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Abstract

Whereas there are many studies of the time allocated to antipredator vigi-

lance while animals forage, the vast majority of these studies remain cor-

relative. This is potentially problematic because a variety of factors other

than variation in perceived risk might influence putative antipredator

behaviors such as time allocated to vigilance and foraging. We conducted

an experimental study of yellow-bellied marmot (Marmota flaviventris) an-

tipredator behavior while marmots foraged at a replicated set of feeding

stations established 1, 5, 10, and 20 m from their main burrows. Marmots

appeared to perceive a reduced risk of predation when they foraged in the

presence of other marmots; they allocated more time to foraging and

decreased the time allocated to vigilance. When they foraged farther from

their burrows, marmots initiated foraging after a substantially greater

amount of time, tended to increase the frequency of their bouts of vigi-

lance, and decreased the duration of each bout. Yearling marmots took

less time to begin foraging than adults. Marmot flight initiation distance at

our feeding trays was independent of the distance they foraged away from

the burrow. Taken together, these experimental results demonstrate that

marmots’ perceptions of risk increased with distance to the burrow and

decreased when other individuals were within 10 m of them while they

foraged.

Introduction

Predation is a strong selective force that has triggered

the evolution of different antipredator strategies in

prey species (Kats & Dill 1998). One of the most com-

mon tactics involves early detection of predators

because this might allow prey sufficient time and dis-

tance to react and successfully escape (Lima 1987a).

However, antipredator behaviors may be costly and

may be traded-off with some self-maintenance behav-

iors, such as foraging, searching for mates (Preisser

et al. 2005). Therefore, prey should assess accurately

their actual risk of predation and modulate their

responses accordingly (Horat & Semlitsch 1994; Kes-

avaraju et al. 2007).

Vigilance is a frequently displayed antipredator

behavior in species that visually detect their predators.

It is effective at the early stages of the predatory

sequence (Lima & Dill 1990), and it is typically

assumed that vigilance trades off with activities that

require a head down posture, such as foraging or

drinking (but see Favreau et al. 2015). Thus, animals

optimize their time budgets depending on their per-

ception of the risk of predation (Ydenberg & Dill

1986). In turn, risk perception is modified by the pres-

ence and the composition of the predator guild (P�eri-

quet et al. 2010) and also by state-dependent factors

such as body condition, sex, or age (Pays & Jarman

2008; Moncl�us & R€odel 2009), and environmental

factors, such as the social group or habitat structure

(Moreno et al. 1996; Laundr�e et al. 2001; Kotler et al.

2002; Cameron & du Toit 2005).

In addition to individually based factors, environ-

mental factors are known to affect the perception of
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predation risk. The presence of conspecifics is a strong

modulator of the antipredator response elicited. Most

species studied decrease individual vigilance as group

size increases, a phenomenon known as the group

size effect (Elgar 1989). However, in other cases, con-

specifics become competitors, and vigilance rates

increase as group size increases, serving mainly a

social function (Moncl�us & R€odel 2008; Favreau et al.

2009; Dupuch et al. 2014). Apart from social cues,

other indirect cues are essential to understand the

perception that an animal might have of its environ-

ment (Laundr�e et al. 2001; Morrison 2011).

The distance to cover is often an important modula-

tor of risk perception. Cover can be safe or represent a

threat, as predators may conceal in dense vegetation

(Newberry & Shackleton 1997; Devereux et al. 2006;

Beauchamp 2010; Dupuch et al. 2014). When cover

constitutes a refuge, animals must balance the use of

the refuge with the foraging needs, and as distance to

refuge increases, the probability of a successful attack

increases (Dill 1990; Morrison et al. 2004; Cresswell

et al. 2010). However, animals may forage away from

the refuge to fulfill the energetic demands, and thus,

they might follow two different strategies: (i) increase

the vigilance rates to increase the detection of a

potential attack or (ii) minimize the exposure time,

increasing the foraging effort (Lima 1987b; Crosmary

et al. 2012). For instance, Dall’s sheep (Ovis dalli

dalli), increased vigilance as they increased the dis-

tance to the nearest cliff, a location where they are

safe from predators (Frid 1997). Chacma baboons

(Papio cynocephalus ursinus) used the alternative strat-

egy when refuge abundance was low; they minimized

the exposure time at risky environments (Cowlishaw

1997). A mixture of both strategies was followed by

white-browed sparrow-weavers (Plocepasser mahali),

which increased the foraging rate further from cover

as well as the vigilance rate (Fong et al. 2009).

Although there are many studies dealing with

different aspects of the perception of the risk of preda-

tion, the strategies followed by a particular individual

might depend on factors such as energetic require-

ments and thus, individually based studies are

essential. Additionally, experimental studies are also

required to tease apart competing hypotheses that

may generate similar patterns of vigilance (Elgar

1989).

We conducted a study on individually marked yel-

low-bellied marmots (Marmota flaviventris), in a well-

studied population living in and around the Rocky

Mountain Biological Laboratory, in Colorado (Armit-

age 2014). Marmots are ground-dwelling, sciurid

rodents, where the burrow constitutes a safe place

against most predators. We designed an experiment to

test whether marmots modified their vigilance at

varying distances from the burrow. We took into

account the sex and the age of the focal animal

(which influences energetic requirements) and the

presence of other group members within 10 m (which

should influence risk perception).

We expected to find that marmots foraging further

from the burrow with higher energetic requirements

(i.e., younger individuals) would increase the time

spent foraging, at the cost of reducing the time allo-

cated to vigilance, because they might favor food over

safety, whereas older marmots would show the oppo-

site pattern. Following this line of reasoning, we

would also expect to find a sex-effect because male

marmots are larger than females. This might also hold

true for non-reproductive animals (subadults). How-

ever, in adults we might expect to find the opposite

pattern; our study took place while females were lac-

tating, and their energetic demands were higher.

Moreover, we expected to find that marmots further

from the burrow might be more wary, and that wari-

ness would be apparent by individuals initiating flight

at greater distances to an approaching human. The

presence of other group members might also modu-

late the wariness, and thus, we expected to find that

marmots foraging with conspecifics might decrease

their allocation to vigilance, as would be expected

from the group size effect hypothesis.

Methods

Animals and Study Site

The study was conducted in and around the Rocky

Mountain Biological Laboratory (Colorado, USA).

These marmots have been the subjects of a long-term

study for more than 50 yrs (Armitage 2014), and

group identity, family identity as well as individual

identity are known for all the group members (Blum-

stein 2013). All the animals are individually marked

with ear-tags and with a mark drawn on their dorsal

pelage with Nyanzol fur dye (Albanil Dyestuff, New

Jersey, USA), so they could be individually recognized

from afar.

Experimental Setting

The experiment was conducted from early May to

early July 2010 at three marmot colonies that were

located in flat areas (slope <10�). From each colony,

we chose those burrows that were currently used and

that had no other entrances within a 20 m radius.
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From the entrance of the burrow, we set an imaginary

line, and we nailed to the ground four feeding stations

consisting of a plastic box (12.7 9 12.7 9 2.54 cm) at

1, 5, 10, and 20 m. In total, we established 10 tran-

sects, each with the four feeding stations. Marmots

were left to habituate to the novel objects for 1 wk,

until they ignored the empty feeding stations.

Data Collection

The order of presentation of the food at the different

feeding stations from each transect was randomly

assigned. We only tested one feeding station at a time.

The experiments took place in the morning (from

06:30 to 11:30 h). We placed 30 g of horse fed (Omo-

lene 100, Purina, Missouri, USA) in the chosen station

and observed the marmots with spotting scopes from

a distance that was determined to not influence their

behavior (from 20 to 150 m, depending on the col-

ony). We noted whether marmots foraged or not from

that particular feeding station and, if so, the time from

when we first detected the marmot above ground to

reach the station (latency to feed). Following Bednekoff

& Blumstein (2009), when a marmot started feeding

at the station, we conducted a continuous focal ani-

mal sample for 2 min. We used a voice recorder to

record the following foraging focal marmots’ behav-

ioral transitions: vigilance (the marmot raised the

head and looked around, either in a quadrupedal or

bipedal position); foraging (head down, ingesting

food); engagement in social interactions with other

marmots (see Blumstein et al. 2009 for detailed etho-

gram of social behaviors); locomotion (walking or

running); and other (any other activity that did not

fall within those categories). We scored our audio

recordings with JWatcher 1.0 (Blumstein & Daniel

2007). The single observer who conducted focal sam-

ples (A.M.A.) was trained to identify all behaviors

with certainty and then was trained to have 95%

scoring accuracy with JWatcher before we further

analyzed data. We calculated the proportion of time

marmots allocated to the different behaviors.

Flight Initiation Distance

Once the focal sample was completed, we approached

the focal subject at a constant speed (0.5 m/s) and

recorded the distance the marmot responded to our

approach by looking up at us (alert distance) and the

distance the marmot fled from the observer (flight ini-

tiation distance, FID). We also measured the starting

distance, the distance from the observer to the mar-

mot at the start of the experimental approach.

Statistical Analysis

We fitted linear mixed models with the library lme4

(Bates et al. 2014) from software R, version 3.1.0 (R

Core Team 2014). We ensured the residuals of all the

models followed a normal distribution by visually

checking normality plots. We also checked for the

homogeneity of the variances by plotting residuals

versus fitted values (Faraway 2006). The latency to

feed at a given feeding station was log-transformed

to reach normality criteria. We included in all the

models the experimental feeding station (1, 5, 10, or

20 m), the order at which it was presented, the age

(whether it was an adult or a yearling), the sex of

the focal marmot, and whether there were other

marmots within 10 m, as fixed factors. We incorpo-

rated the marmot identity as a random factor to

control for repeated measurements. We included

the interaction between the feeding station and the

presence of other marmots and, when non-signifi-

cant, it was removed from the final model (Engqvist

2005). We calculated p-values with Wald chi-square

tests. We removed any observations in which mar-

mots alarm called to alert the presence of a natural

predator.

Results

We conducted 156 feeding experiments. On nine

occasions (5.7% of the cases), marmots failed to visit

the station; 78% of these failures were when marmots

elected to not forage at the furthest station from the

burrow (i.e., 20 m). From the 156 attempts, we suc-

cessfully recorded 87 focal observations on 22 unique

individuals (8 adults and 14 yearlings) and collected

72 FID measurements on 21 unique individuals.

Latency to Forage from the Feeding Stations

Marmots started foraging significantly sooner at the

stations located closer to the burrow (latency at

1 m = 5.9 s; latency at 5 m = 21.9 s; latency at

10 m = 16.6 s; latency at 20 m = 39 s; b = 0.759,

n = 22, p < 0.001; Fig. 1). On average, it took

longer for adult marmots (32.42 s � 50.70 SD) than

for yearlings (10.70 s � 26.89 S.D.) to visit the

feeding stations (b = 0.728, n = 22, p = 0.056). The

order of presentation of the foraging stations and

the marmot’s sex did not influence the latency to

forage at the stations (order: b = 0.056, p = 0.403;

sex: b = 0.928, p = 0.669). All interactions were

non-significant and were removed from the final

model.
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Time Allocation While Foraging

Once at the feeding stations, the marmots that foraged

in close proximity with other marmots decreased the

proportion of time spent vigilant (alone: 53.75% �
19.98 SD; with other marmots: 43.06% � 20.19 SD;

b = 9.630, p = 0.019). The time vigilant was indepen-

dent of the distance to the burrow (b = �0.892,

p = 0.572) and of the interaction between distance

and presence of conspecifics (b = 1.840, p = 0.630).

The order of the food presentation at the different

feeding stations, as well as age and sex, did not modify

the time the marmots were vigilant (order: b = 0.911,

p = 0.358; age: b = 1.514, p = 0.878; sex: b = 2.790,

p = 0.861).

Similarly, the presence of other marmots modified

the time allocated to foraging; marmots spent signifi-

cantly more time foraging when other marmots were

around than when they were alone (alone: 45.7% �
20.3 SD; with other marmots: 55.8% � 21.1 SD;

b = 9.838, p = 0.017). This was independent of the

feeding station they were foraging at (b = 0.179,

p = 0.456), the interaction between feeding station

and presence of marmots (b = 1.952, p = 0.609), the

order the stations were presented (b = 0.861, p =
0.387), and marmot age or sex (b = 1.854, p = 0.857;

b = 3.280, p = 0.920, respectively).

However, the distance to the burrow did affect the

way the marmots performed vigilance. In the furthest

stations from the burrow, marmots tended to increase

the frequency of scans (b = 0.305, p = 0.058, Fig. 2a)

and significantly decreased the duration of their

scans (b = �0.429, p = 0.045; Fig. 2b). The presence

of other marmots within 10 m decreased the fre-

quency of vigilance scans (b = 13.464, p < 0.001),

but not the average duration of the scans (b = 0.187,

p = 0.729). All other measured factors did not signifi-

cantly affect the frequency of vigilance (all p-values

>0.4; Table 1).

Whereas distance to cover affected the type of vigi-

lance displayed, it did not affect the characteristics of

foraging behavior (frequency: b = 0.192, p = 0.186;

average duration of a bout: b = �0.008, p = 0.868).

However, foraging was affected by the presence of

other marmots (frequency: b = 1.010, p = 0.007;

average duration of a bout: b = 0.462, p < 0.001):

Marmots foraging with other marmots within 10 m

engaged in longer, but less frequent, feeding bouts
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Fig. 1: It took yellow-bellied marmots significantly more time to visit

the feeding stations located further away from the burrow. Different let-

ters denote significant post hoc comparisons.
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of scans in relation to the distance to the bur-

row. Different letters denote significant post

hoc comparisons.
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(Fig. 3). No other variables affected the way marmots

foraged (all p-values >0.35; Table 1).

Flight Initiation Distance

Alert distance was independent of the feeding station,

as well as age and sex (Table 2). The starting dista-

nce of the approach (21–75 m, average = 45.4 �
11.4 m), however, was positively related to alert dis-

tance (b = 0.332, p = 0.002) and to the presence of

other marmots (b = 15.065, p = 0.029). Marmots for-

aging alone were more wary, showing signs of alert-

ness at a larger distance from the observer than

marmots foraging with conspecifics. Flight initiation

distance was significantly associated only with starting

distance (b = 0.279, p = 0. 038; Table 2).

Discussion

Animals must make constant decisions about when

and where to fulfill their energetic requirements.

In theory, an individual’s decisions are based on

evaluating both internal and external cues, including

the risk of predation. Our experimental results

showed that yellow-bellied marmots followed differ-

ent strategies depending on the distance to their bur-

row and the presence of conspecifics. Marmots

perceived burrows as affording safety (Holmes 1984;

Rhoades & Blumstein 2007), and their perceptions of

risk increased with distance to the burrow and

decreased when other marmots were within 10 m of

them while they foraged. Marmots were more prone

to forage near the burrow, and as they foraged fur-

ther away, they increased vigilance. However, when

other marmots were in close proximity, they were

less wary, decreasing their alertness, as well as allo-

cating less time to vigilance, while increasing the time

allocated to foraging.

Marmots were more reluctant to visit the stations

that were located further away from the burrow.

Indeed, most of the stations marmots failed to visit

were the ones located 20 m away. When marmots

fed at those stations, it took them >6 times longer to

visit them than the ones located next to the entra-
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Fig. 3: The presence of other marmots

affected the (a) frequency and (b) duration of

foraging bouts. See text for statistics.

Table 1: The effect of starting distance, feed-

ing station, the presence of other marmots

within 10 m, age, and sex on frequency and

average duration of yellow-bellied marmot vigi-

lance and foraging behavior Variable

Vigilance Foraging

Frequency Duration Frequency Duration

b p b p b p b p

Feeding station 0.305 0.058 �0.429 0.045 0.192 0.186 �0.008 0.868

Marmots within 10 m 1.532 <0.001 0.187 0.729 1.010 0.007 0.462 <0.001

Age 0.806 0.416 0.315 0.692 0.722 0.356 0.313 0.355

Sex 1.335 0.651 1.834 0.603 0.193 0.688 0.159 0.789

Order 0.009 0.923 0.020 0.874 0.0430 0.634 0.020 0.504

Significant values p < 0.05 are bolded.
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nce to the burrow. Although it is not unusual to see

marmots foraging 20 m from the burrow, it is a risky

location given the average running speed of a marmot

is approximately 4 m/s (Blumstein et al. 2004). Our

experimental results demonstrate that they are aware

of the risk and modify their behavior accordingly. At

that distance, marmots should increase their time

allocated to vigilance or reduce their exposure time

(Dill 1990; Dupuch et al. 2014). Other studies have

found that animals are reluctant to forage far from

safety (e.g., Hochman & Kotler 2007; Fong et al.

2009), and many studies have shown that animals

foraging in riskier areas, such as far away from the

burrow or closer to obstructive cover, increase vigi-

lance (Roberts 1988; Hochman & Kotler 2007; Liley &

Creel 2008; Beauchamp 2010). For example, starlings

(Sturnus vulgaris) increased the scanning rate when in

high predator risk (Devereux et al. 2006). However,

vigilance can be increased in different ways. For

instance, animals might allocate a larger proportion of

time to scanning their surroundings, or they could

modify the rate and the average duration of their

scans. Indeed, marmots further away from the burrow

followed the latter strategy; they displayed shorter but

more frequent scans than in locations closer to the

burrow. It has been suggested that more frequent

scans might improve the detection of nearby preda-

tors (Bertram 1980).

On the other hand, other animals are known to fol-

low the opposite strategy (Crosmary et al. 2012). For

example, common wombats (Vombatus ursinus)

decreased the vigilance time with increasing distance

to cover, maximizing food intake during that time

(Favreau et al. 2009). The strategy followed might

depend on the actual risk of predation, the foraging

costs, and the vulnerability of the species or of

the group, among other potential reasons (Griesser &

Nystrand 2009; P�eriquet et al. 2010; Crosmary et al.

2012; Powolny et al. 2014). A formal meta-analysis

might be able to determine how these factors influ-

ence the strategy adopted.

In our study, the perception of vulnerability was

age dependent. It took longer for adult marmots than

for subadults (yearlings) to visit the foraging stations.

Several studies have shown that age plays an impor-

tant role in antipredator behavior. On the one hand,

juveniles are normally subjected to a higher predator

pressure (Chase 1999), and they might be more

responsive to new stimuli, which could lead to stron-

ger responses to predators than adults (Inglis 1979).

On the other hand, young animals normally have

higher energetic requirements than older ones, and

thus, they might accept a higher predation risk to ful-

fill their requirements, leading to reduced antipreda-

tor behavior (Avil�es & Bednekoff 2007; Moncl�us &

R€odel 2009). This study took place shortly before

subadults dispersed (Van Vuren & Armitage 1994), so

subadults not only had higher energetic demands, but

also they were more exploratory at that time of the

season. This might explain the fact that they had

shorter latencies to use the different feeding stations.

The presence of other marmots affected the activity

budgets. Marmots foraging with conspecifics decrea-

sed the time allocated to vigilance, whereas they

increased the foraging time. The presence of conspecif-

ics nearby might play an important role reducing the

individual risk of predation (Hamilton 1971). Conspe-

cifics dilute the risk of predation because the larger the

group, the smaller the probability for each individual

to become the prey (dilution effect, Turner & Pitcher

1986). Moreover, more individuals increase the proba-

bility that at least one of them detects a predator

(many eyes hypothesis, Lima 1995). However, other

studies have suggested the opposite effect; conspecifics

might constitute a threat if there is a clumped

resource, such as the high-quality food offered at the

feeding stations. In a resource competition scenario,

animals might choose to increase their feeding effort

to maximize the intake of high-quality food (Bednek-

off & Lima 2004). Thus, our results could be driven by

our focal animals trying to prevent other marmots

from using a high-quality patch. We think this unli-

kely for two reasons. First, there was typically only

one other individual present. Second, in 74% of the

cases, the conspecific was a subadult. Both of these

might reduce the likelihood that the other animal was

perceived as a potential competitor. Moreover, the

reduced vigilance, apparent both by a decrease in the

time allocated to vigilance, as well as the decrease in

the frequency of bouts of vigilance, are consistent with

the idea that other marmots were regarded more as

allies than as competitors. Further evidence comes

Table 2: The effect of starting distance, feeding station, the presence

of other marmots within 10 m, age, and sex on yellow-bellied marmot

alert distance and flight initiation distance

Variable

Alert distance

Flight initiation

distance

b p b p

Start distance 0.346 <0.001 0.323 0.012

Feeding station 0.891 0.417 0.001 0.999

Marmots within 10 m 15.065 0.029 8.738 0.344

Age 1.047 0.680 0.739 0.819

Sex 1.001 0.682 1.308 0.674

Significant values p < 0.05 are bolded.
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from the fact that when other marmots were in close

proximity, the focal animals were less wary and per-

mitted closer approach before alerting.

Contrary to our expectations, marmots did not

increase their flight initiation distance as the distance

to the burrow increased, at least on the scale of this

manipulation. Other species of marmots, such as the

woodchuck (Marmota monax) showed a positive rela-

tionship between distance to safety and FID (Bonen-

fant & Kramer 1996). There are several potential

explanations for our results. Apart from modifying

the alert and flight initiation distance, marmots could

modify their running speed while fleeing, adjusting

it to the distance to a safe place and to the speed of

the approaching predator (Dill & Houtman 1989).

Although we could not test this hypothesis, we could

infer that marmots were within their margin of safety.

In our study, marmots fled at an average distance of

24.3 m � 4.0 SD independently of their feeding sta-

tion. That distance must be perceived as a safe dis-

tance because it might allow them to escape from a

(pedestrian) predator approaching at a constant pace

of 0.5 m/s, without maximizing their running speed

(Dill 1990) and, thus, without increasing the costs of

escape (Bonenfant & Kramer 1996).

In conclusion, with our study we showed how the

trade-off between vigilance and foraging is modulated

by both internal and external cues. The integration of

the social and the physical environment in individu-

ally based systems provides a good scenario to under-

stand how animals perceive their environment and

the consequent decision-making process. We have

experimentally demonstrated that distance to a safe

place and the presence of conspecifics affect yellow-

bellied marmot escape strategy when they are within

their margin of safety. A question worth further

investigation might be whether the same strategies

are consistently displayed once the animals are out-

side their margin of safety.
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