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Hiding is a cooperative mothereinfant behavioural strategy used by many ungulate species to mitigate
infant predation risk. During the late stages of the hiding phase, infants begin a transition out of hiding
and show behavioural changes that increase their exposure to predators. Mothers in many hider species
are known to show potentially costly changes in habitat use, gregariousness and vigilance behaviour at
the onset of the hiding phase. However, the effects of infant transitional behaviour on maternal
behavioural patterns are understudied. In this study, we compare the behavioural patterns of Thomson's
gazelle, Eudorcas thomsonii, females with young and transitioning fawns to determine the effect of fawn
behavioural changes on maternal behaviour. We found that, although transitioning fawns were at greater
risk than younger fawns while hidden, mothers of transitioning fawns were less vigilant than mothers of
younger fawns during hiding periods. Mothers and fawns relied on group membership rather than
heightened maternal vigilance to mitigate fawn risk during the transition. Group membership is
apparently made possible by the shorter hiding bouts of transitioning fawns relative to younger fawns:
more frequent activity bouts probably enable mothers to relocate their fawns more frequently, which
helps the mother and fawn to keep up with group movements.

Across ungulate species, infant survival and juvenile recruitment rates are highly variable and play a key role in population
dynamics (Gaillard, Festa-Bianchet, & Yoccoz, 1998). Infant mortality rates of 50% or more are common in ungulate populations,
and where predators are present, predation is usually the primary
cause of infant death (Adams, Singer, & Dale, 1995; Bercovitch &
Berry, 2009; Epstein, Feldhammer, & Joyner, 1983; Estes & Estes,
1979; Festa-Bianchet, Urquhart, & Smith, 1994; Jarnemo, 2004;
Linnell, Aanes, & Andersen, 1995; Lomas & Bender, 2007). Relative
to adults, ungulate infants are particularly vulnerable to predation
due to their smaller size and lesser escape ability (Barber-Meyer &
Mech, 2008; Bleich, 1999). To mitigate infant risk, ungulate species
have evolved a range of cooperative mothereinfant behavioural
strategies that fall on a spectrum between ‘following’ and ‘hiding’
(Lent, 1974; Walther, 1965, 1969). Follower species include all perissodactyls and camelids, most caprines, and a few bovid and
cervid species, such as wildebeest (Connochaetes spp.) and caribou,
Rangifer tarandus. In contrast, most cervids and bovids are classiﬁed

e Roberts, EEB Department, 106A Guyot Hall,
* Correspondence: B. R. Costelloe, ne
Princeton, NJ 08544, U.S.A.
E-mail address: bcostelloe@princeton.edu (B. R. Costelloe).

as hiders (Fisher, Blomberg, & Owens, 2002; Lent, 1974). In follower
species, the young accompany their mothers more or less continuously from birth until independence and rely on maternal
defence, or their own ability to ﬂee and/or the safety of groups for
protection against predators. The follower strategy is usually
associated with large adult body size, gregariousness and open
habitat (Fisher et al., 2002; Lent, 1974). In hider species, the infant
conceals itself in vegetation shortly after birth and spends long
periods separated from its mother. The mother returns and retrieves the infant several times per day to feed and care for it.
During these active periods, the mother may lead her offspring to a
new hiding area where the infant selects a speciﬁc hiding spot
€ m,
(Byers, 1997; Jarnemo, Liberg, Lockowandt, Olsson, & Wahlstro
2004; Lent, 1974). The alternation of short active periods and long
hiding periods continues for the duration of the hiding phase,
which varies in duration among species from several days to several
months (Lent, 1974). While concealed, the infant is at lower risk of
being detected and killed by a predator (Barrett, 1978; Fitzgibbon,
1990b). Hiding is typically associated with small-bodied species
living solitarily or in small groups and in closed habitats (Fisher
et al., 2002; Lent, 1974).
Antipredator strategies improve the survival prospects of infants (Barrett, 1978; Fitzgibbon, 1990b; Gaillard, Festa-Bianchet,
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Yoccoz, Loison, & Toïgo, 2000), but sometimes necessitate changes
in the mothers' behaviour that can negatively impact mothers'
survival or fecundity. For example, mothers in many follower and
hider species show changes in habitat preference during parturition and early lactation. Mothers in these species leave their normally preferred habitats in favour of areas with greater visibility
(Bangs, Krausman, Kunkel, & Parsons, 2005; Pinard, Dussault,
Ouellet, Fortin, & Courtois, 2012; Poole, Serrouya, & Stuart-Smith,
2007; Rearden, Anthony, & Johnson, 2011), lower predator density (Alados & Escos, 1988; Bergerud, Butler, & Miller, 1984;
Bergerud, Ferguson, & Butler, 1990; Festa-Bianchet, 1988), or
more concealing vegetation (Bongi et al., 2008; Ciuti, Pipia,
Grignolio, Ghiandai, & Apollonio, 2009; Fitzgibbon, 1990a;
Gosling, 1969; Jarman, 1976; Leuthold, 1977; Roberts &
Rubenstein, 2014). Although safer for infants, these habitats often
offer poorer foraging conditions for mothers than their normally
preferred habitats (Ciuti et al., 2009; Panzacchi et al., 2010; White &
Berger, 2001), and they can also increase maternal predation risk if
they conceal approaching predators (Fitzgibbon, 1990a). Habitat
changes vary in duration. In some follower species, these changes
encompass only parturition and the few hours or days necessary for
the mother and offspring to bond and for the infant to develop the
motor skills and speed necessary to keep up with a group of adults
or evade predators (Bangs et al., 2005; Bergerud et al., 1984;
Daleszczyk, 2004; Langbein, Scheibe, & Eichhorn, 1998); in other
species, females may show some degree of habitat preference
alteration until weaning is completed (Bon, Joachim, & Maublanc,
1995; Grignolio, Rossi, Bertolotto, Bassano, & Apollonio, 2007).
Because their young depend strongly on vegetation cover for protection, hider mothers typically remain in these habitats for the
duration of the hiding phase (Bongi et al., 2008; Byers, 1997;
Clutton-Brock & Guinness, 1975; Ozoga, Verme, & Bienz, 1982;
Schwede, Hendrichs, & McShea, 1993).
Habitat change is often accompanied by social isolation. Isolation may be a side effect of mothers leaving normally preferred
habitats, or may result from mothers intentionally isolating from
conspeciﬁcs in order to avoid aggression (Fischhoff et al., 2010;
Roberts & Rubenstein, 2014) or to space out vulnerable infants
(Bergerud & Page, 1987; Byers, 1997; Clutton-Brock & Guinness,
1975; Schwede et al., 1993; Tinbergen, Impekoven, & Franck, 1967).
Hider mothers tend to be spatially tethered to their offspring,
typically remaining within several hundred metres or less of its
hiding location (Bongi et al., 2008; Byers, 1997; Lent, 1974;
Schwede, Hendrichs, & Wemmer, 1994). They may therefore ﬁnd
themselves isolated when groups move beyond this radius (Brooks,
1961; O'Brien, 1984; Walther, 1969). Compared to individuals in
large groups, solitary individuals and those in smaller groups are at
greater risk of predation due to a smaller dilution effect or preferential hunting by predators (Fitzgibbon, 1990a; Foster & Treherne,
1981; Hamilton, 1971).
In addition to these grouping and habitat changes, ungulate
mothers may suffer reduced foraging time or efﬁciency due to
heightened vigilance. Ungulates, along with many other animals,
use vigilance to detect approaching predators and enable effective
escape or defence responses (Creel, Schuette, & Christianson, 2014;
Dehn, 1990; Fitzgibbon, 1990b). Vigilance tends to increase when
ndezperceived risk is higher (Devereux, Whittingham, Ferna
€ ysa
€,
Juricic, Vickery, & Krebs, 2006; Lima & Bednekoff, 1999; Po
1987) and mothers with dependent young tend to be more vigilant than nonmothers due to the greater vulnerability of their
offspring (Alados & Escos, 1988; Clutton-Brock & Guinness, 1975;
Fitzgibbon, 1993; Hunter & Skinner, 1998; Roberts, 2014). For many
species, vigilance is incompatible with other activities such as
^ te
, 2008; Lima,
foraging and resting (Creel et al., 2014; Hamel & Co
1998; Lima & Dill, 1990; Toïgo, 1999). Reduced foraging time, in

combination with the high energetic requirements of lactation,
may reduce fecundity and prevent mothers from capitalizing on
their next reproductive opportunity (Benton, Grant, & CluttonBrock, 1995; Cook et al., 2004).
The severity of these various maternal costs likely change as
infants mature and become less vulnerable to predation, but
research on this topic is lacking. As follower infants develop speed
and agility, isolation in protective habitats probably becomes less
necessary, allowing mothers to return to preferred habitats, rejoin
groups, and possibly reduce their investment in vigilance. For
hider species, the relationship between maternal costs and
offspring age may be less linear. Towards the end of the hiding
phase, the infant begins a transition out of the hiding strategy. It
emerges from hiding more often, resulting in fewer, shorter hiding
periods and more time spent out of hiding (Fitzgibbon, 1990b;
n, Gonza
lez-Pensado, & Ungerfeld, 2013). In
Olaz
abal, Villagra
addition, the infant initiates the end of hiding periods independently by standing up on its own more frequently, without waiting
for its mother to retrieve it (Alados & Escos, 1988; Byers, 1997;
Fitzgibbon, 1990b). It appears that this transition typically occurs
before the infant has developed sufﬁcient speed and agility to
escape predators (Byers, 1997; Fitzgibbon, 1990b); therefore, this
period of transition is particularly risky for ungulate infants. Hider
infants that survive the transition no longer conceal themselves
but instead remain constantly active and in the same social group
as their mothers (Lent, 1974). That is, they behave as followers.
These transitional changes in offspring behaviour probably alter
maternal investment trade-offs and affect the behavioural constraints experienced by mothers. The shorter hiding bouts and
more frequent active periods of transitioning infants may allow
mothers to relocate their offspring more often and track group
movements more effectively, thereby increasing mothers' time
spent in social groups and reducing maternal risk. However,
increased infant risk during the transition may necessitate greater
maternal vigilance.
In this study, we sought to understand how relevant maternal
costs change as the hiding phase progresses. We examined
maternal and fawn behaviour during the hiding phase in Thomson's gazelle, Eudorcas thomsonii, a small-bodied East African antelope species. We ﬁrst investigated how fawn risk changes
throughout the hiding phase by comparing the hiding behaviour of
transitioning fawns to younger fawns. Following the ﬁndings of
previous studies (Fitzgibbon, 1988, 1990b), we expected older,
transitioning fawns to emerge from hiding more often than young
fawns and to initiate emergence on their own more often, without
waiting for their mothers to retrieve them. We hypothesized that
these behaviours increase fawn risk by preventing mothers from
increasing their vigilance in anticipation of emergence.
We next examined changes in maternal vigilance, maternal
grouping behaviour and maternal and fawn habitat use throughout
the hiding phase. Since fawn risk is expected to be higher during
the transition, we expected mothers of transitioning fawns to be
more vigilant than mothers of younger fawns. Adult Thomson's
gazelles are normally gregarious and strongly prefer open, shortgrass habitats (Brooks, 1961). However, in previous studies, females with young fawns have often been found alone and in tallgrass habitats (Brooks, 1961; Fitzgibbon, 1988; Walther, 1969). We
hypothesized that greater fawn mobility resulting from more
frequent active periods enables transitional mothers to more
closely match nonmaternal grouping and habitat use patterns.
Therefore, we predicted that mothers with transitioning fawns
would spend more time in short grass, more time in groups, and
more time in larger groups than mothers with young fawns. Hiding
is likely to be more effective in tall-grass habitats compared to
short-grass habitats. We therefore expected all fawns to prefer tall-
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grass habitats, but for this preference to be weaker in transitioning
fawns, which rely less heavily on the hiding strategy.
Finally, to understand the relative impact of these behavioural
changes to mothers' risk perception, we constructed a series of
univariate models to examine the effects of fawn age, fawn and
maternal habitat type and maternal social setting on maternal
vigilance.
METHODS
Field Site and Study Species
We conducted all ﬁeldwork from March to June 2011, August to
November 2011 and June to September 2012 at Ol Pejeta Conservancy (OPC) in Laikipia, Kenya. OPC is a fenced, 360 km2 conservancy consisting of discrete grassy plains divided by Acacia
drepanalobium and Euclea divinorum woodlands. In 2012, OPC had a
population of approximately 1300 Thomson's gazelles. The
conservancy has high densities of gazelle predators including lions,
Panthera leo, cheetahs, Acinonyx jubatus, black-backed jackals, Canis
mesomelas, spotted hyaenas, Crocuta crocuta, warthogs, Phacochoerus africanus, and olive baboons, Papio anubis. Human
hunting of wildlife is illegal in Kenya and, to our knowledge, this
population of Thomson's gazelle is not subject to poaching.
Female Thomson's gazelles form open-membership groups with
sizes varying from two to several hundred individuals (Brooks,
1961). They reproduce aseasonally and give birth to singleton
fawns after a 5.5-month gestation (Brooks, 1961; HvidebergHansen, 1970; Walther, 1969). Fawns hide intensively for the ﬁrst
month of life before beginning the transition out of hiding. The
transition is complete by the time the fawn is 2 months old
(Fitzgibbon, 1990b).
Behavioural Observations
Animals at OPC are well habituated to vehicles, allowing slow
approaches to within 100 m. At this distance, we were able to
observe gazelle through binoculars without disturbing them or
eliciting vigilance reactions. To further minimize disturbance of the
subject, we waited to begin observations until the vehicle had been
stationary for 5 min, and thereafter moved the vehicle only as
necessary to keep the subject in sight.
We identiﬁed mothers by their swollen udders or the presence
of a hiding-aged fawn. We grouped hiding-aged fawns into two age
groups according to their size and coloration (Fitzgibbon, 1990b;
Walther, 1973): fawns less than 4 weeks old are considered ‘pure’
hiders and referred to here as ‘young’ fawns, while fawns between
5 and 8 weeks old are transitioning fawns. Observations lasted 2 h
unless the fawn had not yet emerged from hiding. In this case, we
observed the subject for an additional 2 h or until the fawn
emerged, whichever occurred ﬁrst. If the fawn did not emerge after
4 h, we excluded the observation from this study. We photographed
females head-on with a 500 mm lens and used unique, natural horn
shapes and facial markings to differentiate individuals after
observation (Walther, 1973).
During each observation, we instantaneously sampled the
mother's behaviour every 5 min, recording her behaviour as either
vigilant, feeding, lying down, self-grooming, or grooming the fawn
(Altmann, 1974). Every 15 min we used a laser rangeﬁnder and
compass to measure the distance and bearing from our vehicle to
the mother and her fawn. With these measurements we used the
law of cosines to calculate motherefawn distances. Every 15 min
we also noted the mother's group size (excluding her fawn), and
whether she and her fawn were in short (below the mother's hock)
or tall grass (above the mother's hock). Following Fitzgibbon

(1990a), subjects were considered to be in a group if they were
less than 50 m from their nearest neighbour. We noted when fawnhiding periods began and ended, as well as whether each hiding
period was terminated by the mother retrieving the fawn or by the
fawn standing up on its own. Finally, we noted any predator
sightings that occurred during the observation. We excluded from
all analyses any observations during which predators were sighted.
Our methods were noninvasive, did not entail behavioural
manipulation and did not cause harm or disturbance to our subjects
or other animals. Therefore, ethical review and approval of this
study was not required under the guidelines of Princeton University's Institutional Animal Care and Use Committee.
Analyses
We performed all statistical analyses in R 3.1.2 using the base (R
Core Team, 2014), lme4 (Bates, Maechler, Bolker, & Walker, 2014),
n, 2015), and plotrix (Lemon, 2006) packages. We
MuMIn (Barto
tested data for normalcy using the ShapiroeWilk W test. All data
were non-normal and therefore subjected to nonparametric tests in
our analyses where appropriate. In all tests, signiﬁcance was
accepted at P ¼ 0.05.
We observed two motherefawn pairs twice, and all other pairs
only once. In both cases, duplicate observations occurred within 5
days of one another, the fawn's age class did not change between
observations, and the mother's grouping patterns and habitat use
were very similar between the ﬁrst and second observations.
Therefore, to avoid psuedoreplication, we combined data from
repeat observations for each motherefawn pair.
Changes in motherefawn behaviour during the hiding phase
We counted the number of times each fawn emerged from
hiding and whether the fawn emerged on its own or waited for its
mother to retrieve it. For each motherefawn pair, we calculated the
rate of emergence events per hour of observation and compared the
mean rates across fawn age groups using a Wilcoxon test, which is
valid for nonparametric data. We used Fisher's exact test, which is
valid for small sample sizes, to measure the difference in relative
frequency with which fawns of different ages initiated the end of
hiding bouts. For each fawn emergence event, we calculated the
proportion of the two preceding maternal behaviour samples that
were scored as vigilance, and compared the mean proportions
across fawn age groups using a Wilcoxon test. Finally, we used
Wilcoxon tests to compare the mean motherefawn distances of
young and transitioning fawns during active and hiding periods.
Changes in vigilance, habitat use and grouping behaviour during the
hiding phase
We quantiﬁed maternal vigilance levels as the percentage of
behaviour samples for each mother that we scored as vigilant.
Maternal behaviour patterns differ when the fawn is hidden
compared to when it is active (Fitzgibbon, 1988; Roberts, 2014).
Therefore, we divided maternal behaviour samples into those taken
while the fawn was active and while the fawn was hiding, and from
these data sets calculated separate vigilance percentages for hiding
and active periods. We excluded from our analyses any vigilance
percentages based on fewer than four behaviour samples. We used
Wilcoxon tests to compare mean vigilance percentages across female types and across fawn active and hiding periods.
We calculated the percentage of time each mother and each
fawn spent in short grass by dividing the number of grass height
samples scored as short grass by the total number of samples for
that individual. We compared the mean percentage of time spent in
short grass between mothers and fawns in different fawn age
groups using Wilcoxon tests.
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To characterize maternal grouping patterns, we ﬁrst calculated
the percentage of time that each subject spent alone by dividing the
number of group size samples where the mother was the only
member of her group by the total number of samples. We used a
Wilcoxon test to compare the mean percentage of time that
mothers of young and transitioning fawns spent alone. To understand mothers' grouping patterns when they were not alone, we
calculated the percentage of time that mothers were found in pairs
and in small (3e4 animals), medium (5e19 animals) and large (20
animals) groups by dividing the number of samples that fell into
each of these group size classiﬁcations by the total number of group
size samples in which the mother was not scored as solitary. We
used Wilcoxon tests to compare the mean percentage of time spent
in each group type by mothers of transitioning and young fawns.
Factors inﬂuencing maternal vigilance
We examined the relative effects of fawn age and activity,
maternal social context and habitat type on maternal vigilance
behaviour using a generalized linear mixed modelling approach.
We used the R package lme4 (Bates et al., 2014) to construct
generalized linear mixed models (GLMMs) with binomial distributions and logit link functions. In all models, our response variable, maternal vigilance, was binary and consisted of our 5 min
behaviour samples coded as either vigilant (1) or nonvigilant (0).
We included maternal identity as a random effect in each model to
account for the fact that we had multiple samples per motherefawn pair.
We ﬁrst created an overall model with fawn age group
(young ¼ 0, transitioning ¼ 1), fawn activity status (hiding ¼ 0,
active ¼ 1), fawn habitat type (tall grass ¼ 0, short grass ¼ 1), and
maternal habitat type (tall grass ¼ 0, short grass ¼ 1) as ﬁxed effects. We also included one of two measures of maternal social
context: group size (the actual group sizes recorded in the ﬁeld) or a
binary variable (henceforth referred to as ‘solitary’) indicating
whether the mother was (0) or was not (1) in a group. We elected to
explore both of these alternative variables because while we expected vigilance to decline with increasing group size, we expected
the largest decline in vigilance to occur between solitary mothers
and mothers that were in a group with at least one other adult
animal. However, because these variables were highly correlated,
we did not include them both in the model simultaneously, but
rather ran the model analysis on two versions of the model, one
with the group size variable and one with solitary. Because we
found signiﬁcant differences in fawn hiding behaviour and
maternal grouping patterns between transitioning and nontransitioning motherefawn pairs, we also included two-way interactions between fawn age and activity, and fawn age and group
size or solitary. Finally, we included an interaction between fawn
activity and group size or solitary because we anticipated that fawn
risk while active may depend on the social setting in which the
active period occurs.
Both versions of the overall model revealed strong signiﬁcant
effects of fawn age and all of its interactions (see Results); therefore,
we created two additional models, one for each fawn age class, to
investigate the different factors inﬂuencing the vigilance behaviour
of mothers with young and transitioning fawns. Each of these
models was run twice, once with the group size variable and once
with the solitary variable and also included fawn activity, fawn and
maternal habitat type, and the interaction between maternal group
size or solitary and fawn activity as ﬁxed effects.
For the overall model and each of the fawn age class models, we
reﬁned the initial model by systematically removing terms and
interactions to ﬁnd the submodel with the lowest Akaike's infor n,
mation criteria (AIC) value. We used the R package MuMIn (Barto
2015) to calculate the marginal and conditional R2 values (R2m and

R2c, respectively) for each model as recommended by Nakagawa
and Schielzeth (2013). We also report the difference in AIC value
between the best and second-best submodels examined (DAIC) and
the degrees of freedom for the best submodel.
RESULTS
We analysed data from 42 observations of 40 motherefawn
pairs. Nine observed mothers had transitioning fawns, and the
remaining 31 had young fawns. Mothers with transitioning fawns
were relatively scarce due to high rates of predation on gazelle
fawns at our ﬁeld site (Roberts & Rubenstein, 2014). Fawns were
hiding for at least part of every observation, and were active during
34 observations.
Changes in MothereFawn Behaviour during the Hiding Phase
There was a nonsigniﬁcant tendency for transitioning fawns to
emerge from hiding more frequently than young fawns. Young
fawns (N ¼ 31) stood up 0.48 ± 0.09 times per hour on average. This
is approximately half as frequently as transitioning fawns (N ¼ 9),
which stood up 0.95 ± 0.26 times per hour (Wilcoxon test:
W ¼ 84.5, P ¼ 0.07).
Transitioning fawns tended to terminate hiding bouts independently, while young fawns were more likely to wait for their
mothers to retrieve them (two-tailed Fisher's exact test: P ¼ 0.001;
Table 1). In instances where the mother terminated hiding bouts,
the fawn's emergence was signiﬁcantly more likely to be preceded
by maternal vigilance behaviour. On average, when they retrieved
fawns (N ¼ 24), mothers were vigilant in 1.04 out of the two
behaviour samples preceding fawn emergence. When fawns
emerged on their own (N ¼ 22), mothers were only vigilant in 0.47
of the two previous behaviour samples (Wilcoxon test: W ¼ 361.5,
P ¼ 0.02).
On average, mothers of young fawns (N ¼ 31) were further away
from their hiding offspring than were mothers of transitioning
fawns (N ¼ 8; mean ± SE: young: 102.2 ± 10.5 m; transitioning:
57.9 ± 15.0 m; Wilcoxon test: W ¼ 184, P ¼ 0.037). However, when
fawns were active, mothers of young fawns (N ¼ 25) were closer to
their offspring than were mothers of transitioning fawns (N ¼ 8;
mean ± SE: young: 3.5 ± 1.3 m; transitioning: 13.8 ± 5.8 m; Wilcoxon test: W ¼ 167, P ¼ 0.004).
Changes in Vigilance, Habitat Use and Grouping Behaviour during
the Hiding Phase
When fawns were active, mothers of transitioning fawns (N ¼ 9)
and mothers of young fawns (N ¼ 16) were both highly vigilant on
average and did not differ in their vigilance levels (Wilcoxon test:
W ¼ 91.5, P ¼ 0.28). However, contrary to our prediction, mothers
of transitioning fawns (N ¼ 9) spent signiﬁcantly less time vigilant
than mothers of young fawns (N ¼ 31; Wilcoxon test: W ¼ 240.5,
P ¼ 0.001; Fig. 1) while their fawns were hidden.
Table 1
Contingency table showing the frequencies with which fawns of different ages
initiated the end of their own hiding periods versus waiting for their mothers to
retrieve them
Fawn age

Young
Old
Total

Initiator

Total

Mother

Fawn

21
4
25

8
14
22

29
18
47
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60
Mothers of young fawns

% Time spent vigilant

Mothers of transitioning fawns
60

40

20

0

% Time in each group size

80

Mothers of young fawns
Mothers of transitioning fawns
40

20

0

Fawn
active

Fawn
hiding

Figure 1. Mean ± SE percentage of time that mothers of young and transitioning
Thomson's gazelle fawns spent vigilant during fawn hiding and active periods.

Mothers of young (N ¼ 31) and transitioning (N ¼ 9) fawns both
spent the majority of their time in short grass (mean ± SE: young:
86.1 ± 3.8%; transitioning: 85.2 ± 8.1%). There was no signiﬁcant
difference in the proportion of time spent in short grass between
mother types (Wilcoxon test: W ¼ 134, P ¼ 0.86). Likewise, young
(N ¼ 23) and transitioning (N ¼ 9) fawns also both spent the majority of time in short grass (mean ± SE: young: 71.6 ± 8.9%; transitioning: 93.5 ± 3.7%), and there was no difference between the
two fawn groups (Wilcoxon test: W ¼ 88.5, P ¼ 0.48).
Mothers of young fawns (N ¼ 31) spent signiﬁcantly more time
alone than did mothers of old fawns (N ¼ 9) (Wilcoxon test:
W ¼ 211, P ¼ 0.02; Fig. 2). When they were in groups, mothers of
transitioning fawns (N ¼ 9) were more likely to be found in large
groups (>20 individuals) compared to mothers of young fawns
(N ¼ 31) (Wilcoxon test: W ¼ 80, P ¼ 0.018). The percentage of time
spent in other group sizes did not differ between mothers of young
and transitioning fawns (Fig. 3).
Factors Inﬂuencing Maternal Vigilance
The best submodels for the overall model included signiﬁcant
effects of fawn age, fawn activity, and the interaction between fawn
age and activity. These effects conﬁrmed the results described
above, demonstrating that mothers with transitioning fawns were
less vigilant than mothers with young fawns, but mothers were
more vigilant when their fawns were active, regardless of fawn age.

*

Pair

Small
group

Medium
group

Large
group

Figure 3. Mean ± SE percentage of time spent in groups that mothers of young and
transitioning Thomson's gazelle fawns spent in pairs and in small (3e4 animals),
medium (5e19 animals) and large (20 animals) groups.

When we analysed the model with the group size variable
(R2m ¼ 0.22, R2c ¼ 0.31, DAIC ¼ 1.9, df ¼ 7), group size and the
interaction between group size and fawn age were also retained as
signiﬁcant effects (Table 2). When we analysed the model with the
solitary variable (R2m ¼ 0.22, R2c ¼ 0.32, DAIC ¼ 2.0, df ¼ 7), solitary
was retained but not signiﬁcant, but the interaction between solitary
and fawn activity was signiﬁcant (Table 3). Overall, maternal vigilance declined as group size increased, and solitary mothers were
more vigilant when their fawns were active. However, the interaction between group size and fawn age indicates that mothers of
transitioning fawns increased their vigilance as group size increased.
For the young fawn submodel, fawn activity was retained as a
signiﬁcant positive effect regardless of whether the initial model
included maternal group size or solitary. When the group size
variable was used (R2m ¼ 0.11, R2c ¼ 0.23, DAIC ¼ 1.3, df ¼ 5), group
size and the interaction between fawn activity and group size were
both retained but not signiﬁcant (Table 2). When solitary was used
(R2m ¼ 0.11, R2c ¼ 0.23, DAIC ¼ 1.2, df ¼ 5), the interaction between
solitary and fawn activity was signiﬁcant, and solitary was not
signiﬁcant but was retained (Table 3). The results of this model
show that mothers of young fawns increased their vigilance when
their fawns were active, especially when they were not in a group.
In the best transitioning fawn submodel (R2m ¼ 0.41, R2c ¼ 0.43,
DAIC ¼ 0.7, df ¼ 4), maternal habitat type and infant activity were
retained as signiﬁcant effects. Both solitary (Table 3) and group size
(Table 2) were dropped from their respective model versions.
Mothers of transitioning fawns were more vigilant when their
fawns were active and also more vigilant in short-grass habitats.

DISCUSSION

35
Mothers of young fawns
% Time spent alone

30

Mothers of transitioning fawns

25
20
15
10
5
0

Figure 2. Mean ± SE percentage of time that mothers of young and transitioning
Thomson's gazelle fawns were alone.

Transitioning fawns in our system are at greater risk of predation than their younger counterparts due to their tendency to stand
up more frequently and terminate a higher proportion of hiding
bouts on their own. Fitzgibbon (1990b) described the same
behavioural patterns in 3- to 8-week-old gazelle fawns in the
Serengeti and demonstrated that more frequent emergence from
hiding resulted in a steady increase in the amount of time older
fawns spent out of hiding and therefore exposed to predators.
Pronghorn, Antilocapra americana, fawns also show a weakening of
the hiding response with time: Byers (1997) reported that fawns
older than 5 days of age are more likely to jump up and run away
when humans approach their hiding spots, whereas younger fawns
remain immobile. Barrett (1978) suggested that a peak in pronghorn mortality between 11 and 20 days of age was the result of
fawns spending more time out of hiding. Our results suggest that by
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Table 2
Estimates of the effects of fawn, habitat and social variables on maternal vigilance from binomial GLMMs
Overall model

Fawn age
Fawn activity
Maternal group size
Fawn habitat
Maternal habitat
Maternal group size)fawn age
Maternal group size)fawn activity
Fawn age)fawn activity

Young fawn model

Transitioning fawn model

Estimate±SE

Z

P

Estimate±SE

Z

P

Estimate±SE

Z

P

2.31±0.54
1.43±0.24
0.04±0.02
e
e
0.05±0.02
e
1.37±0.54

4.26
5.89
2.12
e
e
2.34
e
2.53

<0.001
<0.001
0.034
e
e
0.019
e
0.011

NA
1.88±0.34
0.03±0.02
e
e
NA
0.09±0.05
NA

NA
5.47
1.46
e
e
NA
1.82
NA

NA
<0.001
0.146
e
e
NA
0.069
NA

NA
2.69±0.49
e
e
1.84±0.80
e
e
NA

NA
5.44
e
e
2.31
e
e
NA

NA
<0.001
e
e
0.021
e
e
NA

All models included mother identity as a random variable. The overall model included fawn age as a ﬁxed effect. Blank cells indicate that the term was dropped in the best ﬁnal
model; NA indicates that the term was not included in the initial full model. Models in this table were run using the maternal group size variable. Signiﬁcant P values are shown
in bold.

Table 3
Estimates of the effects of fawn, habitat and social variables on maternal vigilance from binomial GLMMs
Overall model

Fawn age
Fawn activity
Solitary
Fawn habitat
Maternal habitat
Solitary)fawn age
Solitary)fawn activity
Fawn age)fawn activity

Young fawn model

Transitioning fawn model

Estimate±SE

Z

P

Estimate±SE

Z

P

Estimate±SE

Z

P

1.95±0.51
1.19±0.27
0.14±0.32
e
e
e
1.36±0.58
1.59±0.55

3.83
4.38
0.45
e
e
e
2.35
2.89

<0.001
<0.001
0.65
e
e
e
0.019
0.004

NA
1.18±0.28
0.11±0.33
e
e
NA
1.59±0.64
NA

NA
4.21
0.32
e
e
NA
2.49
NA

NA
<0.001
0.75
e
e
NA
0.013
NA

NA
2.69±0.49
e
e
1.84±0.80
e
e
NA

NA
5.44
e
e
2.31
e
e
NA

NA
<0.001
e
e
0.021
e
e
NA

All models included mother identity as a random variable. The overall model included fawn age as a ﬁxed effect. Blank cells indicate that the term was dropped in the best ﬁnal
model; NA indicates that the term was not included in the initial full model. Models in this table were run using the solitary variable. Signiﬁcant P values are shown in bold.

emerging on their own, fawns increase their risk of predation by
forfeiting adaptive maternal vigilance. When returning to retrieve
their offspring, ungulate mothers in many hiding species show
heightened levels of vigilance, which is thought to increase their
chances of detecting lurking predators before exposing their fawns
(Byers, 1997; Clutton-Brock & Guinness, 1975; Clutton-Brock,
Guinness, & Albon, 1982; Costelloe & Rubenstein, n.d.; Roberts,
2014). When fawns emerge independently, mothers cannot anticipate the end of hiding bouts and are thus less vigilant prior to
fawn-initiated emergences than they are prior to mother-initiated
emergences. Thus, whereas hiding periods are relatively safe intervals for young fawns, they are risky for older fawns due to their
unpredictable and unprotected emergences.
Mothers of both fawn age groups were more vigilant during
fawn active periods than during hiding periods. This suggests that,
although they are older, transitioning fawns are still highly
vulnerable to predators when exposed, and that maternal vigilance
is key to mitigating this risk. Fitzgibbon (1990b) demonstrated that
maternal vigilance during active periods strongly affects fawn
survival of cheetah attacks by enabling the mother to alert her fawn
to the cheetah while it is still far away. Similarly, during one of our
observations a jackal approached a group with a transitional
mother and her active fawn. The mother detected the jackal and
ﬂed with her fawn before the jackal got close enough to begin a
successful pursuit. Heightened vigilance is a common trait of parents accompanied by dependent young, in ungulates (Burger &
Gochfeld, 1994; Clutton-Brock & Guinness, 1975; Li, Jiang, &
Beauchamp, 2009; Toïgo, 1999; White & Berger, 2001) as well as in
other taxa (e.g. carnivores: Caro, 1987; Hunter, Durant, & Caro,
2007; Pangle & Holekamp, 2010; birds: Griesser, 2002; Yasukawa
& Cockburn, 2009; primates: Kutsukake, 2006, 2007; Treves,
Drescher, & Snowdon, 2003).
Although transitioning fawns are at greater risk during hiding
periods due to their unpredictability, mothers do not appear to

compensate for this risk via vigilance behaviour. Hypothetically,
heightened vigilance would not only allow transitioning mothers to
monitor the area for predators, but also check that their fawns have
not unexpectedly emerged from their hiding spots. However, contrary to our prediction, transitional mothers were signiﬁcantly less
vigilant than mothers of younger fawns during hiding periods.
This decline in vigilance may be expected if transitional mothers
or their fawns use safer habitats than younger motherefawn pairs.
However, although changes in habitat use by ungulate mothers
were common during early lactation, we found little variation in
habitat selection among our subjects and no differences in habitat
use between mothers of young and transitioning fawns or between
young and transitioning fawns themselves. Thomson's gazelles are
strictly open-habitat species (Brooks, 1961); therefore, grass height
is the main source of habitat heterogeneity. Grass height is biologically relevant as well: tall grass may provide additional cover
for hiding fawns, but it increases risk to adult gazelle by concealing
stalking predators and reduces foraging efﬁciency (Brooks, 1961;
Fitzgibbon, 1988; Gwynne & Bell, 1968). Females in this study
spent the majority of their time in short grass, with only a few females spending any time in tall grass during our observations.
Likewise, fawns were usually hidden in short grass and only rarely
in tall grass. Although some females in our study population seek
out tall-grass areas for parturition (Roberts & Rubenstein, 2014),
use of tall-grass habitat clearly does not persist for the duration of
the hiding phase. The hiding strategy is usually associated with
bush or forest habitats (Fisher et al., 2002; Lent, 1974), but their
small body size may allow Thomson's gazelle fawns to hide effectively even in short grass (Walther, 1969), enabling this species to
use the hiding strategy in females' normally preferred open habitat.
Interestingly, we found that mothers of transitioning fawns
were more vigilant in short grass than in tall grass. The risk level of
short grass to mothers is unlikely to change throughout the hiding
phase, suggesting that this increase in vigilance is in response to an
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increase in fawn risk. Compared to younger fawns, transitioning
fawns may be more vulnerable to detection in short grass if their
larger size prevents them from taking advantage of the limited
visual cover available in these habitats.
Reduced vigilance in transitional mothers may also be expected
if these mothers are mitigating risk by joining social groups. As
predicted, mothers of transitioning fawns spent less time alone and
more time in large groups compared to mothers of young fawns.
Our overall model indicates that maternal vigilance declines with
increasing group size, a phenomenon common in many taxa
(Alados & Escos, 1988; Elgar, 1989; Lima, 1995; Rieucau & Martin,
2008). However, this model (but not the submodel speciﬁc to
transitioning motherefawn pairs) also indicates that mothers of
transitioning fawns increase their vigilance in larger groups.
Transitioning fawns show adult coloration and are thus less easily
distinguished from adult group members when active than are
younger, dark brown fawns (B. R. Costelloe, personal observation).
We therefore reason that they should at least partially beneﬁt from
the risk dilution effect afforded by larger groups. Thus, rather than
indicating a higher level of fawn risk, we hypothesize that the increase in vigilance in larger groups may reﬂect the need of transitional mothers to regularly monitor their fawn's activity status
since fawns in this age class emerge from hiding unpredictably. It
may be easy for the mother to rapidly detect her fawn among a
small group of similarly coloured conspeciﬁcs, but detection may be
more difﬁcult as the number of conspeciﬁcs increases, requiring an
increase in maternal vigilance behaviour.
Despite the tendency of transitional mothers to increase their
vigilance with group size, they still showed markedly less vigilance than mothers of younger fawns during fawn hiding periods
regardless of group size. We attribute this unexpected result to the
gregarious grouping tendencies of transitional mothers and posit
that Thomson's gazelle mothers and fawns rely on group membership, rather than heightened maternal vigilance, to mitigate
increased fawn risk during the transition out of hiding. The short
distances between transitional mothers and their hiding offspring
further suggest that transitional fawns are protected by social effects: given a mean motherefawn distance of less than 60 m, if the
mother is in a group when the fawn emerges from hiding independently (as is usually the case), then the fawn emerges in the
immediate vicinity of a group and may therefore beneﬁt from
group dilution and vigilance effects. Furthermore, Fitzgibbon
(1988) found that, compared to mothers of young fawns,
mothers of transitioning fawns were less likely to detect
approaching cheetahs before a control nonmother female in the
same social group. This supports our conclusion that mothers of
transitioning fawns rely more heavily on the collective vigilance of
the group for offspring protection than do mothers of younger
fawns.
The more gregarious tendencies of transitional mothers are
likely made possible by the shorter hiding bouts and more frequent
active periods of transitioning fawns. Whereas mothers of young
fawns are spatially tethered to their hidden infants, which remain
stationary for hours and whose distance from conspeciﬁcs may
increase over time, transitional mothers are able to track group
movements by changing their fawns' locations much more
frequently. By joining groups, mothers and fawns both beneﬁt from
enhanced predation detection and risk dilution. Mothers also
probably gain energetic beneﬁts, as their reduced vigilance requirements free up time for foraging and resting. Spending more
time in groups may also facilitate fawn socialization. Transitioning
fawns are further from their mothers during active periods than are
younger fawns, suggesting that transitioning fawns are spending
their active periods apart from their mothers but within her social
group, possibly socializing with other group members.

The tendency for mothers to rejoin groups during their offsprings' transition out of hiding is evident in other hider species as
well. After parturition, white-tailed deer, Odocoileus virginianus,
does are aggressive and defend small territories around their fawns'
hiding spots (Schwede et al., 1993). This behaviour wanes as hiding
decreases, and mothers associate with conspeciﬁcs more frequently
as the fawn ages. Distances between mothers and their active fawns
also increase with fawn age, and older fawns spend more time
associating with nonmother individuals than do younger fawns
(Schwede et al., 1994). In pronghorn, does isolate for parturition but
begin forming groups with other does and their fawns starting
approximately 3 weeks after birth, when the fawn begins its
transition out of hiding (Autenrieth & Fichter, 1975; Byers, 1997).
Interactions between fawns and group members during this time
are critical to fawn socialization.
Although the transition from hiding to following is a risky time
for fawns, mothers do not appear to bear the cost of this risk. Rather
than mitigating fawn risk through vigilance, they rely on group
effects to protect the fawn. These effects may include social
concealment, risk dilution and collective vigilance. Mothers in fact
lower their own risk during the transition by spending more time in
the safety of groups.
Ungulates are a diverse and widespread taxon, numbering over
450 species (Groves & Grubb, 2011) and inhabiting most of the
world's terrestrial ecosystems. In these systems they play a variety
of ecological roles, including serving as common prey items for
many predator species. Risk and mortality rates during infancy
strongly affect recruitment and therefore population growth and
viability in ungulate populations. By studying the costs and constraints to mothers and their infants and how these change over
time, we can come to better understand the pressures facing hiding
ungulates during this inﬂuential life stage and use this knowledge
to inform management and conservation practices.
Acknowledgments
We are grateful to Ol Pejeta Conservancy for permitting us to
work on the premises and to the Conservancy's Ecological Monitoring department and security staff for their assistance in the ﬁeld.
This research was conducted with permission from the Government of Kenya (permit NCST/5/002/R/648). Funding was provided
by Princeton University's Department of Ecology and Evolutionary
Biology, the Philadelphia chapter of the Explorers Club, and the
Animal Behavior Society's student research grant program. D.I.R.
was supported by National Science Foundation grants IBN9874523, CNS-025214 and IOB-987452.
References
Adams, L. G., Singer, F. L., & Dale, B. W. (1995). Caribou calf mortality in Denali
National Park, Alaska. Journal of Wildlife Management, 59, 584e594.
Alados, C. L., & Escos, J. (1988). Parturition dates and motherekid behavior in
Spanish ibex (Capra pyrenaica) in Spain. Journal of Mammalogy, 69, 172e175.
Altmann, J. (1974). Observational study of behavior: sampling methods. Behaviour,
49, 227e267.
Autenrieth, R. E., & Fichter, E. (1975). On the behavior and socialization of pronghorn fawns. Wildlife Monographs, 42, 3e111.
Bangs, P. D., Krausman, P. R., Kunkel, K. E., & Parsons, Z. D. (2005). Habitat use by
desert bighorn sheep during lambing. European Journal of Wildlife Research, 51,
178e184.
Barber-Meyer, S. M., & Mech, L. D. (2008). Factors inﬂuencing predation on juvenile
ungulates and natural selection implications. Wildlife Biology Practices, 4, 8e29.
Barrett, M. W. (1978). Pronghorn fawn mortality in Alberta. Proceedings of the
Pronghorn Antelope Workshop, 8, 429e444.
n, K. (2015). MuMIn: Multi-model inference (R package version 1.14.0) http://
Barto
CRAN.R-project.org/package¼MuMIn.
Bates, D., Maechler, M., Bolker, B., & Walker, S. (2014). lme4: Linear mixed-effects
models using Eigen and S4 (R package version 1.1e8) http://CRAN.R-project.
org/package¼lme4.

224
Benton, T. G., Grant, A., & Clutton-Brock, T. H. (1995). Does environmental stochasticity matter? Analysis of red deer life-histories on Rum. Evolutionary
Ecology, 9, 559e574.
Bercovitch, F. B., & Berry, P. S. M. (2009). Reproductive life history of Thornicroft's
giraffe in Zambia. African Journal of Ecology, 48, 535e538.
Bergerud, A. T., Butler, H. E., & Miller, D. R. (1984). Antipredator tactics of calving
caribou: dispersion in mountains. Canadian Journal of Zoology, 62, 1566e1575.
Bergerud, A. T., Ferguson, R., & Butler, H. E. (1990). Spring migration and dispersion
of woodland caribou at calving time. Animal Behaviour, 39, 360e368.
Bergerud, A. T., & Page, R. E. (1987). Displacement and dispersion of parturient caribou
at calving as antipredator tactics. Canadian Journal of Zoology, 65, 1597e1606.
Bleich, V. (1999). Mountain sheep and coyotes: patterns of predator evasion in a
mountain ungulate. Journal of Mammalogy, 80, 283e289.
Bongi, P., Ciuti, S., Grignolio, S., Frate, M. D., Simi, S., Gandelli, D., et al. (2008). Antipredator behaviour, space use and habitat selection in female roe deer during
the fawning season in a wolf area. Journal of Zoology, 276, 242e251.
Bon, R., Joachim, J., & Maublanc, M. L. (1995). Do lambs affect feeding habitat use by
lactating female mouﬂons in spring in areas free of predators? Journal of the
Zoological Society of London, 235, 43e51.
Brooks, A. C. (1961). A study of the Thomson's gazelle (Gazella thomsonii Gunther) in
Tanganyika. Colonial Research Publications, 25. London, U.K.: HMSO.
Burger, J., & Gochfeld, M. (1994). Vigilance in African mammals: differences among
mothers, other females, and males. Behaviour, 131, 153e169.
Byers, J. A. (1997). American pronghorn: Social adaptations and the ghosts of predators
past. Chicago, IL: University of Chicago Press.
Caro, T. M. (1987). Cheetah mothers' vigilance: looking out for prey or for predators? Behavioral Ecology and Sociobiology, 20, 351e361.
Ciuti, S., Pipia, A., Grignolio, S., Ghiandai, F., & Apollonio, M. (2009). Space use,
habitat selection and activity patterns of female Sardinian mouﬂon (Ovis orientalis musimon) during the lambing season. European Journal of Wildlife
Research, 55, 589e595.
Clutton-Brock, T. H., & Guinness, F. E. (1975). Behaviour of red deer (Cervus elaphus
L.) at calving time. Behaviour, 55, 287e300.
Clutton-Brock, T. H., Guinness, F. E., & Albon, S. D. (1982). Red deer: Behavior and
ecology of two sexes. Chicago, IL: University of Chicago Press.
Cook, J. G., Johnson, B. K., Cook, R. C., Riggs, R. A., Delcurto, T., Bryant, L. D., et al.
(2004). Effects of summereautumn nutrition and parturition date on reproduction and survival of elk. Wildlife Monographs, 155, 1e61.
Costelloe, B.R., & Rubenstein, D.I. (n.d.). The effects of the hiding strategy on maternal
behavioral trade-offs in Thomson's gazelle. Manuscript in preparation.
Creel, S., Schuette, P., & Christianson, D. (2014). Effects of predation risk on group
size, vigilance, and foraging behavior in an African ungulate community.
Behavioral Ecology, 25, 773e784.
Daleszczyk, K. (2004). Motherecalf relationships and maternal investment in European bison Bison bonasus. Acta Theriologica, 49, 555e566.
Dehn, M. M. (1990). Vigilance for predators: detection and dilution effects. Behavioral Ecology and Sociobiology, 26, 337e342.
ndez-Juricic, E., Vickery, J. A., & Krebs, J. R.
Devereux, C. L., Whittingham, M. J., Ferna
(2006). Predator detection and avoidance by starlings under differing scenarios
of predation risk. Behavioral Ecology, 17, 303e309.
Elgar, M. A. (1989). Predator vigilance and group size in mammals and birds: a
critical review of the empirical evidence. Biological Reviews, 64, 13e33.
Epstein, M. B., Feldhammer, G. A., & Joyner, R. L. (1983). Predation on white-tailed
deer fawns by bobcats, foxes, and alligators: predator assessment. Proceedings
of the Annual Conference of the Southeastern Association of Fish and Wildlife
Agencies, 37, 161e172.
Estes, R. D., & Estes, R. K. (1979). The birth and survival of wildebeest calves.
Zeitschrift für Tierpsychologie, 50, 45e95.
Festa-Bianchet, M. (1988). Seasonal range selection in bighorn sheep: conﬂicts
between forage quality, forage quantity, and predator avoidance. Oecologia, 75,
580e586.
Festa-Bianchet, M., Urquhart, M., & Smith, K. G. (1994). Mountain goat recruitment:
kid production and survival to breeding age. Canadian Journal of Zoology, 72,
22e27.
Fischhoff, I. R., Sundaresan, S. R., Larkin, H. M., Sellier, M.-J., Cordingley, J. E., &
Rubenstein, D. I. (2010). A rare ﬁght in female plains zebra. Journal of Ethology,
28, 201e205.
Fisher, D. O., Blomberg, S. P., & Owens, I. P. F. (2002). Convergent maternal care
strategies in ungulates and macropods. Evolution, 56, 167e176.
Fitzgibbon, C. D. (1988). The antipredator behaviour of Thomson's gazelles (Doctoral
Dissertation). Cambridge, U.K.: University of Cambridge.
Fitzgibbon, C. D. (1990a). Why do hunting cheetahs prefer male gazelles? Animal
Behaviour, 40, 837e845.
Fitzgibbon, C. D. (1990b). Anti-predator strategies of immature Thomson's gazelles:
hiding and the prone response. Animal Behaviour, 40, 846e855.
Fitzgibbon, C. D. (1993). Antipredator strategies of female Thomson's gazelles with
hidden fawns. Journal of Mammalogy, 74, 758e762.
Foster, W. A., & Treherne, J. E. (1981). Evidence for the dilution effect in the selﬁsh
herd from ﬁsh predation on a marine insect. Nature, 293, 466e467.
Gaillard, J.-M., Festa-Bianchet, M., & Yoccoz, N. G. (1998). Population dynamics of
large herbivores: variable recruitment with constant adult survival. Trends in
Ecology & Evolution, 13, 58e63.
Gaillard, J.-M., Festa-Bianchet, M., Yoccoz, N. G., Loison, A., & Toïgo, C. (2000).
Temporal variation in ﬁtness components and population dynamics of large
herbivores. Annual Review of Ecology and Systematics, 31, 267e393.

Gosling, L. M. (1969). Parturition and related behaviour in Coke's hartebeest, Alcelaphus buselaphus cokei Günther. Journal of Reproduction and Fertility, 6,
265e286.
Griesser, M. (2002). Nepotistic vigilance behavior in Siberian jay parents. Behavioral
Ecology, 14, 246e250.
Grignolio, S., Rossi, I., Bertolotto, E., Bassano, B., & Apollonio, M. (2007). Inﬂuence of
the kid on space use and habitat selection of female alpine ibex. Journal of
Wildlife Management, 71, 713e719.
Groves, C., & Grubb, P. (2011). Ungulate taxonomy. Baltimore, MD: Johns Hopkins
University Press.
Gwynne, M. D., & Bell, R. H. V. (1968). Selection of vegetation components by
grazing ungulates in the Serengeti National Park. Nature, 220, 390e393.
^ te
, S. D. (2008). Trade-offs in activity budget in an alpine ungulate:
Hamel, S., & Co
contrasting lactating and nonlactating females. Animal Behaviour, 75, 217e227.
Hamilton, W. D. (1971). Geometry for the selﬁsh herd. Journal of Theoretical Biology,
31, 295e311.
Hunter, J. S., Durant, S. M., & Caro, T. M. (2007). To ﬂee or not to ﬂee: predator
avoidance by cheetahs at kills. Behavioral Ecology and Sociobiology, 61,
1033e1042.
Hunter, L. T. B., & Skinner, J. D. (1998). Vigilance behaviour in African ungulates: the
role of predation pressure. Behaviour, 135, 195e211.
Hvideberg-Hansen, H. (1970). Contribution to the knowledge of the reproductive
physiology of the Thomson's gazelle (Gazella thomsonii Günther). Mammalia,
34, 551e563.
Jarman, M. V. (1976). Impala social behaviour: birth behaviour. East African Wildlife
Journal, 14, 153e167.
Jarnemo, A. (2004). Neonatal mortality in roe deer (Doctoral thesis). Ultuna, Uppsala,
Sweden: Swedish University of Agricultural Sciences.
€m, K. (2004). PredaJarnemo, A., Liberg, O., Lockowandt, S., Olsson, A., & Wahlstro
tion by red fox on European roe deer fawns in relation to age, sex and birthdate.
Canadian Journal of Zoology, 82, 416e422.
Kutsukake, N. (2006). The context and quality of social relationships affect vigilance
in wild chimpanzees. Ethology, 112, 581e591.
Kutsukake, N. (2007). Conspeciﬁc inﬂuences on vigilance behavior in wild chimpanzees. International Journal of Primatology, 28, 907e918.
Langbein, J., Scheibe, K.-M., & Eichhorn, K. (1998). Investigations on periparturient
behaviour in free-ranging mouﬂon sheep (Ovix orientalis musimon). Journal of
Zoology, 244, 553e561.
Lemon, J. (2006). Plotrix: a package in the red light district of R. R-News, 6, 8e12.
Lent, P. C. (1974). Mothereinfant relationships in ungulates. In V. Geist, & F. Walther
(Eds.), The behaviour of ungulates and its relation to management (pp. 14e55).
Morges, Switzerland: IUCN.
Leuthold, W. (1977). African ungulates: a comparative review of their ethology and
behavioral ecology. Berlin, Germany: Springer Verlag.
Li, Z., Jiang, Z., & Beauchamp, G. (2009). Vigilance in Przewalski's gazelle: effects of
sex, predation risk and group size. Journal of Zoology, 277, 302e308.
Lima, S. L. (1995). Back to the basics of anti-predatory vigilance: the group size
effect. Animal Behaviour, 49, 11e20.
Lima, S. L. (1998). Nonlethal effects in the ecology of predatoreprey interactions.
BioScience, 48, 25e34.
Lima, S. L., & Bednekoff, P. A. (1999). Temporal variation in danger drives antipredator behavior: the predation risk allocation hypothesis. American Naturalist,
6, 649e659.
Lima, S. L., & Dill, L. M. (1990). Behavioral decisions made under the risk of predation: a review and prospectus. Canadian Journal of Zoology, 68, 619e640.
Linnell, J. D. C., Aanes, R., & Andersen, R. (1995). Who killed Bambi? The role of
predation in the neonatal mortality of temperate ungulates. Wildlife Biology, 1,
209e223.
Lomas, L. A., & Bender, L. C. (2007). Survival and cause-speciﬁc mortality of neonatal
mule deer fawns, north-central New Mexico. Journal of Wildlife Management, 71,
884e894.
Nakagawa, S., & Schielzeth, H. (2013). A general and simple method for obtaining R2
from generalized linear mixed-effects models. Methods in Ecology and Evolution,
4, 133e142.
O'Brien, P. H. (1984). Leavers and stayers: maternal postpartum strategies in feral
goats. Applied Animal Behaviour Science, 12, 233e243.
bal, D. E., Villagra
n, M., Gonza
lez-Pensado, S. X., & Ungerfeld, R. (2013).
Olaza
Maternal behavior and early development of pampas deer (Ozotoceros
bezoarticus) fawns in a semi-captive environment. Journal of Ethology, 31,
323e330.
Ozoga, J. J., Verme, L. J., & Bienz, C. S. (1982). Parturition behavior and territoriality in
white-tailed deer: impact on neonatal mortality. Journal of Wildlife Management, 46, 1e11.
Pangle, W. M., & Holekamp, K. E. (2010). Functions of vigilance behaviour in a social
carnivore, the spotted hyaena, Crocuta crocuta. Animal Behaviour, 80, 257e267.
Panzacchi, M., Herﬁndal, I., Linnell, J. D. C., Odden, M., Odden, J., & Andersen, R.
(2010). Trade-offs between maternal foraging and fawn predation risk in an
income breeder. Behavioral Ecology and Sociobiology, 64, 1267e1278.
Pinard, V., Dussault, C., Ouellet, J.-P., Fortin, D., & Courtois, R. (2012). Calving rate,
calf survival rate, and habitat selection of forest-dwelling caribou in a highly
managed landscape. Journal of Wildlife Management, 76, 189e199.
Poole, K. G., Serrouya, R., & Stuart-Smith, K. (2007). Moose calving strategies in
interior montane ecosystems. Journal of Mammalogy, 88, 139e150.
€ ysa
€, H. (1987). Feedingevigilance trade-off in the teal (Anas crecca): effects of
Po
feeding method and predation risk. Behaviour, 103, 108e122.

225
R Core Team. (2014). R: A language and environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing. http://www.R-project.org/.
Rearden, S. N., Anthony, R. G., & Johnson, B. K. (2011). Birth-site selection
and predation risk of Rocky Mountain elk. Journal of Mammalogy, 92,
1118e1126.
Rieucau, G., & Martin, J. G. A. (2008). Many eyes or many ewes: vigilance tactics in
female bighorn sheep Ovis canadensis vary according to reproductive status.
Oikos, 117, 501e506.
Roberts, B. A. (2014). The trials of motherhood: Maternal behavior patterns and
antipredator tactics in Thomson's gazelle (Gazella thomsonii), a hiding ungulate
(Doctoral Dissertation). Princeton, NJ: Princeton University.
Roberts, B. A., & Rubenstein, D. I. (2014). Maternal tactics for mitigating neonate
predation risk during the postpartum period in Thomson's gazelle. Behaviour,
151, 1229e1248.
Schwede, G., Hendrichs, H., & McShea, W. (1993). Social and spatial organization of
female white-tailed deer, Odocoileus virginianus, during the fawning season.
Animal Behaviour, 45, 1007e1017.
Schwede, G., Hendrichs, H., & Wemmer, C. (1994). Early mothereyoung relations in
white-tailed deer. Journal of Mammalogy, 75, 438e445.

Tinbergen, N., Impekoven, M., & Franck, D. (1967). An experiment on spacing-out as
a defence against predation. Behaviour, 28, 307e321.
Toïgo, C. (1999). Vigilance behavior in lactating female alpine ibex. Canadian Journal
of Zoology, 77, 1060e1063.
Treves, A., Drescher, A., & Snowdon, C. T. (2003). Maternal watchfulness in black
howler monkeys (Alouatta pigra). Ethology, 109, 135e146.
Walther, F. (1965). Verhaltensstudien an der Gattung Tragelaphus de Blainville
(1816) in Gefangenschaft unter besonderer Berücksichtigung des Sozialverhaltens. Zeitschrift für Tierpsychologie, 21, 393e467.
Walther, F. R. (1969). Flight behaviour and avoidance of predators in Thomson's
gazelle (Gazella thomsoni Guenther 1884). Behaviour, 34, 184e221.
Walther, F. R. (1973). On age class recognition and individual recognition of
Thomson's gazelle in the ﬁeld. Journal of South Africa Wildlife Management Association, 2, 9e15.
White, K. S., & Berger, J. (2001). Antipredator strategies of Alaskan moose: are
maternal trade-offs inﬂuenced by offspring activity? Canadian Journal of
Zoology, 79, 2055e2062.
Yasukawa, K., & Cockburn, A. (2009). Antipredator vigilance in cooperatively
breeding superb fairy-wrens (Malurus cyaneus). Auk, 126, 147e154.

