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Tropical forests of Colombia have one of the highest deforestation rates in the world. The humid forest of
the Magdalena valley region is one of the ecosystems with the highest risk of landscape transformation,
despite being home to many endemic and threatened species. The aim of this study was to evaluate the
role of a Peasant Reserve Zone in the conservation of tropical humid forests and endangered species in the
Magdalena valley region. To reach this aim, we performed a multi-temporal analysis of the forest dynamics
in the Peasant Reserve Zone-Cimitarra River Valley (PRZ-CRV) and assessed the extinction risk of eight
species endemic to Colombia. Our outcomes indicated that the most extended land cover in the PRZ-
CRV is the forest (56.30%), followed by open areas (38.75%). The forest dynamics analysis indicated that
the forest cover has decreased by 3.82% between 2017 and 2019, being the area with redoubts from the
Serrania de San Lucas Forest the most conserved. Finally, our results indicated that less than 50% of the
climatically suitable areas for each species are covered by forests and that less than 10% of those areas are
covered by Protected Areas, while for such species as Agalychnis terranova and Ateles hybridus the PRZ-
CRV covered a higher percentage of their distribution than all Protected Areas together in this ecosystem.
In conclusion, our results have indicated that the PRZ-CRV could be an important area for the maintenance
and conservation of humid forests and their associated fauna, playing an important role as an ally to the
Protected Area system in the Magdalena valley region.
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Introduction

Deforestation is increasing in the tropics
with severe implications for biodiversity conser-
vation, climate regulation, and maintenance of
ecosystem services (Etter et al., 2006; Da Ponte
et al., 2017; Negret et al., 2019). Deforestation
of tropical forests is responsible for the massive
extinction of species (Myers, 1988; Pimm et al.,
1995) and the decrease in biological diversity
(Tucker & Townshend, 2000; Marsh et al., 2016),
more than half of the species of plants and ani-
mals being housed in this biome type (Gallery,
2014), being of great interest for knowing the
current extent of tropical forests and their defor-
estation rates (Tucker & Townshend, 2000).

The highland and lowland tropical forests
of Colombia have one of the highest defores-
tation rates, with clearing accelerating to 1.4%
annually during the second half of XX cen-
tury (Etter et al., 2006, 2008; Armenteras et
al., 2011). Specifically, the tropical humid for-
est of the Magdalena Valley Region (MVR) is
one of the ecosystems with the highest risk of
landscape transformation (Etter et al., 2006) and
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is one of the areas where clearing of highland
and lowland forests has been documented (Etter
& van Wyngaarden, 2000; Negret et al., 2019).
These forests are home to a large number of en-
demic species, many of them being threatened
(e.g. Sachatamia punctulata (Ruiz-Carranza &
Lynch, 1995), Crax alberti Fraser, 1852, Ateles
hybridus 1. Geoffroy, 1829) (Cuervo Maya et
al., 1999; Rojas-Morales et al., 2014; Marsh et
al., 2016) and also are important as a potential
bridge between populations of fauna and flora
from biodiverse hotspots such as the Choco,
Central America and Guyana Amazon regions
(Chapman, 1917; Echeverry & Morrone, 2013).

The MVR is a critical priority area to con-
serve according to various national and interna-
tional organisations, such as the Instituto Alex-
ander von Humboldt and World Wildlife Fund
(Sanchez-Cuervo & Aide, 2013; Quintero-Vallejo
et al., 2017). Despite this, the region is under-
represented in the national system of Protected
Areas (PAs) (Forero-Medina & Joppa, 2010;
Sanchez-Cuervo & Aide, 2013) and its threats
(such as illicit crops, glyphosate fumigation, un-
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controlled deforestation for timber and hunting,
mining activities and armed conflict) have in-
tensified in the last decades (Alvarez, 2002; Ar-
menteras et al., 2011; Davalos et al., 2011; San-
chez-Cuervo & Aide, 2013; Chadid et al., 2015;
Murillo-Sandoval et al., 2020). In order to dimin-
ish these threats, the Colombian government has
declared some important natural areas as Peasant
Reserve Zones (PRZs) where, according to law
the expansion of the agricultural frontier must be
controlled to improve the human well-being and
assure ecosystem and biodiversity conservation
(Quintero-Vallejo et al., 2017; Tocancipa Falla &
Ramirez Castrillon, 2018).

The PRZs are found throughout Colombia,
and depending on their size and location, many
constitute areas of great importance for the con-
servation of tropical forests and endangered spe-
cies. The PRZ of the Cimitarra River Valley (PRZ-
CRV) (Asociacion campesina del valle del rio
Cimitarra, 2008) located in the Middle Magdalena
valley (Fig. 1a), comprises a total area of ~ 5800
km? that contains a peasant area (~ 2670 km?) and
a forest reserve (~ 3130 km?) (Quijano-Mejia &
Linares-Garcia, 2017) (Fig. 1b). This PRZ is one
of the largest in the country, and because it con-
tains humid forests, among them forests of the San
Lucas Mountain Range (Serrania de San Lucas),
which is one of the most diverse and unprotected
areas of the country, the PRZ-CRV could be a key
component for the maintenance and conservation
of biodiversity in the region. The aim of this study
was to evaluate the role of the PRZ-CRV in the
conservation of tropical humid forests and endan-
gered species in the MVR. For reaching this goal,
we have performed a multi-temporal analysis of
the forest dynamics in the PRZ-CRV using Senti-
nel images. Additionally, we have assessed the po-
tential extinction risk of eight species endemic to
Colombia and distributed in the MVR employing
species distribution models.

Material and Methods

Study area

The Middle Magdalena Valley (MMYV) is lo-
cated between the central and western cordilleras
(Central and Eastern Cordillera) of Colombia,
and it is part of the Magdalena-Uraba ecoregion
(Olson et al., 2001). The MMV includes various
types of habitats. Among them are premontane
wet forests and tropical moist forests that span an
altitudinal gradient of 0—2500 m a.s.l. These for-
ests link the northern ecoregions of Mesoamerica
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and the Choco6 with the Andean and Amazonian
ecoregions (Echeverry & Morrone, 2013). There
are no national parks in the region (Forero-Me-
dina & Joppa, 2010), but several areas of intact
habitat remain, e.g. San Lucas Mountain Range.
These areas are under pressure from high popula-
tions of humans and are threatened by timber op-
erations, cattle ranching, and illicit drug cultiva-
tion (Etter et al., 2006). The PRZ-CRYV is located
in the Middle Magdalena Valley by covering a
part of the Antioquia and Bolivar departments
(provinces) (Fig. 1a). This PRZ comprises a total
arca of ~ 5800 km?. It is distributed in i) peas-
ant area (~ 2670 km?), where the peasants mainly
carry out their productive activities (e.g. agricul-
tural and cattle raising activities) and ii) forest
reserve (~ 3130 km?), where the peasants them-
selves demarcated an area around the redoubts of
forests of the San Lucas Mountain Range, known
as «yellow liney, to restrict the colonisation ad-
vance; i.e. it is prohibited any type of interven-
tion on the fauna and flora (Fig. 1b).

Multi-temporal analysis of forest dynamics
in the PRZ-CRV

Land cover classification for the 2019

In this study, Sentinel 2 image data were ac-
quired between the reference years of 2017 to
2019. Four tiles were needed to cover the entire
extent of the PRZ-CRV. A total of 116 images
with less than 40% cloud cover were obtained
from the Copernicus Open Access Hub (https://
scihub.copernicus.eu/) (Table Al). Atmospheric
correction was performed to Level-1C images
using Sen2Cor (v. 2.5.5), which converts the
top-of-atmosphere reflectance Level-1C data to a
bottom-of-atmosphere (BOA) reflectance Level-
2A product (Miiller-Wilm, 2016). Individual sat-
ellite images were merged using Sen2Mosaic (v.
0.2) to create a continuous and cloud-free cover-
age across the study area. A mosaicking process
consisted of systematically selecting the most
similar and cloud-free pixels across each time
period. Only for the year 2019, it was possible
to obtain a cloud-free image. For other years, the
images had about 2% cloud cover. After atmo-
spheric correction, the bands 5, 6, 7, 11 and 12
were re-sampled at a 20-m spatial resolution and
georeferenced to the Transverse Mercator projec-
tion, Bogota Observatory Datum. Finally, the im-
ages were cut to the study area (PRZ-CRV). All
processing of multispectral images was carried
out using ESRI ArcGIS and Python scripts.
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Fig. 1. The location of the Magdalena region in the northern Andes, showing the Magdalena River, the San Lucas Mountain
Range and the Peasant Reserve Zone of the Cimitarra river Valley (PRZ-CRV) (a.). Map of the Peasant Reserve Zone of the
Cimitarra river Valley, showing the forest reserve area, the peasant area and the area delimited as «Yellow line» (b.).

We classified the study area into five land cover
categories, namely forest (a), open areas (b), rivers
(c), wetlands (d), other covers (e). «Foresty» areas
correspond to primary and secondary vegetation
grouped as a single natural land use. The «open
areas» designation was used to identify pastures,
crops and grasslands for cattle ranching and farm-
ing. «Other cover» was represented by urban areas,
sands, and small dense clouds. For each land cover, a
minimum of 15 training polygons were targeted be-
tween 45-pixels and 100-pixels using ground truth
data collected during a field trip in 2019, as well as
on the basis of very high-resolution (VHR) imagery
in GoogleEarth®. Finally, to determine and quantify
the land cover of each category, we first tested the
performance of three non-parametric classifier algo-
rithms Support Vector Machines (Cortes & Vapnik,
1995), Neural Network (Yoshida & Omatu, 1994)
and Random Forest (Breiman, 2001) using «svmy
(Becker et al., 2009), «nnet» (Venables & Ripley,
2002), «randomForest» (Liaw & Wiener, 2002) and
«carety (Kuhn, 2008) packages in R version 4.0.2 (R
Core Team, 2020). For this purpose, a dataset from
the previously targeted polygons was employed to
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train the model and another independent dataset
was used to test the model. After this, we assessed
the three algorithms based on the confusion matri-
ces, accuracy statistics, such as accuracy, Kappa,
Sensibility and Specificity (Olofsson et al., 2013;
Foody, 2020). In addition, based on the Bonferroni
test, we assessed whether there were significant dif-
ferences between the performance of the algorithms
(p-value < 0.05). After those analyses, we selected
«random forest» as the best method to perform the
final land cover classification due to its bigger accu-
racy with smaller intervals (Fig. A1), greater values
of Sensibility and Specificity for almost all categories
(values > 0.98) (only the wetland category was 0.83,
but much higher than for the other two algorithms
(0.55 or 0.76)), and because the differences between
this algorithm with the other two were significant.

Forest dynamic analysis (2017-2019)

To analyse the forest dynamics between 2017
and 2019, we compared the estimated cover area
of each category between years. For this purpose,
we used «random forest» and the same training
polygons for all land cover types employed for the
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2019 classification (those polygons were designed
on constant areas through the three years). The ex-
ception was for «wetlands» and «other coversy,
because these land covers were highly dynamic
through space and time. Specifically, to quantify
the area of the forest cover that has been lost from
2017 to 2019, we followed Chadid et al. (2015).
We did not consider for the land cover quantifica-
tion areas where there was presence of clouds in
any of the analysed years to avoid under- or over-
estimations of the forest loss. The total area cov-
ered by clouds was 2%. Finally, we quantified in
square kilometres (km?) the lost forest areca and
generated a forest dynamic map by identifying ar-
eas, where the forest had been conserved through
years, as well as the areas where have occurred de-
forestation or forest recover events using the clas-
sification images and ESRI ArcGIS.

Extinction risk: Species distribution models
and gap analysis

For the extinction risk analysis, we selected
eight species endemics (or near endemics) to Colom-
bia distributed in the MVR. They are under threat
(or near threat) according to the IUCN: three am-
phibians (Sachatamia punctulata (Ruiz-Carranza &
Lynch, 1995) (Vulnerable, VU), Diasporus anthrax
(Lynch, 2001) (VU), and Agalychnis terranova Ri-
vera-Correa, Duarte-Cubides, Rueda-Almonacid &
Daza-R., 2013 (Near Threatened, NT)), three birds
(Crax alberti (Critically Endangered, CR), Capito
hypoleucus Salvin, 1897 (VU) and Habia guttura-
lis (Sclater, 1854) (Least Concern, LC, but this spe-
cies was assessed as NT in 2017)), and two primate
species (Saguinus leucopus (Gunther, 1877) (VU),
and Ateles hybridus (CR)). These species were se-
lected based on their ecological characteristics, such
as low vagility, dependence on forest, and sensitivity
to changes in vegetation cover, which makes them
excellent models to evaluate the dynamics of the for-
ests and its consequences on the fauna of the region.

We modelled the climatic distribution of the
eight species using MaxEnt (Phillips et al., 2006).
We used MaxEnt because it performs well, compared
to other modelling approaches (Elith et al., 2006).
We compiled occurrence records from: 1) national
biological collections (e.g. Universidad Industrial
de Santander (UIS), SiB Colombia), ii) Global Bio-
diversity Information Facility (GBIF) (www.gbif.
org), and iii) scientific articles (e.g. Cuervo Maya
et al., 1999; Salaman et al., 2002; Laverde-R et al.,
2005; Ochoa-Quintero et al., 2005; Rojas-Morales
et al., 2014). To reduce the spatial autocorrelation,
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for each species we randomly removed duplicate
occurrence records that were less than 1 km apart
from each other. The database has been resulted in a
final dataset of 13—-98 presence records (see number
of occurrences by species in Table A2).

For MaxEnt analyses, we used 19 climate vari-
ables available at WordClim 1.4 (Hijmans et al.,
2005) with a resolution of 30 arc sec. For the final
analysis, we selected the climatic variables by first
rejecting highly correlated variables (r > 0.85) (Pe-
terson et al., 2011), and then by selecting relevant
variables by a rationale of permutation importance
> 5% (Trujillo-Arias et al., 2017). The general con-
ditions for analyses were random test points = 20);
replicates = 10; replicate type: subsample; maxi-
mum iterations = 5000; background points = de-
fault (max: 10 000). For species with less than 50
occurrences, we used the bootstrap replicate type.
We did not use bias file because the background
manipulation usually results in higher commission
errors (Kramer-Schadt et al., 2013). We validated
models by evaluating AUC values (Pearson et al.,
2007) and the True Skill Statistic (TSS) (Allouche et
al., 2006) (see examples of receiver operating char-
acteristic curves in Fig. A2). Then, we projected the
species distribution models to the future (year 2050)
using three emission models of Representative Con-
centration Paths 4.5 (RCP 4.5). They represent a
conservative scenario of greenhouse emissions (van
Vuuren et al., 2011), namely 1) HadGEM2-ES pre-
dicting a high temperature increase and a reduction
in precipitation (i.e. hotter / drier scenario) (Jones
et al., 2011); 2) GISS-E2-R predicting a moderate
increase in temperature and rates of relatively con-
stant precipitation (i.e. moderate scenario) (Schmidt
et al., 2014); 3) IPSL-CM5a-LR predicting warm
temperatures and reduced precipitation (i.e. warmer
/ drier scenario) (Dufresne et al., 2013). Models were
generated in ASCII format and exported directly to
the GIS to obtain binary maps using the threshold of
equally training sensitivity and specificity. For this
purpose, all pixels with a value under that threshold
were assigned a value of zero (0), which would rep-
resent the absence of the species.

Finally, we estimated habitats for the present
and the habitat loss between the future and present
for each species employing two measures. First is
the currently available habitat based on climate and
forest cover. This estimation was based on deter-
mining how much (in km?) of the climatically suit-
able area according to MaxEnt models is covered
with forest. For this purpose, we employed the bi-
nary maps for the present period and the layer of
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forest cover for 2019 produced by the Instituto de
Hidrologia, Meteorologia y Estudios Ambientales
de Colombia (IDEAM). Basically, using GIS tools,
we overlapped the forest layer over the climatically
suitable area for each species, and we quantified
how much of that climatic area is actually covered
by forests. This measure allows us to have a quanti-
fication of the available area in the present, not only
based on climate, but also on forest cover in the
region. The second measure is the potential future
habitat change (in km?). This estimate was based on
comparing the climatically suitable areas indicated
by the MaxEnt models for the present and the fu-
ture. Specifically, from the binary maps, we quanti-
fied the climatically suitable area for each species
in each period and made a description of whether
its area, based on climate, increases or decreases.
This measure allows us to know how much and
what type of change (expansion or contraction) the
species might face according to various future cli-
mate scenarios. In addition, we also evaluated how
much of the range of each species is covered by PAs
employing gap analysis, as a methodological tool
frequently used in conservation to identify «gaps»
in the network of PAs. For this purpose, we con-
sidered the National Protected Areas (PNN), Forest
Reserves (comprised of public and private areas),
and the Natural Reserves of Civil Society. We also
calculated how much of the current distribution of
each species is found within the current distribution
covered by the PRZ-CRV.

Results

Land cover and forest dynamics

In general, classification accuracies obtained
from Sentinel images in 2017-2019 fluctuated
from 96% to 99%, with kappa coefficients ranging
from 0.96 to 0.98. The 2019 classification indicated
that the land covers with the highest percentage of
area were forest with 56.30% (3307.18 km?), fol-
lowed by open areas with 38.75% (2276.25 km?),
while the other land covers received percentages
lower than 3% (rivers: 2.83% (166 km?), wetlands:
1.77% (103.96 km?), and other covers: 0.31%
(18.21 km?) (Fig. 2a).

The forest dynamics map for 2017-2019 in-
dicated that the forest cover in the PRZ-CRV de-
creased by 3.82%, while the open areas increased by
3.5% (Table 1). This estimation was compared with
values of the forest cover loss obtained on the global
forest watch platform (https://www.globalforest-
watch.org/), by finding a slightly higher loss (4.1%).
This difference may be related to areas, which were
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not quantified in our analysis due to the presence of
clouds. Finally, the forest dynamics map (Fig. 2b)
has identified that the conserved forest areas (with-
out change) were located west of the PRZ-CRYV,
mainly in the area defined as «yellow line» charac-
terised by presenting redoubts of forests of the San
Lucas Mountain Range. Areas with the greatest loss
of the forest were distributed around the «yellow
line», both to the north and to the south, with some
spotlights of deforestation within this area or very
close to its limits. This analysis also allowed us to
observe some areas of forest restoration, which are
mainly concentrated east of the study area, a region
characterised by wetlands.

Species distribution models and gap analysis

The species distribution models for the eight
species have been performed better than a random
model with AUC and TSS values greater than 0.83
(Fig. A3). Specifically, the species distribution mod-
els for the present period were consistent with the
distribution range of each species. However, for
some species such as Diasporus anthrax and Capito
hypoleucus, the models also indicated other areas
outside the distribution range as climatically viable
areas for their distribution (e.g. the Pacific or the
southeast of the Colombian Amazon) (see Fig. A3).
However, although for some species the climatic
niche for the present period (i.e. fundamental niche)
was a little larger than the known (i.e. realised)
niche, the estimations of the currently available
habitat indicated for most of the species, that less
than 50% of their climatic suitable areas are covered
by forests suggesting that in fact its optimal distri-
bution area is smaller (Table 2a). For instance, for
D. anthrax and Crax alberti only 33% and 36% of
their distributions were covered by forests, respec-
tively. Other species, such as Agalychnis terranova,
showed a higher forest cover along their distribu-
tions (59%). For the potential future habitat change
measure, the ecological niche models suggested
variable responses among the species and the cli-
matic scenarios (Table 2b). However, in most spe-
cies (except for C. hypoleucus and Habia gutturalis)
a contraction of their distribution range is observed
for the hotter / drier scenario (HadGEM2-ES). For
other scenarios (GISS-E2-R and IPSL-CM5a-LR),
the response was highly variable, with some species
showing the range expansion, while others showed
contraction. It should be noted that these results
should be taken with caution considering the small
number of records used to model the distribution of
some species (e.g. amphibians).
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Table 1. Changes in land cover at the Peasant Reserve Zone of the River Cimitarra Valley in 2017-2019

Years Percent change
Land covers 2017 (%) 2018 (%) 2019 (%) Lost Gain
Forest 59.64 57.92 55.82 3.82% -
Open areas 35.58 36.88 38.81 - 3.50%
Rivers 2.97 2.71 2.97 - -
Wetlands 1.56 2.06 1.71 - -
Other covers 0.25 0.34 0.43 - 0.18%

Table 2. Available habitats for each species during the present (2019) (based on the potential distribution polygons obtained
from MaxEnt and the forest layer from the IDEAM) and the future (2050) (based on the future potential distribution polygons
obtained from MaxEnt) scenarios. The area is indicated in km? and in percent (in brackets). See potential distribution of
species in Fig. A3

Scenarios Amphibians Birds Primates
i)fnhcatzgltf D;Zjif;l:s zieg;lrl[}; ;ﬁ:l(lls Crax alberti hy[fsi lliius Habia gutturalis ‘?:LthLZ;Zj Ateles hybridus
a. Present
Total area 127 118 (100.0) 64 458 (100.0) 60 962 (100.0) 87902 (100.0) 131256 (100.0) 121495 (100.0) 97 893 (100.0) 113 667 (100.0)
Forest 53238 (41.8) 21783 (33.80) 36256(59.47) 31968 (36.4) 56913 (43.3) 49190(40.5) 38807(30.5) 28893 (22.7)
No forest 73182 (57.6) 42219 (65.50) 24646 (40.43) 55853 (63.5) 73896(56.3) 71686 (59) 58750 (46.2) 84 699 (6.6)
No data 697 (0.55) 455 (0.70) 59 (0.10) 79 (0.09) 447 (0.34) 618 (0.51) 335(0.26) 74 (0.06)
PAs (%) 6.95 8.31 1.67 6.20 9.43 8.89 8.26 3.74
PRZ-CRV (%) 4 4 4 6 3 4 4.85 5.12
b. Future
HadGEM2-ES 51267 () 29454 (]) 33233 ()) 84940 (|) 149 778 (1) 129 379 (1) 96 947 (]) -
GISS-E2-R 60267 (]) 41913 () 104 409 (1) 69 019 () 141 572 (1) 145 043 (1) 97370 () 200 153 (1)
IPSL-CM5a-LR 171 872 (1) 38279()) 120287 (1) 148 628 (1) 148 628 (1) 124 276 (1) 95747 (}) 298 501 (1)

Note: PAs — Protected Areas, PRZ-CRV — Peasant Reserve Zone of the Cimitarra River Valley. Arrows indicate expansion (1) or contraction (|) of the
distribution range in the future in relation to the range distribution in the present (i.e. total area).
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Finally, the gap analyses indicated that for
all species less than 10% of their current distri-
butions are covered by PAs (Table 2a). The spe-
cies with the lowest percentages were Agalych-
nis terranova with only 1.67% of its distribution
covered by PAs, followed by Ateles hybridus
(3.74%) and Crax alberti (6.20%). For A. ter-
ranova and A. hybridus, the PRZ-CRV covered a
higher percentage than the cover of PAs.

Discussion

We evaluated the role of the PRZ-CRYV in the
conservation of tropical humid forests and en-
dangered species in the MVR. Our findings sug-
gest that the PRZ-CRV is an important area for
the maintenance and conservation of humid for-
ests and its associated fauna, playing an impor-
tant role as a complement to the system of PAs to
preserve biodiversity.

Role of the PRZ-CRV in conservation of
tropical humid forests

The main land cover in the PRZ-CRV
through the years has been represented by forests
followed by open areas. This dynamics between
these land covers reveals a deforestation rate
of approximately 1.3% annually, which is very
similar to deforestation rates estimated by other
authors for the MVR, suggesting that this region
is one of the ecosystems with the highest risk of
landscape transformation in Colombia (Etter &
van Wyngaarden, 2000; Etter et al., 2006, 2008;
Negret et al., 2019). The areas with cleared lands
are mainly found in the peasant area and to a
lesser extent in the forest reserve zone (Fig. 1,
Fig. 2), which is expected since the main tasks
of PRZs is not only to ensure the conservation of
ecosystems and biodiversity but also to improve
human well-being through the strengthening of
the local economy with agricultural and cattle
raising activities, among others (Quijano-Mejia
& Linares-Garcia, 2017; Ortiz, 2018).

Despite the rate of deforestation in the area,
the PRZ-CRV is an important area for the main-
tenance and conservation of humid forests, espe-
cially those that belong to the San Lucas Moun-
tain Range. The conserved forest areas (without
change) are mainly located within the «yellow
line» (Fig. 2b), an area located in the forest reserve
zone (Fig. 1b). The «yellow line» is a demarca-
tion made by the peasants themselves around the
redoubts of forests of the San Lucas Mountain
Range, which restricts the advance of colonisa-
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tion. The peasants have reached an agreement
that any type of intervention on the fauna and
flora is prohibited in this area (Quijano-Mejia &
Linares-Garcia, 2017). Even though our results
support this initiative as successful and as a case
of community management of the territory with
specific effects on the conservation of ecosys-
tems, some spotlights of deforestation have ap-
peared within this area or very close to its limits
(Fig. 2b). This could be related to high levels of
armed conflict in the region, which contributed
to a lack of governance and to an increase in the
level of deforestation (Davalos, 2001; Davalos
et al., 2011; Castro-Nunez et al., 2017; Liévano-
Latorre et al., 2021). For instance, Chadid et
al. (2015) evaluated the dynamics in deforesta-
tion in the San Lucas Mountain Range, report-
ing a high increase in the transition from forests
to coca crops or pastures in 2002-2010. These
results were also corroborated by Negret et al.
(2019), where they generated spatial predictions
of deforestation in Colombia from 2000-2015,
by finding a high deforestation pressure induced
by armed conflict and coca cultivation in the San
Lucas Mountain Range. Even though we did not
evaluate illicit crops as a land cover, we identi-
fied cleared areas in remote sites (e.g. into the
«yellow line» area) that could be associated with
the increase of illegal practices, which has in-
tensified since the signing of the peace accords,
where persistent illegal groups fight to gain con-
trol (Yagoub, 2018; Murillo-Sandoval et al.,
2020; Liévano-Latorre et al., 2021).

The PRZ-CRYV hosts a great diversity of plant
species, and it is important for conservation of
humid forests in the region. Both forest remnants
in the peasant area and in the forest reserve area
harbour endemic species of ecological impor-
tance. For instance, a recent study carried out in
forest remnants has been located in the south of
the Bolivar department (i.e. in the peasant area)
indicated that despite being in an intermediate
successional stage, these forests harbour a high
richness of species and are important for the con-
servation of threatened and endemic species, such
as Wettinia hirsuta Burret, Astrocaryum malybo
H.Karst., Chamaedorea ricardoi R.Bernal, Gale-
ano & Hodel, and Unonopsis aviceps Maas. Ad-
ditionally, this study also demonstrated that for-
est remnants still retain their similarity in species
composition with the Amazon and Choco forests
(Ortiz-Lozada, 2020), which suggests that de-
spite their alteration, these forest remnants might
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continue to play an important role as a potential
bridge between populations of fauna and flora
from other regions (Chapman, 1917; Echeverry
& Morrone, 2013).

Role of the PRZ-CRV in conservation of
threatened and endemic species

Our results, taken together with other stud-
ies (e.g. Marsh et al., 2016; Negret et al., 2019),
suggest that threatened and endemic Colombia’s
species with distributions in the MVR are fac-
ing a dramatic loss of their habitats. Our results
indicated that less than 50% of the climatically
suitable areas for each species are covered by
forests, indicating that in fact their optimal dis-
tribution area is smaller. This pattern could get
worse in the future under climatic scenarios with
a higher temperature and lower precipitation (Ta-
ble 2b). Additionally, our results showed that less
than 10% of the species distribution in the pres-
ent period is covered by PAs, which aggravates
the situation of maintenance and conservation of
these species.

The forest loss is one of the main threats
to the species conservation. During the last de-
cades, more than 2 000 000 km? of tropical forest
have been lost, threatening the survival of for-
est specialist species (Hansen et al., 2010; Symes
et al., 2018; Agudelo-Hz et al., 2019; Donald et
al., 2019; Negret et al., 2019). In Colombia, hu-
mid forests are one of the most diverse and frag-
mented habitats. A recent study indicated that
more than half of Colombia’s regionally endemic
bird species are projected to lose at least half of
their habitats by 2040 (Negret et al., 2021), in-
cluding Crax alberti, a Cracidae species threat-
ened by habitat loss and also assessed in our
study. According to our analysis, this species has
only 36% of its climatically suitable area covered
by forests (i.e. less than 60% of its distribution)
and it is expected that in future scenarios with
higher temperature and lower precipitation, its
climatically suitable area decreases (Table 2b).
For forest-dependent amphibian species, a dra-
matic impact is also observed in their distribution
range, with a reduction of 50% (e.g. Sachatamia
punctulata) and 70% (e.g. Diasporus anthrax) by
2050. Additionally, ecological characteristics of
species could worsen the situation, since some of
them have a reduced vagility (e.g. amphibians)
or little tolerance to open habitats (e.g. primates),
which limit their ability to respond to changes in
their habitat and climatic conditions.
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An additional problem is the lack of PAs in the
MVR to ensure the conservation of habitats suit-
able for species. Our results indicated that for the
eight analysed species less than 10% of their distri-
bution is covered by PAs. This evidences the need
to create PAs in this region of the country, where
a high number of endangered and endemic species
live. It should be noted that this problem has not
been ignored by researchers and national institu-
tions (e.g. Fundacion Proyecto Primates, Panthera,
and Wildlife Conservation Society of Colombia),
which since 2016 have requested the Colombian
government to incorporate the San Lucas Moun-
tain Range into the National Park system (Parques
Nacionales Naturales de Colombia, 2021). Unfor-
tunately, the San Lucas Mountain Range has still
remained unprotected and its forests and fauna are
subject to armed conflict and illegal activities in
the region (Negret et al., 2019).

Finally, our study suggests that the PRZ-
CRV is a significant territory for conservation
and maintenance of endemic and threatened spe-
cies in the MVR. It plays an important role as an
ally to the PAs system. Our results indicated that
the PRZ-CRV covers a part of distribution range
of studied species. Even for some of them, this
PRZ covers a higher percentage than PAs (Table
2a). Additionally, if we consider the change in
the species distribution under future climatic sce-
narios, this region might present suitable climatic
areas for the maintenance of these species (Fig.
A3). Although in the PRZ-CRV there are pro-
cesses of changes in the natural cover, forests of
the region conserve a structure and floristic com-
position typical for tropical humid forests (Ortiz-
Lozada, 2020). This is also supported by some
recent studies that report the presence of bioin-
dicator species of high-quality habitats in relict
forests in southern Bolivar (Arbeldez-Cortés et
al., 2021). Therefore, the higher forest coverage
in the PRZ-CRYV, the greater species diversity,
and the peasant commitment to the conservation
of their natural resources make this area a poten-
tial ally for the biodiversity conservation of the
region. Even more, if we consider that until now
there are no formal PAs in the San Lucas Moun-
tain Range (one of the most diverse regions of
Colombia) and that a few PAs around the MVR
have a low-moderate impact in avoiding defor-
estation by their small size (Liévano-Latorre et
al., 2021), this PRZ is a valuable community tool
for biodiversity management that can support the
mission of PAs.
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Conclusions

Our findings suggest that the PRZ-CRV is an
important area aiming to maintain and protect hu-
mid forests (especially those belonging to the San
Lucas Mountain Range) and its fauna, acting as
an ally to the PA system in the MVR. Addition-
ally, we showed that the capacity of this peasant
organisation to recognise, define, and generate
conservation agreements (e.g. the establishment
of the «yellow line») is a successful case of com-
munity management in the area with concrete ef-
fects on the conservation of ecosystems. It should
be noted that among the aims of PRZs are con-
trolling the inadequate expansion of the country’s
agricultural frontier, creating and building a com-
prehensive proposal for sustainable human devel-
opment, and assuring ecosystem and biodiversity
conservation. Thus, these peasant agreements
could serve as allies in the biodiversity conserva-
tion of such areas as MVR where there is a poor
representation of PAs and buffer zones around
PAs with controlled activities.
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Appendix. Sentinel images employed for forest classification analyses and performance of three non-
parametric classifier algorithms in the classification of coverage, and number of species occurrences,
performance and validation of ecological niche models obtained from MaxEnt.
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Fig. Al. Performance of the random forest (rf), support

vector machines (svm) and neural network (nnet) algorithms

in the classification of coverage based on the accuracy and

kappa statistics.
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Fig. A2. Some examples of receiver operating characteristic (ROC) curves obtained from MaxEnt models for the present
period. The AUC (area under ROC curve) values vary from 0 to 1. Values < 0.5 indicate that the model performance is
worse than random; the value 0.5 indicates the performance that is not better than random; values 0.5-0.7 indicate the poor
performance; values 0.7-0.9 indicate the reasonable or moderate performance; values > 0.9 indicates the high performance.
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Fig. A3. Ecological niche models for the present and the future (2050) of eight endemic species in Colombia. Designations:
1) Sachatamia punctulata, AUC: 0.96 / TSS: 0.90; ii) Diasporus anthrax, AUC: 0.97 / TSS: 0.95; iii) Agalychnis terranova,
AUC: 0.98 / TSS: 0.94; iv) Crax alberti, AUC: 0.96 / TSS: 0.92; v) Capito hypolucus, AUC: 0.94 / TSS; 0.84; vi) Habia
gutturalis, AUC: 0.94 / TSS; 0.87; vii) Saguinus leucopus, AUC: 0.96 / TSS: 0.88; viii) Ateles hybridus, AUC: 0.95 / TSS:
0.80). Points on the maps in the present models represent the species occurrence.
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Table Al. Sentinel images with less than 40% cloud cover employed for the forest classification analyses of the Peasant
Reserve Zone-Cimitarra River Valley, Colombia

Satellite Image level Date Tile ISNWN ISNWP 18NXN 18NXP
S2A MSIL1C 04.01.2017 18NWN X X X X
S2A MSIL1C 03.02.2017 18NWN X X X X
S2A MSIL1C 13.02.2017 18NWN X X X X
S2A MSIL1C 04.05.2017 18NWN X X X X
S2A MSIL1C 24.05.2017 18NWN X X X -
S2A MSILIC 01.09.2017 18NWN X X X X
S2A MSILIC 31.10.2017 ISNWN X X X X
S2B MSIL1C 15.11.2017 18NWN X X X X
S2B MSIL1C 05.12.2017 18NWN X X X X
S2A MSIL1C 10.12.2017 18NWP — X — -
S2B MSIL1C 15.12.2017 18NWN X X X X
S2B MSIL1C 25.12.2017 18NWN X X X X
S2A MSIL1C 08.02.2018 18NWP X - X
S2B MSIL1C 13.02.2018 18NWP - X - X
S2A MSILIC 18.02.2018 18NWP - X - X
S2B MSIL1C 23.06.2018 18NWN X X - X
S2A MSIL1C 18.07.2018 18NXN - - X X
S2B MSILIC 02.08.2018 I18NXN - X -
S2A MSILIC 07.08.2018 ISNWN X - - X
S2A MSIL1C 27.08.2018 18NXN — - X —
S2A MSIL1C 05.12.2018 18NXP — - — X
S2B MSIL1C 10.12.2018 18NWN X X X —
S2A MSIL2A 15.12.2018 18NXP - - - X
S2A MSIL2A 25.12.2018 18NWN X X X X
S2B MSIL2A 30.12.2018 18NWP - X - -
S2A MSIL2A 04.01.2019 18NWP - X - -
S2A MSIL2A 24.01.2019 18NWP - X - -
S2A MSIL2A 04.04.2019 I8NWP - X - -
S2A MSIL2A 24.05.2019 18NWP X - X
S2A MSIL2A 03.06.2019 18NXP - - - X
S2B MSIL2A 08.06.2019 18NWN X X X X
S2B MSIL2A 18.06.2019 18NXP - - - X
S2A MSIL2A 03.07.2019 18NWN X - -
S2B MSIL2A 18.07.2019 18NWN X X X X
S2B MSIL2A 28.07.2019 18NWN X X X X
S2A MSIL2A 02.08.2019 18NXN - - X X
S2B MSIL2A 07.08.2019 18NWN X X X X
S2A MSIL2A 13.08.2019 18NXP - - - X
S2A MSIL2A 22.08.2019 ISNWN X - X X
S2B MSIL2A 27.08.2019 18NWN X X X X
S2A MSIL2A 09.09.2019 ISNWN X - — —

Table A2. The number of occurrences used to create MaxEnt
models of eight species endemic (or near endemic) to Colombia
distributed in the Magdalena Valley Region, Colombia

Class Species Occurrences
Habia gutturalis 98
Birds Capito hypoleucus 77
Crax alberti 38
Sachatamia
punctulata 13
Amphibians Diasporus anthrax 21
Agalychnis 15
terranova
. Saguinus leucopus 60
Primates Ateles hybridus 72
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POJIb 3AIIOBEJTHO 30HbI KAMIIECUHO B JOJIMHE PEKH
MATJAJIEHA (KOJIYMBHUSA) B COXPAHEHUUN HAXOIAIIINUXCA
MOJI YTPO30M UCUYE3HOBEHUSA BJAXKHBIX TPOIIMYECKUX JECOB

H. Tpyxuabo-Apuac’ >, B. X. Ceppano-Kapnozo''”', M. I1. Pamupe3-ITunnsia’

' Unoycmpuansnotit ynusepcumem Canmanoepa, Konymobus
*Uncmumym ucciedosaniis buonocuueckux pecypcos Anexcanopa ¢gou I'ymbonvoma, Konymbus
*e-mail: natitrujillo@gmail.com

Tponnueckue neca KoxymOun nMEIOT OJMH U3 CaMBIX BHICOKHX MOKa3aTeel COKpAIleHHs IIIOIa1 JIECOB B
mupe. BraxxHelil Tponuueckuii gec B JoJMHE peKu MarjaneHa sBIseTcs OJIHOW U3 SKOCUCTEM C CaAMbIM BBbI-
COKHMM PHCKOM TpaHchopMaluu Janamadra, HECMOTPS Ha TO, YTO OH SIBJISIETCSI MECTOM OOMTaHMS Ui MHO-
THX HJIEMHYHBIX M HAXOJSIIMXCS MO YIPO30H MCUE3HOBEHUS BUAOB. Llenbio naHHOro nccienoBanus ObLIO
OIICHUTH POJIb KPECTHSIHCKOH 3aloBEAHOMN 30HBI B COXPAaHEHUH BIAKHBIX TPOIMMYECKHUX JIECOB U BUAOB, Ha-
XOJSAIIMUXCS N0l yTPO30M NCUE3HOBEHUS, B pailoHe 10IMHbI peku Marnanena. /[ nocTux’eHus 3ToH eI Mbl
MPOBEJIM MHOTOBPEMEHHOM aHaIU3 JJUHAMHUKH JIECOB B KPECThSIHCKOW 3aMOBEAHOM 30HE — A0JMHE peku Ynumu-
tappa (K33-J1PY) u o1ieHnau pruck HCYE3HOBEHHS BOCBMU BUIOB, SHJAeMUYHBIX A1 Komym6uu. [TonydeHHbie
pe3yabTaThl MOKa3aiu, 4To Haubosee oOuupHbiM TUioM Jauamadra B K33-J[PY sernsercs nec (56.30%), 3a
KOTOPBIM CIIEYIOT OTKPBIThIe TeppuTopuu (38.75%). AHanu3 TMHAMHUKH JIECOB TIOKAa3all, YTO JIECHON MOKPOB
cokparuics Ha 3.82% ¢ 2017 mo 2019 rr. [Ipu 5ToM HanboIee COXPAHUBIICHCS SBIISICTCS. TEPPUTOPHS C PEIY-
tamu seca Ceppanus-ae-Can-Jlykac. Hakonen, pe3ynpraTsl moka3anu, uto MeHee 50% KIMMaTHYECKH MOJI-
XONALINX TEPPUTOPHUH I KaKJJO0TO BHUJA MOKPBITHI lecaMu U MeHee 10% 3Tux ruromaseit 3aHuMaioT 0cobo
oxpansiemble npuponaubie Teppuropun (OOIIT). B To ke Bpemst uist TakuX BUIIOB, Kak Agalychnis terranova n
Ateles hybridus, K33-JIPU oxBatui 6ojice BBICOKYFO JIOJIFO UX apeaia, yeM Bce BMecTe B3sathic OOIIT B sTol
sKocucTeMe. TakuM 00pa3zoM, MoJyUYeHHbIE pe3ybTarhl okasain, uto K33-/1PY MoxeT ObITh KIIIOueBOH Tep-
pUTOpUEit ISl NOANIEPKAHUS U COXPaHEHHS BIQXKHBIX TPOIIMYECKUX JIECOB M CBSI3aHHOM C HUMU (hayHbI, UTpast
BaXKHYIO poiib «coro3HuKa» cucteMbl OOIIT B pernone nonuHs! peku MarganeHa.

KaroueBble ciioBa: AHJbI, KpECThSIHCKAs 3all0BE/IHAsI 30Ha, JaHAA]T, COKpallleHNe JIECOB, YIPOKAEMbIil BUJL
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