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Abstract

Peru contains the second largest surface area of the Amazon biome. The Peruvian Amazon is
threatened by logging, illegal crops, mining, and agricultural expansion. While a number of
national parks exist in the Amazon region, privately managed areas like Conservation
Concessions can be an attractive complement to existing parks. We compare medium and large
mammal communities in a Conservation Concession in Ucayali with the nearby Parque
Nacional Sierra del Divisor National Park and describe species relative abundance and richness
of both protected areas. Results suggest that Conservation Concessions can harbour an impor-
tant diversity of mammal species and could provide connections to larger protected areas.
However, they are no substitutes for large protected areas, especially for sensitive and threat-
ened species. Further research is needed to demonstrate their complementarity and improve
landscape-level connectivity between conservation models.

Introduction

Peru contains 11.27% of the Amazon rainforest, one of the most biodiverse and important
regions of the planet (Charity et al. 2016; Garda et al. 2010). The Peruvian Amazon is threatened
by illegal logging, hunting, cultivation of illegal coca crops, mining, and agricultural expansion
(Gutiérrez-Vélez et al. 2011; Francesconi et al. 2018), all of which proliferate due to insufficient
articulation between government institutions to prevent illegal resource extraction and limited
efficacy of environmental authorities (Fisher et al. 2020; Schleicher 2018). As a result of these
threats, biodiversity loss in the Peruvian Amazon is likely high but understudied.

Creating protected areas (PAs) is one of the leading strategies to conserve biodiversity (Garda
et al. 2010; Chen et al. 2022). However, there is little political support for the creation of new,
large national parks around the world (McDonald & Boucher 2011); therefore, private PAs are
an important complement to national strategies. Peru contains the most areas under private
protection among the eight Amazonian countries (Shanee et al. 2015; Vuohelainen et al.
2012). One such type of private PAs is Conservation Concessions (CCs), which are leased areas
granted to a person or organization in order to protect ecosystems and natural resources (Peru
2000). Concession holders are required to submit a management plan within five years of its
establishment and to protect the concession from deforestation and other unauthorized
resource extraction.

Ucayali, the second largest department in the Peruvian Amazon, has at least 21.4% of its
territory under a figure of protection in four different PA models: national parks, communal
reserves, regional PAs, and CCs which are in IUCN categories II, V, V, and VI, respectively
(Quintana et al. 2009; SINIA 2018; IUCN 2021). Conservation Concession Santos Mario
Castillo Dominguez (CCSMCD) is one such example of a privately-held CC, while the nearby
Sierra del Divisor National Park (PNSD), created in 2015, is one of the most important efforts of
the national government to protect a high-priority area of biodiversity due to its location and
size in the international conservation corridor (SERNANP 2017).

Despite the variety of conservation models in the region, there are few studies of biodiversity
in Ucayali and, to the best of our knowledge, none that assess the value of these two conservation
models for terrestrial mammal biodiversity (Schleicher et al. 2017). We compare how species
composition, richness, and relative abundance differ for medium and large mammals between
one CC and a National Park in close proximity. We then discuss implications and benefits of
CCs in regional mammal conservation, and we suggest a path for future research.
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Material and methods

We conducted the study in the CCSMCD and the Parque Nacional
Sierra del Divisor (PNSD) (Figure 1).We chose these two areas due
to their similarities in habitats, land covers, and access restrictions,
thus enabling a comparison between management types. The
CCSMCD is located in the province of Coronel Portillo between
the Tamaya and Yucanya rivers (8°55’24” S, 73°43’44”W) and con-
sists of 8,600 hectares of lowland tropical forest with amean annual
temperature of 27°C and 1,667 mm of annual precipitation
(SENAMHI 2020). The area is surrounded by major rivers and
contains a variety of forest types and numerous oxbow lakes
(known locally as cochas). The CCSMCD borders the territory
of the indigenous Ashaninka community of San Miguel de
Chambira. Prior to its declaration as a CC, the area was used
for illegal logging of high-valued hardwoods such as mahogany
(Swietenia macrophylla) and cedar (Cedrela odorata) which are
no longer found in the area. This logging likely led to forest deg-
radation (Hosonuma et al. 2012) and hunting (Mayor et al. 2015).
Some clandestine selective logging and unauthorized hunting may
still occur, as humans were detected, albeit infrequently, in three
camera trap stations we placed near the borders of the CCSMCD.

The PNSD consists of 1,354,485 hectares and is located in the
province of Coronel Portillo in the department of Ucayali and in
the provinces of Ucayali and Requena in the department of Loreto.
The park is situated in a warm tropical humid climate with a mean
annual temperature of 25°C and annual precipitation between
1,600 to 2,000 mm (SERNANP 2020). Prior to its declaration as
a PA, the area experienced some logging and cultivation of illegal
coca crops on the park borders. The area that was logged or culti-
vated has been under reforestation plans since 2018 (personal
communication).

We installed cameras (Cuddeback 1279 and 1347, and Bushnell
Trophy Cam) following standardized survey techniques for terres-
trial mammals (Ahumada et al. 2013; Rovero et al. 2014) in a grid
at intervals of 1000 ± 300 m. We located the cameras along trails
where possible to optimize mammal detection.We placed 41 single
camera stations in a grid from September to November 2019 (end
of the dry season) at CCSMCD, and 48 single camera trap stations
divided into three grids fromMay toAugust 2019 (beginning of the
dry season) at PNSD, covering areas of 61.79 km2 at CCSMCD and
13.74, 21.55 and 32.20 km² (67.49 km2 in total) in PNSD. The
unusual sampling design in PNSD was due to the restrictive nature
of the park’s management, access restrictions—including the pres-
ence of uncontacted indigenous communities in core areas—and
the lack of infrastructure within the park. Cameras were secured to
trees at a height of 40 cm from the ground to detect medium and
large terrestrial mammals (>1 kg) (Carbone et al. 2001). Although
camera grid designs were distinct, we surveyed similar-sized areas
(over 60 km2 in both the CCSMCD and PNSD) and reached over
1000 trap nights (TN); thus, results can be compared (Kolowski &
Forrester 2017).

We used a species accumulation curve with 1,000 randomiza-
tions in order to evaluate whether the sampling efforts were
adequate to detect the total species richness of the sampled area
(Colwell & Coddington 1994). We used R (3.5.1) packages
Vegan and Biodiversity to generate richness estimators Chao 1
and Jacknife1 for mammals at each site (Chao et al. 2009), which
perform realistically under scenarios with several singleton species
and are generally used to perform comparisons (Rajakaruna et al.
2016). We produced graphs using the ggplot2 R package
(Wickham 2016).

We calculated relative abundance indices (RAIs) for each spe-
cies, each trophic group, threatened species, and all mammals at
CCSMCD and PNSD as the average of the total number of inde-
pendent capture events (C) of that species/group at each camera
station divided by the number of TN at that station and expressed
as records per 100 TNs (Carbone et al. 2001). We considered all
consecutive pictures that show different species or different indi-
viduals from the same species—where individual identification is
possible—as independent events. Pictures taken more than 30
minutes apart were also taken as independent events (O’Brien
et al. 2003).While there is debate about how accurately RAIs reflect
species abundance (Sollmann et al. 2013), they are still widely used
to compare species capture frequency at different sites because of
their useful insights if data are carefully analysed with other eco-
logical variables to improve accuracy such as habitat, community
composition, and camera placement (Rovero et al. 2014).

Results

The trapping effort was 1,588 and 2,006 camera days for CCSMCD
and PNSD respectively.We recorded 19 large andmedium (> 1 kg)
mammal species for CCSMCD and 21 for PNSD, distributed in
eight orders and seven trophic guilds for both areas of study, with
an overlap of 17 species (Table S1). Eight species recorded in PNSD
have a threatened status according to IUCN, while only four in
CCSMCD (Table S1). The species accumulation curves and the
richness estimators (Chao 1: 20.39 and Jacknife: 21.16 for
PNSD; Chao 1: 18.41 and Jacknife: 19.49 for CCSMCD) suggest
that survey effort was adequate to detect the species present in both
areas, and richness between the two areas is comparable (overlap-
ping CIs of the species accumulation curves) (Figure S1).

The most frequently detected species were black agouti
Dasyprocta fuliginosa (RAI CSMCD: 8.694 and RAI PNSD:
9.987), followed by lowland paca Cuniculus paca (CCSMCD:
7.381 and PNSD: 9.438). Lowland tapir Tapirus terrestris and
ocelot Leopardus pardalis were recorded more frequently in
CCSMCD than PNSD (95% CIs do not overlap – CCSMCD tapir:
7.566; 95% CI: 2.687, 14.798 vs PNSD tapir: 1.200; 95% CI: 0.540,
1.965; CCSMCD ocelot: 1.119; 95% CI: 0.507, 1.894 vs PNSD
ocelot: 0.144; 95% CI: 0, 0.447) while red brocket deer Mazama
americana, Amazonian brown brocket Mazama nemorivaga,
and collared peccary Dicotyles tajacu were detected more fre-
quently in PNSD than in CCSMCD (weak differences in 95%
CI, see Table S2). The least detected species was green acouchi
Myoprocta pratti for CCSMCD and jaguarundi Herpailurus
yagouaroundi for PNSD (Table S2 and Figure 2). There were no
robust differences in RAIs (overlapping 95% CIs) between
CCSMCD and PNSD for any of the groups analysed (i.e. different
trophic groups, threatened species, and all mammals).

Discussion

While previous research on CCs evaluates their effectiveness for
reducing deforestation and mitigating climate change
(Vuohelainen et al. 2012), their value for biodiversity conservation
has little empirical evidence (Magioli et al. 2021). This study adds
to the knowledge that CCs can have a significant species richness
and relative abundance comparable to those of national parks but
may not hold the same value for threatened species that are often
particularly sensitive to disturbance.

Of the 17 species present in both PAs, the majority displayed
comparable RAIs in CCSMCD and PNSD. The case of a higher
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relative abundance index for tapirs in CCSMCDmay be due to lim-
ited hunting by the native communities surrounding the conces-
sion since most of their animal protein is obtained from fish
(pers, comment), and/or that some cameras were installed near
clay licks, which are swampy areas that contain salts that are con-
sumed by many animals, including tapirs and peccaries. Cameras
in PNSD could not be placed near clay licks due to accessibility
issues. In addition to tapirs, CCSMCD harbours other large mam-
mals that are sensitive to anthropogenic changes like white-lipped
peccary (Tayassu pecari) (Altrichter et al. 2012; Teixeira-Santos
et al. 2020), indicating the presence of large patches of primary for-
est with the ecological functionality necessary for white-lipped pec-
cary persistence.

However, the presence of more species classified as threatened
on the IUCN Red List in the PNSD than CCSMCD may demon-
strate that CCs do not have the same conservation value as large
national parks for species that are sensitive to human activity
(Semper-Pascual et al. 2022). One example is the absence of giant
otters (Pteronura brasiliensis) from the CCSMCD study area
despite the presence of ample suitable habitat and cameras placed
near rivers and oxbow lakes. Non-detection or absence may be
associated with retaliatory killings related to harvests given the
fishing livelihoods of surrounding communities. Similarly, absent

in CCSMCD was the short-eared dog (Atelocynus microtis), the
only canid endemic to the Amazon. The short-eared dog is distrib-
uted throughout most of Ucayali according to the latest habitat
suitability projects (Rocha et al. 2020). Its absence in the
CCSMCD may be due to higher edge density from logging roads
previously created, as the species requires highly conserved forests
and no human presence (Rocha et al. 2020).

Differences in community assemblages may be due to the
higher level of habitat degradation and hunting that CCSMCD
has suffered in the last decades compared to PNSD. Logging affects
biodiversity in different ways; it can alter forest composition and
structure, diminishing the natural regeneration of the harvested
species (Huth & Ditzer 2001; Putz et al. 2012), causing declines
in mammal richness and changes in species abundance
(Burivalova et al. 2014). Also, logging roads increase human access
and hunting (Gibson et al. 2011; Kleinschroth & Healey 2017).
Current presence of humans and related disturbance appears to
be minimal in both areas, with less than five records of humans
on camera traps in CCSMCD and none in PNSD.

Studies from CCs in the Peruvian Amazon are scarce
(Schleicher 2018), but one camera trapping study from the remote
Río Novia concession in Southeastern Ucayali (approximately 350
km from CCSMCD) reported a larger number of species than in

Figure 1. Location of the study areas in Ucayali and Loreto, Peru. (Authors, 2020), sources include Natural Earth, SERNANP, Biored, Mapbox.
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CCSMCD in smaller sampling area (36 km2). Notably, absent were
white-lipped peccary, Amazonian brown brocket deer, and crab-
eating raccoons (Mena Alvarez et al. 2016). Similar to our results
in CCSMCD, the study did not detect bush dogs, giant otters,
pacaranas, or the great grison Galictis vittata (Mena Alvarez
et al. 2016). Though the two concessions have similar management
types and size, direct comparisons between the study in Rio Novia
and CCSMCD are difficult because Rio Novia does not have the
historic impacts of logging, and there may be other confounding
variables in site characteristics, study area size, and species detec-
tion probabilities (Voss & Emmons 1996).

Despite the findings of important mammal diversity in CCs,
they are unlikely to replace the impact of a large, conserved
national parks to protect those species that are more sensitive to
human disturbance, such as short-eared dogs and giant otters.
Our results suggest that though the mammal composition between
areas is not pronounced, mammals aremore diverse in a larger area
like PNSD. The national park community has a slightly higher spe-
cies richness, more threatened species, and higher relative abun-
dance of deer species and collared peccaries. Mammal
community differences would have likely been more notable if
the sampling occurred in core areas of the PNSD, since the

Figure 2. Relative abundance indices of mammals present in CCSMCD (Conservation Concession Santos Mario Castillo Dominguez) and PNSD (Sierra del Divisor National Park),
ordered from Predators to Prey and larger to smaller.
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sampling areas were near the edge of the park and had experienced
human disturbance such as hunting and logging before the estab-
lishment of the park. Results of other studies in tropical forests
show that areas surrounded by large, fragmented habitats have
lower species richness and diversity (Ahumada et al. 2011).

Management implications and connectivity

Overall, CCs as a model are important for biodiversity conserva-
tion, providing connectivity and support in Peru’s biodiversity
conservation network (Shanee et al. 2015; Schleicher 2018).
Their smaller size makes them vulnerable to natural and anthropic
threats such as floods, fires, and illegal activities but also easier to
control and protect them. Since some sustainable activities like
tourism or non-timber forest product harvesting are permitted,
surrounding communities may benefit from them as well
(Vuohelainen et al. 2012).

Interest in private PAs is not exclusive to Peru; many countries
in South America have looked to this model to return decision-
making to local communities and to foster innovation in manage-
ment (Hora et al. 2018). Indeed, little research has been done on
the social and environmental contributions of private PAs in Latin
America, though further research is expected given that this model
is relatively new in many countries.

While the conservation of large areas is important, the connec-
tivity between those areas is just as vital to ensure the genetic viabil-
ity of large, solitary vertebrates such as jaguars and tapirs (Medici
et al. 2007; Rabinowitz & Zeller 2010). Currently, CCs in Ucayali
are dispersed, and there are no existing efforts to connect them spa-
tially in management plans or government policy. Given that the
Peruvian Amazon is among the world’s most diverse areas, greater
care should be taken in the planning of regional conservation strat-
egies to connect populations of vulnerable and endangered wildlife,
which depend on large areas of conserved habitat to survive.
Authorities such as SERNANP (Peruvian National Parks
Service) and SERFOR (National Forest and Fauna Service) should
also undertake landscape-level assessments to determine how dif-
ferent concessions, national and regional PAs, and communally
held lands could achieve connectivity for the creation of biological
corridors.

Understanding the contribution of different PA models to bio-
diversity conservation is vital to improving their management. Our
study was limited to one national park and one CC. We suggest
continued research in Peru’s PAs, including other CCs and mam-
mal studies in park buffer areas to understand edge effects on
mammal communities. Additionally, research is needed to identify
the extent of anthropogenic impacts like hunting and logging in
these areas. For CCs, interdisciplinary research on livelihoods
and resource access are fundamental to determining that conser-
vation impacts are achieved while also preventing inequities that
can result from exclusionary models. As private PAs gain popular-
ity in Latin American countries, understanding their contribution
to biodiversity conservation and improving upon their implemen-
tation will be crucial for effective national strategies.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S0266467422000414

Acknowledgements. We thank Dr Emerson Vieira and two anonymous
reviewers for their suggestions to improve this manuscript. We are very grateful
for the support of Mario Castillo, his family, and our guides Flavio (Raquena),
Carlos (Rambo), and William and the community of San Miguel de Chambira,
and Jenny Gallo for their help in the field in carrying out the study. We are

additionally grateful to SERNANP and Parque Nacional de la Sierra del
Divisor, particularly to the former chief of the park Ing. Maria Elena Díaz
Ñaupari for allowing us to use data for this study.

Financial support.Data collection in CCSMCD was funded by Interconexión
Eléctrica S.A. (ISA) through the Conexión Jaguar Program.

Competing interests. The authors declare none.

References

Ahumada JA, Hurtado J and Lizcano D (2013) Monitoring the status and
trends of tropical forest terrestrial vertebrate communities from camera trap
data: a tool for conservation. PLoS ONE 8, e73707. https://doi.org/10.1371/
journal.pone.0073707

Ahumada JA, Silva CEF, Gajapersad K, Hallam C, Hurtado J, Martin E,
McWilliam A, Mugerwa B, O’Brien T, Rovero F, Sheil D, Spironello
WR, Winarni N and Andelman SJ (2011) Community structure and diver-
sity of tropical forest mammals: data from a global camera trap network.
Philosophical Transactions of the Royal Society B: Biological Sciences 366,
2703–2711. https://doi.org/10.1098/rstb.2011.0115

Altrichter M, Taber A, Beck H, Reyna-Hurtado R, Lizarraga L, Keuroghlian
A and Sanderson EW (2012) Range-wide declines of a key neotropical eco-
system architect, the near threatened white-lipped peccary Tayassu pecari.
Oryx 46, 87–98. https://doi.org/10.1017/S0030605311000421

Burivalova Z, Şekercioǧlu ÇH andKoh LP (2014) Thresholds of logging inten-
sity to maintain tropical forest biodiversity. Current Biology 24, 1893–1898.
https://doi.org/10.1016/j.cub.2014.06.065

Carbone C, Chritie S, Conforti K, Coulson T, Franklin N, Ginsberg JR,
Griffiths M, Holden J, Kawanishi K, Kinnaird M, Laidlaw R, Lynam A,
Macdonald DW, Martyr D, MacDougal C, Nath L, O´Brien T,
Seidensticker J, Smith DJL, Sunquist M, Tilson R and
Wan Sharuddin WN (2001) The use of photographic rates to estimate
densities of tigers and other cryptic mammals: a comment on misleading
conclusions. Animal Conservation 4, 75–79. https://doi.org/10.1017/
S1367943001001081

Chao A, Colwell RK, Lin CW and Gotelli NJ (2009) Sufficient sampling for
asymptotic minimum species richness estimators. Ecology 90, 1125–1133.
https://doi.org/10.1890/07-2147.1

Charity S, Dudley N, Oliveira D and Stolton S (2016) Living Amazon Report
2016: A regional approach to conservation in the Amazon. https://wwfint.
awsassets.panda.org/downloads/wwf_living_amazon__report_2016_mid_
res_spreads_1.pdf

Chen C, Brodie JF, Kays R, Davies TJ, Liu R, Fisher JT, Ahumada J,
Mcshea W, Sheil D, Agwanda B, Andrianarisoa MH, Appleton RD,
Bitariho R, Espinosa S, Grigione MM, Helgen KM, Hubbard A,
Hurtado CM, Jansen PA, Jiang X, Jones A, Kalies EL, Kiebou-Opepa C,
Li X, Moreira Lima MG, Meyer E, Miller AB, Murphy T, Piana R,
Quan R-C, Rota CT, Rovero F, Santos F, Schuttler S, Uduman A,
van Bommel JK, Young H and Burton AC (2022) Global camera trap
synthesis highlights the importance of protected areas in maintaining mam-
mal diversity. Conservation Letters 15, e12865. https://doi.org/10.1111/
CONL.12865

Colwell RK and Coddington JA (1994) Estimating terrestrial biodiversity
through extrapolation. Philosophical Transactions Biological Science 345,
101–118.

Fisher J, Stutzman H, Vedoveto M, Delgado D, Rivero R, Quertehuari
Dariquebe W, Seclén Contreras L, Souto T, Harden A and Rhee S
(2020) Collaborative governance and conflict management: lessons learned
and good practices from a case study in the amazon basin. Society and
Natural Resources 33, 538–553. https://doi.org/10.1080/08941920.2019.
1620389

Francesconi W, Bax V, Blundo-Canto G,Willcock S, Cuadros S, Vanegas M,
Quintero M and Torres-Vitolas CA (2018) Hunters and hunting across
indigenous and colonist communities at the forest-agriculture interface:
an ethnozoological study from the Peruvian Amazon. Journal of
Ethnobiology and Ethnomedicine 14, 1–11. https://doi.org/10.1186/s13002-
018-0247-2

Journal of Tropical Ecology 5

https://doi.org/10.1017/S0266467422000414 Published online by Cambridge University Press

https://doi.org/10.1017/S0266467422000414
https://doi.org/10.1371/journal.pone.0073707
https://doi.org/10.1371/journal.pone.0073707
https://doi.org/10.1098/rstb.2011.0115
https://doi.org/10.1017/S0030605311000421
https://doi.org/10.1016/j.cub.2014.06.065
https://doi.org/10.1017/S1367943001001081
https://doi.org/10.1017/S1367943001001081
https://doi.org/10.1890/07-2147.1
https://wwfint.awsassets.panda.org/downloads/wwf_living_amazon__report_2016_mid_res_spreads_1.pdf
https://wwfint.awsassets.panda.org/downloads/wwf_living_amazon__report_2016_mid_res_spreads_1.pdf
https://wwfint.awsassets.panda.org/downloads/wwf_living_amazon__report_2016_mid_res_spreads_1.pdf
https://doi.org/10.1111/CONL.12865
https://doi.org/10.1111/CONL.12865
https://doi.org/10.1080/08941920.2019.1620389
https://doi.org/10.1080/08941920.2019.1620389
https://doi.org/10.1186/s13002-018-0247-2
https://doi.org/10.1186/s13002-018-0247-2
https://doi.org/10.1017/S0266467422000414


Garda AA, Da Silva JMC and Baião PC (2010) Biodiversity conservation
and sustainable development in the Amazon. Systematics and Biodiversity
8, 169–175. https://doi.org/10.1080/14772000.2010.484435

Gibson L, Lee TM, Koh LP, Brook BW, Gardner TA, Barlow J, Peres CA,
Bradshaw CJA, Laurance WF, Lovejoy TE and Sodhi NS (2011)
Primary forests are irreplaceable for sustaining tropical biodiversity.
Nature 478, 378–381. https://doi.org/10.1038/nature10425

Gutiérrez-Vélez VH, DeFries R, Pinedo-Vásquez M, Uriarte M, Padoch C,
BaethgenW, Fernandes K and Lim Y (2011) High-yield oil palm expansion
spares land at the expense of forests in the Peruvian Amazon. Environmental
Research Letters 6, 044029. https://doi.org/10.1088/1748-9326/6/4/044029

Henle K, Davies KF, Kleyer M, Margules C and Settele J (2004) Predictors
of species sensitivity to fragmentation. Biodiversity and Conservation 13,
207–251.

Hofmeester TR, Thorsen NH, Cromsigt JPGM, Kindberg J, Andrén H,
Linnell JDC and Odden J (2021) Effects of camera-trap placement and
number on detection of members of a mammalian assemblage. Ecosphere
12, e03662. https://doi.org/10.1002/ecs2.3662

Hora B, Marchant C and Borsdorf A (2018) Private protected areas in Latin
America: between conservation, sustainability goals and economic interests:
a review. Eco. Mont 10, 87–94. https://doi.org/10.1553/ECO.MONT-10-1S87

Hosonuma N, Herold M, de Sy V, de Fries RS, Brockhaus M, Verchot L,
Angelsen A and Romijn E (2012) An assessment of deforestation and forest
degradation drivers in developing countries. Environmental Research Letters
7, 044009. https://doi.org/10.1088/1748-9326/7/4/044009

Huth A and Ditzer T (2001) Long-term impacts of logging in a tropical rain
forest – a simulation study. Forest Ecology and Management 142, 33–51.
https://doi.org/10.1016/S0378-1127(00)00338-8

IUCN (2021) Protected Area Categories. https://www.iucn.org/theme/
protected-areas/about/protected-area-categories

Kleinschroth F and Healey JR (2017) Impacts of logging roads on tropical for-
ests. Biotropica 49, 620–635. https://doi.org/10.1111/btp.12462

Kolowski JM and Forrester TD (2017) Camera trap placement and the poten-
tial for bias due to trails and other features. PLoS ONE 12, e0186679. https://
doi.org/10.1371/journal.pone.0186679

Magioli M, Rios E, Benchimol M, Casanova DC, Ferreira AS, Rocha J, Melo
FRD, Dias MP, Narezi G, Crepaldi MO, Mendes LÂM, Nobre RDA,
Chiarello AG, García-Olaechea A, Nobre AB, Devids CC, Cassano CR,
Koike CDV, São Bernardo CS, Homem DH, Ferraz DS, Abreu DL,
Cazetta E, Lima EF, Bonfim FCG, Lima F, Prado HA, Santos HG,
Nodari JZ, Giovanelli JBR, Nery MS, Faria MB, Ferreira PCR, Gomes PS,
Rodarte R, Borges R, Zuccolotto TFS, Sarcinelli TS, EndoW, Matsuda Y,
CamargosVL andMorato RG (2021) The role of protected and unprotected
forest remnants for mammal conservation in a megadiverse neotropical hot-
spot. Biological Conservation 259, 109173. https://doi.org/10.1016/j.biocon.
2021.109173

Mayor P, Pérez-Peña P, Bowler M, Puertas PE, Kirkland M and Bodmer R
(2015) Effects of selective logging on large mammal populations in a remote
indigenous territory in the northern Peruvian Amazon. Ecology and Society
20, 9. https://doi.org/10.5751/ES-08023-200436

McDonald RI and Boucher TM (2011) Global development and the future of
the protected area strategy.Biological Conservation 144, 383–392. https://doi.
org/10.1016/j.biocon.2010.09.016

Medici E, Desbiez A, Goncalves da Silva A, Jerusalinsky L, Chassot O,
Montenegro O, Rodriguez J, Mendoza A, Quse V, Pedraza C, Gatti A,
Oliveira-Santos LA, Tortato M, Ramos VL, Reis M, Landau-Remy G,
Tapia A and Morais A (2007) Lowland tapir (Tapirus terrestris) conserva-
tion workshop: Final report. In IUCN/SSC Tapir Specialist Group & IUCN/
SSC Conservation Breeding Specialist Group – Brasil, Teodoro Sampaio, SP.

Mena Alvarez JL, Zuniga A and Salazar S (2016) Estimación de la riqueza de
mamíferos y aves terrestres de la cuenca alta del río La Novia, Purús a través
de modelos de ocupación. https://www.researchgate.net/publication/299462047

O’Brien TG, Kinnaird MF and Wibisono HT (2003) Crouching tigers,
hidden prey: Sumatran tiger and prey populations in a tropical forest
landscape. Animal Conservation 6, 131–139. https://doi.org/10.1017/
S1367943003003172

Peru (2000) Ley Forestal y de Fauna Silvestre. Ley N° 27308. Government of
Peru.

Putz FE, Zuidema PA, Synnott T, Peña-Claros M, Pinard MA, Sheil D,
Vanclay JK, Sist P, Gourlet-Fleury S, Griscom B, Palmer J and Zagt R
(2012) Sustaining conservation values in selectively logged tropical forests:
the attained and the attainable. Conservation Letters 5, 296–303. https://
doi.org/10.1111/j.1755-263X.2012.00242.x

Quintana H, Pacheco V and Salas E (2009) Diversidad y conservación de los
mamíferos de Ucayali, Perú. Ecología Aplicada 8, 91–103. https://doi.org/10.
21704/rea.v8i1-2.386

Rabinowitz A and Zeller KA (2010) A range-wide model of landscape connec-
tivity and conservation for the jaguar, Panthera onca. Biological Conservation
143, 939–945.

Rajakaruna H, Drake DAR, Chan FT and Bailey SA (2016) Optimizing per-
formance of nonparametric species richness estimators under constrained
sampling. Ecology and Evolution 6, 7311–7322. https://doi.org/10.1002/
ECE3.2463

Rocha DG, de Barros Ferraz KMPM, Gonçalves L, Tan CKW, Lemos FG,
Ortiz C, Peres CA, Negrões N, Antunes AP, Rohe F, Abrahams M,
Zapata-Rios G, Teles D, Oliveira T, von Mühlen EM, Venticinque E,
Gräbin DM, Mosquera BD, Blake J, Moreira Lima MG, Sampaio R,
Reis Percequillo A, Peters F, Payán E, Medeiros Borges LH, Muniz
Calouro A, EndoW, Leite Pitman R, Haugaasen T, Silva DA, deMelo FR,
Botelho de Moura AL, Costa HCM, Lugarini C, Gonçalves de Sousa I,
Nienow S, Santos F, Mendes-Oliveiras AC, Del Toro-Orozco W,
D’Amico AR, Albernaz AL, Ravetta A, Oliveira do Carmo EC,
Ramalho E, Valsecchi J, Giordano AJ, Wallace R, Macdonald DW and
Sollmann R (2020) Wild dogs at stake: deforestation threatens the only
Amazon endemic canid, the short-eared dog (Atelocynus microtis). Royal
Society Open Science 7, 190717. https://doi.org/10.1098/rsos.190717

Rovero F, Martin E, Rosa M, Ahumada JA and Spitale D (2014) Estimating
species richness and modelling habitat preferences of tropical forest mam-
mals from camera trap data. PLoS ONE 9, e110971. https://doi.org/10.
1371/journal.pone.0103300

Schleicher J (2018) The environmental and social impacts of protected areas
and conservation concessions in South America. Current Opinion in
Environmental Sustainability 32, 1–8. https://doi.org/10.1016/j.cosust.
2018.01.001

Schleicher J, Peres CA, Amano T, LlactayoW and Leader-Williams N (2017)
Conservation performance of different conservation governance regimes in
the Peruvian Amazon. Scientific Reports 7, 1–10. https://doi.org/10.1038/
s41598-017-10736-w

Semper-Pascual A, Bischof R, Milleret C, Beaudrot L, Vallejo-Vargas AF,
Ahumada JA, Akampurira E, Bitariho R, Espinosa S, Jansen PA,
Kiebou-Opepa C, Moreira Lima MG, Martin EH, Mugerwa B,
Rovero F, Salvador J, Santos F, Uzabaho E and Sheil D (2022)
Occupancy winners in tropical protected forests: a pantropical analysis.
Proceedings of the Royal Society B: Biological Sciences 289, 20220457.
https://doi.org/10.1098/rspb.2022.0457

SENAMHI (2020) SENAMHi – Ucayali. https://www.senamhi.gob.pe/main.
php?dp=ucayali&p=estaciones

SERNANP (2017). Plan Maestro del Parque Nacional Sierra del Divisor 2016–
2020. https://legislacionanp.org.pe/wp-content/uploads/2017/07/3592026
62984952087720200203-11250-sjr2tc.pdf

SERNANP (2020). Sierra del Divisor – Servicio Nacional de Áreas Naturales
Protegidas por el Estado. https://www.gob.pe/institucion/sernanp/informes-
publicaciones/1949413-parque-nacional-sierra-del-divisor

Shanee N, Shanee S and Horwich RH (2015) Effectiveness of locally run
conservation initiatives in north-east Peru. Oryx 49, 239–247. https://doi.
org/10.1017/S0030605313001002

SINIA (2018) Mapa de Áreas Naturales Protegidas a octubre de 2018.
https://sinia.minam.gob.pe/mapas/mapa-areas-naturales-protegidas-octubre-
2018

Sollmann R, Mohamed A, Samejima H and Wilting A (2013) Risky business
or simple solution – relative abundance indices from camera-trapping.
Biological Conservation 159, 405–412. https://doi.org/10.1016/j.biocon.
2012.12.025

Teixeira-Santos J, Ribeiro ACDC,Wiig Ø, Pinto NS, Cantanhêde LG, Sena L
and Mendes-Oliveira AC (2020) Environmental factors influencing the
abundance of four species of threatened mammals in degraded habitats in

6 R Bardales et al.

https://doi.org/10.1017/S0266467422000414 Published online by Cambridge University Press

https://doi.org/10.1080/14772000.2010.484435
https://doi.org/10.1038/nature10425
https://doi.org/10.1088/1748-9326/6/4/044029
https://doi.org/10.1002/ecs2.3662
https://doi.org/10.1553/ECO.MONT-10-1S87
https://doi.org/10.1088/1748-9326/7/4/044009
https://doi.org/10.1016/S0378-1127(00)00338-8
https://www.iucn.org/theme/protected-areas/about/protected-area-categories
https://www.iucn.org/theme/protected-areas/about/protected-area-categories
https://doi.org/10.1111/btp.12462
https://doi.org/10.1371/journal.pone.0186679
https://doi.org/10.1371/journal.pone.0186679
https://doi.org/10.1016/j.biocon.2021.109173
https://doi.org/10.1016/j.biocon.2021.109173
https://doi.org/10.5751/ES-08023-200436
https://doi.org/10.1016/j.biocon.2010.09.016
https://doi.org/10.1016/j.biocon.2010.09.016
https://www.researchgate.net/publication/299462047
https://doi.org/10.1017/S1367943003003172
https://doi.org/10.1017/S1367943003003172
https://doi.org/10.1111/j.1755-263X.2012.00242.x
https://doi.org/10.1111/j.1755-263X.2012.00242.x
https://doi.org/10.21704/rea.v8i1-2.386
https://doi.org/10.21704/rea.v8i1-2.386
https://doi.org/10.1002/ECE3.2463
https://doi.org/10.1002/ECE3.2463
https://doi.org/10.1098/rsos.190717
https://doi.org/10.1371/journal.pone.0103300
https://doi.org/10.1371/journal.pone.0103300
https://doi.org/10.1016/j.cosust.2018.01.001
https://doi.org/10.1016/j.cosust.2018.01.001
https://doi.org/10.1038/s41598-017-10736-w
https://doi.org/10.1038/s41598-017-10736-w
https://doi.org/10.1098/rspb.2022.0457
https://www.senamhi.gob.pe/main.php?dpucayali&pestaciones
https://www.senamhi.gob.pe/main.php?dpucayali&pestaciones
https://www.senamhi.gob.pe/main.php?dpucayali&pestaciones
https://www.senamhi.gob.pe/main.php?dpucayali&pestaciones
https://legislacionanp.org.pe/wp-content/uploads/2017/07/359202662984952087720200203-11250-sjr2tc.pdf
https://legislacionanp.org.pe/wp-content/uploads/2017/07/359202662984952087720200203-11250-sjr2tc.pdf
https://www.gob.pe/institucion/sernanp/informes-publicaciones/1949413-parque-nacional-sierra-del-divisor
https://www.gob.pe/institucion/sernanp/informes-publicaciones/1949413-parque-nacional-sierra-del-divisor
https://doi.org/10.1017/S0030605313001002
https://doi.org/10.1017/S0030605313001002
https://sinia.minam.gob.pe/mapas/mapa-areas-naturales-protegidas-octubre-2018
https://sinia.minam.gob.pe/mapas/mapa-areas-naturales-protegidas-octubre-2018
https://doi.org/10.1016/j.biocon.2012.12.025
https://doi.org/10.1016/j.biocon.2012.12.025
https://doi.org/10.1017/S0266467422000414


the eastern Brazilian Amazon. PLOS ONE 15, e0229459. https://doi.org/10.
1371/journal.pone.0229459

Vetter D, Hansbauer MM, Végvári Z and Storch I (2011) Predictors of forest
fragmentation sensitivity in neotropical vertebrates: a quantitative review.
Ecography 34, 1–8. https://doi.org/10.1111/j.1600-0587.2010.06453.x

Voss RS and Emmons LH (1996) Mammalian diversity in neotropical low-
land rainforests: a preliminary assessment. Bulletin of the American
Museum of Natural History 230, 1–115. http://orton.catie.ac.cr/cgi-bin/wxis.

exe/?IsisScript=OET.xis&method=post&formato=2&cantidad=1&expresion=
mfn=013548

Vuohelainen AJ, Coad L, Marthews TR, Malhi Y and Killeen TJ (2012) The
effectiveness of contrasting protected areas in preventing deforestation in
Madre de Dios, Peru. Environmental Management 50, 645–663. https://
doi.org/10.1007/s00267-012-9901-y

Wickham HF (2016) ggplot2: Elegant Graphics for Data Analysis. New York:
Springer-Verlag.

Journal of Tropical Ecology 7

https://doi.org/10.1017/S0266467422000414 Published online by Cambridge University Press

https://doi.org/10.1371/journal.pone.0229459
https://doi.org/10.1371/journal.pone.0229459
https://doi.org/10.1111/j.1600-0587.2010.06453.x
http://orton.catie.ac.cr/cgi-bin/wxis.exe/?IsisScript=OET.xis&method=post&formato=2&cantidad=1&expresion=mfn=013548
http://orton.catie.ac.cr/cgi-bin/wxis.exe/?IsisScript=OET.xis&method=post&formato=2&cantidad=1&expresion=mfn=013548
http://orton.catie.ac.cr/cgi-bin/wxis.exe/?IsisScript=OET.xis&method=post&formato=2&cantidad=1&expresion=mfn=013548
http://orton.catie.ac.cr/cgi-bin/wxis.exe/?IsisScript=OET.xis&method=post&formato=2&cantidad=1&expresion=mfn=013548
http://orton.catie.ac.cr/cgi-bin/wxis.exe/?IsisScript=OET.xis&method=post&formato=2&cantidad=1&expresion=mfn=013548
http://orton.catie.ac.cr/cgi-bin/wxis.exe/?IsisScript=OET.xis&method=post&formato=2&cantidad=1&expresion=mfn=013548
http://orton.catie.ac.cr/cgi-bin/wxis.exe/?IsisScript=OET.xis&method=post&formato=2&cantidad=1&expresion=mfn=013548
http://orton.catie.ac.cr/cgi-bin/wxis.exe/?IsisScript=OET.xis&method=post&formato=2&cantidad=1&expresion=mfn=013548
https://doi.org/10.1007/s00267-012-9901-y
https://doi.org/10.1007/s00267-012-9901-y
https://doi.org/10.1017/S0266467422000414

	National parks and conservation concessions: a comparison between mammal populations in two types of tropical protected areas in Ucayali, Peru
	Introduction
	Material and methods
	Results
	Discussion
	Management implications and connectivity

	References


