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Abstract

Background and Research Aims: A great challenge in tropical-forest regions, is to build socioecosystems that ensure
both biodiversity conservation and people’s wellbeing. Oil-palm plantations are profitable, but they can have negative
impacts on biodiversity. Most information on the impacts of this crop comes from large plantations. However, in some
regions, small plantations predominate and lessons derived from the large-estate context may not be applicable. Here, we
carried out a socioecological assessment of mammals in small oil-palm plantations in a highly deforested region in Mexico,
with the aim of guiding conservation efforts. Methods: We sampled mammals > 0.5 kg in || small plantations (<60 ha)
with camera traps for | year. We assessed the effects of two landscape variables (forest cover, distance to forest) and two
plantation variables (area, age). We also interviewed farmers to learn about the presence of mammals in their plantations,
and their perceived benefits and/or costs associated to those mammals. Results: We photo-captured 20 species and farmers
reported 4 more during interviews. Mammal diversity was negatively related to the plantation’s distance from forest; assemblage
composition was associated to all variables except plantation area. The benefits that farmers associated with mammals were
mostly utilitarian (e.g., bush meat). Costs perceived as serious were related to the loss of domestic animals and other crops.
Conclusion: In a highly deforested region in Mexico, oil-palm plantations can be temporal habitat for some mammal species. By
combining ecological and social dimensions we can improve our understanding of the factors that facilitate or hinder the
conservation of mammals in agricultural landscapes. Implications for Conservation: We identified two key actions necessary
for the long-term conservation of mammals in the study region: (i) protecting secondary forest fragments; (i) regulating hunting.
Involving farmers in the co-design of participatory conservation plans is necessary to ensure long-term success.

Resumen

Antecedentes y objetivos de la investigacion: Un gran desafio en las regiones de bosques tropicales es crear socio-
ecosistemas que aseguren tanto la conservacion de la biodiversidad como el bienestar de las personas. Las plantaciones de palma
aceitera son rentables, pero pueden tener impactos negativos en la biodiversidad. La mayor parte de la informacién sobre los
impactos de este cultivo proviene de las grandes plantaciones. Sin embargo, los aprendizajes derivados del contexto de las
grandes plantaciones podrian no ser aplicables a las regiones donde predominan las plantaciones pequefias. En este trabajo
realizamos una evaluacién socioecolédgica de mamiferos en pequefias plantaciones de palma aceitera en una regién altamente
deforestada de México, con el objetivo de orientar los esfuerzos de conservacion. Métodos: Muestreamos mamiferos > 0.5 kg en
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2 Tropical Conservation Science

I | pequenas plantaciones de palma aceitera (< 60 ha) con camaras trampa durante | afio. Evaluamos los efectos de dos variables de
paisaje (cobertura forestal, distancia al bosque) y dos variables de la plantacion (area, edad). También entrevistamos a los ag-
ricultores para conocer la presencia de mamiferos en sus plantaciones y sus percepciones sobre los beneficios y/o costos asociados
a esos mamiferos. Resultados: Foto-capturamos 20 especies y los agricultores reportaron 4 mas en las entrevistas. La diversidad
de mamiferos se relacioné negativamente con la distancia de la plantacién al bosque; la composicién de los ensambles se asocié con
todas las variables, excepto el area de la plantacion. Los beneficios que los agricultores asociaron con los mamiferos fueron
mayormente utilitarios (e.g., carne de monte). Los costos percibidos como serios, estuvieron relacionados a la pérdida de animales
domésticos y otros cultivos. Conclusién: En una regién altamente deforestada de México, las plantaciones de palma aceitera
pueden ser habitat temporal para algunas especies de mamiferos. Al combinar las dimensiones ecoldgica y social, podemos mejorar
nuestra comprensién de los factores que facilitan o dificultan la conservacion de los mamiferos en los paisajes agricolas.
Implicaciones para la conservacion: Identificamos dos acciones claves necesarias para la conservacion a largo plazo de los
mamiferos en la regién de estudio: (i) proteger los fragmentos de bosque secundario; (i) regular la caceria. Es necesario involucrar
a los agricultores en el disefio conjunto de planes de conservacion participativos para garantizar el éxito a largo plazo.

Keywords
agroecosystem, human-wildlife coexistence, mammal conservation, socioecosystem

Highlights 2018, 2020). However, in other regions (e.g., some parts of

Mesoamerica) most plantations are established on lands that

were previously used for agriculture (Furumo & Aide, 2017).

In such cases, oil palm may even replace agricultural covers

i oSt that are less biodiversity-friendly, such as cattle pastures
higher mammal leefSlt}_’ ) (Boron et al., 2019; Gilroy et al., 2015).

* Presence? of some species was assgmated to forest Much of the information about the negative effects of oil

cover, dlstance. to forest, and plfmtatlon age palm on biodiversity comes from very large estates (Meijaard

* Farmers associate rpammals with both beneﬁts and etal., 2018, 2020). Although less studied, oil palm can also be

costs; these perceptions need to be considered when 1 4,ced in smallholdings embedded in more heterogeneous

designing conservation measures landscapes. It has been argued that smallholdings have a

* Complementmg ecolog¥ca1 samplltjng with mt'erwews can higher potential for both conserving biodiversity and alle-

improve our understanding of the oil-palm socioecosystem viating rural poverty (Azhar et al., 2017; Saadun et al., 2018).

In several Mesoamerican regions, smallholdings are the

Introduction dominant production system (Furumo & Aide, 2017). For

example, in Mexico 95% of the 112,452 ha of oil palm is in

s ) smallholdings, one quarter of which is in the state of Tabasco
versity on the planet, but they also suffer serious threats from (SIAP, 2020). Tabasco is a biodiversity hotspot with a long
human activities, in particular agriculture (Pendrill et al.,

¢ 24 wild mammal species use small oil-palm plantations
in a highly deforested region in Mexico
¢ Oil-palm plantations closer to forest remnants had

Tropical forest regions harbor the greatest terrestrial biodi-

history of deforestation. Approximately 70% of Tabasco’s

2022). Thus, a major challenge is to design landscapes ;s currently covered by agriculture (Hidalgo-Mihart
that meet a balance between agricultural production, and et al, 2016), and oil palm is expected to expand

biodiversity conservation (Arroyo-Rodriguez et al., 2020). (SAGARPA, 2017).
This is particularly relevant for animals that have large area
requirements, because their conservation must also occur
beyond the boundaries of forest remnants (Payan & Boron,
2019). Wildlife conservation in human-modified areas is
strongly affected by landscape composition and configuration
(Almeida-Maugés et al., 2022; Arroyo-Rodriguez et al., 2020),
but it also depends on social factors that shape human-
wildlife coexistence (Pooley et al., 2021).

One of the most rapidly expanding agricultural covers in
humid tropical landscapes is oil palm (Elaeis guineensis).
Despite its profitability, oil palm is controversial because in
some countries it has been a major driver of deforestation and
biodiversity loss (Savilaakso et al., 2014; Meijaard et al.,

In this study, we collaborated with a local association of
smallholders in Tabasco to increase our understanding about
mammals in small oil-palm plantations, with the aim of
guiding future conservation efforts. We had three specific
objectives: (1) determine which mammals are using small oil-
palm plantations in the study region; (2) assess the effects that
landscape variables (forest cover and distance to forest) and
plantation variables (area and age) have on the diversity and
composition of mammal assemblages; and (3) determine
farmers’ perceptions regarding benefits and/or costs associ-
ated to mammals. To meet our objectives, we gathered data
through a combination of camera trapping and interviews.
Collaboration with local farmers is key to developing
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participatory processes that might facilitate the co-design of
conservation efforts (Saadun et al., 2018; Massarella et al.,
2021).

We focused on non-volant mammals with body
masses > 0.5 kg for several reasons: (i) they have been less
studied in the context of oil palm in Latin America (Pardo
et al., 2019), particularly in small plantations (Knowlton
et al., 2019); (ii) they perform important ecosystem
functions but are highly threatened by anthropogenic
disturbances (Bogoni et al., 2022; Lacher et al., 2019), thus
constituting a good proxy of a landscape’s value for bio-
diversity conservation (Payan & Boron, 2019); (iii) many
have large area requirements, such that management at the
landscape level is crucial (Brennan et al., 2022); (iv) some
are charismatic species that are readily identified by
people, which may help sensitize the local population
about conservation needs (Lopez-del-Toro et al., 2009); (v)
they can be sampled with camera traps, which is a method
that local community members could easily implement for
long-term monitoring.

We expected that, by combining ecological and social
sampling methods we might record more mammal species in
oil palm than previously reported in Tabasco (Knowlton et al.,
2019). Also, given the importance that the amount of re-
maining habitat and habitat connectivity have for biodiversity
conservation in anthropic landscapes (Arroyo-Rodriguez
et al.,, 2020; Watling et al., 2020), we expected to find
negative effects of distance to forest and positive effects of the

amount of forest cover. Also, we expected that older plan-
tations, having more developed canopies, might favor
mammal presence, compared to younger plantations. Re-
garding plantation area, we did not have an a priori ex-
pectation because, although plantations varied almost an
order of magnitude in area, they were all smallholdings (< 60
ha). Finally, due to the interest of the local farmers in cer-
tifying their plantations as sustainable, we expected them to
have perceptions that would be congruent with human-
wildlife coexistence.

Methods

Study region and study plantations

Our study was conducted in the palm production region
known as “De los Rios” in the municipalities of Tenosique
and Balancan (state of Tabasco, Mexico; 17°43°26.64”-
17°17°0.36” N, 91°28°20.15-91°05°22.73”0; Figure 1).
This region of Tabasco has lost most of its forest cover (77%)
and has ~ 8200 ha planted with oil palm (SIAP, 2020). The
landscape is a mosaic of small forest fragments (mostly
secondary forest in different stages of succession) embedded
in an agricultural matrix dominated by cattle pastures and
sugar cane. In this region, the owners of 118 oil-palm
plantations (all, except one, are plantations < 60 ha) are
organized in a local association, ‘“Palmeros de los Rios S.P.R.
de R.L.”. One of the goals of the association is to be certified

B Water bodies
[] Crops

M Forest
Cattle pasture

Timber plantation
@ Study plantations

Figure |. (a) Map showing the location of the | | small oil-palm plantations (black circles in large map) where mammals were sampled with
camera traps, in a highly deforested region near the town of Tenosique (grey polygon in large map), in the state of Tabasco in southeastern
Mexico (red circle in small inset map of Mexico). (b) Camera traps captured terrestrial/scansorial mammals > 0.5 kg in oil-palm plantations,
such as the coyote shown here. (c) During interviews, farmers reported which mammal species they had seen in their oil-palm plantations, and
they also described perceived benefits and/or costs associated with those mammals.
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by the Roundtable of Sustainable Oil Palm (RSPO). RSPO is
a global organization that aims to develop and implement
guidelines for producing sustainable palm oil (Roundtable of
Sustainable Oil Palm, 2023). This certification could benefit
both farmers (e.g., certified palm oil has a higher price than
non-certified oil) and biodiversity (e.g., certified palm oil
comes from deforestation-free cultivation).

With the help of the local oil-palm association and satellite
images (year 2020), we selected plantations that met the
following criteria: (i) owners were willing to participate; (ii)
they were undergoing the process of RSPO certification; (iii)
they had a minimum of 5 ha and a maximum of 60 ha, and
were separated by at least 2 km from any other selected
plantation; and (iv) they were at least 5 years old, to ensure
sufficient vegetation cover for wildlife. We selected 12
plantations distributed in an area of ~970 km? (Figure 1). We
lost one plantation because a camera trap was stolen; the
remaining plantations varied in size between 6.7 and 55.5 ha
and were between 6 and 20 years old at the time of the study
(Table S1).

Mammal sampling with camera traps

We sampled terrestrial/scansorial mammals with body
masses > 0.5 kg using camera traps (Browning Strike Force
BTC-5HDPX, Bushnell Core 24 MP, Bushnell Trophy Cam
8MP-UV 557, and Acorn 6210) without bait. We deployed 2
camera traps in plantations < 25 ha and 3 camera traps in
larger plantations (with > 200 m between camera traps), for a
total of 26 camera traps. Camera traps were placed 0.5 m
above the ground and remained continuously active for
12 months (27 October 2020-11 December 2021). The total
sampling effort was 8,662 trap-days. We used the software
digiKam 7.5.0 (PIXLS.US, 2022) to generate and assign
species labels to photographs. Subsequently, the metadata of
the images (date, time, species) were extracted with the
‘camtrapR’ R package (Niedballa et al., 2016) to obtain the
number of independent records per species. Photo records
were considered independent when > 60 minutes had elapsed
since the previous photograph of the same species.

Landscape and plantation predictors

To obtain the values of both landscape variables (forest cover
and distance to forest) we used a Sentinel 2 image (down-
loaded November 2021 from https://earthexplorer.usgs.gov),
which was analyzed (including an atmospheric correction)
with the software Quantum GIS 3.24.3 (QGIS Development
Team, 2021). To estimate the percentage of forest cover
(pooling primary and secondary forest) in the landscapes
surrounding plantations, we generated an 800-m buffer
around the perimeter of each plantation (i.e., the buffers had
the same shape as the plantations). We chose an 800-m
distance by considering two criteria: (i) a distance that al-
lowed us to reach a compromise between larger and smaller

home ranges of the different mammal species we expected to
find; and (ii) a distance that avoided overlap of the
landscapes surrounding study plantations. Then, we per-
formed a land cover supervised classification using
eCognition 9.0.1 (Trimble, 2014). To estimate the distance
to forest, we first found the centroid of each palm plan-
tation using the QGIS Field Calculator and then measured
the distance from the centroid to the nearest edge of the
nearest forest fragment that was > 50 ha (either primary
forest, or secondary forest with a canopy height > 3 m).
Values of plantation predictors (age and area) were ob-
tained from plantation owners (Table S1).

Interviews with farmers. We conducted 12 interviews in situ
(one interview per plantation). For smaller plantations,
one farmer was interviewed; for larger plantations, 2-3
farmers answered the interview collectively (Frey &
Fontana, 1991). For each plantation, we only inter-
viewed farmers who had worked there for more than
6 months (Azhar et al., 2014). We obtained verbal in-
formed consent to record the interviews. We also built
rapport with our interviewees through active listening and
by providing a comfortable environment. Interviews felt
like an enjoyable dialogue with farmers sharing experi-
ences and anecdotes. All participants remained anony-
mous and were able to reject any question or stop the
interview for any reason at any time.

Interviews had two purposes: (i) to gather local ecological
knowledge regarding the presence of mammal species in
plantations, a method that proofed to be very useful in a
previous study with mammals in oil palm (Azhar et al., 2014);
and (ii) to assess how farmers perceive each mammal species
in terms of benefits and/or costs, which is useful baseline
information for the co-design of successful management
guidelines (Saadun et al., 2018). During interviews we asked
open and closed questions (Appendix S1). Of the mammals
reported for the state of Tabasco (Hidalgo-Mihart et al.,
2016), 32 (pooling two species of rabbits into one genus,
Sylvilagus) are species with body masses > 0.5 kg that could
occur in the study region (Reid, 1997); 7 of these species are
mostly arboreal and were thus unlikely to be recorded by our
camera traps. Following Azhar et al. (2014), we showed a
photograph of each of these 32 species to farmers, using their
common names in Spanish. For each species, we asked them
if they had seen it in the plantation and/or in other types of
vegetation in the region. For those species they had seen in
the plantation, we asked them if it consumed the oil-palm fruit
and if they thought the species was beneficial or harmful in
other ways (Appendix S1).

Data analyses

To determine the list of mammals found in the oil-palm
plantations studied (objective 1), we used data from cam-
era traps and information obtained in the interviews.
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To assess the effects that landscape and plantations var-
iables have on mammal assemblages (objective 2), we only
used camera-trap data, not interview data. Species diversity
estimation was done using Hill numbers, considering num-
bers of order 0 (q0), 1 (ql), and 2 (q2). These indices vary in
the importance they give to species abundances. Commonly
interpreted as species richness, q0 gives no weight to
abundances. The exponential of the Shannon diversity index,
ql, weighs all species according to their frequency. Finally,
g2, the inverse of Simpson concentration index, gives higher
weight to the most abundant species. To calculate diversity
estimates we used the number of independent photo records
and the function estimateD in the ‘INEXT’ package for R
(Hsieh et al., 2020). To ensure our estimates of species di-
versity were not biased by differences in sampling effort
among sites (Chao & Jost, 2012), estimation was done at a
sampling coverage of 0.95.

To evaluate how species diversity is affected by landscape
and plantation predictors, we fitted linear models. First, we
evaluated collinearity among predictors by calculating the
Variance Inflation Factor (VIF); all VIF values were < 3.
Given that we had four predictor variables but only a sample
size of 11 plantations, statistical inference was done by fitting
models with all the possible combinations of a maximum of
two predictors. These models were then compared using the
Akaike Information Criterion corrected for small sample sizes
(AICc). We considered as best-fitted models those with AICc
values lower than the AICc of the null model. Then we used
the weights of the best-fitted models, in comparison to the
weight of the null model, to assess the importance of pre-
dictors included in the best-fitted models (Anderson, 2008).
To fit linear models and obtain the associated AICc and
weight values, we used the /m and dredge functions in the
‘base’ and ‘MuMIn’ packages for R (Barton, 2022).

The effects of landscape and plantation predictors on
species composition were evaluated through a distance-based
redundancy analysis ((bRDA) on a presence-absence matrix
and using the Bray distance. Significance of the whole model
and of the predictors was tested using anova-like permuta-
tional F tests (Borcard et al., 2018). The analysis was per-
formed using the dbrda and anova.cca functions in the
‘vegan’ package for R (Oksanen et al., 2020). All analyses
were done using the R v. 4.1.2 programming language
(R Core Team, 2021).

To determine farmers’ perceptions regarding benefits and/
or costs associated to mammals (objective 3), the interviews
were recorded and transcribed. Information from the inter-
views was synthesized and organized in a table (see Results).

Results

Mammals using oil-palm plantations

We recorded 24 mammal species in oil-palm plantations,
twice the number previously recorded in Tabasco (Table 1).

With camera traps we obtained 3,360 independent photo
records and identified 20 mammal species (8 orders, 15
families), 6 of which are of conservation concern (Table 1). A
minimum of 5 and a maximum of 14 terrestrial/scansorial
species were recorded per plantation (Table S1). Three
generalist species had the highest number of independent
records and were found in all plantations (the opossum Di-
delphis marsupialis, the coyote Canis latrans, and the rac-
coon Procyon lotor; Table 1; Table S1). One species, the
peccary Pecari tajacu, was only registered in one plantation.

Local farmers confirmed the presence in palm plantations
of all mammal species photo-captured, except one, the ocelot
Leopardus pardalis. Farmers also mentioned the presence of
four additional species in palm plantations: the deer Mazama
temama, the kinkajou Potos flavus, the cacomixtle Bassar-
iscus sumichrasti, and the monkey Alouatta pigra. The latter
three are highly arboreal (which is why they were not photo-
captured) and of conservation concern. Regarding the other
eight mammal species of which we also showed photos
during the interviews, farmers reported having seen seven of
them in the region, though not in palm plantations (white-
lipped peccary Tayassu pecari, spider monkey Ateles geof-
froyi, puma Puma concolor, jaguar Panthera onca, silky
anteater Cyclopes didactylus, tayra Eira barbara, and Baird’s
tapir Tapirella bairdii). The long-tailed weasel Mustela fre-
nata was the only species that no farmer reported seeing,
either in palm plantations or anywhere else.

Effects of landscape and plantation variables on
mammal assemblages

Species diversity.- For the three diversity metrics (q0, q1 and
q2), the best fitted models were the ones that included the
distance from the forest and the second-best model was the null
model. For g0 and q1 the models’ weight ratios indicated that the
best fitted model had approximately twice the support compared
to the null model (weight ratio for q0: 0.388/0.174 = 2.23;
weight ratio for q1: 0.412/0.183 = 2.25), while in the case of q2
both models were equally supported (0.279/0.271 = 1.03; see
weights of all models in last column of Table S2). Thus, for q0
and g1, but not q2, we found evidence that with greater distances
from a plantation to the nearest forest remnant, the diversity of
mammals using a plantation decreases (39% and 40% of the
variance explained for g0 and ql, respectively; Figure 2). The
other three predictors (forest cover, plantation age, plantation
area) had no effect on mammal diversity metrics (Table S2).
Species composition.- The multivariate analysis to assess the
effects of predictors on species composition yielded a significant
ordination (F4¢ = 3.05, P = 0.011), in which the first axis ex-
plained 36% of the variation (F, ¢ = 7.68, P = 0.002). Dissimi-
larities in species presence among sites were explained by forest
cover, distance to forest, and plantation age, but not plantation
area (Figure 3). Some species, in particular the agouti Dasyprocta
mexicana, the paca Cuniculus paca, and the jaguarundi Puma
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Table I. Mammal species recorded with camera traps (Photo) or local ecological knowledge (LEK) in small oil palm plantations in the state of
Tabasco, Mexico. For comparison, we also show species photo-captured by Knowlton and collaborators (Knowlton et al., 2019) in oil palm
plantations in a different region of Tabasco. Two numbers are given per species in the Photo column: the percentage of independent photo-
captures (from a total of 3,360 independent photo captures) and the number of plantations (out of I 1) in which a species was photo-captured
(upper and lower number, respectively). The LEK column shows the number of interviews (out of 12) in which a species was reported as having
been seen in palm plantations. Numbers in the Knowlton column are also percentages of independent photo-captures (from a total of 1,010
independent photo captures; Knowlton et al., 2019). The last column indicates threat categories; codes shown in the second column correspond
to those used in Figure 3. Species names follow the Global Biodiversity Information Facility (GBIF, https://www.gbif.org, January 2023).

Scientific name

Family Code Common name Photo Knowlton LEK Threat®

Procyonidae PRLO Procyon lotor 39.73F 29.80 12° None
Northern raccoon I

Didelphidae DIMA Didelphis marsupialis 25.18 38.22 12°F None
Black-eared opossum I

Canidae CALA Canis latrans 15.77°F 9.90 9 None
Coyote I

Didelphidae PHOP Philander opossum 3.18 17.13 2° None
Gray four-eyed opossum 5

Mephitidae COSE Conepatus semistriatus 3.01F — 9 None
Striped hog-nosed skunk 9

Dasypodidae DANO Dasypus novemcinctus 2.02 3.27 8 None
Nine-banded armadillo 7

Dasyproctidae DAME Dasyprocta mexicana 1.99F — 2° CR
Mexican agouti 2

Cervidae OoDVvI Odocoileus virginianus 1.96 0.30 10 None
White-tailed deer 6

Agoutidae CUPA Cuniculus paca 1.93F — [ None
Paca 4

Canidae URCI Urocyon cinereoargenteus 1.52 — 3 None
Gray fox 5

Procyonidae NANA Nasua narica 0.83° 0.10 3F None
White-nosed coati 3

Leporidae SYSP Sylvilagus sp. 0.68 — 7F None
Cottontail rabbit 4

Sciuridae SCAU Sciurus aureogaster 0.63 0.59 e None
Mexican gray squirrel 4

Myrmecophagidae TAME Tamandua mexicana 0.48 0.20 8 EN
Northern tamandua 7

Felidae PUYA Puma yagouaroundi 0.36 0.10 | ™
Jaguarundi 4

Tayassuidae PETA Pecari tajacu 0.33 — 2° None
Collared peccary |

Mustelidae GAVI Galictis vittata 0.15 0.30 | ™
Greater grison 4

Felidae LEPA Leopardus pardalis 0.09 0.10 - EN
Ocelot 2

Felidae LEWI Leopardus wiedii 0.09 — | EN
Margay 2

Erethizontidae SPME Sphiggurus mexicanus 0.06 — 5 None
Mexican hairy dwarf porcupine 2

Atelidae — Alouatta pigra® — — 3F EN
Black howler monkey

Cervidae — Mazama temama — — 2 None
Central American red brocket deer

Procyonidae — Bassariscus sumichrasti — — 2 SSP
Cacomistle

Procyonidae — Potos flavus ® — — IF SSP

Kinkajou

FMammal species photographed or reported by farmers eating the oil-palm fruit.

?Mexican government (TH: Threatened; SSP: Subject to special protection; SEMARNAT, 2010); IUCN Red List (EN: Endangered; CR: Critically endangered;

IUCN, 2022).

PHighly arboreal species; all other species are terrestrial and/or scansorial.
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yagouaroundi, tended to be present in plantations that were closer
to a forest fragment and those that had higher forest cover in the
surrounding landscape, while the fox Urocyon cinereoargenteus
showed the opposite pattern. Finally, the presence of species such
as the armadillo Dasypus novemcinctus, and the anteater Ta-
mandua mexicana was associated with younger plantations.

Farmers’ perceptions about the benefits and costs
associated to mammals

Of the 24 mammal species that we recorded to be using palm
plantations, farmers described benefits and/or costs for 19 of
them (Table 2). For the other 5 species (the opossum Phi-
lander opossum, the anteater Tumandua mexicana, the grison
Galictis vittata, the monkey Alouatta pigra, and the deer
Mazama temama), farmers did not describe any benefit or
cost. Eight species were identified as being beneficial for
plantations (palm and other crops) because they control
weeds or potential insect/rodent pests, but six of these were
also associated to important costs because they kill domestic
animals. Three additional species were also perceived neg-
atively because they kill or injure domestic animals. For ten
mammal species, farmers reported a utilitarian benefit, mostly
as bushmeat. Fourteen species were recorded eating palm
fruits either through camera traps or by farmers (Table 1;
Figure S1). Yet, only six of these were mentioned by farmers
when asked about costs to the palm plantations (Table 2), and
the level of damage was not perceived as serious. However, a
few farmers mentioned that palm losses caused by coyotes
and squirrels could potentially become a problem. Three
mammal species were also identified as damaging other
crops, and the resulting losses were perceived as serious.
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Figure 2. Fitted lines and their 95% confidence intervals for the
relationships between mammal diversity (Hill numbers q0 and ql)
and the distance between the oil palm plantation and the nearest
forest remnant > 50 ha (q0: R? = 0.394; q!: R? = 0.397). Mammals
were sampled for | year with camera traps in || small oil palm
plantations (< 60 ha) near the town of Tenosique in the state of
Tabasco, Mexico.

Finally, though not asked specifically about this species, most
farmers (9 out of 12) mentioned that the Southern pocket
gopher (Thomomys umbrinus), which is a small fossorial
rodent, is a pest that damages the oil-palm plantations by
eating the roots of young palms (< 3 y).

Discussion

By combining camera-trapping and interviews we obtained a
robust assessment of non-volant mammals > 0.5 kg using
small oil plantations in Tabasco, Mexico. Our results show
that characteristics of both the surrounding landscape and the
plantations affected mammal assemblages, which coincides
with the findings of previous studies (Meijaard et al., 2018,
2020; Payan & Boron, 2019; and references therein). Most
importantly, plantations in closer proximity to forest rem-
nants, mostly secondary forest, had higher diversity, em-
phasizing the importance of maintaining these patches in
agricultural landscapes. Through interviews, we found that
mammals were perceived as a source of both benefits and
costs; the most commonly identified benefit was utilitarian.
Overall, our study underscores the value of combining
ecological and social dimensions for guiding wildlife con-
servation in anthropic landscapes.

Mammals using oil-palm plantations

The presence of mammal species recorded in oil palm
through camera traps (except one) was corroborated by
farmers. Furthermore, interviews allowed us to record four
additional species, three of which are highly arboreal
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Figure 3. Ordination (distance-based redundancy analysis) of ||
oil palm plantations (black circles) and mammal species photo-
captured in plantations (four-letter codes) near the town of
Tenosique (Tabasco state, Mexico). Dissimilarities in species
presence among sites were explained by forest cover (F ¢ = 3.54,

P =0.030), distance to forest (F; ¢ = 3.11, P=0.031), and plantation
age (F, ¢ = 3.29, P = 0.037), but not plantation area (F; ¢ = I.18, P =
0.355). See Table | for full species names.
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Table 2. Responses obtained from |2 interviews carried out with farmers working in oil palm plantations, to whom we asked about their
perceived benefits and costs associated with mammal species they had seed in their oil palm plantations. Of the 24 mammal species recorded in
oil palm plantations (see Table I), farmers only mentioned benefits/costs for 19. We distinguish between benefits/costs that are associated to
oil palm production (Palm), and those that are not (Other). In parentheses, the number of interviews (out of 12) in which a given response was

recorded. See interview in Appendix S|.

Scientific name
Common name

Benefits

Costs

Procyon lotor

Northern raccoon
Didelphis marsupialis
Black-eared opossum
Canis latrans

Coyote

Conepatus semistriatus
Striped hog-nosed skunk
Dasypus novemcinctus
Nine-banded armadillo
Dasyprocta mexicana
Mexican agouti
Odocoileus virginianus
White-tailed deer
Cuniculus paca

Paca

Urocyon cinereoargenteus —
Gray fox

Nasua narica
White-nosed coati
Sylvilagus sp.
Cottontail rabbit
Sciurus aureogaster
Mexican gray squirrel
Puma yagouaroundi
Jaguarundi

Pecari tajacu

Collared peccary
Leopardus pardalis —
Ocelot

Leopardus wiedii —
Margay

Sphiggurus mexicanus

Mexican hairy dwarf porcupine
Bassariscus sumichrasti
Cacomistle

Potos flavus

Kinkajou

Other: bush meat (4)

Other: bush meat (7)

Other: bush meat (7)

Other: bush meat (7)

Other: bush meat (1)

Other: bush meat (3)

Other: bush meat (2)

Other: bush meat (1)

Palm: eats insect pests (1)
Palm: eats rodent pests (1)
Palm: eats insect pests (3)

Palm: eats insect pests and snakes (5)

Palm: weed control (3)

Palm: eats rodent pests (2)

Other: medicinal use (1)
Palm: eats insect pests (1)

Palm: eats insect pests (I)

Palm: eats fruit (2)
Other: eats crops (7)
Other: kills poultry (11)

Palm: eats fruit (2)
Other: kills poultry and sheep (7)
Other: kills poultry (1); toxic urin (1)

Other: kills dogs (2)

Other: medicinal use (1); bush meat (3) —

Other: kills poultry (3)

Other: eats crops (I)

Palm: eats fruit (4)

Other: kills poultry (2)

Palm: eats fruit (1)

Other: eats crops (1)

Other: kills poultry and sheep (1)
Other: kills poultry (2)

Other: injures dogs (4)

Palm: eats fruit (1)

Palm: eats fruit (I)

(howler monkey, cacomixtle, and kinkajou) and were thus
unlikely to be photo-captured. We detected twice the
number of mammal species than previously recorded in
oil-pal plantation in Tabasco (Table 1). We believe that our
more extensive sampling (1 year of photo-trapping in each
plantation) allowed us to detect species that only occa-
sionally use plantations and/or are rare in the region, such
as the Mexican agouti, the collared peccary, the margay,
and the Mexican hairy dwarf porcupine. This highlights
the value not only of complementing information through

local ecological knowledge (Azhar et al., 2014), but also
of conducting extensive and long-term monitoring
programs.

The mammals that we recorded in oil palm represent
75% of the 32 non-volant species > 0.5 kg that could
potentially be found in the study region (Hidalgo-Mihart
et al., 2016). On the one hand, this high percentage is
encouraging, because it tells us that many mammal
species still inhabit the region and are using oil palm
plantations. On the other hand, however, it tells us that
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one quarter of the mammal fauna either avoids using oil
palm or have very low abundances, including the two top
predators (puma and jaguar). The mammal fauna of Ta-
basco has suffered a long history of decimation due to
habitat loss and hunting (Hidalgo-Mihart et al., 2016).
Consequently, the remaining fauna is dominated by
species that are resilient to disturbances or even thrive in
anthropic landscapes (Knowlton et al., 2019), as has also
been found in a defaunated oil-palm region of Colombia
(Pardo et al., 2019). In our study, three generalist mes-
opredator species (the racoon Procyon lotor, the coyote
Canis latrans, and the opossum Didelphis marsupialis)
strongly dominated the photo-captures (Table 1). Thus,
even though we recorded a relatively high number of
species, the mammal community seems to be uneven.
This imbalance of ecological guilds, which threatens the
adequate functioning of ecosystems, is a common pattern
in hunted and deforested Neotropical landscapes, par-
ticularly where populations of top predators have suffered
strong declines (Pires & Galetti, 2023).

Effects of landscape and plantation variables on
mammal assemblages

Species diversity.- Of the four predictors evaluated, species
diversity was only explained by distance to forest.
Mammal diversity increased with decreasing distance from
the plantation to the nearest forest patch > 50 ha. A strong
negative effect of distance to forest on mammal diversity
was also found previously in Tabasco (Knowlton et al.,
2019) and in Brazil (Mendes-Oliveira et al., 2017), but in
Colombia the effect of this variable was weak (Pardo et al.,
2018), and in Malaysia it had no effect (Azhar et al., 2014).
This variability in results emphasizes the fact that wildlife
responses in anthropic landscapes are highly contingent on
regional characteristics, such as the species pool and the
land-use history (e.g., Galan-Acedo et al., 2021).

As mentioned earlier, most forest remnants in Tabasco are
secondary forests. While successional forests do not have the
same value for mammal conservation as old-growth forests
(Almeida-Maugs et al., 2022), in highly deforested regions
secondary forests are crucial for mammals, even patches that
are early- or mid-successional (Knowlton et al., 2019; Pardo
et al.,, 2018). In our study, the forest remnants that were
nearest to most plantations (8 of 11) had a canopy height of
only 3-5 m, indicating a relatively early stage of succession,
and yet their proximity had a positive effect on mammal
diversity in oil-palm plantations.

Unlike distance to forest, the amount of forest in the
surrounding landscape had no effect on species diversity. This
result was somewhat unexpected, because the amount of
remaining habitat is one of the strongest and most consistent
predictors of animal diversity in anthropic landscapes
(Watling et al., 2020). However, as with the effect of distance

to forest, results of previous studies in oil-palm have reported
varying effects of forest cover on mammal assemblages. Two
studies, one in Malaysia (Azhar et al., 2014) and one in
Colombia (Boron et al., 2019) found a strong positive effect
of forest cover on diversity, while another study in Colombia
found only a weak effect of this predictor (Pardo et al., 2018).
We acknowledge that the small number of plantations (11) in
our study is a methodological limitation for assessing the
effect of several predictors. It is also possible that the amount
of variation in this predictor was not enough to detect its
effect on species diversity (for 10 of the 11 plantations, %
forest cover was between 6 and 30%; Table S2).

Plantation variables (area and age) had no effect on
mammal diversity. Although the size of our study plantations
varied almost one order of magnitude (6.7-55.5 ha), they
were all smallholdings, and our result suggests that mammals
are using plantations within this size range in similar ways.
This is different from comparisons between large estates vs.
smallholdings, where the latter tend to have higher levels of
biodiversity, including mammals (Azhar et al., 2017). Re-
garding plantation age, we had thought that older plantations
with higher and more developed canopies might hold more
species of mammals. For the terrestrial/scansorial mammals
sampled by our camera traps we did not find this, but an effect
may occur for strictly arboreal mammals. For the three ar-
boreal species reported by farmers, records were few
(Table 1) and occurred in both young and old plantations.

Species composition.- Species composition was affected
by all predictors, except plantation area. The two species of
caviomorph rodents, the paca and the Mexican agouti, were
predominantly present in oil plantations that were closer to a
forest patch and surrounded by higher forest cover. In another
region of Tabasco, the paca had been recorded in forest
fragments but not in oil-palm plantations, while the critically
endangered agouti, was not recorded in either vegetation type
(Knowlton et al., 2019). Results emphasize the importance of
maintaining forest fragments in agricultural landscapes, even
small patches of secondary forest, for the conservation of
caviomorph rodents, which are forest specialists (Mendes-
Oliveira et al., 2017). We also found that some species, in
particular the tamandua and the nine-banded armadillo, were
more likely found in younger plantations. These mammals
feed mostly (armadillo) or exclusively (tamandua) on small
arthropods, and it is possible that younger plantations have a
higher biomass of these animals (e.g., due to higher tem-
peratures) than older plantations. For example, one study
found higher herbivory damage in young vs. mature oil palm,
suggesting higher abundance of herbivorous insects in young
plantations (Woodham et al., 2019).

Farmers’ perceptions about the benefits and costs
associated to mammals

Farmers were knowledgeable about which mammal species
can be found in the study region. The fact that all species, but
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one, recorded by camera traps were also reported by farmers,
reinforces the value of local ecological knowledge for in-
forming wildlife research and management (Azhar et al.,
2014; Owusu Afriyie & Opare Asare, 2020). Also, under-
standing how local people perceive and relate to animals can
encourage community involvement and facilitate conserva-
tion in regions where humans and wildlife coexist (Pooley
et al., 2021).

Interviewed farmers perceived important costs associated
to mammal species that attack domestic animals and damage
other crops. Although many of the mammals found in
plantations were recorded to eat the oil-palm fruit (Table 1),
damage to oil palm caused by these mammals was not
perceived as serious. Benefits related to the ecosystem
functions of mammals were not identified, with the exception
of trophic control of harmful organisms. Most frequently,
farmers recognized that a potential benefit of mammals was
that they could be used as bushmeat. Similar responses, i.e., a
certain degree of tolerance or indifference toward many
mammal species, a negative perception of mammals that
cause important damage, an emphasis on utilitarian benefits,
and little awareness of the importance of mammals for the
environment, are common in rural Neotropical settings (e.g.,
Lopez-del-Toro et al., 2009).

Perceiving hunting as a benefit is problematic for wildlife
conservation. Hunting is the second cause of local mammal
extinctions in the Neotropics (Bogoni et al., 2022), and it
needs to be controlled if conservation efforts in agricultural
tropical landscapes are to succeed. In our study, however,
even though farmers said that obtaining bushmeat can be a
benefit of mammals, most of them also complained about
external people hunting in the region. While this response
might have been elicited by the fact that the RSPO certifi-
cation bans hunting, it suggests a positive attitude towards
wildlife, but one that they find difficult to enforce.

Implications for Conservation

Oil palm is a profitable crop and its prominence in Neotropical
landscapes will undoubtedly increase (Furumo & Aide, 2017).
We showed that small oil-palm plantations in southeastern
Mexico are being used by a large proportion of the mammal
fauna. However, we identified two key actions necessary for
mammal conservation in these agricultural landscapes. The first,
is to protect secondary forest fragments, which comprise most of
the remaining native vegetation. Our results strongly suggest
that mammals living in secondary forest fragments are venturing
into nearby palm plantations to find resources. We think that a
spatial arrangement in which oil-palm plantations are placed
adjacent to forest fragments could have several potential benefits
for wildlife conservation: (i) it could increase the carrying ca-
pacity of small fragments; (ii) it could lessen negative edge
effects in forest remnants (Anderson et al., 2022), with plan-
tations acting as a buffer between forest and harsher agricultural
covers (e.g., cattle pastures); (iii) it could serve to increase

connectivity at the landscape level. The second action is to work
with the local community to raise awareness of the importance
of mammals for ecosystem function, and to find ways in which
they can successfully regulate hunting in the region. Both ac-
tions will require the concerted participation of different
stakeholders, for the successful design, implementation, and
enforcement of management measures.
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