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Oil palm (Elaeis guineensis) plantations are one of the most rapidly expanding
agroecosystems in the tropics, including Latin America. While many studies have
demonstrated that large oil palm monocultures (> 100 ha) are detrimental to biodiversity,
including mammals, little is known about the impact of small-scale oil palm plantations,
especially in the Neotropics. Here we used a camera trapping survey to compare species
richness, community structure, and relative abundances of mid to large-bodied terrestrial
mammals in small-scale oil palm plantations (<100 ha) and secondary forest fragments
within a highly modified landscape mosaic in the southeastern lowlands of Tabasco,
Mexico. Contrary to our expectations, we found no differences in the overall mammal
communities between the oil palm and forest fragments, including species richness or
mean relative abundance. Individual species showed some apparent differences in their
total detections between the two habitats, with 11 having greater detections in forest
than oil palm, and only two with greater detections in oil palm. Further, oil palm sites
were more similar to one another in terms of mammal community structure than the
secondary forest fragments. We found that shorter distance to forest patches was related
to higher mammal species richness in both forest fragments and oil palm plantations.
Twelve terrestrial mammal species known to occur in forested areas in the state of
Tabasco were never detected in either vegetation type in our surveys, highlighting the
fact that the mammal community in this landscape had already been reduced to those
species most resilient to human disturbance. Our findings suggest that small-scale oil
palm plantations in this region are used at least to some degree by most mammals that
are also found in the remaining secondary forest fragments in this landscape, but that
access to nearby forest is important for these species. In order to recover more of the
original mammal community of the region and prevent further reductions in biodiversity,
conservation priorities should center around reducing hunting pressure, allowing forest
regeneration and increasing connectivity between protected areas and along waterways.

Keywords: agroecosystem, camera traps, human-dominated landscape, latin america, tabasco

Frontiers in Forests and Global Change | www.frontiersin.org 1

November 2019 | Volume 2 | Article 67


https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org/journals/forests-and-global-change#editorial-board
https://www.frontiersin.org/journals/forests-and-global-change#editorial-board
https://www.frontiersin.org/journals/forests-and-global-change#editorial-board
https://www.frontiersin.org/journals/forests-and-global-change#editorial-board
https://doi.org/10.3389/ffgc.2019.00067
http://crossmark.crossref.org/dialog/?doi=10.3389/ffgc.2019.00067&domain=pdf&date_stamp=2019-11-01
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org
https://www.frontiersin.org/journals/forests-and-global-change#articles
https://creativecommons.org/licenses/by/4.0/
mailto:knowlton_jessie@wheatoncollege.edu
https://doi.org/10.3389/ffgc.2019.00067
https://www.frontiersin.org/articles/10.3389/ffgc.2019.00067/full
http://loop.frontiersin.org/people/632704/overview
http://loop.frontiersin.org/people/744416/overview
http://loop.frontiersin.org/people/708708/overview

Knowlton et al.

Mammal Diversity in Southern Mexico

INTRODUCTION

Latin America, like most tropical regions, has experienced
dramatic losses of native forest cover to agriculture over the last
two centuries (Aide et al.,, 2013), particularly since the Green
Revolution of the 1960s (Graesser et al., 2015). As agriculture
expanded, the value of such new agroecosystems for wildlife and
finding ways to integrate efficient agricultural production with
biodiversity conservation have become increasingly important
areas of research (Foley et al., 2007; Tscharntke et al., 2012;
Railsback and Johnson, 2014). Some ecologists have gone so
far as to suggest that the long-term future of most terrestrial
biodiversity may depend largely on the answers to these questions
(Balvanera et al., 2001; Rosenzweig, 2003; Armsworth et al.,
2007). The landscape context (composition and configuration)
of agroecosystems and native habitat is now understood to
be one of the main determinants of species persistence at a
local scale (Daily et al., 2003; Fischer et al., 2006; Lindenmayer
et al, 2007; Begotti et al., 2018). However, there is still
some controversy surrounding the best landscape management
practices for maintaining biodiversity and ecosystem services;
for example, the “land-sparing vs. land-sharing” debate (Fischer
et al., 2014; Jiren et al., 2018).

Oil palm (Elaeis guineensis) plantations are one of the most
rapidly expanding agroecosystems in the tropics, with more
than 18 million ha already converted (Meijaard et al., 2018).
Palm oil is now the world’s most widely consumed vegetable oil,
and is used in a wide array of processed foods, cosmetics and
cleaning supplies, along with its potential as a biofuel (Furumo
and Aide, 2017). While the majority of oil palm is currently
grown in Southeast Asia, Latin America quickly caught on to this
profitable crop, and palm oil output has doubled in the region
since 2001 (Furumo and Aide, 2017). Further, Latin America has
the largest remaining forested area in the world suitable for oil
palm cultivation (Furumo and Aide, 2017). Some authors have
suggested that conversion to oil palm may be among the major
drivers of the next wave of habitat change in the Neotropical
lowlands (Gutiérrez-Vélez and DeFries, 2013; Lees and Vieira,
2013). While the majority of studies on the impacts of oil palm
plantations on biodiversity have taken place in Southeast Asia,
recent work in Latin America shows similar patterns to those
found in Asia in terms of major reductions in bird, mammal,
amphibian and invertebrate species in oil palm compared to
native forest (Gallmetzer and Schulze, 2015; Lees et al., 2015; Juen
et al.,, 2016; Mendes-Oliveira et al., 2017; Pardo et al., 2018a).
Further, oil palm plantations appear to be a barrier to movement
for some species of forest birds, bats, and bees (Freudmann et al.,
2015; Knowlton et al.,, 2017; Brito et al., 2018). By decreasing
landscape permeability and population connectivity even for
these highly mobile animals, oil palm may consequently diminish
crucial ecosystem services (Freudmann et al., 2015).

The impacts of oil palm plantations on biodiversity in Latin
America have mostly been studied in large-scale (>100 ha)
plantations in the South American countries of Brazil (e.g.,
Lees et al., 2015; Mendes-Oliveira et al., 2017) and Colombia
(e.g., Pardo et al,, 2018a), while none to our knowledge have
examined the smaller-scale expansion of oil palm in Mexico.

Conversion of forest to oil palm plantation is likely to exacerbate
the already severe impacts of habitat modification and clearance
in Mexico, where 72% of primary vegetation coverage was lost
or degraded by 2011. For instance, the state of Tabasco in the
southeastern lowlands has lost all but a few tiny fragments
of what were once extensive areas of rainforest and wetlands
(Arriaga-Weiss et al,, 2008). So far, natural habitats such as
forests have largely been cleared for pasture and other types
of plantation agriculture, driven by a combination of federal
government policy and population growth (Tudela, 1989; Uribe
Iniesta, 2016). As a consequence, mammal species that depend
on forest or other woody vegetation have declined (Briones-
Salas et al., 2015). Nevertheless, the state of Tabasco contains
some of the most biodiverse ecosystems in this megadiverse
country (Peterson and Navarro-Sigiienza, 2016). Beginning in
the late-1980s, a combination of global demand and government
incentives spurred many farmers to begin planting oil palm,
primarily in areas that had previously been cleared for cattle
or other row crops. This expansion of oil palm was driven
by federal bioenergy and rural development policies (Aguilar-
Gallegos et al., 2015) and feedstock demand for export to the
global north (Pischke et al, 2018). The pattern of oil palm
replacing pasture is importantly different from most Asian oil
palm expansion, which has occurred in areas recently cleared of
native primary and secondary forest (Koh and Wilcove, 2008;
Furumo and Aide, 2017). Today, oil palm plantations continue
to expand rapidly in southern Mexico, with approximately 76,000
ha already planted (SAGARPA, 2016) and close to 2.5 million ha
deemed suitable for oil palm cultivation (INIFAP, 2006), which
could supply roughly 30% of the total demand for transportation
energy in the country via palm oil biodiesel (Lozada et al., 2010).

Mammals play important roles in food webs and provide
many ecosystem services, including seed dispersal, pollination,
predation, and decomposition (Pardo et al., 2018a). Only a few
studies have examined the impact of oil palm plantations on
mammals in Latin America (Mendes-Oliveira et al., 2017; Pardo
et al., 2018a), and none to our knowledge has taken place in
small-scale plantations or anywhere in Mexico. In this study,
we used a camera trapping survey to examine how terrestrial
mid to large-bodied mammals respond to a highly modified
landscape mosaic in the southeastern lowlands of Tabasco,
Mexico, including small (<100 ha) oil palm plantations and
secondary forest fragments. We compared species composition
and relative abundance of mammals between the oil palm
plantations and the forest fragments to determine whether
the plantations impact even the relatively adaptable species
that persist in this highly disturbed landscape. We predicted
that because of its different vegetation structure, reduced leaf
litter, lack of understory vegetation and increased human
presence, oil palm plantations would have fewer species and
a different mammalian community composition than the
secondary forest fragments. We also examined the influence of
landscape structure on mammal species richness and abundance,
in order to determine the best strategies for conserving
mammals in this region. Finally, we discuss the implications
of continued expansion of small-scale oil palm plantations for
Neotropical mammals.
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MATERIALS AND METHODS
Study Area

We conducted this study in the southern part of the Mexican state
of Tabasco, close to the border with Chiapas, in the municipalities
of Teapa, Tacotalpa and Jalapa (17°13’40”N, 92°51°05” W;
Figure 1). This area is called the Sierra Region, and the climate
is hot, humid, and rainy, with the average temperature and
precipitation ranging from 24 to 28°C and 2,500-4,000 mm,
respectively (INEGI, 2015). The three main seasons are the cold
fronts (November—February), dry (March-June), and wet (July-
October). The landscape is composed of fragments of high and
medium subperennifolia tropical forest, secondary vegetation,
annual crops, and forest plantations and pastures, with the latter
being the dominant matrix (Salazar Conde et al., 2004; Sanchez
Munguifa, 2005). In fact, more than 65% of the territory of
the state of Tabasco is being used for agriculture or livestock
(Briones-Salas et al., 2015), and currently has more than 20,000
ha planted with oil palm (SIAP, 2017).

Sampling Design

With the help of satellite images (2016) we identified and selected
nine secondary forest fragments and nine mature oil palm
plantations (>10 years old) for the mammal surveys (Figure 1).
Each site was >1km from any other. Within each of these sites
we placed four camera traps (Browning Strike Force™ HD PRO,
United States) >200m from one another at a height of 0.5m
from the ground and secured with a cable lock. All cameras
were configured to medium sensitivity and one-second intervals
between consecutive photographs (four per trigger). Since we
had a limited number of cameras, all sites were not sampled
simultaneously, but rather surveys were organized sequentially in
different sessions to cover the three main seasons of the region:
cold fronts, dry, and wet (see above). The first sampling session
took place from 15 December 2017 to 15 February 2018; the
second from 19 April to 3 July 2018, and the third from 19
October to 17 December 2018. During each sampling session
24 cameras were active within six different sites: three oil palm
plantations and three forest fragments. We believe detection
probabilities were similar in both habitats because we were
careful to place all cameras only in areas where there was an open
view 3 m in front of the camera. The owners of the property and
the oil palm plantations at each site gave us permission to conduct
this research on their land.

To organize and extract the photograph metadata we used
the package camtrapR in program R (R Development Core,
2014; Niedballa et al., 2016). Camera trap photographs were
defined as independent if consecutive photos recorded one
or more individuals of different species or one or more
individuals of the same species over a minimum time interval
of 30 min (Pardo et al., 2018a). Using these criteria, all photos
defined as non-independent were excluded from subsequent
analyses. We did not include any non-mammalian species in
our analyses. We pooled the data derived from the four cameras
at each site into a single sample, which was used as our
sample unit for estimating species richness, composition, and
relative abundance. We identified mammal species following
Reid (2009) and using the most recent taxonomic classification

of Mexican mammals (Ramirez-Pulido et al., 2014). This
study did not involve the handling or manipulation of any
animal species.

Landscape Variables

We used ArcGIS (10.1, ArcGIS, 2012) to quantify five landscape
covariates that have been shown to affect mammal communities
(Harvey et al., 2006): (1) Distance between each site (both oil
palm and forest fragments sites) to the nearest forest fragment
(m); (2) Size of each site (ha) (oil palm plantation or forest
fragment); (3) Type of site (oil palm or forest fragment); (4)
Distance between each site and the nearest road (m); (5) Distance
between each site and the nearest town (m); and (6) Normalized
Difference Vegetation Index (NDVI) of each site. All distances
were calculated as the average Euclidean distance (m) to the
nearest forest fragment, road, or town for all cameras within
the site.

Statistical Analyses

We used capture frequencies of individual species as a proxy
for relative abundance, calculated as the number of independent
photographs divided by the sampling effort x 100 (Pardo et al,,
2018a). Camera trap sampling effort is usually defined as the
sum of the number of days that the cameras were active
within each site (camera days) (e.g., Pardo et al., 2018a). The
relative abundance (or habitat use) index is appropriate when
the identification of individuals is impossible (Magurran and
Henderson, 2011). However, this measure cannot be used as
a direct measure of species abundance or density (Wearn
and Glover-Kapfer, 2017). We estimated (modeled) species
richness of mammals in secondary forest fragments and oil
palm plantations using the Chao 2 estimator (Magurran, 2010).
We also calculated the effective number of species in each
land use type to better compare the magnitude of difference
between them (Moreno et al., 2011). To test for significant
differences in observed total mammal species richness and
relative abundance between forest fragments and oil palm
plantations we used Mann-Whitney U-tests, since the data
were not normally distributed. We calculated overall Shannon
diversity and evenness values for mammals in forest fragments
and oil palm plantations using the diversity function in the vegan
package of program R (R Development Core, 2014; Oksanen
et al., 2017). The evenness values were calculated as the Pielou
index (J’), which is derived from the Shannon index. J' values
range from 0.0 to 1.0, with higher values representing more even
species distributions.

We used Poisson generalized linear models (GLM) with log
link using the biodiversity module of program R (R Development
Core, 2014) to test the impact of landscape variables on
observed species richness and relative abundance. The most
parsimonious model was selected by eliminating non-significant
variables one by one and verifying the differences between models
using ANOVAS with a Chi-squared post-hoc test (Crawley,
2007). These tests were performed in Software R v 3.6.1 (R
Development Core, 2014). To examine overall differences in
the structure and composition of the mammal communities
in forest fragments and oil palm plantations we used a Non-
metric Multidimensional Scaling (NMDS) ordination based on
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a Bray Curtis dissimilarity matrix. The NMDS uses rank orders
to evaluate dissimilarities between different communities instead
of absolute distances, with “stress” being a measure of the final
lack of agreement (McCune and Grace, 2002). We then used
an Analysis of Similarity (ANOSIM), a non-parametric test of
significant difference between two or more groups (Clarke, 1993),
to examine species assemblage similarity between the forest
fragments and oil palm plantations. Finally, we used Similarity
Percentages Analysis (SIMPER) to determine the contribution
of each species to the overall observed similarity between forest
fragments and oil palm plantations. These multivariate analyses
were conducted using PAST software (Hammer et al., 2001).

RESULTS

Over a sampling period of 4,272 camera days (178 days x 24
cameras), we registered a total of 2,204 independent capture
events that included 2,276 mammal sightings of 16 species
belonging to seven orders and 12 families (Table 1). Apart
from these species, we captured photographs of small rodents,

however they were too small to identify and were not included
in our analysis. During sampling we also heard Mantled Howler
Monkeys (Allouatta palliata) several times, but only in the
secondary forest fragments. Since we did not capture any photos
of this species it was not included in our results. In agreement
with the NORMA Official Mexicana NOM-059-SEMARNAT-
2010 of environmental protection of wild native species of flora
and fauna of México (SEMARNAT, 2010), five of the registered
species are in some type of risk category: Collared Peccary
(Dicotyles crassus), Northern Tamandua (Tamandua mexicana),
Ocelot (Leopardus pardalis), Jaguarundi (Puma yagouaroundi),
and Greater Grison (Galictis vitata); and all but the Greater
Grison were observed more frequently in forest fragments than
in oil palm (Table 1).

The overall observed species richness of mammals appeared
greater in forest fragments (16 species, mean 8.11 % 0.63) than
in oil palm (12 species, mean 5.56 + 0.81. However, these
differences were not significant (U = 80.5, p = 0.076). Estimated
Chao2 species richness was 21.66 for the study region. Shannon
diversity and evenness did not differ between the two vegetation
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TABLE 1 | Terrestrial mammal species detected by camera trapping surveys (December 2017-December 2018) in secondary forest fragments and oil palm plantations in

Tabasco, Mexico.

Order Family English name Scientific name Secondary forest Oil palm Threat status (MX)
fragments

Didelphimorphia Didelphidae Black-eared opossum Didelphis 529 386 None
marsupialis

Didelphimorphia Didelphidae Gray four-eyed opossum Philander 318 1783 None
opposum

Cingulata Dasypodidae Nine-banded armadillo Dasypus novemcinctus 73 33 None

Pilosa Myrmecophagidae Northern tamandua Tamandua 5 2 Endangered
mexicana

Lagomorpha Leporidae Eastern cottontail Sylvilagus 61 6 None
gabbi

Rodentia Sciuridae Mexican gray squirrel Sciurus 9 0 None
aureogaster

Rodentia Agoutidae Paca Cuniculus paca 3 0 None

Carnivora Canidae Coyote Canis latrans 30 100 None

Carnivora Canidae Gray fox Urocyon 5 0 None
cinereoargenteus

Carnivora Felidae Jaguarundi Puma 7 1 Threatened
yaguarundi

Carnivora Felidae Ocelot Leopardus 8 1 Endangered
pardalis

Carnivora Procyonidae Northern raccoon Procyon 188 301 None
lotor

Carnivora Procyonidae White-nosed coati Nasua 3 1 None
narica

Carnivora Mustelidae Greater grison Galictis 1 3 Endangered
vittata

Cetartiodactyla Cervidae White-tailed Deer Odocoileus virginianus 19 3 None

Cetartiodactyla Tayassuidae Collared Peccary Dicotyles 7 Endangered
crassus

types (Figure 2). Of the 16 species recorded in forest fragments,
four were not recorded in the oil palm plantations, while there
were no species recorded in oil palm that were not also recorded
in forest (Table 1). The estimated effective number of species
ranged from 2.25 to 7.66 in forest fragments and from 2.19 to
4.49 in oil palm plantations. Detection frequencies were low
for most species, and there were no significant differences in
mean detection frequencies of any individual species between
the secondary forest fragments and the oil palm plantations
(Figure 3).

The results of the GLM showed that species richness of
mammals was influenced by the distance to the nearest forest, but
not any other variables in the model (Table 2). The abundance
of mammals was not influenced by any of the variables
used in the GLM (Table2). The NMDS ordination analysis
showed nearly complete overlap in the species composition
and abundances of mammals between forest fragments and
oil palm plantations (Figure 4). Oil palm plantation mammal
communities represented a nested subset of the forest fragment
communities, with oil palm plantation sites more closely
grouped together (i.e., more similar) compared to forest sites
(Figure 4). Analysis of Similarity (ANOSIM) indicated no
significant difference in the overall mammal community between

forest fragments and oil palm plantations (R = 0.061, p =
0.175). Similarity Percentages Analysis (SIMPER) identified three
species that contributed most to the difference in the composition
of species between forest fragments and oil palm plantations:
Black-eared Opossum (Didelphis marsupialis), Northern Racoon
(Procyon lotor), and Gray Four-eyed Opossum (Philander
opossum) (Table 3).

DISCUSSION

In this study we used a camera trapping survey to examine
how mid to large-bodied terrestrial mammals responded to a
highly modified landscape mosaic in the southeastern lowlands
of Tabasco, Mexico, specifically focusing on oil palm plantations
and secondary forest fragments. Contrary to our expectations,
we found no differences in the overall mammal communities
between the oil palm and forest fragments, including species
richness or relative abundance. Individual species appeared to
show some differences in their total (but not average) detections
between the two habitats, with 11 having greater detections in
forest than oil palm, and only two with greater detections in oil
palm. Further, oil palm sites were more similar to one another
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in terms of mammal community structure than the secondary
forest fragments. The distance of each patch (oil palm or forest
fragment) to the nearest forest fragment influenced mammal
species richness more than the cover type of the patch. Our
findings suggest that small-scale oil palm plantations (<100
ha) in this region are used by a similar mammal community
to secondary forest fragments for most species, at least those

mammals that had already been able to persist within a highly
modified landscape. Because of this, these oil palm plantations
are likely a better alternative for the remaining biodiversity of
the region than more intensive land uses such as banana or soy
plantations (Donald, 2004; Harvey et al., 2006). However, based
on our results, maintaining as much forest in the landscape as
possible is clearly key to allowing these mammals to persist in
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TABLE 2 | Results of Poisson generalized linear models relating mammal species richness and abundance to landscape variables in Tabasco, Mexico.

Variable Estimate Standard z Pr(>|z|)
error
Species richness Intercept 2.2353 0.3109 7.189 6.53e—13"**
Distance to nearest forest —0.0001 0.0001 —1.797 0.0723***
Patch area —0.0003 0.0008 —0.371 0.710
Patch type [Oil Palm] —0.1945 0.2642 —0.736 0.462
Patch type [Forest] 0.0010 0.0027 0.372 0.710
Distance to nearest road 5.17E-05 1.43E-04 0.362 0.717
Distance to nearest town 1.59E-04 1.82E-04 0.877 0.381
NVDI 1.26E4-00 1.77E400 0.716 0.474
Abundance Intercept 0.6498 0.7067 6.580 0.0001***
Distance to nearest forest —0.0003 0.0003 —-1.197 0.259
Patch area —0.0028 0.0023 —1.226 0.248
Patch type [Oil_Palm] 0.4397 0.6289 0.699 0.500
Patch type [Forest] 0.0024 0.0080 0.300 0.770
Distance to nearest road —0.0002 0.0003 —-0.712 0.492
Distance to nearest town 0.0005 0.0004 1.285 0.225
NVDI 4.5265 4.8250 0.938 0.368
*** means significant value.
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based on capture frequencies of species using Bray-Curtis non-metric multidimensional analysis (NMDS) (stress = 0.17). Polygons connect the vertices of each
cover type.

the region. These species likely use the oil palm plantations to
some degree, but need nearby forest as a refuge or for some
components of their life history.

Our results differ somewhat from other studies of oil palm
impacts on mammal communities in Latin America, mostly likely

due to the differences in plantation sizes. In both Colombia and
Brazil, where oil palm plantations are large (>100 ha), species
richness and composition of mammals was significantly reduced
in oil palm plantations compared to native forests (Mendes-
Oliveira et al., 2017; Pardo et al., 2018a). In terms of mammal
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TABLE 3 | Species that contributed most to the difference in the composition of
the mammal community between secondary forest fragments and oil palm
plantations, based on Similarity Percentages Analysis (SIMPER).

Taxon % Contrib. Mean relative abundance Mean relative
in forest fragments  abundance in oil
palm
Didelphis marsupialis 32.28 58.8 + 0.42 42.9 + 2.38
Procyon lotor 22.16 19+1.24 32.6 + 1.39
Philander opossum 20.25 35.3 +£1.25 19.2 £ 0.70

community structure, in Colombia the riparian fragments had
species compositions that were more similar to one another
than the oil palm plantations, and there was little overlap in
the structure of the two communities (Pardo et al., 2018a).
In Brazil there was also very little overlap in the structure of
the mammal communities between oil palm plantations and
native forest, but this was in part due to the presence of
arboreal species in the forest, which we were unable to census
in this study (Mendes-Oliveira et al., 2017). Further, in the
Brazilian study, 87% of all mammals found in oil palm were
never farther than 1.3 km from the forest edge (Mendes-Oliveira
et al.,, 2017). Given that the oil palm plantations in our study
were <100 ha, we probably observed some mammal species
using the plantations that would not be found in the core of
larger plantations. The fact that mammal species richness was
positively influenced by nearby forest in our study adds weight
to this speculation. The landscape is still a mosaic of forest
patches, cattle pastures, and plantations, and our results show
how important those remaining forest patches are to the regional
mammal community. Our results also underscore the fact that
southern Mexico was already highly transformed by agriculture,
hunting, and other human activities before the oil palm was
planted, and thus the regional mammal community had likely
been reduced to species that could adapt to these changes (Prugh
et al., 2008; Pardo et al.,, 2018b). Further, subsistence hunting
of mammals still commonly occurs in our study landscape,
especially in the secondary forest fragments where access is
less restricted than the oil palm plantations, and hunting dogs
and feral dogs are common in both land uses. If we had
been able to compare mammal communities in the oil palm
plantations with a more pristine forest baseline, we would have
likely found a much greater contrast in community structure,
especially if we were comparing it to industrial-scale (>100
ha) plantations.

Oil palm plantations are less structurally complex than forest,
and generally have reduced leaf litter, dead wood, and understory
vegetation (Chung et al., 2000; Fayle et al., 2010). This may help
to explain why there appeared to be fewer ungulates (White-
tailed Deer and Collared Peccary), large rodents (Paca), possums
(Black-eared Opossum and Gray Four-eyed Opossum), rabbits
(Eastern Cottontail), and armadillos (Nine-banded Armadillo)
in oil palm than in secondary forest fragments, even though
most of these species are still hunted in the forest fragments
by local community members. These results are similar to
(but less extreme) than those found in the Amazonian region

of Brazil (Mendes-Oliveira et al., 2017) and the Colombian
llanos (Pardo et al, 2018a). In our field site, peccary and
deer have been implicated in damage to local bean and other
subsistence crops, especially those close to forest fragments
(Méndez and Bello-Gutiérrez, 2005; Gallegos-Peiia et al., 2010),
and thus these species are likely persecuted for this reason
as well.

Three mesopredator species, which included two felids
(Jaguarundi and Ocelot) and a canid (Gray Fox), had more
total detections in forest fragments than oil palm; despite oil
palm having high densities of small rodents, which consume
oil palm fruits (Rajaratnam et al., 2007; Jennings et al., 2015;
Mendes-Oliveira et al., 2017). However, detection rates were
very low for these species in general, and the differences were
not significant. The only species that appeared to have a higher
detection in oil palm than in forest in our study were Northern
Raccoon and Coyote, and these species both had high detection
rates (>100 photos). Northern Racoon abundances explained
most of the pattern of community differences between the sites.
Northern Raccoon and Coyote are omnivorous mesopredators
that are known to be disturbance-tolerant habitat generalists
(Pardo et al., 2016). The absence of apex predators (i.e.,
Jaguar and Puma) in the landscape likely allows for this
“mesopredator release;” or high abundance of medium-sized
carnivores (Soule et al, 1988), in both oil palm and forest
fragments. Coyotes have recently expanded their range south and
into more tropical forests, likely aided by forest fragmentation,
agriculture, the extirpation of larger predators and hybridization
with domestic dogs (Hody and Kays, 2018). Coyote presence
could exert unpredictable impacts on local fauna, including
native mesopredators and prey, through predation and indirect
effects (Cove et al, 2012; Pardo et al, 2016). Overall, our
mesopredator results differ from the Colombia and Brazil studies,
both of which found similar abundances of mesopredators in
oil palm and forest fragments (Mendes-Oliveira et al., 2017;
Pardo et al., 2018a). Raccoons and grison were also more
abundant or equally abundant in oil palm and forest in Brazil
and Colombia (Mendes-Oliveira et al,, 2017; Pardo et al,
2018a).

Terrestrial mammal species that have been recorded in the
state of Tabasco but were absent from our surveys include
the Central American Agouti (Dasyprocta punctata), Margay
(Leopardus wiedii), Puma (Puma concolor), Jaguar (Panthera
onca), Striped Hog-nosed Skunk (Conepatus semistriatus),
Southern Spotted Skunk (Spilogale angustifrons), Water
opossum (Chironectes minimus), Long-tailed Weasel (Mustela
frenata), Tayra (Eira barbara), White-lipped Peccary (Tayassu
pecari), Red Brocket Deer (Mazama temama), and Baird’s Tapir
(Tapirella bairdii) (Briones-Salas et al., 2015; Hidalgo-Mihart
et al., 2017). The absence of these species suggests that even
the relatively high density of forest remnants and low intensity
of oil palm cultivation in this landscape is insufficient to
support them against a backdrop of other human pressures. For
instance, agouti, peccary, deer, and tapir are intensely hunted
by humans for food and because they damage crops, which
probably explains their absence in this landscape. For instance,
in Colombia, agouti were never observed in oil palm plantations
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but were seen in riparian forests (Pardo et al., 2018a), and in
Brazil agouti were seen much more often in primary forest
than in oil palm plantations (Mendes-Oliveira et al, 2017),
perhaps because hunting pressure from humans is lower in those
areas. The felids and the tapir have large home ranges and are
vulnerable to habitat loss and fragmentation, as well as poaching
by humans (Morato et al, 2016; Naranjo, 2018). Diseases
transmitted to wild mammals by domestic and feral animals
could also be responsible for the decline and absence of many of
these species in our study landscape. Pollution, fragmentation,
alteration of habitat, introduction of exotic species, and climate
change, among other factors, increase the risk of exposure and
transmission of infectious diseases to wildlife (Briones-Salas
etal., 2015).

Several recent studies on the impacts of oil palm plantations
on bird and bee communities in the same landscape of Tabasco,
Mexico, found that both the diversity and abundance of these
groups were greater even in adjacent cattle pasture than in
the oil palm plantations (Moreno Jiménez et al., 2017; Moo
Culebro et al.,, n.d.). These results most likely stem from the
presence of native tree species within the pastures, including
living fences, and their proximity to forests remnants and
wetlands (Moo Culebro et al, n.d.). It would be interesting to
determine if the same pattern holds for mammals, although
it is likely that mammals of this region are more sensitive to
forest cover and would come into conflict with humans and
livestock in the open pasture areas. However, there might also
be a regional pool of open country/grassland species which
invade and complement forest species that can survive in
pastures—but that oil palm provides a harsher environment
which these species cannot utilize. In terms of landscape-
level forest cover, many studies estimate that between 25
and 45% of a landscape should remain forested in order to
conserve the majority of Neotropical bird and mammal species
(Andrén, 1994; Estavillo et al.,, 2013; Ochoa-Quintero et al.,
2015; Pardo et al, 2018b). While our study landscape has
this minimum forest coverage, the forest is young and very
fragmented, and is under continuous pressure from human
hunters and domestic and feral animals. Yet, we found that
shorter distances of patches to forest cover had a positive
influence on mammal species richness. In order to recover more
of the original mammal community and population sizes of the
region these human activities must be curbed, and the forest
allowed to regenerate. Forested corridors between fragments,
ideally along riparian areas, would allow terrestrial mammals
(and other species) to move throughout the landscape more
safely (Knowlton et al., 2017; Pardo et al., 2018a). The state of
Tabasco became part of the Mesoamerican Biological Corridor
in 2009, with the aim of connecting different protected areas
and increasing conservation, management, and sustainable use
of natural resources within them (Briones-Salas et al., 2015).
This initiative should include efforts to increase the habitat
connectivity of the entire region by specifying a requirement
for forested buffers along all watercourses and increasing the
enforcement of hunting laws.

CONCLUSIONS

In this study we showed that small oil palm plantations and
secondary forests are both used to some degree by the mammal
communities persisting in the highly-modified landscape of
Tabasco, Mexico. We found that minimum distances to forest
patches was related to higher mammal species richness in both
forest fragments and oil palm plantations. The fact that 12
terrestrial mammal species recorded in the state were never
detected in our surveys illustrates that neither secondary forest
fragments nor oil palm plantations are appropriate habitat for
mammals sensitive to human disturbance. The top predators
were absent, and the most abundant species were mid-sized
omnivorous habitat generalists that are known to prosper
around human settlements. To restore the full complement of
species, conservation priorities must center around reducing
hunting pressure, allowing forest regeneration, and increasing
connectivity between protected areas. Our study has several
limitations, most notably the small sample size and low detection
rates of most mammal species. In the future the mammal surveys
could be supplemented with other techniques, such as nighttime
line transects to search for arboreal species and daytime surveys
for scat and tracks. Interviews with local community members,
hunters and plantation owners could also provide additional
information on the mammal species found in each habitat.
However, if Mexico were to adopt laws similar to those in Brazil,
requiring all landowners to keep a portion of their land as natural
habitat and maintain riparian forest buffers, it would likely be of
great benefit to mammal and other biodiversity conservation in
the region.
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