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The time immediately following birth is a period of high predation risk for ungulate neonates. Ungulate mothers
exhibit perinatal behaviors that appear to mitigate offspring risk during this time. However, few studies of infant
mortality include the postpartum period. Therefore, the function and effectiveness of these maternal behaviors

are untested. We observed perinatal behavior in 11 Thomson’s gazelle (Eudorcas thomsoniz) mother-infant pairs in

a free-ranging population under predaiton pressure. Five of the six fawns that were detected by predators during
the perinatal period were killed. Fawn survival therefore depended on avoiding detection by predators. Considered
individually, neither prepartum isolation from conspecifics nor birth site selection affected the risk of being detected
by a predator. However, analyses revealed two distinct perinatal tactics: mothers either isolated and gave birth in tall
grass or remained in their social groups and gave birth in short grass. Both of these tactics resulted in lower risk of
predator detection compared to behavior that was inconsistent with either tactic. The tactics represent a maternal
trade-off between minimizing the duration of the highly vulnerable postpartum period and minimizing conspicuous-

ness to predators.
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Introduction

Ungulates, like most mammals, experience
their highest mortality risk during infancy
(Gaughley, 1966). Where predators are present
predation is the primary threat to offspring sur-
vival (Linnell et al., 1995; Rubenstein & Nunez,
2009). Each species uses one of two main strat-
egies, following or hiding, to mitigate offspring
predation risk. Follower infants accompany
their mothers continuously from birth and rely
on flight and maternal defense to escape at-
tacking predators (Walther, 1965; Lent, 1974).
Hider infants spend the majority of their time
lying motionless in vegetation apart from their
mothers, who return several times per day to
care for their young. Both strategies are effec-
tive at protecting ungulate offspring (Walther,
1965; Lent, 1974). However, neither strategy
can be implemented during the period imme-
diately after birth, known as the postpartum
period (Lent, 1974).

The postpartum period is perhaps the
most vulnerable time of an ungulate’s life. Un-
gulates are born unable to stand, walk or run
and are coated in odiferous birth materials that
hinder their movements and attract predators
(Leuthold, 1977; Roberts, 2012a, b). Further-
more, they are unable to recognize their moth-
ers, who themselves have not yet bonded to
or learned to recognize their offspring (Lent,
1974; Estes & Estes, 1979). During the post-
partum period, the mother and infant must
efficiently rectify these conditions so that the
neonate may engage in and benefit from the
hiding or following strategy. Until hiding or fol-
lowing begins, the neonate’s safety depends on
the behavior of its mother and the conditions
under which she has chosen to give birth.

In many ungulate species, parturient fe-
males seem to mitigate neonate risk during the
postpartum period by controlling the ecological
and social context in which parturition occurs.
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Ungulate mothers often select protective habi-
tats in which to give birth in order to minimize
the risk of a predator encountering the neo-
nate. However, what constitutes a protective
habitat varies by species: some species select
birth sites with concealing vegetation (Gosling,
1969; Jarman, 1976; Leuthold, 1977) while
others prefer habitats with high visibility (Poole
et al., 2007; Rearden et al., 2011; Pinard et al.,
2012) or low predator density (Bergerud et al.,
1984; Alados & Escos, 1988; Festa-Bianchet,
1988). In gregarious species, birth site selec-
tion 1s often accompanied by isolation from
social groups (Fraser, 1968; Gosling, 1969;
Jarman, 1976; Leuthold, 1977; Guinness et
al., 1979; Byers, 1997). Isolation is thought to
reduce non-predatory disturbances such as
sexual harassment or aggression by conspecif-
ics (Gosling, 1969; Lent, 1974; Estes & Estes,
1979; Guinness et al., 1979), which can result
in injury or failure of the mother and infant to
bond appropriately and increase predation risk
by delaying the onset of following or hiding
(Jarman, 1976; Estes & Estes, 1979; Read &
Frueh, 1980).

Within species, females may vary in their
tendency to exhibit birth site selection and
prepartum isolation. For example, Lott & Gal-
land (1985) found that female bison (Bison buson)
are more likely to isolate in wooded habitats
compared to open plains. The authors suggest
that these behaviors serve to reduce predation
risk during parturition: bison females prefer to
isolate and give birth in areas with vegetative
cover where they and their calves will be less
conspicuous to predators, but will use conspe-
cifics for cover when vegetation is unavailable.
This second option is less favorable and only
used in the absence of vegetative cover because
it exposes the mother—calf pair to interferences
by conspecifics. The study indicates that species
may exhibit multiple conditionally-dependent
tactics for reducing neonate predation risk.
Major bison predators were absent in Lott &
Galland’s (1985) study and no predation at-

tempts were observed; therefore, the relative
effectiveness of the tactics in preventing preda-
tion could not be determined.

To date, no study has provided an inte-
grated investigation of the effects of habitat
cover and prepartum isolation on offspring
survivorship during the perinatal period. The
postpartum period is difficult to predict and
observe due to its brevity and the skittishness
of parturient females (Fraser, 1968). Studies
of ungulate infant mortality, therefore, rely on
remote monitoring of infant survival beginning
hours or days after birth, once the offspring
has already survived the vulnerable postpartum
period (e.g., Smith & Anderson, 1996; Singer
et al., 1997; Janermo et al., 2004; Olson et al.,
2005; DeVivo et al., 2011; Buuveibaatar et al.,
2013). Information regarding neonate mortal-
ity risk and the role of maternal decisions in
determining neonate survival during the post-
partum period is thus integral to our under-
standing of ungulate population dynamics.

For this study we observed perinatal
behavior and neonate predation events in free-
ranging Thomson’s gazelles (Eudorcas thomsonu),
a hider species. Mothers in the study popula-
tion exhibited variation in their use of perina-
tal tactics, which enabled us to conduct the first
integrated analysis of these behaviors and their
effects on neonate survival. Given that gazelle
neonates are incapable of fleeing predators, we
expect that detection of the fawn by predators
will result in predation. If this is true, mater-
nal efforts to prevent offspring predation must
prevent detection of the neonate by predators.
Although black-backed jackals (Canis mesomelas),
the primary fawn predators at our field site,
sometimes detect fawns exclusively through ol-
faction, our observations of this species’ hunt-
ing behavior suggest that most attacks begin
with visual detection of either the fawn itself
or its mother. Mothers can be distinguished
from non-mothers by their greater tendency
to be in tall grass and isolated from conspecif-
ics (Fitzgibbon, 1993). In most attacks, jackals
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either run directly at exposed fawns or identity
a likely mother from a distance and then search
around her for hidden offspring (Fitzgibbon,
1993; Byers, 1997; B.A.R., personal observa-
tion).

Based on Lott & Galland’s (1985) findings
in bison, we hypothesize that prepartum isola-
tion and birth site selection do not vary inde-
pendently, but rather that some combinations
of habitat type and social context will be more
effective at preventing fawn predation than
others, and that these combinations will be
favored by parturient females. After determin-
ing overall patterns of perinatal tactic use, we
examine possible mechanisms by which these
behaviors serve to reduce fawn predation risk.
Specifically, we test whether isolation from con-
specifics prior to birth reduces the occurrence
of non-predatory disturbances, thereby mini-
mizing the duration of the postpartum period
and reducing the fawn’s risk of being detected
by predators before hiding commences. We
also investigate whether vegetative conceal-
ment of the fawn at the birth site affects its risk
of detection by predators.

Methods

Study site

We conducted all fieldwork at Ol Pejeta Con-
servancy (OPC) in Laikipia, Kenya. OPC is

a fenced, 360 km? conservancy consisting of
discrete grassy plains less than 10 km? in area
separated by Acacia drepanolobium and Euclea
dwinorum woodlands. Animals on OPC are
well-habituated to vehicles; therefore, we were
able to approach individuals to distances of
approxi-mately 100 to 150 m. At this distance
we were able to use binoculars to observe
behavior of parturient females and their fawns
while causing minimal disturbance to our
subjects. We searched for parturient females
and observed births and perinatal behavior
opportunistically from approximately 7:30 AM
to 6:30 PM during four field trips from March

to June 2010, March to June 2011, August to
November 2011, and June to September 2012.
Thomson’s gazelle give birth year-round but
exhibit birth peaks roughly coinciding with the
semiannual rains (Brooks, 1961; Hvideberg-
Hansen, 1970; Robinette & Archer, 1971),
which at OPC occur from March to April and
October to November. In 2012, OPC had a
population of approximately 1300 Thomson’s
gazelles. Other herbivore species are abundant,
as are predators, including lions (Panthera leo),
cheetahs (Acinonyx jubatus), black-backed jackals,
spotted hyenas (Crocuta crocuta), olive baboons

(Papio anubis) and birds of prey.

Observations

We observed perinatal behavior by locating
parturient females or females with neonates
that were still wet and unable to walk steadily.
Parturient females were easiest to spot when
birth membranes were already protruding from
the vulva or adhering to the hind legs, but we
were also able to identify females in earlier
stages of labor by their raised tails, enlarged
abdomens, and swollen udders. After finding a
female, we observed her for the remainder of
the postpartum period, until her fawn began
hiding or was killed. We recorded seven obser-
vations using a video camera and three using
a voice recorder and still photos. One further
birth was witnessed and voice-recorded by a
colleague.

In addition to narrating the behavior of
the female and her fawn, during each observa-
tion we noted the time of birth, whether the
female was alone or in a social group, and
the height of the grass at the birth site. For
two of the three observations in which we did
not witness parturition, we estimated time of
birth based on the fawn’s level of development
when we encountered it; for observation 10, we
could only confidently estimate time of birth
to within an hour. Females were considered to
be in a group if they were less than 50 m from
their nearest neighbor. We classified the grass
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at the birth site as either short or tall (below
and above the hock, respectively).

From the recorded observations, we
quantified disturbances to the mother—fawn
pair and determined the fawn’s conspicuous-
ness. Any separation of the mother and fawn
by more than one adult body length resulting
from an outside influence or a fear reaction
by the mother, but which did not end with
fawn predation, was considered a disturbance.
Disturbances were caused by male Thomson’s
gazelles attempting to engage in sexual activity
with the mother or neighboring females (three
observations); the neonate eliciting fear and
flight reactions from the mother (one observa-
tion); female Thomson’s gazelles enticing the
fawn away from its mother or aggressively
interacting with the fawn or mother (two ob-
servations); Grant’s gazelles (Nanger granti; one
observation), plains zebras (Equus burchelli; one
observation), and female Thomson’s gazelles
investigating the fawn or birth site (one obser-
vation); humans passing near the mother on
foot (one observation); and an attack of a fawn
by a warthog (Phacochoerus africanus; one obser-
vation; Roberts, 2012a). We counted the dis-
turbances for each observation and measured
their durations.

We could measure fawn conspicuousness
for the video-recorded observations only. We
quantified the conspicuousness of the neonate
using still frames taken every 60 s beginning
1 min after birth. For each image we noted
whether the fawn was lying down or standing
up and estimated the percentage of the fawn
that was visible to the nearest 10%. We then
compared mean visibility for each fawn posi-
tion across observations.

Analyses

We ran all statistical analyses in JMP v10.0. We
first used Fisher’s exact test, which is valid for
small sample sizes, to determine if detection
by predators resulted in fawn mortality. We
then tested an overall nominal logistic model to

determine whether maternal decisions affected
the fawns’ risk of being detected by predators.
We included birth site grass height (short or
tall), social context (isolated or not isolated),
and the interaction between these two variables
as model effects, and used detected (yes or no)
as the response variable. We evaluated the
model using effect likelithood ratio tests.

After establishing the overall effect of
maternal behavior on fawn detection by preda-
tors, we went on to examine the underlying
mechanisms mediating this effect. We inves-
tigated whether prepartum isolation reduced
the number of non-predatory disturbances
of the mother and fawn, and whether these
disturbances prolonged the duration of the
postpartum period and thereby increased the
fawn’s risk of being encountered by a preda-
tor. We used Fisher’s exact test to determine if
prepartum isolation reduced disturbances. To
determine the effect of disturbances on the du-
ration of the postpartum period, we first used
linear regression to examine the relationship
between total disturbance duration and the
time 1t took the fawn to hide (Figure 1). This
relationship, although strong (1 = 0.98, p =
0.0002), is based on six observations and driven
in part by an outlying data point. Furthermore,
in two of these observations, the mother—fawn
pairs experienced no disturbances. The dearth
of intermediate data points is due to the fact
that fawns that are killed never hide; therefore,
we have no data on the time delay from birth
to hiding for these fawns. In order to include
fawns that were killed, we also examined the
effect of disturbances on the time it took the
fawn to walk. This landmark falls late enough
in the fawn’s behavioral development that
disturbances were likely to happen beforehand,
but early enough that most fawns attained
the landmark before being killed. Although
there were only four observations in which the
time delays to both walking and hiding were
recorded, these points had a high correlation
coeflicient (r = 0.83). Given this apparent rela-
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Figure 1. The effect of non-predatory disturbances on the time delay from birth to the onset of hiding
(open circles, grey line) and the fawn’s first walking bout (closed circles, black line). Fawns that spend more
time separated from their mothers due to disturbances during the postpartum period take longer to walk

and hide.

tionship and because walking is a prerequisite
for hiding, we proceeded under the assumption
that fawns that take longer to walk will also
take longer to hide.

We constructed two Kaplan—Meier surviv-
al curves to examine the effect of postpartum
period duration on risk of a predator encoun-
ter. One curve modeled the risk of encounter
by conventional predators and the other mod-
eled the risk of encounter by all predators. The
first curve was constructed using encounter
times for fawns that were encountered by jack-
als, with encounter times by other predators
and hiding times included as censored values.
In the second curve, all encounter times were
used regardless of predator, with hiding times
included as censored values. The hiding time
for observation 1 was not included in either
curve since this fawn was encountered by a
predator before hiding and its encounter time
is included in the model. We fit log-normal
curves to the Kaplan—Meier curves and plotted
these on a semi-log plot. The use of the logari-
thimic scale on the y-axis allows better visual-

ization of encounter probability: in this format,
lines with constant slope represent constant
probability of predator encounter (Deevey,
1947). We used the log-normal curves to de-
termine the survival probability for observed
postpartum period durations and to predict the
postpartum period durations necessary to yield
a variety of survival probabilities.

We also examined whether birth site grass
height affected fawn visibility. The Shapiro—
Wilk IW-test showed our data to be non-nor-
mal. Therefore, we used the Mann—Whitney
U-test, which 1s appropriate for nonparametric
data, to compare fawn visibility between differ-
ent grass heights across video-recorded obser-
vations.

All Fisher’s exact tests were two-tailed,
and significance in all tests was accepted at p
< 0.05. Because samples sizes are necessarily
small, we identify ‘strong trends’ when p < 0.1.
We do so hoping that such trends will stimulate
further studies. In JMP, the Mann—Whitney
U-test 1s performed using the Wilcoxon test
command, and the {-statistic rather than the
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U-statistic 1s reported. Therefore, we report our
results using the -statistics and Wilcoxon test
format.

Results

In more than 13 months of studying maternal
behavior in Thomson’s gazelles, we observed
eleven instances of perinatal behavior. Eight
observations included parturition and prepar-
tum behavior, and three began veryshortly
after parturition when the fawn was still wet
and unable to walk steadily. All fawns exhib-
ited similar levels of movement and vigor after
birth and there was no indication that any were
born debilitated. Table 1 provides data from
each of our observations including time of
birth, use of antipredator tactics, and the fate
of the neonates.

Mothers in our study did appear to
actively choose the circumstances of parturi-
tion rather than simply giving birth wherever
they happened to be when labor began. We
detected signs of labor as early as 90 min prior
to parturition and females did not settle at the
birth site until between 8 and 43 min prior to
parturition. In the interim, we observed some
subjects leave their groups and travel (in one
case more than a kilometer) from their original
position, sometimes moving through multiple
grass heights and joining and leaving multiple
groups. All females had access to both tall and
short grass habitats on the plains on which
they gave birth. Females that sought isolation
invested considerable effort in shedding herd-
ing males and females that followed them away
from groups. In two cases the female’s decision
to 1solate or remain in the group was negated
when the group rejoined or moved away from
her after she became immobile during labor. In
both of these instances, the fawn was killed by
jackals.

Fawns were attacked by black-backed
jackals and warthogs. Females did not appear
to regard warthogs as predators. Mothers
reacted to jackals and other conventional fawn

predators with high levels of vigilance, whereas
warthogs were often interspersed in gazelle
groups and were ignored until they displaced
the mother. During jackal attacks, mothers
became alert and fled the birth site as soon

as they detected the predator. In contrast, in
warthog attacks, the mother continued caring
for the fawn until the warthog approached to
within a body length (Roberts, 2012a). The dif-
ferences in maternal reactions to warthogs and
jackals suggest that warthogs are an emerging
predator at our field site.

Effect of detection by predators on fawn
survival

Six (55%) fawns were detected by predators
during the postpartum period. Three of these
were found by black-backed jackals and killed.
Three were found by warthogs, an emerging
predator at our field site (see Discussion). Of
these, two were killed and eaten and one was
attacked but survived (see Roberts, 2012a). A
predator encounter during the postpartum pe-
riod thus drastically decreased a fawn’s chance
of surviving (Fisher’s exact test; p = 0.015).
Therefore, in order to improve fawn survival
probability maternal antipredator tactics
needed to reduce the risk of neonate detection
by predators.

Prepartum isolation, birth site grass
height, and their effect on detection of the
Jfawn by predators

Four (36%) females were isolated at birth while
seven gave birth within 50 m of at least one
conspecific. Of the four females that were 1so-
lated at parturition, three (75%) gave birth in
tall grass, while five (71%) of the seven females
that remained in their groups gave birth in
short grass.

Our nominal logistic model reveals that
neither prepartum isolation (effect likelihood
ratio test; y*=1.81x107%, p=1.00) nor grass
height (y?=1.93%107%, p=1.00) affected whether

a fawn was detected by predators. When we
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Figure 2. Probability of avoiding a predator encounter during postpartum periods of various durations.
We generated the lognormal curves by fitting them to Kaplan—Meier survival curves based on our data.
The dashed curve includes only jackal encounters and the solid curve includes all predators. Vertical
lines represent hiding times (dotted line) for our observations and the mean hiding time (solid line). The
logarithmic scale on the y-axis allows for clearer visualization of encounter probability, with straight lines

representing constant risk of encounter (1947).

considered only detection by jackals, there was
a strong trend for isolation to reduce the proba-
bility of detection (x*=3.02, p=0.08), and grass
height had no effect (x*=5.88x107%, p=1.00).
However, the interaction between these two
factors had a significant effect on fawn detec-
tion by all predators (y’=4.32, p=0.038) and by
jackals (x*=5.57, p=0.033). Fawns born either
in isolation and in tall grass or in groups and in
short grass had a lower probability of predator
detection than fawns born under other condi-
tions. Predators detected only one out of three
(33%) fawns born in isolation and in tall grass
and only two out of five (40%) fawns born in
groups and in short grass. In contrast, all fawns
born either in isolation and in short grass (one
fawn) or in groups and in tall grass (two fawns)
were detected by predators.

Effect of prepartum isolation on distur-
bances and postpartum period duration

Non-predatory disturbances of the mother—
fawn pair by conspecifics and heterospecifics

during the postpartum period were common
and occurred in seven of our eleven observa-
tions (Table 1). Non-predators disturbed only
one (25%) of the females that isolated for birth,
but six (86%) that did not isolate. Although the
difference was not significant, there was a trend
for mothers that isolated to experience fewer
non-predatory disturbances than non-isolated
mothers (Fisher’s exact test; p=0.088). When
we considered only disturbances caused by
other Thomson’s gazelles, no isolated females
were disturbed by conspecifics, while four
(57%) females that did not isolate were dis-
turbed by conspecifics. However, this difference
was not significant (Fisher’s exact test p=0.19).
Figure 1 shows the effect of the total duration
of disturbances on the time delay from birth
until the fawn hid and time delay from birth
until the fawn walked. The more time the
mother spent displaced from the fawn during
the postpartum period, the longer it took for
the fawn to walk and hide. Thus, non-preda-
tory disturbances prolonged the postpartum
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Figure 3. Mecan visibility of fawns while standing and lying down in video-recorded observations. Except
for observation 4, fawns in short grass are significantly more visible while lying down than fawns in tall
grass. All fawns born in short grass are significantly more visible while standing than the fawn in observa-
tion 7, which was born in tall grass. Our analysis yielded no data on the visibility while standing of the
fawn in observation 9. Error bars indicate standard error.

period. Our survival analysis revealed that risk
of a predator encounter was relatively con-
stant during the postpartum period (Figure 2).
Therefore, longer postpartum periods incurred
greater risk of encounter by predators. The
shortest postpartum periods in our observa-
tions were exhib-ited by fawns born in isolation
(Table 1). These postpartum period durations
of 33.6 and 46.6 min corresponded to survival
probabilities of 0.84 and 0.71, respectively,
when only jackals were considered and 0.69
and 0.55, respectively, when all predators were
considered. In contrast, postpartum period du-
rations for fawns born in groups ranged from
53 to 70 min, with survival probabilities of
between 0.50 and 0.65 when only jackals were
considered and between 0.37 and 0.49 when
all predators were considered.

Effect of birth site grass height on fawn
visibility and probability of detection by
predators

The mothers and fawns remained at or near
the birth site for the majority of the post-
partum period; therefore, fawn visibility was
largely determined by grass height at the birth
site. Figure 3 shows the mean percentage of
the fawn’s body that was visible when it was
standing up and lying down for all video-taped
observations. Birth occurred in short grass in
observations 2, 4, 8 and 11 and in tall grass

in observations 7, 9 and 10. Except for the
fawn in observation 4, all fawns born in short
grass were significantly more visible when ly-
ing down than the fawns born 1in tall grass. All
fawns born in short grass were also significantly
more visible when standing than the fawns in
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Table 2. Results of Wilcoxon tests comparing mean fawn visibility when lying down and stand-
ing up across video-recorded observations.

Fawn standing

4 7 8 9 10 11
23 22 26 0 6 21
45.7%£5.2 17.7£5.3 89.6%4.9 13.3+10.2 77.6%5.5
Short Tall Short Tall Short
-1.27 -2.54 1.20 -1.98 0.61 2
0.21 0.019 0.23 0.048 0.54 2
80.0+17.7
Short
4 -1.81 -3.27 4.79 -2.26 3.34 4
28 0.07 0.001 <0.0001 0.024 0.0008 23
5.7%£1.8 45.7+£5.2
Short Short
7 -2.50 -0.76 5.76 -0.22 4.93 7
21 0.013 0.45 <0.0001 0.82 <0.0001 |22
3.3%£2.0 17.7£5.3
o | Tall Tall _
,é 8 0.29 1.97 2.42 -3.92 -1.65 8 %)
& 12 0.77 0.049 0.015 <0.0001  0.09 26 ;
S 15.8+£2.7 89.6+4.9 |8
% Short Short O%‘
=19 -3.73 -2.35 1.84 -3.54 9
18 0.0002 0.02 0.07 0.0004 0
0.6+2.2
Tall
10 -2.18 -1.36 -1.15 -2.03 -0.35 -3.54 10
4 0.03 0.18 0.25 0.04 0.72 0.008 6
0.0+4.7 13.3+£10.2
Tall Tall
11 0.75 2.97 3.58 0.08 4.48 -2.51
26 0.46 0.003 0.0003 0.94 <0.0001 0.012
13.9£+1.8
Short
2 4 7 8 9 10
11 28 21 12 18 4
10.9+2.8 5.7£1.8 3.31£2.0 15.8+£2.7 0.6%£2.2 0.0%£4.7
Short Short Tall Short Tall Tall

Fawn lying down

Comparisons for standing fawns are in the upper right portion of the table and comparisons for lying
fawns are in the lower left portion. Results cells contain the Z-score followed by the p-value. Values in cells
comparing significantly different pairs are italicized. The column headers denote (top to bottom): observa-
tion number, number of animals observed, percent of fawn visible (mean + SE) and grass height (short or

tall).
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observations 7 and 10. Our analysis yielded
no standing data points for observation 9. The
L-scores and p-values for the Wilcoxon tests
comparing these means are given in Table 2.
Birth site grass height determined fawn visibil-
ity. However, the previously described nominal
logistic model showed no effect of grass height
on a fawn’s probability of detection, indicating
that fawn visibility does not affect detection.

Discussion

The postpartum period is a time of potentially
high predation risk for ungulate neonates: more
than half of Thomson’s gazelle fawns in our
study were encountered by predators during
this time and encountered fawns were almost
universally killed. The powerful effect of infant
mortality on ungulate population dynamics is
well-documented (Gaillard et al., 1998; Gail-
lard et al., 2000; Raithel et al., 2007). However,
the postpartum period is not usually included
in studies of infant mortality (Smith & Ander-
son, 1996; Singer et al., 1997; Janermo et al.,
2004; Olson et al., 2005; DeVivo et al., 2011;
Buuveibaatar et al., 2013), suggesting that most
studies underestimate infant mortality and
predation risk.

Just as in Lott & Galland’s (1985) study on
bison, Thomson’s gazelle mothers exhibit two
primary perinatal tactics, either isolating and
giving birth in areas of vegetative cover or re-
maining in their social groups and giving birth
in open habitat. These combinations of social
context and habitat type result in fawn survival
probability of approximately 65% and are
thus more successful at mitigating fawn preda-
tion risk than other combinations, in which all
observed fawns were killed. Prepartum isola-
tion and birth site selection thus combine to
form behavioral suites rather than functioning
independently to reduce fawn risk.

Although it 1s clear that females actively
choose the social and environmental context
under which they give birth, the factors lead-
ing to the choice of one tactic over another

are unknown and require further investigation.
Unlike in Lott & Galland’s (1985) study, our
females were not subject to obvious differences
in habitat availability. Females’ decisions may
be influenced by habitat variables that we did
not detect or on other unknown factors, such
as the female’s parity or social rank, the com-
position of available groups, or recent predator
activity in the area. In choosing the context of
parturition, females may also consider factors
beyond offspring survival, such as their own
level of predation risk. Due to the energetic
expenditure and temporary immobility inher-
ent to labor, mothers are also at heightened
risk during the postpartum period and may be
safer in groups where risk is diluted or in short
grass habitats where predators can be spotted
more easily (Fitzgibbon, 1988, 1990). Unlike
for some species (e.g., elk, Gervus canadensus;
Rearden et al., 2011), we do not expect forage
availability to play a large role in birth habitat
selection. Gazelle in our system chose birth
habitats at a small scale, selecting patches of
tall or short grass within their resident plain
rather than leaving their normal home range
all together. At this scale, after the postpartum
period mothers can leave the microhabitat

in which they gave birth and select optimal
foraging locations nearby while still maintain-
ing typical distances of 50 to 400 m (Roberts &
Rubenstein, data not shown) from their hiding
fawns. Furthermore, mothers essentially cease
foraging behavior at the onset of heavy labor
and resume feeding when they leave the birth
site after the postpartum period.

The two tactics seem to represent a
trade-off between reducing the duration of the
postpartum period and reducing conspicuous-
ness to predators (Figure 4). Due to our small
sample size, we were unable to demonstrate
statistically that isolation reduces non-preda-
tory disturbances; however, trends in our data
suggest that future studies may establish such
an effect. Fewer disturbances result in shorter
postpartum periods and lower risk of fawn
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Figure 4. 'Two main behavioral tactics used by Thomson’s gazelle mothers. Solid and dashed arrows
represent positive and negative correlations, respectively. Giving birth in isolation and in tall grass serves
to minimize non-predatory disturbances and thereby shorten the postpartum period. However, mothers
using this tactic are conspicuous to predators. Giving birth within social groups and in short grass serves
to minimize maternal conspicuousness to predators, but these mother—fawn pairs are at higher risk of

disturbance from conspecifics.

detection. However, our observations of jackal
hunting behavior suggest that isolation and use
of tall grass habitats may make mothers more
conspicuous to jackals. Indeed, the three moth-
ers who lost their fawns to jackals were either
alone, in tall grass, or both. Further study of
jackal search strategies is necessary to deter-
mine how these maternal behaviors may affect
neonate risk.

Fawns born in groups may be less con-
spicuous to jackals than fawns born in tall grass
due to social concealment of the fawn and its
mother. Indeed, the two fawns born in groups
and in short grass that were detected by preda-
tors were detected by warthogs. Antipredator
behavior is not expected to have evolved to
counter warthog predation since gazelle do not
regard this species as a predator. In fact, to our
knowledge this study is the first recorded in-
stance of warthogs preying on ungulate fawns.
Warthogs are known to consume carrion

and small vertebrates (Cumming, 1975), and
other suids, such wild boar (Sus scrofa; Pavlov &
Hone, 1982; Choquenot et al., 1997; Wilcox
37& Van Vuren, 2009), hunt and eat juvenile
ungulates with some regularity. Similar to wild
boar, warthogs catch fawns by knocking them
to the ground with their snouts and then eat
them while holding them down with a fore-
hoof. Fawn agility increases rapidly in the first
hours of life; therefore the window available to
warthogs for fawn predation may be limited to
the postpartum period.

Given that fawns born in groups and in
short grass suffered no jackal attacks, and given
that we have already ruled out the possibil-
ity of mothers accounting for risk of warthog
predation, why do any mothers choose to give
birth in isolation or in tall grass? In addition to
minimizing the duration of the postpartum pe-
riod, avoiding non-predatory disturbances may
reduce the risk of fawn injury or accidental
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adoption (Lent, 1974; Jarman, 1976; Estes &
Estes, 1979; Guinness et al., 1979). Fawns born
in groups were often knocked over by males
attempting to court the mother or temporarily
‘stolen’ by conspecific females. If other neo-
nates are present in the group, the mother may
also be at risk of adopting an unrelated fawn at
the expense of her actual offspring. Separating
from conspecifics and using tall grass as a vi-
sual barrier may therefore be an advantageous
option during birth peaks or for subordinate
individuals that may not be able to effectively
deter conspecifics.

This study suggests that further investiga-
tion of the understudied postpartum period
may yield interesting information regarding
maternal risk management and decision-mak-
ing. Further research involving more individu-
als are necessary to fully understand factors
driving maternal behavior patterns during the
postpartum period. Future studies should at-
tempt to include observations of nocturnal and
crepuscular births as well as diurnal births. Our
observation schedule did not allow us to inves-
tigate the effects of time of birth on maternal
behavior, but differences in predator activity
level and the visibility of mothers and fawns at
night may affect maternal behavior and off-
spring survival.
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