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Abstract

Mammals figure prominently in tropical ecology because of their role in seed dispersal, herbivore control, and nutrient
cycling. Urbanization is a conservation concern for mammals not only because of lost habitat, but also other negative impacts
such as illegal hunting and pollution. Some mammals are resilient to urbanization and can persist in degraded habitats;
however, this has not been studied in many tropical sites. We used camera traps to study mammals in Peperpot Nature Park
(PNP), a secondary forest located 5 km from the capital of Suriname, and compared it to the large Central Suriname Nature
Reserve (CSNR). We found fewer species in PNP (20) compared to CSNR (30), however, PNP included apex predators and
species of conservation concern, and the two sites had a similar relative abundance of large cats and most mesocarnivores.
Smaller mammal species had higher relative abundance at PNP while larger herbivores were scarce or absent, likely from
poaching, as PNP is still connected to interior forests. The detection models revealed that the park, the camera trap was set
in, was the most common significant factor for most species, suggesting that broader landscape level effects are important.
In occupancy models, the null model was the most common top model across species, but then followed by park. Despite
fewer species being detected than in large protected areas, the presence of some species in PNP which are historically absent
in developed areas shows promise for small urban tropical forests to support robust mammal communities, provided they
maintain some connectivity to larger source habitats.
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Introduction

Protecting tropical forests is a priority for conservation.
They are the most biodiverse ecosystems, harboring two-
thirds of the world’s terrestrial species, and are reservoirs for
carbon sequestration, yet are at imminent risk of largescale
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and/or fragmented forests now make up over 75% of all
tropical forests (Lewis et al. 2015). Secondary succession
has reclaimed some 15% of previously deforested areas and
afforestation has been increasing in some middle income
tropical countries (Wright 2005; Lewis et al. 2015; Sloan
and Sayer 2015). Given that altered forests make up such a
large percentage of all tropical forests, ecologists are now
turning to these human-modified forests as important areas
to conserve biodiversity in the tropics (Melo et al. 2013),
even though questions remain as to how effective they are.

Previous studies show that secondary forests have over-
all lower biodiversity than primary forests (Barlow et al.
2007; Gibson et al. 2011; Sayer et al. 2017), but for some
taxa, species diversity can be similar (Barlow et al. 2007;
de Souza Laurindo et al. 2017). Some mammals appear to
be notably resilient, and can even benefit from disturbance
(Gibson et al. 2011; but see Ahumada et al. 2013). For exam-
ple, mammal species richness in a fragmented agricultural
landscape in southeastern Brazil was comparable to levels in
protected areas (de Souza Laurindo et al. 2017). Secondary
forests are especially important for large mammals, which
require more space, and might use degraded habitat as cor-
ridors between higher quality habitats (Hogg et al. 2006;
Mohd-Azlan 2006; McShea 2012). These species require
protection in these landscapes as they are also more likely to
be targeted for poaching. Maintaining intact mammal com-
munities is important to tropical forest ecosystems because
of the roles they play in seed dispersal, herbivore control,
and nutrient cycling (Eisenberg and Thorington 1973; Sin-
clair 2003; Hirsch et al. 2012).

Urbanization adds an additional challenge for mam-
mals persisting in degraded habitats, and has been found to
particularly affect large carnivores because of their larger
home range requirements, higher persecution rates, and the
detrimental effect of a loss of prey (Woodroffe 2000; Car-
dillo et al. 2004). However, over the last few decades, some
medium-to-large carnivores have been able to adapt to living
in or near densely populated cities (Bateman and Fleming
2012), such as coyotes (Canis latrans) in Chicago (Gese
et al. 2012), leopards (Panthera pardus) in Mumbai (Bhatia
et al. 2013), and pumas (Puma concolor) near Los Angeles
(Vickers et al. 2015). Large-scale studies in temperate areas
have documented that urban mammal communities can be
robust and even comparable to natural ones in abundance
and species richness (Gallo et al. 2017; Parsons et al. 2018).

Few studies in the tropics have examined mammals
specifically in the context of urbanization. Small mammal
communities and bats show declining species richness with
increasing urbanization (Hourigan et al. 2006; Wells et al.
2014). A meta-analysis including mammals of all sizes in
tropical forests around the world found a peak in the prob-
ability of occurrence at intermediate human population den-
sities (Newbold et al. 2014), however, most sites included

@ Springer

were in primary forest and there were no truly urban sites
with mammal data. Most studies on mammals in the trop-
ics have been studied in the context of fragmentation and/
or land use type, some of which include urbanization in the
matrix (Umetsu et al. 2008; Galetti et al. 2009; Cove et al.
2013). In the Neotropics, most have taken place in the Atlan-
tic Forest of South America, which has lost nearly 90% of
its original forest and is a matrix of agriculture, mining, and
settlements (Ribeiro et al. 2009; Melo et al. 2013; de Souza
Laurindo et al. 2017). Typically, these studies show that
smaller and more fragmented parks contain fewer mammal
species. For example, in a study across 144 sites within the
Atlantic forest, the average richness was 13 mammal species.

Here we report on a survey of mammals in Peperpot
Nature Park (PNP), a former cacao and coffee plantation
reclaimed by secondary forest located near the largest urban
area in Suriname. We compared our results to those from
a recent study in the Central Suriname Nature Reserve
(CSNR), a large, protected area consisting of primary forest
approximately 200 km away from PNP. Using camera traps,
we calculated species richness, diversity, detection rate, and
occupancy of terrestrial mammals to examine the extent to
which an urban nature park can serve as habitat for medium-
to-large mammals in the Neotropics.

Methods
Field sites and camera trap surveys
Peperpot Nature Park

Peperpot Nature Park (PNP) is a wildlife reserve (est. 2009,
8 km?) comprising five abandoned cacao and coffee planta-
tions in the Commewijne District of Suriname (Fig. 1). Itis
approximately five km from the center of Paramaribo, the
capital of Suriname (pop. 241,000) and is separated from
the city by the Suriname River. Commercial and residential
development in the area surrounding PNP escalated signifi-
cantly following the completion in 2000 of the Jules Wijden-
bosch bridge, which provided the first land link between
Paramaribo and the Commewijne District. The reserve is
surrounded on three sides by intensive land use and ongo-
ing construction projects; development is currently less
advanced to the south, where natural vegetation remains
intact. Tourists visit PNP year-round using an established
network of trails for recreational hiking, biking, and motor-
ized vehicles. PNP consists mostly of secondary coastal
swamp forest with small patches of open habitat along old
road corridors and areas mined for sand by local residents.
Hunting is not permitted in PNP, but poaching of wildlife
does occur.
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Fig.1 Map of a the park boundaries in the Central Suriname Nature Reserve (CSNR) and Peperpot Nature Park (PNP), and b the camera loca-

tions within PNP. Black circles represent camera trap locations

We deployed twelve Reconyx PC 800 camera traps
(Reconyx, Inc. Holmen, WI) across 20 sites from April
2015-November 2016 (Fig. 1). All cameras were secured
on straight trees approximately 40 cm from the ground
with box covers. Locations for camera traps were chosen in
relation to accessibility within the trail network and were
therefore all close to the perimeter of the park. Cameras
were placed on and off trails. Cameras were equipped with
an infrared flash and recorded five photographs per trigger,
at a rate of 1 frame/s, re-triggering immediately if the ani-
mal was still in view. We grouped consecutive photos into
sequences less than 60 s apart, which were used as inde-
pendent records for data analysis (Kays et al. 2016). Cam-
eras were left for 28 days, after which the memory cards
were collected. Some cameras were redeployed at the same
location, while others were moved. We uploaded photos
and identified species using eMammal software (emam-
mal.org). Images and data were permanently stored in a
Smithsonian Data Repository (https://doi.org/10.25571

/6q2m-rv23). As small mammals could not confidently be
identified, we focused on species > 100 g.

Central Suriname Nature Reserve

The Central Suriname Nature Reserve (CSNR) is located
over 200 km southwest of PNP. Established in 1998, CSNR
covers 15,920 km? of primary tropical forest, swamp, and
savanna habitats. Hunting is illegal in CSNR and tourism,
although permitted, is limited due to a lack of road access.
A detailed description of camera trap protocols run by
the Tropical Ecology Assessment & Monitoring (TEAM)
Network are summarized in Ahumada et al. (2013). Briefly,
researchers deployed 60 unbaited camera traps (model
RM45, Reconyx Inc.) in a regular grid 120 km? in area or
larger, with one camera per 2 km? for 30 days (Ahumada
et al. 2011). Cameras were deployed at each site once per
year between 2008 and 2015, but during different months
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across the years. Grid locations were close to animal trails
and placed 30—40 cm above the ground.

Data analysis

We calculated the detection rate (DR) of each species cap-
tured on PNP and CSNR cameras to compare the relative
abundance by dividing the count of detections for each spe-
cies by the number of camera trap days for each site. For
PNP, we included only camera locations that were >200 m
apart, greater than the recommended minimum distance
of 25 m (Kays et al. 2011). Therefore we removed 5 sites
for a total of 15 unique sites from the original 20. Cameras
were set without bait, making relative abundance compara-
ble across sites (Rowcliffe et al. 2008, 2013; Parsons et al.
2017). We compared the mean DR for species within PNP
for camera traps set on and off trails. Where possible, we
identified individual jaguars (Panthera onca) from unique
pelage spot patterns.

To evaluate the community composition of mammals in
PNP and CSNR, we compared the mean detection rates of
mammals in different body mass categories. For each spe-
cies, we generated a single body mass value calculated as a
mean of the range of masses reported in Emmons (1990).
To account for differences in detections associated with
body mass (i.e. smaller mammals have a smaller detection
range), we calculated the detection range using the formula:
area=1.65 x mass’>? (Rowcliffe et al. 2011). We grouped
mammals into four categories based on body mass (< 1 kg,
1-5 kg, 6-10 kg, and 10.1 +kg) and calculated a cumulative
size-adjusted relative abundance for each category by divid-
ing the total number of detections of each species within
the group by the total number of days camera traps were
active, and the area generated for that group’s body mass:
size-adjusted relative abundance = detections/days/area. To
compare overall biomass differences between the parks, we
multiplied the size-adjusted relative abundance for each spe-
cies with their mean body mass and summed the results.

Detection rate models

We used generalized linear models for each species sepa-
rately to evaluate which covariates best explained detec-
tion rates (count/day), or the relative degree of use, of areas
between the two parks. We included covariates representing
human detections at the site (count/day), vehicle detections
at the site (count/day), whether the site was set on or off of
a trail (1/0), and domestic dog detection rate (count/day).
Cars are not permitted in either park, but motorbikes are
used by staff at PNP. Before running models, we tested for
correlations between covariates and removed any that were
greater than 50%. We therefore removed dog detections as a
covariate, which was correlated with humans at 0.51.
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We assumed the number of detections of a given species
obtained at camera trap site i was a Poisson random variable
and we modeled the expected number of photographs at site
i as a log-linear model with covariates, slope parameters and
an offset equal to the log of the number of days camera trap
i operated. We added an additional term for extra-Poisson
variation to capture additional variation in the number of
detections. We assumed independent normal prior distribu-
tions for the slope parameters and assumed a uniform prior
distribution for the random error standard deviation param-
eter. We assessed model fit with posterior predictive checks
(PPC, Gelman et al. 2014, Kery and Schaub 2012). We cal-
culated the sum of squared Pearson residuals from observed
data (7(y)) and from data simulated assuming model (1) was
the data-generating model (7(y;,,)). We calculated a Bayes-
ian p value as pg=Pr(T(y;,) > T(y)) from posterior simula-
tions and assumed adequate fitif 0.1 <p,<0.9.

We fit detection rate models in JAGS (Plummer 2003) via
package rjags (Plummer 2016) in Program R (R Core Devel-
opment Team 2008) via RStudio (RStudio 2015). The infer-
ence was based on posterior samples generated from three
markov chains. All models achieved adequate convergence
(R1.1, Gelman et al. 2014) by running for 50,000 iterations
following a burn-in phase of 1000 iterations, thinning every
10 iterations. The significance was based on whether param-
eter 95% credible intervals overlapped zero.

Occupancy analysis

To compare the percentages of sites used by each species
and account for imperfect detection, we also estimated
occupancy probabilities using a single season single species
occupancy modeling framework (Mackenzie 2006). To sim-
plify analyses, we used one camera deployment per site as
sites were sampled multiple times and only included deploy-
ments with at least seven trap nights. For sites that were sam-
pled multiple times, we chose the deployment with the most
camera trap nights and collapsed detection/non-detection of
species into 5-day periods not exceeding 55 days to meet
assumptions of closure. We excluded primates as they are
largely arboreal and only included species with more than
ten detections.

For each species detected in PNP, we used the following
covariates in our occupancy models: Park (CSNR or PNP),
Start Month (the month the deployment started, to account
for seasonality), and Human and Vehicle detection rate. We
did not include covariates for detection probability because
we did not have any site-specific data associated with the
ability of a camera to detect an animal. To improve maxi-
mum likelihood convergence with covariates and ensure
covariates were on the same scale, we Z-scored covariates
with continuous data. To ensure model convergence, we
used Goodness-of-Fit tests to estimate c-hat. We removed



Tropical Ecology

models with a c-hat value of > 3.0, as this was considered
overdispersion. We ranked our models based on Akaike’s
Information Criterion (AIC, Burnham and Anderson 2002)
ranking and models with a AAIC of >2.0 were considered
competing. For each species, we reported all competing
model outputs as well as the estimates of occupancy and
detection estimates with standard error. We used occupancy
models and Goodness-of-Fit tests in the program PRES-
ENCE (version 12.24, Hines 2006) and all other analyses
in R (Version 1.1.463, R Development Core Team 2008).

Results

We deployed camera traps over 2449 trap-nights in PNP
yielding 2112 detections of 20 native medium-to-large
mammals (Fig. 2). Cameras at PNP sites were run on aver-
age 163.7 (+92.2) trap nights and the detection rate for all
species was 0.862. The species with the largest number of
detections were red-rumped agouti (Dasyprocta leporina,
n=1402), black-eared opossum (Didelphis marsupialis,

n=286) and lowland paca (Cuniculus paca, n=127).
The species with the fewest number of detections in PNP
included the brown four-eyed opossum (Metachirus nudi-
caudatus) with one detection, and the Southern tamandua
(Tamandua tetradactyla), jaguarundi (Herpailurus yagoua-
roundi), and red brocket deer (Mazama americana) with
three detections each. Species on the [IUCN’s Red List of
Threatened Species detected on PNP camera traps included
the giant anteater (Myrmecophaga tridactyla, n=39, [IUCN
Vulnerable), lowland tapir (Tapirus terrestris, n=6, [UCN
Vulnerable), and the jaguar (n= 12, IUCN Near Threatened).
From 12 detections of jaguars over 8 months, we identified
at least three unique individuals. Camera traps also pho-
tographed domestic dogs (n=76, DR=0.032 +0.042 SD)
and, on trails, humans (n=2981, DR=1.66+3.317 SD) and
vehicles (DR=0.073 +0.156 SD).

Camera traps in CSNR were run for much longer (16, 939
trap-nights), and at 60 sites. Camera traps yielded 17,282
detections of 30 native mammal species and a higher over-
all detection rate than PNP (1.02). The most commonly
detected species in CSNR was the collared peccary (Pecari
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tajacu, n=4983), while the least photographed species was
the Southern naked tailed armadillo (Cabassous unicinctus)
with a single detection. CSNR camera traps photographed 12
species not detected in PNP whereas PNP camera traps only
captured two not photographed on CSNR cameras (Fig. 2).

0.20
[
®
3 015
>
3
? Park
£ 010 PP
3 B s
[
©
&
$ 005

bieo L

<1'kg 1-5 kg 6-10kg  10.1+ kg
Body mass

Fig.3 Mean detection rates of species within PNP and CSNR
grouped by body mass

When detections were grouped by body mass, the high-
est average detection rates of species in PNP were mam-
mals of 5 kg or less, which were more than twice those of
the same category in CSNR (Fig. 3). PNP and CSNR had
more similar values for the < 1 kg and 610 kg categories,
but in the 10+ kg category, the detection rate at CSNR
was ten times that of PNP (Fig. 3). The accumulative daily
detection rate adjusted for area in PNP was 1.59 kg/day/
area, while in CSNR it was 5.25 kg/day/area.

Cameras at PNP were placed almost equally on and off
trail (n="7, n=6, respectively). All species were found
both on and off trail in PNP except for the red brocket deer
(off-trail only) and the brown four-eyed opossum (on-trail
only, Fig. 4). Species that were detected on-trail signifi-
cantly more than off-trail as inferred from non-overlapping
standard error bars included the black-eared opossum and
ocelot. The lowland paca and the nine-banded armadillo
were detected significantly more off-trail than on-trail.
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Detection rate models

When comparing the relative abundance of each species
through models of detection rates, we found Park to be the
most widespread significant covariate. Eight species—col-
lared peccary, brown brocket deer (Mazama gouazoubira),
greater long-nosed armadillo (Dasypus kappleri), Brown
four-eyed opossum (Metachirus nudicaudatus), margay
(Leopardus wiedii), red brocket deer, white-lipped peccary
(Tayassu pecari), and red acouchi (Myoprocta acouchy)—
were significantly associated with CSNR, whereas the giant
anteater, crab-eating raccoon (Procyon cancrivorus), Guia-
nan capuchin (Sapajus apella), and South American squirrel
monkey (Saimiri sciureus) were more significantly associ-
ated with PNP (Table 1, Supplementary Table 1). The other
covariates, Human and Vehicle were significant for five and

four species, respectively. The black-eared opossum, ocelot,
and capybara (Hydrochoerus hydrochaeris) were all posi-
tively associated with humans or vehicles, while the grey
four-eyed opossum, red brocket deer, Guianan capuchin, and
lowland tapir were all negatively associated with humans or
vehicles (Table 1, Supplementary Table 1).

Occupancy models

The null model was the most common top model for occu-
pancy, being in five of the species’ top models, followed
by Park (n=4, including red brocket deer which had an
additive effect), Human (n=3), Month (n=2), and Vehi-
cle (n=2). Only two models were significant; the occu-
pancy in the lowland paca significantly decreased in PNP,
while the lowland tapir was negatively associated with

Table 1 Detection model results

. . Common name Scientific name Humans Park Vehicle

for each species and covariates

represented as positive (+) or Brazilian squirrel Sciurus aestuans - + -

negative relationships (-) Brown brocket deer Mazama gouazoubira - +* -
Brown four-eyed opossum Metachirus nudicaudatus - +* +
Bush dog Speothos venaticus - - -
Capybara Hydrochoerus hydrochaeris + - +*
Collared peccary Pecari tajacu - +* -
Black-eared opossum Didelphis marsupialis +* - +
Crab-eating raccoon Procyon cancrivorus + —* +
Giant anteater Myrmecophaga tridactyla - —* -
Giant armadillo Priodontes maximus - + -
Greater-long nosed armadillo Dasypus kappleri - +* -
Grey four-eyed opossum Philander opossum —* - -
Guianan Capuchin Sapajus apella - —* —*
Jaguar Panthera onca + + -
Jaguarundi Herpailurus yagouaroundi - + +
Lowland paca Cuniculus paca —* + -
Lowland tapir Tapirus terrestris - + —*
Margay Leopardus wiedii - +%* -
Nine-banded armadillo Dasypus novemcinctus - + -
Ocelot Leopardus pardalis +* + -
Oncilla Leopardus tigrinus - + -
Puma Puma concolor + + +
Red acouchi Myoprocta acouchy - +* -
Red brocket deer Mazama americana —* +* +
Red-rumped agouti Dasyprocta leporina + —* -
South American coati Nasua nasua + - -
South American squirrel monkey Saimiri sciureus - —* +
Southern naked-tailed armadillo Cabassous unicinctus - - -
Southern tamandua Tamandua tetradactyla — - —
Tayra Eira barbara + - —*
White-lipped peccary Tayassu pecari - +* -

White-tailed deer

Odocoileus virginianus — - -

Asterisks indicate significant results
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Month, indicating occupancy decreased with time. The
red-rumped agouti also decreased in occupancy over time,
while the black-eared opossum, grey four-eyed opossum,
and coati increased in occupancy with human detections.
All species with Park included in the top model had higher
occupancy in CSNR except for the tayra (Eira barbara),
which had higher occupancy in PNP. Vehicle had opposing
effects for the ocelot and the crab-eating raccoon; ocelot
decreased in occupancy, whereas the crab-eating raccoon

increased (Table 2).

Discussion

Our results indicated that a small, protected area of second-
ary forest within the most urbanized region of Suriname
contained fewer mammal species than a large protected area
in the relatively undisturbed primary forest of the coun-
try’s interior. However, in PNP we were surprised to find
20 mammal species, of which three were of conservation
concern, and both apex predators (puma and jaguar). The
presence of some species known to be sensitive to human

Table 2 Summary of the top occupancy models for species with more than 10 presence detections in PNP and CSNR

Common name Top model(s) AlCc Delta AICc AICc weight Occupancy SE  Detection SE  Beta coefficient
Brown four-eyed opossum  psi(.)p(.) 227.05 0.00 0.20 0.21 0.05 0.18 0.04 —-1.31
psi(vehicle), p(.) 227.19 0.14 0.19 - 1.59
psi(PNP), p(.) 227.27 0.22 0.18 - 1.34
psi(start.month), p(.) 228.34 1.29 0.11 0.06
psi(human), p(.) 229.00 1.98 0.08 0.13
Common opossum psi(human), p(.) 544.95 0.00 0.23 0.46 0.06 0.32 0.03  0.58
psi()p(.) 545.50 0.54 0.18 -0.21
psi(PNP), p(.) 545.60 0.65 0.17 0.86
psi(vehicle), p(.) 545.97 1.01 0.14 0.35
Crab-eating raccoon psi(vehicle), p(.) 61.11 0.00 0.53 0.09 0.07 0.06 0.05 0.65
psi()p(.) 61.95 0.84 0.35 —2.04
Giant anteater psi(.)p(.) 167.59 0.00 0.32 0.53 0.26 0.04 0.02 0.10
psi(start.month), p(.) 169.00 1.41 0.16 —0.09
psi(human), p(.) 169.12 1.53 0.15 —0.65
Grey four-eyed opossum  psi(human), p(.) 215.19 0.00 0.30 0.37 0.12 0.09 003 1.79
Jaguar psi(.)p(.) 99.10 0.00 0.39 0.20 0.12 0.06 0.04 —1.37
psi(human), p(.) 100.99 1.89 0.15 - 0.44
psi(start.month), p(.) 215.56 0.37 0.25 —-0.03
Jaguarundi psi()p(.) 89.43 0.00 0.75 0.17 0.10 0.06 0.04 —1.59
Lowland paca psi(PNP), p(.)* 446.70 0.00 0.42 0.47 0.08 0.17 0.02 —2.88
Lowland tapir psi(start.month), p(.)*  318.00 0.00 0.59 0.25 0.06 0.22 0.03 -0.19
Red-rumped agouti psi(start.month), p(.)  1023.00 0.00 0.32 0.91 0.04 041 0.02 -0.15
psi(.p(.) 1023.68 0.68 0.23 2.17
psi(PNP), p(.) 1024.40 1.40 0.16 —-1.03
Nine-banded armadillo psi(PNP), p(.) 477.58 0.00 0.40 0.42 0.07 0.23 0.02 —1.03
Ocelot psi(vehicle), p(.) 403.88 0.00 0.52 0.50 0.12 0.13 0.02 —142
Puma psi(.)p(.) 83.12 0.00 0.30 0.26 0.23 0.03 0.03 —1.04
psi(vehicle), p(.) 84.15 1.03 0.18 0.55
psi(start.month), p(.) 84.38 1.26 0.16 —0.10
Red brocket deer psi(PNP+CSNR), p(.)  722.68 0.00 0.84 0.72 0.08 0.26 0.20 —2.37
South American coati psi(human), p(.) 48.54 0.00 0.56 0.05 0.04 0.08 0.57 0.68
Tayra psi(PNP), p(.) 111.90 0.00 0.21 0.20 0.09 0.08 0.04 171
psi()p(.) 112.24 0.34 0.17 1.34

We reported the top model(s) within 2 AIC values and the occupancy, detection probability, and their standard errors for the top model. We
report the beta coefficients for all of the top models. If there were more than three top models, we only reported the first three. An asterisk indi-
cates naive occupancy values as there was not enough detections for model based occupancy estimates
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activity shows promise for forest reserves near urban areas
in the Neotropics to support diverse mammal communities.

Prior to urbanization, PNP and CSNR would have had
similar mammal communities of the species studied (Husson
1978). The greatest difference between the two sites was that
large herbivores were less common in, or completely absent
from PNP. White-lipped peccary, collared peccary, and
brown brocket deer were not detected at all, and red brocket
deer and tapir had lower detection rates and occupancy in
PNP than in CSNR. Our model results revealed that the park,
the animal was detected in, had the most influence for most
species, suggesting that large-scale landscape level factors
that were not measured in this study are important in predict-
ing species’ relative abundance. Previous studies have shown
that non-consumptive human recreation alone can have neg-
ative impacts on wildlife (Boyle and Samson 1985; Green
and Giese 2004, but see Kays et al. 2016), which could lead
one to believe that perhaps tourism in PNP was the main
reason for the differences observed. However, we failed to
detect strong impacts of people or vehicles, although spe-
cies most sensitive to recreation have likely already been
extirpated in PNP. A study in Brownsberg Nature Park, Suri-
name, where tourism levels are similar to PNP, had higher
species richness and large herbivore detection rates more
like CSNR (Ouboter and Kadosoe 2016), but this park is
also not nearly as disturbed and fragmented as PNP. Tourism
does not seem to have a substantial impact on mammals in
Suriname, however tourist volume is low compared to many
other countries.

We hypothesize hunting, park size, and development
pressures outside of park boundaries, rather than the number
of people in the park, explain the lack of large herbivores
in PNP. Large herbivores can thrive in secondary forests if
they are not overhunted (Redford 1992; Wright et al. 2000;
Fa and Peres 2001), and hunting pressure is an important
predictor of mammal abundance (Galetti et al. 2009). Given
the accessibility of PNP and the growing human popula-
tion around it, poaching is likely to influence the mammal
community. Shotgun shells have frequently been found in
the park and at times, gunshots are even heard. Camera trap
locations may also partly explain the lower detection rates
and absence of some species at PNP. Sites were chosen
based on trail access, which were mostly on the perimeter.
Larger herbivores may have learned to avoid trails due to a
higher poaching risk. Some of these species may have been
detected if cameras were placed in the interior. Finally, the
small sample size of PNP, which only had 15 sites compared
to CSNR’s 60, makes it more difficult to estimate detec-
tion rate and occupancy with good precision, especially for
species with fewer detections overall, potentially affecting
results.

While PNP lacked larger herbivores, smaller herbi-
vores were much more common. The red-rumped agouti

was detected almost three times as frequently in PNP as in
CSNR. We suspect this is the result of competitive release,
with smaller predators benefiting from more food resources
given the absence of competition from larger animals
(Moreno et al. 2006; Samudio et al. 2006). The abundance
of fruit trees in the park, including species planted by people
that are not found in interior forests, may also be a contribut-
ing factor.

Surprisingly, we detected jaguars in PNP. This apex pred-
ator typically declines with an increasing human footprint
due to widespread poaching and retaliation for presumed
and/or actual depredation on livestock (Cavalcanti et al.
2010; De Angelo et al. 2013). The detection rate of jaguars
in PNP was comparable to that at CSNR, however results
may be impacted from the smaller sample size of PNP. From
spot patterns we identified at least three individuals in the
park over 8 months. The presence of jaguars was also sur-
prising given the small (8 km?) size of PNP; home ranges
vary from 22 to 690 km? (Gonzalez-Borrajo et al. 2017) with
densities as high as 8.8 per 100 km? (Silver et al. 2004). The
high connectivity of natural habitats surrounding PNP likely
allows for jaguars to make PNP a portion of their home
ranges. With few large ungulates in PNP, jaguars must shift
their prey source to smaller species. In an overhunted forest
in Brazil, jaguars most frequently consumed species <5 kg,
primarily yellow armadillo (Euphractus sexcinctus) and the
Southern tamandua. Finally, jaguars may also be attracted
to PNP due to the high number of dogs. In the Guianas, jag-
uars are known predators on domestic dogs (Berzins et al.
in review).

Within PNP, we did not find strong differences between
the presence of species or their detection rates according
to trail use except for ocelots and black-eared opossums,
both of which were common and detected significantly
more on trails. In previous studies, some species have dem-
onstrated preference for, or avoidance of trails. Cavalcanti
et al. (2010) found prey to prefer trails, especially those with
more humans to avoid predators, whereas Kays et al. (2016)
and Harmsen et al. (2010) detected many predators on trails.

While PNP had lower overall species richness than CSNR
and other protected areas in Suriname (Gajapersad et al.
2011; Ouboter and Kadosoe 2016), the 20 species detected
in this study indicates comparable or greater diversity than
has been reported from other degraded landscapes and sec-
ondary forest sites in the Neotropics (Espartosa et al. 2011;
Cove et al. 2013; Meyer et al. 2015; de Souza Laurindo et al.
2017; Lima et al. 2017). For instance, in the Brazilian Atlan-
tic Forest, 144 sites averaged had 13 mammal species (Lima
et al. 2017), and in a study of forest fragments in Panama,
the average was 15 species, with few or no apex predators or
large terrestrial frugivores (Meyer et al. 2015). Suriname’s
overall low human population density and the continued
existence of corridors connecting PNP to extensive interior
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forests are likely the primary reasons for higher species rich-
ness in the park.

Conclusion

Our survey results demonstrate the potential for small
reserves, even those close to urban areas, to preserve biodi-
versity in the Neotropics. PNP held some important species
of conservation concern, notably the jaguar, giant anteater,
and lowland tapir, however due to our small sample size,
similar studies should be conducted to determine the resil-
ience of these species. With stronger anti-poaching protec-
tions and efforts, PNP may even be able to support popu-
lations of large herbivores found in mammal communities
of larger protected areas, as much habitat outside of PNP
remains intact. Success will also depend on maintaining the
connectivity of the landscape surrounding the small park.
With connectivity becoming more limited amid intensifying
land use, ensuring the survival of many species may become
increasingly difficult.
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