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Abstract

The ability of animals to adjust their behaviour can influence how they respond to environmental changes and human pres-
ence. We quantified activity patterns of terrestrial mammals in oil palm plantations and native riparian forest in Colombia
to determine if species exhibited behavioural changes depending on the type of habitat and the presence of humans. Despite
the large sampling effort (12,403 camera-days), we were only able to examine the activity patterns of ten species in riparian
forests and seven species in oil palm plantations, with four species (capybara, giant anteater, lesser anteater and common
opossum) being represented by enough records (i.e. n > 20) in both oil palm and forest to allow robust comparisons. Only
capybaras showed an apparent change in activity patterns between oil palm plantations and riparian forests, shifting from
being crepuscular in forest to predominantly nocturnal inside oil palm plantations. Further, capybaras, giant anteaters and
white-tailed deer appeared to modify their activities to avoid human presence inside oil palm plantations by increasing
nocturnality (temporal overlap &ranged from 0.13 to 0.36), whereas jaguarundi had high overlap with human activities (A
=0.85 (0.61-0.90)]. Species pair-wise analysis within oil palm revealed evidence for temporal segregation between species
occupying the same trophic position (e.g. foxes and jaguarundi), whereas some predators and their prey (e.g. ocelots and
armadillos) had high overlaps in temporal activity patterns as might be expected. Our findings shed light on the potential
behavioural adaptation of mammals to anthropogenic landscapes, a feature not captured in traditional studies that focus on
measures such as species richness or abundance.
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Introduction

Handling editor: Adriano Martinoli. The capacity of species to adapt to human activities will
determine their chances of survival in the face of anthropo-
genic habitat change (Sih et al. 2011; Wong and Candolin
2015). Typically, responses to habitat alteration are analysed
Centre for Tropical Environmental and Sustainability through metrics such as species diversity and animal abun-
lsjcniie\zcr:t(;og;g}i:gﬁg“:g%’jiﬁ:ﬁ;’iiejri“g’ James Cook dgnce (e.g. Rovero e.t al. 2014; Wearn et al. 2017), along

with more recent estimates of occupancy (e.g. Pardo et al.
2016; Yue et al. 2015). These are measures based on sample
counts, or proportional contributions of individual species
to overall individual counts, which are then assessed against
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the influence of human presence on mammal assemblages
and their capacity to persist in human-dominated landscapes.

Activity patterns are shaped by natural factors and
physiological requirements of individual species, including
requirements of thermoregulation, seasonal changes in tem-
perature and moisture as well as biotic interactions such as
competition and predator pressure (Halle 2006). Behavioural
responses must, by their nature, allow species to exist across
a range of conditions and are thus flexible to the actual state
of the environment or human-driven process (Halle 2000).
For example, Gaynor et al. (2018) conducted a meta-analysis
and found that mammals are becoming more nocturnal in
response to human disturbances. Evidence suggests that
species can modify their behaviour depending on hunting
pressures (Di Bitetti et al. 2008). Further, some mammal
species can modify their activity patterns depending on the
habitat type, presence of human activity, or size of patches.
For example, in the Peruvian Amazon, the activity patterns
of some bats change between land cover types such as agri-
culture and forest types (Presley et al. 2009). Similarly, in
the Brazilian Amazon, nine-banded armadillos (Dasypus
novemcinctus) modify their activity patterns depending on
the size of the fragments in which they occur, having strictly
nocturnal activity in big fragments (> 1000 ha), but a more
cathemeral pattern in smaller ones (Norris et al. 2010).

Oil palm is one of the biggest threats to biodiversity in
Southeast Asia (Azhar et al. 2014; Fitzherbert et al. 2008).
Although the production of oil palm in Colombia is not the
primary cause of deforestation (Furumo and Aide 2017;
Pardo and Ocampo-Pefiuela 2019), it is one of the most
rapidly expanding crops in natural or seminatural ecosys-
tems (Reviewed by Pardo et al. 2015). Up to 2018, there
was ~ 540,000 ha oil palm officially registered (Fedepalma
2019). Only recently have the effects of oil palm production
on Neotropical fauna begun to be evaluated. For example,
Gilroy et al. (2015), compared the diversity of ants, birds,
herpetofauna, and dung beetles in the Llanos region (east-
ern plains) and found that diversity of the three first taxa
was higher in the forest than in oil palm plantations. Similar
results have been reported for other taxonomic groups such
as birds (e.g.Lopez-Ricaurte et al. 2017; Prescott et al. 2016)
and mammals (e.g. Pardo et al. 2018a, b; Pardo and Payan
2015). These studies have been based on the traditional
approach of linking metrics of diversity to landscape vari-
ables and analyses that considers species identities in broad
functional groups. To our knowledge, however, no previ-
ous study has evaluated activity patterns of medium and
large-sized mammalian assemblages in human-dominated
landscapes in Colombia.

In the Neotropics, the study of activity patterns has
increased in recent years, especially in countries such as
Peru, Bolivia, and Brazil (e.g. Di Bitetti et al. 2006; Fos-
ter et al. 2013; Gomez et al. 2005; Maffei et al. 2005;
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Oliveira-Santos et al. 2008; among others). However, very
few of those studies quantify the temporal relationships
between species in the community or between habitats (e.g.
Presley et al. 2009). This is important information as the
study of activity patterns can be used as indicators of how
species use available resources, potential predator—prey rela-
tionships, competition/coexistence between species, foraging
effort (time and energy), and predation risk (e.g. Di Bitetti
et al. 2010; Durant 1998; Weckel et al. 2006; Wong and
Candolin 2015). The effects of human landscape modifica-
tion on behaviour can be analysed by comparing activity pat-
terns overlap between two or more ecosystems, or between
pairs of species within a single habitat (i.e. between spe-
cies interaction) (Ridout and Linkie 2009). In human-dom-
inated landscapes, such as plantations, comparisons between
human and animal species can reveal potential co-ocurrence
between humans and animals depending on animals’ flex-
ibility to modify their daily routines. Therefore, studies of
overlaps between activity patterns will help to respond if
the tolerance shown by some mammal species to oil palm
is also facilitated by changing periods of activity to avoid
human disturbances.

Colombia is ranked among the five most diverse countries
in the world for mammals with 518 species recorded to date
(Ramirez-Chéaves et al. 2016). Nevertheless, little is known
on the natural history of terrestrial mammals, and much less
is known about activity patterns (e.g. Caceres-Martinez et al.
2016; Gonzalez-Maya et al. 2009; Mufioz et al. 2002). To
our knowledge, only two studies have assessed temporal
overlap between species in Colombia (i.e. Gonzédlez-Maya
et al. 2015; Ramirez-Mejia and Sanchez 2016). The lack of
mammal studies is particularly evident along riparian or gal-
lery forest (Diaz-Pulido et al. 2017), which are forest strips
bordering rivers or “cafios” in the Llanos region, located
in the Orinoco Basin of Colombia (IDEAM et al. 2007).
This type of forest is one of the most important remnant
ecosystems in the Llanos due to its existence as a series of
wildlife refuges and as corridors across natural savannas or
mosaics of agricultural landscapes (Lasso et al. 2011; Pardo
et al. 2018a).

Since the study of animal behaviour in human-dominated
landscapes is limited, our understanding of the ability of ani-
mals to adjust their behaviour in response to human activi-
ties (i.e. harvesting related activities) is also poorly under-
stood. The objective of this study was, therefore, to elucidate
whether oil palm and human activities affect the activity
patterns of terrestrial mammal species in oil palm-dominated
landscapes in Colombia. For this, we quantified the overlap
between periods of animal activity using the records from
a large camera trapping in the Colombian Llanos. Specifi-
cally, we address the following questions: (1) Do terrestrial
mammals modify their activity patterns between oil palm
and riparian forest habitats? (2) Do terrestrial mammals
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inside oil palm avoid times of high human activity? (3)
How do species-specific temporal interactions among ter-
restrial mammals differ between these two habitats? Since
oil palm is a relative recent land use in the area, we did not
expect to find important differences in activity patterns of
most species between forest and plantation/ however, we
hypothesized that human presence inside plantations would
slightly change the daily patterns due to perceive risk and
disturbance (e.g. noise, traffic, etc.). This study complements
a series of studies conducted in the study area (e.g. Pardo
et al. 2018b, 2019).

Methods
Study area

The study area was located in the Colombian Llanos Orien-
tales region (here after Llanos) and included rural areas of
the towns of Restrepo, Cumaral, Cabuyaro, Acacias, Castilla
la Nueva and San Carlos de Guaroa. All towns are situated in
the department of Meta, between 194 and 394 m a.s.l. Yearly
average daily temperature range from 20 to 33 °C, with a
bimodal rainfall pattern (i.e. one dry season and one wet
season per year). This area has a long history of landscape
modification by human activity and is currently dominated
by oil palm plantations, which mostly consist of large-scale
production (industrialized). Other activities include mostly
cattle grazing and to a lesser extent, rice cultivation. The
remnant natural ecosystem in the region is predominantly
secondary riparian forest strips (gallery forest) varying in
size and age, some of which experience seasonal inundation.
None of the plantations were RSPO certified, but hunting
was explicitly prohibited in most of these sites. For a figure
of study area see Pardo et al (2018a, b).

Survey design

We sampled 56 sites, 33 inside oil palm plantations, and
23 within riparian forest covering an area of approximately
2000 km?. Sites (sampling unit) were separated by at least
2 km to maintain sample independence. This site placement
criterion exceeds the minimum recommended inter-site dis-
tance for inventories of terrestrial mammals in the Neotrop-
ics (e.g. Silveira et al. 2003; Team Network 2008; Tobler
et al. 2008). Furthermore, previous research in the region
suggests that this inter-site distance corresponds to the aver-
age diameter of home ranges for the common mammal spe-
cies occurring in the study area (i.e. Ferrer et al. 2009; Pardo
and Payan 2015). Surveys were conducted during the dry
season between September 2014 and January 2016. We sam-
pled plantations that were at least 10 years old (i.e. planted
no later than 2006). Due to the limited number of cameras,

sites were not surveyed simultaneously but progressively
as cameras were retrieved and, therefore, available to be
deployed in other sites.

Camera trapping

We used seven Reconyx HC500 HyperfireTM digital cam-
eras at each site (sampling unit) to detect mammals. Cam-
eras were placed along a 1.5-km transect with the first cam-
era randomly located and the remaining cameras set every
250 m. This protocol was used to increase survey success per
site (Pardo et al. in preparation), compared to the traditional
mammal research approach of one camera per site (Burton
et al. 2015). Where feasible, cameras inside riparian forests
(hereafter referred to as forest) were placed along animal
paths or facing small gaps in the vegetation to maximize
capture success. To increase coverage and capture probabili-
ties of cameras within regularly arrayed oil palm trees within
oil palm plantations (hereafter referred to as oil palm), cam-
eras were positioned in a zigzag arrangement. Most cameras
were positioned facing the harvesting path where animals
are most likely to move and where vegetation is usually
low. This allows for the correct operation of the camera and
therefore maximize the detection probability.

We fixed all cameras to trees (including oil palm trees
when possible) or wooden poles with a steel cable and were
located at approximately one—two metre from the potential
path of animals and 25-30 cm height depending on the ter-
rain. Cameras were configured with the following criteria:
high sensibility sensor, one-second interval between consec-
utive pictures (three per trigger), no delay or a quiet period
between triggers and were active for 30 to 40 days without
baiting. We filtered the detection of the species (animal pho-
tos) using a 30-min independence criteria between consecu-
tive photos of the same species (O’Brien et al. 2003).

Activity patterns

To estimate daily activity patterns of terrestrial mammals
and determine how they differ between oil palm and riparian
forest, we followed the approach developed by Ridout and
Linkie (2009). In this approach, species activity periods are
estimated using circular Kernel probability density function,
and similarities between two activity patterns (e.g. between
different habitats, or between species) are quantified by the
coefficient of overlapping (K). This coefficient ranges from
zero (i.e. no overlap) when two activities patterns are dif-
ferent or segregate from each other to one if they are com-
pletely similar (i.e. complete overlap). Since this coefficient
can be influenced by sample size, we used a smoothing
parameter of 34 for species with more than 75 records and
&1 for those with less than 50 (Ridout and Linkie 2009).
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We included only those species with more than 20 inde-
pendent records to ensure the analysis was robust and to
avoid making inferences about species where limited data
were available. Therefore, in cases where the same species
had more than 20 records in either of the two habitats, but
less than this in the other, the estimated activity pattern is
shown for the habitat with more than the minimum records,
and no overlap coefficient was reported because of its high
imprecise estimations. We used the same framework to eval-
uate the influence of human activity inside oil palm planta-
tions (for species with high detections during day times) and
to evaluate interspecific temporal relationships for all possi-
ble pair-wise species comparisons within each land use type.
We defined human activity as any activity where humans are
present including cars, harvesting, cleaning, walking, etc.,
derived from the camera photos inside the plantations. All
analyses were conducted in the R package “overlap” (Mer-
edith and Ridout 2017; R Development Core Team 2014).

We classified all species into four broad categories of
activity period (modified from van Schaik and Griffiths

1996) as per visual examination of the estimated Kernel
probability density plots. As such, species were considered
diurnal when the density (area under the curve) where maxi-
mum between 0600 and 1800 h, nocturnal when between
1800 and 0600 h and species were classified as crepuscular
when the peak of density plots was between 0500 and 0600 h
(dawn) and/or 1700-1800 h (dusk) The final category, cath-
emeral (see Halle 2006), was used when a species showed
no clear preference for any of the three previous categories,
demonstrated via the distribution of activity over the 24-h
showing no clear pattern of peaks.

Results

We recorded 2515 independent photographs from 23
medium and large-sized terrestrial mammals across the
study area, from which 1947 were in forest and 568 in oil
palm plantations (Table 1). Further, we recorded 2344
instances of human activity in palm plantations, and 78

Table 1 Independent detection

Common name Scientific name Riparian forest Oil palm
(photogr'flphs) of .the 24 planta-
mammalian species detected tion
inside oil palm plantations and
riparian forest across the Llanos Giant anteater Myrmecophaga tridactyla 116 123
region, Colombia Lesser anteater Tamandua tetradactyla 65 39
Nine-banded armadillo Dasypus novemcinctus 119 4
Naked tailed armadillo Cabassous unicinctus 25 0
Fox Cerdocyon thous 14 226
Jaguarundi Puma yagouaroundi 6 20
Ocelot Leopardus pardalis 57 15
Puma Puma concolor 2 1
Greater grison Galictis vittata 2 1
Tayra Eira barbara 2 0
Crab eating raccoon Procyon cancrivorus 6 16
Coati Nasua nasua 15 0
White -tailed deer Odocoileus cariacou 8 22
Red deer Mazama sp. 0 2
Collared peccary Pecari tajacu 1 1
Spiny rat Proechimys spp. 182 3
Mice nn 0 2
Agouti Dasyprocta fuliginosa 425 0
Paca Cuniculus paca 469 1
Capybara Hydrochaerus hydrochaeris 99 29
Coendu Coendu spp. 1
Squirrel Ssciurus spp. 44 0
Common opossum Didelphis marsupialis 288 63
Four eyed oppossum Philander opossum 1 0
Total records 1947 568

Independency criteria=30 min between consecutive photographs of the same species

nn species not identifiable by camera trap
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inside the forest (Table 1). (For discussion about species
richness and composition refer to Pardo et al. 2018a, b).

Overall, capture records of individual species (sample
size) were low, especially for most species inside oil palm
(see Pardo et al. 2018a), which limited the comparison
between habitat types (oil palm and forests) for most of
the 17 shared species (Table 1). We detected eight carni-
vores in the landscape, seven of which were mesopreda-
tors (fox, jaguarundi, ocelot, greater grison, crab-eating
raccoon, coati, tayra; for scientific names see Table 1),
and only one top predator (puma). However, the major-
ity were rare and only two species were recorded in suf-
ficient numbers (> 20 independent photographs) inside
oil palm for analysis (jaguarundi and fox) and only one
species (the ocelot) resulted in enough detections inside
the forest.
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Fig. 1 Activity patterns and overlap coefficient estimate (A) for most
common shared species between riparian forest and oil palm planta-
tions in the Llanos region of Colombia. The shaded region denotes
the activity overlap of each species between the two land cover types,

Activity patterns within habitats
Riparian forest

In the riparian forest, only 10 out of 23 species had sufficient
records (n>20) to reliably estimate their activity patterns
(Table 1), two of which were found exclusively in the forest
(naked tailed armadillo and agouti). Ocelots, lesser anteaters
(Tamandua tetradactyla), capybaras (Hydrochaerus hydro-
chaeris), and common opossums (Didelphis marsupialis)
showed greater activity during night times, with a low den-
sity of probability during the daytime (Figs. 1, 2). However,
capybaras activity was clearly narrowed towards crepuscular
times (particularly at dusk). Giant anteaters (Myrmecophaga
tridactyla) were relatively cathemeral with a concentration
of activity during crepuscular times, and a tendency to be
inactive at midday (Figs. 1, 2). Nine-banded armadillos
(Dasypus novemcinctus), naked-tailed armadillos (Cabas-
sous unicinctus), pacas (Cuniculus paca) and the spiny
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based on Kernel density. A ranges from O to 1, being 1 complete over-
lapping, parenthesis indicates the 95% confidence intervals. Only
species with minimum 20 records in both habitats were analysed (for
sample sizes refer to Table 1)
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Fig.2 Activity patterns estimates for selected species in oil palm
plantations (a) and riparian forest (b) in the Llanos region of Colom-
bia. The graphs were constructed using Kernel density functions for

rats (Proechimys spp) were strictly nocturnal. Nine-banded
armadillo showed a peak in activities around 2000 h and
naked-tailed armadillos around 0500 h (similar to the spiny
rats, lesser anteaters, and ocelots). The remaining species
showed more homogeneous activity patterns, and only one
species was strictly diurnal (agouti with very low detections
around mid-day) (Table 2; Fig. 2).

Oil palm plantations

In oil palm, seven out of 17 species were suitable for analy-
sis. Only capybaras were strictly nocturnal in this habitat,
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T
Time me

species with more than 20 records in any of the habitats. For species
with robust data for both habitats refer to Fig. 1

contrary to the forest where they were also active in late
afternoon or crepuscular times. The remaining species
showed a nocturnal habit with few detections during the
daytime (e.g. fox, white-tailed deer). White-tailed deer and
jaguarundi had more records in oil palm plantations than
inside forests, with white-tailed deer showing a tendency
to cathemerality, but with a clear narrow peak of activity
around 1800 h (crepuscular), while jaguarundi were strictly
diurnal. However, jaguarundi showed a preference for the
morning with a peak of activity around midday, after which
activities decline notably (Fig. 2). Inside oil palm, giant ant-
eater cathemerality was less evident compared to the forest
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Table2 Overlapping coefficient estimate (&) based on Kernel density function estimates between selected species pairs inside riparian forest
and corresponding activity period categories across oil palm dominated landscapes in the Llanos region, Colombia.

Naked
Lesser tailed Common
- - anteater * Armadillo armadillo* Ocelot Spinyrat Agouti Paca Capybara opossum Activity Period Category
”{!\ . Giant 0.68 0.63 0.60 0.86 0.67 0.42 0.62 0.70 0.64 Cathemeral: with two peaks
- ™ anteater (057-0.79) (054-0.72) (045-0.73)  (0.49-0.69)  (0.56-073) (034-0.51) (0.53-070)  (0.62-0.78)  (0.61:0.77)  of activity at dawn and dusk
P N Mostly noctur.n‘al with
e Lesser 0.73 0.72 0.75 0.82 0.23 0.75 0.46 0.77 important activity around
- - anteater (0.62-0.84)  (0.56-0.87)  (0.62-0.87)  (0.71-0.89)  (0.11-0.30)  (0.66-0.84)  (0.33-0.57)  (0.67-0.85)  3:00h
\m 0.70 0.73 0.80 0.05 0.92 0.41 0.87 Nocturnal estrictly: peak of
- - - ¢ Armadillo  (0.52-0.87) (0.61-0.84) (0.70-0.89)  (0.01-0.1) (0.86-0.97) (0.32-0.50) (0.79-0.94) activity around 21:00h
Naked
KF . tailed 0.70 0.86 0.09 0.70 0.43 0.79 Nocturnal estrictly: peak of
- - - - ¥7%% armadillo  (0.54-0.86) (0.71-0.98)  (-0.01-0.15)  (0.54-0.87) (0.28-0.54) (0.63-0.93) activity around 3:00h
0.77 0.30 0.70 0.63 0.80 Mostly nocturnal with a
- - - - - W Ocelot (0.63-0.93)  (0.19-0.40)  (0.54-0.87)  (0.50-0.74) (0.70-0.90) slightly peak around 5:00h
0.10 0.81 0.46 0.86 Nocturnal strictly: peak of
- - - - - - ﬁ% Spinyrat (0.06-0.14)  (0.74-0.87)  (0.35-0.54) (0.79-0.93) activity around 5:00h
= 0.04 0.47 0.11 Diurnal strictly: low density
- - - - - - - ” Agouti (0.02-0.06)  (0.37-0.55)  (0.08-0.15)  of activity around 12:00h
Nocturnal strictly: no
’ 0.41 0.88 evident concentration of
. . . . . - - - & Paca (033-050)  (0.85093)  activity

Mostly crepuscular with
peak of activity around
18:00h

Mostly nocturnal, no
evident concentration of

B‘((” 0.49
- - Capybara  (0.40-0.58)
_ﬂ{ Common

opossum

activity

(i.e. less active during daytime), but in both habitats, this
species avoided midday hours (i.e. very low activity to no
activity).

Do species modify their activity patterns
between habitats?

Given small capture rates in the majority of species, it was
only possible to analyse changes in activity patterns between
habitat types for four species (n> 20 in both habitats): capy-
bara, giant anteaters, lesser anteaters and common opossums,
with only the capybara showing a shift in activity patterns
between habitats. Overlap estimation between habitats was
not possible for some species such as the white-tailed deer,
jaguarundi, or ocelot despite being present in both habitats,
due to low records in either of the habitats (Table 1). For
these species, though, activity patterns densities are shown
for the habitat with more reliable data in Fig. 2. Since foxes,
clearly preferred oil palm, it was not possible to test whether
its activity patterns differed significantly between oil palm
and riparian forest. Ocelots showed a clear nocturnal activ-
ity with only a few records during the daytime. It is worth
noting, though, that all 15 records of ocelots inside oil palm
plantations were only at night time (from 1800 to 0600 h).

Capybaras had an overlap value of 0.32 (0.22-0.40) and
showed clear peaks of activity for each land cover. In the
riparian forest, there was one peak at approximately 0500 h
and another peak around 1800 h, indicating crepuscular
behaviour. In oil palm, however, while again there were two
peaks of activity, these were centred at around 0300 h and at
approximately 2100 h, which indicates more nocturnal behav-
iour inside oil palm (Fig. 1). Capybaras were never detected
after ~0700 h in oil palm plantations. In contrast, giant ant-
eaters, lesser anteaters, and common opossums (Didelphis
marsupialis) showed an overlap of activities greater than 0.80
(Fig. 2), suggesting no major changes or modification of activ-
ity patterns between land cover types for these species. Giant
anteaters showed an important decline in activities after 0600 h
inside oil palm when their activity in forests tended to increase.
Activities in oil palm remained low until ~1700 h when they
increased again showing a peak around 0100 h. In the forest,
the giant anteaters had two evident peaks of activities at cre-
puscular times (dawn and dusk).
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Do species inside oil palm avoid
times of high human activity?

Only four species were suitable for this analysis (giant
anteater, white-tailed deer, capybara, jaguarundi). Giant
anteater appeared to avoid human activities when using
oil palm plantations with an overlap value of just 0.27 (CI
0.19-0.33). Similarly, white-tailed deer register an over-
lap of 0.36 (0.17-0.53), with a clear peak after human
activities cease at 1800 h (Fig. 3). Capybaras had the low-
est overlap with humans due to its markedly nocturnal
behaviour inside oil palm [3 =0.13 (0.02-0.19)]. In total
contrast, jaguarundi displayed high overlaps with human
activities [K =0.86 (0.80-0.96), Fig. 3], with a peak activ-
ity around midday.
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Fig.3 Activity patterns and overlap coefficient estimate (3) based on
Kernel density function estimates between humans and giant anteater,
and humans and jaguarundi inside oil palm plantations in the Llanos
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How do species-specific temporal
interactions differ between habitats?

Interspecific interaction within the forest

The greatest overlap of activity patterns between spe-
cies was 0.92 (0.86-0.97) between pacas and nine-
banded armadillo, the least overlap was 0.05 (0.01-0.1),
between agoutis and nine-banded armadillo. Capybaras
and giant anteaters were the only species with relatively
high overlapping with the strictly diurnal agoutis [A=0.47
(0.37-0.55) and A =0.42 (0.34-0.51), respectively], fol-
lowed by ocelots with a low overlap of 0.30 (0.19-0.40)
(Table 2), reflecting their capacity to be active during the
day or night times. Potential prey—predator relationships
showed that ocelots and common opossum overlapped
by 0.80 (0.70-0.90), followed by ocelots and spiny rats
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region of Colombia. Humans (n=2344), giant anteater (n=123),
jaguarundi (n=20), white-tailed deer (n=22) and capybara (n=29).
Category “humans” include any independent photograph of workers
and/or machinery (e.g. tractor, trucks)
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[3 =0.77 (0.63-0.93)], and nine-banded armadillo [K =
0.73 (0.61-0.84)]. Interestingly, both species of armadil-
los showed different peaks of activities with nine-banded
armadillo being more active around 2100 h while naked-
tailed armadillo around 0300 h.

Interspecific interaction within oil palm

The highest interspecific overlap for species inside oil
palm plantations was 0.90 (0.79-0.99) between lesser
anteaters and giant anteaters, the lowest overlap was esti-
mated between jaguarundi and capybara, due to jagua-
rundi’s marked diurnality [K=0.16 (0.01-0.30) (Table 3),
followed by the jaguarundi and common opossum [A
=0.24 (0.07-0.39)]. The most common overlap among
species was 0.4-0.5. The two most frequently photo-
graphed mesopredators inside oil palm plantation (foxes
and jaguarundi) had an overlap value of 0.27 (0.14-0.44),
suggesting temporal segregation in their activity patterns,
with foxes being notably nocturnal. Overlap between the
activity patterns of giant anteaters and lesser anteaters
inside oil palm was greater than inside forests (i.e. A=
0.90 (0.79-0.99) and A=0.68 (0.57-0.79), respectively)
(Tables 2, 3).

Discussion

Overall, most species in the study area were primarily noc-
turnal, except for agouti and jaguarundi that were diurnal,
and white-tailed deer and capybara that tended to be crepus-
cular (in oil palm and forest, respectively). Giant anteater
had a cathemeral pattern, although activities were higher
at crepuscular and nocturnal times. These results are not
unexpected based on the biology and evolutionary history of
Neotropical mammals (e.g. Blake et al. 2012; Eisenberg and
Redford 1999; Emmons 1999; Ramirez-Mejia and Sanchez
2016).

Effect of habitat and human activities

Most species (for which we had sufficient data to assess
overlap) showed no evidence to suggest that activity pat-
terns were modified to enable persistence in oil palm
plantations. However, we found evidence that capybaras,
white-tailed deer, and giant anteaters tended to modify their
behavioural patterns (compared to forest) to avoid human
activities inside plantations by becoming more nocturnal
(capybara and giant anteater) or more active at dusk (white-
tailed deer). This tendency to increase nocturnality has been
identified in other mammals around the world (Gaynor et al.

Table 3 Overlapping coefficient estimate (A) based on Kernel density function estimates between selected species pairs inside oil palm and cor-
responding activity period categories across oil palm dominated landscapes in the Llanos region, Colombia

Lesser White tailed Common
- - anteater * Fox Jaguarundi * deer* Capybara * opossum * Activity Period Category
Cathemeral: lower activity at
q{'\ 0.90 0.77 0.38 0.53 0.60 0.85 midday, one peak of activity
% . ' Giant anteater (0.79-0.99) (0.69-0.84) (0.22-0.52) (0.33-0.70) (0.43-0.73) (0.76-0.94) around 2:00h.
Y o &5 .
55" Lesser 0.75 0.31 0.47 0.62 0.86 Mostly nocturnal with one
- - anteater (0.62-0.84) (0.12-0.45) (0.24-0.65) (0.42-0.75) (0.72-0.97) peak of activity around 2:00h
Ay, 0.27 0.56 0.61 0.84 Mostly nocturnal with no
- - - J 4 Fox (0.14-0.44) (0.37-0.72) (0.45-0.71) (0.74-0.92) evident peck of activity
m_ 0.43 0.16 0.24 Strict diurnal with a slightly
- - - - J 2 Jaguarundi  (0.19-0.60) (0.01-0.30) (0.07-0.39) peak around midday
&
b |
("":'47 White tailed 0.34 0.50 Cathemeral: with a peak of
7 \ -
- - - - T 1 deer (0.11-0.47) (0.29-0.69) activity around 18:00 h
o 0.66 Nocturnal: peak of activity
- - - - - - h‘[(' Capybara (0.47-0.77) around 3:00h and 21:00h
Common Mostly nocturnal with no
- - - - - - - ~ opossum evident peck of activity

*Activity period categories: (1) diurnal (6:00-18:00 h), (2) nocturnal (18:00-6:00 h) and (3) crepuscular when most of the records were between

5:00 and 6:00 h (dawn) and 17:00-18:00 h (for dusk) (modified from van Schaik and Griffiths 1996)
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2018). Although not confirmed by overlap analysis, due to
limited detections inside oil palm, it seemed that ocelots
also tended to modify their schedule when using oil palm by
becoming more nocturnal. There is evidence, however, that
other carnivores, such as pumas (Puma concolor), bobcats
(Lynx rufus), coyotes (Canis latrans) and servals (Leptailu-
rus serval; an African felid with a similar niche as ocelots)
reduce diurnal activities and increase nocturnal activity in
locations associated with high human activity (Ramesh and
Downs 2013; Wang et al. 2015). Therefore, further research
would confirm whether ocelots also increase nocturnality in
human-dominated lands.

The behavioural plasticity of some species supports pre-
vious findings suggesting that activity patterns could be
modified in response to the environmental and human dis-
turbances (e.g. Norris et al. 2010; Presley et al. 2009; Wong
and Candolin 2015). Our findings for few species confirm
that one way to adapt to oil palm habitats is through the
modification of their activity patterns inside plantations.
The giant anteater, in particular, appeared to be the most
plastic of species in the western Llanos (see also Pardo et al.
2018a, 2019). Interestingly, in more conserved landscapes
such as the Ecuadorian Amazonia giant anteater seem to be
entirely diurnal (Blake et al. 2012), confirming the plastic-
ity of this species. It is important to note that although the
activity patterns of giant anteater inside oil palm was less
diurnal compared to forest, the species tended to avoid peak
daytimes in both land covers. Therefore, the lack of over-
lap with humans is influenced by their natural tendency to
avoid times around midday, regardless of humans. A study
of co-occupancy between humans and giant anteater would
confirm if a spatial segregation is more important to avoid
humans than temporal segregation.

Capybaras are the biggest grazing rodent in the Neotrop-
ics (Emmons 1999). In the Amazonia, they are suggested to
be cathemeral (Gémez et al. 2005), while in natural savan-
nas, they usually spend considerable time grazing in the
evening (Camargo-Sanabria et al. 2014; Herrera and Mac-
donald 1989). Most natural savannas in the study area have
been cleared for agriculture or cattle ranching (e.g. Etter
et al. 2011). Probably, as a consequence, we only detected
capybaras in 20% of the study area. This conversion of native
grasslands to other land uses may have forced remaining
populations of capybaras to use the grass that grows inside
oil palm plantations (LEP pers. obs). Therefore, capybaras
could have shifted their feeding times to avoid humans to
be able to use the newly available resources inside oil palm.

The concentration of activities of white-tailed deer
inside oil palm around dusk is unusual because previous
reports suggest that this species display a crepuscular pat-
tern of activity, with peaks in the morning and evening (e.g.
Lépez-Arévalo et al. 2020). Even in another oil palm plan-
tation in the Llanos, Pardo et al. (2013) found two peaks at
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crepuscular times for this species, with activities in riparian
forest concentrated around mid-day. This peak of activities
for deer inside the plantations coincides with the end of daily
working/harvesting activities inside plantation, which sup-
port the view that species prefer to be active when humans
are not present. It is possible, for this and other species, that
changes in activity patterns could also be influenced by other
factors apart from human presence such as temperature (e.g.
Di Blanco et al. 2017) Although the canopy inside planta-
tions helps to reduce the temperature, this could be even
lower inside riparian forest, which might influence some
species to become more active inside forest when day tem-
perature is highest. For example, the giant ant eater showed
a broader range of active hours inside the forest.

Our results indicate that agoutis and pacas were strictly
diurnal and nocturnal, respectively, similar to other studies
in the Neotropics (Blake et al. 2012). However, previous
findings in the Amazon region have shown that these species
can also be found active outside these periods in more intact
areas, though rarely (Gémez et al. 2005; Norris et al. 2010).
We did not detect agoutis in plantations and pacas had only
a single detection in this land cover (near to the forest), lim-
iting the ability to make comparisons between them. How-
ever, this suggests that oil palm plantations are not a suitable
habitat for agouti and paca (see Mendes-Oliveira et al. 2017;
Pardo et al. 2018a), and are highly restricted in their capac-
ity to adapt to changes on forested ecosystems to oil palm.

The lack of “fear” of people found for jaguarundi inside
oil palm has been registered in other wild animals that can
take advantage of novel environments and resources (e.g.
organic waste, food, protection)(Lowry et al., 2013; Samia
et al., 2015). A learning process in which larger species,
such as the jaguarundi, eventually learn that people are not
threatening can be related to the finding as suggested by
(Samia et al. (2015). Apparently, jaguarundi is not of interest
for hunters in the Llanos region, contrary to giant anteaters,
ocelots, capybaras or deer which are persecuted or hunted in
some areas (e.g. Usma and Trujillo, 2011, LEP pers. obs.).
This could be a possible reason for their fear and tendency
to avoid humans.

Contrary to ocelots, jaguarundis were strictly diurnal, as
found by previous studies (Di Bitetti et al. 2010; Giordano
2016). This species showed a behavioural pattern opposite
to ocelots, with less independent detections inside forests
(see Pardo et al. 2018a), which limited the comparison of
activities in both habitat types through the overlap coeffi-
cient. However, the six records of jaguarundi inside forests
suggest no shifts in activity patterns between oil palm and
forests (i.e. all detections were also during the day time).
These clear differences in the activity patterns of jaguarundi
and ocelots support the idea of temporal and spatial segrega-
tion, which has been suggested as a way to minimize com-
petition among mesocarnivores (e.g. Di Bitetti et al. 2010,
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Monterroso et al. 2014). In this sense, it is likely that ocelots
and jaguarundi exhibit avoidance in space (depending on
habitats) and time in the study area, with ocelots preferring
forests and night time and jaguarundi preferring oil palm
plantations and diurnal activities. This dual avoidance (in
space and time) has been described for other carnivores such
as cheetahs (Acinonyx jubatus) regarding interactions with
lions (Panthera leo) and hyenas (Crocuta crocuta) (Durant
1998). This avoidance is likely due to similarities in diet,
which has been reported to be approximately 60% for both
jaguarundi and ocelots—in the Mata Atlantica (Rocha et al.
2010). These behavioural adaptations have important posi-
tive effects in terms of fitness by reducing the effects of
competition (Di Bitetti et al. 2010; Oliveira et al. 2010). The
daily activity of ocelots in the riparian forest also coincides
with other felids of similar sizes such as the clouded leop-
ard (Neofelis nebulosa) in secondary forest surrounding oil
palm plantations in Peninsular Malaysia (Azlan and Sharma
2006).

The broad niche and the evident differences found in the
activity patterns between jaguarundi and ocelots (with the
former being diurnal as opposed to the nocturnal preference
of ocelot) may indicate that these species specialize in dif-
ferent prey (see Oliveira-Santos et al. 2008). In this sense,
jaguarundi could have specialized in preying on reptiles
(particularly Squamata) and birds (nest) that are also active
during the day (e.g. Tofoli et al. 2009), whereas ocelots
may have specialized in small nocturnal mammals such as
rodents, opossums, or nine-banded armadillos (de Oliveira
et al. 2010), as can be inferred from the overlapping value
for these species within the riparian forest (3 > 0.70). Jag-
uarundi is known to be a highly generalist species within
the carnivore guild with their diet including even snakes,
and tegu lizards (Tupinambis spp) (Tofoli et al. 2009), two
common reptiles species found within oil palm plantations
(LEP pers. obs., Lynch 2015). Further investigation on the
diet of these mesopredators would be important to confirm
this hypothesis.

Temporal interactions in the assemblage
within each land cover type

We identified some patterns when comparing the overlap
values for the species between oil palm and forest. Giant
and lesser anteater had lower overlapping of activity pat-
terns inside forests, which could be related to differences
in niche preferences. Although both species have similar
diets, lesser anteaters can also exploit resources in the can-
opy, whereas giant anteaters specialize in soil communities
(Gallo et al. 2017). Since oil palm plantations offer only
one niche (i.e. soil ants and termites LEP Pers. obs.), and

both species preferred nocturnal activities, it is expected
that they could be active at similar hours. Conversely, the
possibility of having another niche to forage inside forests
could help reducing temporal overlapping by spatial niche
segregation.

Inside oil palm, overlapping between foxes and jagua-
rundis (the two main predators) was low, indicating a tem-
poral segregation strategy as described for jaguarundi and
ocelot. However, the fox was the most frequently detected
species inside oil palm. Given that mesopredators can play
important roles in ecosystems, with positive and negative
effects (see Crooks and Soulé 1999; Roemer et al. 2009),
it is important to study the trophic relationships that have
been promoted within oil palm landscapes and the poten-
tial effects that mesopredators may have in the long-term
on other native species, particularly the high frequency of
detection of foxes (see Pardo et al. 2018a).

Differences in activity patterns analysed through over-
lap coefficient estimation have been used as a proxy to
assess species avoidance or segregation in predator—prey
relationships (e.g. Halle 2006; Weckel et al. 2006; Ridout
and Linkie 2009). However, conclusions about potential
interactions between predators and prey should be drawn
carefully in the absence of spatial or dietary assessments
(Meredith and Ridout 2017; Weckel et al. 2006). Depend-
ing on some circumstances, an overlap in activity patterns
does not necessarily imply a cause—effect relationship, nor
equates to an overlap in space. As such, high overlapping
does not always mean high direct interaction between indi-
viduals (in time and space), and low overlapping does not
always account as avoidance (e.g. Diaz-Ruiz et al. 2016;
Meredith and Ridout 2017). Nonetheless, predator—prey
relationships have demonstrated synchronization between
activity periods (e.g. Halle 2006; Lima 2002; Linkie and
Ridout 2011; Lucherini et al. 2009; Weckel et al. 2006).
Therefore, our findings give insights into likely preda-
tor—prey relationships, and into the general ecology of ter-
restrial mammals in Colombia, a field that has been poorly
documented. Few studies in the Neotropics have assessed
possible temporal interactions among species, and only
Brazil, Ecuador and Bolivia have carried out most of the
research (Maffei et al. 2002; Gémez et al. 2005; Oliveira
et al. 2010; Blake et al. 2012). We acknowledge there
could be other interacting factors not assessed in this study
that could have also influenced the patterns described for
the study area. For example, some plantations have dif-
ferent varieties of palms that produce denser canopies,
which, therefore, could reduce day temperatures and could
probably promote species to be more active during hot
days. Similarly, the limited data restrain us from making
inference to the whole assemblage, and results should be
interpreted by species.
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Conclusions

To our knowledge, this is the first study aimed to evaluate the
influence of industrial agriculture on behavioural responses
of mammal species in Colombia. Overall, we found no sub-
stantial differences in activity patterns between oil palm
plantations and riparian forest (i.e. no modification given
presence of oil palm), except for capybaras, which tended to
modify their activities inside plantations, by becoming nota-
bly nocturnal. This species, as well as giant anteaters and
deer tended to avoid humans when active inside oil palm.
Interestingly jaguarundi, a relatively common diurnal spe-
cies inside oil palm, did not show evidence of human avoid-
ance. Our results provide evidence of mammalian temporal
segregation as a mechanism to avoid interspecific competi-
tion in some common species, such as jaguarundi and fox,
and a high overlap in potential predator—prey relationships
(e.g. ocelots and armadillos). This study on behavioural
responses contributes to the understanding of mammalian
resilience in anthropogenic landscapes and the natural his-
tory of poorly known species. This is a feature of the effect
of anthropogenic land use change not captured in traditional
studies that focus on measures such as species richness or
abundance. Further, this study complements the growing
documentation aimed to understand biodiversity in oil palm
landscapes in Colombia.
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