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Abstract

Land-use change is a major driver of biodiversity loss in tropical montane ecosystems, yet its effects on herpetofaunal community
structure remain insufficiently understood at local scales. We evaluated patterns of diversity and community structure of amphibians
and reptiles across a gradient of habitat transformation in southwestern Cundinamarca, Colombia. Field surveys conducted between
2015 and 2022 using visual encounter surveys recorded 57 species and 608 individuals. Forest habitats supported the highest species
richness and diversity, whereas coffee crops and open areas exhibited reduced richness and simplified assemblages. Rank—abun-
dance patterns revealed greater dominance in open habitats and higher evenness in forests, consistent with environmental filtering
processes. Amphibians were more strongly associated with forest environments, whereas reptiles showed broader habitat tolerance
and higher representation in disturbed habitats. In addition, we compiled a comprehensive regional inventory based on field data,
biological collections, and biodiversity databases, documenting 86 species of herpetofauna. Overall, our results show patterns con-
sistent with environmental filtering, where habitat transformation is associated with increased dominance of generalist species and
simplified community structure. These findings highlight the importance of conserving forest remnants and maintaining heteroge-
neous landscapes to support herpetofaunal diversity in the Colombian Andes.
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Introduction strong anthropogenic pressures mediated by ranching,

agriculture, infrastructure development and mining (Cor-
In Colombia, Andean ecosystems have undergone exten-  rea-Ayram et al. 2020; Rubiano et al. 2026). The Andean
sive transformation, particularly in Andean and sub-An-  region harbors approximately 53% of the country’s total
dean forests, which concentrate the highest levels of herpetofauna (Romero et al. 2009), including a high num-
productive activity in the country and, consequently, ber of endemic species (Bernal and Lynch 2008; Armesto
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and Seiaris 2017). At a broader scale, the tropical Andes
are recognized as a global biodiversity hotspot (Myers et
al. 2000; Vasconcelos et al. 2019), characterized by ex-
ceptional levels of endemism and a high concentration
of threatened species (Tobar-Suarez et al. 2022; TUCN
2024; Vasquez-Restrepo and Garcia-Cobos 2026). Addi-
tionally, a substantial proportion of these species occurs
outside protected areas, increasing their vulnerability to
ongoing land-use change, particularly in human-domi-
nated landscapes (Nori et al. 2015; Bax and Francesconi
2019; Vasquez-Restrepo and Garcia-Cobos 2026).

Two main processes have been proposed to explain how
ecological communities are structured, both of which are
relevant to understanding the consequences of anthropo-
genic pressures. These pressures affect not only species
richness but also patterns of dominance, evenness, and
species’ interactions (Ernst et al. 2006; Gardner et al.
2007). Limiting similarity hypothesis suggests that species
with high niche overlap experience competitive exclusion,
leading to reduced overall abundance but favoring the per-
sistence of species that exploit different resources (Macar-
thur and Levins 1967; Cordova-Tapia and Zambrano
2015). In contrast, environmental filtering emphasizes how
abiotic conditions allow only species with certain traits
to persist, thereby shaping both richness and abundance
(Briining et al. 2018; Zabala-Forero and Urbina-Cardona
2021; Lopez-Bedoya et al. 2022). In herpetofaunal assem-
blages, habitat transformation is frequently associated with
environmental filtering due to structural changes, edge ef-
fects, and altered resource availability (Granda-Rodriguez
et al. 2025; Palomino-Cuéllar and Urbina-Cardona 2025).

Amphibian and reptile assemblages in tropical land-
scapes are strongly affected by land-use changes linked
to agriculture, livestock, and urban expansion (Ghosh and
Basu 2020; Iglesias-Carrasco et al. 2023). These activ-
ities drive habitat loss, degradation, and fragmentation,
producing heterogeneous landscapes composed of rem-
nant forest patches embedded within human-modified
matrices (Thompson et al. 2015; Cervantes-Lopez and
Morante-Filho 2024). Disturbed habitats are therefore
often characterized by simplified assemblages dominated
by a few generalist species. Responses to habitat trans-
formation are expected to differ between amphibians and
reptiles due to variation in physiological and ecological
traits. Amphibians, with their permeable skin, depen-
dence on moisture for reproduction, and narrow thermal
tolerances, are generally more sensitive to environmental
changes (Wanger et al. 2010; Palacios et al. 2013; Mén-
dez-Narvaez 2014; Sankararaman and Miller 2024). Rep-
tiles, by contrast, typically exhibit broader tolerance to
thermal and hydric variation, which enables them to per-
sist (or even increase in abundance) in disturbed environ-
ments (Thompson et al. 2015; Cordier et al. 2021; Veloza
and Urbina-Cardona 2025). Understanding the response
of these patterns in both groups is particularly relevant in
tropical montane systems, where environmental gradients
and land-use change interact to shape biodiversity.
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In heterogeneous landscapes, agroecosystems may
play a significant role in conserving biodiversity. Some
agricultural systems, such as shaded coffee crops, have
been proposed as biodiversity-friendly land uses capa-
ble of maintaining a subset of native species while sup-
porting economic production (Perfecto and Vandermeer
2008; Céspedes and Bayly 2019; Gonzalez et al. 2020;
Rios-Orjuela et al. 2024). These systems can function
as intermediate habitats or dispersal matrices between
forest remnants. However, despite increasing evidence
of the effects of land-use change, there is still limited
understanding of how multiple dimensions of diversity
and community structure respond simultaneously across
heterogeneous landscapes at local scales, particularly in
regions with complex mosaics of land use (Briining et al.
2018; Agudelo-Hz et al. 2019; Roach et al. 2020; Zaba-
la-Forero and Urbina-Cardona 2021).

Here, we evaluated how habitat transformation shapes
diversity and community structure of amphibians and rep-
tiles across a heterogeneous landscape in the southwest-
ern Cundinamarca region. Specifically, we asked whether
changes in habitat structure are associated with shifts in
species richness, dominance patterns, and community
composition across forest, agricultural, and open habi-
tats. Under the expectation that habitat transformation se-
lectively favors disturbance-tolerant species, we expect-
ed that: (1) species richness would decline from forest
to more transformed habitats; (2) community structure
would shift towards increased dominance and reduced
evenness in disturbed habitats; and (3) responses would
differ between taxonomic groups, with amphibians more
strongly associated with forest environments and reptiles
showing broader tolerance to disturbance. These predic-
tions reflect the expectation that habitat transformation
selectively favors generalist species while restricting taxa
with more specialized ecological requirements.

Rather than directly testing causal mechanisms, our
aim is to provide a standardized, coverage-based char-
acterization of diversity and community structure across
habitats, generating a robust baseline for understanding
how habitat transformation reshapes assemblages. In
addition to these analyses, we compiled historical and
current occurrence records to generate a comprehensive
species inventory for the region, providing a broader bio-
geographic context for interpreting observed patterns of
diversity and community structure.

Methods
Study area

We conducted fieldwork in three municipalities of the
southwestern Cundinamarca region (Tibacuy, Nilo, and
Viotd), located in the Eastern Cordillera of the Colombian
Andes, between 645 and 1840 m elevation (Fig. 1). The
study area comprises heterogeneous landscapes dominat-
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Figure 1. Study area and sampling design across a heterogeneous landscape in the southwestern Cundinamarca region in the East-
ern Cordillera. Herpetofaunal sampling was conducted across a heterogeneous landscape dominated by forest, crops, and open areas
along an elevational gradient, providing the spatial framework for comparing community structure among habitats. The map shows
sampling localities in the municipalities of Tibacuy, Nilo, and Viota (Cundinamarca, Colombia), with points colored by habitat
type: forest (blue), crops (red), and open areas (green). Elevational contours (dashed lines) indicate the altitudinal gradient across
the study area (645—1840 m). The inset locates the study region within Colombia. Representative photographs illustrate the three

habitat types surveyed: forest (top), shaded coffee crops (middle), and open areas (bottom).

ed by secondary Andean forest and agroecosystems with-
in a mosaic of forest remnants, shaded coffee crops and
open areas used for livestock farming (Pefia-Torres 2016).

According to Holdridge’s life zone classification (Hol-
dridge 1967) the region includes low-montane rainfor-
est and low-montane dry forest zones characterized by
predominantly humid mountain climate in combination
with local dry enclaves, typical of the middle lands of
the Magdalena basin. Sampling was conducted across
three habitat types: secondary forest (11 localities), with
scattered trees over five meters high, where advanced
plant regeneration processes are evident; shaded coffee
crops (6 localities) and open areas (9 localities) used for

permanent livestock. Geographic coordinates, elevation,
sampling period, and number of transects per locality are
provided in Suppl. material 1.

Field sampling and sampling effort

Herpetofauna surveys were conducted in two periods: be-
tween 2015 and 2019 and between June 2021 and July 2022,
covering the rainy and dry seasons in the region. During
the sampling phase, we employed time-constrained Visual
Encounter Surveys (VES), following standard protocols for
amphibian and reptile inventories (Villarreal et al. 20006).
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Sampling consisted of active visual and auditory surveys
within representative microhabitats including vegetation,
leaf litter, streams, and ponds, up to a maximum height of
5 m above ground (Cortés et al. 2008). Auditory detections
were estimated by a single observer to ensure consistency
and represent approximate counts of calling individuals.
Each sampling unit consisted of a four-hour search con-
ducted by five observers. Surveys were performed during
both diurnal (8:00-12:00) and nocturnal (18:00-22:00 h)
activity periods. In total, 53 sampling events were con-
ducted across the study area between 2015 and 2022, cor-
responding to a total sampling effort of 1060 person-hours.
Sampling effort was broadly comparable across habitats,
although it varied slightly among them, with 500 per-
son-hours in forest habitats, 340 person-hours in crops, and
220 person-hours in open areas. Survey sites were select-
ed within representative areas of each habitat type. Not all
localities were visited in every sampling period; however,
each sampling event was treated as a sampling unit within
habitat categories, as analyses were designed to compare
community patterns among habitats rather than to infer in-
dependent population-level processes. The distribution of
sampling localities, periods of visitation, and number of
transects per site are detailed in Suppl. material 1.

Community analyses

Habitat types were defined based on vegetation struc-
ture and land use following a simplified classification
scheme. Forest sites correspond to areas with continuous
or semi-continuous tree cover and advanced vegetation
structure. Coffee crops include shaded or semi-shaded
agricultural systems with varying management intensi-
ty. Open areas comprise pasture-dominated landscapes,
including grasslands with sparse or no tree cover. These
categories represent a gradient of habitat transformation
from less disturbed (forest) to highly modified environ-
ments (open areas). A detailed description of vegetation
cover units is provided in Rios-Orjuela et al. (2024).

To evaluate species richness at standardized sampling
efforts and predict species richness beyond our observed
sample size, we assessed sampling completeness using
coverage curves for the entire community and by habi-
tats, using rarefaction and extrapolation analyses based
on Hill numbers with 1000 bootstrap resampling to esti-
mate 95% confidence intervals (CI). We quantified diver-
sity as Hill numbers representing species richness (q0),
Shannon diversity (ql), and Simpson diversity (q2) using
the iINEXT package (Chao et al. 2014; Hsieh et al. 2016).

To evaluate patterns of species dominance and even-
ness among habitats, we calculated rank—abundance
curves using abundance data grouped by habitat type.
Amphibians and reptiles were analyzed separately to bet-
ter illustrate differences in community structure between
taxonomic groups. We log-transformed abundance values
to improve visualization of rank distributions. In addi-
tion, rank-abundance plots were generated using ggplot2
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(Wickham 2009), and annotated with ggrepel to identify
dominant species within each habitat.

Finally, to assess potential spatial autocorrelation in
species richness among sampling localities, Moran’s I
statistic was calculated using species richness per locality
and corresponding geographic coordinates, defining spa-
tial weights and using a k-nearest neighbor approach with
the spdep package (Bivand et al. 2026).

Given the descriptive nature of this study, comparisons
among habitats are based on coverage-standardized diversi-
ty estimates and their associated confidence intervals, rather
than formal hypothesis-testing approaches. All ecological
analyses were conducted exclusively using field survey data
collected between 2015-2019 and 2021-2022. All analyses
were performed in R version 4.1.0. (R Core Team 2023).

Regional diversity compilation

To compile a comprehensive species inventory for the
study region, field records were complemented with ad-
ditional occurrence data obtained from the Biodiversity
Information System of Colombia (SiB Colombia) and bi-
ological collections. Records were filtered to include pre-
served specimens and verified institutional observations to
minimize potential identification errors. We also reviewed
specimen records from the Instituto de Ciencias Naturales
(ICN) at Universidad Nacional de Colombia and the am-
phibian and reptile collections of the Instituto de Investi-
gacion de Recursos Biologicos Alexander von Humboldt
(IAvH) for the municipalities of Tibacuy, Nilo, and Viota
(Cundinamarca). These supplementary records were used
exclusively to compile the regional species list and were
not included in ecological analyses. Finally, we followed
Frost (2024) and Uetz et al. (2024) as taxonomy classifi-
cation systems for amphibians and reptiles, respectively.

Results
Field surveys

Field surveys conducted between 2015-2019 and 2021-—
2022 recorded a total of 57 species, representing a substantial
component of the known regional diversity (Suppl. material
2). Across all sampling events, a total of 608 individuals were
recorded, including 391 amphibians and 217 reptiles. The
most abundant amphibian species were Boana platanera (62
individuals), Engystomops pustulosus (60), and Pristimantis
taeniatus (55). Among reptiles, the most abundant species
were Gonatodes albogularis (53 individuals), Cnemidopho-
rus lemniscatus (33), and Hemidactylus frenatus (17).
Species richness varied among habitat types, with for-
est supporting the highest richness (45 species), followed
by open areas (34) and coffee crops (14). In terms of abun-
dance, forests also contained the greatest number of individ-
uals (225 records), followed by open areas (207), while cof-
fee crops supported considerably fewer individuals (176).
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Sampling completeness

Rarefaction and extrapolation analyses showed that sam-
pling covered a large proportion of the expected diversity
of both amphibians and reptiles (Fig. 2a). Sample cover-
age exceeded 95% for both taxonomic groups (Fig. 2b).
Coverage-based rarefaction curves approached asymptot-
ic levels, with amphibians reaching asymptotes at lower
sample sizes than reptiles.

Spatial autocorrelation analysis using Moran’s I re-
vealed no significant spatial structure in species richness
across sampling localities (Moran’s I = —0.0147, expect-
ed I =—-0.040, p = 0.385), indicating that observed rich-
ness patterns of the herpetofauna community were not
spatially structured.
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Coverage-based rarefaction and extrapolation analyses
revealed consistent habitat-driven patterns in diversity
for both amphibians and reptiles (Fig. 3). Amphibians
exhibited the highest species richness (q0), Shannon di-
versity (ql) and Simpson diversity (q2) in forest, with
reduced diversity in crops and open areas across all Hill
numbers. Reptiles showed a similar habitat gradient,
with forests supporting the highest diversity; however,
overall richness and effective diversity values were lower
than those observed for amphibians. In addition, reptile
assemblages displayed comparatively stronger reduc-
tions in diversity in open areas, particularly in terms of
dominance-adjusted metrics.
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Figure 2. Sampling captured most of the expected diversity, with higher species richness in reptiles than amphibians. Sampling
achieved high completeness for both taxonomic groups, and reptiles consistently exhibited higher species richness than amphibians
across the full range of observed and extrapolated sample sizes. a. Rarefaction (solid lines) and extrapolation (dashed lines) curves show
the relationship between species diversity (Hill number q0) and the number of individuals sampled for amphibians (blue) and reptiles
(orange). Symbols indicate the observed sample size, and shaded areas represent 95% confidence intervals based on 1,000 bootstrap
replicates. b. Sample coverage curves show that sampling completeness rapidly approached asymptotic values (>95%) for both groups.
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Figure 3. Forest habitats support higher diversity, whereas transformed habitats show reduced richness and simplified assemblages
in amphibians and reptiles. Species diversity declined from forest to crops and open areas, suggesting that habitat transformation
reduces richness and simplifies community structure across the landscape for both groups. a, d. Coverage-based rarefaction (solid
lines) and extrapolation (dashed lines) curves of species richness (Hill number q0) as a function of the number of individuals sam-
pled for forest (blue), crops (red), and open areas (green) in amphibians and reptiles, respectively. Symbols indicate observed sample
sizes, and shaded regions represent 95% confidence intervals based on 1,000 bootstrap replicates. b, e. Sample coverage curves
show that sampling completeness was similarly high across habitats and taxa, allowing robust comparisons of diversity patterns. c,
f. Effective diversity (Hill numbers q0, q1, q2) illustrating consistent declines in diversity from forest to more disturbed habitats in
both amphibians and reptiles, although amphibians generally exhibit higher richness and diversity values than reptiles. Differences
among Hill numbers indicate that habitat transformation affects both species richness and dominance structure, with stronger effects
in disturbed habitats. Error bars represent 95% confidence intervals.
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When comparing taxonomic groups, both amphibi-
ans and reptiles consistently showed higher diversity in
forest habitats and reduced diversity under habitat trans-
formation. However, the nature of this response differed
between groups: amphibians exhibited a stronger decline
in species richness (q0), whereas reptiles showed more
pronounced changes in community structure related to
species dominance (q2). These patterns suggest that,
although habitat transformation affects both groups in a
similar way, it impacts different components of diversity
in each group.

Community structure across habitats

Rank—abundance distributions revealed differences in
species dominance and community structure among hab-
itats (Fig. 4). Forest assemblages showed longer tails in
rank distributions, with a greater number of low-abun-
dance species.

Forest showed higher richness and a more gradual
decline in amphibian species abundance, whereas coffee
crops and open areas were characterized by fewer species
and stronger dominance by a small subset of taxa (Fig.
4b). Dominant amphibian species varied among habitats,
including Engystomops pustulosus, Boana platanera,
and Pristimantis species. Similarly, the dominant reptile
species were Cnemidophorus lemniscatus, Gonatodes
albogularis, and Hemidactylus frenatus, whereas forest
sites contained a broader distribution of species with low-
er individual abundances (Fig. 4c).

Overall, these results describe clear differences in
community structure across habitat types, with forests
showing higher species richness and more even assem-
blages, and open areas characterized by greater domi-
nance of fewer species.

Regional herpetofauna checklist

A total of 86 species of herpetofauna have been recorded
in the study region based on our field surveys, biological
collections, and biodiversity records in databases (Suppl.
material 2). Among amphibians, the order Anura is the
richest group with 32 of 35 species recorded. The most
speciose families were Hylidae (8 species), followed
by Strabomantidae and Dendrobatidae (5 species each).
Caecilians (Gymnophiona) were represented by two
species whereas there are reports of a single species of
salamander (Caudata) in the area. Regarding reptiles, 51
species have been recorded primarily represented by the
order Squamata (49); the most diverse families were Col-
ubridae (23 species) and Anolidae (6 species). The orders
Crocodylia and Testudines were represented by a single
species each (Caiman crocodilus and Kinosternon sp.).
Two invasive species were recorded in the region: the
North American bullfrog Aquarana catesbeiana and the
South Asian house gecko Hemidactylus frenatus.

Discussion

Drivers of community structure across
habitats

Habitat transformation is a major driver of biodiversity
patterns in tropical landscapes, affecting both species
richness and the internal structure of ecological assem-
blages (Lopez-Bedoya et al. 2022; Cervantes-Lopez and
Morante-Filho 2024). In this study, herpetofaunal as-
semblages were strongly structured by habitat type, with
secondary forests supporting the highest diversity, while
agricultural and open areas hosted distinct but simplified
assemblages. Despite reduced diversity in modified hab-
itats, a substantial portion of the regional fauna persisted
across habitat types, indicating that different components
of the landscape contribute unevenly but complementari-
ly to overall diversity.

Although sampling units were spatially connected, the
absence of spatial autocorrelation and the consistent dif-
ferentiation among habitats are consistent with environ-
mental filtering processes associated with habitat trans-
formation. Consistent with this interpretation, habitat
transformation is associated with assemblages dominated
by generalist species and reduced representation of taxa
with more specialized ecological requirements. Similar
patterns consistent with environmental filtering have been
documented in amphibian and reptile assemblages across
transformed tropical landscapes, where changes in vege-
tation structure, temperature, and moisture favor distur-
bance-tolerant and generalist species while reducing the
representation of forest specialists (Briining et al. 2018;
Zabala-Forero and Urbina-Cardona 2021; Lopez-Bedoya
et al. 2022). In Colombia, recent studies have reported
that habitat transformation and landscape simplification
are associated with changes in the composition of her-
petofauna communities through environmental filtering
processes that affect species with different ecological re-
quirements, thereby altering the structure of amphibians
and reptiles assemblages (Granda-Rodriguez et al. 2025;
Palomino-Cuéllar and Urbina-Cardona 2025; Veloza and
Urbina-Cardona 2025).

At a regional scale, the southwestern Cundinamarca
region harbors a relatively diverse herpetofauna, based on
field surveys and compiled records (Lynch 1982; Ramirez
2017; Acosta-Galvis et al. 2020; Lopez-Perilla et al.
2023). Amphibians and reptiles were represented by sev-
eral families with multiple species, including Colubridae,
Anolidae, Hylidae and Strabomantidae, and sampling
coverage indicates that the assemblages documented
here provide a representative characterization of the local
herpetofauna. This diversity reflects the convergence of
forest remnants and human-modified habitats across the
transition between lowland tropical forests and montane
environments, which contributes to shaping regional bio-
diversity patterns (Briining et al. 2018; Zabala-Forero and
Urbina-Cardona 2021; Lopez-Bedoya et al. 2022).
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habitats, suggesting that habitat modification favors generalist species and reduces community complexity. a. Rank—abundance
curves for all species pooled by habitat type. Forest (blue) shows a longer tail and more gradual decline in abundance, showing
higher evenness and greater representation of rare species. In contrast, crops (red) and open areas (green) exhibit steeper declines,
reflecting stronger dominance by a few species. b. Rank—abundance curves for amphibians by habitat type (log-transformed abun-
dance). Forest assemblages display greater richness and evenness, whereas crops and open areas are dominated by a reduced number
of species. Representative dominant species are labeled for each habitat. ¢. Rank—abundance curves for reptiles by habitat type
(log-transformed abundance). Open areas show strong dominance by a few widespread species (e.g., Cnemidophorus lemniscatus,
Gonatodes albogularis, and Hemidactylus frenatus), whereas forest assemblages exhibit a more even distribution of abundances
across species. Species labels highlight the most abundant taxa in each habitat.
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Diversity patterns across habitat
transformation

Clear differences in diversity among habitats reflect vari-
ation in structural complexity and microclimatic stability
(Cortés-Gomez et al. 2013; Roach et al. 2020; Cervant-
es-Lopez and Morante-Filho 2024), which promote the
persistence of species with specialized ecological re-
quirements and complex life histories (Veloza and Urbi-
na-Cardona 2025). Forest habitats supported the highest
diversity across all metrics, whereas crops and open areas
exhibited reduced diversity and altered community struc-
ture for both amphibians and reptiles.

These patterns align with previous studies indicating
that habitat modification reduces species richness and alters
community structure in tropical systems (Roach et al. 2020;
Galindo-Uribe et al. 2022; Veloza and Urbina-Cardona
2025). Diversity analyses reveal consistent patterns across
Hill numbers, suggesting that habitat transformation impacts
effective diversity and community structure in amphibians
and reptiles (Fig. 3). Forests maintained higher effective
diversity and more balanced assemblages, whereas trans-
formed habitats exhibited reduced richness and increased
dominance by fewer species. These results suggest that hab-
itat transformation affects the number of species present and
the distribution of abundances within assemblages, leading
to a simplified community structure across the landscape.

Contrasting responses of amphibians
and reptiles

Differences between amphibians and reptiles may reflect
contrasting physiological constraints and ecological strat-
egies. Amphibians were more strongly associated with
forest habitats, likely due to their dependence on humid
and thermally stable microclimates, which increase the
risk of desiccation and reduce reproductive success in
disturbed environments (Wanger et al. 2010; Palacios et
al. 2013; Méndez-Narvaez 2014; Cervantes-Lopez and
Morante-Filho 2024).

In contrast, reptiles exhibited broader habitat occupan-
cy, consistent with their higher tolerance to thermal and
hydric variation (Méndez-Narvaez 2014; Thompson et
al. 2015; Cordier et al. 2021; Cervantes-Lopez and Mo-
rante-Filho 2024). These differences support the expecta-
tion that taxonomic groups respond differently to habitat
transformation depending on their physiological and eco-
logical traits.

Community dominance and structural
simplification

Patterns of dominance varied across habitats, with open
areas characterized by assemblages dominated by a small
number of widespread species (Fig. 4), a pattern frequent-

ly associated with ecological disturbance and habitat sim-
plification (Flynn et al. 2009; Herrera-Montes and Bro-
kaw 2010) and previously reported in the region (Veloza
and Urbina-Cardona 2025). In contrast, forest assemblag-
es exhibited a more even distribution of abundances and a
greater representation of low-frequency species.

The distribution of species across habitats reflects dif-
ferences in ecological strategies. Generalist species oc-
curred consistently across all habitats (Suppl. material 2)
and tend to dominate local assemblages, indicating high
tolerance to environmental variation (Briining et al. 2018;
Zabala-Forero and Urbina-Cardona 2021; Rios-Orjuela
et al. 2024). In contrast, forest habitats harbored species
with more restricted ecological requirements, particularly
amphibians dependent on stable microclimatic conditions
(Galindo-Uribe et al. 2022). These patterns are consistent
with a shift toward generalist-dominated assemblages in
transformed habitats.

Role of agroecosystems in
heterogeneous landscapes

Agricultural systems may play an important role within
heterogeneous landscapes (Galindo-Uribe et al. 2022;
Cervantes-Lopez et al. 2025). In the study area, coffee
crops hosted several species also present in forest habi-
tats, indicating that these environments can function as
secondary habitats or dispersal matrices (Rios-Orjuela
et al. 2024). Agroecosystems therefore may contribute
to biodiversity conservation when embedded within het-
erogeneous landscapes (Roach et al. 2020; Zabala-Forero
and Urbina-Cardona 2021; Rios-Orjuela et al. 2024; Cer-
vantes-Lopez et al. 2025; Pinzon et al. 2025). However,
these habitats do not replace forest ecosystems, as they
primarily support disturbance-tolerant species and retain
only a subset of the regional fauna. Additional dimen-
sions of diversity, such as functional and phylogenetic
diversity, should be taken into account to better under-
stand the herpetofaunal assemble dynamics and the role
of agroecosystems in conserving community structure.

Broader implications: land-use change
and biotic homogenization

The observed patterns should be interpreted within the
broader context of land-use change in the Colombian An-
des, where deforestation and agricultural expansion have
driven habitat fragmentation (Armenteras et al. 2011; Ro-
driguez Eraso et al. 2013; Vanegas-Cubillos et al. 2022).
These processes tend to favor ecological generalists while
reducing the persistence of species with specialized re-
quirements, potentially leading to biotic homogenization
and changes in ecosystem functioning (Valencia-Aguilar
et al. 2013; Thompson et al. 2015).

In this context, the presence of invasive species such as
Aquarana catesbeiana and Hemidactylus frenatus, which
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have been in the region for decades (Rueda-Almonacid
1999; Caicedo-Portilla and Dulcey-Cala 2011; Pérez-Ro-
jas et al. 2026), may further reinforce homogenization
processes by favoring disturbance-tolerant assemblages
(Rueda-Almonacid 1999; Corporaciéon Auténoma Re-
gional de Cundinamarca CAR 2018; Galindo-Uribe et
al. 2022) in a region with one of the highest rates of en-
demism in amphibians and reptiles (Tobar-Suarez et al.
2022; Diaz-Ricaurte et al. 2025; Vasquez-Restrepo and
Garcia-Cobos 2026).

Limitations and future directions

Our results should be interpreted considering some lim-
itations. Although sampling coverage was high, detect-
ability may vary among taxa and habitats, particularly
between amphibians and reptiles. In addition, the eleva-
tional gradient encompassed in the study may partially
confound habitat effects, as environmental conditions
covary with both elevation and land use. Finally, given
the descriptive nature of our analyses, the patterns doc-
umented here should be interpreted as indicative of un-
derlying ecological processes rather than direct tests of
causal mechanisms.

Regional inventory and taxonomic
considerations

In addition to providing ecological insights, this study
contributes to improving the knowledge of the regional
herpetofauna by presenting the first compiled species
list for the southwestern Cundinamarca region in Co-
lombia. Several recorded species represent expected oc-
currences based on their known distributions in nearby
localities but had not previously been documented in
detail for the study area. For instance, species such as
Leptodactylus fragilis, Rhinella humboldti, Cnemido-
phorus lemniscatus, and Bothrops asper are widely dis-
tributed in the Magdalena River valley and surrounding
regions, but their occurrence in the surveyed area con-
tributes to refining the regional inventory. These records
provide a more robust baseline for future ecological and
conservation studies.

There are some records for both amphibians and rep-
tiles worth discussing. Based on currently available mor-
phological information for the species in the region, we
were unable to determine one species of Anolis. Prelim-
inary observations suggest affinity with Anolis granuli-
ceps, although further integrative taxonomic analyses will
be required to clarify its identity. The presence of poten-
tially undescribed or poorly characterized taxa highlights
the still incomplete knowledge of herpetofauna diversi-
ty in the Colombian Andes. Recent studies in the region
have revealed several previously unrecognized lineages
such as Anolis tequendama (Moreno-Arias et al. 2023),
Bolitoglossa muisca (Lopez-Perilla et al. 2023) and Hy-
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loxalus arliensis (Acosta-Galvis et al. 2020). Likewise,
recent systematic studies in Scinax suggest that popula-
tions currently assigned to this widespread species com-
plexes may correspond to distinct evolutionary lineages
(Guarnizo et al. 2015; Araujo-Vieira et al. 2020, 2023).
There are also several relevant historical records in the
municipalities studied, especially toward higher altitudes.
Species such as Atelopus subornatus and Hyloxalus ruizi
were observed in the area surrounding El Alto de San Mi-
guel by Lynch (1982). Both species are critically endan-
gered (IUCN 2024), and besides the southern records of
A. subornatus in Tolima (Enciso-Calle et al. 2017), there
are no recent records in the area, and we did not register
them in this study. Other species currently threatened in
this area worth mentioning are Hyloxalus vergeli, Pristi-
mantis uisae and P. renjiforum (Suppl. material 2).

Conservation implications

Our results underscore the importance of maintaining for-
est remnants and promoting landscape heterogeneity in
the conservation of amphibians and reptiles in the Colom-
bian Andes. Given that habitat transformation is associat-
ed with reduced representation of forest-dependent spe-
cies, continued habitat loss is likely to disproportionately
affect taxa with specialized ecological requirements.

Conservation strategies should prioritize the protec-
tion of remaining forest patches, the maintenance of eco-
logical connectivity, and the implementation of land-use
practices that promote structurally heterogeneous land-
scapes. Long-term monitoring programs will be essential
to evaluate how ongoing environmental changes, includ-
ing land-use transformation and climate change, affect
the distribution and persistence of amphibian and rep-
tile assemblages in Andean ecosystems (Lopez-Bedoya
et al. 2022; Cervantes-Lopez and Morante-Filho 2024;
Rios-Orjuela et al. 2024).
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