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Abstract

Hunting is an important threat to tropical wildlife, yet many people are depen-

dent on forest fauna for protein provisioning. We analyzed abundances of ter-

restrial mammal and bird species around four indigenous villages in the south

of Suriname, using camera trap data and the Royle–Nichols abundance model.

We hypothesized that hunting pressure increases with decreasing distance to a

village and with increasing village size (expressed as cropland area). We

detected 24 animal species in all villages combined, including several rare spe-

cies. For 11 of the 24 species, we were able to examine if and how distance to a

village and village size related to local abundances and found a positive effect

of distance to village on local abundances in five species, and a negative effect

of village size in one species. Because villages, and thus hunting, affect local

abundances of terrestrial bird and mammal species in our study, we recom-

mend monitoring forest fauna in areas where people are highly dependent on

animals for food provisioning.
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1 | INTRODUCTION

Hunting poses one of the largest threats to tropical wildlife
populations (Harrison, 2011; Wilkie et al., 2011). Due to
the nonrandom character of most hunting activities, pre-
ferred game species, which are typically larger species with
lower reproduction rates (Mesquita & Barreto, 2015; Peres,
2000; Peres & Palacios, 2007; Ripple et al., 2016), become
less abundant or go locally extinct (Dirzo et al., 2014). In
addition to the direct effects of hunting on animal commu-
nities, there are also more subtle effects on species' behav-
ior with diurnal species becoming more nocturnal (Gaynor
et al., 2018; Wang et al., 2015). Changes in the animal

community composition and in activity patterns may lead
to changes in competitive processes and predator–prey
dynamics (Cruz et al., 2018; Di Bitetti et al., 2010; Paviolo
et al., 2009; Wang et al., 2015). Yet, for many forest-
dependent human communities, wildlife is the primary
source of protein uptake (Cawthorn & Hoffman, 2015).

Persistent game hunting for subsistence, even at small
scales, may have serious consequences for forest fauna
(Constantino, 2016; Peres, 2000). Hunting intensity is
generally higher in the proximity of roads, rivers, and
settlements (Bowler et al., 2016; Peres & Lake, 2003),
with indigenous hunters usually hunting within 10 km
from their village (Alvard et al., 1997; Constantino, 2015;
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Iwamura et al., 2014; Ohl-Schacherer et al., 2007). Hunt-
ing intensity also increases with the number of house-
holds and the number of agricultural fields in a village
(Iwamura et al., 2014). Unsustainable levels of hunting
could lead to half-empty or empty forests (Benítez-L�opez
et al., 2017; Milner-Gulland & Bennett, 2003), thereby
threatening local food security (Constantino, 2016; Nasi
et al., 2011). In contrast, some animal species, often
smaller animals and with higher reproduction rates,
seem to benefit from the presence of agricultural fields
(Ferreira et al., 2018; Naughton-Treves et al., 2003;
Pérez & Pacheco, 2006), or from competitive release or
the absence of predators (Di Bitetti et al., 2010), thereby
potentially increasing protein availability for humans.

In South Suriname, indigenous people indicated that
over the last decade more frequent and longer hunting
trips are needed to obtain a sufficient amount of meat
(Amazon Conservation Team Suriname, personal com-
munication). Wildlife has been inventoried in the central
part of Suriname (Ahumada et al., 2011; Ouboter et al.,
2011, 2021; Ouboter & Kadosoe, 2016; Schuttler et al.,
2021), but data about animal communities from the less
disturbed southern part of Suriname are largely lacking
(Gajapersad et al., 2012). In this paper, we report on the
presence of terrestrial bird and mammal species occur-
ring around four indigenous villages in South Suriname,
using camera trap data. We also research the impact of
hunting on a subset of these species.

We hypothesized that hunting pressure would
decrease with increasing distance to the village (Hill et al.,
1997) and increase with the size of a village (Iwamura
et al., 2014), which was confirmed by the hunters in the
villages (see also Luzar et al., 2011). We therefore used
distance to village and village size, represented by crop-
land area, as proxies for hunting pressure. We expect that

(i) around smaller villages more species with a high body
mass occur compared with larger villages, (ii) abundances
of hunted animal species will be negatively affected by vil-
lage size, (iii) abundances of hunted animal species will
be higher further away from a village, and (iv) as an
exception to (ii) and (iii) species that benefit from the
presence of agricultural fields, or species that might bene-
fit from competitive release and/or the lack of predators,
have a higher abundance closer to villages and around
larger villages.

The probability of detecting species can be affected by
differences between surveyed sites, including vegetation
structure (Ferreguetti et al., 2015; Rich et al., 2016),
which makes comparisons between survey sites based on
detection rates unreliable (Sollmann et al., 2013). There-
fore, we investigate the effects of hunting pressure on
local abundances of our study species, using the Royle–
Nichols abundance model (2003). This enables us to take
into account imperfect detection that arises due to differ-
ences in vegetation structure in our sites.

2 | METHODS

2.1 | Study site

We studied animal populations around four isolated
indigenous villages in South Suriname (Figure 1a);
Kwamalasamutu (KW), Tepu (TP), Apetina (AP) and
Curuni (CU). All villages are located in the relatively
intact terra firme forest in South Suriname. The villages
are inhabited by indigenous Amerindian tribes (Trio in
KW, TP, and CU and Wayana in AP) that live in the bor-
der areas of Suriname and Brazil. People hunt for meat
and use swidden agricultural techniques to grow mainly

FIGURE 1 (a) Locations of the four indigenous villages in South Suriname in which the study was performed. The dashed lines indicate

disputed borders. (b) Set up of the camera transects. The village of Tepu serves as an example here; the transects were of a similar set up in

the other villages. The river running through Tepu is the Tapanahony river
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cassava in agricultural plots. Until the 1960s, people lived
in small, mainly nomadic, clusters comprising between
30 and 50 people. Since then, larger sedentary settlements
were created (Nankoe, 2017), which supposedly increased
hunting pressure in the area surrounding the villages. A
recent coarse estimate by a local medical organization
(Medische Zending, personal communication) on the
number of inhabitants per village, runs from 40 in CU,
250 in AP, 400 in TP, to 700 in KW.

2.2 | Camera trap set up

Monitoring took place between 2015 and 2017: KW was
monitored in 2015, AP in 2016, and CU and TP in 2017.
We always monitored between May and August, which
coincides with the rainy season. In total 84 unbaited cam-
era traps (Bushnell HD Trophy Cam, model 119537) were
positioned around the villages (24 around KW, TP and CU
each, and 12 around AP). The cameras were deployed in
1-km long transects, positioned from north to south
(Figure 1b). Per transect, we placed four cameras with
330 m spacing in between. This was done in order to
increase detection rates per survey location, since we were
expecting low numbers of detections for the majority of the
species (Amazon Conservation Team Suriname, personal
communication). Survey locations were assigned on a map
before going into the field based on information about
hunting areas which was provided to us by hunters in the
villages. All cameras were placed in intact forest, never in
agricultural fields, and always at least at 100-m distance
from hunting trails or forest edges. Once in the field, the
cameras were attached to a tree close to the predetermined
location, 40 cm above the ground, facing the north. Vegeta-
tion directly in front of the camera that could trigger the
camera into taking pictures was removed. The cameras
were set to take three pictures at every trigger with 15 s in
between triggers. Every 2 weeks, the cameras were checked
for malfunctioning, cleaned of spider webs and dried, and
batteries were replaced. Cameras were active in the field
for an average of 29 days, adding up to 321 camera days for
AP, 569 for TP, 595 for CU, and 882 for KW. Animals on
the pictures were identified with the help of the local vil-
lagers (Luzar et al., 2011) and by using the book Neotropi-
cal Rainforest Mammals (Emmons & Feer, 1997). We also
recorded the body masses of all species identified
(Bertelli & Tubaro, 2002; Emmons & Feer, 1997; Rossi
et al., 2010). If a range of body masses was given, we took
the average. Due to logistical issues, we were not able to
monitor the animal community in all villages in the same
year. We assume that the different years of measurement
in our study did not affect our results. Other studies that
took place within a time span of up to 6 years also found

that “time” largely did not affect occupancy or abundance
for a variety of species (Ahumada et al., 2013; Rist et al.,
2009; Santos et al., 2019; Xavier da Silva et al., 2018).

To test for the effect of distance to the village, we placed
transects at different distances from village centers (range
1.2–8.3 km measured as average distance from the four
cameras per transect to the center of the village, as the
crow flies). Because there are no accurate estimates of the
number of inhabitants per village, we used cropland area
(ha) as a proxy for village size (see Iwamura et al., 2014)
since all land clearing for agriculture is done to grow food
for subsistence. Cropland area was determined by analyz-
ing satellite images (data source: Global Forest Watch)
(Hansen et al., 2013) for each village in the year in which
the surveys took place. We estimated the cropland area of
each village by multiplying the number of pixels of that
cover type by pixel size (900 m2). Due to logistical compli-
cations, we could only place three transects in Apetina.

In all villages except for AP, we measured the DBH of
all trees of ≥5 cm DBH, in 20 � 20 m plots around each
camera. We multiplied the average DBH by the number
of trees ≥5 cm DBH in each plot to obtain tree density.
We counted the number of seedlings (trees with a diame-
ter of <5 cm DBH) in 10 � 10 m plots around each cam-
era to obtain seedling density.

2.3 | Data analysis

2.3.1 | Detections

In the analyses, we included pictures of species that are
hunted (based on personal communication with the hunters)
and that could be identified to the species level. To get a gen-
eral understanding of species presence, we calculated the
detection rate (e.g. the number of detections per 100 camera
days) for all detected species in all villages. We excluded
detections of the same species if they were recorded within
30 min on the same camera. If multiple individuals appeared
on a picture, their total number was counted. Based on these
data, we selected species for further analysis on the relation-
ship between local abundances and distance to village, and
village size (i.e. species with a detection rate of 5/100 camera
days or more) (Shannon et al., 2014). For all identified spe-
cies, we created rarefied species curves to analyze our sam-
pling effort, using the vegan package (Oksanen et al. 2015)
in R (R Development Core Team, 2015).

2.3.2 | Local abundance

Due to the high heterogeneity in detection rates between
cameras and the fact that imperfect detection is not taken
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into account when solely analyzing detection rates
(Iknayan et al., 2014; Sollmann et al., 2013), we decided
to estimate abundances with the Royle–Nichols abun-
dance model (Royle & Nichols, 2003) and study the rela-
tionship of these estimated abundances with distance to
village and village size. This hierarchical detection-based
model is an extension of regular occupancy models and
assumes that detection probabilities carry information
about local abundances. It thus allows us to take imper-
fect detection into account by simultaneously examining
the effects of site-specific covariates—in our case tree
density and seedling density—on detection probability
(i.e. the observation process) and then estimating abun-
dance in relation to covariates—in our case distance to
village (D) and village size (A). We tested whether tree
density and seedling density surrounding each camera
affected the probability of detection of a species in a tran-
sect, where we combined the detections of the four cam-
eras of each transect, and averaged tree density and
seedling density per transect. We assumed our sites were
closed, meaning that no individuals could enter or leave
the population due to birth, death, immigration, or emi-
gration during our measurements. We also assumed our
observations to be independent since we grouped the
data of four cameras per transect and transects were
located at least 2 km apart from each other. Since we
monitored in a continuous forest and animals roam
around within this forest, we opted to use “local abun-
dance” as a parameter for our analyses (Gilbert et al.,
2021; Sollmann, 2018).

Per transect, we recorded the number of 5-day inter-
vals (Royle & Nichols, 2003) in which a species was
photographed (wi), as well as the total number of inter-
vals (Ti). Similar to Royle and Nichols (2003) and Bowler
et al. (2016), we made use of the Poisson assumption for
abundance at the transect-level, where the number of
animals of species i available for detection at transect
j (Nij) is described by the Poisson rate parameter λij: Nij �
Poisson(λij). We used the average distance from the four
camera traps per transect to the village center (Dj) and
the amount of cropland area (Aj) as potential explanatory
variables in our analysis of local abundance (Bowler
et al., 2016):

log λij
� �¼ βi,0þβi,A x ln Aj

� �þβi,D x ln Dj
� �

þβi,A:D x ln Ajð Þln Djð Þ,

where βi,o is the species-specific intercept and βi,A, βi,D,
and βi,A:D are the species-specific regression coefficients
of the (log-transformed) covariates Aj and Dj and their
interaction effect. Detection probability (r) was modeled
as a function of the transects' tree density (TD) and seed-
ling density (SD):

logit rij
� �¼ βi,r þβi,TD x TDjþβi,SD xSDj

þβi,TD:SD x TDjSDj,

where βi,r is the species-specific intercept, and βi,TD, βi,SD,
and βi,TD:SD are the species-specific regression coefficients
of the covariates TDj and SDj and their interaction effect.
Because we did not measure the vegetation in AP, this
village was excluded from these analyses. With the data
collected in the other three villages, yi,j was fitted to the
binomial distribution that best represents the probability
that at least one individual of species i was detected:

yij �Binomial kj,1� 1� rij
� �Nij ,

�

where kj is the number of sampling occasions. The statis-
tical significance of the covariates was tested by running
all 64 possible combinations of the covariates per species,
using the r-package unmarked (Fiske & Chandler, 2011)
(see Table S1). By running all covariate combinations, we
take into account that noncontributing covariates may
conceal the effects of other covariates on a species' detec-
tion probability or abundance. We compared Akaike
Information Criteria (AICs) between the models and
selected the three models with the lowest AIC. For those
factors significantly affecting detection or abundance,
delta AIC was greater than 2 between models with and
without this factor.

3 | RESULTS

3.1 | Detections

We identified 24 species in a total of 2367 camera trap days
(Table 1). We detected 21 species in KW, 16 in TP, 17 in
AP and 20 in CU. The percentage of species detected rela-
tive to the species that were estimated to be present, was
88% for KW, 75% for AP and 74% for TP and CU (see
Figure S1 for rarefaction curves). Half of the 24 species
were detected around all villages and three species were
detected in only one village. Species with the highest detec-
tion rates included Dasyprocta leporina (Red-rumped
Agouti), Myoprocta acouchy (Red Acouchi), and Psophia
crepitans (Grey-winged Trumpeter), although their detec-
tion rates differed per village (up to almost 15-fold for the
Grey-winged Trumpeter). Overall, detection rates were low
(average 3.16 ± 0.07 SE detections per 100 camera days).

Body mass of the detected species ranged between
0.38 kg (Crypturellus variegatus, Variegated Tinamou) to
238.50 kg (Tapirus terrestris, Lowland Tapir). The major-
ity of the species with a body mass below 10 kg were
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TABLE 1 Detection rates (# detections per 100 camera days)

Village KW TP AP CU

Year of measurement 2015 2017 2016 2017

Cropland area (ha) 5191 1067 440 142

Total camera days 882 569 321 595

Species Order Body
mass (kg)

IUCN Red
List statusa

Total

Birds

Black Curassow Crax alector Galliformes 3.05 VU 1.02 0.35 2.35 3.90

Grey-winged Trumpeter Psophia crepitans Gruiformes 1.25 NT 8.62 2.28 28.35 33.77 73.01

Variegated Tinamou Crypturellus
variegatus

Tinamiformes 0.38 LC 0.91 2.46 0.31 3.53 7.20

Great Tinamou Tinamus major Tinamiformes 0.11 NT 1.36 3.51 9.35 3.36 17.58

Mammals

White-lipped Peccary Tayassu pecari Artiodactyla 35.00 VU 1.85 1.85

Collared Peccary Tayassu tajacu Artiodactyla 26.00 LC 1.36 2.49 1.51 5.36

Tayra Eira barbara Carnivora 4.85 LC 0.79 1.58 1.87 1.85 6.09

Ocelot Leopardus pardalis Carnivora 11.25 LC 1.36 1.05 0.93 1.01 4.36

Margay Leopardus wiedii Carnivora 6.00 NT 0.18 0.17 0.34

South American Coati Nasua nasua Carnivora 5.10 LC 0.79 1.01 1.80

Jaguar Panthera onca Carnivora 94.50 NT 0.34 0.34

Puma Puma concolor Carnivora 74.50 LC 0.45 0.31 0.76

Jaguarundi Puma
yagouaroundi

Carnivora 6.75 LC 0.23 0.18 1.25 0.17 1.82

Southern Naked-tailed
Armadillo

Cabassous
unicinctus

Cingulata 3.20 LC 0.11 0.11

Greater Long-nosed
Armadillo

Dasypus kappleri Cingulata 10.15 LC 2.04 0.18 3.43 0.67 6.31

Nine-banded Armadillo Dasypus
novemcinctus

Cingulata 4.50 LC 0.79 2.81 5.61 1.51 10.72

Giant Armadillo Priodontes
maximus

Cingulata 25.50 VU 0.11 0.35 0.46

Red Brocket Deer Mazama
americana

Even-toed
Ungulates

36.00 data deficient 3.63 0.53 3.12 2.86 10.13

Amazonian Brown
Brocket

Mazama
nemorivaga

Even-toed
Ungulates

14.75 LC 0.57 0.62 1.51 2.70

Lowland Tapir Tapirus terrestris Odd-toed
Ungulates

238.50 VU 0.45 0.31 0.50 1.27

Giant Anteater Myrmecophaga
tridactyla

Pilosa 30.50 VU 0.18 0.93 0.50 1.61

Lowland Paca Cuniculus paca Rodent 9.00 LC 4.31 4.57 4.98 1.85 15.71

Red-rumped Agouti Dasyprocta
leporina

Rodent 4.45 LC 9.64 3.16 41.43 6.38 60.61

Red Acouchi Myoprocta acouchy Rodent 1.25 LC 24.60 15.98 19.94 9.07 69.59

Abbreviations: AP, Apetina; CU, Curuni; IUCN, International Union for the Conservation of Nature; LC, least concern; NT, near threatenedKW,
Kwamalsamutu; TP, Tepu; VU, vulnerable.
aData from www.iucnredlist.org, consulted on May 28, 2020.
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detected in all villages. Of the species with a body mas-
s > 10 kg, the majority (eight or nine) were detected in
KW, AP, and CU, but only five were detected in TP.

3.2 | Local abundance

We had a sufficient amount of data to reliably analyze
local abundance in relation to distance to village and vil-
lage size using the Royle–Nichols model for 11 species
(Royle & Nichols, 2003) (i.e. detection rates of 5/100 cam-
era days or higher, see Table 1) (Shannon et al., 2014):
Variegated Tinamou, Cuniculus paca (Lowland Paca),
Red-rumped Agouti, Dasypus kappleri (Greater Long-
nosed Armadillo), Dasypus novemcinctus (Nine-banded
Armadillo), Eira barbara (Tayra), Mazama americana
(Red Brocket Deer), Red Acouchi, Grey-winged Trum-
peter, Tayassu tajacu (Collared Peccary), and Tinamus
major (Great Tinamou).

We found statistically significant effects of the
covariates tree density and seedling density on detection
probabilities for 6 out of 11 species (Table 2). For the
Red-rumped Agouti, Greater Long-nosed Armadillo,
Grey-winged Trumpeter and Collared Peccary, detection
probability decreases significantly with tree density. In
contrast, detection probability slightly increases with tree
density for Tayra. For the Greater Long-nosed Armadillo,
Red Acouchi, and Grey-winged Trumpeter, seedling den-
sity was positively related to detection probability. In con-
trast, the detection probability of Collared Peccary was
negatively related to seedling density. We observed non-
significant trends in two other species: for Variegated
Tinamou and Nine-banded Armadillo detection probabil-
ities tended to increase with decreasing seedling densi-
ties. For the other three species, we did not find any
effects of tree or seedling density on detection probabili-
ties. Further, the increase or decrease of detection proba-
bilities with tree or seedling density, did not seem to be
related to body mass.

The average local abundance of the 11 species ranged
between 1.34 and 10.33 individuals (Table 2). For 5 of
11 species, we found significant effects of the covariates
on local abundance (Table 2; Figure 2). We observed a
significant positive relationship between distance to vil-
lage and local abundances of the Greater Long-nosed
Armadillo, Red Acouchi, Grey-winged Trumpeter, Col-
lared Peccary, and Great Tinamou. For the Grey-winged
Trumpeter, we also found a negative relationship
between village size and local abundance. Nonsignificant
trends were observed in two other species: local abun-
dance of the Red-rumped Agouti tends to increase with
increasing distance to village, while local abundance of
Tayra seems to decrease with increasing distance toT
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FIGURE 2 Legend on next page.
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village. We observed no effects on local abundance for
the other four species. Of the 11 species included in this
analysis, the species with a body mass between 0.1 and 5
kg and the species with a body mass >10 kg varied in
their response to distance and village size. The species
with a body mass between 5 and 10 kg did not respond to
distance and village size.

4 | DISCUSSION

Assessing the impact of hunting on animal species is
important for people who strongly depend on wildlife for
protein provisioning (Novaro et al., 2000). Here, we stud-
ied the presence and local abundances of terrestrial mam-
mal and bird species around four indigenous villages in
South Suriname, using camera trap data. A total of 24 spe-
cies were detected during our study, including some of
the rarest species in the region and species with an IUCN
Red List status of “vulnerable” or “near threatened.” We
examined the relationship between local abundances of
11 species and distance to villages and village size, as
proxies for hunting pressure. We found higher abun-
dances further away from villages for five species, and
higher abundances in smaller villages for one species.

Despite the relatively low number of cameras and
total camera days as compared with other studies that
examine animal communities across multiple sites (Rich
et al., 2016; Tobler et al., 2015; but see Roopsind et al.,
2017), we detected between 74% and 88% of the number
of species estimated to be present (see Tobler et al., 2008
for similar results). This included species which the vil-
lagers believed were locally extinct, such as
Myrmecophaga tridactyla (the Giant Anteater). Large
bodied species were present in all villages, even in KW
where hunting pressure is likely the highest of the four
villages. We detected fewer large bodied species in TP
(the second largest village) but this may be due to the fact
that we detected only 74% of the species estimated to be
present. We recorded a similar percentage of species for
AP and CU, but it is remarkable that we did not see the
Collared Peccary, the Amazonian Brocket and the Tapir
in TP, while they were detected in the other villages,
albeit with relatively low detection rates. Non-detection
does not mean that a species is not present. Some of the
species that were not detected in some villages are not

very common in this part of Suriname (Giant Armadillo,
White-lipped Peccary) and/or have very large home
ranges (e.g. the felid species), which lowers the chance of
being captured on camera. Detections of the more elusive
species were rare and thus our abundance analysis conse-
quently focused on the more common species.

Detection probability can differ between survey sites,
which is why detection rates are not a suitable parameter
when comparisons between sites are made (Sollmann
et al., 2013). Even though all of our sites were located
within the same forest type, tree and seedling density var-
ied locally and affected detection probabilities (Table 2).
All possible patterns were observed with species having
both lower or higher or unchanged detection probabili-
ties with increasing tree and seedling density. We
expected that trees and seedlings would obscure the view
on animals thereby lowering their detectability (Denis
et al., 2017; Rich et al., 2016), which is especially valid for
smaller species, but they can also attract certain animals
by offering food and shelter which would increase their
detectability (Ferreguetti et al., 2015). Detection probabil-
ity did not seem to be related to the body mass of the spe-
cies in our study. On a larger (landscape) scale some
species are attracted to certain habitats (Boron et al.,
2019; Rist et al., 2009; Roopsind et al., 2017), but there is
not much known on which environmental factors deter-
mine detection probability and differences in abundances
at smaller scales. A few papers found that elevation
explained detection probabilities to some extent
(Ahumada et al., 2013; Santos et al., 2019) but a study
from French Guiana reports that a variety of environ-
mental variables had only a marginal effect on animal
detectability (Denis et al., 2017). The higher abundances
further away from villages for the Greater Long-nosed
Armadillo, Red Acouchi, Grey-winged Trumpeter, Col-
lared Peccary, and Great Tinamou may be the result of a
higher hunting pressure closer to villages. The fact that
we did not find this effect for all species might be due to
the limited availability of data, or due to the fact that
some species are profiting from the agricultural fields
close to villages (Naughton-Treves et al., 2003; Pérez &
Pacheco, 2006), or from competitive release, thereby
counterbalancing the effect of hunting. For two species
with large body masses (Greater Long-nosed Armadillo
and Collared Peccary) we saw an increase in abundance
with distance to village which could indicate that hunting

FIGURE 2 Estimated local abundances in relation to distance to the village center and village size (a). CU = Curuni,

KW = Kwamalsamutu, and TP = Tepu. Significant relations between abundance and distance to village are indicated with an *, while **

indicates there is also a significant relation between abundance and village size. Variegated Tinamou, Red Acouchi, Grey-winged Trumpeter

and Great Tinamou had a body mass <5 kg. Lowland Paca, Red-rumped Agouti, Nine-banded Armadillo and Tayra had a body mass

between 5 and 10 kg. Greater Long-nosed Armadillo, Red Brocket Deer and Collared Peccary had a body mass >10 kg
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particularly affected these larger bodied species, but we
did not see this effect for the Red Brocket Deer. In a study
in the Atlantic forest, the Red Brocket Deer was found to
be resilient to hunting, by adjusting its activity pattern
(Di Bitetti et al., 2008). For species with a body mass
between 5 and 10 kg, we did not see any effect of dis-
tance. For two related Armadillo species, the Greater
Long-nosed Armadillo and the Nine-banded Armadillo,
we saw different effects. The Greater Long-nosed Arma-
dillo is a bit heavier and thus possibly more sensitive to
hunting than the Nine-banded Armadillo, which might
explain why that species is more abundant further away
from villages. We expected higher abundances around
smaller villages, but found this only for the Grey-winged
Trumpeter. None of the larger predators were included in
the analysis, so we could not draw conclusions for the
impact of hunting on these species, or on effects of lower
predator abundance on prey species. Further, we did
not monitor animals in areas that were completely
undisturbed, so we did not have a true reference scenario
(i.e. an unhunted area) to compare our data with.

Inhabitants of the villages in our study informed us of
their increased hunting efforts over the past decade to
obtain a sufficient amount of meat: this notion was partly
supported by our study. Higher occupancies or detections
of animals further away from hunters' access points were
found by Bowler et al. (2016), Peres and Lake (2003), and
in a meta-analysis by Benítez-L�opez et al. (2017). In our
study we found five of the 11 species to show patterns
corresponding to our hypotheses. Perhaps some of the
diurnal and crepuscular species that are hunted around
the villages have become more nocturnal due to hunting
(Gaynor et al., 2018). Hunters usually hunt during day-
time and twilight, which makes them miss certain species
if the animals have indeed changed activity patterns. Also
animals may have moved away far beyond the zones in
which hunting takes place (Constantino, 2016; Cruz
et al., 2018; Di Bitetti et al., 2008; Wang et al., 2015). We
did not have enough data for activity analyses and could
not include data from unhunted areas and thus were
unable to test these hypotheses. Hunters also indicated
that primates have become less easy to find. Since we
deployed camera traps positioned on the forest floor, we
inherently excluded arboreal species from our study,
including primates, which are an important food source
for the Trio and Wayana people.

With this study, we showed that distance to villages
as a proxy for hunting, had an effect on the abundance of
some mammal and bird species in South Suriname which
partially explained why local hunters had to increase
hunting effort. Because we found that local animal abun-
dances are affected by hunting, we stress that wildlife
should be continuously monitored in areas where people

are highly dependent on animals for food provisioning, in
order to draw conclusions about trends in population sizes
of hunted species and thus food availability. In such stud-
ies, we recommend to include a reference scenario in
which hunting does not occur and/or repeating monitor-
ing studies especially if unhunted survey sites cannot be
included, so that hunting impacts can be detected. We also
recommend leaving cameras in the field for longer periods
of time to increase detection rates, especially of the more
elusive species, and to obtain data for analysis on activity
patterns. Lastly, we recommend monitoring of all species
used as food sources using a variety of monitoring methods
rather than camera trapping alone (Zwerts et al., 2021).

ACKNOWLEDGMENTS
We would like to express our gratitude to granman
A. Alalapadoe for permitting us to perform this study in
South Suriname. The study would not have been possible
without the great help of the Indigenous Park Rangers,
and students of Utrecht University and NATIN. We
would like to thank A. P. Sandoval and R. Kemper for cre-
ating maps, K. Barry for providing feedback on the manu-
script, P. Ouboter for helping with species identification,
and the Twinning Facility Suriname-the Netherlands, the
Amazon Conservation Team, and the Prince Bernhard
Chair for International Nature Conservation (Utrecht
University) for financially contributing to this study.

CONFLICT OF INTEREST
We state there is no conflict of interest.

AUTHOR CONTRIBUTION
Marijke Van Kuijk and Minu Parahoe designed the study
and arranged funding; Leen De Laender and Martin Van
Oosterhout supervised data collection and processed the
data; Monique De Jager and Marijke Van Kuijk analyzed
the data; Marijke Van Kuijk wrote the paper with input
from all authors.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are avail-
able from the corresponding author (M van Kuijk; m.
vankuijk@uu.nl), upon reasonable request.

ORCID
Marijke Van Kuijk https://orcid.org/0000-0002-0252-
2684

REFERENCES
Ahumada, J. A., Hurtado, J., & Lizcano, D. (2013). Monitoring the

status and trends of tropical Forest terrestrial vertebrate com-
munities from camera trap data: A tool for conservation. PLoS
One, 8, 6–9.

12 of 14 VAN KUIJK ET AL.

 25784854, 2022, 6, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.12699 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [16/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-0252-2684
https://orcid.org/0000-0002-0252-2684
https://orcid.org/0000-0002-0252-2684


Ahumada, J. A., Silva, C. E. F., Gajapersad, K., Hallam, C.,
Hurtado, J., Martin, E., McWilliam, A., Mugerwa, B.,
O'Brien, T., Rovero, F., Sheil, D., Spironello, W. R.,
Winarni, N., & Andelman, S. J. (2011). Community structure
and diversity of tropical forest mammals: Data from a global
camera trap network. Philosophical Transactions of the Royal
Society B: Biological Sciences, 366, 2703–2711.

Alvard, M. S., Robinson, J. G., Redford, K. H., & Kaplan, H. (1997).
The sustainability of subsistence hunting in the neotropics.
Conservation Biology, 11, 977–982.

Benítez-L�opez, A., Alkemade, R., Schipper, A. M., Ingram, D. J.,
Verweij, P. A., Eikelboom, J. A. J., & Huijbregts, M. A. J.
(2017). The impact of hunting on tropical mammal and bird
populations. Science, 356, 180–183.

Bertelli, S., & Tubaro, P. L. (2002). Body mass and habitat correlates
of song structure in a primitive group of birds. Biological Jour-
nal of the Linnean Society, 77, 423–430.

Boron, V., Deere, N. J., Xo, P., Link, A., Quiñones-guerrero, A.,
Payan, E., & Tzanopoulos, J. (2019). Richness, diversity, and
factors influencing occupancy of mammal communities across
human-modified landscapes in Colombia. Biological Conserva-
tion, 232, 108–116.

Bowler, M. T., Tobler, M. W., Endress, B. A., Gilmore, M. P., &
Anderson, M. J. (2016). Estimating mammalian species richness
and occupancy in tropical forest canopies with arboreal camera
traps. Remote Sensing in Ecology and Conservation, 3, 146–157.

Cawthorn, D. M., & Hoffman, L. C. (2015). The bushmeat and food
security nexus: A global account of the contributions, conun-
drums and ethical collisions. Food Research International, 76,
906–925.

Constantino, P. (2015). Dynamics of hunting territories and prey
distribution in Amazonian indigenous lands. Applied Geogra-
phy, 56, 222–231.

Constantino, P. (2016). Deforestation and hunting effects on wildlife
across amazonian indigenous lands. Ecology and Society, 21, 1–11.

Cruz, P., Iezzi, M. E., De Angelo, C., Varela, D., Di Bitetti, M. S., &
Paviolo, A. (2018). Effects of human impacts on habitat use,
activity patterns and ecological relationships among medium
and small felids of the Atlantic Forest. PLoS One, 13, 1–21.

Denis, T., Richard-Hansen, C., Brunaux, O., Etienne, M. P.,
Guitet, S., & Hérault, B. (2017). Biological traits, rather than
environment, shape detection curves of large vertebrates in
neotropical rainforests. Ecological Applications, 27, 1564–1577.

Di Bitetti, M. S., De Angelo, C. D., Di Blanco, Y. E., & Paviolo, A.
(2010). Niche partitioning and species coexistence in a Neotrop-
ical felid assemblage. Acta Oecologica, 36, 403–412.

Di Bitetti, M. S., Paviolo, A., Ferrari, C. A., Carlos De, A., & Di Blanco, Y.
(2008). Differential responses to hunting in two sympatric species of
Brocket deer (Mazama americana). Biotropica, 40, 636–645.

Dirzo, R., Young, H. S., Galetti, M., Ceballos, G., Isaac, N. J. B., &
Collen, B. (2014). Defaunation in the Anthropocene. Science,
345, 401–406.

Emmons, L., & Feer, F. (1997). Neotropical rainforest mammals, a
field guide (2nd ed.). The University of Chicago Press.

Ferreguetti, A., �Atilla, C., Walfrido, M., Helena, G.,
Ferreguetti, �A. C., Tom�as, W. M., & Bergallo, H. G. (2015). Den-
sity, occupancy, and activity pattern of two sympatric deer
(Mazama) in the Atlantic Forest, Brazil. Journal of Mammal-
ogy, 96, 1245–1254.

Ferreira, A. S., Peres, C. A., Bogoni, J. A., & Cassano, C. R. (2018).
Use of agroecosystem matrix habitats by mammalian carni-
vores (Carnivora): A global-scale analysis. Mammal Review, 48,
312–327.

Fiske, I. J., & Chandler, R. B. (2011). Unmarked: An R package for
fitting hierarchical models of wildlife occurrence and abun-
dance. Journal of Statistical Software, 43, 1–23.

Gajapersad, K., Mackintosh, A., Benitez, A., & Payan, E. (2012). A
survey of the large mammal Fauna of the Kwamalasamutu
region. Page Rapid Biological Assessment of the Kwamalasamutu
region, Southwestern Suriname. Conservation International.

Gaynor, K. M., Hojnowski, C. E., Carter, N. H., & Brashares, J. S.
(2018). The influence of human disturbance on wildlife
nocturnality. Science, 360, 1232–1235.

Gilbert, N. A., Clare, J. D. J., Stenglein, J. L., & Zuckerberg, B.
(2021). Abundance estimation of unmarked animals based on
camera-trap data. Conservation Biology, 35, 88–100.

Hansen, M. C., Potapov, P. V., Moore, R., Hancher, M.,
Turubanova, S. A., Tyukavina, A., Thau, D., Stehman, S. V.,
Goetz, S. J., Loveland, T. R., Kommareddy, A., Egorov, A.,
Chini, L., Justice, C. O., & Townshend, J. R. G. (2013). High-
resolution global maps of 21st-century forest cover change. Sci-
ence, 342, 850–853.

Harrison, R. D. (2011). Emptying the Forest: Hunting and the extir-
pation of wildlife from tropical nature reserves. Bioscience, 61,
919–924.

Hill, K., Padwe, J., Bejyvagi, C., Bepurangi, A., Jakugi, F.,
Tykuarangi, R., & Tykuarangi, T. (1997). Impact of hunting on
large vertebrates in the Mbaracayu reserve, Paraguay. Conser-
vation Biology, 11, 1339–1353.

Iknayan, K. J., Tingley, M. W., Furnas, B. J., & Beissinger, S. R.
(2014). Detecting diversity: Emerging methods to estimate spe-
cies diversity. Trends in Ecology and Evolution, 29, 97–106.

Iwamura, T., Lambin, E. F., Silvius, K. M., Luzar, J. B., &
Fragoso, J. M. V. (2014). Agent-based modeling of hunting and
subsistence agriculture on indigenous lands: Understanding
interactions between social and ecological systems. Environ-
mental Modelling and Software, 58, 109–127.

Luzar, J. B., Silvius, K. M., Overman, H., Giery, S. T., Read, J. M., &
Fragoso, J. M. V. (2011). Large-scale environmental monitoring
by indigenous peoples. Bioscience, 61, 771–781.

Mesquita, G. P., & Barreto, L. N. (2015). Evaluation of mammals
hunting in indigenous and rural localities in eastern Brazilian
Amazon. Ethnobiology and Conservation, 4, 1–14.

Milner-Gulland, E. J., & Bennett, E. L. (2003). Wild meat: The big-
ger picture. Trends in Ecology and Evolution, 18, 351–357.

Nankoe, M. (2017). Trio's in Suriname and Brazil: A brief history.
Academic Journal of Suriname, 8, 715–732.

Nasi, R., Taber, A., & Van Vliet, N. (2011). Empty forests, empty
stomachs? Bushmeat and livelihoods in The Congo and Ama-
zon basins. International Forestry Review, 13, 355–368.

Naughton-Treves, L., Mena, J. L., Treves, A., Alvarez, N., &
Radeloff, V. C. (2003). Wildlife survival beyond park bound-
aries the impact of slash-and-burn agriculture and hunting on
mammals in Tambopata, Peru. Conservation Biology, 17, 1106–
1117.

Novaro, A. J., Redford, K. H., & Bodmer, R. E. (2000). Effect of
hunting in source-sink systems in the Neotropics. Conservation
Biology, 14, 713–721.

VAN KUIJK ET AL. 13 of 14

 25784854, 2022, 6, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.12699 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [16/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Ohl-Schacherer, J., Shepard, G. H., Kaplan, H., Peres, C. A.,
Levi, T., & Yu, D. W. (2007). The sustainability of subsistence
hunting by Matsigenka native communities in Manu National
Park, Peru. Conservation Biology, 21, 1174–1185.

Oksanen, J. (2015). Multivariate analysis of ecological communities
in R: vegan tutorial. R package version 1.7.

Ouboter, D. A., Kadosoe, V. S., & Ouboter, P. E. (2021). Impact of eco-
tourism on abundance, diversity and activity patterns of medium-
large terrestrial mammals at Brownsberg Nature Park, Suriname.
PLoS One, 16, 1–22. https://doi.org/10.1371/journal.pone.0250390

Ouboter, P. E., Hardjoprajitno, M., Kadosoe, V., Kasanpawiro, C.,
Kishna, K., & Soetotaroeno, A. (2011). A comparison of terres-
trial large-mammal communities between Brownsberg,
Raleighvallen and Coesewijne, Suriname. Academic Journal of
Suriname, 2, 176–181.

Ouboter, P. E., & Kadosoe, V. S. (2016). Three years of continuous
monitoring of the large terrestrial mammals of Brownsberg Nature
Park, Suriname. Academic Journal of Suriname, 7, 643–660.

Paviolo, A., Di Blanco, Y., De Angelo, C., & Di Bitetti, M. (2009).
Protection affects the abundance and activity. Journal of Mam-
malogy, 90, 926–934.

Peres, C. A. (2000). Effects of subsistence hunting on vertebrate
community structure in Amazonian forests. Conservation Biol-
ogy, 14, 240–253.

Peres, C. A., & Lake, I. R. (2003). Extent of nontimber resource extrac-
tion in tropical forests: Accessibility to game vertebrates by
hunters in the Amazon Basin. Conservation Biology, 17, 521–535.

Peres, C. A., & Palacios, E. (2007). Basin-wide effects of game harvest
on vertebrate population densities in Amazonian forests: Implica-
tions for animal-mediated seed dispersal. Biotropica, 39, 304–315.

Pérez, E., & Pacheco, L. F. (2006). Damage by large mammals to
subsistence crops within a protected area in a montane forest of
Bolivia. Crop Protection, 25, 933–939.

R Development Core Team. (2015). R: A Language and Environ-
ment for Statistical Computing. Vienna: R Foundation for Statis-
tical Computing.

Rich, L. N., Miller, D. A. W., Robinson, H. S., McNutt, J. W., &
Kelly, M. J. (2016). Using camera trapping and hierarchical
occupancy modelling to evaluate the spatial ecology of an
African mammal community. Journal of Applied Ecology, 53,
1225–1235.

Ripple, W. J., Abernethy, K., Betts, M. G., Chapron, G., Dirzo, R.,
Galetti, M., Levi, T., Lindsey, P. A., Macdonald, D. W.,
Machovina, B., Newsome, T. M., Peres, C. A., Wallach, A. D.,
Wolf, C., & Young, H. (2016). Bushmeat hunting and extinction
risk to the world's mammals. Royal Society Open Science, 3,
1–16.

Rist, J., Milner-gulland, E. J., Cowlishaw, G., & Rowcliffe, J. M.
(2009). The importance of hunting and habitat in determining
the abundance of tropical Forest species in Equatorial Guinea.
Biotropica, 41, 700–710.

Roopsind, A., Caughlin, T. T., Sambhu, H., Fragoso, J. M. V., &
Putz, F. E. (2017). Logging and indigenous hunting impacts on
persistence of large Neotropical animals. Biotropica, 49, 565–575.

Rossi, R. V., Bodmer, R., Duarte, J. M. B., & Trovati, R. G. (2010).
AMAZONIAN BROWN BROCKET DEER Mazama
nemorivaga (Cuvier 1817). Neotropical Cervidology: Biology and
Medicine of Latin American Deer:202–210.

Royle, J. A., & Nichols, J. D. (2003). Estimating abundance from
repeated presence – Absence. Ecology, 84, 777–790.

Santos, F., Carbone, C., Wearn, O. R., Rowcliffe, J. M., Espinosa, S.,
Lima, M. G. M., Ahumada, J. A., Gonçalves, A. L. S.,
Trevelin, L. C., Alvarez-Loayza, P., Spironello, W. R.,
Jansen, P. A., Juen, L., & Peres, C. A. (2019). Prey availability
and temporal partitioning modulate felid coexistence in Neo-
tropical forests. PLoS One, 14, 1–23.

Schuttler, S., Ramcharan, S., Boone, H., Stone, S., O'Shea, B. J.,
Gajapersad, K., & Kays, R. (2021). Can mammals thrive near
urban areas in the Neotropics? Characterizing the community
of a reclaimed tropical forest. Tropical Ecology, 62, 174–185.
https://doi.org/10.1007/s42965-020-00134-1

Shannon, G., Lewis, J. S., & Gerber, B. D. (2014). Recommended
survey designs for occupancy modelling using motion-activated
cameras: Insights from empirical wildlife data. PeerJ, 2, e532.

Sollmann, R. (2018). A gentle introduction to camera-trap data
analysis. African Journal of Ecology, 56, 740–749.

Sollmann, R., Mohamed, A., Samejima, H., & Wilting, A. (2013).
Risky business or simple solution - relative abundance indices
from camera-trapping. Biological Conservation, 159, 405–412.

Tobler, M. W., Carrillo-Percastegui, S. E., Leite Pitman, R.,
Mares, R., & Powell, G. (2008). An evaluation of camera traps
for inventorying large- and medium-sized terrestrial rainforest
mammals. Animal Conservation, 11, 169–178.

Tobler, M. W., Zúñiga Hartley, A., Carrillo-Percastegui, S. E., &
Powell, G. V. N. (2015). Spatiotemporal hierarchical modelling
of species richness and occupancy using camera trap data. Jour-
nal of Applied Ecology, 52, 413–421.

Wang, Y., Allen, M. L., Wilmers, C. C., & Al, E. (2015). Mes-
opredator spatial and temporal responses to large predators and
human development in the Santa Cruz Mountains of Califor-
nia. Biological Conservation, 190, 23–33.

Wilkie, D. S., Bennett, E. L., Peres, C. A., & Cunningham, A. A.
(2011). The empty forest revisited. Annals of the New York
Academy of Sciences, 1223, 120–128.

Xavier da Silva, M., Paviolo, A., Tambosi, L. R., & Pardini, R.
(2018). Effectiveness of protected areas for biodiversity conser-
vation: Mammal occupancy patterns in the Iguaçu National
Park, Brazil. Journal for Nature Conservation, 41, 51–62.

Zwerts, J. A., Stephenson, P. J., Maisels, F., Rowcliffe, M.,
Astaras, C., Jansen, P. A., Waarde, J., Sterck, L. E. H. M.,
Verweij, P. A., Bruce, T., Brittain, S., & Kuijk, M. (2021).
Methods for wildlife monitoring in tropical forests: Comparing
human observations, camera traps, and passive acoustic sen-
sors. Conservation Science and Practice, 3, 1–19.

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher's website.

How to cite this article: Van Kuijk, M., De Jager,
M., Van Oosterhout, M., De Laender, L., &
Parahoe, M. (2022). Local abundances of terrestrial
mammal and bird species around indigenous
villages in Suriname. Conservation Science and
Practice, 4(6), e12699. https://doi.org/10.1111/csp2.
12699

14 of 14 VAN KUIJK ET AL.

 25784854, 2022, 6, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.12699 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [16/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1371/journal.pone.0250390
https://doi.org/10.1007/s42965-020-00134-1
https://doi.org/10.1111/csp2.12699
https://doi.org/10.1111/csp2.12699

	Local abundances of terrestrial mammal and bird species around indigenous villages in Suriname
	1  INTRODUCTION
	2  METHODS
	2.1  Study site
	2.2  Camera trap set up
	2.3  Data analysis
	2.3.1  Detections
	2.3.2  Local abundance


	3  RESULTS
	3.1  Detections
	3.2  Local abundance

	4  DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTION
	DATA AVAILABILITY STATEMENT

	REFERENCES


