the off-road surveys, we
recorded 68 latrines and 1,039 fecal piles (nonlatrines; Table
2). All transect groups had single nilgai fecal piles observed,
but not all had latrines. The spiny aster wetland community at
Santa Rosa, and the grassland community at Russell had no
latrine detections. Because the number of latrine detections
was not sufficient to generate community-specific estimates,
we pooled all site detections to estimate detection functions.
Off-road latrines per ha (+ SE) were lowest at Santa Rosa, but
total off-road latrines estimated per site via distance sampling
were lowest at Russell (Table 2).

Seasonal frequency, sex, and age-classes of nilgai that use
latrines.— Some latrines became inactive over the course of
monitoring (n = 13), so we moved cameras to active latrines.
Thus, in total we monitored 37 latrines with 17 at El Sauz,
11 at Santa Rosa, and 9 at Russell. Some monitored latrines
remained active throughout the entire study period from April
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2018 to March 2019, including 4 at El Sauz, 9 at Santa Rosa,
and 2 at Russell. We monitored El Sauz for 36,024 h, Santa
Rosa for 33,749 h, and Russell for 13,983 h.

We recorded 10,101 animal visits (on or near latrines) at
on-road latrines, including 1,544 nilgai visits (15%). El Sauz
had 5,723 animal visits to latrines (635 nilgai, 12% of total vis-
its), Santa Rosa had 3,749 visits (709 nilgai, 19%), and Russell
had 629 visits (200 nilgai, 32%). Sixteen species besides nil-
gai were observed, including nine-banded armadillo (Dasypus
novemcinctus), badger (Taxidea taxus), bobcat (Lynx rufus),
domestic cattle, coyote (Canis latrans), white-tailed deer
(Odocoileus virginianus), domestic dog (Canis familiaris),
feral swine (Sus scrofa), collared peccary (Tayassu tajacu), red
lechwe (K. leche), ocelot (Leopardus pardalis; only observed
on El Sauz), eastern cottontail (Sylvilagus floridanus), rac-
coon (Procyon lotor), striped skunk (Mephitis mephitis), tur-
key (Meleagris gallopavo), and other birds. Besides nilgai, we
observed defecations on latrines by cattle (n = 3), coyote (n =
19), and deer (n = 1). We recorded sniffing events from cattle
(n = 48), coyote (n = 44), deer (n = 27), feral swine (n = 12),
collared peccary (n = 4), and raccoon (n = 3).

On average, a given latrine had a nilgai visitation rate of 0.42
visits/day at El Sauz, 0.50 visits/day at Santa Rosa, and 0.34
visits/day at Russell. The observed frequency of latrine visits by
latrine area was not consistent among sites. El Sauz had higher
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Fig. 5.—Location of nilgai antelope latrines encountered on unpaved roads by vegetation communities at the El Sauz, Santa Rosa, and Russell
ranches in South Texas, United States, during Autumn 2017 to Spring 2019. Surveys were complete counts of all latrines on roads, and included
192 latrine locations at El Sauz, 112 at Santa Rosa, and 97 at Russell. Vegetation communities included: gulf cordgrass grassland (CG), huisache
woodland (HW), live oak woodland (LW), mesquite woodland (MW), seacoast bluestem (SB), arrowfeather threeawn (AT), grassy areas domi-
nated by guinea grass (Grasses), and roads that separated vegetation communities (Transition).

Table 2.—Densities of nilgai antelope latrines on and off-road (+ SE) for the El Sauz, Santa Rosa, and Russell ranches, South Texas, United

States, during Spring 2018.

Sites
Location El Sauz Santa Rosa Russell
On-road® latrines/ha 8.7 2.6 8.0
Off-road® latrines/ha 09+0.2 04+0.1 0.8+0.3
Off-road® ha surveyed 100 80 19.2
Latrine estimate® 10,206 + 1,906 2,655 + 621 244 + 97

*Complete count of latrines encountered assuming a fixed 5-m road width per site.

"Identified via walking transects in major vegetation communities on each site.
“Total off-road number of latrines estimated per site via distance sampling.
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frequencies of visits to small latrines (0.53 visits/day vs. 0.33).
Russell had similar visits between small and large latrines (0.38
vs. 0.33), whereas Santa Rosa had a higher frequency of visits
to large latrines (0.57 vs. 0.40). Overall, small latrines (n = 19)
which averaged 0.46 visits per day (n = 641) were similar to
large latrines (n = 18) which averaged 0.43 visits per day (n =
903). The latrine with the highest visitation frequency varied
month to month; some latrines had the highest visitation rates
during 1 month and no visits the next.

We observed peaks in visitation frequencies for El Sauz
during April-June and December—February, Santa Rosa had
peaks during August and December—March, and Russell had
peaks during April-June and January—March (Fig. 6). Bulls
contributed the highest proportion of nilgai latrine visits overall
(Table 3), with 74% and 75% of visits at El Sauz and Santa
Rosa, respectively. Russell had similar cow to bull proportions
(42% cows vs. 38% bulls, remainder unknown or calves; Table
3). Subadult bulls were rarely detected and contributed to 4%
of visits at El Sauz, 3% at Santa Rosa, and 7% at Russell (Table
3).

All age and sex classes defecated on latrines based on cam-
era data, although frequency varied dramatically by sex and
age. Nilgai latrine defecations averaged once every 10 days
at El Sauz, 12 days at Santa Rosa, 20 days at Russell, and
12 days overall. We recorded 356 defecations with 147 nilgai
defecation events at El Sauz (23% of visits resulted in defe-
cation), 180 at Santa Rosa (25% of visits), and 29 at Russell
(15% of visits). Overall, we recorded defecations from 329
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Fig. 6.—Average visits per day at nilgai antelope latrines at the El
Sauz, Santa Rosa, and Russell ranches in South Texas, United States,
during April 2018 to March 2019. Visits were recorded by trail cam-
eras for 2 weeks of each month (10 cameras at El Sauz, 10 at Santa
Rosa, and 4 at Russell).

bulls (92%, only one subadult bull), 20 cows (6%), 6 calves,
and 1 unknown nilgai. Of the 20 cow defecation events, 13
(65%) had bulls visiting by the following day, 9 of which bulls
visited within 15 h of the defecation. There were five cow def-
ecations on latrines that received a defecation from a bull by
the next day. For two of these events, the cow was with a bull
when she defecated, and one bull defecated immediately fol-
lowing the cow. Sniffing events occurred from all sex and age-
classes, with 178 events at E1 Sauz, 348 at Santa Rosa, and 37
at Russell. Bulls contributed to 81% of the sniffing events at El
Sauz, 87% at Santa Rosa, and 37% at Russell. Nilgai sniffing
events occurred at similar frequencies to defecations; sniffing
events averaged every 8 days El Sauz (n = 178), 6 days at Santa
Rosa (n = 348), 16 days Russell (n = 37), and 7 days overall
(n=563).

The lowest proportion of the nilgai latrine visitations was
midday and midafternoon (1400-1659 h, 12%, Fig. 7). Nilgai
cows had higher proportions of visitation from early morning
to midday (0500-1359 h), whereas bulls had higher proportions
of visitations during twilight-night (1700-0459 h). Most (75%)
of the nilgai bull defecations occurred during the twilight—night
(1700-0459 h).

We noticed other behavioral responses of nilgai at latrine
sites besides defecation and sniffing. These behavioral
responses included the following: five cases of nilgai bulls
showing flehmen responses (Fig. 8), two cases of bulls dis-
placing other bulls, four cases of bulls appearing to tend cows
(court an estrous female), three cases of bulls rubbing their
head in vegetation near latrines, one cow urinating on a latrine
as a bull licked her urine and displayed a flehmen response,
one active mating, and two possible matings with both sexes
showing erect tails at latrines. A fight occurred around a
latrine; both bulls circled the latrine, and one urinated and
defecated during the dispute. Cows and calves were docu-
mented defecating on that latrine 4 days earlier. Both bulls
were photographed previously defecating at that latrine, and
after the fight, both males still defecated on the latrine, but at
different times.

Individual nilgai use of latrines.— Few nilgai bulls were
individually recognizable, though physical characters such
as horns, scars, or pelage could identify some individuals.
Therefore, genetic analyses were needed to confirm iden-
tity of latrine visitations. We visited 24 monitored latrines
and collected 114 samples from 15 latrines (El Sauz had 45

Table 3.—Number and proportion of nilgai antelope latrine visits by age—sex class during April 2018 to March 2019, at the El Sauz, Santa Rosa,
and Russell ranches in South Texas, United States. Data were collected from 37 latrines monitored with camera traps.

Visits (% of total)

Age-class El Sauz Santa Rosa Russell Total
Adult females 98 (15%) 102 (14%) 57 (29%) 257 (17%)
Subadult females 29 (5%) 17 2%) 27 (14%) 73 (5%)
Old adult males 247 (39%) 337 (48%) 27 (14%) 611 (40%)
Adult males 193 (30%) 177 (25%) 35 (18%) 405 (26%)
Subadult males 27 (4%) 18 3%) 14 (7%) 59 (4%)
Calves 15 2%) 43 (6%) 29 (15%) 87 (6%)
Unknown 26 (4%) 15 (2%) 11 (6%) 52 (3%)
Total 635 709 200 1,544
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Fig. 7.—Proportion of daily activity of nilgai antelope by sex and
number of defecations at latrine sites at the El Sauz, Santa Rosa, and
Russell ranches in South Texas, United States, during April 2018 to
March 2019. Camera traps revealed 330 cow visits, 1,075 bull visits,
and 329 bull defecations. Cow defecations were rare (n = 20) and are
not included. Times were categorized into 3-h segments of the day.

Fig. 8.—Nilgai antelope bull displaying flehmen behavior in response
to nilgai cow urination on a latrine at the East Foundation’s El Sauz
Ranch, near Port Mansfield, Willacy County, Texas, United States,
February 2019.

samples from six latrines; Santa Rosa had 69 samples from
nine latrines). Some latrines (n = 9) were inactive during the
sampling period. Initial data analysis revealed low genotyping
success for freshness class 3 (dry coating, hard, dark brown
samples). We excluded 39 samples from latrines either in class
3 and some in class 2 for latrines with an abundance of class 1
samples. We extracted 75 samples from 15 latrines that had >2
defecation events.

Only 25 samples were genotyped to individuals at >4 loci from
nine different latrines and one latrine had only one successful
genotyped sample. Genotyping success was low in part because
defecations were relatively infrequent (about 1 per 10 days). Of
the genotyped samples, 10 were only a few hours postdefecation
(classified as #1 freshness), 14 were classified as #2 fresh, and 1
was #3 fresh. The S4B sexing marker amplified well, and we were
able to sex 57 samples (76% of extracts); 51 were males (89%)
and 6 were females (11%) across 15 latrines. For the 25 success-
fully genotyped samples, 20 were males and 5 were females. The
five female samples were from two latrines at the El Sauz site.
Photographs of defecation events indicated several repeated def-
ecations from the same individuals (Table 4). We identified six

individual bulls with 2-13 repeated defecations on latrines from
January to February 2019, five were the only recognizable bulls
to defecate on the latrine. In one case, a latrine received repeated
defecations by two old adult bull individuals, one distinguishable
with an ear tag from a previous study.

Di1SscusSION

This study, the first focused directly on latrine behavior by nil-
gai antelope, yielded insights into the abundance, distribution,
and use of latrines. Latrine densities were 3—10 times higher
than estimated nilgai densities at El Sauz and Santa Rosa. This
indicates individual nilgai must use multiple latrines. Piles
from single defecations were also abundant, showing defeca-
tions were not restricted to latrines. There was no qualitative
evidence of selection or avoidance of vegetation communities.
The lack of preference may be consistent with nilgai foraging
ecology. Nilgai are intermediate feeders that use both grasses
and browse (Sheffield 1983; Singh 1995; Hines 2016), and
Jarman (1974) also observed antelope with similar behavioral
characteristics to occupy a range of vegetation types that may
vary seasonally. The only evidence of avoidance of a land cover
type was that nilgai latrines in their native range, India, were
found exclusively in forested areas, but were not detected in
agricultural fields (Bayani and Watve 2016). Within vegetation
communities in our study, nilgai appeared to prefer areas of
high movement and visibility, which included the intersec-
tion of unpaved roads and fence lines, consistent with Fall
(1972). Nilgai did not seem to avoid anthropogenic features
(roads, intersections, fence lines), but latrine communication
networks can be complex and there is a lack of overall under-
standing how ecological factors (Droscher and Kappeler 2014)
or anthropogenic influences (Ziege et al. 2016) may influence
these networks. Jarman (1974) discussed how class C antelope
tend to show visual displays with scent-marking, and while nil-
gai place latrines in highly visible areas, most defecations are at
night by a single bull. Roads and especially intersections may
be used frequently by nilgai; thus, the function of this place-
ment may be to increase conspecific encounters to latrines.
Use of individual latrines was dynamic and persistent at
specific locations; there was not a strong relationship between
size of latrine and frequency of latrine visitation, and latrine
sites may go unused, but nilgai often reformed latrines at the
same locations. This suggests that the physical location of
latrines is important. The most comprehensive review of nilgai
biology implied regular use of latrines by both sexes and all
age-classes (Leslie 2008) with reference to Blanford (1888),
Brander (1923), Dharmakumar-sinhji (1959), Schaller (1967),
Fall (1972), Prater (1980), Sheffield et al. (1983). Most of
these studies are based on summaries of casual observations,
with the exception of Sheffield et al. (1983) which docu-
mented latrine abundance but not usage by age—sex class, and
Fall (1972) who monitored fresh defecations on latrines but
noted observations of individual defecations observed in the
field. While we documented all age and sex classes defecated
on latrines, our results revealed that latrine usage differed by
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Table 4.—Defecations on latrines by individual nilgai antelope at the El Sauz, Santa Rosa, and Russell ranches, Texas, United States, from 1
January 2019 through 28 February 2019. Data were collected from 24 latrines monitored with camera traps; latrines with no defecations photo-

graphed were excluded.

Site Latrine ID Total defecations® Individual descriptions % defecations®
El Sauz E5 19 Old adult bull—ear tagged 68%
Old adult bull—no ear tag 11%
Unidentifiable old adult bulls 21%
E25 6 Old adult bull 100%
E96 12 Old adult bull—foot mark 67%
Unidentifiable old adult bulls 17%
Cow 8%
Calf 8%
E100 2 Cow 100%
L152 3 Unidentifiable old adult bulls 100%
Santa Rosa S18 2 Unidentifiable old adult bulls 100%
S19 1 Old adult bull—odd shoulder 100%
S28 9 Old adult bull—lightning scar 22%
Unidentifiable old adult bulls 78%
Santa Rosa S32 12 Old adult bull—lightning scar 67%
Unidentifiable old adult bulls 8%
Cow 8%
Male calf 8%
Unknown calf 8%
S40 3 Unidentifiable old adult bulls 100%
S59 3 Unidentifiable old adult bulls 100%
Russell R50 2 Old adult bull—sharp horns 50%
Cow 50%

“Number of defecations recorded at the latrine monitored with a camera trap.
Proportion individual contributed to overall latrine defecations.

nilgai sex and age-classes. Adult bulls contributed to most of
the photos of latrine visits and defecations. We documented
only one photograph of a subadult bull that defecated on a
latrine. Subadult bulls would often sniff latrines but not step
foot on the latrine. Cows would occasionally just walk over
the latrine with no acknowledgment of it, but males always
reacted to latrines by sniffing or defecating. The few cow vis-
its to latrines elicited behavioral responses by bulls such as
flehmen, mating, tending, and fighting with another adult bull.

Our fecal DNA analysis produced mixed results due to the
low quality and quantity of DNA, whereby we were unable
to identify individuals consistently. This was due mainly to
the long interval between defecations, where we could not
consistently collect fresh fecal samples from all latrines.
We elected not to increase collection frequency to minimize
human disturbance at latrine sites and reduce the risk of alter-
ing nilgai behavior. In hindsight, disturbance may not have
been an issue, as nilgai readily placed latrines near anthropo-
genic features such as unpaved roads and fences. Nonetheless,
the genetic sexing results were more robust to sample quality
and did support the camera data in that most defecations were
from males (89% of fecal samples). The subset of samples
identifiable to individuals indicated repeated visits from the
same males.

Consistent with Jarman’s (1974) predictions, our observa-
tions support the hypothesis that latrines serve as a dominance
or territorial demarcation function for adult bulls and a means
for advertisement of reproductive status and intersexual infor-
mation exchange for cows. Territoriality is common among
antelope species, especially those that scent-mark through
urination and defecation (Dasmann and Mossman 1962;

Estes 1967; Jarman 1979). Adult bulls mainly used latrines,
and the one bull fight at a latrine involved defecations before,
during, and after the fight that were characteristics for territo-
rial demarcation (Wronski et al. 2006). Typical photographs of
defecations from adult bulls showed individuals with all 4 feet
on the latrine defecating at the center of the latrine, a behav-
ior that indicates dominance status in some species (Schaller
1967; Marneweck et al. 2018). Territorial male animals tend
to be larger, better fighters, and are typically the dominant
males of social groups (Jarman 1974). These “old adult” nil-
gai bulls have thick necks and thick skin on the neck, which
could be beneficial since nilgai are the only species of bovid
where males display neck-fighting (Walther 1974; Jarman
1979; Sharma and Rahmani 2004). Territorial male antelope
will also evict young males from female herds, causing male
bachelor groups to form (Jarman 1974), as observed in nilgai
(Fall 1972). Cows increased latrine visitation rates during the
typical peak in the nilgai breeding season, from December to
March (Fall 1972; Sheffield et al. 1983), a behavior seen in
other species of antelopes (Dunbar and Dunbar 1974; Novellie
et al. 1984; Kranz 1991; Roberts and Dunbar 2000). For klip-
springer (Oreotragus oreotragus), females may increase mark-
ing rates when they are receptive, which is thought to be a
strategy of females to promote male competition (Roberts and
Dunbar 2000). The bull fight we documented around a latrine,
which was 4 days after a cow—calf group defecated on it, pro-
vides some anecdotal support for a female-driven male com-
petition for mating rights. The elicited behavioral responses
by bulls to cow visits are consistent with the use of latrines
for intersexual communication, of likely reproductive status
(Wronski et al. 2006).
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