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ABSTRACT—Vigilance for predators is omnipresent among species of prey. We report an investigation of
vigilance of white-tailed prairie dogs (Sciuridae: Cynomys leucurus) living under natural conditions. Our most
important conclusion concerns variation in vigilance within and among uniquely marked adult individuals (n
= 53 in 2007, n = 62 in 2008). Within a single day, the percentage of observations when an individual was
scanning for predators ranged from 0–100%, with a mean of 24.4%. Over a period of 3 months, some
individuals were vigilant for <5% of observations, but others were vigilant for >50% of observations. For 12 of
24 individuals that we monitored for vigilance in consecutive years, levels of vigilance were significantly
different between years. Some of the variation within and between individuals might have resulted from
differences in vulnerability to predation.

RESUMEN—Las especies de presa constantemente se mantienen vigilantes en contra de los depredadores.
Presentamos una investigación sobre la vigilancia de los perros llaneros de cola blanca (Sciuridae: Cynomys
leucurus) que viven en condiciones naturales. Nuestra conclusión más importante se refiere a la variación en la
vigilancia dentro y entre los individuos adultos marcados únicamente (n = 53 en el 2007, n = 62 en 2008). En
un solo dı́a, el porcentaje de observaciones cuando un individuo estuvo escaneado por depredadores variaron
de 0–100%, con una media de 24.4%. Durante un perı́odo de 3 meses, algunos individuos se mantuvieron
alerta <5% de las observaciones, pero otros estaban atentos a >50% de las observaciones. En 12 de 24
individuos a los que se ha monitoreado la vigilancia en años consecutivos, los niveles de vigilancia fueron
significativamente diferentes entre años. Parte de la variación dentro y entre los individuos podrı́a ser el
resultado de diferencias en la vulnerabilidad a la depredación.

Over 140 years ago, Galton (1871) pointed out that
individuals within a group sometimes can benefit from
the abilities of other members of the group to detect
predators and, therefore, are less likely than solitary
individuals to be captured during a surprise attack. Many
theoretical biologists have elaborated on this simple
many-eyes effect (Pulliam, 1973; Diamond and Lazarus,
1974; Treisman, 1975a, 1975b; Caraco, 1979; Elgar, 1989;
Dehn, 1990; Treves, 2000; Beauchamp, 2008), and
empirical data come from a myriad of diverse species
(Magurran et al., 1985; Quenette, 1990; Lima, 1995;
Beauchamp, 2009; Carro and Fernandez, 2009). Further-
more, the probability that an individual within a group
will itself be captured when a predator strikes is smaller
than the probability for a solitary individual (Hamilton,
1971; McKaye and McKaye, 1977; Bertram, 1978; Bednek-
off and Lima, 1998; Carter et al., 2009).

When awareness of predators is higher within groups
because of many eyes, then individuals in groups might
be able to reduce their own vigilance and consequently

have more time for foraging yet still be safer than solitary
individuals from predators. In large groups, the collective
amount of time devoted to vigilance can be high even
though the contribution of each individual might be
small (Pulliam, 1973; Quenette, 1990; Lima, 1995; Brown
and Brown, 1996; Roberts, 1996; Beauchamp, 2008).

Size of the colony or group is not the only factor that
affects vigilance. Other factors include competition
(Samson et al., 2008; Smith and Cain, 2009), distance to
safety or other conspecifics (Blumstein et al., 2001;
Fernandez-Juricic et al., 2007; Unck et al., 2009), gender
(Li et al., 2008; Marino and Baldi, 2008; Pays and Jarman,
2008), position within a group (Armitage, 1962; Hoog-
land, 1979b; Burger and Gochfield, 1994; DiBlanco and
Hirsh, 2006), reproductive status (Childress and Lung,
2003; Rieucau and Martin, 2008; Monclus and Rodel,
2009), and visibility within the habitat (Marino and Baldi,
2008; Quirici et al., 2008; Bednekoff and Blumstein, 2009;
Ferrari et al., 2009). Indeed, behavioral ecologists have



identified 16 factors that affect vigilance (Quenette, 1990;
Lima, 1995; Treves, 2000).

The vast majority of studies of vigilance have involved
unmarked individuals. Consequently, of all the factors
that affect vigilance, the one for which we have the least
information is probably individual variation. Only a few
studies have used marked individuals, or individuals
identifiable from unique natural markings, to examine
variation among individuals or within the same individ-
uals at different times, and sample sizes usually have been
small (Lopez et al., 2005; Manno, 2007; Carter et al., 2009;
Klose et al., 2009). We report variation in vigilance within
and between marked white-tailed prairie dogs (Cynomys
leucurus) living under natural conditions.

MATERIALS AND METHODS—White-tailed prairie dogs are large,
diurnal, colonial rodents of the squirrel family (Sciuridae). On a
typical day, adults (‡1 year old) emerge from their burrows at
dawn and forage above ground until dusk. Within colonies,
individuals live in territorial family groups called clans, which
typically contain one sexually mature adult male, two to three
sexually mature adult females, and one or two sexually
immature yearling adult males (Tileston and Lechleitner,
1966; Clark, 1977; Hoogland, 1979a, 1981, 2003a). Terrestrial
predators include American badgers (Taxidea taxus), coyotes
(Canis latrans), and long-tailed weasels (Mustela frenata). Avian
predators include golden eagles (Aquila chrysaetos) and prairie
falcons (Falco mexicanus) (Hoogland, 1981, 2003a).

We studied a colony of white-tailed prairie dogs that occupied
ca. 15 ha at the Case Ranch (latitude 40.628, longitude
-106.278) of the Arapaho National Wildlife Refuge near
Walden, Colorado. White-tailed prairie dogs at the refuge
hibernated for about 5 months of each year. Males aroused
from hibernation sooner than did females and started to appear
above ground in late February or early March. Most females
aroused from hibernation and started to appear above ground
in mid-March or late March, but some females did not first
appear above ground until early April (Clark, 1977; Hoogland,
1979a).

Female white-tailed prairie dogs usually attain sexual maturity
and mate as yearlings in their first spring after weaning, when
they weigh about 700 g. Males sometimes mate as yearlings but
commonly do not attain sexual maturity and mate until they are
2 years old and weigh about 900 g (Clark, 1977; Hoogland,
2003b). Most females remain in the territory of the natal clan for
life; consequently, other females of the same clan are usually kin
such as mother, daughters, sisters, nieces, cousins, and so forth.
Males, by contrast, usually disperse from the territory of the
natal clan before mating for the first time (Hoogland, 2013).

While feeding, an adult white-tailed prairie dog commonly
stands up on its hind legs and looks around. If the individual
detects a predator while scanning, it usually runs to a mound at
a burrow-entrance and remains vigilant and thereby visually
warns nearby conspecifics of the danger. An individual
sometimes also gives an alarm call after detecting a predator
and thereby vocally warns conspecifics (Waring, 1970; Clark,
1977; Hoogland, 1981).

Each year, we captured, tagged, and marked every white-
tailed prairie dog in a colony under study (methodological

details in Hoogland, 1995). A unique number or symbol on each
individual (Fig. 1) allowed us to identify each adult and juvenile.

From 2-m high towers, we used binoculars to observe marked
individuals from March–June in 2007 and 2008. In general, we
and research assistants were in the towers early in the morning
before the white-tailed prairie dogs first appeared above ground
for the day and remained in the towers until the last individual
had submerged for the night. At early and late stages of our
research each year, however, we sometimes descended from our
observation towers to set or check livetraps. In 2007, we
recorded vigilance of white-tailed prairie dogs from 7 April–19
June. In 2008, we recorded vigilance from 17 March–10 July.

To quantify vigilance, each researcher looked for every
marked adult white-tailed prairie dog in an assigned study area
every 30 min. Upon detecting an individual, the researcher
scored it as nonvigilant if it was on all four feet and feeding or
having an interaction with another white-tailed prairie dog (e.g.,
fight, chase, or kiss; Clark, 1977; Hoogland, 1979a). The
researcher scored the individual as vigilant if it was standing
on its two hind feet and looking around or it was on a burrow-
mound and either standing on its two hind feet or on all four
feet (Fig. 1).

Vigilant white-tailed prairie dogs that are standing or on
burrow-mounds are more conspicuous than nonvigilant, forag-
ing individuals on all four feet amidst vegetation. We, thus, were
more likely to see vigilant individuals, and, therefore, our
estimates of vigilance were inflated to some unknown degree.
This bias was small, however, because most individuals consis-
tently remained near (i.e., within 100 m) our observation towers
and, therefore, were easily visible whether vigilant or non-
vigilant.

On cold (maximum temperature during day of �58C) days in
March (when hours of daylight per day were relatively few),

FIG. 1—Vigilant, marked white-tailed prairie dogs (Cynomys
leucurus) on a burrow-mound at the Arapaho National Wildlife
Refuge, Colorado. Markers applied on the side with Nyanzol
black dye allowed recognition of every adult at the colony each
year for documentation of individual variation in vigilance.

280 vol. 58, no. 3The Southwestern Naturalist



many white-tailed prairie dogs stayed above ground for a total of
<60 min. We recorded vigilance or nonvigilance only once or
twice on the same cold day for the same individual during the
checks made every 30 min throughout the day. By contrast, on
warm (maximum temperature during day of ‡208C) days in
June (when hours of daylight per day were many), we sometimes
recorded vigilance or nonvigilance as many as 26 times on the
same day for the same individual.

Over the span of 4 months each year, we scored 71% of our
marked individuals as either vigilant or nonvigilant on >300
occasions, and we scored 46% of marked individuals on >600
occasions; the mean (– SD) number of total scorings per
individual per year was 519 – 302. One way to examine vigilance
would be to consider each single observation of vigilance as an
independent data point. However, this method would unrealis-
tically inflate the sample size. Another way to examine vigilance
would be to calculate a single mean from all observations over 4
months for each individual, but this method would ignore the
substantial variation that occurs within and between individuals
over time and would reduce a prodigious dataset to a small
number of data points. As a compromise, we used a single
estimate of vigilance for each individual per day, and that daily
estimate was the proportion of times that the individual was
vigilant across all checks for that day. If a researcher observed an
individual for 10 checks throughout a day, for example, and if
the individual was vigilant for 3 of those checks, then we used a
single estimate of vigilance of 30% (3/10) for the individual for
that day. We considered daily estimates of vigilance from the
same individual on different days to be independent. Over the 2
years, we collected 6,483 daily estimates of vigilance. For all
statistical analyses, however, we only used daily estimates when
we were able to record vigilance or nonvigilance a minimum of 3
times. With this restriction, we had information from 5,644 daily
estimates of vigilance. The mean (– SD) number of recordings
of vigilance or nonvigilance per individual per day for these
5,644 daily estimates was 10.10 – 4.88; the cumulative number of
times that we scored a white-tailed prairie dog as either vigilant
or nonvigilant was 5,644 · 10.1 = 57,123.

Over the 2 years, we collected data from 115 adult white-
tailed prairie dogs. For all 24 adults that were alive in 2007 and
2008, we collected data in both years. We did not record
vigilance for juveniles. For all analyses, we used two-tailed
nonparametric statistical tests.

RESULTS—In April 2007 and 2008, the numbers of
adults at the colony studied were 53 and 62, respectively.
In May–June 2007 and 2008, the numbers of offspring
that appeared above ground from their nursery-burrows
at the colony were 150 and 154, respectively. The number
of recordings of vigilance or nonvigilance per white-tailed
prairie dog per day ranged from 1–26 (Fig. 2) with a
mean (– SD) of 10.10 (– 4.88) for 5,644 daily estimates of
vigilance.

Four related lines of evidence indicate that white-tailed
prairie dogs showed extreme variation in vigilance within
and between individuals. First, the percentage of times
that a white-tailed prairie dog was vigilant over the course
of a day ranged from 0–100% (Fig. 3a; mean – SD = 24.4
– 21.5%, n = 5,644 daily estimates). These differences in
vigilance among individuals were significant (P < 0.001,

Kruskal-Wallis analysis of variance, v2 = 769). For 81.5%
of 5,644 daily estimates of vigilance, the percentage of
times that the individual was vigilant throughout the day
was <41%; for 52.2% of daily estimates, the percentage of
times that the individual was vigilant throughout the day
was <21%. Second, we also calculated a single overall
percentage of vigilance for each white-tailed prairie dog
over the entire study period. This single overall percent-
age for each individual was the mean of all the
percentages for all the daily estimates of vigilance for
that individual and showed substantial variation (Fig. 3b,
n = 105 individuals). Third, we quantified vigilance for
one representative male in 2008 and one representative
female in 2008 for which we had copious information on
vigilance (n ‡ 65 daily estimates of vigilance for each; Fig.
4). The variation shown in Fig. 4 by the two individuals is
typical and comparable to variation for most of the other
113 individuals that we observed in 2007 and 2008.
Fourth, we also collected data on level of vigilance for 24
white-tailed prairie dogs that were alive as adults in 2007
and 2008. For 50% (12) of these individuals, levels of
vigilance differed significantly between years (Table 1; P
� 0.050, Mann-Whitney U test). For 37.5% (9) of the
individuals that were alive in 2007 and 2008, vigilance did
not differ significantly between years; for 12.5% (3) of the
individuals, vigilance almost differed significantly for
2007 versus 2008 (0.05 � P < 0.10, Mann-Whitney U test).

DISCUSSION—When a white-tailed prairie dog stops
feeding and stands on its hind legs or runs to a burrow-
mound to scan, it presumably increases the probability
that it will detect a predator or a visual alarm of a
conspecific. However, an individual might scan for other
reasons unrelated to predation. In particular, an individ-
ual might scan to monitor competing conspecifics (King,

FIG. 2—Number of observations of vigilance or nonvigilance
per individual per day for white-tailed prairie dogs (Cynomys
leucurus) at the Arapaho National Wildlife Refuge, Colorado.
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1955; Treves, 1999; Blumstein at al., 2001; Manno, 2007;
Macintosh and Sicotte, 2009; Favreau et al., 2010). A male
might scan to watch for other males trying to invade his
home territory, or a female might scan to watch for other
females trying to steal nest-material from her nursery-
burrow. For some colonial animals, investigators some-
times can distinguish between vigilance for competing
conspecifics versus vigilance for predators, e.g., by
recording whether the individual is staring directly at a
nearby conspecific versus a gaze into the distance (Klose
et al., 2009; Favreau et al., 2010). Due to the position of

the eyes on the head of white-tailed prairie dogs,
determining the object of the staring usually is not
feasible. We, therefore, made no attempt to distinguish
between vigilance for conspecifics versus vigilance for
predators.

In almost all other studies of vigilance, investigators
have not been able to identify specific individuals. By
contrast, all the adults at the colony we studied (n = 53 in
2007, n = 62 in 2008) were individually marked and easily
identified. Consequently, the most significant and unique
feature of our research is that we have been able to
measure levels of vigilance for the same individuals over
time, within and between years. The variation among
individuals, and for the same individual on different days
or in different years, is striking.

One possible reason white-tailed prairie dogs exhibit so
much variation in vigilance within and between individ-
uals is that vigilance is simply one of many other behaviors
that show substantial individual variation for animals
(Krebs and Davies, 1993; Hayes and Jenkins, 1997; Lopez
et al., 2005; Reale et al., 2007; Alcock, 2009; Dugatkin,
2009). A second possible reason is that individual
variation in vigilance reflects real differences in vulnera-
bility to predation (e.g., Hoogland et al., 2006) and these
differences are not obvious to human observers. Perhaps,
for example, certain areas within the colony we studied
are especially vulnerable to a surprise attack by an
American badger or a coyote, and individuals respond
appropriately with a higher level of vigilance when they
forage in those areas (Frid, 1997; Hunter and Skinner,
1998; Laundre et al., 2001; Li et al., 2008; Unck et al.,
2009). We could not explore this possibility because we
observed few unequivocal predations (n < 5 for 2007 and
2008) and because we did not record positions of
individuals within the colony when we scored them as

FIG. 3—a) Percentage of times throughout day that individual
was vigilant for white-tailed prairie dogs (Cynomys leucurus) at the
Arapaho National Wildlife Refuge, Colorado, March-July 2007
and 2008. b) Single estimate of vigilance for each individual
white-tailed prairie dog. The single estimate was the mean of all
the daily estimates for all days of observation for each individual.

FIG. 4—Summary of vigilance of one representative male in
2008 and one representative female in 2008 for white-tailed
prairie dogs (Cynomys leucurus) at the Arapaho National Wildlife
Refuge, Colorado. These patterns are typical, and comparable
variation was observed for most of the other 113 individuals
studied in 2007 and 2008.
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vigilant or nonvigilant. A third possibility is that level of
vigilance reflects susceptibility of specific individuals to
predation (Carter et al., 2009). For example, perhaps an
individual has incurred a recent injury from a fight and
cannot run fast and, thus, responds with higher levels of
vigilance. Similarly, as for other species (Trombulak, 1989;
Trillmich et al., 2003; Hoogland, 2007), the ability to run
fast to escape from predators probably varies with body
mass for white-tailed prairie dogs. If so, individuals that
are not at the optimal body mass for running fast (e.g.,
heavy just before hibernation, heavy because of late
pregnancy, or of low body mass because of poor
condition) might compensate via higher levels of
vigilance.

Carter et al. (2009) argued that more studies of
marked or individually distinctive individuals will be
crucial for a better understanding of a phenomenon
such as vigilance that is so ubiquitous among species that
are prey. Our study of variation in vigilance within and
among marked individuals of white-tailed prairie dogs is
an important step in the right direction. Additional
studies, especially with animals that allow researchers to
discriminate between vigilance for predators versus
vigilance for competing conspecifics, also will be valuable.
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