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Ungulates are one of the most important groups in terrestrial ecosystems across the tropics. Also, ungulates are an important source of
protein for people who inhabit tropical forests, and numerous studies have been conducted to evaluate the impact of hunting on the size of
ungulate populations. However, little is known about other potential effects of hunting on these species. This study aims to analyze the effect
of landscape accessibility to hunters on the daily activities of ungulates in Yasuni Biosphere Reserve, a protected area located in the Amazon re-
gion of Ecuador. We compared activity patterns (i. e., distribution of hours of activity along the day) and activity levels (i. e, proportion of hours
of the day that an animal is active) for five ungulate species (white-lipped peccary Tayassu pecari, collared peccary Pecari tajacu, red brocket
deer Mazama americana, brown brocket deer M. nemorivaga, and tapir Tapirus terrestris) in four sites differing in the degree of access to hunt-
ers. To this end, in each of the four study areas, a grid of camera traps was placed within a polygon of approximately 100 km?; traps operated
continuously for three to four consecutive months. We recorded the date and time of detection for each species. Daily activity patterns and ac-
tivity levels were estimated with kernel density analysis for circular data. Our work included a total of 9,506 effective trapping days for the four
study sites, resulting in 1,063 separate records of the five ungulate species. In the four study areas, the brown brocket deer and the two species
of peccaries concentrated their activity in daytime hours. The red brocket deer was most active in twilight hours, and the tapir was primarily
nocturnal. At sites most accessible to hunters, the activity patterns of the collared peccary included a higher proportion of nighttime hours.
The red brocket deer also seemed to increase the proportion of nighttime hours of its daily activity. The overall daily activity level was higher
in the site with higher accessibility, but was statistically significant only for the collared peccary and the red brocket deer. Our findings include
moderate statistically significant evidence suggesting that the access of hunters to the landscape influences the daily activity of ungulates in
Yasuni. One species that is clearly affected by the access of hunters is the collared peccary, which becomes more nocturnal and increases its
nighttime hours of activity when accessibility to hunters is higher. When our results are compared with other studies, it is evident that the spe-
cies may display different behavioral responses to hunting, and that these responses may vary with the scale of analysis. This study was limited
by sample sizes, which did not allow performing comprehensive analyses for all five species. To further understand the effects of hunting and
other human activities on animal behavior, additional studies specifically designed for this purpose should be conducted.

Los ungulados constituyen uno de los grupos de mayor importancia en los ecosistemas terrestres de los trépicos. Adicionalmente, los
ungulados son una fuente importante de proteina para los habitantes de los bosques tropicales y existen algunos estudios que evaluan el im-
pacto de la caceria en el tamano de las poblaciones de estas especies. Sin embargo, se conoce poco sobre otros efectos que la caceria puede
tener en los ungulados. El propésito de este estudio fue evaluar el efecto de la accesibilidad de cazadores al paisaje en la actividad diaria de los
ungulados en la Reserva de Biosfera Yasuni, un area natural protegida localizada en la regién amazdnica de Ecuador. Se comparé los patrones
de actividad (i. e,, distribucion de horas de actividad en el dia) y niveles de actividad (i. e., proporcién de horas del dia que un animal estd activo)
de cinco especies de ungulados (pecari de labios blancos Tayassu pecari, pecari de collar Pecari tajacu, venado colorado Mazama americana,
venado marrén Mazama nemorivagay tapir Tapirus terrestris) en cuatro sitios con diferente grado de accesibilidad de cazadores al paisaje. Para
este propdsito, en cada sitio se establecié una grilla de cdmaras trampa en un poligono de aproximadamente 100 km?, y que funcioné conti-
nuamente de tres a cuatro meses consecutivos. Para cada especie se registré su fecha y hora de deteccién. Los patrones y niveles de actividad
diaria se estimaron por medio de un analisis de densidad de kernel para datos circulares. El esfuerzo total del presente trabajo fue de 9,506 dias
efectivos de muestreo entre los cuatro sitios de estudio que resulté en 1,063 registros independientes de las cinco especies de ungulados. En
los cuatro sitios estudiados, el venado marrén y ambas especies de pecari concentraron su actividad en la manana. El venado colorado fue mas
activo en los crepusculos y el tapir fue principalmente nocturno. En los sitios con mayor acceso de cazadores, el patron de actividad del pecari
de collar incluyé una mayor proporcién de horas de la noche. El venado colorado también parecié incrementar la proporcién de horas noctur-
nas en su actividad diaria. En general, el nivel de actividad diaria fue mas alto en el sitio de mayor acceso aunque estadisticamente significativo
Unicamente para el pecari de collary el venado colorado. Nuestro estudio encuentra pocas evidencias estadisticamente significativas de que la
accesibilidad de cazadores al paisaje tiene un efecto en la actividad diaria de los ungulados en Yasuni. Una especie que muestra efectos claros
es el pecari de collar, que incrementa sus horas de actividad cuando la accesibilidad de cazadores al paisaje aumenta. Por medio de comparar
nuestros resultados con otros estudios, observamos que la caceria puede tener efectos diferentes en el comportamiento de las especies, y
que ademas, estos resultados pueden variar seguin la escala de andlisis. Es importante notar que este estudio estuvo limitado por los tamafos
de muestra que no permitieron realizar los mismos andlisis para todas las especies. Para conocer a mas profundidad los efectos de la caceria
y otras actividades humanas en el comportamiento animal, sugerimos realizar mas estudios especificamente disefiados para este propdsito.

Key words: activity level; activity pattern; circadian activity; kernel analyses; Mazama americana; Mazama nemorivaga; Pecari tajacu; Tapirus
terrestris; Tayassu pecari.
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DAILY ACTIVITY OF UNGULATES

Introduction

Ungulatesinclude the most hunted wildlife species by local
inhabitants in tropical ecosystems (Robinson and Bennett
2000; Jerozolimski and Peres 2003; Milner-Gulland et al.
2003). In the Neotropics, the study of the impact of hunt-
ing on this group of animals has focused on the assess-
ment of their populations, since the decrease in the num-
ber of individuals is a serious threat for exploited popu-
lations (e. g., Peres 1996; Bodmer et al. 1997; Hurtado-Gon-
zales and Bodmer 2004; Reyna-Hurtado and Tanner 2007).
However, other aspects of the exploited species, including
their behavior, are still little known. In animal behavior, daily
activity is a key element which, for instance, has been used to
explain the sympatry of close species that share similar tro-
phic niches, or the relationships between predators and their
prey (e. g., Rivero et al. 2005; Harmsen et al. 2011).

The daily activity of organisms can be influenced by
both physiological and environmental factors (e. g., habi-
tat availability, presence of predators), including human
activities (Kitchen et al. 2000; Foster and Kreitzman 2005).
In the Netropics, daily activity patterns of ungulates have
been described in several works (e. g., Carrillo et al. 2002;
Noss et al. 2003; Gémez et al. 2005; Rivero et al. 2005; Tobler
et al. 2009; Oliveira-Santos et al. 2010; Harmsen et al. 2011;
Blake et al. 2012); however, the effect of human actions in
this aspect of animal behavior has been little studied (e. g.,
Di Bitetti et al. 2008). Previous studies indicate that hunting
affects the daily activity of wild pigs Sus scrofa in Germany
(Keuling et al. 2008). On the other hand, in Argentina it has
been observed that the red brocket deer Mazama ameri-
cana increases its peaks of activity in the nighttime hours in
areas with higher hunting levels, probably to evade hunters
(Di Bitetti et al. 2008).

The aim of this work was to evaluate the effect of acces-
sibility of hunters to the landscape on the daily activity of
ungulates in Yasuni Biosphere Reserve, located in the Ecua-
dorian Amazon where there are five sympatric species of
ungulates (white-lipped peccary Tayassu pecari, collared
peccary Pecari tajacu, red brocket deer Mazama americana,
brown brocket deer M. nemorivaga, and tapir Tapirus terres-
tris). To this end, this study analyses the daily activity in four
sites that differ in the degree of accessibility to hunters. In
addition, the results of this work are compared with a simi-
lar work conducted at a finer spatial scale in one of the sites
included in this study (Salvador 2015). Because of its size,
Yasuni is the protected area with the greatest potential for
the conservation of viable ungulate populations in Ecua-
dor. InYasuni, however, ungulates are heavily exploited by
indigenous hunters or settlers who live within or around
the protected area and that use bushmeat as the main
protein source or as an economic resource through bush-
meat trade (Sudrez et al. 2009; Espinosa et al. 2014). Our
expectation is that a deeper knowledge of the relationships
between human activities, such as hunting, and aspects of
animal behavior, including activity patterns and levels, will
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contribute to the management and conservation of the
species studied.

Materials and Methods

Study area. Yasuni Biosphere Reserve (YBR), Ecuador, is
formed by Yasuni National Park (1,000,000 ha) and the
Waorani Ethnic Reserve (800,000 ha; Figure 1). In addition,
YBR consists of a buffer area thatincludes a 10 km-wide strip
around its northern, southern and western borders. Yasuni
is a tropical rainforest ecosystem, with a mean annual pre-
cipitation of 3,000 mm and virtually no seasonality; there
are no months with precipitation below 130 mm (Valencia
etal. 2004).

Yasuni is inhabited mainly by indigenous groups that
practice subsistence hunting. In the case of the Waorani
(the main indigenous group that lives in Yasuni), hunting is
conducted mainly in daylight hours; only 1.2 % of the hunt-
ing events take place after 16:00 hours (Lu 1999). The hunt-
ing sessions last an average of 8 hours, and hunters, mostly
men, are usually accompanied by other men, their wives or
children; hunting is practiced by solitary hunters 25% of the
time (Lu 1999).

Sampling of animals. Ungulates were studied using
camera traps in four sites with different degree of accessi-
bility to hunters. A previous study in Yasuni shows that the
most accessible sites (i. e., the sites closest to villages, roads
or navigable rivers), are those most intensively exploited by
local hunters (Espinosa et al. 2014). The study sites are vis-
ited almost exclusively by local hunters, because accessibil-
ity to outsiders is very limited. The sites studied, from lower
to higher degree of accessibility, were Lorocachi, Tiputini,
Keweriono and Via Maxus (Figure 1).

Lorocachi is a Kichwa community of approximately 120
inhabitants, located at the southern border of Yasuni, on the
banks of the Curaray river. A 300-men military base is adja-
cent to Lorocachi. Reaching Lorocachi requires to travel by
air; hunters move across the area on foot or by canoe along
the Curaray river. The Kichwa community meets its protein
demand through fishing, poultry breeding, and hunting.
Hunting is managed by means of no-hunting zones and
harvest quotas for some species such as the paujil (Mitu
salvini), the Amazonian tapir and the white-lipped peccary
(Vallejo-Real 2007). Our study site was located 3 to 21 km
away from the Lorocachi community. The Amazon hunters
walk a maximum distance of 8 to 9 km from access sources,
such as houses, roads or rivers (Peres and Lake 2003; Espi-
nosa etal. 2014). We estimated that about 70 to 80 % of our
Lorocachi study area was not accessible to hunters. Hunt-
ing by military personnel is prohibited; the army gets sup-
plies from the Ecuadorian Armed Forces.

The Tiputini site was located next to the Tiputini river, in
the Yasuni northern border. It is a non-inhabited area that
is visited occasionally by Waorani and Kichwa hunters from
nearby communities (Figure 1). To reach this site, hunters
must navigate along the Tiputini river for three to five hours
in motorized canoes.



The Keweriono site was located in the vicinity of the
Waorani of Keweriono (about 60 inhabitants) and Apaika
(10 inhabitants) communities, located along the Shiripuno
river and within an area corresponding to Waorani Terri-
tory, at the Yasuni western end. Apaika and Keweriono are
located at 15 and 25 km from a road (Via Auca), respectively
and can be reached either by canoe or on foot. Waorani
hunters have access to the entire study area, which has
been hunted mainly for subsistence purposes since the cre-
ation of the Keweriono community in 1989 (Lu 1999; Mena-
Valenzuela et al. 2000).

The Via Maxus site was located in the vicinity of a road
built by the Maxus oil company in the early 1990s. The
Waorani settlements of Guiyero, Tiwe, Ganketa and Tim-
poka are located in the vicinity of this site and are home
to approximately 70 inhabitants. Although the number of
inhabitants is small, hunting in this area has been intense,
since the local inhabitants have used wildlife as a source of
income, trading substantial quantities of bushmeat in the
local markets (Espinosa et al. 2014).

The sampling of animals was designed for a study on
the jaguar (Espinosa 2012); however, the data obtained for
ungulates show no biases that preclude the present analy-
sis; there is no reason to believe that cameras influence the
hours when an animal is either active or inactive. In each
site, a quadrant including 23 to 26 sampling stations was
set (Figure 1), which operated continuously for three to
four consecutive months. Each station comprised two Leaf
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River™ C1-BU camera traps placed in front of one another
and perpendicular to trails. The stations were separated by
two to three km and covered a minimum convex polygon of
approximately 100 km? at each site (Table 1). Sampling was
carried out in the months with lower precipitation between
December 2007 and November 2009 (Table 1).

Analysis of activity patterns and levels. The activity of
organisms is divided into two components: activity pattern
and activity level. The activity pattern describes the distri-
bution of the activity of an organism throughout the day
(e. g., diurnal, nocturnal, cathemeral), and the activity level
indicates the proportion of hours per day that an animal is
active (e. g., 0.5 corresponds to 12 hours of activity; Ridout
and Linkie 2009; Rowcliffe 2015). Activity patterns and lev-
els were estimated based on the date and time recorded for
each snapshot captured by camera traps. All the analyses in
this study included only records where the period between
detections was equal to or longer than one hour for a given
species in a given station; these records were considered
independent events (Di Bitetti et al. 2008).

Daily activity patterns were estimated using the kernel
density method, which is ideal for circular data (Schmid
and Schmidt 2006; Ridout and Linkie 2009), using the ‘over-
lap’ package for R (Meredith and Ridout 2014). For each
species, we estimated the overall activity patterns, that is,
pooling the data of the four study sites for each species. In
addition, for the collared peccary and the red brocket deer,
we estimated site-specific activity patterns, since these

Ecuador
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®  Camera-trap stations
4 Settlements

— River

Road
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Figure 1. Study sites in the Yasuni Biosphere Reserve and its buffer zone. From lowest to highest accessibility to hunters: Lorocachi (A), Rio Tiputini (B), Keweriono (C) and Via Maxus (D).
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were the only species with sufficient data for analysis at this
scale. To evaluate the effect of accessibility to the landscape
on the activity patterns of these two species, the coefficients
of overlap A were compared between the four study sites.
The coefficients of overlap are defined as the proportion
of the area under the curve that is superimposed between
the two activity patterns, where A= 0 indicates no overlap
(e. g., a strictly nocturnal organism compared with a strictly
diurnal one), and A =1 corresponds to a 100% overlap (i. e.,
both activity patterns are identical; Meredith and Ridout
2016). We would expect a greater overlap of activity pat-
terns between sites with similar degrees of accessibility (i.
e., hunting), and a lesser overlap between sites with differ-
ent degrees of accessibility. We used the A, and A, overlap
estimates, which are suitable when one of the patterns to
be compared comes from a sample smaller than or greater
than 75 records, respectively (Ridout and Linkie 2009; Mer-
edith and Ridout 2016). The A, and A, confidence intervals
were estimated with a bootstrap method, using 10,000 ran-
dom resampling of data with replacement (Meredith and
Ridout 2014). The coefficients of overlap were estimated
with the ‘overlap’package for R (Meredith and Ridout 2014),
and were compared by means of a probabilistic bootstrap
test (1,000 resampling events) using the ‘activity’ package
for R (compareCkern function; Rowcliffe 2015).

Daily activity levels were estimated with the fitact func-
tion in the ‘activity’ package for R, which sets the hours, in
radians, to a circular kernel density and estimates the activ-
ity level from this distribution (Rowcliffe 2015). For each
of the five species recorded, daily activity levels were esti-
mated both overall and for each particular site. For each of
these estimates, we conducted a bootstrap with 1,000 resa-
mpling events; the statistical package provides measures
of error (i. e, standard error and 95 % confidence interval).
To compare activity levels between sites, we used a Wald
test run by the‘activity’ package for R (compareAct function;
Rowcliffe 2015).

Results

Data collection included 9,506 effective sampling days
for the four study sites (Table 1). We obtained a total of
1,063 independent records of the five species of ungulates.
Keweriono was the only site that did not record the five
ungulate species present in Yasuni (Table 2).

Activity patterns and levels. The overall activity patterns
and levels pool the data for each of the five species recorded
in the four study sites. The white-lipped peccary, the col-
lared peccary and the brown brocket deer showed a diurnal
activity pattern, mostly between 06:00 h and 18:00 h (Fig-
ure 2). The red brocket deer showed two peaks of activity
in the twilight, one at 06:00 h and the other at 18:00 h. The
Amazonian tapir was nocturnal and showed two peaks of
activity, one between 20:00 to 22:00 and another between
03:00 to 04:00 h (Figure 2). The overall activity levels were
0.44 (SE = 0.04) for the white-lipped peccary, 0.41 (SE =
0.02) for the collared peccary, 0.55 (SE = 0.05) for the red
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brocket deer, 0.43 (SE = 0.05) for the brown brocket deer,
and 0.52 (SE = 0.04) for the Amazonian tapir.

Effect of landscape accessibility of hunters on daily activity
patterns. The distribution of the activity pattern of the col-
lared peccary in Tiputini showed two diurnal peaks of activity,
at 07:00 h and 12:00 h, while in the other three sites the activ-
ity pattern had a unimodal distribution (Figure 3). The differ-
ences between the activity patterns of the collared peccary
were significant (P = 0.023) only between Lorocachi and Via
Maxus — the two sites with the lowest and highest degree of
accessibility, respectively. When compared with Lorocachi, it
is noted that in Via Maxus the collared peccary decreases the
diurnal and increases the nighttime activity (Figure 3).

The activity patterns of the red brocket deer were simi-
lar between the most and least accessible sites, and there

Tayassu pecari
© N B
O_ 4
o
<
o 4
S
o
o LU l:IIIM—I-IIIIIIIIIIHIIIII 1 i - —
o T T 1 T T
0:00 6:00 12:00 18:00 24:00
Pecari tajacu
.
o 4
S
<
o 4
S
o T .
S T e ;
o T T T T T
0:00 6:00 12:00 18:00 24:00
> Mazama americana
= > R
7]
[ -
(0]
T 3
E o
c ]
o]
o T T 1 1 T
0:00 6:00 12:00 18:00 24:00
Mazama nemorivaga
© B B
O_ 4
o
<
o 4
S
o
O_ 1 1 LIl IlIHIIWI\IIIIIIIIIIIII; 1 1 1
o T T T 1 T
0:00 6:00 12:00 18:00 24:00
© Tapirus terrestris
o 4 T T
= g :
<
o 4
S
o .
o T T T T T
12:00 18:00 24:00

0:00 6:00 1
Time

Figure 2. Overall activity patterns of ungulates in the Yasuni Biosphere Reserve. The
strip at the base of the graphs represents the distribution of records for each species.
The two parallel dotted lines represent approximate sunrise and sunset time in Ecuador,
which vary approximately between 6:00 to 6:30 and 18:00 to 18:30 h, respectively,
throughout the year.



were no significant differences in the coefficients of overlap
between sites (Figure 4). However, it was observed that in
the two most accessible sites (Keweriono and Via Maxus)
the twilight activity of the red brocket deer increases around
noon; in addition, in the latter site, the 18:00 h peak of activ-
ity shifted to approximately 19:00 to 20:00 h (Figure 4).

Effect of landscape accessibility of hunters on daily activ-
ity levels. In the ungulate species analyzed, except for the
brown brocket deer, the daily activity level was highest in
Via Maxus, which is the most accessible site for hunters (Fig-
ure 5). However, these differences are statistically significant
only in two cases and considering an « of 10 %: the collared
peccary between Lorocachi and Via Maxus (Wald y?=2.85, d.
f.=1,P=0.091), and the red brocket deer between Tiputini
and Via Maxus (Wald y?=3.38,d.f.= 1, P = 0.066; Table 3).

Discussion

The comparison of activity levels and patterns of species
in sites with higher or lower accessibility levels by hunters
showed few statistically significant differences, and these
occurred in extreme cases. For instance, the activity pat-
tern of the collared peccary was significantly different only
between the most accessible site (Via Maxus) and one of the
two most remote sites (Lorocachi). Likewise, the activity level
of the collared peccary was higher in Via Maxus vs. Lorocachi,
while the activity level of the red brocket deer was higher in
Via Maxus vs. Tiputini, the second most isolated site; these
two results were significant at an a of 10 %. Therefore, it is
evident that there are no solid results allowing to affirm that
landscape accessibility by hunters affects the daily activity
of organisms in general, although some species, such as the
collared peccary, are seemingly affected by this factor.

To note, the changes in diurnal activity in the collared
peccary and the red brocket deer showed an increase in
nighttime activity in the most accessible sites. Similar pat-
terns have been observed recently in a similar study in Via
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Figure 3. Overlap of the activity patterns of the collared peccary Pecari tajacu
among the four study sites. The top of each chart details the coefficients of overlap, (95 %
Cl), for each comparison; *Significant difference (« <5 %).
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Figure 4. Overlap of the activity patterns of the red brocket deer Mazama americana
among the four study sites. The top of each chart details the coefficients of overlap, (95%
Cl), for each comparison; no case yielded significant differences between A estimates.
Maxus, where the red brocket deer increases the proportion
of hours of nighttime activity (Salvador 2015) in sites that
are close to human settlements (i. e, higher accessibility
and hunting). The shift in the activity pattern toward night-
time in the presence of hunting has been observed previ-
ously in the red brocket deer, specifically in Argentina (Di
Bitetti et al. 2008), as well as in other ungulate species, e. g.,
the Mediterranean mouflon Ovis gmelini musimon (March-
and et al. 2014), and the sika Cervus nippon (van Doormaal
etal. 2015). These observations support that both the col-
lared peccary and the red brocket deer display plasticity to
adapt their activity pattern in response to human interven-
tion, which partially explains their permanence in sites like
Via Maxus in Yasuni, where hunting is intense, although
other factors such as source-sink dynamics may be more
important (Espinosa et al. 2014).

Although there were virtually no significant differences,
itis interesting to note a trend toward a higher activity level
inthe most accessible site (Via Maxus) in four of the five spe-
cies analyzed: tapir, white-lipped peccary, collared peccary

Lorocachi Tiputini Keweriono Via Maxus

Camera trap

) 26 25 23 26
stations

Installation of
the first camara
trap station

07/11/2008  11/20/2008 08/05/2009  11/24/2007

Removal of the

last camaratrap ~ 10/24/2008 03/19/2009 11/15/2009 03/09/2008

station

Effective trap- 2458 2410 2132 2506
days

Minimum

convex polygon 110 110 106 104

of stations (km?)

Table 1. Sampling effort with camera traps in four sites across Yasuni Biosphere
Reserve, Ecuador. The sites, ranked from lowest to highest accessibility to hunters, are:
Lorocachi, Tiputini, Keweriono and Via Maxus.
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Table 2. Ungulate species recorded by camera traps in four sites across Yasuni
Biosphere Reserve, Ecuador. The sites, ranked from lowest to highest accessibility to
hunters, are: Lorocachi, Tiputini, Keweriono and Via Maxus.

Lorocachi Tiputini Keweriono Via Total
Maxus
Tapirus terrestris 50 80 6 33 169
Tayassu pecari 21 152 0 7 180
Pecari tajacu 121 129 41 76 367
Mazama americana 99 105 40 27 271
Mazama nemorivaga 17 44 0 15 76

and red brocket deer. This finding seemingly opposes what
we might intuitively expect, because more active individu-
als would be more exposed to hunting. In a study at a finer
scale in Via Maxus, Salvador (2015) reports a higher activity
level of the tapir in areas adjacent to Waorani settlements,
similar to the observations in this study (i. e., higher activity
levels in more accessible sites). However, Salvador (2015)
also notes that the activity of the white-lipped peccary and
the red brocket deer was significantly higher in sites further
away from the road or Waorani settlements, which are vis-
ited less frequently by local hunters (Espinosa et al. 2014).
These seemingly contradictory observations indicate dif-
ferential responses of species to disturbance, and may vary
according to the scale of analysis.

An explanation for the increase in activity of ungulates
in places more accessible to hunters is that, in addition to
the time required for foraging, individuals need to spend
time escaping from hunters or moving to safer places. It
is well known that ungulate populations subjected to
hunting pressure display a higher escape response versus
populations in areas with no hunting pressure (Stankowich
2008). For example, it has been documented that hunting
and other human activities lead to an increase in the daily
movement of the American bison Bison bison (Fortin and
Andruskiw 2003), and an increase in the level of vigilance
of the red deer Cervus elaphus (Jayakody et al. 2008) and
the European roe deer Capreolus capreolus (Benhaiem et al.
2008). However, little is known about the escape responses
of Neotropical ungulates to the various disturbances caused
by human activities (e. g., hunting, presence of domestic
animals, and recreational activities, among others).

Animals can respond to hunting in manners that resem-
ble those observed in relation to their natural predators
(Frid and Dill 2002). A common behavioral response of prey
to the risk of predation is to avoid high-risk areas where
predators or hunters are usually abundant. Therefore,
human hunters can force prey to move to safer habitats,
causing physiological stress, escape behaviors and altera-
tion of the rhythms of activity (Frid and Dill 2002; Crosmary
et al. 2012; Matassa and Trussell 2014). These behavioral
responses have been reported in a number of organisms,
ranging from aquatic birds (Fox and Madsen 1997) to large
ungulates (Stankowich 2008). In the Neotropics, we have
significant information related to the activity patterns of
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Figure 5. Daily activity level (i. e, proportion of hours per day that an animal is active)
of ungulates across the four study sites in Yasuni; error bars represent the standard error.

ungulates (e. g., Carrillo et al. 2002; Noss et al. 2003; Gémez
et al. 2005; Rivero et al. 2005; Tobler et al. 2009; Oliveira-
Santos et al. 2010; Harmsen et al. 2011; Blake et al. 2012).
However, there are still scarce studies to better understand
the effects of anthropic actions on the daily activity of these
organisms.

Table 3. Absolute differences in the daily activity level (i. e., proportion of hours per
day that an animal is active) of ungulates across the four study sites; standard errors are
shown in parenthesis.

Tiputini  Keweriono  Via Maxus
Mazama americana  Lorocachi 0.147 0.028 0.097
(0.097) (0.111) (0.126)
Tiputini - 0.119 0.244
(0.118) (0.133)*
Keweriono - - 0.125
(0.143)
Mazama nemorivaga Lorocachi 0.063 NA 0.037
(0.100) (0.103)
Tiputini - NA 0.100
(0.099)
Keweriono - - NA
Pecari tajacu Lorocachi 0.022 0.023 0.083
(0.049) (0.052) (0.049)*
Tiputini - 0.002 0.061
(0.060) (0.056)
Keweriono - - 0.060
(0.059)
Tapirus terrestris Lorocachi 0.043 0.091 0.116
(0.078) (0.128) (0.124)
Tiputini - 0.132 0.075
(0.116) (0.112)
Keweriono - - 0.207
(0.151)
Tayassu pecari Lorocachi 0.016 NA 0.062
(0.073) (0.122)
Tiputini - NA 0.078
(0.122)
Keweriono - - NA

*Significant difference (« < 10 %); Not Available (NA): T. pecari and M. nemorivaga were
not registered in Keweriono..



This study shows some evidence of the effects of the
accessibility of hunters to the landscape on the daily activity
of ungulates that inhabit Yasuni. However, further informa-
tion is needed to draw clearer conclusions, since the limited
data available did not allow to perform the same analysis
for all the species studied. This lack of information for some
species is linked to hunting, and demonstrates the negative
effect of this activity on animal populations when manage-
ment is inadequate (Reyna-Hurtado and Tanner 2007). For
example, in Keweriono the white-lipped peccary, one of the
species most heavily hunted by the Waorani, has not been
observed over the past 20 to 30 years (Mena-Valenzuela et
al. 2000, Espinosa et al. 2014).

The comparison of our results with those obtained in a
separate study (Salvador 2015) revealed that in one of the
sites included in this study (Via Maxus) the type of behav-
ioral response of ungulates to hunting may vary between
species and may change according to the scale of analysis.
The knowledge of the factors that influence animal behav-
ior is relevant to understand how species adapt and per-
sist in their habitats, thus making it necessary to evaluate
the impacts of potential management alternatives, such as
hunting or tourist activities. We believe it is necessary to
expand the research with studies specifically designed to
address questions related to animal behavior.
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