
Introduction

Urbanisation is a global process that exerts pressure on 
biodiversity, leading to habitat fragmentation and loss, 
resulting in a decline in populations and an alteration of 
ecological communities (McKinney, 2006; Seto et al., 
2012; Ijie et al., 2021; Muñoz-Pacheco et al., 2023). Ur-
ban green spaces, such as parks and forest patches, can 

function as refuges for wildlife, o൵ering opportunities 
for in situ conservation and partially mitigating negative 
impacts (Goddard et al., 2010; Demartín et al., 2024). 
Understanding which factors facilitate the persistence 
of biodiversity in these landscapes is important for sus-
tainable urban planning (Hamer and McDonnell, 2008). 
In this context, amphibians and reptiles are especially 
vulnerable due to their low mobility, speci¿c microhabi-
tat requirements, and sensitivity to pollution and chang-
es in water and habitat quality (Hamer and McDonnell 
2008; Sche൵ers and Paszkowski, 2012; Ijie et al., 2021; 
Luedtke et al., 2023). The literature consistently docu-
ments the detrimental e൵ects of urbanisation on these 
groups, including reduced species richness and altered 
community structure (McKinney, 2006; Sche൵ers and 
Paszkowski, 2012; Demartín et al., 2024).

Tropical regions, harbouring the majority of the plan-
et’s terrestrial biodiversity (Mora-Macías et al., 2024), 
face a severe threat from rapid urban expansion (Ijie et 
al., 2021). Panama City is characterised by a matrix of 
forest fragments and protected areas, such as the Parque 
Natural Metropolitano, which are important for main-
taining the local herpetofauna (Ávila-Nájera et al., 2018; 
Davison et al., 2021). Studies in other tropical regions 
have con¿rmed both the vulnerability of herpetofauna 
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Abstract. Urbanisation is a global process that fragments and degrades habitats, threatening biodiversity. Amphibians and 
reptiles are vulnerable to these changes, but urban green spaces can serve as refugia. This study aimed to evaluate the diversity 
and composition of herpetofaunal assemblages in ¿ve sites in Panama City: Parque Natural Metropolitano (PNM), Albrook, 
Corozal, Campus Octavio Méndez Pereira - Universidad de Panamá (UP), and Reserva Natural Cerro Ancón (RNCA). 
Sampling was conducted at ¿ve sites from January 2023 to January 2024. At each site, two linear transects, 200 m long and 3 
m wide on each side, were established. A total of 29 species (nine amphibians and 20 reptiles) were recorded, with the highest 
richness in the PNM (27 species) and the lowest in Albrook (12). Widespread species such as Rhinella horribilis and Anolis 

auratus were found in all sites, while others, for example Rhinella centralis, were only recorded at a single site. The cluster 
analysis showed that the PNM and Corozal are the most similar sites in richness (S

j
 = 0.76), while Albrook segregated from the 

rest with a similarity value below S
j
 = 0.4. Although PERMANOVA and NMDS analyses using fragment area (ha) and isolation 

distance (km) were not signi¿cant, likely due to a small sample area (n = 5), the observed patterns suggest that larger forest 
fragments, such as the PNM (232 ha), act as important reservoirs. The results demonstrate the importance of urban green spaces 
for herpetofauna conservation, providing scienti¿c evidence for urban planning in Panama City.
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pated consistently during the day, while four observers 
participated at night. Overall, this design resulted in a 
standardised sampling e൵ort of approximately 744 per-
son-hours per site over the full sampling period, corre-
sponding to 312 person-hours during the diurnal period 
and 432 person-hours during the nocturnal period.

During the surveys, anuran species were recorded by 
their vocalisations. Recordings of species not identi¿-
able in the ¿eld were made for subsequent analysis and 
comparison with reference sound libraries. For each in-
dividual observed, the species, time of encounter, GPS 
coordinates, and microhabitat where it was found were 
recorded. Taxonomic determination of the species was 
performed in the ¿eld using the amphibian and reptile 
guides for Central America (Köhler, 2008, 2011). The 
higher-level taxonomic classi¿cation and nomenclature 
used in this study follow the current updates of Amphib-
ian Species of the World (Frost, 2026) for amphibians, 
and The Reptile Database (Uetz et al., 2026) for reptiles. 
Photographs were taken for comparison with reference 
collections. Manipulation and stress on the animals 
were minimised. No specimens were collected.

Data analysis. Statistical analyses were performed 
using R software v4.3.0. Diversity indices and rarefac-
tion curves were calculated using the iNEXT package 
(Hsieh et al., 2016), while community and beta diver-
sity analyses were performed with the vegan package 
(Oksanen et al., 2022). To evaluate di൵erences in her-
petofaunal assemblage composition among the sites, a 
species presence-absence matrix was constructed. From 
this matrix, Jaccard similarity (S

J
) was calculated. This 

matrix was then used to perform a hierarchical cluster 
analysis (UPGMA) to group the sites based on their 
faunal similarity. Additionally, Jaccard dissimilarity 
(D

J
 = 1 - S

J
) was utilised for the PERMANOVA and 

NMDS analyses to formally test the inÀuence of land-
scape-scale variables (fragment area and distance to for-
est) on community structure. The signi¿cance level was 
set at α = 0.05.

Results

A total of 29 species of amphibians and reptiles were 
recorded across the ¿ve sampling sites, of which nine 
corresponded to amphibians and 20 to reptiles (Table 2).

Richness and composition by family. Among am-
phibians, Bufonidae showed the highest richness, with 
four species observed, including Rhinella horribilis and 
Rhinella alata. The remaining families had a richness 
of two species or less. In reptiles, the Dipsadidae family 
was the most diverse with four species, while we re-

corded three or fewer species for the other families.
Species occurrence by site. Six species showed a 

wide distribution, being found across all sampled sites: 
Rhinella horribilis, Anolis auratus, Gonatodes albogu-

laris, Holcosus festivus, Leptodeira rhombifera, and 
Oxybelis vittatus. Species with observations restricted 
to a single site were also found, such as Rhinella cen-

tralis and Anolis gaigei, both recorded exclusively in 
the PNM.

Richness per site. The total herpetofaunal species 
richness varied notably among the study sites (see Ta-
ble 3). The PNM recorded the highest richness with 27 
species (seven amphibians and 20 reptiles), making it 
the most diverse site. At the other extreme, the forest 
remnant of Albrook presented the lowest species rich-
ness, with only 12 species in total (two amphibians and 
10 reptiles). The UP also had low richness, with 13 spe-
cies (four amphibians and nine reptiles). Meanwhile, the 
RNCA and Corozal showed intermediate richness with 
21 and 24 species, respectively.

Beta diversity analysis. The dendrogram showed that 
the PNM and Corozal presented the highest similarity in 
species composition (S

j
 = 0.76), forming a main cluster. 

A second cluster was observed between the RNCA and 
UP, with a similarity of approximately S

j
 = 0.52. These 

two main clusters joined at a similarity level of approx-
imately S

j
 = 0.44. Notably, the Albrook site segregated 

from the rest of the sites, joining them at a similarity 
level below S

j
 = 0.4, which indicates a markedly di൵er-

ent community composition (Fig. 2).
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Figure 2. Similarity in herpetofaunal assemblage composition 

in an urban gradient, Panama City.



The PERMANOVA did not detect a statistically sig-
ni¿cant e൵ect of the variables area\Ha and Distance\
Forest\km, either individually or jointly, on herpetofau-
nal composition. The overall model results were: R2 = 
0.47, F = 0.89, p = 0.56.

The NMDS showed a very low stress value, suggest-
ing a perfect ¿t, which is an artifact of the small number 
of sampled sites (n = 5). The overlay of environmen-
tal vectors on the ordination space suggested a trend in 
which PNM and Corozal were associated with fragment 

area, while RNCA tended to be related to a greater dis-
tance from a continuous forest patch.

Discussion

The herpetofaunal richness observed across the ¿ve 
study sites in Panama City presents a pattern apparent-
ly inÀuenced by the degree of urbanisation and habitat 
quality. The amphibian richness recorded in this study 
corresponds to 28%, whereas reptile richness reached 

1 
 

Table 2. Occurrence-absence matrix (1 = present, 0 = absent) of amphibian and reptile species in the five 
study sites. 
 
Family Species PNM Albrook Corozal UP RNCA 

Bufonidae Rhaebo haematiticus 1 0 1 1 1 
 Rhinella alata 1 1 1 0 1 
 Rhinella centralis 1 0 0 0 0 
 Rhinella horribilis 1 1 1 1 1 

Craugastoridae Craugastor fitzingeri 1 0 1 1 1 

Eleutherodactylidae Diasporus diastema 0 0 1 0 1 

Hylidae Boana rosenbergi 1 0 1 0 1 
 Trachycephalus typhonius 0 0 1 0 0 

Leptodactylidae Engystomops pustulosus 1 0 1 1 1 

Anolidae Anolis auratus 1 1 1 1 1 
 Anolis apletophallus 1 0 1 1 1 
 Anolis gaigei 1 0 0 0 0 

Corytophanidae Basiliscus basiliscus 1 1 1 0 0 

Iguanidae Iguana iguana* 1 1 1 0 1 

Phyllodactylidae Thecadactylus rapicauda 1 0 1 0 0 

Scincidae Marisora unimarginata 1 0 1 0 1 

Sphaerodactylidae Gonatodes albogularis 1 1 1 1 1 

Teiidae Holcosus festivus 1 1 1 1 1 
 Holcosus leptophrys 1 0 0 0 1 

Boidae Boa imperator 1 0 1 1 1 
 Epicrates maurus 1 1 1 1 0 

Colubridae Dendrophidion percarinatum 1 1 1 0 0 
 Phrynonax poecilonotus 1 0 1 0 0 

Dipsadidae Erythrolamprus epinephelus 1 1 1 0 1 
 Leptodeira ornata 1 0 1 1 1 
 Leptodeira rhombifera 1 1 1 1 1 
 Oxybelis vittatus 1 1 1 1 1 

Elapidae Micrurus nigrocintus 1 0 0 0 1 

Viperidae Bothrops asper 1 0 0 0 1 

* Taxon corrected following van den Burg et al. (2021, 2026) and Iguana Taxonomy Working Group (2022). 
Recent data shows that the range limit of the subspecies Iguana iguana rhinolopha lies further west. 

Table 2. Occurrence-absence matrix (1 = present, 0 = absent) of amphibian and reptile species in the ¿ve study sites.
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29% of the richness reported for Barro Colorado Island 
(BCI) (Myers and Rand, 1969). Consistent with the the-
ory of island biogeography and urban ecology (Ijie et al., 
2021; Demartín et al., 2024), the PNM, the largest (232 
ha) and most conserved area, served as an important 
biodiversity reservoir, harbouring the highest richness 
(27 spp.). The recorded richness may reÀect the carry-
ing capacity of these forest fragments within and in the 
vicinity of Panama City. The absence of historical data 
precludes direct comparison; however, BCI can serve 
as a reference for the potential richness of the study 
sites (Myers and Rand, 1969). The observed di൵erence 
should not be interpreted as lower richness, but rather 
as an indication of the environmental ¿ltering imposed 
by urbanisation, whereby only resilient species are able 
to persist. Our ¿ndings align with the global meta-anal-
ysis by Beninde et al. (2015), who identi¿ed that patch 
area is the most critical determinant for maintaining in-
tra-urban biodiversity. This dominance is likely due to 
its area and reduced exposure to the urban matrix (low-
er isolation and pollution), enabling the maintenance of 
high-richness herpetofaunal assemblages. In contrast, 
Albrook and Universidad de Panamá (UP) sites exhibit-
ed the lowest richness (12 and 13 spp., respectively), re-
Àecting severely impoverished assemblages dominated 
by species tolerant to disturbance. This decline in small-
er fragments is consistent with the area thresholds sug-
gested by Beninde et al. (2015), where reduced space 
often fails to support area-sensitive species.

Analysis of species composition further reinforces this 
divide. The occurrence of species with restricted distri-
butions in the PNM, such as Rhinella centralis and Tra-

chycephalus typhonius, suggests that this large fragment 
retains speci¿c, high-quality microhabitats, such as per-
manent water bodies and dense leaf litter, required for 
specialist or disturbance-sensitive species (Urbina-Car-
dona et al., 2006). These specialised requirements are 
often lost in smaller fragments due to edge e൵ects and 

increased desiccation, a process that particularly a൵ects 
forest-dependent herpetofauna. This is consistent with 
the ¿ndings of Schneider-Maunoury et al. (2016), who 
demonstrated that specialist amphibians and reptiles are 
signi¿cantly more sensitive to forest edge e൵ects, lead-
ing to their decline in smaller, more exposed patches. 
Conversely, the ubiquitous occurrence of species like 
Rhinella horribilis and Anolis auratus across all sites, 
including the most disturbed, con¿rms their status as 
highly tolerant generalists, a common feature of simpli-
¿ed, human-modi¿ed tropical landscapes (McKinney, 
2006; Sche൵ers and Paszkowski, 2012).

The quantitative beta diversity analyses supported 
these ecological groupings. The hierarchical cluster 
analysis showed the highest similarity between PNM 
and Corozal (similarity 0.76), while the Albrook site 
segregated completely from the rest (similarity < 0.4), 
demonstrating a markedly di൵erent community com-
position. Valdés et al. (2023) found a similarity greater 
than 40% between the Corozal, PNM, and Albrook sites 
and a very distinct composition at the UP site, based 
on butterÀy richness. The results of this work partially 
coincide; although Corozal and PNM show high sim-
ilarity, this is not the case for Albrook, which showed 
greater similarity to UP. These discrepancies are like-
ly due to taxon-speci¿c responses to the urban matrix; 
while highly mobile insects such as butterÀies may per-
ceive connectivity across broader scales (Blair, 1999), 
amphibians and reptiles are more constrained by local 
environmental ¿lters and physical barriers to dispersal 
(Jones and Leather, 2012).

Although the PERMANOVA did not detect a statisti-
cally signi¿cant e൵ect of the landscape variables (area/
ha and distance to forest/km) on species composition 
(R2 = 0.47, p = 0.56), this lack of signi¿cance is likely a 
direct consequence of the low statistical power inherent 
in the small sample area (n = 5). Despite this limitation, 
the substantial R2 value suggests these factors hold bi-
ological importance in structuring communities, as the 
magnitude of e൵ect is often a more reliable indicator of 
ecological relevance than the p-value in restricted data-
sets (Di Stefano, 2004; Nakagawa and Cuthill, 2007). 
This interpretation is supported by the visual patterns 
in the NMDS and the intermediate richness observed in 
Corozal and the Reserva Natural Cerro Ancón (RNCA). 
These sites demonstrate that even smaller fragments, 
when connected or possessing speci¿c habitat features, 
maintain signi¿cant local herpetofaunal diversity, high-
lighting the value of the entire network of green spaces 
in providing refuge within the urban matrix.
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Table 3. Species richness of amphibians, reptiles, and total 

richness for each study site.

1 
 

 

Table 3. Species richness of amphibians, reptiles, and total richness for each study site. 

Site Richness of 
amphibians 

Richness of 
reptiles 

Total richness of species 
(Number of Hill q = 0) 

PNM 7 20 27 

Corozal 8 16 24 

RNCA 4 17 21 

UP 4 9 13 

Albrook 2 10 12 

 



The observed patterns are fully consistent with the 
hypothesis that urbanisation negatively impacts herpe-
tofaunal diversity, favouring generalists in small, highly 
exposed patches while conserving specialists primarily 
in the largest remnants (Hamer and McDonnell, 2008). 
These ¿ndings underscore that fragment area often 
serves as a proxy for the retention of forest interior con-
ditions, which are critical for the survival of sensitive 
tropical taxa (Mendenhall et al., 2016). Future research 
must incorporate a larger number of sites and detailed 
microenvironmental variables, such as leaf litter depth, 
canopy cover, and water quality, to statistically quanti-
fy the mechanisms structuring these communities and 
overcome the limitations of the current study area (Ur-
bina-Cardona et al., 2006).

Urban green spaces in Panama City are heterogeneous 
in their capacity to host herpetofaunal diversity, yet our 
¿ndings provide critical evidence for their collective 
conservation value. The largest, best-conserved forest 
fragments, particularly the PNM, function as vital 
refugia for specialists and disturbance-sensitive species. 
The observed di൵erentiation in community composition 
underscores the signi¿cant environmental ¿lter exerted 
by urbanisation, which leads to the replacement of 
specialists with a few highly tolerant generalists in 
modi¿ed environments (Hamer and McDonnell, 2008). 
Crucially, the intermediate richness at Corozal and 
RNCA emphasises that the entire network of forest 
fragments maintains regional herpetofaunal diversity 
and must be integrated into urban planning. Protecting 
and restoring larger, high-value fragments like the PNM 
is essential, but management must also implement 
strategies to improve habitat quality and connectivity in 
smaller fragments. Enhancing these spaces will increase 
the city’s ecological resilience against the pervasive 
challenges of climate change and rapid biodiversity loss 
(Ahern, 2013).
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