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Abstract
The long-term coexistence of sympatric species is dependent on segregation in at
least one of three niche dimensions: space, time or feeding habits. Hunting by people can inﬂuence species’ temporal and spatial patterns and consequently affect
their coexistence. We tested the hypothesis that hunting inﬂuences spatial and temporal patterns of coexistence of two sympatric deer species (Mazama americana
and Mazama nemorivaga) in central Amazonia. We described deer hunting patterns
using data from an 18-year community-based hunting monitoring program and predicted the spatial distribution of deer hunting trips. We used camera traps to (1)
estimate the habitat use patterns of each species through conditional occupancy, (2)
evaluate whether these species interact and (3) assess how modelled hunting intensity affects deer habitat occupancy. We also tested the temporal overlap of activity
time between both species and hunters. We did not ﬁnd evidence of hunting effects
on occupancy and interaction, nor of spatial segregation among the deer species.
M. americana was primarily nocturnal and M. nemorivaga primarily diurnal. The
overlap between species’ temporal activities was relatively low, suggesting temporal
niche segregation between species. Hunting activity was mainly diurnal and overlapped with M. nemorivaga active hours. However, we found that M. americana
was more frequently hunted than M. nemorivaga. The probability of daytime activity was not inﬂuenced by hunting intensity. Temporal segregation, with asynchrony
of activity periods, seems to be the mechanism behind the coexistence of M. americana and M. nemorivaga in Central Amazonia. The absence of hunting effects on
brocket deer species in our study area suggests a low impact of harvest on both
species’ behaviour. This indicates that contexts of low human density and large
extensions of pristine forests can enable hunted brocket deer populations to be sustained through source-sink dynamics.

Introduction
Understanding the factors that allow the coexistence of species
is of fundamental interest in ecology (Hart et al., 2017). Longterm coexistence of species with a similar niche is only possible through niche segregation and mechanisms that prevent
competitive exclusion (Hardin, 1960; Macarthur & Levins,
Journal of Zoology  (2022) – ª 2022 The Zoological Society of London.

1967). The three main dimensions of niche segregation are
space (habitat use), time (activity patterns) and food (diet;
Schoener, 1974). The coexistence of competing species
depends on the partial segregation in at least one dimension of
their niche (Hardin, 1960; Macarthur & Levins, 1967). Therefore, as a result of long-term competition, adaptations in morphology and behaviour of species are selected throughout their
1
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evolutionary history, and result in niche segregation that allows
their coexistence (Leibold, 1998; Rosenzweig, 1981).
Spatial segregation can be understood as the partitioning of
habitat use by potentially competing species, especially when
food resources are limited (Price, 1978; Scott & Dunstone, 2000).
Habitat use can vary across the geographic range of a species
(Schaub et al., 2011), being shaped by interspeciﬁc competition
(Reif et al., 2018) and the coexistence of closely related species
(Goldingay & Price, 1997). However, when the habitat use of
two or more species overlaps, temporal segregation may be more
important to favour species’ coexistence (Kronfeld-Schor &
Dayan, 2003; Schoener, 1974). Interspeciﬁc competition can
strongly inﬂuence behavioural responses, typically resulting in
asynchronous temporal activity patterns between competitor species (Di Bitetti et al., 2008; Ferreguetti et al., 2015).
Hunting by people can inﬂuence species’ temporal and spatial patterns and consequently affect their coexistence
(Carricondo-Sanchez et al., 2019; Gaynor et al., 2018). For
instance, hunting of a given species may reduce its populations
in areas with high hunting pressure and favour populations of
less targeted competitors (Di Bitetti et al., 2008; Peres & Dolman, 2000). In addition, an increase in the nocturnality of certain species has been observed in areas affected by hunting (Di
Bitetti et al., 2008; Shamoon et al., 2018). Even in areas subjected to numerically sustainable hunting, target species tend to
change their behaviour and interactions with other species
(Lone et al., 2015; Ordiz et al., 2013), potentially driving ecological cascading effects (Schmitz et al., 2004).
The brocket deer (genus Mazama) are widely distributed in
the Neotropics. The distribution of the red brocket deer
(M. americana) and the brown brocket deer (M. nemorivaga)
overlap virtually along with the entire extent of the Amazon
forest (Duarte & Vogliotti, 2016; Rossi & Duarte, 2016).
Changes in population structure and activity patterns as a
response to hunting pressure have been reported for both
brocket deer species, but these changes are usually more signiﬁcant for M. americana (Bodmer et al., 1994; Peres, 1997).
Harvest rates of M. americana are generally higher than those
of M. nemorivaga (Bodmer & Lozano, 2001; HurtadoGonzales & Bodmer, 2004), mainly due to its higher yield in
biomass (Jerozolimski & Peres, 2003). In addition, an increase
in M. americana’s nocturnality has been detected in areas subjected to intense hunting (Di Bitetti et al., 2008), even though
the species is already primarily nocturnal, whereas M. nemorivaga is primarily diurnal (Oliveira et al., 2016).
Previous studies in central Amazonia indicated that hunting,
even when conducted for subsistence, may impact wild game
populations, especially in areas closer to human settlements
(Morcatty & Valsecchi, 2015; Valsecchi et al., 2014). In addition,
demand for wild meat in central Amazonia might have upscaled
with the increase in human population in the last decades (IBGE,
2010). In this study, we evaluate whether and how hunting intensity affects habitat use and activity patterns of coexistence of
M. americana and M. nemorivaga in central Amazonia. First,
we modelled hunting intensity across our study area and
described the hunting patterns of both Mazama species. Then,
using camera traps within a gradient of hunting intensity, we
tested (1) if the two deer species segregate in at least one of the
2
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two tested niche dimensions (temporal or spatial); (2) whether
the occupancy of M. americana decreases with the increase in
hunting intensity and favours the increase in the occupancy of
M. nemorivaga; and (3) whether both species tend to be more
nocturnal in areas with higher hunting intensity.

Methods
Study area
This study was conducted around the Aman~a Lake within the
Aman~a Sustainable Development Reserve (ASDR; 01°S,
64°W; Fig. 1). This reserve is located between the Negro and
Japura rivers in the Central Amazon, covering an area of
23 500 km2, and is composed mainly of upland forests (terra
ﬁrme) on paleov
arzea soils (Irion et al., 2010). The climate is
equatorial (Af), according to the K€
oppen-Geiger classiﬁcation,
with an annual temperature of 22–36°C, relative humidity of
80–100%, and an annual rainfall of 1500–3000 mm.
Aman~a Sustainable Development Reserve is a ‘sustainable
use protected area’ (Amazonas, 1998), which is a type of protected area where local people can live inside and are allowed
to use natural resources within the boundaries of the protected
area. There are nine human communities and 17 small settlements around Aman~a Lake, with a population density of 0.39
people/km2 (SIMDE/IDSM, 2018). These villages are isolated
from the nearest urban center by approximately 100 km, 12 h
by regional boat, and their main source of food and income
include small-scale agriculture, ﬁshing, hunting and the extraction of other forest products (Peralta & Lima, 2019).

Data collection
Deer hunting
Hunting data were collected in two communities participating
in a long-term hunting monitoring system by the Mamiraua
Institute (names of the communities were anonymized, and
hereafter we refer to them as Community 1 and Community 2;
Fig. 1). These two communities are composed of a total of
394 inhabitants residing in 84 households (SIMDE/IDSM,
2018). There are 66 declared hunters in these communities,
and deer hunting is conducted mainly for local consumption
(Valsecchi & Amaral, 2009). We obtained information through
a participatory hunting monitoring system in operation for
18 years (2002–2019) in Community 1 and for 16 years
(2002–2017) in Community 2. We hired one local research
assistant within each community to record daily data on hunting trips provided voluntarily by hunters of the village onto a
standardized form (Table S1). The form included the information of species killed, the number of individuals killed, biomass (in kg) of each hunted specimen, time spent hunting,
geographic location of the kill and whether the hunting trip
was intentional or opportunistic, that is, associated with other
activities such as farming or ﬁshing. We ﬁltered and used for
this study only hunting trips in which a deer specimen was
killed. All hunting localities were then visited and georeferenced using a handheld GPS. To ensure the quality and
Journal of Zoology  (2022) – ª 2022 The Zoological Society of London.
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Figure 1 Location of Aman~a Sustainable Development Reserve, study area (inset), location of camera trap stations and communities monitored
regarding Mazama spp. hunting.

accuracy of the hunting data, completed forms were inspected
monthly to detect any inaccuracy.

Camera trap
We set up 86 camera trap stations across a gradient of distance
from local communities, covering a total area of approximately
140 km² (Fig. 1). Each camera trap station was composed of
two camera traps (model PC800 HyperFire, ReconyxInc, Holmen, WI, USA) placed 4 m apart, facing each other, and
40 cm above the ground. Camera-traps were conﬁgured to take
photographs 24 h per day and to record the date and time of
each picture. Each time a camera-trap was triggered, a
sequence of 10 pictures was taken, with a one-second interval
between photos. Data were collected from February to September 2017. Due to the limited number of equipment, we divided
the 86 sampling stations into two sets of 43 stations each. The
ﬁrst set remained in operation for 63 days and, immediately
after removing the camera traps of the ﬁrst set, we established
the second one, which remained in operation for up to
133 days. Camera trap station locations were alternated
between the sampling sets, ensuring that the two sets had similar environmental conditions (Fig. 1; Table S2). The total sampling effort was 7796 trap*days. The average distance between
adjacent stations was 986 m and varied from 507 to 1811 m.

Data analysis
Deer hunting intensity and patterns
As we monitored only two local communities, we extrapolated
the hunting intensity in the study area (within an
Journal of Zoology  (2022) – ª 2022 The Zoological Society of London.

approximately 2300-km² region) using a Poisson point process
model (ppm). We modelled the hunting points density according to two spatial covariates: (1) distance from hunting locations to the nearest water course, since rivers are the
commuting route for community members and (2) distance
from hunting locations to the nearest community. The parameters of a ppm are estimated by maximum likelihood. For this
purpose, we used the function ‘Fit Point Process Model to
Data (ppm)’ available in the package ‘spatstat’ (Baddeley
et al., 2015). We then used the ﬁtted ppm to predict the density of deer hunts (hereafter ’hunting intensity’) across the
study area. Moreover, we used descriptive statistics to report
the number of hunting trips per species and the percentage of
intentional or opportunistic specimens hunted.

Occupancy estimates
We used the estimated occupancy probability as a measure of
habitat use. To match the sampling effort from the ﬁrst set of
camera-trap with the second one, as well as to avoid a potential bias caused by sampling duration on deer site occupancy
estimates (see Steenweg et al., 2018), we used only the ﬁrst
63 days of sampling from the second set for occupancy estimates. Thus, the total sampling effort for the occupancy estimates was reduced to 5111 trap*days. We assembled a
detection history matrix for M. americana and M. nemorivaga,
deﬁning a period of seven consecutive days as a sampling
occasion. We computed Moran’s I autocorrelation coefﬁcient
for each species based on the distance between stations with at
least one record and the rate of record per season (number of
records/number of sampling occasions) using the package ‘ape’
(Paradis & Schliep, 2019) and we did not ﬁnd spatial
3
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autocorrelation (M. americana: observed = 0.03, expected =
0.02, SD = 0.03, P-value = 0.06; M. nemorivaga: observed =
0.09, expected = 0.05, SD = 0.05, P-value = 0.32). We
analyzed the data using the ‘multispecies occupancy model for
interacting species’ (Rota et al., 2016). This model is a generalization of single-season occupancy models that can accommodate two or more interacting species and allows modelling
the probability of two or more species to occupy the same
location as a function of covariates.
To ﬁt the models, we deﬁned the occupancy (Ψ) and detection (p) covariates (Table 1). Hunting intensity and elevation
were included in candidate models as a covariate for the probability of occupation of each species. Although we did not
expect clear effects of elevation on species occupancy, we used
this covariate in occupancy models to control for potential
effects of the variation in environmental requirements between
the two species. Despite its low variation in our study area,
elevation is usually associated with changes in vegetation
structure and plant species composition in the Amazon (Junk
et al., 1989; Wittmann & Junk, 2003). Hunting intensity was
also included in candidate models as a covariate for the probability of species co-occurrence at each site. The covariate
‘effort’ (number of days that each camera trap station was
active within occasions) was maintained in all models. We
built 18 competing models considering the inﬂuence of covariates on species in models with or without second-order interactions (see all models in Table S3). We used the Akaike
Information Criterion adjusted for small sample size (AICc) to
classify competing models (Burnham & Anderson, 2002) and
conducted an assessment of the model’s ﬁt for the global
model using the parametric initialization method (Fiske &
Chandler, 2011). We considered that models with ΔAICc < 2
had similar support (Burnham & Anderson, 2002). We also estimated the overall probability of occupancy for each species
using the predict function of the package unmarked with 105
simulations weighted by the best-ranked model (Fiske & Chandler, 2011). All analyses were conducted in R (R Core Team,
2021) with the package ‘unmarked’ (Fiske & Chandler, 2011).

Activity pattern
For the activity pattern analysis, we used the entire dataset
(7796 trap*days) and considered that photographs obtained
<30 min apart did not constitute independent records. To calculate the activity pattern of hunters, we pooled all data of
hunting trips from the hunting monitoring period and calculated the frequency of hunting trips that fell within each 24-h
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of the day. To do so, we added the traveled time – calculated
using the total distance traveled by hunters in each hunting trip
recorded and considering boat speed of 10 km/h – to the
departure time from the community and subtracted the travel
time from the arrival time back at the community. This correction was performed considering that hunters usually use watercourses to commute to hunting areas, start actively hunting
only when they arrive at the hunting location, and stop hunting
when departing from hunting regions.
To compare the activity patterns between deer species and
between deer and hunters, we compared the daily activity patterns among them. We used the ‘activity’ package to ﬁt a ﬂexible circular kernel distribution to time-of-detection data
(Rowcliffe, 2019). To assess overlapping activity patterns
between deer species and between each species and hunters,
we estimated a coefﬁcient of overlap using the ‘overlap’ package (Ridout & Linkie, 2009). This package calculates three
estimates of activity pattern overlap based on times of observations for two species (Dhat1, Dhat4 and Dhat5). Coefﬁcients
range from 0 to 1, where 0 indicates completely distinct activity patterns and 1 represents identical patterns (Ridout & Linkie, 2009). The dhat4 estimator was used in this study as this
is the recommended one when both samples are larger than
50. We performed Watson’s test for homogeneity on two samples of circular data to determine whether daily activity patterns were signiﬁcantly different (Agostinelli & Lund, 2017).
In addition, we assessed the effects of hunting intensity on
the probability of daytime activity of the species. For this, we
evaluate the proportion of daytime records (06:00–17:59) as a
function of the estimated hunting intensity for each camera
trap station with at least one record. We ﬁtted a generalized
linear model with binomial distribution for proportional data
for each species (R Core Team, 2021).

Results
Deer hunting intensity and patterns
During the monitored period, 159 hunting trips of Mazama
spp. were recorded, with 133 individuals of M. americana harvested, total biomass of 3900.5 kg, and 26 individuals of
M. nemorivaga harvested, total biomass of 350 kg. Deer hunting intensity showed a strong relationship with the distance to
nearest water courses and local communities. For both variables, we observed an increase in the estimated hunting intensity at shorter distances (distance from watercourse:
Z = 6.93, P < 0.001; distance from communities: Z = 7.25,

Table 1 Covariates used to build occupancy models for Mazama americana and M. nemorivaga at the study area
Code

Description

Range of values

Fitted parameters

Hunt

Number of hunted individuals per km² (see Deer
hunting patterns)
Elevation in relation to sea level (digital terrain model)
Number of days for each sampling occasion
Location of a camera trap in relation to a human trail

0–0.23 individuals/km²

Occupancy of each species;
interaction between species
Occupancy of each species
Detection of each species
Detection of each species

Elevation
Effort
Trail

4

38–45 m.a.s.l.
1–7 days
0–off trail/1–on trail
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Figure 2 Predicted deer hunting intensity between 2012 and 2019 in the study area using a Poisson point process model. Transparency circles
indicate deer harvest locations and circles with greater opacity indicate overlapping points.

P < 0.001; Fig. 2). Hunters used 35 localities to hunt deer,
spreading up to 15 km away from the hunters’ villages. However, 70% of hunting trips occurred within a 5-km distance
from the villages. Hunters killed most of the deer individuals
during the day (n = 111; 69.8%), and declared to intentionally
hunt M. americana in 31.7% of the trips, while M. nemorivaga
was hunted intentionally in 34.8% of the trips (see complete
data in Table S4).

Occupancy estimates
We recorded M. americana on 83 sampling occasions at 47
camera trap stations, and M. nemorivaga on 35 sampling occasions at 22 camera trap stations. Model ranking indicated that
the selected covariates did not affect site occupancy by the
species or the interaction between species (Table 2). Of the 18
candidate models tested (Table S3), three had ΔAICc < 2, all
including a null effect on occupancy.
The predicted occupancy based on the best-ranked model
was higher for M. americana (0.70–95% CI, 0.52–0.83) than
for M. nemorivaga (0.37–95% CI, 0.22–0.54). The ranking of
models did not indicate the effects of the interaction between
occupancies of both species. Moreover, the most likely state of

Table 2 Top-ranked models for occupancy modelling of Mazama
americana and M. nemorivaga at the Aman~a Sustainable
Development Reserve
Modnames

K

AICc

ΔAICc

AICcWt

Cum. Wt

psi(.)p(effort)
psi(.)p(effort+trail)
psi(. ~interaction)p(effort)

6
8
7

791.109
791.968
792.561

0
0.860
1.453

0.309
0.200
0.149

0.309
0.510
0.659
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occupancy of sites indicates that species do not tend to aggregate or avoid one another (Fig. 3).

Activity pattern
In total, we obtained 149 independent records of M. americana
(in 57 camera trap stations) and 58 of M. nemorivaga (in 25
camera trap stations). The activity pattern was signiﬁcantly different between species (T = 1.69, P < 0.001), with an overlap
of 0.42 (Dhat4). Brown brocket deer showed higher activity
during the day, while red brocket deer showed higher activity
at night. The overlap between hunters’ activity period with the
activity period of M. nemorivaga (Dhat4 = 0.80, T = 0.20,
P < 0.05) was greater than with the activity period of
M. americana (Dhat4 = 0.58, T = 2.37, P < 0.001, Fig. 4).
The difference in the activity patterns between M. nemorivaga
and hunters was due to the almost zero activity of the species
between 21:00 and 4:00. We found no inﬂuence of hunting
intensity on the probability of daytime activity by any brocket
deer species (Table 3).

Discussion
We found no evidence of a hunting effect on the occupancy
and interaction between M. americana and M. nemorivaga.
Although the camera stations covered most of the estimated
hunting intensity gradient, the closest camera trap station was
installed more than 2.5 km away from a human community.
Thus, we acknowledge that most of the camera trap stations
were far away from areas of higher hunting intensity. In addition, 80% of stations were placed more than 5 km away from
villages, and more than 70% of deer hunting events were
recorded near the villages (<5 km). The estimated hunting
5
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Figure 3 (a) Predicted occupancy of each species in the sampled area and (b) probability of each occupation state at each camera trap station.
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Figure 4 Activity patterns of Mazama americana, M. nemorivaga and
hunters in the study area.

intensity in the area sampled by the camera trap grid was less
than half of the estimated intensity closest to human communities. Therefore, we recognize that this limitation in our sampling
design may have affected our ﬁndings. On the other hand, the
sampled area is located in a region characterized by low human
density and with large extensions of continuous primary forest,
enabling wild animal populations to be sustained through
6

source-sink dynamics (Antunes et al., 2016; Novaro et al.,
2000). Therefore, we suggest that the forests in our sampled
region can function as a source for Mazama spp., at least at distances greater than 2.5 km from human communities.
Assuming that more abundant species tend to have higher
site occupancy (Gaston et al., 2000), the high site occupancy
of M. americana suggests it has a higher abundance than
M. nemorivaga in the study area. Similar ﬁndings were found
in the Peruvian Amazon, where the density of M. americana
was twice as large as that of M. nemorivaga (Salovaara et al.,
2003). The difference in occupancy observed in our study,
however, does not indicate that M. americana occupancy inﬂuences M. nemorivaga’s. We did not detect spatial segregation
between the two congeneric deer, although spatial segregation
patterns between congeneric species seem to be common
(Chesson, 2000; Reagan, 1992; Winchell et al., 2018). Considering that spatial segregation is more common when food
resources are limited (Schoener, 1974; Scott & Dunstone,
2000), it is possible that the high primary productivity of paleov
arzea forests (Irion et al., 2010) results in sufﬁcient
amounts of food resources for both Mazama species, and
allows an overlap of niche in the spatial dimension in our
study area. The variation in vegetation structure as a result of
the elevation did not inﬂuence the occupancy of any of the
species. Besides, it is important to highlight that the period in
Journal of Zoology  (2022) – ª 2022 The Zoological Society of London.
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Table 3 Estimates of generalized linear models assessing the influence of hunting on the probability of daytime activity of Mazama americana
and M. nemorivaga
Mazama americana
Estimate
Intercept
Hunting intensity
Observations
R2

0.916
0.106
57
0.001

Lower CI
1.29
0.59

Mazama nemorivaga
Upper CI

P

Estimate

Lower CI

Upper CI

P

0.56
0.32

<0.001
0.645

3.477
1.98
25
0.033

1.97
0.09

7.17
6.71

0.004
0.234

Lower and upper values of confidence intervals (CI) and P-value of parameters are also presented.

which the camera trap sampling occurred coincides with the
period of greatest fruit availability (Haugaasen & Peres, 2005),
and seasonal changes in habitat use might be expected in periods of fruit scarcity.
Given that our analysis does not indicate spatial segregation
between brown and red brocket deer and that their diet is very
similar (Bodmer, 1991; Bodmer & Ward, 2006; Rossi et al.,
2010), the observed asynchrony of activity periods may be the
mechanism creating conditions for the two species to spatially
coexist. Temporal avoidance is common for closely related
species (Kronfeld-Schor & Dayan, 2003; Nagy-Reis et al.,
2019; Rasphone et al., 2020). The primarily nocturnal pattern
of activity of M. americana and diurnal of M. nemorivaga
agrees with the patterns observed in other studies and seem to
be related to the phylogenetic restrictions of the species (Oliveira et al., 2016). The dense vegetation cover in our study
area allows M. nemorivaga activity even in the hottest periods
of the day, contrary to what occurs with M. gouazoubira, from
the same evolutionary lineage, in areas with greater exposure
to solar radiation (Oliveira et al., 2016).
Current hunting pressure by humans does not seem to be
responsible for this temporal segregation pattern, as we have
not observed differences in the activity patterns according to
estimated hunting density in the area sampled by camera traps.
Other studies indicated a prevalence of nocturnal activity of
M. americana in the Amazon (Rivero et al., 2005; Tobler
et al., 2009) and in other biomes (Di Bitetti et al., 2008; Ferreguetti et al., 2015). Mazama species that are phylogenetically
close show similar activity patterns: while M. nemorivaga and
M. gouazoubira tend to be more diurnal, M. americana,
M. nana and M. bororo tend to be more nocturnal (Oliveira
et al., 2016). Although not tested here, we cannot reject the
hypothesis that competition with other large-sized ungulate
species, such as collared peccary (Pecari tajacu), white-lipped
peccary (Tayassu pecari) and tapirs (Tapirus terrestris), and
the presence of predators, such as puma (Puma concolor) and
jaguar (Panthera onca), may inﬂuence the current behaviour
and evolutionary history of Mazama species.
Even with hunting times overlapping more with M. nemorivaga activity times, we found that M. americana was more
frequently hunted in our study area. In addition to the apparent
greater abundance of M. americana, hunters’ preferences may
also play a role in determining higher hunting frequency for
this species. Some reports from hunters indicate that a taboo
concerning the palatability of brown brocket deer meat is culturally shared among villagers of our study area. Other studies
Journal of Zoology  (2022) – ª 2022 The Zoological Society of London.

in the Amazon indicated that palatability was a determinant for
greater preference for M. americana over M. nemorivaga by
hunters (Ramos et al., 2020). Palatability seems to be an
important factor in hunters’ prey choice decisions (Koster
et al., 2010). Previous studies conducted in our study site
revealed that brown brocket deer occupy the 18th position
among 41 game species locally consumed in terms of meat ﬂavour, while the red brocket deer occupies the 9th position (L.
P. Lemos, H. R. El Bizri & J. Valsecchi, unpublished data).
Moreover, hunters can favour red brocket deer hunting due to
its higher yield in biomass, since its mean body mass is almost
two-fold greater than that of brown brocket deer (Jerozolimski
& Peres, 2003; Robinson & Redford, 1986).
Our results suggest that the cumulative hunting pressure
over our studied period may not have been high enough to
affect species’ occupancy, distribution and activity patterns in
our sampled area. Hunting was not retained as a covariate in
the most plausible models for occupancy. In addition, we did
not detect behavioural shifts determined by hunting in areas
closer to the villages, as previously detected for M. americana
in the southern portion of its distribution (Di Bitetti et al.,
2008). The lower level of hunting pressure for both species of
deer is evidenced by the larger proportion of opportunistic deer
hunting trips compared to intentional trips. Additionally,
rodents and other large ungulates, such as tapir and peccaries,
are usually dominant over deer in hunting proﬁles in other
Amazonian sites (Stafford et al., 2017), so we can assume that
deer do not comprise the bulk of preferred and more frequently targeted game in our study area.
Other evidence revealed here supports the claim that deer
hunting is likely to be a low-impacting activity in our study
area. One could assume that if hunting is concentrated in locations near the villages, the maintenance of harvests near settlements over time could be interpreted as a proxy of game
availability. We have shown that the majority of deer hunting
trips occur in a core area up to 5 km far from the villages.
This core catchment area is smaller than the mean distances
registered for harvests of Mazama spp. in the northern Amazon
(see Richard-Hansen et al., 2019) and similar to catchment
areas of indigenous villages in the western Amazon (see OhlSchacherer et al., 2007). Additionally, considering deer reproductive traits, Novaro et al. (2000) suggested that at least 52%
and 47% of the area used for hunting M. americana and
M. nemorivaga, respectively, need to remain unhunted to
ensure population dispersion and recovery through source-sink
dynamics. The Protected Area management plan allows hunters
7
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to use up to 40% of the landscape in our study site, leaving
the remaining 60% unhunted to act as source areas (Amazonas,
2020).
In this study, we showed that M. americana and M. nemorivaga overlap in the spatial dimension and segregate in the
temporal dimension of the niche. M. americana is more frequently hunted than M. nemorivaga, possibly because of the
higher preference by the hunters of the former deer species.
Furthermore, our data suggest that hunting pressure at distances greater than 2.5 km away from human communities
does not appear to be affecting deer occupancy or activity patterns in our study region. We highlight that the forests in our
study area are quite pristine, since habitats converted for swidden cultivation and human habitation represent a very small
proportion of the habitat available for wild fauna, favouring
the source-sink dynamics. Our study is an example of how
long-term monitoring of hunting can be allied to ecological
surveys on tropical species to shed light on the factors affecting the coexistence of sympatric species. By adopting this integrative approach, our ﬁndings provide relevant information to
the development of management actions and conservation measures for these species.
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