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Too much of a good thing? A landscape-of-fear analysis for
collared peccaries (Pecari tajacu) reveals hikers act as a greater
deterrent than thorny or bitter food
Sonny S. Bleicher and Michael L. Rosenzweig

Abstract: To study how wildlife perceive recreating humans, we studied the habitat selection of a human commensalist, the
collared peccary (Pecari tajacu (Linnaeus, 1758)). We measured peccary activity patterns in an area of high human activity
(Tumamoc Hill Desert Laboratory in Tucson, Arizona, USA) using a landscape-of-fear analysis. We examined whether the
perception of risk from human activity interacted with the chemical (tannin) and mechanical (thorns) antipredator mechanisms
of local plant species. The peccaries avoided food stations near a hiking trail. The population foraged less near houses, i.e.,
moderate human activity, than in the perceived safety of a small wadi. Plant defence treatments impacted the harvesting of food
only in the safe zone, suggesting that risk trumps food selectivity. The strong effect of the hiking trail on habitat selection in this
disturbance-loving species is an indicator of a much larger impact on sensitive species in conservation areas.

Key words: javelina, giving-up density, GUD, disturbance, conservation, plant–animal interactions, ocotillo, creosote, Pecari tajacu,
collared peccary.

Résumé : Pour étudier la perception qu’ont les animaux sauvages d’usagers récréatifs, nous avons étudié la sélection d’habitats
d’une espèce vivant en commensalisme avec les humains, le pécari à collier (Pecari tajacu (Linnaeus, 1758)). Nous avons mesuré les
habitudes d’activité de pécaris dans une région de forte activité humaine (le laboratoire du désert de Tumamoc Hill à Tucson, en
Arizona (États-Unis)) en utilisant une analyse de la topographie-de-la-peur. Nous avons vérifié si la perception du risque associé
à l’activité humaine interagit avec les mécanismes anti-prédation tant chimiques (tannin) que mécaniques (épines) d’espèces de
plantes locales. Les pécaris évitaient les stations de nourriture près d’un sentier de randonnée pédestre. La population
s’approvisionnait moins à côté des maisons, c’est-à-dire près d’une activité humaine modérée, qu’à proximité d’un petit oued, un
lieu perçu comme étant plus sûr. Les traitements de défense des plantes n’avaient d’incidence sur la collecte de nourriture que
dans la zone sûre, ce qui indiquerait que le risque représente une considération plus importante que la sélectivité des aliments.
La découverte principale de cette recherche fut l’impact inattendu du sentier de randonnée sur le comportement de cette espèce
qui en principe aime les perturbations. C’est pourquoi leur comportement représente un indicateur de cet impact utilisable sur
des espèces plus sensibles à l’activité humaine dans les aires de conservation. [Traduit par la Rédaction]

Mots-clés : javelina, GUD, perturbation, conservation, interactions entre plantes et animaux, ocotillo, créosote, Pecari tajacu, pécari
à collier.

Introduction
As the earth enters the Anthropocene, truly wild lands have

become scarce (Steffen et al. 2011). Globally, public lands are in-
creasingly used for recreation. As a result, “nature” is being tai-
lored for car-bound visitors. Bryson (1998) highlights the problems
that modern eco-tourism creates: conservation areas are tailored
to visitor recreation and not necessarily for the protection of nat-
ural resources. Some of the major negative impacts that visitor
traffic causes in conservation areas includes habituation (and de-
pendency of wildlife) to the visitor-generated resources (Mallick
and Driessen 2003), habitat fragmentation by access roads and
trails (Ament et al. 2008), reduction in association of humans as
risk (Romero and Wikelski 2002), and many more.

Wildlife managers regularly assume that human activity has a
negative impact on the wildlife that they are managing (e.g., Riley
et al. 2003; Ciuti et al. 2012). This remains an assumption until
scientists actually use ecological tools to investigate individuals in

the managed populations. Here, we address that issue by studying
collared peccaries (Pecari tajacu (Linnaeus, 1758); henceforth, pec-
caries) in a US national historic landmark. We can expect the
impact of the same human activity on rare and shy species (e.g.,
deer, antelopes, large carnivores) of greater need for conservation
will be much magnified compared with peccaries, which are nei-
ther shy nor rare.

The implications of this study can be used to model studies for
conservation lands globally. Additionally, the method that this
study tests, a landscape-of-fear (LOF) analysis, can be applied as a
regular measure of habitat selection (e.g., Abu Baker and Brown
2014; Coleman and Hill 2014). Despite using human activity as the
variable of disturbance, this study does criticize recreation. In-
stead, we wish to observe and quantify dispassionately the im-
pacts of human activity as perceived by the wild populations
themselves.

The human-dominated landscape favours species that are will-
ing to forage on a varied diet, especially rubbish (garbage). This
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selective pressure has epidemiological consequences on the spe-
cies (Kruszyk and Ciach 2010; Flint et al. 2016), as well as bringing
aggressive and disturbance-loving species into greater contact
with humans (Herrero et al. 2011; Barrett et al. 2014).

We studied the population of peccaries on Tumamoc Hill, a
natural area that lies within the city limits of Tucson, Arizona,
USA. The Hill is managed by The University of Arizona for the
purpose of long-term ecological monitoring and public recre-
ation. On average, 1500 visitors per day visit its single pedestrian
trail during the cooler seasons. Most visitors (hikers and joggers)
ascent the trail to the observation point 230 m above the city.

Research aims and predictions
We asked three major questions. (1) Do the peccaries, known to

be bold animals, avoid the high human pedestrian traffic near the
trail? (2) How does human activity of hikers compare with human
activity in the form of houses? (3) Last, we ask whether environ-
mental risk impacts the choice of food patches based on meta-
bolic costs (risk of injury from thorns and digestion of tannic
foods)?

We predict that the peccaries would rather forage in the safety
of the wadi compared with areas that are exposed to human ac-
tivity (cf. Bellantoni 1991). Additionally, the peccaries should pre-
fer the areas with limited human activity (the houses) compared
with the trail, where there is a constant stream of people.

Given that peccaries are known to forage on tulip pricklypear
(Opuntia phaeacantha Engelm.) cactus pads (Theimer and Bateman
1992), we expected their foraging to be less affected by our manip-
ulation of tannic acid content (see below) than by our manipula-
tions of thorniness. Despite this expectation, we predict that
these patch treatments will be of secondary importance to risk of
predation, i.e., be significant only if they perceived low environ-
mental risk.

Materials and methods

Site
The Desert Laboratory (a.k.a. Tumamoc Hill) in Tucson, Arizona

(32°13=13.017==N, 111°0=14.109==W), was established in 1903 by An-

drew Carnegie with the blessing of President Theodore Roosevelt.
It sits on an archeological site of settlements dating back to
500 BCE. Severely overgrazed for half a century, its staff wanted to
observe its return to a natural state and fenced it away from
human exploitation in 1906 (making it a restoration ecology project —
the world’s first; Jordan and Lubick 2011, p. 64). Although apex
predators, pumas (Puma concolor (Linnaeus, 1771)) and jaguars (Panthera
onca (Linnaeus, 1758)), were sighted at this site historically, the
increased human development does not make it prime habitat
for them today. Therefore, the major threat to our peccaries is
human activity.

We laid out a grid of foraging stations centred on a wadi, where
a resident herd of peccaries (nine individuals as of October 2016,
of which three were under a year old) can be regularly observed
bedding. The grid (100 m × 100 m) was located in the area between
the hiking trail and a row of houses with two dogs that barked
regularly (Figs. 1A and 1B). We positioned the stations near the
houses, 50 m away (with a dirt road that separates the develop-
ment from the monument at 20 m from the grid). We positioned
the western row of stations 20 m from the trail, just hidden from
the hikers.

Study species
The collared peccary is a common human commensal in the

arid zones of the southwest USA. They are found from Arizona,
Texas, and New Mexico, through the neo-tropical regions of Latin
America, and throughout Amazonia (Ingmarsson 1999). These so-
cial mammals live in herds of 5–15 (usually a family group), where
the dominant role is filled by a male. They are primarily herbivo-
rous in the Sonoran Desert and feed on pricklypear cactus pads,
bulbs, roots, and insects (Bellantoni 1991). Near urban environ-
ments in Arizona, they prefer the shaded areas of wadis, where
they spend the hot hours of the day. They are crepuscular foragers
(Ticer et al. 1998, 2001). In the urban environment, they are known
to come into contact with humans and exhibit aggressive behav-
iours, as evident by a high number of pet and human casualties, as
well as property damage (Wright and Ordway 1989).

Fig. 1. Study site and setup. (A) Map of the northern region of Tumamoc Hill Desert Laboratory. Tumamoc Hill Road (UTM
coordinates 12S 499448.91255836 3564167.3684404) is the paved trail on which approximately 1000 visitors hike daily. The black rectangle
signifies the location of the experimental array. (B) The triangles represent the location of each of the stations of the experiment. The distance
between stations was approximately 50 m based on terrain conditions. (C) The setup of a feeding station (within the wadi) with a collared
peccary (Pecari tajacu) foraging at the station. We positioned each cylinder 1 m away from other cylinders (with slight variation based on our
ability to drive a stake to a secure enough position).
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Experimental design
The grid of nine stations was laid at 50 m intervals, with slight

variation to meet the landscape features.
We used a giving-up density (GUD) approach (cf. Bedoya-Perez

et al. 2013), using foraging in artificial diminishing-returns food
patches to measure the risk associated with the physical location
of the patch as it interacts with costs of foraging (injury, ease of
finding food, etc.) at that location (Brown 1988). The greater the
costs at a particular location, the earlier the animals give up for-
aging at that station, consequently leaving a greater amount of
food behind.

Each of the GUD stations included three foraging patches. We
built each patch using 1 gallon (1 US gallon = 3.78541 L) plastic
cylinders. We staked the GUD patches at 1 m intervals in a trian-
gular formation secured with 40 cm metal cable to a stake (Fig. 1C).
Each cylinder was drilled with 20 [1/2] inch holes (1 inch = 2.54 cm)
that allow the dispersion of corn kernels when rolled.

We filled the cylinders with 2 L of pink Styrofoam packaging
peanuts to create a foraging system that provided diminishing
returns: the more a cylinder was foraged, the harder it became to
retrieve the remaining food.

To each cylinder, three 20 cm bars were attached with zip ties
based on the three foraging conditions: control (irrigation piping),
tannins (creosote bush, Larrea tridentata (DC.) Coville), and thorns
(ocotillo, Fouquieria splendens Engelm.) (Supplementary Figs. S1A–
S1C).1 The order of patches was randomized between stations.

The ocotillo is a common perennial shrub of the Sonoran and
Mojave deserts. It has long woody branches that stem from a
common stubby trunk. Each branch is densely covered with 3 cm
long thorns arrayed at intervals of 1.5 cm; these protect the green
leaves that usually do not exceed 3 cm in length. Individuals may
exceed 4 m in height.

The creosote bush is perhaps the most common shrub in the
Sonoran and Mojave deserts. It has yellow sticky resin and it grows
in a tangle of branches to a height of 2–3 m. It is easily identified
by its smooth bark and by small 10 mm resinous dark green leaves.
The creosote’s resin has high tannic contents that repels herbiv-
orous insects and rodents (Mangione et al. 2000; Medina et al.
2012).

Data collection
Each night, an hour before sunset, we mixed 300 g of corn

kernels in with the packaging peanuts. In addition, we scattered
two fistfuls of kernels in the vicinity of the three patches to attract
the peccaries to forage at the stations. To extract the corn, the
peccaries rolled and handled the cylinders using the treatment
bars for leverage, thus coming into contact with the tannins and
thorns. We collected the remaining corn from the patches 1 h past
sunrise. We weighed the kernels, sifted from the peanuts, in the
laboratory to an accuracy of ±2 g using an electronic kitchen scale.
The mass of food remaining after the foraging period (combined
sunrise and sunset) was the measure of the GUD that we used. We
logged the daily high and low temperatures to use as covariates in
our analysis. We removed the one day where a precipitation event
occurred and extended the experiment by one day to compensate
for it.

We set up multiple stations 3 weeks prior to the experiment to
habituate the wild peccaries to their design and to test the effi-
ciency of the systems in recording variation in foraging behav-
iours. We installed the stations 4 days prior to the start of the
experiment (25–28 October 2016) and provided extra food near
each station to draw in the peccaries, encouraging them to visit
the stations nightly.

Data collected
We collected data for 15 nights (29 October – 12 November 2016).

Each night, we recorded whether foraging activity occurred at
each of the GUD stations (see below) and we collected the remain-
ing kernels to be weighed for the GUD. In addition, we recorded
the daily high and nightly low temperatures using a field ther-
mometer.

Data analyses
We analyzed the data in three ways. (1) A LOF analysis. LOFs are

maps on which the perceived risk of the peccaries is mapped over
the physical features of the landscape. (2) A log-linear model ana-
lyzing the foraging activity compared with the proportion of for-
aged patches (cylinders). (3) A spatially implicit generalized linear
model (GLM) testing patch use (mean GUD) against human activity
treatments and deterrent type.

We ran a GLM for the three spatial variables of the experiment:
(1) zones as longitude (east–west), (2) repetition position for lati-
tude (north–south), and (3) station effect as the interaction of
longitude and latitude. We used the daily high and low tempera-
tures as covariates.

We then charted the LOF using the protocol from Iribarren and
Kotler (2012) and Bleicher (2014), creating a heat map using GUDs
as the Z variable in a three-dimensional scatterplot. We generated
the raster by applying a distance weighted least squares (DWLS)
smoothing function at a tension of 0.5. We then superimposed the
LOF heat map on the physical landscape, as represented by an
aerial photograph from Google Earth©.

Activity
We determined whether a patch was foraged by peccaries based

on hoof prints found in the vicinity of each station. We estimated
peccary activity by tabulating the number of foraged versus un-
foraged patches for all combinations of zones (near houses, near
trail, and in the wadi) and deterrent type (ocotillo, creosote, and
control) to yield a multiway contingency table. We used this mul-
tiway contingency table to perform a log-linear analysis that ex-
amined direct and interactive effects of predation risk and
metabolic costs on the number of patches foraged.

Patch use
We analyzed patch use with GUDs. To control for possible pseudo-

replication among patches and within a zone, we averaged the
GUDs in each deterrent treatment within each zone for each col-
lection day to form the dependent variable. This provided nine
GUD means per night (3 zones × 3 deterrents). For these means, we
included both food patches, foraged and unforaged, using 300 g as
the GUD for unforaged patches. We used another GLM to evaluate
whether the GUDs varied with the perception of safety based on
the location of the stations (zones), or metabolic costs from anti-
herbivore strategies of the local vegetation (deterrents), and from
the strong effect of temperature on the foraging patterns. In ad-
dition, we tested for the differences observed between days of the
experiment, nesting this variable within the experimental zones.
Lastly, we included the interaction of safety and metabolic vari-
ables to our model. For significant variables and interactions, we
performed post hoc pairwise comparisons using a Tukey’s honest
significant difference (THSD) test.

Results

Landscape of fear
In the analysis of variance (ANOVA) for the spatial variables

GLM (N = 378, R2 = 0.35), we found significant main effects to the
location along the x axis (correlated with the zone) and to the
covariate of daily maximum temperature. The minimum nightly

1Supplementary figures are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/10.1139/cjz-2017-0158.
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temperature was marginally significant (P = 0.051), showing a
trend of decreased foraging as temperature increased. However,
variation along the y axis (the repetitions) was not significant
(Table 1). The station effect (i.e., x × y) was significant, suggesting
spatial dependency of the response of peccaries to the risk factors
measured.

The lack of variation within zones likely suggests that the phys-
ical features which we expect are dividing the land into zones
(between the safety of the wadi and the risky flats) are the same
demarcations perceived by the peccaries. The overlay of the LOF
map on the aerial photograph (Fig. 2) shows a clear pattern of
safety, i.e., more foraging occurring along the wadi. The deterrent
treatments interacted significantly with the y position.

Activity
The peccaries’ activity, as measured by the proportion of patches

foraged, was clearly influenced by the human activity zones
(Table 2; Fig. 3). Only 38.8% of the total available patches were
foraged near the trail, compared with 98% near the houses and
85.8% in the wadi. The plant foraging deterrents, as metabolic
costs, significantly interacted with the human activity zones, as
safety related costs.

Patch use
On average, the peccaries foraged one-third of the available

corn kernels in the patches, reducing them to a mean GUD of
231.6 ± 4.1 g. The GLM (N = 108, R2 = 0.935) testing the environmen-
tal risk and metabolic costs found significant impact to the zone
in which the patches were located. However, we did not find a
significant effect to the plant deterrent treatments (Table 3). The
interaction of the metabolic and safety cost variables was statisti-
cally significant. However, the THSD showed that the majority of
variance was generated between zones and not within them. Nest-
ing the experimental day within zones strengthened the model,
predominantly measuring the impact of the temperature on for-
aging (Supplementary Fig. S2).1

The post hoc pairwise comparison showed that the foraging of
the peccaries was greatest (lower GUDs) in the wadi then by the
houses (TSHD, P = 0.05) and greatly diminished near the hiking
trail (THSD, P < 0.001 for both) (Fig. 4A).

Two major trends can be observed from the interaction of zones
and deterrent. (1) When exposed to risk from humans, the pecca-
ries appear to prefer the patches with the thorny ocotillo (Fig. 4B).
This pattern was statistically significant near the houses (TSHD,
P = 0.05), but only trended near the trail. (2) In the wadi, we found
the strongest evidence that the plant deterrents impact peccary
foraging with the lowest GUDs. Here, the peccaries preferred the
control to the tannic creosote (THSD, P = 0.04) or the thorny oco-
tillo (THSD, P = 0.002).

Table 1. General linear model (n = 324, R2 = 0.356) testing for spatial and environmental
patterns in collared peccary (Pecari tajacu) foraging.

Variable SS df MS F P

Temperature maximum* 40 598.791 1 40 598.791 10.306 <0.001
Temperature minimum* 15 154.619 1 15 154.619 3.847 0.051
x coordinate 380 913.802 2 190 456.901 48.347 <0.01
y coordinate 15 915.414 2 7 957.707 2.02 0.134
Deterrent 388.784 2 194.392 0.049 0.952
x × y 58 612.068 4 14 653.017 3.72 0.006
x × deterrent 27 098.198 4 6 774.549 1.72 0.146
y × deterrent 69 223.253 4 17 305.813 4.393 0.002
x × y × deterrent 49 112.432 8 6 139.054 1.558 0.137
Error 1 162 125.351 295 3 939.408

Note: SS is the sum of squares; df is degrees of freedom; MS is mean squares; deterrent is patch quality
(thorny (ocotillo, Fouquieria splendens), tannic (creosote bush, Larrea tridentata), control); asterisk indi-
cates a covariate. The model shows significance to heat stress, the human activity zones (x), and the
location of foraging stations (x × y). We find that the plant defence mechanisms (deterrent) impacted the
foraging in specific locations along the y axis (repetition of human activity zone treatments).

Fig. 2. Landscape of fear overlaid on the aerial photo of the study
site. The contour lines reflect perceived risk in the collared peccary
(Pecari tajacu) population foraging on Tumamoc Hill (UTM
coordinates 12S 499448.91255836 3564167.3684404). Warm colours
represent danger: red (giving-up density (GUD) of 300 g) and yellow
(GUD of 250 g). Cold colors represent safety: light green (GUD of
200 g) and dark green (GUF of <150 g).

Table 2. Log-linear analysis for collared peccary
(Pecari tajacu) activity as measured by the ration of
foraged to unforaged patches.

Variable G2 df P

Zone 127.84 2 <0.001
Deterrent 0.28 2 0.8694
Zone × deterrent 131.58 12 <0.001

Note: This analysis shows that risk from human activ-
ity affects the likelihood of patches remaining unforaged.
In addition, the mechanisms of plant-predator deterrent
only impact the foraging when combined with predation-
risk factors.
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Discussion
We observed a series of interacting factors that influenced the

foraging behaviour of the peccaries. We found strong support for
the significance of the physical attributes of landscape; these vary
in the degree of safety that they provide. On the other hand, patch
quality — in this scenario, herbivore deterrent mechanisms —
had a lesser impact, but it did interact with the physical structure
of the LOF.

We arranged the rest of this discussion to address the implica-
tions of this study on two levels: evolutionary interplays within
three trophic levels (i.e., plants, herbivores, and their predators)
and implications for wildlife conservation.

Evolutionary constraints and foraging ecology
In this subsection, we will discuss two major effects: the spatial

pattern of risk in response to human activity and the interaction
of that risk with patch quality.

Risk
As a result of natural selection, many prey species can discern

the level of activity shown by their predators and adjust their
habitat use appropriately. Our experiment showed that collared
peccaries, which are robust and disturbance-loving herbivores,
clearly respond to human activity as a signal of predation risk. We

saw a clear correlation between levels of human activity and the
level of “fear” exhibited by the peccaries’ foraging patterns.

Predator effects are often not additive but rather exponential
(Embar et al. 2014b). As the number of predators increases, the
prey response will plateau, as was found with Allenby’s gerbils
(Gerbillus andersoni allenbyi) responding to a titration in numbers of
Barn Owls (Tyto alba (Scopoli, 1769)) in an aviary (St. Juliana et al.
2011). A similar pattern was observed in risk-averse desert pocket
mice (Chaetodipus penicillatus (Woodhouse, 1852)) whose LOF only
slightly increased in risk elevation when owls were added to a
snake-dominated vivarium (Bleicher 2014). Our experiment was
not suited to finding the rate of change because our zones were
categorical in nature: low human activity near houses and intense
human activity near the trail. Replicating this experiment in a site
with trails of varying human activity levels should reveal the pat-
tern.

The wadi environment is a preferred bedding habitat for pecca-
ries (Bellantoni 1991), and our experiments suggest that this envi-
ronment is perceived as safe even when close to human activity
(70 m from trail or houses). The wadi provides safety in two major
ways: (1) the vegetation density is higher due to the accumulation
of water and (2) the wadi is physically hidden as a depression in
the landscape below the sightline of most prowling predators.

Fig. 3. Mean (±SE) percentage of patches foraged by collared pecarries (Pecari tajacu) as distinguished by the spatially explicit human activity
zone. The percentage of foraged stations is associated with time allocation: the safer the area, the more trays will be foraged.

Table 3. ANOVA table for the general linear model using daily mean values for human
activity zones × plant deterrent treatments (n = 108, R2 = 0.968).

Variable SS df MS F P

Zone 135 954.389 2 67 977.194 197.496 <0.001
Deterrents 29.852 2 14.926 0.043 0.958
Zone × deterrent 10 057.519 4 2 514.38 7.305 <0.001
Zone (experimental day) 183 055.61 33 5 547.140 16.116 <0.001
Error 22 716.926 66 344.196

Note: This spatially explicit model strengthens the findings suggesting that human activity was the
major factor influencing collared peccary (Pecari tajacu) foraging. Plant defence mechanisms influenced
the peccaries only when examined in interaction with safety variables. The temperature variation
(expressed by the experimental day) had a different impact based on the human activity pattern in the
station where measured. This suggests that risk-taking behaviour is influenced by physical stress from
temperature fluctuation.
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Although vegetation density is greater in ephemeral wadis com-
pared with their surrounding habitat wadis (Shaw 2015), most
food of peccaries comes from plants that grow on the flats above.
Notice, however, that the wadi provides other resources in addi-
tion to safety. The temperature at ground level in the sun at the
study site can exceed temperatures of 55 °C. But the vegetation
cover of the wadi provides a cooler environment for the peccaries.
Similar patterns of confounding observations can be found in
marsupials in central Australia, as well as other dryland species
that migrate long distances daily between the crests of sand dunes
where they forage and the burrows that they occupy in swales
(e.g., Dickman et al. 1995; Haythornthwaite and Dickman 2006). In
this case, the vegetation stabilizes the ground in the swale, allow-
ing the construction of burrows that would collapse on the dune
crests. Our experiment shows that given supplementary food in
the wadi, the peccaries could avoid the risk associated with forag-
ing on the flats exposed to humans and other predators. This

manifested itself in the preference of females and young to re-
main in the wadi.

Deterrents
Environmental stochasticity is one of the major drivers of spe-

cies extinction (Lande 1993; Ovaskainen and Meerson 2010). As a
result, when observing the species in environments with large
temperature fluctuations, we expect to find high plasticity in for-
aging behaviours and preferences. When times are dire, animals
should be willing to increase the risk that they take in foraging to
compensate for the low energetic intakes (Embar et al. 2014a).
These patterns carry over to risk of injury from handling difficult
food items, change to opportunistic foraging, and even to con-
sumption of mildly toxic (tannic) foods (Speiser and Rowell-Rahier
1991).

When resources were abundant in the spring, Nubian ibex (Capra
nubiana F. Cuvier, 1825) distinguished between thorny and safe

Fig. 4. Mean (±SE) giving-up densities (GUD; g) as collected at (A) different human activity zones (low: wadi; moderate: houses; high: trail) and
(B) as impacted by plant defence treatments (tannin: creosote bush, Larrea tridentata; thorn: ocotillo, Fouquieria splendens; control) within each
zone. Higher GUD suggests higher costs perceived by the collared peccaries (Pecari tajacu) associated with those sites, likely due to (A) risk of
predation and (B) where metabolic and predation costs interact.
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food patches. Moreover, they responded with aversion to tannic
food, presumably because tannins can be mitigated only by water
and water is a limiting resource in the desert (Kiekebusch and
Kotler 2016). Aversion to tannic food is logical given that spring in
the Negev Desert is the beginning of an 8 month dry season.

Notice the important difference between the tannin treatments
that we used. In the Nubian ibex experiments, the tannins have
been incorporated into the consumable pellets that the ungulates
foraged on. In the present experiment, we relied on fragrant cre-
osote to transmit its cue of high tannic food. If we had used pellets
soaked in tannin, then perhaps we would have seen a stronger
impact than what we observed.

In our experiment with peccaries, the primary constraint, given
the proximity to humans, was safety. In the wadi, the peccaries
were more responsive to the dangers of thorns or tannin-rich
plant containers. The difference between patches with ocotillo,
creosote, and the control were smaller under condition of human
disturbance, suggesting that counter-human vigilance behaviour
makes the peccaries less selective foragers.

Conservation
Peccaries have expanded, and are expanding, their range from

the tropics to desert lands predominantly due to human-related
habitat manipulations (Taylor 1999; Albert et al. 2004). Ranching
practices have favoured the range expansion of the pricklypear
cactus (Stoddart and Smith 1955; Bement 1968), and following that
favoured food, so did the collared peccaries (Theimer and Bateman
1992). Despite this commensalistic tendency, we observed a clear
abhorrence for the areas where humans were constantly active.

From the strong, visible impact that the hiker activity had on
the peccaries, we can infer that shyer and more disturbance-
susceptible species will be even more heavily influenced. How-
ever, in a management experiment, O’Brien et al. (2005) found
that fire management reducing food availability had a much
greater impact on habitat occupancy of peccaries than did preda-
tion risk from coyotes (Canis latrans Say, 1823). We suggest a
greater complexity than this. At our site, we observed high coyote
activity in prints, scat, and on trail cameras (S.S. Bleicher and
M.L. Rosenzweig, unpublished data). Coyotes pose a low predation
risk to the peccaries, as they are a dangerous prey and are not
worth the risk when easier prey is available.

We found that the peccaries are very aware of predation risk,
and in our case, the predator association is human. On the other
hand, the availability of limiting resources, unavailable near the
shelter (cliffs), drives the Nubian ibex to riskier environments in
the dry season, i.e., water and shade (Hochman and Kotler 2006;
Tadesse and Kotler 2011; Kiekebusch and Kotler 2016).

What do the high GUDs near the hiking trail tell us? We ob-
served an inverse foraging trend in the three stations near the
trail compared with those in safe habitats (Supplementary
Fig. S2).1 In the riskier habitat, foraging decreased as heat stress
(mean high and low temperatures) increased. In safer habitat
(wadi and houses), the trend was opposite; the warmer the tem-
peratures, the more the peccaries foraged. This suggests an effect
of intraspecific competition. Observing the terrain surrounding
the stations, we saw that the number of foragers was greatest in
the wadi, whereas only the dominant male would venture out
to the trail. This pattern, of males venturing away from safety, has
been well recorded in many species (e.g., Grignolio et al. 2007).

Behavioural (psychological) and neurological studies focusing
on post-traumatic stress disorder (PTSD) use models of measuring
risk perception under varying conditions by the willingness of
rats (Rattus norvegicus (Berkenhout, 1769)) to respond to novel ob-
jects. A few of these studies found that the rats when exposed to
environmental stress, or stressed artificially by hormone injec-
tions, were less likely to explore novel objects (Rosellini and
Widman 1989; Vargas-López et al. 2015). In addition, the longer the
exposure to stress, the less the risk-taking behaviour was observed

(Saul et al. 2012). Our experiment showed a second inverse trend
between safe and risky habitats. The peccaries preferred the re-
source patches with natural treatments (creosote and ocotillo) in
the risky environment compared with the control. Meanwhile,
peccaries foraged control patches to a greater extent in the safe
wadi. Our interpretation here lies in the association of the novel
objects with human activity. Despite all patches being constructed of
plastic cylinders, under stressful conditions the patches covered in
woody vegetation would appear a more natural source of food.

Following this study, we can provide a few conservation-based
recommendations to the management of the site. (1) If the bold
peccaries perceive the human recreation as ample threat, one that
merits avoidance, then the trail is likely perceived as an even
greater threat by more sensitive species. As such, it is likely acting
as a barrier to movement of both peccaries and other wildlife.
Reducing the impact of the recreation on the wildlife, by regulat-
ing hours of visitation away from sunrise and sunset, could in-
crease the functionality of Tumamoc Hill as a wildlife sanctuary
within the city limits. Alternately, providing well-camouflaged
culverts beneath the trail could increase habitat connectivity and
reduce the impact of the trail. (2) Heat stress exacerbated the
negative impact of the trail. We suggest that regulating recreation
as temperatures increase could help reduce stress on the wildlife.
(3) The peccaries associated the houses and trail as low and high
risk, respectively. This suggests that the rate of human activity
may influence the level of stress it causes the wildlife. We suggest
a follow-up study titrating the number of hikers on the trail to
compare and contrast human activity level with human activity
type.

Conclusion
Management in conservation areas depends on recreation to

sustain natural resource management both fiscally and politi-
cally. A balance needs to be found between the needs of the wild-
life and the needs of the visitors. In this example, we found
encouragement in that only 70 m from the trail, the collared
peccaries found a zone of safety. However, our analysis suggests
that species more sensitive to disturbance than peccaries would
suffer greatly from intense human activity. We suggest that the
correlation between peak human activity and the crucial foraging
times for desert species (sunset and sunrise) exacerbates the ef-
fects of humans on wildlife behaviour. We also conclude that
human disturbance acts similarly to stressors from diminished
resources leading to less selectivity of food patches.
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