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Keywords: Other effective area-based conservation measures (OECMs) have recently been implemented in countries such as
Area-based conservation Colombia and, together with protected areas (PA), are crucial biodiversity conservation strategies. Assessing the
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contribution of different area-based conservation frameworks (i.e., PA and OECMs) involves evaluating the
representation degree of species’ geographic ranges, representation targets achievement (i.e., Gap analysis),
priority areas for conservation, and their relationship with the remaining habitat. Snakes regulate prey pop-
ulations, interfere with the behavior and diet of other species, can be bioindicators, and facilitate the transfer of
energy and biomass between environments, making them a conservation priority. Currently, Colombia hosts >
300 snake species from nine families. Here, we explored the snake diversity pattern in Colombia and its rela-
tionship with remaining habitat. We also evaluated the degree of representation within PA and OECMs of species
geographic distributions, species richness, and priority areas for conservation. Areas with the highest snake
richness are in the Andean, Pacific, and Amazon regions; however, these are predominantly outside PA and
OECMs. Representativeness of species ranges and representation targets within PA increased with the OECMs.
The Caribbean and Andean regions have areas with the lowest remaining habitat. Our findings highlight that the
OECMs contribute to the conservation of snakes in Colombia and complement PA. The Pacific, Orinoco, Amazon,
and the northern Caribbean presented the highest concentration of priority areas for conservation and given the
presence of indigenous people groups and large remaining habitat, these regions are most promising for creating
new OECMs.

* Corresponding author at: Department of Geography, San Diego State University, San Diego, CA, United States.
E-mail address: sjevelazco@gmail.com (S.J.E. Velazco).

https://doi.org/10.1016/j.pecon.2025.04.002

Received 21 August 2024; Accepted 5 April 2025

Available online 26 May 2025

2530-0644/© 2025 Associacdo Brasileira de Ciéncia Ecolégica e Conservacdo. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://orcid.org/0009-0006-4775-5357
https://orcid.org/0009-0006-4775-5357
https://orcid.org/0000-0002-7527-0967
https://orcid.org/0000-0002-7527-0967
mailto:sjevelazco@gmail.com
www.sciencedirect.com/science/journal/25300644
https://www.perspectecolconserv.com
https://doi.org/10.1016/j.pecon.2025.04.002
https://doi.org/10.1016/j.pecon.2025.04.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pecon.2025.04.002&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

K.G. Rey Pulido and S.J.E. Velazco

Introduction

Globally, biodiversity has been affected by the increasing expansion
of anthropized areas; for example, between 1960 and 2019, 32% of the
global area showed changes in land use, mainly due to the expansion of
agricultural land (Winkler et al., 2021). In South America, human ac-
tivities affected 40% of land cover in 2018 (Zalles et al., 2021). Specif-
ically, in Colombia, livestock, agriculture, mining, oil extraction, and
illicit crop development are the major causes of natural cover loss
(Andrade and Castro, 2012; Palacio et al., 2001). Paradoxically, natural
cover loss worsened after the 2016 peace agreement, particularly in
areas previously occupied by FARC-EP guerrillas (Fuerzas Armadas
Revolucionarias de Colombia Ejército del Pueblo), which have been mainly
used for illicit crops development (Pirela-Rios et al., 2023). Under-
standing the processes that drive biodiversity loss could help manage
areas destined for production and biodiversity conservation (Margules
and Pressey, 2000).

Area-based conservation frameworks (e.g., protected areas -PA— and
other effective area-based conservation measures -OECMs-) are a
globally applied approaches that define geographic areas for in situ
conservation of biodiversity (Salafsky et al., 2024). PA are geographic
areas dedicated to the long-term conservation of biodiversity, ecosystem
services, and cultural values (CBD, 2018). PA contribute to the sus-
tainment of ecosystem services (Figgis et al., 2015), are a source of re-
sources for human communities (Velazco et al., 2022a), and enable the
survival of biodiversity in the face of global changes (Lehikoinen et al.,
2021; Thomas et al., 2012). Thus, PA has become one of the main tools
to address biodiversity loss (Margules and Pressey, 2000; UNEP-WCMC,
IUCN, 2021).

Alongside PA, OECMs have been implemented internationally.
OECMs are areas not designated as PA but managed in such a way that
they conserve biodiversity; ecosystem functions and services; and cul-
tural, spiritual, and socioeconomic values (CBD, 2018). A fundamental
distinction between PA and OECMs is that PA are primarily designed to
conserve biodiversity, whereas OECMs can be managed for a range of
objectives, and conservation may or may not be the primary objective
(IUCN-WCPA Task Force on OECMs, 2019). OECMs were proposed in
the Strategic Plan for Biodiversity 2011-2020 and included in the Aichi
Targets (CBD, 2010), and the Convention on Biological Diversity (CBD)
ratified that target 3 can be achieved through PA and OECMs (CBD,
2022). Recently, it has been found that OECMs provide additional
coverage and connectivity in different ecoregions, key biodiversity
areas, and countries, which could significantly contribute to the
achievement of conservation targets (Jonas et al., 2024).

Colombia’s National System of Protected Areas (SINAP) divides PA
into public areas (e.g., national parks or protective forest reserves) and
private areas (e.g., civil society reserve areas; Munévar and Ramirez,
2021). After COP 14, Colombia adopted the OECMs, allowing the
development of a methodological route for identifying and reporting
OECM s to the World Conservation Monitoring Center. Thus, Colombia
has become an international reference and the first country in Latin
America and the Caribbean to identify, nominate, and report the OECMs
(Santamaria, et al., 2021). Therefore, the protected continental area in
Colombia represents 31%, reaching CBD target 3 (30 x 30), which states
that by 2030, at least 30% of the terrestrial, inland water, marine, and
coastal areas should be protected (Dinerstein et al., 2019). Despite this
progress, there has been evidence of a reduction in natural cover within
PA and their surrounding regions due to deforestation, fires, and
land-use changes in Colombia (Murillo-Sandoval et al., 2018).

Globally, PA networks exhibit biases in effectively representing
biodiversity and connectivity between them (Saura et al., 2017; Sayre
et al., 2020). This is because PA have often been established in isolated,
sparsely populated places or are unsuitable for cultivation (Baldi et al.,
2017). PA efficiency can be evaluated through the representativity of
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species ranges (or other biodiversity attributes) within PA using spatial
conservation prioritization or Gap analysis (Kukkala and Moilanen,
2013; Rodrigues et al., 2004). Several studies have shown that PA biases
reduce their efficiency (e.g., Gomes et al., 2024; Lourenco-de-Moraes
et al., 2019; Oliveira-Dalland et al., 2022). However, OECMs could
suffer from the same biases, and because they are relatively new
area-based conservation frameworks, research on their conservation
contributions and how they complement PA are still scarce (Cook,
2024).

Habitat loss and degradation are factors that decrease reptile pop-
ulations (Gibbons et al., 2000); nevertheless, studies on the loss of
reptile diversity in response to land-use change remain rare (Andrade
Correa, 2011). Globally, integrated studies on the conservation status of
reptiles are scarce compared to other vertebrates, hindering effective
conservation strategies (Cox et al., 2022). Snakes play different roles in
terrestrial and aquatic ecosystems, and because of their position across
various trophic levels, they affect the behavior and diet of other species
(Adams et al., 2024; Willson and Winne, 2016). Because of the predatory
behavior of snakes, they can regulate prey animal populations (e.g.,
rodents, insects, amphibians; Lynch, 2012; Title et al., 2024), control
pest populations (Shine et al., 2024), and may even act as a secondary
dispersal (Reiserer et al., 2018). In addition, they facilitate the transfer
of energy and biomass between aquatic and terrestrial environments
(Willson and Winne, 2016). A decrease in snake populations could lead
to destabilization of ecosystem processes (Adams et al., 2024). Further
snakes’ ecosystem roles, they can serve in ecological risk assessments
(Campbell and Campbell, 2001; Weir et al., 2010), bioindicators
(Ugochukwu et al., 2024), and their poison used to derive new drugs
(Oliveira et al., 2022). Therefore, snakes are an important group for
studying their diversity patterns, their relationships with land use, and
quantifying the contribution of different area-based conservation
frameworks (i.e., PA and OECMs) to their protection.

Habitat loss and death by farmers are the main factors affecting
snake survival in Colombia and, to a lesser extent, road mortality and
wildlife trafficking (Lynch, 2012). In Colombia, 9% of reptiles are under
some degree of threat, and 20% are Data Deficient; particularly for
snakes, ten species are under some threat category (Galvis et al., 2016).
Colombia has nine families within the suborder Serpentes, of which
Colubridae is the most diverse and abundant (Lynch et al., 2014). Snakes
in this country are in most of the territory and distributed in an altitu-
dinal range from 0 to 2600 m a.s.l. (Lynch, 2012). In this study, we
applied species distribution modeling and spatial prioritization tech-
niques to (i) assess the degree of snake representativeness within the PA
and OECMs networks, (ii) determine the proportion of remaining snake
habitat and (iii) evaluate the degree of representativeness within PA and
OECMs of snake geographic distributions, species richness, and priority
areas for conservation.

Methods
Study area

Colombia is crossed by the Andes mountain range, which branches
into three mountain ranges, giving it a high orographic complexity
(Rangel, 2010). The Baudo system, Sierra Nevada de Santa Marta, and
Macarena also stand out, complemented by valleys and mountains that
confer a variety of meso- and microclimates (IDEAM-UNAL, 2018).
Seventy percent of Colombia has a mean temperature of 24 °C
(IDEAM-UNAL, 2018). The rainiest areas (Pacific region, Amazonian
foothills, and plains) can have rainfall >4000 m/year, whereas the driest
regions (Guajira Peninsula, some regions of the inter-Andean valleys)
have rainfall of 500 m/year (IDEAM-UNAL, 2018). Six natural regions
are recognized in Colombia: the Andean, Pacific, Amazon, Orinoco,
Caribbean, and Insular regions (Fig. S1; Rangel, 2010).
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PA and OECMs database

Protected areas in Colombia began in 1938, consolidated with the
signing of the CBD in 1992, ratified in Law 165 of 1994 (Lenis, 2014),
and in 1993 the SINAP - National System of Protected Areas was pro-
posed (Lenis, 2014). In 2019 in Colombia, OECMs were identified,
strengthened, and reported at the international level (Santamaria et al.,
2021). By 2023, Colombia had 1652 PA and 48 OECMs, encompassing
187,817 and 128,480 kmz, respectively (SINAP, 2023; UNEP-WCMC,
2024; Table S1). The Protected Planet database (https://www.protect
edplanet.net) was used as source of the PA and OECMs.

Remaining habitat

We calculated a remaining habitat map to evaluate the extent to
which each species range was affected by habitat loss in 2022 (Appendix
S1 in SM). Values of remaining habitat map closer to 1 indicate land-
scapes with a higher proportion of habitat (Table S2). We graphically
explored the relationship between potential snake species richness (i.e.,
based on stacked species distribution models of semi-binary models; see
details below) and remaining habitat both in geographic space and at
the cell level (Velazco et al., 2023).

Compilation, integration, and cleaning of snake records

We obtained a list of 334 snake species native to Colombia from the
Reptile DataBase portal (Uetz et al., 2023). We then reviewed the
literature and other data sources for Colombia (BioModelos, 2023; SIB
Col, 2023) to eliminate species with insufficient information on their
occurrence. Species records were compiled from various open-access
databases (Table S3). To better represent the environmental re-
quirements of the species, models were constructed with records from
throughout species’ natural range (i.e., inside and outside Colombia).
Taxonomic errors, geographic inaccuracies, and biases in record data
lead to decreased performance of species distribution models (SDMs)
and alterations in diversity patterns (Baker et al., 2022; Maldonado
et al., 2015). We used the R bdc package (Ribeiro et al., 2022) to inte-
grate record databases and perform spatial and temporal corrections
(Appendix S2). Final database comprised 56,830 records and 309 spe-
cies. Furthermore, for those species with no occurrences, <3 occur-
rences, or low model performance (i.e., Sorensen values < 0.7), but with
distribution polygons available in Roll et al. (2017), we randomly
sampled 1000 presences throughout species polygon.

Environmental variables

SDMs were constructed using climatic and elevation environmental
variables; however, some species were modeled using edaphic or hy-
drological variables, depending on their biological characteristics (i.e.,
aquatic, fossorial; Table S4). Thus, we initially chose 12 bioclimatic
variables obtained from CHELSA v2.1 (Karger et al., 2017) and elevation
(Jarvis et al., 2008), both with 1 km resolution. Edaphic variables were
sourced from SoildGrid v.2.0 (Hengl et al., 2017) at 0—5 cm depth and
250 m resolution. We used Compound topographic index as a hydro-
logical variable at 1 km resolution, as it serves as a proxy variable for
watercourses (Table S4). The compound topographic index was ob-
tained from the geomorpho90m database (Amatulli et al., 2020). All
variables were upscaled to 5 km resolution with a geographic extent
from the northern United States to southern South America. Initially, 17
variables were considered (Table S4). To reduce multicollinearity and
the number of predictor variables, we constructed a Pearson correlation
matrix (Fig. S2) using the values of the variables represented in all
pixels. For all pairs of variables with a correlation > |0.7|, we chose the
variable with the highest biological significance. Finally, eight variables
were selected (Table S4). Each species was fitted with a specific com-
bination of variables (climatic, edaphic, hydrological, and elevation,

112

Perspectives in Ecology and Conservation 23 (2025) 110-120

Table S5). Although the selected variables were not correlated, the
correlation structure could change for different species training areas
(see species distribution models) (De Marco and Nobrega, 2018). To
overcome potential multicollinearity problems and reduce the number
of predictors, we performed principal component analysis specific to
each species variable combination (i.e., Table S4) and training area.
Principal component analyses were performed based on correlation
matrixes and selected a number of principal components that explained
up to 95% of original variance (De Marco and Nobrega, 2018). The
derived principal components were used as predictors in SDMs.

Species distribution models

We used SDMs to estimate species distribution and habitat suit-
ability. SDMs predict species habitat suitability and geographic distri-
bution by relating georeferenced observations (i.e., records) with
environmental predictors (Soberon et al., 2017). The SDMs were created
using eight algorithms (Appendix S3). We used several algorithms
because no single algorithm can deal with all modeling conditions (e.g.,
species prevalence, niche breadth, or records number), and allows the
use of consensus models (Qiao et al., 2015). We used flexsdm v1.3.6 R
package to create SDMs, which allows the creation of flexible modeling
protocols, and structuring functions in pre-modeling, modeling, and
post-modeling steps (Velazco et al., 2022b).

Training areas of SDMs can affect environmental quality patterns and
performance metrics (Barve et al., 2011). We delimited the training area
of each species using a minimum convex polygon based on species oc-
currences plus a buffer of 500 km. We used a technique to filter records
in environmental space to reduce the sampling bias of species with > 50
records (Appendix S3). Because we did not have absence data, we
randomly sampled pseudo-absences distant to 50 km from records
within the training area (Appendix S3). For species with occurrences
sampled from their distribution polygons, we sampled pseudo-absences
outside the species polygons (Mancini et al., 2024).

It is advisable to establish different modeling protocols depending on
the requirements of the species and the number of records, as these
affect the distribution pattern of the species and spatial prioritization
analyses for conservation (Pimenta et al., 2022). Therefore, we designed
three modeling protocols established based on records number (Ap-
pendix S4; Tables S5, S6, and S7).

We used Sorensen, Area Under the Curve (AUC), and True Skill
Statistic (TSS) as model performance metrics (Fig. S3). The threshold
that maximizes Sorensen’s metric was used to binarize models. The final
model consisted of a consensus model calculated based on the arithmetic
mean of environmental suitability values. For this procedure, we used
only algorithms with Sorensen values > 0.7.

SDM projections over large areas can lead to overprediction of high
suitability zones outside the species’ current range, impacting spatial
prioritization and diversity metrics (Velazco et al., 2020). To address
this, we applied a minimum convex polygon with a 100 km buffer
around it (Mendes et al., 2020) and used the threshold maximizing the
Sorensen metric for binary species distributions.

GAP analysis

Gap analysis assesses how well conservation areas meet representa-
tion targets for biological diversity (Rodrigues et al., 2004). Represen-
tation targets are based on species range size; species with < 1000 km?
require 100% of their range to be protected (i.e., within PA or OECMs),
while those with > 250,000 km? require 10%. Targets for species with
ranges between 1000-250,000 km? were interpolated (Rodrigues et al.,
2004). Species were classified as (1) 'Not Protected’ if entirely unpro-
tected, (2) 'Gap’ if < 20% of the target is met, (3) 'Partial GAP’ if
20-90% is met, and (4) 'Protected’ if > 90% is met (Frederico et al.,
2018; Table S8).


https://www.protectedplanet.net
https://www.protectedplanet.net

K.G. Rey Pulido and S.J.E. Velazco
Spatial conservation prioritization and its relationship with PA and OECMs

To identify priority areas for snake conservation, we used Zonation
v4 (Moilanen et al., 2014), which ranks landscape cells based on their
importance for conservation using various cell removal rules, weight-
ings, and constraints (Di Minin et al., 2014). Zonation generates a
top-down ranking of all cells in the study area, based on complemen-
tarity and irreplaceability (Moilanen et al., 2005). We selected two cell
removal rules, core-area Zonation (CAZ), which prioritizes cells with
rare or highly weighted species, and Additive Benefit Function (ABF);
which emphasizes species richness (Di Minin et al., 2014); thus, both
rules provided complementary results. Species were weighted according
to their degree of endemism and threat categories (Appendix S5).

We used semi-binary models (i.e., environmental suitability values
greater than the threshold were kept continuous while lower ones were
set to zero) to reduce the problems of inflating the spatial prioritization
analysis with many cells with low environmental suitability (Domisch
et al., 2019). We used habitat loss as a cost layer, calculated as the in-
verse of remaining habitat (Appendix S6). Prioritization solutions were
categorized into four classes by selecting 5%, 10%, 20%, and 30% of the

Richness of Snakes
70

0

CIPA
[ OECMs
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highest priority cells and calculated proportion of priority cells within
PA and PA + OECMs. The selection of 30% was motivated by the 30 x 30
target (CBD, 2021).

Results

We modeled and estimated the distribution of 261 Colombian snake
species (48 species had lower performance and were not included in our
analysis). SDMs performed well for all metrics (Sorensen: 0.78 + 0.06;
AUC: 0.86 + 0.06; TSS: 0.68 + 0.09). For ESMs, the best-performing
algorithms were BRT, MaxEnt, and ANN, with a Sorensen, AUC, and
TSS above 0.7 (Fig. S3).

We found that species richness was the highest along mountain range
slopes in the Andean, Pacific, and Amazon regions. Snake richness
decreased notably in the Orinoco and most Caribbean regions (Fig. 1;
Fig. S1). Regarding the relationship between species richness and PA
and OECMs, only 13% of the cells with the highest species richness (>50
species) were within PA. When considering PA + OECMs, cells with the
highest species richness increased slightly to 31% (Fig. 2).

On average, snakes’ geographical ranges are 15% =+ 0.09

Fig. 1. Spatial pattern of PA/OECMs networks and species richness based on staked-SDM of snakes native to Colombia. The warmer colors represent sites with

higher richness.

113



K.G. Rey Pulido and S.J.E. Velazco

Perspectives in Ecology and Conservation 23 (2025) 110-120

PA+OECMs

100 4

(o)) ~
o [S2]
1 1

Cells proportion (%)
N
(6]

PA
Illl--l

"N

S

0

e

Richness classes

. Protected

Fig. 2. Proportion of cells inside and outside PA and PA + OECMs for different species richness classes.

Table 1
Proportion of species for different categories of representation targets achieved
(i.e., Gap analysis) by PA and PA + OECMs.

PA PA + OECMs

Not protected 3.8% Not protected 1.9%
Gap 31.4% Gap 7.66%
Partial gap 29.8% Partial gap 50.1%
Protected 35% Protected 40.4%

represented within PA, rising to 29.69% + 0.11 with PA + OECMs
(Fig. S4). Gap analysis shows most species were categorized as *Gap’ or
"Protected’ with PA alone, but ’Partial gap’ or "Protected’ with PA +
OECMs (Table 1, Fig. 3). Despite the OECMs increased the representa-
tion target already achieved by the PA (Table 1, Fig. 3), most species
with distribution ranges < 125,000 km? did not meet representation
targets for either PA or PA + OECMs (Fig. 3. Table S9).

Unprotected

Landscapes with <50% remnant habitat represent 39.25% =+ 0.08 of
the study area (Fig. 4a), primarily in the northern Caribbean (except
Guajira and Sierra Nevada de Santa Marta) and Andean regions
(Fig. 4a). No clear pattern emerged between remnant habitat proportion
and species richness (Fig. 4b-c); however, 30% with the highest species
richness (50-60 and 60-70 species) overlapped with areas with < 50%
of the remaining habitat (Fig. 4c). At the species level, on average snakes
lost 31.16% =+ 0.17 of natural cover within their ranges and 42 species
experienced > 50% loss of natural cover within range.

The spatial prioritization analysis suggests that the priority areas for
conservation are mainly located in the Pacific, Orinoco, Amazonia, and
northern Caribbean regions (i.e., Guajira, Fig. 5). Regardless of the cell
removal rule (i.e., ABF or CAZ), we found that OECMs increased the
representation of priority areas. For example, the 5% priority rank, i.e.,
the most important cells for snake conservation, are represented by 24-
27% within the PA for ABF and CAZ, and 33-37% within PA + OECMs
for ABF and CAZ (Fig. S5).

a) b)

1.004 1.00 1
®
o
8 .75 0.75-
f =
i)
©
=
8 0.501 0.50 1
o
Q.
[
3
-3 0251 0.251
o &
jo N -
(%) ®

0.00 0.004 4

(') ZGObOO 500'000 750'000 100(')000 ('] 250'000 50()'000 750'000 1006000
Total area km2 Total area km2
Gap © Noprotected @ Partial gap Protected

Fig. 3. Relationship between each species’ total area of distribution (km?) and the proportion achieved of the representation targets for Colombian snake species.
Gap analysis with PA (a) and PA + OECMs (b). Each point represents a species, and black line represents the representation target for species distribution range size.

114



K.G. Rey Pulido and S.J.E. Velazco Perspectives in Ecology and Conservation 23 (2025) 110-120

a) b)
1004
—~ 754
g
10°N 4 : .5
5
g 501
0
<]
(-1
©
O 251
04
N I I
S PSP SN S
Richness class
c)
15000
k)
0°4 o]
o
S 10000+
S
b
o
Q
[S
=]
N I I
o m— I-
5°S T T T T T T T T T T T T T
78°W 76°W 74°W 72°W 70°W 68°W S S R &

Richness class

Fig. 4. Spatial patterns of remaining habitat in Colombia (a) and the relationship between the number of cells in relative (b) and absolute (c) terms for different
remaining habitat classes and snake richness classes. Darker colors in ‘a’ depict lower remaining habitat.

115



K.G. Rey Pulido and S.J.E. Velazco

COPA
[ OECMs

ABF
Not prioritized
[ 30%
I 20%
I 10%
I 5%

Perspectives in Ecology and Conservation 23 (2025) 110-120

] OECMs

CAZ
Not prioritized
79 30%
I 20%
Il 10%
I 5%

Fig. 5. Priority areas for snake conservation in Colombia based on ABF (a) and CAZ (b) removal rules and their relationship with PA and OECMs.

Discussion

Here, we explored the relationship between snake species richness,
priority areas for conservation, and representation targets with PA and
OECMs for 261 Colombian species. The Andean, Pacific and Amazon
regions host the highest snake richness. On average, 15% of species
ranges are within the PA, but this representation doubled with OECMs.
Gap analysis revealed that while OECMs increase the representation
already achieved by PA, most species with a distribution range
<125,000 km? do not meet the representation target. Finally, on
average, 24-27% and 33-37% of high-priority areas were within PA and
PA + OECMs, respectively.

Diversity patterns in Colombia

Colombia is recognized as a megadiverse territory and one of the 14
countries with the highest biodiversity worldwide (Correa, 2011). The
Pacific and Andean regions had the highest snake diversity, which also
stand out for their high diversity of other vertebrate groups (e.g., birds
and amphibians) (Pinto-Erazo et al., 2020; Vélez et al., 2021). Although
biogeographic processes explain the overall diversity of the Neotropics
and the Andes (Turchetto-Zolet et al., 2013), snake richness patterns
found in Colombia are understudied. We infer that snake richness in the
Andean region may be driven by topographic and climatic heterogeneity
that characterizes this region (Rangel, 2015, Rangel, 2010), as many
studies have found a positive relationship between environmental het-
erogeneity and species richness (e.g., Korner, 2000; Stein et al., 2014). In
contrast, high species richness in the Pacific region may be related to
climatic stability (Rangel and Arellano, 2004). Pacific region has a low
seasonality of precipitation and temperature, is characterized as one of
the rainiest places worldwide (Rangel and Arellano, 2004) and harbors
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high species endemism (Rangel, 2015). Similar to other groups, the
Amazon region also has considerable snake richness (Jenkins et al.,
2013; Zapata-Rios et al., 2022). It is presumed that the environmental
heterogeneity associated with the formation of the Andes and the fluc-
tuation of seasonal flooding in large alluvial river floodplains could have
promoted Amazon diversity (Zapata-Rios et al., 2022). Orinoquia and
Caribbean regions exhibit lower snake richness, despite their high plant
and vertebrate diversity (Jenkins et al., 2013). The lower richness to-
wards the eastern region of Colombia appears to be consistent with other
reptile and amphibian groups (IUCN, 2022a,b; Roll et al., 2017). How-
ever, the Colombian Amazon and Orinoquia present scarce species re-
cords (Suarez et al., 2021). Such data scarcity may be due to difficult
access and lack of road infrastructure, in addition to being strongly
affected by more than five decades of armed conflict (Cairo et al., 2018).
Further studies are necessary to clarify the environmental and historical
factors influencing these diversity patterns.

PA and OECMs network

Colombia’s PA and OECMs do not align with the highest snake
richness areas, which are mostly outside these conservation networks
(Figs. 1, 2). Such mismatch is consistent with amphibians and reptiles in
some Colombian regions (Calderon-Caro et al., 2022; Valencia-Zuleta
etal., 2014). Generally, PA suffer from different spatial bias types (Baldi
et al., 2017), leading to low PA connectivity and poor representation of
different ecosystems (Saura et al., 2017). Typically, PA are created in
areas with touristic value, unproductive, or remote locations (Baldi
et al., 2017; Phillips, 2007). Particularly Colombia’s PA network started
with the consolidation of some areas of economic interest, such as the
Valle del Cauca, to support the sugarcane industry (Lenis, 2014).
Although countries such as Colombia and Indonesia have described the
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limitations and challenges involved in OECMs (Atehorttia Arredondo
et al., 2023; Estradivari et al., 2022), there is currently no information
on their possible biases or effectiveness. However, expert consensus shed
light on the opportunities and challenges of implementing OECMs
(Alves-Pinto et al., 2021; Maini et al., 2023).

It has been repeatedly found that PA alone are not effective in rep-
resenting biodiversity, as seen globally in mammals (Brum et al., 2017)
and herpetofauna (Sanchez-Fernandez and Abellan, 2015). In the case of
Colombian snakes, it was no different. However, OECMs with PA
doubled the representation of snake species richness. The GAP analysis
showed that the categories "Partially GAP" and "Protected" also
increased their representation target by 20.3% and 5.4%, respectively,
for PA + OECMs. Therefore, OECMs play a crucial role in achieving
conservation goals in Colombia (Rodriguez-Rodriguez et al., 2021). At
the global level, OECMs can increase habitat connectivity and biodi-
versity representativeness (Alves-Pinto et al., 2021).

Remaining habitat and priority areas

In South America, agricultural areas have expanded rapidly over the
last 30 years (Eva et al., 2004; Sy et al., 2015). For example, Brazil lost
the most forest cover from 1985 to 2004, mainly due to agriculture (Sy
et al., 2015; Zalles et al., 2021). Bolivia and Peru have increased the
areas of anthropic uses (agriculture, livestock, and urbanization)
(MapBiomas, 2023, 2024). Although Colombia created policies focused
on the management and sustainable land-use (MinAmbiente, 2016,
2013), it is not different from other countries in the region, as it has lost
7.4% of its natural cover in the last three decades (Fundacion Gaia
Amazonas, 2023).

When exploring the patterns of the remaining habitat with the pat-
terns of species richness, we found that the areas with the highest species
richness were consistent with the areas with the lowest remaining
habitat, particularly in the Caribbean and parts of the Andean region
(Fig. 4a). Frequently, regions with low topographic heterogeneity, flat,
coastal, and low-elevation areas have the greatest urban and agricultural
development (Gao et al., 2023; Rose et al., 2023). The Caribbean region
is mainly composed of low and flat lands, and ports, industrial, and
agricultural activities are developed in this region (Meisel-Roca and
Pérez-Valbuena, 2006). The inter-Andean valleys of the Andean region
are mainly used for agriculture (DANE, 2024). Although we found no
clear pattern between species richness and remaining habitat, some
studies have highlighted a positive relationship (Suazo-Ortuno et al.,
2008; Torres-Romero and Olalla-Tarraga, 2015), whereas others have
highlighted a negative relationship between species richness and
remaining habitat (Da Silva et al., 2018; Velazco et al., 2023, 2019). The
presence of large regions with high species richness and high remaining
habitat in Colombia suggests that many areas still hold potential for
conservation efforts to protect snakes and other organism groups.

Priority areas for conservation are concentrated in the Pacific,
Amazon, Orinoco, and northern Caribbean regions. Although the over-
lap with PA was low, it increased with the inclusion of the OECMs
(Fig. S5). The largest number of communities and indigenous lands in
the country are found in the northern Caribbean, Orinoco, and Amazon
regions (DANE, 2012), in addition, the Pacific, Amazon, and Orinoco are
regions with the highest proportion of natural cover (Fundacion Gaia
Amazonas, 2023). These regions represent an opportunity to identify
new OECMs that, together with governmental actions will contribute to
consolidating more ambitious conservation goals (Shiono et al., 2021).
Biodiversity and cultural diversity are interconnected, and healthy
ecosystems are the basis for the existence of indigenous peoples and
local communities (Levis et al., 2024). Therefore, identifying new
OECMs may represent an opportunity to transform conservation policies
and practices and to recognize the contributions of indigenous peoples
and local communities. (Jonas et al., 2017; Levis et al., 2024). OECMs
are changing the paradigm regarding conserving biodiversity, as they
generate more inclusive and representative systems that evidence
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multiple strategies, actors, and institutional governance arrangements at
the local scale (Jonas et al., 2014).

Limitations

To our knowledge, few studies have evaluated the contribution of
OECMs to Neotropics biodiversity conservation. Unfortunately, our
work suffers from some limitations; for example, gaps persist in snake
records in this country, coupled with the poor model performance of
some species, leading to the exclusion of 48 species from our analysis.
Another limitation is that our analysis not consider the capacity of some
species to persist in disturbed areas. Here, we constructed SDMs based
on correlative algorithms omitting biotic interactions and species
dispersal abilities that could refine distribution estimates (Soberon et al.,
2017). Given the recent global implementation of OECMs, there are still
no records of their long-term effectiveness (Alves-Pinto et al., 2021).

Conclusion

Colombia’s highest snake richness regions were in the Andean, Pa-
cific, and Amazon regions, which is consistent with other vertebrate
groups. The largest areas with the least remaining snake habitats were
the Caribbean and Andean regions. Based on species representativeness,
Gap analysis, and overlap with priority areas, we found that OECMs
contribute to the snakes’ protection and complement PA. Finally, we
highlight that the priority areas for conservation were concentrated in
the Pacific, Orinoco, Amazon, and portions of the Caribbean regions,
which are characterized by the greatest extension of natural cover,
which could represent opportunities to establish new OECMs.

CRediT authorship contribution statement

KGRP: Conceptualization, Software Resources, Methodology, Inves-
tigation, Data curation, Writing - Original Draft. SJEV: Conceptualiza-
tion, Software Resources, Methodology, Writing - Review & Editing.

Funding

KGRP was supported by PROBIU (Programa de Bolsa Institucional da
Universidade Federal da Integragao LatinoAmericana) scholarship. SJEV
thanks FONCyT, Agencia de Ciencia y Tecnologia, Ministerio de Ciencia
y Tecnologia de Argentina (PICTO-2022-10-00097)

Declaration of competing interest

All authors of this manuscript declare that they have no conflicts of
interest that could inappropriately influence or bias the content of this
research. We have no financial, personal, or professional affiliations or
relationships that could be perceived as conflicts of interest in the
context of this work.

Data statement
Occurrences record datasets are available at doi: www.doi.org

/10.6084/m9.figshare.28344461. Codes used to create species distri-
bution models, perform spatial conservation prioritization, and perform

analyses is available at doi: www.doi.org/10.6084/m9.figshare
.28746371.
Acknowledgements

We thank M.B. Rose, G. Tessarolo, P. Lowenberg Neto, and M. Var-
ajao Garey for commenting on an earlier draft of this manuscript. SJEV
thanks the Center for Open Geographical Science (COGS), Department
of Geography, at San Diego State University for the research support. We
also acknowledge to Atlantic Forest Biodiversity Observatory from the


http://www.doi.org/10.6084/m9.figshare.28344461
http://www.doi.org/10.6084/m9.figshare.28344461
http://www.doi.org/10.6084/m9.figshare.28746371
http://www.doi.org/10.6084/m9.figshare.28746371

K.G. Rey Pulido and S.J.E. Velazco

Instituto de Biologia Subtropical (UNaM CONICET) for computing re-
sources provided.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.pecon.2025.04.002.

References

Adams, C.S., Saenz, D., Mullin, S.J., Kidd, K.R., Schalk, C.M., 2024. The influence of
management practice on the snakes in forest food webs. Herpetol. Monogr. 38,
53-73. https://doi.org/10.1655/HERPMONOGRAPHS-D-23-00001.1.

Alves-Pinto, H., Geldmann, J., Jonas, H., Maioli, V., Balmford, A., Ewa Latawiec, A.,
Crouzeilles, R., Strassburg, B., 2021. Opportunities and challenges of other effective
area-based conservation measures (OECMs) for biodiversity conservation. Perspect.
Ecol. Conserv. 19, 115-120. https://doi.org/10.1016/j.pecon.2021.01.004.

Amatulli, G., McInerney, D., Sethi, T., Strobl, P., Domisch, S., 2020. Geomorpho90m,
empirical evaluation and accuracy assessment of global high-resolution
geomorphometric layers. Sci. Data 7, 162. https://doi.org/10.1038/541597-020-
0479-6.

Andrade, G.I., Castro, L.G., 2012. Degradacion, pérdida y transformacion de la
biodiversidad continental en Colombia Invitacién a una interpretacion
socioecoldgica. Ambient. Desarro. 16, 53-54.

Atehorttia Arredondo, C., Gonzalez Fabra, Y., Ocampo Jaramillo, A.C., 2023. Retos para
la implementacién de otras medidas de conservacién (OMEC) en Colombia. Justicia
28, 125-136. https://doi.org/10.17081/just.28.43.5726.

Baker, D.J., Maclean, I.LM.D., Goodall, M., Gaston, K.J., 2022. Correlations between
spatial sampling biases and environmental niches affect species distribution models.
Global Ecol. Biogeogr. 31, 1038-1050. https://doi.org/10.1111/geb.13491.

Baldi, G., Texeira, M., Martin, O.A., Grau, H.R., Jobbagy, E.G., 2017. Opportunities drive
the global distribution of protected areas. PeerJ 5, €2989. https://doi.org/10.7717/
peer;j.2989.

Barve, N., Barve, V., Jiménez-Valverde, A., Lira-Noriega, A., Maher, S.P., Peterson, A.T.,
Soberén, J., Villalobos, F., 2011. The crucial role of the accessible area in ecological
niche modeling and species distribution modeling. Ecol. Modell. 222, 1810-1819.
https://doi.org/10.1016/j.ecolmodel.2011.02.011.

BioModelos [WWW Document], 2023. http://biomodelos.humboldt.org.co/.

Brum, F.T., Graham, C.H., Costa, G.C., Hedges, S.B., Penone, C., Radeloff, V.C.,
Rondinini, C., Loyola, R., Davidson, A.D., 2017. Global priorities for conservation
across multiple dimensions of mammalian diversity. Proc. Natl. Acad. Sci. U.S.A.
114, 7641-7646. https://doi.org/10.1073/pnas.1706461114.

Cairo, H., Oslender, U., Piazzini Suarez, C.E., Rios, J., Koopman, S., Montoya Arango, V.,
Rodriguez Munoz, F.B., Zambrano Quintero, L., 2018. “Territorial Peace™: the
emergence of a concept in Colombia’s peace negotiations. Geopolitics 23, 464-488.
https://doi.org/10.1080/14650045.2018.1425110.

Caldero6n-Caro, J., Benavides, A.M., Calder6n-Caro, J., Benavides, A.M., 2022.
Deforestacion y fragmentacion en las areas mas biodiversas de la Cordillera
Occidental de Antioquia (Colombia). Biota Colombiana 23. https://doi.org/
10.21068/2539200x.942.

Campbell, K.R., Campbell, T.S., 2001. The accumulation and effects of environmental
contaminants on snakes: a review. Environ. Monit. Assess. 70, 253-301.

CBD, 2010. Plan Estratégico para la Diversidad Bioldgica 2011-2020.

CBD, 2018. Protected areas and other effective area-based conservation measures.
Decision Adopted by the Conference of the Parties to the Convention on Biological
Diversity 14/8.

CBD, 2021. First Draft of the Post-2020 Global Biodiversity Framework.

CBD, 2022. Kunming-montreal global biodiversity framework. Decision Adopted by the
Conference of the Parties to the Convention on Biological Diversity 15/4.

Cook, C.N., 2024. Progress developing the concept of other effective area-based
conservation measures. Conserv. Biol. 38, e14106. https://doi.org/10.1111/
cobi.14106.

Correa, M.A., 2011. Estado del conocimiento de la biodiversidad en Colombia y sus
amenazas. Consideraciones para fortalecer la interaccion ciencia-politica. Rev. Acad.
Colomb. Cienc. Exactas Fis. Nat. 35, 491-507.

Cox, N., et al., 2022. A global reptile assessment highlights shared conservation needs of
tetrapods. Nature 605, 285-290. https://doi.org/10.1038/541586-022-04664-7.

Da Silva, U.B.T., Delgado-Jaramillo, M., de Souza Aguiar, L.M., Bernard, E., 2018.
Species richness, geographic distribution, pressures, and threats to bats in the
Caatinga drylands of Brazil. Biol. Conserv. 221, 312-322. https://doi.org/10.1016/j.
biocon.2018.03.028.

DANE, 2012. 1.2.3. Territorios constituidos por comunidades étnicas. [WWW
Document]. https://geoportal.dane.gov.co/servicios/atlas-estadistico/src/Tomo
_I Demografico/1.2.3.-territorios-constituidos-por-comunidades-%C3%A9tnicas.
html.

DANE, 2024. 2.3.1. Poblacién en la region Andina. [WWW Document]. https://geoportal
.dane.gov.co/servicios/atlas-estadistico/src/Tomo_I_Demografico/2.3.1.-poblaci%
¢3%Db3n-en-la-regi%c3%b3n-andina.html.

De Marco, P., Nobrega, C.C., 2018. Evaluating collinearity effects on species distribution
models: an approach based on virtual species simulation. PLoS One 13, €0202403.
https://doi.org/10.1371/journal.pone.0202403.

Di Minin, E.D., Veach, V., Lehtomaki, J., Pouzols, F.M., Moilanen, A., 2014. A Quick
Introduction to Zonation.

118

Perspectives in Ecology and Conservation 23 (2025) 110-120

Dinerstein, E., et al., 2019. A global deal for nature: guiding principles, milestones, and
targets. Sci. Adv. 5, eaaw2869. https://doi.org/10.1126/sciadv.aaw2869.

Domisch, S., Friedrichs, M., Hein, T., Borgwardt, F., Wetzig, A., Jahnig, S.C., Langhans, S.
D., 2019. Spatially explicit species distribution models: a missed opportunity in
conservation planning? Divers. Distrib. 25, 758-769. https://doi.org/10.1111/
ddi.12891.

Estradivari, Agung, M.F., et al., 2022. Marine conservation beyond MPAs: towards the
recognition of other effective area-based conservation measures (OECMs) in
Indonesia. Mar. Policy 137, 104939. https://doi.org/10.1016/j.
marpol.2021.104939.

Eva, H.D., Belward, A.S., De Miranda, E.E., Di Bella, C.M., Gond, V., Huber, O., Jones, S.,
Sgrenzaroli, M., Fritz, S., 2004. A land cover map of South America. Glob. Change
Biol. 10, 731-744. https://doi.org/10.1111/j.1529-8817.2003.00774.x.

Figgis, P., Mackey, B., Fitzsimons, J., Irving, J., Clarke, P., 2015. Valuing Nature
Protected Areas and Ecosystem Services. Australian Committee for ITUCN.

Frederico, R.G., Zuanon, J., De Marco, P., 2018. Amazon protected areas and its ability to
protect stream-dwelling fish fauna. Biol. Conserv. 219, 12-19. https://doi.org/
10.1016/j.biocon.2017.12.032.

Fundacién Gaia Amazonas, 2023. Proyecto Mapbiomas Colombia Coleccién 1.0 - Mapeo
Anual de Cobertura y Uso del Suelo. Regiones de Colombia [WWW Document]. http
s://colombia.mapbiomas.org/wp-content/uploads/sites/3/2023/11/2.-FactSheet
_Mapbiomas-BIOMAS-DE-COLOMBIA. pdf.

Galvis, C., et al., 2016. Libro rojo de reptiles de Colombia (2015), instname. Instituto de
Investigacion de Recursos Biologicos Alexander von Humboldt.

Gao, Y., Shen, Z., Liy, Y., Yu, C., Cui, L., Song, C., 2023. Optimization of differentiated
regional land development patterns based on urban expansion simulation—a case in
China. Growth Change 54, 45-73. https://doi.org/10.1111/grow.12637.

Gibbons, W., Scott, D., Ryan, T., Buhlmann, K., Tuberville, T., Metts, B., Greene, J.,
Mills, T., Leiden, Y., Poppy, S., Winne, C., 2000. The global decline of reptiles, Deja
Vu Amphibians. BioScience 50, 653-666.

Gomes, L.B., Gongalves, G.R., Velazco, S.J.E., de Moraes, K.F., Marques Neto, O.P.,
Santos, Fda S., Santos, M.P.D., Lima, M.G.M., 2024. Conservation challenges for
Brazilian primates and the role of protected areas in a changing climate. Sci. Rep. 14,
31356. https://doi.org/10.1038/541598-024-82717-9.

Hengl, T., et al., 2017. SoilGrids250m: global gridded soil information based on machine
learning. PLoS One 12, e0169748. https://doi.org/10.1371/journal.pone.0169748.

IDEAM-UNAL, 2018. In: Bogotd, D.C. (Ed.), Variabilidad Climatica y Cambio Climatico
en Colombia, Primera. Colombia.

TUCN, R.L. 2022-2, 2022a. Amphibians Species Richness 2022 [WWW Document]. https
://nc.iucnredlist.org/redlist/content/attachment _files/Amphibians_SR_2022.pdf.

IUCN, R.L. 2022-2, 2022b. Reptiles Species Richness 2022 [WWW Document]. https
://nc.iucnredlist.org/redlist/content/attachment _files/Reptiles SR_2022.pdf.

TUCN-WCPA Task Force on OECMs, 2019. Recognising and Reporting Other Effective
Area-Based Conservation Measures. IUCN. https://doi.org/10.2305/IUCN.CH.2019.
PATRS.3.en.

Jarvis, A., Guevara, E., Reuter, H.I., Nelson, A.D., 2008. Hole-Filled SRTM for the Globe:
Version 4: Data Grid.

Jenkins, C.N., Pimm, S.L., Joppa, L.N., 2013. Global patterns of terrestrial vertebrate
diversity and conservation. Proc. Natl. Acad. Sci. U. S. A. 110, E2602-E2610.
https://doi.org/10.1073/pnas.1302251110.

Jonas, H.D., Barbuto, V., Jonas, H.C., Kothari, A., Nelson, F., 2014. New steps of change:
looking beyond protected areas to consider other effective area-based conservation
measures. PARKS 20, 111-128. https://doi.org/10.2305/IUCN.CH.2014.PARKS-20-
2.HDJ.en.

Jonas, H.D., Lee, E., Jonas, Holly, Matallana-Tobon, C., Wright, K., Nelson, F., Ens, E.,
2017. Will “other effective area-based conservation measures” increase recognition
and support for ICCAs? Parks 23, 63-78. https://doi.org/10.2305/IUCN.CH.2017.
PARKS-23-2HDJ.en.

Jonas, H.D., et al., 2024. Global status and emerging contribution of other effective area-
based conservation measures (OECMs) towards the ‘30x30’ biodiversity Target 3.
Front. Conserv. Sci 5. https://doi.org/10.3389/fcosc.2024.1447434.

Karger, D.N., Conrad, O., Béhner, J., Kawohl, T., Kreft, H., Soria-Auza, R.W.,
Zimmermann, N.E., Linder, H.P., Kessler, M., 2017. Climatologies at high resolution
for the earth’s land surface areas. Sci. Data 4, 170122. https://doi.org/10.1038/
sdata.2017.122.

Korner, C., 2000. Why are there global gradients in species richness? mountains might
hold the answer. Trends Ecol. Evol. 15, 513-514. https://doi.org/10.1016/50169-
5347(00)02004-8.

Kukkala, A.S., Moilanen, A., 2013. Core concepts of spatial prioritisation in systematic
conservation planning. Biol. Rev. 88, 443-464. https://doi.org/10.1111/brv.12008.

Lehikoinen, P., Tiusanen, M., Santangeli, A., Rajasarkka, A., Jaatinen, K., Valkama, J.,
Virkkala, R., Lehikoinen, A., 2021. Increasing protected area coverage mitigates
climate-driven community changes. Biol. Conserv. 253, 108892. https://doi.org/
10.1016/j.biocon.2020.108892.

Lenis, Y.R., 2014. La historia de las areas protegidas en Colombia, sus firmas de gobierno
y las alternativas para la gobernanza. Soc. Econ. 155-175.

Levis, C., et al., 2024. Contributions of human cultures to biodiversity and ecosystem
conservation. Nat Ecol Evol. https://doi.org/10.1038/541559-024-02356-1.

Lourenco-de-Moraes, R., Lansac-Toha, F.M., Schwind, L.T.F., Arrieira, R.L., Rosa, R.R.,
Terribile, L.C., Lemes, P., Rangel, T., Diniz-Filho, J.A.F., Bastos, R.P., Bailly, D.,
2019. Climate change will decrease the range size of snake species under negligible
protection in the Brazilian Atlantic Forest hotspot. Sci. Rep. 9, 8523. https://doi.org/
10.1038/541598-019-z.

Lynch, J.D., 2012. El Contexto de las Serpientes de Colombia con un Analisis de las
Amenazas en Contra de su Conservacion.


https://doi.org/10.1016/j.pecon.2025.04.002
https://doi.org/10.1655/HERPMONOGRAPHS-D-23-00001.1
https://doi.org/10.1016/j.pecon.2021.01.004
https://doi.org/10.1038/s41597-020-0479-6
https://doi.org/10.1038/s41597-020-0479-6
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0020
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0020
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0020
https://doi.org/10.17081/just.28.43.5726
https://doi.org/10.1111/geb.13491
https://doi.org/10.7717/peerj.2989
https://doi.org/10.7717/peerj.2989
https://doi.org/10.1016/j.ecolmodel.2011.02.011
http://biomodelos.humboldt.org.co/
https://doi.org/10.1073/pnas.1706461114
https://doi.org/10.1080/14650045.2018.1425110
https://doi.org/10.21068/2539200x.942
https://doi.org/10.21068/2539200x.942
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0065
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0065
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0070
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0075
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0075
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0075
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0080
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0085
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0085
https://doi.org/10.1111/cobi.14106
https://doi.org/10.1111/cobi.14106
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0095
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0095
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0095
https://doi.org/10.1038/s41586-022-04664-7
https://doi.org/10.1016/j.biocon.2018.03.028
https://doi.org/10.1016/j.biocon.2018.03.028
https://geoportal.dane.gov.co/servicios/atlas-estadistico/src/Tomo_I_Demografico/1.2.3.-territorios-constituidos-por-comunidades-%C3%A9tnicas.html
https://geoportal.dane.gov.co/servicios/atlas-estadistico/src/Tomo_I_Demografico/1.2.3.-territorios-constituidos-por-comunidades-%C3%A9tnicas.html
https://geoportal.dane.gov.co/servicios/atlas-estadistico/src/Tomo_I_Demografico/1.2.3.-territorios-constituidos-por-comunidades-%C3%A9tnicas.html
https://geoportal.dane.gov.co/servicios/atlas-estadistico/src/Tomo_I_Demografico/2.3.1.-poblaci%c3%b3n-en-la-regi%c3%b3n-andina.html
https://geoportal.dane.gov.co/servicios/atlas-estadistico/src/Tomo_I_Demografico/2.3.1.-poblaci%c3%b3n-en-la-regi%c3%b3n-andina.html
https://geoportal.dane.gov.co/servicios/atlas-estadistico/src/Tomo_I_Demografico/2.3.1.-poblaci%c3%b3n-en-la-regi%c3%b3n-andina.html
https://doi.org/10.1371/journal.pone.0202403
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0125
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0125
https://doi.org/10.1126/sciadv.aaw2869
https://doi.org/10.1111/ddi.12891
https://doi.org/10.1111/ddi.12891
https://doi.org/10.1016/j.marpol.2021.104939
https://doi.org/10.1016/j.marpol.2021.104939
https://doi.org/10.1111/j.1529-8817.2003.00774.x
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0150
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0150
https://doi.org/10.1016/j.biocon.2017.12.032
https://doi.org/10.1016/j.biocon.2017.12.032
https://colombia.mapbiomas.org/wp-content/uploads/sites/3/2023/11/2.-FactSheet_Mapbiomas-BIOMAS-DE-COLOMBIA.pdf
https://colombia.mapbiomas.org/wp-content/uploads/sites/3/2023/11/2.-FactSheet_Mapbiomas-BIOMAS-DE-COLOMBIA.pdf
https://colombia.mapbiomas.org/wp-content/uploads/sites/3/2023/11/2.-FactSheet_Mapbiomas-BIOMAS-DE-COLOMBIA.pdf
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0165
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0165
https://doi.org/10.1111/grow.12637
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0175
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0175
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0175
https://doi.org/10.1038/s41598-024-82717-9
https://doi.org/10.1371/journal.pone.0169748
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0190
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0190
https://nc.iucnredlist.org/redlist/content/attachment_files/Amphibians_SR_2022.pdf
https://nc.iucnredlist.org/redlist/content/attachment_files/Amphibians_SR_2022.pdf
https://nc.iucnredlist.org/redlist/content/attachment_files/Reptiles_SR_2022.pdf
https://nc.iucnredlist.org/redlist/content/attachment_files/Reptiles_SR_2022.pdf
https://doi.org/10.2305/IUCN.CH.2019.PATRS.3.en
https://doi.org/10.2305/IUCN.CH.2019.PATRS.3.en
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0210
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0210
https://doi.org/10.1073/pnas.1302251110
https://doi.org/10.2305/IUCN.CH.2014.PARKS-20-2.HDJ.en
https://doi.org/10.2305/IUCN.CH.2014.PARKS-20-2.HDJ.en
https://doi.org/10.2305/IUCN.CH.2017.PARKS-23-2HDJ.en
https://doi.org/10.2305/IUCN.CH.2017.PARKS-23-2HDJ.en
https://doi.org/10.3389/fcosc.2024.1447434
https://doi.org/10.1038/sdata.2017.122
https://doi.org/10.1038/sdata.2017.122
https://doi.org/10.1016/S0169-5347(00)02004-8
https://doi.org/10.1016/S0169-5347(00)02004-8
https://doi.org/10.1111/brv.12008
https://doi.org/10.1016/j.biocon.2020.108892
https://doi.org/10.1016/j.biocon.2020.108892
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0255
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0255
https://doi.org/10.1038/s41559-024-02356-1
https://doi.org/10.1038/s41598-019--z
https://doi.org/10.1038/s41598-019--z
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0270
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0270

K.G. Rey Pulido and S.J.E. Velazco

Lynch, J.D., Angarita Sierra, T., Ruiz Gémez, 2014. Programa Nacional para la
Conservacion de las Serpientes Presentes en Colombia. Instituto de Ciencias
Naturales; Instituto Nacional de Salud, MinAmbiente, Bogota D. C., Colombia.

Maini, B., Blythe, J.L., Darling, E.S., Gurney, G.G., 2023. Charting the value and limits of
other effective conservation measures (OECMs) for marine conservation: a Delphi
study. Mar. Policy 147, 105350. https://doi.org/10.1016/j.marpol.2022.105350.

Maldonado, C., Molina, C.I., Zizka, A., Persson, C., Taylor, C.M., Alban, J., Chilquillo, E.,
Rensted, N., Antonelli, A., 2015. Estimating species diversity and distribution in the
era of Big Data: to what extent can we trust public Databases? Global Ecol. Biogeogr.
24, 973-984. https://doi.org/10.1111/geb.12326.

Mancini, G., Santini, L., Cazalis, V., Akcakaya, H.R., Lucas, P.M., Brooks, T.M.,

Foden, W., Di Marco, M., 2024. A standard approach for including climate change
responses in IUCN Red List assessments. Conserv. Biol. 38, e14227. https://doi.org/
10.1111/cobi.14227.

MapBiomas, B., 2023. Proyecto MapBiomas Bolivia-Coleccién 1.0 de la serie Anual de
Mapas de Cobertura y Uso del Suelo en Bolivia [WWW Document]. Google Docs.
https://drive.google.com/file/d/1T0gJqsonPXJetQgvlylIN2157k-fViMnd/view?
usp=embed_facebook.

MapBiomas, P., 2024. Proyecto Mapbiomas Perti - Mapa Anual de Cobertura y uso de la
tierra en la Perti-Coleccién 2.0 [WWW Document]. https://peru.mapbiomas.org/
wp-content/uploads/sites/14/2024,/02/1_ES_FactSheet Mapbiomas_Peru_2.0-1
080x1080px.pdf.

Margules, C.R., Pressey, R.L., 2000. Systematic conservation planning. Nature 405,
243-253. https://doi.org/10.1038/35012251.

Meisel-Roca, A., Pérez-Valbuena, G.J., 2006. Geografia fisica y poblamiento en la Costa
Caribe colombiana. Banco de la Reptiblica, Bogotd, Colombia. https://doi.org/
10.32468/dtseru.73.

Mendes, P., Velazco, S.J.E., de Andrade, A.F.A., De Marco, P., 2020. Dealing with
overprediction in species distribution models: how adding distance constraints can
improve model accuracy. Ecol. Modell. 431, 109180. https://doi.org/10.1016/j.
ecolmodel.2020.109180.

MinAmbiente, 2013. Politica Nacional para la Gestion Integral Ambiental del Suelo
(GIAS). Ministerio de Ambiente y Desarrollo Sostenible, Bogota D. C., Colombia.

MinAmbiente, 2016. Politica para la Gestion Sostenible del Suelo. Ministerio de
Ambiente y Desarrollo Sostenible, Bogota D. C., Colombia.

Moilanen, A., Franco, A.M.A,, Early, R.I., Fox, R., Wintle, B., Thomas, C.D., 2005.
Prioritizing multiple-use landscapes for conservation: methods for large multi-
species planning problems. Proc. Biol. Sci. 272, 1885-1891. https://doi.org/
10.1098/1rspb.2005.3164.

Moilanen, A., Pouzols, F.M., Meller, L., Veach, V., Arponen, A., Leppanen, J., Kujala, H.,
2014. Zonation: Spatial Conservation Planning Methods and Software: Version 4:
User Manual. University of Helsinki, Helsinki.

Munévar, C., Ramirez, M., 2021. El Sistema Nacional de Areas Protegidas en Colombia.
Desarrollos conceptuales desde la doctrina socio-juridica y ambiental. Juridicas 18,
261-280. https://doi.org/10.17151 /jurid.2021.18.2.15.

Murillo-Sandoval, P., Hilker, T., Krawchuk, M., Van Den Hoek, J., 2018. Detecting and
attributing drivers of forest disturbance in the Colombian Andes using Landsat time-
series. Forests 9, 269. https://doi.org/10.3390/f9050269.

Oliveira, A.L., Viegas, M.F., da Silva, S.L., Soares, A.M., Ramos, M.J., Fernandes, P.A.,
2022. The chemistry of snake venom and its medicinal potential. Nat. Rev. Chem. 6,
451-469. https://doi.org/10.1038/5s41570-022-00393-7.

Oliveira-Dalland, L.G., Alencar, L.R.V., Tambosi, L.R., Carrasco, P.A., Rautsaw, R.M.,
Sigala-Rodriguez, J., Scrocchi, G., Martins, M., 2022. Conservation gaps for
Neotropical vipers: mismatches between protected areas, species richness and
evolutionary distinctiveness. Biol. Conserv. 275, 109750. https://doi.org/10.1016/].
biocon.2022.109750.

Palacio, G., Gonzalez, J.M., Yepes, F., Carrizosa, J., Palacio, L.C., Montoya, C.,
Marquez, G., 2001. Naturaleza en Disputa. Ensayos de Historia Ambiental en
Colombia 1850-1995. Universidad Nacional de Colombia.

Phillips, A., 2007. A Short History of the International System of Protected Areas
Management Categories.

Pimenta, M., de Andrade, A.F.A., Fernandes, F.H.S., de Melo Amboni, M.P., Almeida, R.
S., de Bello Soares, A.H.S., Falcon, G.B., Raices, D.S.L., De Marco Jtnior, P., 2022.
One size does not fit all: priority areas for real world problems. Ecol. Modell. 470,
110013. https://doi.org/10.1016/j.ecolmodel.2022.110013.

Pinto-Erazo, M.A., Calderdn Espinosa, M.L., Medina Rangel, G.F., Méndez Galeano, M.A.,
Pinto-Erazo, M.A., Calder6n Espinosa, M.L., Medina Rangel, G.F., Méndez
Galeano, M.A., 2020. Herpetofauna from two municipalities of southwestern
Colombia. Biota 21, 41-57. https://doi.org/10.21068/c2020.v21n01a04.

Pirela-Rios, A., Junca, J.J., Triana-Angel, N., Burkart, S., 2023. ;Qué pasa con la
Deforestacion Cuando ‘Acaba’ el Conflicto? Evidencia de la Implementacion del
Acuerdo de Paz en Colombia.

Qiao, H., Soberdn, J., Peterson, A.T., 2015. No silver bullets in correlative ecological
niche modelling: insights from testing among many potential algorithms for niche
estimation. Methods Ecol. Evol. 6, 1126-1136. https://doi.org/10.1111/2041-
210X.12397.

Rangel, J.O., 2010. In: Bogota, D.C. (Ed.), Colombia Diversidad Bidtica I, 1st ed.
Colombia.

Rangel, J.O., 2015. La Biodiversidad de Colombia: Significado y Distribuciéon Regional.
https://doi.org/10.18257 /raccefyn.136.

Rangel, J.O., Arellano, P.H., 2004. Clima del Chocé Biogeografico/Costa pacifica de
Colombia.

Reiserer, R.S., Schuett, G.W., Greene, H.W., 2018. Seed ingestion and germination in
rattlesnakes: overlooked agents of rescue and secondary dispersal. Proc. R. Soc. B
Biol. Sci. 285, 20172755. https://doi.org/10.1098/rspb.2017.2755.

119

Perspectives in Ecology and Conservation 23 (2025) 110-120

Ribeiro, B.R., Velazco, S.J.E., Guidoni-Martins, K., Tessarolo, G., Jardim, L., Bachman, S.
P., Loyola, R., 2022. bdc: A toolkit for standardizing, integrating and cleaning
biodiversity data. Methods Ecol. Evol. 13, 1421-1428. https://doi.org/10.1111/
2041-210X.13868.

Rodrigues, A.S.L., et al., 2004. Global gap analysis: priority regions for expanding the
global protected-area network. BioScience 54, 1092-1100. https://doi.org/10.1641/
0006-3568(2004)054[1092:GGAPRF]2.0.CO;2.

Rodriguez-Rodriguez, D., Sanchez-Espinosa, A., Abdul Malak, D., 2021. Potential
contribution of OECMs to international area-based conservation targets in a
biodiversity rich country, Spain. J. Nat. Conserv. 62, 126019. https://doi.org/
10.1016/j.jnc.2021.126019.

Roll, U., et al., 2017. The global distribution of tetrapods reveals a need for targeted
reptile conservation. Nat. Ecol. Evol. 1, 1677-1682. https://doi.org/10.1038/
s41559-017-0332-2.

Rose, M.B., Velazco, S.J.E., Regan, H.M., Franklin, J., 2023. Rarity, geography, and plant
exposure to global change in the California Floristic Province. Glob. Ecol. Biogeogr.
32, 218-232. https://doi.org/10.1111/geb.13618.

Salafsky, N., Mejia Cortez, P., de Meyer, K., Dudley, N., Klimmek, H., Lewis, A.,
MacRae, D., Mitchell, B.A., Redford, K.H., Sharma, M., 2024. A standard lexicon of
terms for area-based conservation version 1.0. Conserv. Biol. 38, €14269. https://
doi.org/10.1111/cobi.14269.

Sanchez-Fernandez, D., Abellan, P., 2015. Using null models to identify under-
represented species in protected areas: a case study using European amphibians and
reptiles. Biol. Conserv. 184, 290-299. https://doi.org/10.1016/j.
biocon.2015.02.006.

Santamaria, M., Castillo, S., Cely, A., Galan, S., Matallana, C., Echeverry, J., Barona, A.,
Zambrano, H., Cortés, J., 2021. OMEC: una apuesta que reconoce otras formas de
conservar | Biodiversidad 2021 [WWW Document]. http://reporte.humboldt.org.co/
biodiversidad/2021/cap4/405/.

Saura, S., Bastin, L., Battistella, L., Mandrici, A., Dubois, G., 2017. Protected areas in the
world’s ecoregions: how well connected are they? Ecol. Indic. 76, 144-158. https://
doi.org/10.1016/j.ecolind.2016.12.047.

Sayre, R., et al., 2020. An assessment of the representation of Ecosystems in global
protected areas using new maps of World Climate Regions and World Ecosystems.
Glob. Ecol. Conserv. 21, e00860. https://doi.org/10.1016/j.gecco.2019.e00860.

Shine, R., Dunstan, N., Abraham, J., Mirtschin, P., 2024. Why Australian farmers should
not kill venomous snakes. Anim. Conserv. 27, 415-425. https://doi.org/10.1111/
acv.12925.

Shiono, T., Kubota, Y., Kusumoto, B., 2021. Area-based conservation planning in Japan:
the importance of OECMs in the post-2020 global biodiversity framework. Glob.
Ecol. Conserv. 30, e01783. https://doi.org/10.1016/j.gecco.2021.e01783.

SIB Col, 2023. WWW Document]. Catédlogo de la biodiversidad. https://catalogo.
biodiversidad.co/.

SINAP, 2023. Sinap - Parques Nacionales Naturales de Colombia [WWW Document].
sinap.parquesnacionales. https://test-sinap.parquesnacionales.gov.co/categorias.

Sober6n, J., Osorio-Olvera, L., Peterson, T., 2017. Diferencias conceptuales entre
modelacién de nichos y modelacién de dreas de distribucion. Rev. Mex. Biodivers.
88, 437-441. https://doi.org/10.1016/j.rmb.2017.03.011.

Stein, A., Gerstner, K., Kreft, H., 2014. Environmental heterogeneity as a universal driver
of species richness across taxa, biomes and spatial scales. Ecol. Lett. 17, 866-880.
https://doi.org/10.1111/ele.12277.

Sudrez, A., Ramirez-Chaves, H., Noguera-Urbano, E., Veldsquez-Tibata, J., Gonzalez-
Maya, J., Lizcano, D., 2021. Vacios de informacién espacial sobre la riqueza de
mamiferos terrestres continentales de Colombia. Caldasia 43. https://doi.org/
10.15446/caldasia.v43n2.85443.

Suazo-Ortuno, 1., Alvarado-Diaz, J., Martinez-Ramos, M., 2008. Effects of conversion of
dry tropical forest to agricultural mosaic on herpetofaunal assemblages. Conserv.
Biol. 22, 362-374. https://doi.org/10.1111/j.1523-1739.2008.00883.x.

Sy, V.D., Herold, M., Achard, F., Beuchle, R., Clevers, J.G.P.W., Lindquist, E., Verchot, L.,
2015. Land use patterns and related carbon losses following deforestation in South
America. Environ. Res. Lett. 10, 124004. https://doi.org/10.1088/1748-9326/10/
12/124004.

Thomas, et al., 2012. Protected areas facilitate species’ range expansions. Proc. Natl.
Acad. Sci. U. S. A. 109, 14063-14068. https://doi.org/10.1073/pnas.1210251109.

Title, P.O., et al., 2024. The macroevolutionary singularity of snakes. Science 383,
918-923. https://doi.org/10.1126/science.adh2449.

Torres-Romero, E.J., Olalla-Tarraga, M.A., 2015. Untangling human and environmental
effects on geographical gradients of mammal species richness: a global and regional
evaluation. J. Anim. Ecol. 84, 851-860. https://doi.org/10.1111/1365-2656.12313.

Turchetto-Zolet, A.C., Pinheiro, F., Salgueiro, F., Palma-Silva, C., 2013.
Phylogeographical patterns shed light on evolutionary process in South America.
Mol. Ecol. 22, 1193-1213. https://doi.org/10.1111/mec.12164.

Uetz, P., Freed, P., Aguilar, R., Reyes, F., Kudera, J., Hosek, J., 2023. Search results | The
Reptile Database [WWW Document]. https://reptile-database.reptarium.cz/adva
nced_search?taxon=snake&location=Colombia&submit=Search.

Ugochukwu, I.C.I., Mendoza-Roldan, J.A., Rhimi, W., Miglianti, M., Odigie, A.E.,
Mosca, A., Filippi, E., Montinaro, G., Otranto, D., Cafarchia, C., 2024. Snakes as
sentinel of zoonotic yeasts and bio-indicators of environmental quality. Sci. Rep. 14,
22491. https://doi.org/10.1038/5s41598-024-73195-0.

UNEP-WCMC, 2024. Protected Area Profile for Colombia from the World Database on
Protected AreasAvailable [WWW Document]. Protected Planet. www.
protectedplanet.net.

UNEP-WCMC, IUCN, 2021. Protected Planet Report 2020 [WWW Document]. https://1i
vereport.protectedplanet.net/.


http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0275
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0275
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0275
https://doi.org/10.1016/j.marpol.2022.105350
https://doi.org/10.1111/geb.12326
https://doi.org/10.1111/cobi.14227
https://doi.org/10.1111/cobi.14227
https://drive.google.com/file/d/1T0gJqsonPXJetQgvlylN2157k-fViMnd/view?usp=embed_facebook
https://drive.google.com/file/d/1T0gJqsonPXJetQgvlylN2157k-fViMnd/view?usp=embed_facebook
https://peru.mapbiomas.org/wp-content/uploads/sites/14/2024/02/1_ES_FactSheet_Mapbiomas_Peru_2.0-1080x1080px.pdf
https://peru.mapbiomas.org/wp-content/uploads/sites/14/2024/02/1_ES_FactSheet_Mapbiomas_Peru_2.0-1080x1080px.pdf
https://peru.mapbiomas.org/wp-content/uploads/sites/14/2024/02/1_ES_FactSheet_Mapbiomas_Peru_2.0-1080x1080px.pdf
https://doi.org/10.1038/35012251
https://doi.org/10.32468/dtseru.73
https://doi.org/10.32468/dtseru.73
https://doi.org/10.1016/j.ecolmodel.2020.109180
https://doi.org/10.1016/j.ecolmodel.2020.109180
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0320
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0320
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0325
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0325
https://doi.org/10.1098/rspb.2005.3164
https://doi.org/10.1098/rspb.2005.3164
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0335
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0335
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0335
https://doi.org/10.17151/jurid.2021.18.2.15
https://doi.org/10.3390/f9050269
https://doi.org/10.1038/s41570-022-00393-7
https://doi.org/10.1016/j.biocon.2022.109750
https://doi.org/10.1016/j.biocon.2022.109750
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0360
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0360
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0360
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0365
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0365
https://doi.org/10.1016/j.ecolmodel.2022.110013
https://doi.org/10.21068/c2020.v21n01a04
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0380
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0380
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0380
https://doi.org/10.1111/2041-210X.12397
https://doi.org/10.1111/2041-210X.12397
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0390
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0390
https://doi.org/10.18257/raccefyn.136
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0400
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0400
https://doi.org/10.1098/rspb.2017.2755
https://doi.org/10.1111/2041-210X.13868
https://doi.org/10.1111/2041-210X.13868
https://doi.org/10.1641/0006-3568(2004)054[1092:GGAPRF]2.0.CO;2
https://doi.org/10.1641/0006-3568(2004)054[1092:GGAPRF]2.0.CO;2
https://doi.org/10.1016/j.jnc.2021.126019
https://doi.org/10.1016/j.jnc.2021.126019
https://doi.org/10.1038/s41559-017-0332-2
https://doi.org/10.1038/s41559-017-0332-2
https://doi.org/10.1111/geb.13618
https://doi.org/10.1111/cobi.14269
https://doi.org/10.1111/cobi.14269
https://doi.org/10.1016/j.biocon.2015.02.006
https://doi.org/10.1016/j.biocon.2015.02.006
http://reporte.humboldt.org.co/biodiversidad/2021/cap4/405/
http://reporte.humboldt.org.co/biodiversidad/2021/cap4/405/
https://doi.org/10.1016/j.ecolind.2016.12.047
https://doi.org/10.1016/j.ecolind.2016.12.047
https://doi.org/10.1016/j.gecco.2019.e00860
https://doi.org/10.1111/acv.12925
https://doi.org/10.1111/acv.12925
https://doi.org/10.1016/j.gecco.2021.e01783
https://catalogo.biodiversidad.co/
https://catalogo.biodiversidad.co/
https://test-sinap.parquesnacionales.gov.co/categorias
https://doi.org/10.1016/j.rmb.2017.03.011
https://doi.org/10.1111/ele.12277
https://doi.org/10.15446/caldasia.v43n2.85443
https://doi.org/10.15446/caldasia.v43n2.85443
https://doi.org/10.1111/j.1523-1739.2008.00883.x
https://doi.org/10.1088/1748-9326/10/12/124004
https://doi.org/10.1088/1748-9326/10/12/124004
https://doi.org/10.1073/pnas.1210251109
https://doi.org/10.1126/science.adh2449
https://doi.org/10.1111/1365-2656.12313
https://doi.org/10.1111/mec.12164
https://reptile-database.reptarium.cz/advanced_search?taxon=snake%26location=Colombia%26submit=Search
https://reptile-database.reptarium.cz/advanced_search?taxon=snake%26location=Colombia%26submit=Search
https://doi.org/10.1038/s41598-024-73195-0
https://livereport.protectedplanet.net/
https://livereport.protectedplanet.net/

K.G. Rey Pulido and S.J.E. Velazco

Valencia-Zuleta, A., Jaramillo-Martinez, A.F., Echeverry-Bocanegra, A., 2014.
Conservation status of the herpetofauna, protected areas, and current problems in
Valle del Cauca, Colombia. Amphib. Reptile Conserv. 8.

Velazco, S.J.E., Villalobos, F., Galvao, F., De Marco Junior, P., 2019. A dark scenario for
Cerrado plant species: effects of future climate, land use and protected areas
ineffectiveness. Divers. Distrib. 25, 660-673. https://doi.org/10.1111/ddi.12886.

Velazco, S.J.E., Ribeiro, B.R., Laureto, L.M.O., De Marco Janior, P., 2020. Overprediction
of species distribution models in conservation planning: a still neglected issue with
strong effects. Biol. Conserv. 252, 108822. https://doi.org/10.1016/j.
biocon.2020.108822.

Velazco, S.J.E., Bedrij, N.A,, Rojas, J.L., Keller, H.A., Ribeiro, B.R., De Marco, P., 2022a.
Quantifying the role of protected areas for safeguarding the uses of biodiversity. Biol.
Conserv. 268, 109525. https://doi.org/10.1016/j.biocon.2022.109525.

Velazco, S.J.E., Rose, M.B., De Andrade, A.F.A., Minoli, L., Franklin, J., 2022b. FLExspM: an
Rr package for supporting a comprehensive and flexible species distribution modelling
workflow. Methods Ecol. Evol. 13, 1661-1669. https://doi.org/10.1111/2041-
210X.13874.

Velazco, S.J.E., Villalobos, F., Galvao, F., De Marco Jtnior, P., 2023. Transboundary
conservation opportunities for Cerrado’s plant species. Biol. Conserv. 284, 110194.
https://doi.org/10.1016/j.biocon.2023.110194.

Perspectives in Ecology and Conservation 23 (2025) 110-120

Vélez, D., Tamayo, E., Ayerbe-Quinones, F., Torres, J., Rey, J., Castro-Moreno, C.,
Ramirez, B., Ochoa-Quintero, J.M., 2021. Distribution of birds in Colombia.
Biodivers. Data J. 9, €59202. https://doi.org/10.3897/BDJ.9.e59202.

Weir, S.M., Suski, J.G., Salice, C.J., 2010. Ecological risk of anthropogenic pollutants to
reptiles: evaluating assumptions of sensitivity and exposure. Environ. Pollut. 158,
3596-3606. https://doi.org/10.1016/j.envpol.2010.08.011.

Willson, J.D., Winne, C.T., 2016. Evaluating the functional importance of secretive
species: a case study of aquatic snake predators in isolated wetlands. J. Zool. 298,
266-273. https://doi.org/10.1111/jz0.12311.

Winkler, K., Fuchs, R., Rounsevell, M., Herold, M., 2021. Global land use changes are
four times greater than previously estimated. Nat. Commun. 12, 2501. https://doi.
org/10.1038/541467-021-22702-2.

Zalles, V., Hansen, M.C., Potapov, P.V., Parker, D., Stehman, S.V., Pickens, A.H.,
Parente, L.L., Ferreira, L.G., Song, X.-P., Hernandez-Serna, A., Kommareddy, I.,
2021. Rapid expansion of human impact on natural land in South America since
1985. Sci. Adv. 7, eabg1620. https://doi.org/10.1126/sciadv.abg1620.

Zapata-Rios, G., et al., 2022. Informe de evaluacion de Amazonia 2021. UN Sustainable
Development Solutions Network (SDSN). https://doi.org/10.55161/TRZS3877.

120


http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0545
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0545
http://refhub.elsevier.com/S2530-0644(25)00017-3/sbref0545
https://doi.org/10.1111/ddi.12886
https://doi.org/10.1016/j.biocon.2020.108822
https://doi.org/10.1016/j.biocon.2020.108822
https://doi.org/10.1016/j.biocon.2022.109525
https://doi.org/10.1111/2041-210X.13874
https://doi.org/10.1111/2041-210X.13874
https://doi.org/10.1016/j.biocon.2023.110194
https://doi.org/10.3897/BDJ.9.e59202
https://doi.org/10.1016/j.envpol.2010.08.011
https://doi.org/10.1111/jzo.12311
https://doi.org/10.1038/s41467-021-22702-2
https://doi.org/10.1038/s41467-021-22702-2
https://doi.org/10.1126/sciadv.abg1620
https://doi.org/10.55161/TRZS3877

	On protected areas and other effective area-based conservation measures to conserve biodiversity. Exploring their contribut ...
	Introduction
	Methods
	Study area
	PA and OECMs database
	Remaining habitat
	Compilation, integration, and cleaning of snake records
	Environmental variables
	Species distribution models
	GAP analysis
	Spatial conservation prioritization and its relationship with PA and OECMs

	Results
	Discussion
	Diversity patterns in Colombia
	PA and OECMs network
	Remaining habitat and priority areas

	Limitations
	Conclusion
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Data statement
	Acknowledgements
	Appendix A Supplementary data
	References


