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Abstract: Low biodiversity in urban areas is associated with habitat loss. However, the effects of urbanization on 
biodiversity should also consider the historical background of land-use, explored herein. Our goal was to evaluate 
changes in the assemblage of reptiles in an urban habitat over 100 years, aiming to identify which ecological 
attributes allowed the persistence of species that can be found in the area today. We accessed historical records 
in scientific collections and carried out fieldwork to access reptile assemblage in an urban green area, in São 
Paulo, Brazil. Considering land-use changes in the area, we defined three-time intervals between 1901 and 2020. 
We established species richness for each time interval, categorizing them into three ecological attributes: habitat 
preference, substrate use, and food habits. We recorded 27 reptile species from 1901 until 2020, 14 resulting from 
historical data, eight from both historical and fieldwork, and five species exclusively in fieldwork. Amphibians 
were also sampled during fieldwork, but not used in historical comparison. Reptile’s species richness decreased 
59% regardless of ecological attributes, and snakes were the group with most species’ loss. Fossorial reptiles were 
the least affected group. We concluded that habitat loss culminated in a species richness decline, and the reptiles 
that remain until today were likely present since the fragment isolation. Ecological attributes of the remaining taxa 
include species that use terrestrial substrates and feed on prey commonly found in urban environments.
Keywords: urban biodiversity, landscape history, reptiles, amphibians, urban ecology.

Sobreviventes do concreto: a herpetofauna de uma áreaverde urbana ao longo de  
100 anos de urbanização

Resumo: A baixa biodiversidade em áreas urbanas está associada à perda de habitat. No entanto, os efeitos da 
urbanização sobre a biodiversidade também devem considerar o histórico de uso da terra, explorado aqui. Nosso 
objetivo foi avaliar as mudanças na comunidade de répteis em um habitat urbano ao longo de 100 anos, visando 
identificar quais atributos ecológicos permitiram a persistência de espécies que podem ser encontradas na área hoje. 
Acessamos registros históricos em coleções científicas e realizamos trabalho de campo para levantar as espécies 
de répteis em uma área verde urbana, em São Paulo, Brasil. Considerando as mudanças de uso da terra na área 
amostrada, definimos três intervalos de tempo entre 1901 e 2020. Estabelecemos a riqueza de espécies para cada 
intervalo de tempo, categorizando-as em três atributos ecológicos: preferência de habitat, uso de substrato e hábitos 
alimentares. Registramos 27 espécies de répteis de 1901 até 2020, sendo 14 resultantes de dados históricos, oito 
de dados históricos e de campo e cinco espécies amostradas exclusivamente de campo. Anfíbios também foram 
amostrados durante o trabalho de campo, mas não foram usados na comparação histórica. A riqueza de espécies 
de répteis diminuiu 59% independentemente dos atributos ecológicos, e serpente foi o grupo com maior perda de 
espécies. Os répteis fossoriais foram o grupo menos afetado. Concluímos que a perda de habitat culminou em um 
declínio da riqueza de espécies, e os répteis que permanecem até hoje provavelmente estavam presentes desde 
o isolamento do fragmento. Os atributos ecológicos dos táxons remanescentes incluem espécies que utilizam 
substratos terrestres e se alimentam de presas comumente encontradas em ambientes urbanos.
Palavras-chave: biodiversidade urbana, histórico da paisagem, répteis, anfíbios, ecologia urbana.
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been recorded since early 20th century, allowing us to access knowledge 
from the past and integrate it in new discoveries.

Material and Methods

1. Study site

The study was conducted in the UGA of Instituto Butantan (IBu) 
(Figure 1), a research institute located amidst 80 hectares of green 
area, in São Paulo, Brazil (23°34’03.96”S, 46°43’06.16”W), one of the 
most populous cities in the world (Instituto Brasileiro de Geografia e 
Estatistica [IBGE], 2018). Historically, the city of São Paulo is part of 
the range of the Ombrophile Semidecidual Atlantic Forest interspersed 
with open grasslands that were either part of the Brazilian Cerrado biome 
or the result of the action of pre-European human settlements (Usteri 
1911, Joly 1950, Ab’Saber 1963). Currently, the urban matrix of São 
Paulo city still contains numerous small parks and is surrounded by two 
large patches of Atlantic Forest, the Serra da Cantareira to the northwest 
and the Serra do Mar to the southwest. The rainfall and hottest months 
predominate from November to March.

In 1901, the IBu was a 400-hectare farm that comprised a flooded 
area, formed mainly by crops, pasture, Eucalyptus grove, and its limits 
extended over rivers that came from inland to the city of São Paulo 
(Joly 1950). During 50 years of infrastructure adequacy, most of the 
rivers were rectified, and, consequently, IBu lost its flooded boundaries 
(Diasas 2019). Meanwhile, the city of São Paulo grew exponentially, 
and urbanization reached the western region of the town, modifying 
the urban matrix surrounding IBu. A significant urban development 
occurred during 1951 and 1990, with new buildings, pavements, 
and the rivers’ silting. At the same time, more than 600 seedlings of 
Atlantic Forest native trees were intentionally planted to replace the 
former pasture area. Today, besides being a worldwide reference in the 
study of venomous animals and public health, the IBu is a significant 
UGA in the western zone of São Paulo. With 80 hectares of green area 
in an urban environment, only a quarter of its original area 120 years 
ago, 62% of its current area is covered by native and exotic vegetation 
within an urban environment (Teixeira-Costa et al. 2014, Secretaria do 
Verde e Meio Ambiente [SVMA], 2020). It is possible to find small and 
shallow water bodies inside the forest that remain full throughout the 
year, although dryer between May and September.

2. Data collection

We searched for reptile species recorded in scientific collections 
from 1901 to the present day; we also carried out fieldwork throughout 
2016 to assess the current herpetological community. The Collections 
examined were: Herpetological Collection “Alphonse Richard Hoge” 
(IBSP) and the Museu de Zoologia da Universidade de São Paulo 
(MZUSP), two centenary scientific collections in the city of São Paulo.

During the fieldwork in 2016, we employed active and passive 
methods (Auricchio and Salomão 2002): pitfalls traps with drift-fences 
(Corn 1994, Cechin and Martins 2000), visual surveys (Crump and 
Scott 1994), and records of occasional encounters from the authors and 
third parties (Auricchio and Salomão 2002). Five lines of pitfall traps 
were installed, in 50m long transects, each with five 100-liter plastic 
buckets buried in the ground. Every bucket was connected to another 

Introduction

Urban green areas (UGA) are all vegetation patches within and 
around cities (Miller 1997, Cilliers et al. 2013). These areas are 
important as refuge for varied species (Turner and Corlett 1996, Ives 
et al. 2015, Barbosa et al. 2020). Most studies aiming to evaluate 
biodiversity in UGA show that species richness in these areas is lower 
than natural habitats (e.g., Nielsen et al. 2014, Concepción et al. 2016, 
Lourenço-de-Moraes et al. 2018, Ganci et al. 2020). The species-area 
model is one possible process that explains this pattern, once it predicts 
that the replacement of vegetation by impervious surfaces reduces 
biodiversity by losing habitable area (McKinney 2008). However, 
biodiversity patterns emerging from interactions between different 
taxonomic groups and urban environments are not straightforward. 
The biodiversity in UGA varies according to several factors, including 
landscape composition (Aronson et al. 2017) and sensitivity of 
individual species to urbanization (Pena et al. 2017). Therefore, the 
information about what landscape characteristics and species life-history 
traits drive the success of biodiversity in urban habitats is essential for 
conservation in an increasingly urban world (Schochat et al. 2006, 
Aronson et al. 2017, Lepczyk et al. 2017).

Biodiversity patterns in UGA are usually assessed by comparing 
patches in urban or urban-rural environments; on the other hand, 
temporal comparisons are less common in the literature (but see 
Tait et al. 2005, Hahs et al. 2009, Marques et al. 2009). However, 
historical backgrounds in cities differ in several ways, such as cities’ 
age or the presence of natural landscapes (von der Lippe et al. 2020). 
Therefore, comparing historical data with current information from the 
same locality allows to evaluate changes in community composition 
throughout the years (Acosta et al. 2005) in order to answer how 
anthropic impacts affects the activity and survival of the remaining 
taxa (Pearman 1997, Schlaepfer and Gavin 2001, Loehle et al. 2005).

Birds, arthropods, and plants communities are often assessed in 
UGA studies (e.g., Saari et al. 2016, Palacio et al. 2018), but the effect 
of urbanization on communities of reptiles and amphibians are less 
understood (Almeida-Corrêa et al. 2020). In a recent review, French et 
al. (2018) suggests a general negative impact of urbanization on reptiles. 
In Brazil, recent empirical studies are suggesting a pattern of decline in 
species richness (e.g., de Andrade et al. 2019, Avila-Pires et al. 2018), 
and possible trophic cascades consequences (Siqueira and Marques 
2018). São Paulo is the largest city in South America and its forests 
support a high diversity of reptiles and amphibians (e.g., Malagoli 2008, 
Marques et al. 2009, Barbo et al. 2011). A recent study carried out in 
an UGA in São Paulo city recorded an impressive amount of anuran 
and reptiles, representing respectively 10 and 12% of the total richness 
known for these taxa in the Atlantic Forest in São Paulo state (Lisboa 
et al. 2021). The authors highlight the importance of studies that assess 
the ecology of extant species to better understand their ability to thrive 
in urban environments. 

Here, we characterized the herpetofauna community in an UGA 
within the city of São Paulo, Brazil, aiming to evaluate the temporal 
changes in species richness and community composition from 1901 until 
2020, identifying the ecological attributes that allowed the resistance 
of herpetofauna in this urbanized environment. With two important 
scientific collections in the city of São Paulo, data on fauna diversity has 
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by 10m with drift-fences. The fences were 1m high and were buried 
approximately 20cm into the ground, passing through the center of 
each pitfall. The visual survey consisted of walking around in search of 
reptiles and amphibians turning over leaves and shrubs. Animals found 
outside the collecting periods were recorded as occasional encounters. 
All collected animals were identified in the level of species. Because the 
sampled area has homogeneous vegetation and the pitfall lines were not 
more than 500m distant from each other, the transects were considered 
replicas. Sampling took place from January to December 2016, lasting 
seven days per month and totaling 84 days. The sampling effort and 
the encounter rate were measured in person-hours of visual search 
(two researchers in an hour daily for 53 days) and considering the 84 
days that the pitfall traps remained open (Martins and Oliveira 1998). 
The collected specimens were deposited in the IBSP. We carried out 
the fieldwork under the required permits (SISBIO license nº 51345-1, 
CEUA Instituto Butantan nº 7717221015).

2.1. Habitat preference and ecological attributes

We categorized the recorded species into ecological attributes 
in order to evaluate which life-history traits allow species to persist 
in patches of habitat within an urban area. We divided each sampled 
species by habitat preference or exclusiveness: forest specialist, 
open-area specialist, or generalist (i.e., no habitat preference or 
exclusiveness); the main type of substract: terrestrial, arboreal, 
aquatic, or fossorial; and the feeding habits. The feeding habitats were 
classified accordingly with the diet preference of each species, and 
we considered preferences for invertebrates, anurans, snakes, lizards, 
mammals, mollusks, earthworm, or generalist if the species doesn’t 
show any diet preference. To determine the ecological attributes of 
each species recorded, we used data available in literature: Fialho et 
al. 2000, Parpinelli and Marques 2008, Ghizoni-Junior et al. 2009, 
Hartmann et al. 2009, Araújo et al. 2010, da Silva et al. 2010, and 
Marques et al. 2019.

Figure 1. Urban green area of the Instituto Butantan, São Paulo, Brazil. (a) IBu in 1928, showing the main building and surrounding grasses; (b) IBu in 1983, 
showing artificial lakes, grass, and secondary forest; (c) Manipulated map of IBu in 1926 showing the original area of 400 hectares (dotted area) and the current area 
of 80 hectares (shaded area). Note the Pinheiros river before rectification; (d) secondary forest of IBu in 2021; (e) aerial view of IBu in 2014, showing a building, 
pavements, and secondary forest; (f) current area of IBu (shaded area). Note the Pinheiros river after rectification. Photographs (a) and (b): Butantan Institute Archive/
Memory Center; Original map in (c): Cardoso 1926; photograph (d): Bruno Martins da Costa Batista; photograph (e): Camilla Suescun Marques de Carvalho.
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3. Data analysis

Considering data gathered during fieldwork, the efficiency of 
the sampling method was evaluated using species rarefaction curves 
(Colwell and Coddington 1994, Thompson et al. 2003, Trevine et al. 
2014), with a 95% confidence interval and 1000 randomizations. We 
assessed the richness through a non-parametric first-order Jackknife 
index (Heltsche and Forrester 1983, Hellmann and Fowler 1999). Due to 
the lack of accurate historical records on species abundance, we choose 
species richness as a method for comparison in the temporal analysis 
(Tait et al. 2005). We determined the richness of snakes, lizards and 
amphisbaenians for each time interval using the total number of species 
recorded in that period, disregarding the lost specimens. No historical 
record of amphibian species was available in IBSP or MZUSP. Thus, 
the amphibian species presented here results only from fieldwork, and 
we did not use it in the temporal comparison.

To make it possible to compare the reptiles richness at different 
times, we stipulated three time intervals considering major land-use 
changes in the IBu area (Figure 1): 1901-1950, which includes the initial 
area of 400 hectares with wetlands and agricultural activities (Figure 
1a-c); 1951-1990, including new buildings, rivers and roads paving, and 
reforestation (Figure 1a-c); 1991-current days, an area of 80 hectares 
and a well-established secondary forest (Figure 1d-f).

Species were categorized by “present”, “absent”, or “data not 
available - NA” for each time interval. If a species were recorded in 
earlier years but not in years after that (e.g., record available in 1930 but 
no record after that) we considered the species “absent” in the next years. 
If a species were recorded in one year but not in years before that (e.g., 
record available in 2000 but no record before that), we considered that 
this species has no available data “NA” for years before (see Table 1). We 
made this decision based on the fact that sometimes historical data can be 
missed or not kept. We analyzed the proportion of present species against 
time (e.g., Tait et al. 2005), which produced three lines (Figure 2). The 
upper line indicates the maximum possible number of species present in 
that time interval, calculated by adding the total number of present species 
to the total number of NA species, that is, considering that NA species were 
present. The central line represents the total number of present species 
divided by the total number of species recorded as present and absent, 
excluding NA species. This central line highlights the effect that NA 
values have on the basic pattern. The lower line indicates the minimum 
number of species present expected for each time interval, assuming that 
all species with NA values were absent. Because the proportion of present 
species against time showed little variation between the upper and the 
central line, it is more likely that species with no available data (NA) 
were in fact present in earlier years, but with no records taken or kept. 
Thus, we utilized the maximum number of species (present + NA) for 
each time interval to conduct the comparison between different periods.

Data was extrapolated between data points to provide the continuous 
graphical representation (Tait et al. 2005). It means that the same 
species recorded as present in 1901 and 2018, but with no data sets for 
intervening years, was presumed as present in all years between these 
two time points. If a species was recorded as present in 1901, but no 
records were found for the remaining years, we assumed that the species 
was locally extinct and categorized it as absent for the next years. We 
used the software R (R Development Core Team 2020) to conduct the 
analyses and to produce the graphics.

Results

1. Fieldwork sampling

We recorded six species of anurans (Table 1; Figure 3a) during 
fieldwork in 2016. The most abundant, Rhinella ornata, comprises 
30% of the total of individuals sampled. Species rarefaction curves 
from sampling effort stabilized for amphibians (JACK1 = 5.98 ± 0), 
corresponding fairly to the number of observed species. Within the 
sampled amphibians, five species (83%) are forest specialists and one 
(Physalaemus cuvieri) is generalist, occurring in both forest and open 
areas. Three species (R. ornata, R. icterica and P. cuvieri) are terrestrial 
while the other three (Boana faber, Scinax hiemalis and Trachycephalus 
mesophaeus) are arboreal. All species feed on invertebrates.

We recorded 13 species of reptiles (Table 1; Figure 3b) during 
fieldwork in 2016. The most abundant, the snake Xenodon neuwiedii, 
comprises 30% of the total of individuals captured. Species rarefaction 
curves from sampling effort did not stabilize for reptiles (JACK1 = 17.25 
± 0), indicating that at least four species were missed from our effort.

Considering the lizard species, only one (Ophiodes fragilis) is 
common in forested areas. Notomabuya frenata and Tropidurus gr. 
torquatus are common in open areas, while Hemidactylus mabouia and 
Salvator merianae can be found in both open and forest areas. Four 
species (80%) are terrestrial and only the exotic H. mabouia is arboreal. 
All species feed on invertebrates or are generalists. Amphisbaenids 
are common in open areas, except for Leposternon microcephalum. 
All amphisbaenids are fossorial and feed on invertebrates or elongate-
shape vertebrates.

Within the sampled snakes, four species (Liotyphlops beui, Tomodon 
dorsatus, Xenodon neuwiedii, and Bothrops jararaca) are common in 

Figure 2. Proportion of species present in three periods. The upper and lower 
dotted lines (in gray) show the proportion of species present compared to the 
total number of species (present, absent, and NA). The central line (in black) 
shows the proportion of species present compared to the total number of species 
with known status (present and absent), excluding “NA” records.
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forested areas. Four species (Apostolepis assimilis Helicops modestus, 
Philodryas aestiva, and P. patagoniensis) dwell in open areas, and 
Dipsas mikanii, Erythrolamprus poecilogyrus, and Oxyrhopus guibei 
can be found both in open and forest areas. Six species (54%) are 
terrestrial, two (18%) are fossorial, two species can use both terrestrial 
and arboreal substrate (18%), and only Helicops modestus is semi-
aquatic. There were no predominantly arboreal species sampled. Snakes 
are mostly generalists (54%). Liotyphlops beui feeds on invertebrates, 
and D. mikanii and T. dorsatus are malacophagous. Xenodon neuwiedii 

and E. poecilogyrus feed on anuran, and O. guibei and B. jararaca feeds 
on lizards and small mammals.

2. Reptiles in scientific collections and temporal comparison

We recorded 26 species of reptiles from 1901 to present (Table 1), 13 
resulting exclusively from historical data, eight from both historical and 
fieldwork, and five species sampled exclusively in fieldwork: Ophiodes 
fragilis, Tropidurus gr. torquatus, Amphisbaena alba, Amphisbaena 
mertensii, and Leposternon microcephalum. Data from museum records 

Table 1. Sampled species of herpetofauna in the urban green area of the Instituto Butantan (IBu) in three periods: from 1901 to 1950, 1951 to 1989, and 1990 to 
current days (1 = presence; 0 = absence; NA = non-available data). The table include the methods (Fw = fieldwork; Mc = museum collection), and the following 
ecological attributes: habitat use (Fo = forest area; Op = open area; Ge = generalist); substrate use (Fs = fossorial; Ar = arboreal; Te = terrestrial; Aq = aquatic); and 
feeding habits (In = invertebrates; An = anurans; Sn = snakes; Lz = lizards; Ma = mammals; Mo = mollusks; Ew = earthworm; Ge = generalist). Note: Consider 
NA as presence (see Figure 2 and text).

Order/family Species Periods Methods Habitat Substract Diet
1901–1950 1951–1989 1990–2020

Anura
Bufonidae Rhinella icterica 0 0 1 Fw Fo Te In

Rhinella ornata 0 0 1 Fw Fo Te In
Hylidae Boana faber 0 0 1 Fw Fo Ar In

Scinax hiemalis 0 0 1 Fw Fo Ar In
Trachycephalus mesophaeus 0 0 1 Fw Fo Ar In

Leptodactylidae Physalaemus cuvieri 0 0 1 Fw Ge Te In
Squamata  

Anguidae Ophiodes fragilis NA NA 1 Fw Fo Te In
Ophiodes striatus 1 0 0 Mc Ge Te In

Gekkonidae Hemidactylus mabouia 1 1 1 Fw/Mc Ge Ar In
Leiosauridae Anisolepis grilli 1 0 0 Mc Fo Ar In

Enyalius perditus NA 1 0 Mc Fo Ar In
Mabuyidae Notomabuya frenata 1 1 1 Mc Op Te In
Teiidae Salvator merianae 1 1 1 Fw/Mc Ge Te Ge
Tropiduridae Tropidurus gr. torquatus NA NA 1 Fw Op Te In
Amphisbaenidae Amphisbaena alba NA NA 1 Fw Op Fs In, Sn, Lz

Amphisbaena dubia 1 1 1 Fw/Mc Op Fs In, Sn, Lz
Amphisbaena mertensii NA NA 1 Fw Op Fs In, Sn, Lz

Leposternon microcephalum NA NA 1 Fw Fo Fs Ew, Sn, Lz
Anomalepididae Liotyphlops beui NA 1 1 Fw/Mc Fo Fs In
Dipsadidae Apostolepis assimilis NA 1 1 Mc Op Fs Sn, Lz

Dipsas mikanii 1 1 1 Fw/Mc Ge Te Mo
Erythrolamprus NA 1 0 Mc Ge Te Sn

aesculapii
Erythrolamprus poecilogyrus NA 1 1 Mc Ge Te An

Helicops modestus NA NA 1 Mc Op Aq Ge
Oxyrhopus guibei NA 1 1 Fw/Mc Ge Te Ge
Philodryas aestiva NA NA 1 Mc Op Ar, Te Ge

Philodryas NA 1 1 Mc Op Te Ge
patagoniensis

Thamnodynastes cf. nattereri 1 0 0 Mc Fo Ar, Te Ge
Tomodon dorsatus NA 1 1 Fw/Mc Fo Te Mo
Xenodon neuwiedii NA NA 1 Fw/Mc Fo Te An

Elapidae Micrurus corallinus NA 1 0 Mc Fo Fs, Te Sn, Lz
Viperidae Bothrops jararaca NA NA 1 Mc Fo Ar, Te Ge
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(Table 1) suggests that other seven species of reptiles can be found in 
current days at IBu, which exceeds the value predicted by the reptile’s 
rarefaction curve (JACK1 = 17.25 ± 0).

The richness of reptile species decreased 23%: 26 species in the first 
period (1901-1950), to 22 in the second (1951-1990) and 20 in the third 
period (1991-current). Although the richness of amphisbaenians was 
constant during all periods (n = 4), species richness decreased 37,5% for 
lizards, and 21,4% for snakes (Figure 4a). For snakes and lizards, the 
depletion in species richness occurred regardless the habitat preference 
of each species, but it kept constant for open-area specialists (Figure 4b).

Discussion

We found six amphibians and 20 reptile species composing the 
current herpetofauna community at IBu. From 1906 to 2006, IBSP and 
MZUSP collection gathered a total of 97 species of reptiles from the 
city of São Paulo, being seven amphisbaenids, 19 lizards and 68 snakes 
(Marques et al. 2009). From 2003 to 2007, IBu received 38 species of 
snakes (Barbo 2008). The latest fauna inventory for the city of São 
Paulo registered 88 species of amphibians and 55 of reptiles sampled 
in 173 green areas throughout the city, including public and private 
UGA, water bodies and conservation units (SVMA 2022). However, 

the IBu area was not assessed in this inventory and our study provides 
two new records for the city: the lizard Notomabuya frenata and the 
amphisbaenid Amphisbaenia mertensii. The species richness and 
composition we found seem proportionally similar with other urban 
areas within Atlantic Forest (e.g., Citeli et al. 2016, de Oliveira et al. 
2016, França and França 2019, Cavalheri et al. 2021).

The locations in São Paulo city highly sampled for amphibians 
are the Cantareira and the Serra do Mar State Parks, while other UGA 
represent sampling gaps (Malagoli 2008). One of these gap areas is 
the IBu. The amphibians we found are common in urban areas of the 
city of São Paulo (SVMA 2022), suggesting that these species tolerate 
environmental change (Santana et al. 2016, Lourenço-de-Moraes et al. 
2018). Besides being influenced by climatic variations (Rebouças et al. 
2021), declines in amphibians’ richness in urban areas are associated 
with highly anthropic pressure, including habitat loss (Youngquist 
et al. 2017, Lourenço-de-Moraes et al. 2018; Ganci et al. 2020), low 
connectivity between fragments (Metzger et al. 2009), and topography 
of the surrounding matrix (Ribeiro et al. 2018). The low amphibian’s 
richness observed in IBu possibly is related to habitat loss, and to 
environmental changes in the fragment during urbanization, as already 
documented in other UGA in the city of São Paulo, for example in the 
Parque Estadual Fontes do Ipiranga (Lisboa et al. 2021).

Figure 3. Current herpetofauna community of Instituto Butantan sampled in fieldwork during 2016. (a) Amphibians recorded during fieldwork and number of 
individuals per species sampled; (b) Reptiles recorded during fieldwork and number of individuals per species samples.

Figure 4. Reptiles species richness in three periods analyzed: 1901-1950 (dark grey), 1951-1989 (grey), 1990-2020 (light gray). (a) Species richness for lizards, 
snakes and amphisbaenians; (b) Species richness for lizards (upper bar) and snakes (bottom bar) in relation to the ecological attribute of habitat preference (forest 
areas, open areas, or generalist).
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Lizards and other snakes sampled in IBu are mostly terrestrial 
and prey items that seem common in urban environments, which may 
favor their persistence in UGA. The lizards O. fragilis, H. mabouia and  
N. frenata feed on a wide variety of arthropods that occur in undergrowth 
or herbaceous vegetation (Vrcibradic and Rocha 1998, Bonfiglio  
et al. 2006, Montechiaro et al. 2011), while T. gr. torquatus has a diet 
composed mainly by invertebrates, and occasionally small vertebrates 
and plants (Teixeira and Giovanelli 1999). Salvator merianae is a 
generalist species with a diversified diet based (Vanzolini et al. 1980, 
Kiefer and Sazima 2002, Mourthé 2010). Oxyrhopus guibei and  
B. jararaca has an ontogenetic shift on diet, and juvenile feeds on lizards 
while adults feed on small rodents (Andrade and Silvano 1996, Marques 
et al. 2019). Dipsas mikanii and T. dorsatus are malacophagous (Bizerra 
et al. 2005, Marques et al. 2019). Xenodon neuwiedi is an anuran-eater 
(Sazima and Haddad 1992; Marques et al. 2019) and feed mainly on 
bufonid genus Rhinella, including R. ornata (Vaz and Chinchilla 2019), 
the most abundant anuran in IBu.

Fossorial or cryptozoic species (amphisbaenians and snakes) 
represented 30% of the total reptiles sampled. Considering the historical 
records, it seems that only one species (Micrurus corallinus) was locally 
extinct or missed from our sampling effort. The snake A. assimilis feeds 
on elongated-shape vertebrates (Ferrarezzi et al. 2005, Marques et al. 
2019). Amphisbaenians and the snake L. beui are mostly dependent on 
invertebrates, including earthworm, larvae and pupae of ants (Parpinelli 
and Marques 2008, Marques et al. 2019). Such prey items are common 
throughout urban environments (e.g., Pacheco and Vasconcelos 2007, 
Peng et al. 2020). Although fossorial species may be underestimated 
(Barbo and Sawaya 2008), their lack of depletion over time suggests 
that this fauna can remain in small fragments. Thus, subterranean 
reptiles seem resistant to environmental changes. Additional studies 
on underground reptiles are still needed to assess the real trend of the 
impact on this type of fauna due to the loss of habitat and urbanization 
(cf. Böhm et al. 2013).

Six reptile species, being three lizards and three snakes, were 
either locally extinct or missed from our sampling effort. Ophiodes 
striatus, Anisolepis grilli and Thamnodynastes cf. nattereri were 
recorded only in the first period (from 1901 to 1950), and Enyalius 
perditus, Erythrolamprus aesculapii and Micrurus corallinus were 
recorded only in the second period (from 1951 to 1990). The snakes  
T. cf. nattereri and M. corallinus are usually found in well-preserved 
and continuous forests (e.g. Forlani et al. 2010, Giraudo et al. 2012), 
not the current condition of the IBu. Records available for A. grilli and  
E. aesculappi in the city of São Paulo show that these species occur only 
in continuous forests surrounding the city (SVMA 2022). Therefore, 
these four species could be locally extinct. However, O. striatus and  
E. perditus can be found in urban areas and disturbed habitats, including 
other UGA in the city of São Paulo (Lisboa et al. 2021, SVMA 2022), 
indicating that these species might have been missed despite our effort 
rather than be locally extinct.

Amphibians and reptiles are well-sampled groups in the Brazilian 
Atlantic Forest, and the urban herpetofauna is becoming a target research 
subject over the years (e.g., Citeli et al. 2016, Lourenço-de-Moraes 
et al. 2018, Almeida-Correa et al. 2020, Ganci et al. 2021). Urban 
environments are typically characterized by lower biodiversity when 
compared to natural environments (Marzluff 2001; Chace and Walsh 
2006). Because the major threat to reptiles and amphibians is habitat 

loss (Gibbons et al. 2000, Böhm et al. 2013, Vilaseñor et al. 2017), a low 
diversity of these groups is expected in UGA. For reptiles of different 
remnants of the Atlantic Forest, the fragment area may be the main 
predictor for species richness, but matrix quality as well as fragment 
shape may also be important (Lion et al. 2016). Besides, the likelihood 
of colonization of new species or exchange with other green areas is 
restricted due the low connectivity among forest fragments (Laurance  
et al. 2011), and the intrinsic low dispersion of these animals. Our results 
show that there was a decline in the species richness of surface reptiles 
during a temporal gradient, and we did not observe a different pattern of 
species loss when analyzing ecological attributes separately. Therefore, 
we believe that the species currently found in IBu were likely present 
in the past and persisted over changes in land-use.

In this work we evaluate the current herpetofauna community 
of an urban green area, comparing the current reptile’s assemblage 
with historical data in a temporal scale. Taxa observed are mainly 
terrestrial, and feed on prey commonly found in UGA, and these traits 
can favor their persistence within urban environments. In the temporal 
comparison, there was a general decline in reptiles’ richness regardless 
of ecological attributes, possibly resulting of loss of habitable area in 
Instituto Butantan. Fossorial reptiles are the group that most resisted 
habitat loss, with only one species locally extinct. We suggest that 
future studies keep monitoring this community, investigating other 
natural history and morphology traits for sampled species, aiming to 
record possible local adaptations in comparison with populations living 
in natural areas.

Acknowledgments

We are grateful to Giuseppe Puorto, Felipe Grazziotin and Hussam 
Zaher for allowing access to animals under their care in IBSP and 
MZUSP, and Valdir Germano, Bruno Costa, Aline Benetti, and Livia 
Corrêa for their technical support. We thank Guto Carvalho for 
editing Figure 1, and Camilla Suescun and Bruno Costa for photos 
used in this manuscript. We thank José P. Pombal Jr. for amphibian 
identification. We are thankful for all colleagues that volunteer for 
fieldwork campaigns. Finally, we also thank two anonymous reviewers 
for suggestions that improved the content of this manuscript. This 
work results from ES and JL-S specialization theses supported by 
Secretaria da Saúde do Estado de São Paulo and FAPESP grant  
nº 2020/12658-4, and we appreciate the license permits that allowed 
this work: SISBIO license nº 51345-1 and Ethics Committee of the 
Instituto Butantan nº 7717221015.

Associate Editor

Pedro Nunes

Authors’ Contribution

Eletra de Souza: conceptualization, resources, methodology, writing –  
original draft, writing – review & editing.

Jade Lima-Santos: conceptualization, resources, methodology, 
writing – review & editing.

Otavio Augusto Vuolo Marques: resources, writing – review & 
editing.

https://doi.org/10.1590/1676-0611-BN-2023-1480


8

Souza E. et al.

Biota Neotrop., 23(4): e20231480, 2023

http://www.scielo.br/bn https://doi.org/10.1590/1676-0611-BN-2023-1480

Erika Hingst-Zaher: conceptualization, resources, writing – review 
& editing.

Conflicts of Interest

The authors declare that they have no conflict of interest related to 
the publication of this manuscript.

Ethics

This study did not involve human beings and/or clinical trials that 
should be approved by one Institutional Committee.

Data Availability

The datasets generated during and/or analyzed during 
the current study are available at: https://datadryad.org/stash/
share/6qnNreavbbAehOPpBD4-FTY3iWGucvdDgZU2iKIrS0o

References
AB’SÁBER, A.N. (1963). Originalidade do sítio da cidade de São Paulo. 

Acrópole 295, 239–246.
ACOSTA, R., MESONES, R.V. & NÚÑEZ A. (2005). Fauna de anuros 

en la ciudad de Salta, Argentina. Revista de Biologia Tropical 53, 
569–575. https://www.scielo.sa.cr/scielo.php?script=sci_arttext&pid
=S0034-77442005000200024

ALMEIDA-CORRÊA, T., FRAZAO, L., COSTA, D.M., MENIN, M. & 
KAEFER, I.L. (2020). Effect of environmental parameters on squamate 
reptiles in an urban forest fragment in central Amazonia. Acta Amazonica 
50, 239–245.

ANDRADE, R.D.O. & SILVANO, R.A.M. (1996). Comportamento alimentar 
e dieta da falsa-coral Oxyrhopus guibei Hoge & Romano (Serpentes, 
Colubridae). Revista Brasileira de Zoologia 13,143–150.

ANGOLD, P.G., SADLER, J.P, HILL, M.O., PULLIN, A., RUSHTON, 
S., AUSTIN, K., SMALL, E., WOOD, B., WADSWORTH, R., 
SANDERSON, R. & THOMPSON, K. (2006). Biodiversity in urban 
habitat patches. Science of the Total Environment 360, 196–204. https://
doi.org/10.1016/j.scitotenv.2005.08.035

ARAUJO, C.D.O., CONDEZ, T.H., BOVO, R.P., CENTENO, F.D.C & LUIZ, 
A.M. (2010). Amphibians and reptiles of the Parque Estadual Turístico 
do Alto Ribeira (PETAR), SP: an Atlantic Forest remnant of southeastern 
Brazil. Biota Neotropica 10, 257–274.

ARONSON, M.F., LEPCZYK, C.A., EVANS, K.L., GODDARD, M.A., 
LERMAN, S.B., MACIVOR, J.S., NILOR, C.H. & Vargo, T. (2017) 
Biodiversity in the city: key challenges for urban green space management. 
Frontiers in Ecology and the Environment 15, 189–196. https://doi.
org/10.1002/fee.1480

AURICCHIO, P. & SALOMÃO, M.D.G. (2002). Técnicas de coleta e 
preparação de vertebrados para fins científicos e didáticos. Instituto Pau 
Brasil de História Natural, São Paulo, Brazil.

AVILA-PIRES, T.C., ALVES-SILVA, K.R., BARBOSA, L., CORREA, F.S., 
COSENZA, J.F., COSTA-RODRIGUES, A.P.V., CRONEMBERGER, 
A.A., HOOGMOED, M.S., LIMA-FILHO, G.R., MACIEL, A.O., 
MISSASSI, A.F.R., NASCIMENTO, L.R.S., NUNES, A.L.S., 
OLIVEIRA, L.S., PALHETA, G.S., PEREIRA JR., A.J.S., PINHEIRO, L., 
SANTOS-COSTA, M.C., PINHO, S.R.C., SILVA, F.M., SILVA, M.B. &  
STURARO, M.J. (2018). Changes in amphibian and reptile diversity 
over time in Parque Estadual do Utinga, a protected area surrounded by 
urbanization. Herpetology Notes 11, 499–512.

BARBO, F.E., MALAGOLI, L.R., BAJESTERO, F.B. & WHATELY, M. 
(2008). Os Répteis no Município de São Paulo: aspectos históricos, 
diversidade e conservação. In L.R. Malagoli, F.B. Bajestero & M. Whately 

(Eds.), Além do Concreto: contribuições para a proteção da biodiversidade 
paulistana (pp. 234–267). Editora Instituto Socioambiental, São Paulo, 
Brazil.

BARBOSA, K.V.C., RODEWALD, A.D., RIBEIRO, M.C. & JAHN, A.E. 
(2020). Noise level and water distance drive resident and migratory bird 
species richness within a Neotropical megacity. Landscape and Urban 
Planning 197,103769. https://doi.org/10.1016/j.landurbplan.2020.103769

BENESI, R.G.Q. (2007). Répteis do município de São Paulo. In A.F.A. 
Magalhães & M.K. Vasconcellos (Eds.), Fauna silvestre: quem são e onde 
vivem os animais na metrópole paulista (pp. 106–147). Secretaria Municipal 
do Verde e do Meio Ambiente, São Paulo, Brazil.

BIZERRA, A., MARQUES, O.A.V. & SAZIMA, I. (2005). Reproduction and 
feeding of the colubrid snake Tomodon dorsatus from south-eastern Brazil. 
Amphibia-Reptilia 26, 33–38. https://doi.org/10.1163/1568538053693350

BOGONI, J.A., PIRES, J.S.R., GRAIPEL, M.E., PERONI, N. & PERES, C.A. 
(2018). Wish you were here: How defaunated is the Atlantic Forest biome 
of its medium-to large-bodied mammal fauna? PloS ONE 13, e0204515. 
https://doi.org/10.1371/journal.pone.0204515

BÖHM, M., COLLEN, B., BAILLIE, J.E.M., BOWLES, P., CHANSON, J.,  
COX, N., HAMMERSON, G., HOFFMANN, M., LIVINGSTONE, S.R.,  
RAM, M., RHODIN, A.G.J., STUART, S.N., VAN DIJK, P.P., YOUNG, 
B.E., AFUANG, L.E., AGHASYAN, A., GARCÍA, A., AGUILAR, C.,  
AJTIC, R., AKARSU, F., ALENCAR, L.R.V., ALLISON, A., 
ANANJEVA, N., ANDERSON, S., ANDRÉN, C., ARIANO-SÁNCHEZ, 
D., ARREDONDO, J.C., AULIYA, M., AUSTIN, C.C., AVCI, A., 
BAKER, P.J., BARRETO-LIMA, A.F., BARRIO-AMORÓS, C.L., 
BASU, D., BATES, M.F., BATISTELLA, A., BAUER, A., BENNETT, 
D., BÖHME, W., BROADLEY, D., BROWN, R., BURGESS, J., 
CAPTAIN, A., CARREIRA, S., CASTAÑEDA, M.R., CASTRO, 
F., CATENAZZI, A., CEDEÑO-VÁZQUEZ, J.R., CHAPPLE, D.G., 
CHEYLAN, M., CISNEROS-HEREDIA, D.F., COGALNICEANU, D.,  
COGGER, H., CORTI, C., COSTA, G.C., COUPER, P.J., COURTNEY, T.,  
CRNOBRNJA-ISAILOVIC, J., CROCHET, P.A., CROTHER, B., 
CRUZ, F., DALTRY, J.C., DANIELS, R.J.R., DAS, I., SILVA, A., 
DIESMOS, A.C., DIRKSEN, L., DOAN, T.M., DODD JR., C.K., 
DOODY, J.S., DORCAS, M.E., BARROS FILHO, J.D., EGAN, V.T., 
MOUDEN, E.H.E., EMBERT, D., ESPINOZA, R.E., FALLABRINO, 
A., FENG, X., FENG, Z.-J., FITZGERALD, L., FLORES-VILLELA, 
O., FRANÇA, F.G.R., FROST, D., GADSDEN, H., GAMBLE, T.,  
GANESH, S.R., GARCIA, M.A., GARCÍA-PÉREZ, J.E., GATUS, J.,  
GAULKE, M., GENIEZ, P., GEORGES, A., GERLACH, J., 
GOLDBERG, S., GONZALEZ, J.-C.T., GOWER, D.J., GRANT, 
T., GREENBAUM, E., GRIECO, C., GUO, P., HAMILTON, A.M., 
HARE, K., HEDGES, S.B., HEIDEMAN, N., HILTON-TAYLOR, 
C., HITCHMOUGH, R., HOLLINGSWORTH, B., HUTCHINSON, 
M., INEICH, I., IVERSON, J., JAKSIC, F.M., JENKINS, R., JOGER, 
U., JOSE, R., KASKA, Y., KAYA, U., KEOGH, J.S., KÖHLER, G., 
KUCHLING, G., KUMLUTAŞ, Y., KWET, A., LA MARCA, E., 
LAMAR, W., LANE, A., LARDNER, B., LATTA, C., LATTA, G., 
LAU, M., LAVIN, P., LAWSON, D., LEBRETON, M., LEHR, E., 
LIMPUS, D., LIPCZYNSKI, N., LOBO, A.S., LÓPEZ-LUNA, M.A., 
LUISELLI, L., LUKOSCHEK, V., LUNDBERG, M., LYMBERAKIS, 
P., MACEY, R., MAGNUSSON, W.E., MAHLER, D.L., MALHOTRA, 
A., MARIAUX, J., MARITZ, B., MARQUES, O.A.V., MÁRQUEZ, 
R., MARTINS, M., MASTERSON, G., MATEO, J.A., MATHEW, 
R., MATHEWS, N., MAYER, G., MCCRANIE, J.R., MEASEY, G.J., 
MENDOZA-QUIJANO, F., MENEGON, M., MÉTRAILLER, S., 
MILTON, D.A., MONTGOMERY, C., MORATO, S.A.A., MOTT, T., 
MUÑOZ-ALONSO, A., MURPHY, J., NGUYEN, T.Q., NILSON, G., 
NOGUEIRA, C., NÚÑEZ, H., ORLOV, N., OTA, H., OTTENWALDER, 
J., PAPENFUSS, T., PASACHNIK, S., PASSOS, P., PAUWELS, 
O.S.G., PÉREZ-BUITRAGO, N., PÉREZ-MELLADO, V., PIANKA, 
E.R., PLEGUEZUELOS, J., POLLOCK, C., PONCE-CAMPOS, P., 
POWELL, R., PUPIN, F., DÍAZ, G.E.Q., RADDER, R., RAMER, 
J., RASMUSSEN, A.R., RAXWORTHY, C., REYNOLDS, R., 
RICHMAN, N., RICO, E.L., RISERVATO, E., RIVAS, G., DA ROCHA, 
P.L.B., RÖDEL, M.-O., SCHETTINO, L.R., ROOSENBURG, W.M., 
ROSS, J.P., SADEK, R., SANDERS, K., SANTOS-BARRERA, G., 

https://doi.org/10.1590/1676-0611-BN-2023-1480


9

The herpetofauna of an urban green area 

Biota Neotrop., 23(4): e20231480, 2023

https://doi.org/10.1590/1676-0611-BN-2023-1480 http://www.scielo.br/bn

SCHLEICH, H.H., SCHMIDT, B.R., SCHMITZ, A., SHARIFI, M., 
SHEA, G., SHI, H.-T., SHINE, R., SINDACO, R., SLIMANI, T., 
SOMAWEERA, R., SPAWLS, S., STAFFORD, P., STUEBING, R., 
SWEET, S., SY, E., TEMPLE, H.J., TOGNELLI, M.F., TOLLEY, K., 
TOLSON, P.J., TUNIYEV, B., TUNIYEV, S., ÜZÜM, N., VAN BUURT, 
G., SLUYS, M.V., VELASCO, A., VENCES, M., VESELÝ, M., VINKE, 
S., VINKE, T., VOGEL, G., VOGRIN, M., VOGT, R.C., WEARN, O.R., 
WERNER, Y.L., WHITING, M.J., WIEWANDT, T., WILKINSON, J., 
WILSON, B., WREN, S., ZAMIN, T., ZHOU, K., ZUG, G. & MATEO, 
J.A. (2013). The conservation status of the world’s reptiles. Biological 
Conservation 157,372–385. https://doi.org/10.1016/j.biocon.2012.07.015

BONFIGLIO, F., BALESTRIN, R.L. & CAPPELLARI, L.H. (2006). Diet 
of Hemidactylus mabouia (Sauria, Gekkonidae) in urban area of southern 
Brazil. Biociências 14, 107–111.

CARDOSO, J.P. (1926). Planta geral do Instituto Butantan. Memória Pública, 
Arquivo Público do Estado de São Paulo, São Paulo.

CAVALHERI, D.G., SIQUEIRA, R.M.S., BRASIL-GODINHO, M., 
FADEL, R.M., TREVINE, V., SARTORI, L.P. & SANTANA, D.J. 
(2021). Herpetofauna in a secondary Atlantic Forest fragment in Itanhaem 
municipality, Southeastern Brazil. Herpetology Notes 14, 995-1007.

CECHIN, S.Z. & MARTINS, M. (2000). Eficiência de armadilhas de queda 
(pitfall traps) em amostragens de anfíbios e répteis no Brasil. Revista 
Brasileira de Zoologia 17, 729–740.

CILLIERS, S., CILLIERS, J., LUBBE, R. & SIEBERT, S. (2013). Ecosystem 
services of urban green spaces in African countries — perspectives and 
challenges. Urban Ecosystems 16, 681–702. https://doi.org/10.1007/
s11252-012-0254-3

CITELI, N., HAMDAN, B. & GUEDES, T. (2016). Snake richness in urban 
forest fragments from Niteroi and surroundings, state of Rio de Janeiro, 
southeastern Brazil. Biodiversity Data Journal 4, e7145. https://doi.
org/10.3897/BDJ.4.e7145

COLWELL, R.K. & CODDINGTON, J.A. (1994). Estimating terrestrial 
biodiversity through extrapolation. Philosophical Transactions of the Royal 
Society of London. Series B: Biological Sciences 345, 101–118. https://doi.
org/10.1098/rstb.1994.0091

CONCEPCIÓN, E.D., OBRIST, M.K., MORETTI, M., ALTERMATT, F., 
BAUR, B. & NOBIS, M. P. (2016). Impacts of urban sprawl on species richness 
of plants, butterflies, gastropods and birds: not only built-up area matters. Urban 
Ecosystems 19, 225–242. https://doi.org/10.1007/s11252-015-0474-4

CORN, P.S. (1994). Straight-line drift fences and pitfall traps. In W. R. Heyer, M. 
A. Donnelly, R. W. McDiarmid, L.C.Hayek & M. S. Foster (Eds.), Measuring 
and monitoring biological diversity: standard methods for amphibians (pp. 
109-117). Smithsonian Institution Press, Washington, D.C., USA.

CRUMP, M.L. & SCOTT, N.J. (1994). Visual encounter surveys. In W.R. 
HEYER, M.A. DONNELLY, R.W. MCDIARMID, L.C. HAYEK 
& M.S. Foster (Eds.), Measuring and monitoring biological diversity: 
standard methods for amphibians (pp. 84–92). Smithsonian Institution 
Press, Washington, D.C., USA.

DA SILVA, M.V., DE SOUZA, M.B. & BERNARDE, P.S. (2010). Riqueza 
e dieta de serpentes do Estado do Acre, Brasil. Revista Brasileira de 
Zoociências 12, 165–172. https://periodicos.ufjf.br/index.php/zoociencias/
article/view/24460

DA SILVA, B.F., PENA, J.C., VIANA-JUNIOR, A.B., VERGNE, M. & PIZO, 
M. (2021). Noise and tree species richness modulate the bird community 
inhabiting small public urban green spaces of a Neotropical city. Urban 
Ecosystems 24, 71–81. https://doi.org/10.1007/s11252-020-01021-2

DE ANDRADE, A.C., FRANZINI, L.D. & Mesquita, D.O. (2019). Assessing 
the effect of urbanization on tropical forest dwelling teiid lizards. Ecological 
Indicators 99, 225–229. https://doi.org/10.1016/j.ecolind.2018.12.037

DE OLIVEIRA, C.N., DA SILVA MUNIZ, S.L. & DE MOURA, G.J.B. 
(2016). Reptiles of an urban Atlantic Rainforest fragment in the state of 
Pernambuco, northeastern Brazil. Herpetology Notes 9, 175–183.

DIASAS, C.C. (2019). Histórias da Floresta. Instituto Butantan: o uso de 
trilhas e espaços verdes como ferramenta de promoção da saúde pública e 
divulgação científica. [Undergraduation Thesis, Instituto Butantan]. https://
pesquisa.bvsalud.org/portal/resource/pt/bud-3797

DOBBS, C., ESCOBEDO, F.J., CLERICI, N., DE LA BARRERA, F., 
ELEUTERIO, A.A., MACGREGOR-FORS, I., REYES-PAECKE, S., 
VÁSQUEZ, A., CAMAÑO, J.D.Z. & HERNÁNDEZ, H.J. (2019). Urban 
ecosystem services in Latin America: mismatch between global concepts and 
regional realities? Urban Ecosystems 22, 173–187. https://doi.org/10.1007/
s11252-018-0805-3

ENEDINO, T.R., LOURES-RIBEIRO, A. & SANTOS, B.A. (2018). 
Protecting biodiversity in urbanizing regions: The role of urban reserves for 
the conservation of Brazilian Atlantic Forest birds. Perspectives in Ecology 
and Conservation 16, 17–23. https://doi.org/10.1016/j.pecon.2017.11.001

EVANS, K.L. (2010). Individual species and urbanisation. In K.J. Gaston 
(Ed.), Urban ecology (pp.53–87), Cambridge University Press, Cambridge, 
England. https://doi.org/10.1017/CBO9780511778483.005

FATTORINI, S., MANTONI, C., DE SIMONI, L. & GALASSI, D.M. 
(2018). Island biogeography of insect conservation in urban green 
spaces. Environmental Conservation 45, 1–10. https://doi.org/10.1017/
S0376892917000121

FERRAREZZI, H., BARBO, F.E. & ALBUQUERQUE, C.E. (2005). 
Phylogenetic relationships of a new species of Apostolepis from Brazilian 
Cerrado with notes on the assimilis group (Serpentes: Colubridae: 
Xenodontinae: Elapomorphini). Papéis avulsos de Zoologia 45, 215–229.

FIALHO, R.F., ROCHA, C.F.D. & VRCIBRADIC, D. (2000). Feeding 
ecology of Tropidurus torquatus: ontogenetic shift in plant consumption 
and seasonal trends in diet. Journal of Herpetology 34, 325–330. https://
doi.org/10.2307/1565437

FORLANI, M.C., BERNARDO, P.H., HADDAD, C.F.B. & ZAHER, H. 
(2010). Herpetofauna of the Carlos Botelho State Park, São Paulo State, 
Brazil. Biota Neotropica 10, 265–309.

FRANÇA, R.C. & FRANÇA, F.G. (2019). Spatial patterns of snake diversity 
in an urban area of north-east Brazil. Herpetological Journal 29, 274–281. 
https://doi.org/10.33256/hj29.4.274281

FRENCH, S.S., WEBB, A.C., HUDSON, S.B. & VIRGIN, E.E. (2018). Town 
and Country Reptiles: A Review of Reptilian Responses to Urbanization. 
Integrative and Comparative Biology 58, 948–966. https://doi.org/10.1093/
icb/icy052

GANCI, C.C., PROVETE, D.B., PUETTKER, T., LINDENMAYER, D. &  
Almeida-Gomes, M. (2020). High species turnover shapes anuran 
community composition in ponds along an urban-rural gradient. Urban 
Ecosystems 25, 633–642. https://doi.org/10.1007/s11252-021-01174-8

GHIZONI-JUNIOR, I.R., KUNZ, T.S., CHEREM, J.J. & BÉRNILS, R.S. 
(2009). Registros notáveis de répteis de áreas abertas naturais do planalto 
e litoral do Estado de Santa Catarina, sul do Brasil. Biotemas 22,129–141. 
https://doi.org/10.5007/2175-7925.2009v22n3p129

GIBBONS, J.W., SCOTT, D.E., RYAN, T.J., BUHLMANN, K.A., 
TUBERVILLE, T.D., METTS, B.S., GREENE, J.L. MILLS, T., LEIDEN, 
Y., POPPY, S. & WINNE, C.T. (2000). The Global Decline of Reptiles, 
Déjà Vu Amphibians: Reptile species are declining on a global scale. Six 
significant threats to reptile populations are habitat loss and degradation, 
introduced invasive species, environmental pollution, disease, unsustainable 
use, and global climate change. BioScience 50, 653–666. https://doi.
org/10.1641/0006-3568(2000)050[0653:TGDORD]2.0.CO;2

GIRAUDO, A.R., ARZAMENDIA, V., BELLINI, G.P., BESSA, C.A., 
CALAMANTE, C.C., CARDOZO, G., CHIARAVIGLIO, M., 
COSTANZO, M.B., ETCHEPARE, E.G., DI COLA, V., DI PIETRO, 
D.O., KRETZSCHMAR, S., PALOMAS, S., NENDA, S.J., RIVERA, 
P.C., RODRÍGUEZ, M.E., SCROCCHI, G.J. & WILLIAMS, J.D. (2012). 
Categorización del estado de conservación de las Serpientes de la República 
Argentina. Cuadernos de herpetología 26, 303–326.

HADDAD, C.F.B. (1998). Biodiversidade de anfíbios do Estado de São Paulo. 
In C.A. Joly & C.E.M. Bicudo (Eds.), Biodiversidade do Estado de São 
Paulo: Síntese do conhecimento ao final do século XX (pp.15–26), FAPESP, 
São Paulo, Brazil.

HAHS, A.K., Mcdonnell, M.J., Mccarthy, M.A., Vesk, P.A., Corlett, R.T., 
Norton, B.A., Clemants, S. E., Duncan, R.P., THOMPSON, K., 
SCHWARTS, M.W. & WILLIAMS, N.S.G. (2009). A global synthesis of 

https://doi.org/10.1590/1676-0611-BN-2023-1480
https://doi.org/10.1641/0006-3568(2000)050[0653:TGDORD]2.0.CO;2
https://doi.org/10.1641/0006-3568(2000)050[0653:TGDORD]2.0.CO;2


10

Souza E. et al.

Biota Neotrop., 23(4): e20231480, 2023

http://www.scielo.br/bn https://doi.org/10.1590/1676-0611-BN-2023-1480

plant extinction rates in urban areas. Ecology Letters 12,1165–1173. https://
doi.org/10.1111/j.1461-0248.2009.01372.x

HARTMANN, P.A., HARTMANN, M.T. & MARTINS, M. (2009). Ecologia 
e história natural de uma taxocenose de serpentes no Núcleo Santa Virgínia 
do Parque Estadual da Serra do Mar, no sudeste do Brasil. Biota Neotropica 
9, 173–184.

HELLMANN, J.J. & FOWLER, G.W. (1999). Bias, precision, and accuracy 
of four measures of species richness. Ecological Application 9, 824–834. 
https://doi.org/10.1890/1051-0761(1999)009[0824:BPAAOF]2.0.CO;2

HELTSCHE, J.F. & FORRESTER, N.E. (1983). Estimating species 
richness using the Jackknife procedure. Biometrics, 1–11. https://doi.
org/10.2307/2530802

HUNTER, M.R. & HUNTER M.D. (2008). Designing for conservation of 
insects in the built environment. Insect Conservation and Diversity 1, 
189–196. https://doi.org/10.1111/j.1752-4598.2008.00024.x

Instituto Brasileiro de Geografia e Estatística. (2018). Censo demográfico. https://
cidades.ibge.gov.br/brasil/sp/sao-paulo/panorama

IVES, C.D., LENTINI, P.E., THRELFALL, C.G., IKIN, K., SHANAHAN, 
D.F., GARRARD, G.E., BEKESSY, S.A., FULLER, R.A., MUMAW, L., 
RAYNER, L., ROWE, R., VALENTINE, L.E. & KENDAL, D. (2016). 
Cities are hotspots for threatened species. Global Ecology and Biogeography 
25, 117–126. https://doi.org/10.1111/geb.12404

JOLY, A.B. (1950). Estudo fitogeográfico dos campos de Butantã. [Doctoral 
thesis, Universidade de São Paulo]. https://doi.org/10.11606/issn.2318-
5988.v8i0p13-68

JONES, E.L. & LEATHER, S.R. (2013). Invertebrates in urban areas: a review. 
European Journal of Entomology 109, 463–478. https://doi.org/10.14411/
eje.2012.060

KIEFER, M.C. & SAZIMA, I. (2002). Diet of juvenile tegu lizard Tupinambis 
merianae (Teiidae) in southeastern Brazil. Amphibia-Reptilia 23,105–108.

LAURANCE, W.F., CAMARGO, J.L., LUIZÃO, R.C., LAURANCE, S.G., 
PIMM, S.L., BRUNA, E.M., STOUFFER, P.C., WILLIAMSON, G.B., 
BENÍTEZ-MALVIDO, J., VASCONCELOS, H.L., VAN HOUTAN, 
K.S., ZARTMAN, C.E., BOYLE, S.A., DIDHAM, R.K., ANDRADE, 
A. & LOVEJOY, T.E. (2011). The fate of Amazonian forest fragments: 
a 32-year investigation. Biological Conservation 144, 56–67. https://doi.
org/10.1016/j.biocon.2010.09.021

LEPCZYK, C.A., ARONSON, M.F., EVANS, K.L., GODDARD, M.A., 
LERMAN, S.B. & MACIVOR, J.S. (2017). Biodiversity in the city: 
fundamental questions for understanding the ecology of urban green 
spaces for biodiversity conservation. BioScience 67, 799–807. https://doi.
org/10.1093/biosci/bix079

LIMA-SANTOS, J., DE SOUZA, E., VIANA, A.O. & HINGST-ZAHER, 
E. (2020). Pequenos mamíferos do parque urbano do Instituto Butantan, 
São Paulo, Brasil. Boletim da Sociedade Brasileira de Mastozoologia 88, 
29–35. https://sbmz.org/wp-content/uploads/2020/08/Boletim-SBMz-v.88-
agosto-2020.pdf

LION, M.B., GARDA, A.A., SANTANA, D.J. & FONSECA, C.R. (2016). 
The conservation value of small fragments for Atlantic Forest reptiles. 
Biotropica 48, 265–275. https://doi.org/10.1111/btp.12277

LISBOA, C.S., VAZ, R.I., MALAGOLI, L.R., BARBO, F.E., VENTURINI, 
R.C. & BRASILEIRO, C.A. (2021). Herpetofauna from an Atlantic 
Forest Fragment in São Paulo, Brasil. Herpetological Conservation and 
Biology 16, 436–451. https://www.herpconbio.org/Volume_16/Issue_2/
Lisboa_etal_2021.pdf

LOEHLE, C., WIGLEY, T.B., SHIPMAN, P.A., FOX, S.F., RUTZMOSER, S.,  
THILL, R.E. & MELCHIORS, M.A. (2005). Herpetofaunal species richness 
responses to forest landscape structure in Arkansas. Forest Ecology and 
Management 209, 293–308. https://doi.org/10.1016/j.foreco.2005.02.007

LOURENÇO-DE-MORAES, R., MALAGOLI, L.R., GUERRA, V., 
FERREIRA, R.B., AFFONSO, I.P., HADDAD, C.F.B., SAWAYA, R.J. 
& BASTOS, R.P. (2018). Nesting patterns among Neotropical species 
assemblages: can reserves in urban areas be failing to protect anurans? 
Urban Ecosystems 21, 933–942. https://doi.org/10.1007/s11252-018-0767-5

MALAGOLI, L.R., BAJESTEIRO, F.B. & WHATELY, M. (2008). Além 
do concreto: contribuições para a proteção da biodiversidade paulistana. 
Instituto Socioambiental, São Paulo, Brazil. http://bibliotecadigital.abong.
org.br/11465/1206

MALAGOLI, L.R. (2008). Anfíbios do município de São Paulo: histórico, 
conhecimento atual e desafios para a conservação. In L.R. Malagoli, 
F.B. Bajesteiro & M. Whately (Eds.), Além do concreto: contribuições 
para a proteção da biodiversidade paulistana (pp. 204–233). Instituto 
Socioambiental, São Paulo, Brazil.

MARQUES, O.A.V., ETEROVIC, A. & Sazima, I. (2019). Serpentes da Mata 
Atlântica: Guia ilustrado para as florestas costeiras do Brasil. Ponto A 
Editora, Cotia, São Paulo, Brazil.

MARQUES, O.A.V., PEREIRA, D.N., BARBO, F.E., GERMANO, V.J. & 
SAWAYA, R.J. (2009). Os Répteis do Município de São Paulo: diversidade 
e ecologia da fauna pretérita e atual. Biota Neotropica 9, 139–150.

MARTINS, M. & OLIVEIRA, M.E. (1998). Natural history of snakes in forests 
of the Manaus region, Central Amazonia, Brazil. Herpetological Natural 
History 6, 78–150.

MCKINNEY, M.L. (2008). Effects of urbanization on species richness: a 
review of plants and animals. Urban Ecosystems 11, 161–176. https://doi.
org/10.1007/s11252-007-0045-4

METZGER, J.P., MARTENSEN, A.C., DIXO, M., BERNACCI, L.C., 
RIBEIRO, M.C., TEIXEIRA, A.M.G. & PARDINI, R. (2009). Time-lag 
in biological responses to landscape changes in a highly dynamic Atlantic 
Forest region. Biological Conservation 142, 1166–1177. https://doi.
org/10.1016/j.biocon.2009.01.033

MILLER, R.W. (1997). Urban Forestry: Planning and Managing Urban 
Greenspaces (2nd ed.). Prentice Hall, Upper Saddle River, New Jersey, USA.

MONTECHIARO, L., KAEFER, I.L., QUADROS, F.C. & CECHIN, S. 
(2011). Feeding habits and reproductive biology of the glass lizard Ophiodes 
cf. striatus from subtropical Brazil. North-Western Journal of Zoology 7, 
63–71.

MOURTHE, I.M.C. (2010). Tupinambis merianae (common tegu). Feeding 
behavior. Herpetological Review 41, 232–233.

NASCIMENTO, V.T., AGOSTINI, K., SOUZA, C.S. & MARUYAMA, 
P.K. (2020). Tropical urban areas support highly diverse plant-pollinator 
interactions: An assessment from Brazil. Landscape and Urban Planning 
198, 103801. https://doi.org/10.1016/j.landurbplan.2020.103801

NIELSEN, A.B., VAN DEN BOSCH, M., MARUTHAVEERAN, S. & VAN 
DEN BOSCH, C.K. (2014). Species richness in urban parks and its drivers: 
a review of empirical evidence. Urban Ecosystems 17, 305–327. https://doi.
org/10.1007/s11252-013-0316-1

PACHECO, R. & VASCONCELOS, H.L. (2007). Invertebrate conservation in 
urban areas: ants in the Brazilian Cerrado. Landscape and Urban Planning 
81, 193–199. https://doi.org/10.1016/j.landurbplan.2006.11.004

PALACIO, F.X., IBAÑEZ, L.M., MARAGLIANO, R.E. & MONTALTI, D. 
(2018). Urbanization as a driver of taxonomic, functional, and phylogenetic 
diversity losses in bird communities. Canadian Journal of Zoology 96, 
1114–1121. https://doi.org/10.1139/cjz-2018-0008

PARPINELLI, L. & MARQUES, O.A.V. (2008). Seasonal and daily activity 
in the pale-headed blindsnake Liotyphlops beui (Serpentes: Anomalepidae) 
in southeastern Brazil. South American Journal of Herpetology 3, 207–212. 
https://doi.org/10.2994/1808-9798-3.3.207

PEARMAN, P.B. (1997). Correlates of amphibian diversity in an altered 
landscape of Amazonian Ecuator. Conservation Biology 11, 1211–1225. 
https://doi.org/10.1046/j.1523-1739.1997.96202.x

PENA, J.C.C., MARTELLO, F., RIBEIRO, M.C., ARMITAGE, R.A., 
YOUNG, R.J. & Rodrigues, M. (2017). Street trees reduce the negative 
effects of urbanization on birds. PLoS ONE 12, e0174484. https://doi.
org/10.1371/journal.pone.0174484

PENG, M.H., HUNG, Y.C., LIU, K.L. & NEOH, K.B. (2020). Landscape 
configuration and habitat complexity shape arthropod assemblage in urban 
parks. Scientific reports 10, 1–12. https://doi.org/10.1038/s41598-020-
73121-0

https://doi.org/10.1590/1676-0611-BN-2023-1480


11

The herpetofauna of an urban green area 

Biota Neotrop., 23(4): e20231480, 2023

https://doi.org/10.1590/1676-0611-BN-2023-1480 http://www.scielo.br/bn

R Development Core Team. (2020). R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, Austria. https://
www.R-project.org/

RAMALHO, C.E. & HOBBS, R.J. (2012). Time for a change: dynamic 
urban ecology. Trends in Ecology & Evolution 27, 179–188. https://doi.
org/10.1016/j.tree.2011.10.008

REBOUÇAS, R., DOS SANTOS, M.M., DA SILVA MARTINS, A.G., 
DOMINGOS, A.H.R., SANTOS, I. & TOLEDO, L.F. (2021). Warming 
drives cryptic declines of amphibians in eastern Brazil. Biological 
Conservation 256, 109035. https://doi.org/10.1016/j.biocon.2021.109035

RIBEIRO, J.W., SIQUEIRA, T., BREJÃO, G.L. & ZIPKIN, E.F. (2018). 
Effects of agriculture and topography on tropical amphibian species 
and communities. Ecological Applications 28, 1554–1564. https://doi.
org/10.1002/eap.1741

RODRIGUES, M.T. (2005). Conservação dos répteis brasileiros: os desafios 
para um país megadiverso. Megadiversidade 1, 87–94. https://repositorio.
usp.br/item/001468966

ROSSA-FERES, D.C., MARTINS, M., MARQUES, O.A.V., MARTINS, 
I.A., SAWAYA, R.J. & HADDAD, C.F.B. (2008). Herpetofauna. In 
R. R. Rodrigues, & V.L.R. Bononi (Eds.), Diretrizes para a conservação e 
restauração da biodiversidade no estado de São Paulo (pp. 82–94). Governo 
do Estado de São Paulo, São Paulo, Brazil.

SAARI, S., RICHTER, S., HIGGINS, M., OBERHOFER, M., JENNINGS, A. 
& FAETH, S.H. (2016). Urbanization is not associated with increased 
abundance or decreased richness of terrestrial animals-dissecting the 
literature through meta-analysis. Urban Ecosystems 19, 1251–1264. https://
doi.org/10.1007/s11252-016-0549-x

SANTANA, D.O., SANTOS ALMEIDA, R.P., CALDAS, F.L.S., DOS REIS 
DIAS, E.J. & GOMES FARIA, R. (2016). New records of Trachycephalus 
mesophaeus (Hensel, 1867) (Anura: Hylidae) from Atlantic Forest in 
Sergipe state, Brazil. Herpetology Notes 9, 255–260.

SAZIMA, I. & HADDAD, C.F.B. (1992). Répteis da Serra do Japi: notas 
sobre história natural. In L.P. Morelatto (Ed.), História natural da Serra 
do Japi: ecologia e preservação de uma área florestal no sudeste do Brasil 
(pp 28–49). Editora Unicamp, Campinas, São Paulo, Brazil.

SCHLAEPFER, M.A. & GAVIN, T.A. (2001). Edge effects on lizards and 
frogs in tropical forest fragments. Conservation Biology 15, 1079–1090. 
https://doi.org/10.1046/j.1523-1739.2001.0150041079.x

Secretaria Municipal do Verde e do Meio Ambiente. (2022, December). 
Inventário da Biodiversidade do Municipio de São Paulo. Prefeitura de São 
Paulo. https://www.prefeitura.sp.gov.br/cidade/secretarias/meio_ambiente/
publicacoes_svma/index.php?p=339539

Secretaria Municipal do Verde e do Meio Ambiente. (2020, September). 
Mapeamento digital da cobertura vegetal do município de São Paulo. 
Prefeitura de São Paulo. https://www.prefeitura.sp.gov.br/cidade/secretarias/
upload/meio_ambiente/RelCobVeg2020_vFINAL_compressed( 1).pdf

SHOCHAT, E., WARREN, P.S., FAETH, S.H., MCINTYRE, N.E. & 
HOPE, D. (2006). From patterns to emerging processes in mechanistic 
urban ecology. Trends in Ecology & Evolution 21, 186–191. https://doi.
org/10.1016/j.tree.2005.11.019

SHOCHAT, E., LERMAN, S.B., ANDERIES, J.M., WARREN, P.S., FAETH, 
S.H. & NILON, C.H. (2010). Invasion, competition, and biodiversity loss 
in urban ecosystems. BioScience 60, 199–208. https://doi.org/10.1525/
bio.2010.60.3.6

SIQUEIRA, L.H.C. & MARQUES, O.A.V. (2018). Effects of Urbanization 
on Bothrops jararaca Populations in São Paulo Municipality, Southeastern 
Brazil. Journal of Herpetology 52, 299–306. https://doi.org/10.1670/ 
17-021

TAIT, C.J., DANIELS, C.B. & HILL, R.S. (2005). Changes in species 
assemblages within the Adelaide metropolitan area, Australia, 1836–2002. 
Ecological Applications 15, 346–359. https://doi.org/10.1890/04-0920

TEIXEIRA-COSTA, L., PARAJARA, V.M., PUORTO, G. & HINGST-
ZAHER, E. (2014). Ampliando o público de ações educativas relacionadas 
à vegetação urbana: o caso do Parque do Instituto Butantan, SP. Congresso 
Brasileiro de Arborização Urbana, Rio de Janeiro, RJ, Brazil. https://www.
researchgate.net/publication/288181236_Ampliando_o_publico_de_acoes_
educativas_relacionadas_a_ vegetacao_urbana_o_caso_do_Parque_do_
Instituto_Butantan_SP

TEIXEIRA, R.L. & GIOVANELLI, M. (1999). Ecology of Tropidurus 
torquatus (Sauria: Tropiduridae) of a sandy coastal plain of Guriri,  
São Mateus, ES, southeastern Brazil. Revista Brasileira de Biologia 59, 
11–18.

THOMPSON, G.G., WITHERS, P.C., PIANKA, E.R. & THOMPSON, S.A. 
(2003). Assessing biodiversity with species accumulation curves, inventories 
of small reptiles by pittrapping in Western Australia. Austral Ecology 28, 
361–383. https://doi.org/10.1046/j.1442-9993.2003.01295.x

TREVINE, V., FORLANI, M.C., HADDAD, C.F.B. & ZAHER, H. (2014). 
Herpetofauna of Paranapiacaba: expanding our knowledge on a historical 
region in the Atlantic Forest of southeastern Brazil. Zoologia (Curitiba) 
31, 126–146.

TURNER, I.M. & CORLETT, R.T. (1996). The conservation value of small, 
isolated fragments of lowland tropical rain forest. Trends in Ecology & 
Evolution 11, 330–333.

USTERI, A. (1911). Flora der Umgebung der Stadt Sao Paulo in Brasilien. 
Jena G. Fischer, Germany.

VANZOLINI, P.E., RAMOS-COSTA, A.M.M. & VITT, L.J. (1980). Répteis 
das caatingas. Academia Brasileira de Ciências, Rio de Janeiro, Brazil.

VILLASEÑOR, N.R., DRISCOLL, D.A., GIBBONS, P., CALHOUN, 
A.J.K. & Lindenmayer, D.B. (2017). The relative importance of aquatic 
and terrestrial variables for frogs in an urbanizing landscape: Key insights 
for sustainable urban development. Landscape and Urban Planning 157, 
26–35. https://doi.org/10.1016/j.landurbplan.2016.06.006

VON DER LIPPE, M., BUCHHOLZ, S., HILLER, A., SEITZ, B. & 
KOWARIK, I. (2020). CityScapeLab Berlin: A research platform for 
untangling urbanization effects on biodiversity. Sustainability 12, 2565. 
https://doi.org/10.3390/su12062565

VRCIBRADIC, D. & ROCHA, C.F.D. (1998). The ecology of the skink 
Mabuya frenata in an area of rock outcrops in Southeastern Brazil. Journal 
of Herpetology 32, 229–237. https://doi.org/10.2307/1565302

YOUNGQUIST, M.B., INOUE, K., BERG, D.J. & BOONE, M.D. (2017). 
Effects of land use on population presence and genetic structure of an 
amphibian in an agricultural landscape. Landscape Ecology 32, 147–162. 
https://doi.org/10.1007/s10980-016-0438-y

Received: 04/07/2023 
Accepted: 26/11/2023 

Published online: 08/01/2024

https://doi.org/10.1590/1676-0611-BN-2023-1480
https://doi.org/10.1890/04-0920

