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Abstract: The Pantanal is one of the most conserved wetland ecosystems in Brazil and a hotspot for
biodiversity. Over the last decades intensification of human activities has become a major threat to the
stability of the unique landscape. To establish effective conservation actions, it is essential to under-
stand how species respond to anthropogenic and environmental regional factors. Here, data from two
multiannual camera trap studies, one in the northern Pantanal and one in the southern Pantanal, were
used to investigate the effects of habitat characteristics, seasons, and human interactions on the spatial
and temporal patterns of lowland tapirs (Tapirus terrestris). Between 2010 and 2017, camera traps
were repeatedly placed in consistent grids covering protected areas and areas with cattle-ranching and
tourism. Data were analyzed using generalized linear mixed models and circular statistics. Activity
patterns were similar and predominantly nocturnal in both areas, but tapirs indicated avoidance
toward settlements and cattle and indicated habitat preferences only in the northern study area with
less anthropogenic activities. The present study suggests that both environmental and anthropogenic
factors can affect the species’ spatial and temporal behavior, but tapirs show varying responses
across regions and gradients of disturbance. The results indicate that adapting avoidance strategies
might be more likely and effective in areas with low human pressure and sufficient protected areas
as alternatives.

Keywords: Tapirus terrestris; Pantanal; camera traps; anthropogenic impact; environmental impact;
spatial adaptation; temporal adaptation

1. Introduction

Worldwide anthropogenic pressure, especially habitat degradation and conversion,
negatively affects species abundance, occurrence, richness and movement behavior [1–3],
and habitat loss, mainly driven by intensification of agriculture, is by far the most significant
threat to mammal species [4].

Human activities such as cattle ranching and the associated habitat alteration and
forage competition have well-documented negative effects on the presence, abundance and
richness of mammals [5–8]. Additionally, generally considered biodiversity-compatible
human activities such as wildlife-focused ecotourism or outdoor recreation [9–11] can
have negative effects on mammal species presence or diversity and might cause spatial
avoidance behavior in certain mammal species when operated at a larger scale [12,13].

Human disturbance can also have more subtle effects and has been shown to cause
shifts in the activity of mammal species worldwide, with increased nocturnality in areas
or time periods with high disturbance [14]. Where large suitable habitats are missing
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spatial avoidance is not always an option and needs to be traded off with resource avail-
ability [15,16]. Temporal adaptation appears to be an effective strategy to coexist with
humans and has been observed in different mammal species as a response to hunting,
facilitated human access to an area or settlement, or cattle or human presence in agricultural
areas [17–21]. In protected areas with low pressure, however, environmental factors might
play a more important role in mammal species activity than human disturbance factors [22].

The responses to human pressure are species-specific and have been shown to be
associated with the ecological and life history traits of a species and vary within species
depending on the type and intensity of pressure [23–25]. As human disturbance can be
expected to become worse over the next decades, it is critical to understand the impact of
anthropogenic factors while accounting for environmental factors. This can be especially
important for vulnerable species such as lowland tapirs, which play a crucial role in the
maintenance of Neotropical forests due to their function as seed dispersers [26]. Throughout
the species range, habitat loss, illegal hunting, roadkill, competition with livestock and
isolation of populations are considered major threats, and lowland tapirs are currently
listed as vulnerable, with a decreasing population [27,28].

To date, little is known about the impact of human activities on lowland tapirs in
the Pantanal [29–33]. The region is considered an important stronghold for the tapir
population [27], and compared to other Brazilian biomes, the Pantanal is still in a rather
pristine condition, with up to 89.55% natural vegetation [34–37]. Natural flood pulses with
seasonal droughts and floods of varying intensities [38–40] limit the agricultural use of
the area [36]. Cattle ranching has been the major source of income in the region for more
than three centuries [41], but traditional cattle management with the movement of herds
among natural pastures is generally considered to have only a low environmental impact
in the Pantanal [42–45]. Recently, ecotourism based on wildlife observation has become
another important economic factor in the region [46]. Studies suggest that when operated
at a small scale, both sectors have little effect on mammal communities in the Pantanal and
can support sustainable development [29].

Over the last decades, however, the intensification of agricultural activities, deforesta-
tion, changes in the flood regime, fires, and climate change have increasingly threatened the
Pantanal ecosystem [37,41,44,47–51]. The conversion of natural vegetation to human-use
areas substantially increased between 1976 and 2017, and if trends continue, 29% of the
Pantanal area might be converted by 2050 [36]. Recently, the Pantanal has been subject to
prolonged droughts and historically unprecedented fire events burning 30% of the biome´s
area [52,53]. Due to climate change, severe periods of drought are expected to become more
frequent, affecting flooding dynamics and ecosystem functioning [51].

The future of lowland tapirs in the Pantanal depends on their ability to respond
to these rapid environmental changes. Given their wide distribution across various re-
gions [54], the species seems to be able to adapt to almost every habitat in South America.
They are generally considered to have a strong association with water bodies and inun-
dated, moist habitats [55–57], but they were also shown to adapt well to seasonal dry
conditions [58]. Several studies indicate that forests, especially with a high density of palm
trees, are important forage sources and resting places for the species [57,59–62]. In the
dense landscape mosaic of the Pantanal, lowland tapirs exhibit a rather flexible habitat use
including forest, grassland and savanna [29,63–67]. The species also uses degraded habitats
and anthropologically used areas, and is present in disturbed and secondary forests, tree
plantations and agricultural land [28,57,68]. Recent studies indicate that lowland tapirs
show little response to human or cattle interference [29,30], but also that the species might
lack differentiated behavior in areas with varying disturbance, which could risk human-
altered habitats becoming ecological traps [31]. In contrast, there is also evidence that
lowland tapirs respond spatially to human disturbance [13,62,69–71], but several studies
suggest that natural factors play a more important role in the activity and occurrence
of lowland tapirs than human disturbances [32,65,72,73]. Changes in activity have been
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observed mainly with relation to habitat, temperature, season or availability of forage
sources [32,57,74–77].

Despite the growing numbers of researchers studying lowland tapirs [5], there is
still a lack of long-term studies in the Pantanal. Existing studies on the species behavior
cover periods of up to 2 years [32,64,65,78], but were often only conducted over several
months [29,30,33,63,66,67,73]. Currently, Medici et al. [31] provides the longest data collec-
tion, covering the impressive period of 22 years.

Here, camera trap data from two multiannual studies conducted between 2010 and
2017 were used to investigate the potential impact of anthropogenic and environmental
factors on lowland tapirs at two sites with varying intensities of human disturbance in
the southern and northern Pantanal. The two major human activities in the region were
considered and represented by cattle presence, distance to tourist trails and roads, and
settlement. To account for environmental aspects, habitat type, distance to water bodies
and seasonal period were considered. First, the effects of the chosen factors on the number
of tapirs in each study area were assessed. Then, tapir activity patterns and levels were
estimated and compared between both study areas, and the effects of the factors on the
probability of nocturnal activity were assessed.

By incorporating both tapir count and activity data and investigating areas with
varying human pressure, the present study aims to better understand the adaptive strate-
gies that lowland tapirs might use to thrive in a region with centuries of human land
use tradition.

2. Materials and Methods
2.1. Study Areas

Data collection was conducted in two separate study areas: Fazenda Barranco Alto
(FBA) in the southern Pantanal of Mato Grosso do Sul (19◦34′40′′ S 56◦09′08′′ W) and Parque
Sesc Baía das Pedras (SESC) in the northeastern Pantanal of Mato Grosso (16◦49′88′′ S
56◦41′30′′ W) (Figure 1).

Fazenda Barranco Alto is located in the Rio Negro Basin at the southeastern outskirts
of the Nhecolândia subregion of the Brazilian Pantanal. It is an 11,000-hectare-sized,
traditionally managed cattle ranch with approximately 2000 heads of cattle and a small
lodge with 16 beds for ecotourism. Tourists use the area between 6 and 11 am and between
15 and 19 pm. Approximately 50% of the area is generally accessible for tourism [79].
Activities concentrate on horseback riding, boat tours, nature walks and safaris by car. The
river “Rio Negro” flows through the farm area. The core study area covered the 7355 hectare
area north of the river, where farmhouses and infrastructure are also located.

Parque Baía das Pedras is located in the Cuiabá River floodplain and an approximately
4200 hectare unit of the SESC nature reserve. Tourism activities within this area concentrate
on day visitors, who take part in nature walks and horseback riding during the late morning
between 9 and 12 in approximately 10% of the area. No cattle are kept on the property, but
during the study, small groups of cattle that accidentally entered from neighboring farms
were sighted and recorded by camera traps.

Influenced by the adjacent Cerrado, Chaco, and Amazon biome [80,81], the Pantanal is
characterized by a diverse mosaic of mesic, xeric and hydric habitats, which also character-
ize the study areas. Forests and savanna patches intersperse with freshwater bodies. In the
study area in the southern Pantanal, there are also more than one hundred soda lakes, the
so-called “Salinas”, present [82]. The northern Pantanal is generally susceptible to greater
flood fluctuations and more pronounced dry periods than the southern region [83], and
holds a higher proportion of swampy and floodable habitats [37,84].
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Figure 1. Geographical location of study areas in the northern (SESC) and southern (FBA) Pantanal
with grid shapes and camera trap stations (dots) (SESC = 37, FBA = 80). Map source: GGIS 3.12.1;
Pantanal shape file source: Bioscience, An Ecoregions-Based Approach to Protecting Half the Terres-
trial Realm.

2.2. Data Collection

In both study areas, camera trap sites were established in a regular grid, maintaining
a 1 km distance (FBA +/−20 m, SESC +/−60 m) between each site (Figure 1). The grids
were digitally generated using Hawth’s Tools (vers. 3.27) [85] extension with ArcGIS 9.3
(©ESRI 2009). At SESC, a total of 37 camera trap sites were established. At FBA, a total
of 80 camera trap sites were established (Figure 1). Each camera trap site consisted of
one camera trap. The predefined camera trap sites remained the same during the whole
study period. Between 2010 and 2017, a total of 14 field surveys were conducted. Field
surveys covered one or both seasonal periods of the Pantanal to collect data from each
camera trap site during times of drought and flooding. During each field survey, camera
traps were successively placed along the grid in smaller sections. Placement of the sections
was planned according to the expected changes in water levels to sample as many sites
as possible during each field survey and all sites during both seasonal periods. Camera
traps remained at one site for a minimum of 14 (SESC) and 7 (FBA) consecutive nights and
days (= one sample) and were then relocated to the next site. Camera traps were active 24 h
and operated using a passive infrared-triggered system. At FBA, all accessible camera trap
sites were sampled once per field survey. At SESC, the smaller grid size, higher number
of camera traps and longer field surveys allowed the repeated placement of grid sections
during different times within a field survey.

At SESC, data were collected during 4 field surveys lasting 3 to 6 months between
2015 and 2017. To collect data, 5 camera trap models were used (RECONYX PC800,
RECONYX HC600, Bushnell Trophy Cam HD Aggressor, Bushnell Trophy Cam HD2012,
UWAY VH400HD). A total of 4862 trap days during 255 samples at 37 sites were conducted.
Between 3 and 13 samples per site and a total of 48 to 252 trap days per site were obtained.
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Due to malfunctions and the influence of the flood regime, the number of trap days camera
traps remained active per sample varied between 7 and 75.

At FBA, data were collected during 10 field surveys of 3 months each between 2010
and 2017. To collect data, one camera trap model was used (RECONYX HC500). A total of
4977 trap days during 566 samples at 80 sites were conducted. Between 3 and 10 samples
per site and a total of 24 to 90 trap days per site were obtained. The number of trap days
camera traps remained active per sample varied between 3 and 23.

2.3. Camera Trap Data Analysis

Only independent records of tapirs were counted as valid. An independent record
was defined as (1) consecutive images of different individuals, (2) consecutive images of
individuals taken more than 0.5 h apart and (3) nonconsecutive images of individuals [86].
Tapirs can have distinct marks, including white spots and stripes on the stomach or legs,
white markings at the ears, scars or torn ears, and can often be determined by sex from
photographs [87–90]. The distinction of two consecutive individuals in the present study
focused on sex and juvenile pattern, as these were the easiest visible features in both
data sets and tapirs are primary solitary, aside from a courting pair or a female and her
offspring [91].

With each record, the camera traps stored information about time, date, temperature
and moon phase.

2.4. Potentially Impacting Factors

To assess the potential impact of anthropogenic and environmental factors in both
study areas, (1) the occurring habitat at each camera trap site was determined and roughly
categorized into forest or savanna habitat [81], (2) the presence or absence of cattle at each
camera trap site was estimated based on camera trap data, (3) each sample was categorized
as taken during the dry period (April to September) or rainy period (October to March) [92],
and the linear distance of each camera trap site to the next (4) dirt road or trail used for
tourism, (5) small settlement, (6) permanent freshwater lake, and (7) saltwater lake (only
FBA) was measured. All distance measures were conducted using QGIS (vers. 3.12.) (QGIS
Development Team 2020).

2.5. Statistical Analysis

All statistical analyses were conducted in R (vers. 3.6.2, The R Foundation for Statistical
Computing 2019) [93].

2.5.1. Count Data Analysis

For each camera trap site, the number of tapirs recorded per trap date was estimated.
To assess the effect of the determined factors in each study area, negative binomial general-
ized linear mixed models (GLMMS) were developed since the count data were non-normal
and overdispersed. For the analysis, the glmmTMB package (vers 3.6.2) [94] was used.
In each model, the camera trap site ID and—sample ID were included as random effects
to account for nondependence of samples from the same camera trap site and records
from the same continuous sample. The categorical factors habitat, period and cattle were
mean centered, and distance measurements were standardized into z scores to facilitate
comparison of model estimates [95].

For each study area, a model including all determined factors was fit, but alternative
candidate models that might better explain the variation in the number of tapirs in the
study areas were considered. Short-term studies from the same regions suggest that habitat
type or cover, distance to water bodies or cattle-ranching and tourism have little effect on
species abundance or occupancy [29,67], and lowland tapirs are reported as semi-aquatic
and well-adapted to floodable habitats [55]. Given this knowledge, all factors could or
could not individually or in combination affect the species; thus, all possible combinations
of the factors (without interactions) were modeled. This resulted in a candidate set of
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64 models for SESC and 128 for FBA (as the salt lakes were an additional factor). Both
random effects were included in all models. To avoid collinearity among factors, the
variance inflation factor (VIF) of the full additive model was tested using the performance
package (vers.0.7.3) [96], with a VIF less than 5 indicating a low correlation [97]. The support
from the data for each model was examined using the Akaike Information Criterion (AIC).
Models were ranked based on AIC and in case top-ranked models indicated similar AIC
(≤2 AIC), model averaging was employed [98]. Model selection and averaging were
performed using the MuMIn package (vers.1.43.17) [99]. The significance of the effect of a
factor on tapir counts was determined using the model-averaged parameter estimates and
their 95% confidence intervals (CIs). Factors for 95% CIs that did not include zero were
considered significant [95].

2.5.2. Activity Data Analysis

Activity level (proportion of hours per day spent active), activity pattern (distribution
of the activity throughout the day), and the influence of the determined factors on activity
were estimated for each study area using time-of-detection data provided with each camera
trap record. Activity patterns and activity levels were also compared between the study
areas to investigate whether the species’ activity varied between the two areas or regions.

To estimate the activity level, a flexible circular kernel distribution was fit using the
activity package (vers.1.3.1) [100]. For each of the estimates, a bootstrap with 1000 resam-
pling events was conducted. The activity levels of both study areas were then compared
using the Wald test [101].

To estimate and compare the activity patterns of both study areas, circular kernel
density functions were fit and the coefficient of overlapping was calculated using the
overlap package (vers. 0.3.3). The coefficient of overlap ranges from 0 (no overlap) to
1 (complete overlap, identical activity pattern). The estimator ∆4, which is suitable for
sample sizes greater than 75, was used. The 95% confidence intervals for ∆4 were calculated
from 10,000 bootstrap samples [102,103]. Watson’s two-sample test was then conducted
to determine whether tapir activity patterns were significantly different in the two study
areas using the CircStats package (vers. 0.2-6) [104].

To investigate whether tapirs´ diurnal or nocturnal activity within each study area was
affected by the determined factors, GLMMs with binomial distribution were conducted.
First, all records were classified as either diurnal (6:00 to 17:59 h) or nocturnal (18:00 to
05:59 h) to estimate the probability of nocturnal activity. Second, all diurnal records were
excluded and the nocturnal records split into hours with high or low activity (above or
below the average activity during this phase) to estimate the probability of high nocturnal
activity. The second analysis was then repeated considering a less strict classification of
nocturnal (17:00 to 6:59 h) to include crepuscular hours.

For each analysis, all possible factor combinations were modeled. Model selection and
averaging was performed following the procedure described for the count data analysis
using a variant of the AIC, the AICc, which is more suitable for small sample sizes [105].

3. Results
3.1. Trapping Success

At SESC, a total of 338 tapir records (7 records per 100 trap days) were obtained. The
species was recorded at 31 (84%) camera trap sites and during 111 (44%) samples. At FBA,
a total of 308 records (6 records per 100 trap days) were obtained. The species was recorded
at 70 (88%) camera trap sites and during 173 (31%) samples.

3.2. Number of Tapirs

For SESC, 6 models indicated similar AIC values and were selected for model averag-
ing; for FBA, 11 models were averaged. All determined factors were included in the best
model sets (Table 1). The results suggest that at SESC, the number of tapirs is significantly
affected only by type of habitat and distance to settlement. The species used savanna
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habitats less, and the number of tapirs increased as the distance to settlement increased.
Period, cattle or distance to tourism or freshwater bodies had no effect on the number of
tapirs (Figure 2A, Table S1). At FBA, none of the factors had a significant effect on the
number of tapirs (Figure 2B, Table S1). The VIFs of the factors in the fitted full models
ranged between 1.01 and 2.03 (SE = 1.01–1.43) for SESC and 1.02 and 1.80 (SE = 1.01–1.34)
for FBA, suggesting low correlation among factors.
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Figure 2. Averaged parameter estimates and corresponding 95% confidence intervals (CI) of general-
ized linear mixed models (GLMMs) assessing the effect of distinct factors on the number of tapirs
in the two study areas (A) SESC and (B) FBA. Factors included in the analysis: habitat at camera
trap site (forest, savanna); cattle presence at camera trap site (no, yes); period during the camera trap
sample (dry, rainy); distance of camera trap site to the next freshwater lake, settlement or saltwater
lake (only FBA); and dirt roads or trails used for tourism. Random effects, camera trap site ID and
sample ID were included in all models.
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Table 1. Top-ranking generalized linear mixed models (GLMMs) with ≤2 AIC value assessing the
effect of distinct factors on number of tapirs in the two study areas SESC and FBA. Models were
ranked using Akaike’s Information Criterion (AIC); ∆AIC and AIC weight were calculated from AIC;
k = number of parameters. Factors included in the analysis: hab (habitat at camera trap site, forest or
savanna), catt (cattle presence at camera trap site, yes or no), per (period during the sample, dry or
rainy), sett, tour, fresh, salt (distance of camera trap site to the next settlement, dirt road or trail used
for tourism, freshwater lake or saltwater lake (only FBA)); random effects, camera trap site ID (siteID)
and sample ID (smpID) were included in all models.

Model AIC ∆AIC AIC Weight Log Likelihood k

SESC
hab + sett + tour + fresh + (1|siteID) + (1|smpID) 2202.5 0 0.13 −1093.24 8

hab + sett + tour + (1|siteID) + (1|smpID) 2202.9 0.46 0.1 −1094.47 7
hab + sett + fresh + (1|siteID) + (1|smpID) 2203 0.51 0.1 −1094.49 7

hab + sett + (1|siteID) + (1|smpID) 2204.1 1.66 0.06 −1096.07 6
hab + per + sett + tour + fresh + (1|siteID) + (1|smpID) 2204.2 1.75 0.05 −1093.11 9
catt + hab + sett + tour + fresh + (1|siteID) + (1|smpID) 2204.5 1.99 0.05 −1093.24 9

FBA
catt + hab + (1|siteID) + (1|smpID) 2196.3 0 0.06 −1092.16 6

(1|siteID) + (1|smpID) 2196.6 0.33 0.05 −1094.33 4
catt + (1|siteID) + (1|smpID) 2197.3 1.01 0.03 −1093.66 5

catt + hab + per + (1|siteID) + (1|smpID) 2197.6 1.33 0.03 −1091.82 7
per + (1|siteID) + (1|smpID) 2197.7 1.4 0.03 −1093.86 5
sett + (1|siteID) + (1|smpID) 2197.8 1.47 0.03 −1093.89 5

catt + hab + sett + (1|siteID) + (1|smpID) 2198 1.72 0.02 −1092.02 7
hab + (1|siteID) + (1|smpID) 2198.1 1.83 0.02 −1094.07 5

catt + hab + tour + (1|siteID) + (1|smpID) 2198.2 1.86 0.02 −1092.09 7
catt + hab + salt + (1|siteID) + (1|smpID) 2198.2 1.91 0.02 −1092.11 7

catt + hab + fresh + (1|siteID) + (1|smpID) 2198.3 1.98 0.02 −1092.15 7

3.3. Activity of Tapirs

Activity levels were similar in both study areas (difference: −0.031; Wald test: 0.335
p-value: 0.563), with a level of 0.462 (SE = 0.039) for SESC and 0.431 (SE = 0.038) for FBA.
The activity patterns of both areas indicated a very high overlap and did not significantly
differ (Figure 3). In both study areas, tapirs were predominantly nocturnal and largely
inactive between approximately between 7 am and 16 pm, with the lowest activity around
noon. In both study areas, a strong increase in activity after approximately 17 pm was
observed, reaching its peak of activity around 22 pm at SESC and between 20 and 21 pm at
FBA. In both areas, activity declined toward midnight and increased after 1 am or 2 am,
reaching a smaller peak at approximately 4 am and between 3 and 4 am, respectively. After
4 am, the activity decreased in both areas.

For SESC, two models were averaged for nocturnal probability, seven models for strict
high nocturnal probability and eight models for lax high nocturnal activity. Nocturnal
probability was best described by three factors and strict and lax high nocturnal probability
were best described by five factors each (Table 2). The results suggest that only nocturnal
probability was significantly affected, with higher nocturnal or lower diurnal probability at
sites with cattle and during the rainy period (Figure 4, Table S2).

For FBA, 6 models were averaged for nocturnal probability, 12 models for strict
high nocturnal probability, and 14 models for lax high nocturnal probability. Nocturnal
probability was best described by four factors, and strict and lax high nocturnal probability
were best described by five factors each (Table 2). The results suggest that neither the
nocturnal nor strict or lax high nocturnal probability was affected by any of the factors
(Figure 4, Table S2).

The VIFs of the fitted full models ranged between 1.14 (SE = 1.07) and 3.29 (SE = 1.81)
for SESC and 1.05 (SE = 1.02) and 2.02 (SE = 1.42) for FBA, suggesting low correlation
among factors.
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Figure 3. Overlap of activity patterns of tapirs in the two study areas (grey) with overlap coefficient
∆4, corresponding confidence intervals, and results of the Watson´s two-sample test (top left).

Table 2. Top-ranking generalized linear mixed models (GLMMs) with ≤2 AIC value assessing
the effect of distinct factors on the probability of activity of tapirs in the two study areas SESC
and FBA. (A) Probability of nocturnal activity (nocturnal: 18:00–05:59 h, diurnal: 6:00–17:59 h),
(B) probability of high nocturnal activity strict (nocturnal records separated into hours with high and
low activity), and (C) probability of high nocturnal activity lax (crepuscular and nocturnal records
(17:00–06:59 h) separated into hours with high and low activity). Models were ranked using Akaike’s
Information Criterion for small sample sizes (AICc); ∆AICc and AICc weight were calculated from
AICc; k = number of parameters. Factors included in the analysis: hab (habitat at camera trap site,
forest or savanna), catt (cattle presence at camera trap site, yes or no), per (period during the camera
trap sample, dry or rainy), sett, tour, fresh, salt (distance of camera trap site to the next settlement,
dirt road or trail used for tourism, freshwater lake or saltwater lake (only FBA)); random effects,
camera trap site ID (siteID) and sample ID (smpID) were included in all models.

Model AICc ∆AICc AICc
Weight

Log
Likelihood k

(A)
SESC

catt + per + (1|siteID) + (1|smpID) 262.6 0 0.26 −126.19 5
catt + per + fresh + (1|siteID) + (1|smpID) 264.4 1.79 0.11 −126.05 6

FBA
(1|siteID) + (1|smpID) 230.3 0 0.07 −112.11 3

hab + (1|siteID) + (1|smpID) 231 0.75 0.05 −111.46 4
catt + (1|siteID) + (1|smpID) 231.3 1 0.04 −111.58 4
per + (1|siteID) + (1|smpID) 231.5 1.2 0.04 −111.68 4

hab + per + (1|siteID) + (1|smpID) 231.9 1.59 0.03 −110.85 5
fresh + (1|siteID) + (1|smpID) 232.3 1.97 0.03 −112.07 4

(B)
SESC

sett + tour + (1|siteID) + (1|smpID) 384.2 0 0.09 −187 5
(1|siteID) + (1|smpID) 385.2 1.03 0.06 −189.58 3
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Table 2. Cont.

Model AICc ∆AICc AICc
Weight

Log
Likelihood k

catt + sett + tour + (1|siteID) + (1|smpID) 385.5 1.23 0.05 −186.57 6
sett + tour + fresh + (1|siteID) + (1|smpID) 385.5 1.23 0.05 −186.57 6
per + sett + tour + (1|siteID) + (1|smpID) 386 1.76 0.04 −186.84 6

sett + (1|siteID) + (1|smpID) 386 1.82 0.04 −188.95 4
sett + fresh + (1|siteID) + (1|smpID) 386.1 1.88 0.04 −187.94 5

FBA
(1|siteID) + (1|smpID) 367.3 0 0.04 −180.59 3

catt + hab + (1|siteID) + (1|smpID) 367.3 0.07 0.04 −178.55 5
catt + (1|siteID) + (1|smpID) 367.4 0.1 0.04 −179.6 4

catt + sett + (1|siteID) + (1|smpID) 367.4 0.12 0.04 −178.57 5
catt + hab + sett + (1|siteID) + (1|smpID) 367.7 0.47 0.03 −177.7 6

tour + (1|siteID) + (1|smpID) 368 0.73 0.03 −179.92 4
catt + tour + (1|siteID) + (1|smpID) 368.1 0.8 0.03 −178.92 5

catt + hab + tour + (1|siteID) + (1|smpID) 368.2 0.9 0.03 −177.92 6
sett + (1|siteID) + (1|smpID) 368.7 1.4 0.02 −180.26 4

catt + sett + tour + (1|siteID) + (1|smpID) 368.9 1.65 0.02 −178.3 6
salt + sett + (1|siteID) + (1|smpID) 369 1.76 0.02 −178.35 6

hab + (1|siteID) + (1|smpID) 369.3 2 0.02 −180.55 4
(C)

SESC
hab + per + (1|siteID) + (1|smpID) 414.1 0 0.09 −201.97 5
catt + per + (1|siteID) + (1|smpID) 415.1 0.97 0.05 −202.46 5

per + (1|siteID) + (1|smpID) 415.1 0.97 0.05 −203.49 4
(1|siteID) + (1|smpID) 415.4 1.3 0.05 −204.68 3

per + sett + (1|siteID) + (1|smpID) 415.5 1.4 0.04 −202.67 5
hab + per + fresh + (1|siteID) + (1|smpID) 415.8 1.61 0.04 −201.74 6
hab + per + sett + (1|siteID) + (1|smpID) 415.9 1.76 0.04 −201.81 6
catt + hab + per + (1|siteID) + (1|smpID) 416 1.84 0.03 −201.85 6

FBA
(1|siteID) + (1|smpID) 407.9 0 0.05 −200.9 3

per + (1|siteID) + (1|smpID) 408.4 0.48 0.04 −200.12 4
sett + (1|siteID) + (1|smpID) 409 1.14 0.03 −200.45 4
tour + (1|siteID) + (1|smpID) 409.1 1.17 0.03 −200.46 4

catt + hab + (1|siteID) + (1|smpID) 409.1 1.17 0.03 −199.43 5
catt + (1|siteID) + (1|smpID) 409.1 1.23 0.03 −200.49 4

catt + hab + per + (1|siteID) + (1|smpID) 409.2 1.28 0.02 −198.44 6
catt + sett + (1|siteID) + (1|smpID) 409.3 1.39 0.02 −199.53 5

hab + (1|siteID) + (1|smpID) 409.6 1.67 0.02 −200.71 4
per + tour + (1|siteID) + (1|smpID) 409.6 1.69 0.02 −199.69 5
catt + per + (1|siteID) + (1|smpID) 409.6 1.7 0.02 −199.69 5

catt + hab + sett + (1|siteID) + (1|smpID) 409.6 1.73 0.02 −198.66 6
fresh + (1|siteID) + (1|smpID) 409.7 1.76 0.02 −200.76 4

per + sett + (1|siteID) + (1|smpID) 409.7 1.8 0.02 −199.74 5
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Figure 4. Averaged parameter estimates and corresponding 95% confidence intervals (CI) of gen-
eralized linear mixed models (GLMMs) assessing the effect of distinct factors on the probability
of activity of tapirs in the two study areas SESC (left panel) and FBA (right panel). (A,B): proba-
bility of nocturnal activity (nocturnal: 18:00–05:59 h, diurnal: 6:00–17:59 h), (C,D): probability of
high nocturnal activity strict (nocturnal records separated into hours with high and low activity),
(E,F): probability of high nocturnal activity lax (crepuscular and nocturnal records (17:00–06:59 h)
separated into hours with high and low activity). Factors included in the analysis: habitat at camera
trap site (forest, savanna); cattle presence at camera trap site (no, yes); period during the camera trap
sample (dry, rainy); and distance of camera trap site to the next freshwater lake, settlement, saltwater
lake (only FBA), or dirt roads or trails used for tourism. Random effects, camera trap site ID and
sample ID were included in all models.

4. Discussion

In accordance with previous studies, lowland tapirs in both areas are mostly nocturnal,
stay active all night and show a bimodal activity pattern with two peaks of activity after
sunset and before sunrise, which illustrates the species movement between resting and for-
aging places [57,70,106–108]. Previous studies report activity peaks between 19 and 20 pm,
3 and 4 am [106], 20 and 21 pm, 5 and 6 am [32], 19 and 0 pm, 3 and 7 am [107], 20 and 22 pm
and 3 and 4 am [108], suggesting a quite similar pattern as during the present study and
only little variation among different regions.
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It is important to mention, however, that results from different studies should be
compared with caution, as different time-of-independence filters can lead to differences
in the estimated activity [109]. Additionally, the identification of different individuals
on consecutive images within the 30-minute interval used to determine an independent
record might bias the comparison between the two study areas. A successful identification
depended on the quality of the record and was thus not always possible. As the individual
identification led to only 18 (5%) (SESC) and 19 (6%) (FBA) additional records that would
not have been counted following only the 30-minute criterion, and these records were
distributed across different camera trap sites and different field surveys, including them
might not be a major issue.

When comparing the results among the two study areas, the differences concerning
the intensity of land management, flooding regimes and available habitats appear not to
cause detrimental changes in the tapirs’ general activity pattern. Additionally, the activity
levels were similar, which might indicate comparable foraging effort, movement patterns or
exposure to disturbance in both study areas. The results of the GLMMS, however, suggest
that there are some differences in the species temporal and spatial responses to human
disturbance and environmental factors.

The results of the model selection indicate that while all factors were deemed important
to describe variation in number of tapirs in both study areas, only a subset of factors was
relevant to determine the species activity. This stresses the need to address the distinct effect
of factors on the spatial and temporal response separately. Where spatial adaptation to a
factor is observed, temporal adaptations to the same factor might not be needed, affecting
the ability to predict activity from this factor. Conversely, temporal adaptation might affect
the ability to predict the spatial behavior.

4.1. Tourism

Previous studies on the potential impacts of tourism suggest that the numbers of
lowland tapirs at camera trap sites decrease with rising numbers of tourists [13], and
human activities along trails can interfere with species trail use [71]. In contrast, low-
intensity ecotourism reserves can be important refugees for lowland tapirs and other
mammals [110]. In the Pantanal, ecotourism has been evidenced to not affect species
abundance [29]. The results of the current study support these findings, as no behavioral
response toward tourism in either area was observed.

The management approaches for tourism activities in both study areas seem to provide
a rather undisturbed environment for the species. Self-implemented regulations on time
and number of visitors and limited access to the area might principally reduce the pressure,
especially on a nocturnal species. There could be short-term responses to tourism, such as
entering dense vegetation when disturbed and returning shortly after, but these short-term
effects would be difficult to catch using camera traps [71,111]. The absence of a response
could also be related to habituation processes, as tourism has been conducted for more than
a decade in both areas. Long-run habituation might negatively impact population fitness
by reducing anti-predator responses [112,113], which need to be evaluated separately.

4.2. Settlements

Lowland tapirs have been shown to be much more abundant in strictly protected
areas than in multiple-use protected areas with settlements and some level of land con-
version [114]. Campos [115] reports that there is a negative association between human
settlements and lowland tapir detection, suggesting that the species increases its shyness
around human core areas. The results by Licona et al. [69] show that within protected
areas, proximity to settlements was the only relevant factor for reducing lowland tapirs’
occurrence. Similar results were observed only at SESC, suggesting that the species in this
area might be more sensitive toward areas where human activities are concentrated.

Resource availability around settlements also appears to be an important factor influ-
encing the species tolerance towards those areas. Flores et al. [116] observed that during
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dry periods, when water becomes scarcer, tapirs came closer to settlements or roads.
Rivera et al. [117] suggest that lowland tapirs increase habitat use closer to small settle-
ments, presumably to use open areas and secondary forests or reduce predation risk. At
FBA, fruit trees such as mango or papaya were actively planted around houses and were
observed to attract tapirs as well as many other mammal species as a food source during
the fruiting season (authors observation).

4.3. Cattle

Studies from the Pantanal have shown that cattle can negatively affect the forest un-
derstory, regeneration of plants and fruiting tree diversity and availability [30,45,118–120].
Especially during the dry period, when food availability is lowest [45], cattle can increase
their use of forage sources that are also important for lowland tapirs [119]. According
to previous studies, however, the effect of cattle on the lowland tapir appears not to be
pronounced. Results by Eaton et al. [30] suggest that lowland tapirs in the Pantanal are
little affected by interference from cattle and related forest vegetation alterations, and
might be able to use alternative forage sources in times with cattle-driven fruit depletion.
Burs et al. [29] report that the species in the Pantanal is comparably abundant in areas with
and without cattle. The results of the current study support these findings. Studies from the
Atlantic Forest, however, report that lowland tapirs use areas with cattle ranching mainly
for transition between forest patches or when feeding on forest edge vegetation, rather than
foraging or resting in these areas [57,115]. This might indicate that a similar result at sites
with cattle is mainly related to movement behavior.

As suggested by Ferreira et al. [22], a lack of spatial or temporal response could
indicate that adaptive strategies are simply not effective in avoiding disturbance. This
could be the case in areas with higher livestock densities. Lowland tapirs require quite
large home ranges, with sizes varying between 1 km2 and 29.7 km2 [31]; thus, avoiding
cattle areas might not always be an option. A shift toward less diurnal and more nocturnal
activity at sites without cattle, as observed at SESC, might be an effective strategy to avoid
disturbance by a few cattle (and associated human activity) and to increase the use of
sites during the main activity phase. Similar responses to cattle have been observed for
herbivore species on grasslands in Argentina [20].

It is also possible that tapir populations at a cattle-ranching farm are used to sharing
the area with cattle, while they might be less tolerant toward cattle at SESC, where they
were removed from the wider area in 1998 and only occasionally enter.

4.4. Habitat

The results by Desbiez et al. [64] from the southern Pantanal indicate that the species
selects various habitat types, including open grassland, scrub grassland, scrub forest
and semideciduous forest, but are more abundant in forests. In the northern Pantanal,
Cordeiro [63] observed higher tapir densities in forest formations than in grassland forma-
tions and a strong preference for Acuri palm forest. In contrast, results by Regolin et al. [67]
suggest that the habitat use of tapirs in the southern Pantanal is not affected by the extent
of forests, Cerrado cover or habitat characteristics such as the number of Acuri palms.
Similarly, the results by Burs et al. [29] indicate no preference for neither closed habitats,
particularly dense shrublands and riverine and semideciduous forests, nor open habitats,
such as pastures, savannas and grasslands. The results of this study support that tapirs’
habitat use in the southern Pantanal might be quite flexible, while tapirs in the northern
Pantanal prefer forest.

The observed differences in habitat use in the two study areas might be related to the
distinction in habitat structure and distribution of water sources. The SESC area generally
holds a lower portion of water sources, and forest areas are large and interrupted by large
areas of savanna. The FBA area is a dense habitat mosaic of small forests interrupted by
patches of savanna and a high number of lakes. Tapirs at FBA might thus more often pass
through savanna habitat between forest patches.
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4.5. Period

Results of the present study suggest no variation in number of tapirs according to
period in both study areas. Given the semiaquatic nature of the species [55], tapirs are well
adapted to seasonal changes, and their use of the area appears not to be flood-mediated,
as observed for other mammals [121,122]. Elevated forest areas have been shown to act
as an important refuge and forage source during the rainy period [123,124], but previous
studies suggest that tapirs show only little seasonal variation in habitat use. When seasonal
differences in behavior were observed, they were related to the different availability of
fruits [57,67,74,75].

Lowland tapirs responded similarly in both study areas, suggesting that lowland
tapirs are well-adapted to the differences in flooding regimes and proportions of floodable
habitats. At SESC, however, the species shifted activity according to period. During
the rainy period in the Pantanal, temperatures increase; thus, the species might avoid
the hottest hours of the day by adapting to more nocturnal behavior. A similar pattern
was observed by Foerster and Vaughan [125] and Medici [57]. According to the results
of Ayala [72], an increase in nocturnal activity could also be related to higher resource
availability during this period. At FBA, this behavior was not observed, which might be
related to the higher availability of water sources in the area.

4.6. Water

Access to permanent water bodies has been shown to be an important requirement for
tapirs. For instance, studies from the Atlantic Forest suggest that habitats with direct access
to a water source were preferred all year round [57], and distance to the next water body
has been shown to be positively related to the occurrence of tapirs [126]. Water bodies are
important for thermoregulation; as resting places, defecation sites and for avoidance of
ectoparasites; and facilitate movement among forage areas [56,125–127]. Tapirs have also
been shown to enter water during escape from predators [128]. In addition, as the species
has been shown to regularly occur around natural salt licks and to walk several kilometers
to get there [87,106,129], the saltwater lakes in the southern Pantanal might provide an
important mineral source for tapirs. In the two study areas, distance to freshwater bodies or
distance to saltwater lakes at FBA had no effect on number or activity of tapirs, suggesting
similar results as those observed in a previous study by Regolin et al. [67]. Responses
and adaptations might not be visible in these areas, as permanent water bodies are very
abundant, especially at FBA, and thus might not be a limiting factor for lowland tapirs there.

5. Conclusions

The present study provides only limited evidence that anthropogenic pressure affects
the temporal or spatial pattern of lowland tapirs in the rather pristine Pantanal. Nonetheless,
the results stress the need to address both adaptive strategies to obtain a clear picture of
the species response. Where spatial adaptations were made, temporal shifts in activity
might not be needed. Conversely, temporal adaptations can be an effective strategy to use
anthropogenic areas.

Recent research suggests that tapirs show little plasticity to alter their behavior, with
similar activity patterns [130] or movement patterns [31] in areas under different human
disturbances. Whether the species needs to tolerate human activities or can adapt avoidance
strategies seems to depend on the intensity of human use. In areas under lower pressure,
adaptive strategies appear to be more likely than in areas with a regular presence of
humans and livestock. It is possible that adaptations are more effective in areas with larger
undisturbed alternatives. Additionally, in areas with higher anthropological activity, a
permanent temporal or spatial avoidance of encounters might limit foraging and resting
times to such an extent that the disadvantages of changing behavior might be higher than
the advantages. Another reason for the lack of adaptation strategies in the more intensively
used study area (FBA) could be a higher habituation to human presence. Such an absence
of response toward humans could potentially pose a risk to tapir populations, probably
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not so much in the well-preserved region where FBA is located, but in other parts of
their distribution: lowland tapirs have large home range sizes and walk up to 11 km per
day [31]. Thus, they roam across areas with different levels of protection, from areas with
wildlife-friendly eco-tourists to farmland where poaching might still occur or roads and
traffic are present, and being less shy can therefore be dangerous.

In summary, traditional cattle ranching practices with sufficient access to forest patches
within pastures, as well as small-scale tourism based on wildlife observations have no local
detrimental consequences for the species. For a successful coexistence and for keeping the
Pantanal the stronghold for tapirs it has been until now, these areas have to be large and
local communities have to be wildlife-positive.
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