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ABSTRACT
Background. This study aims to investigate the urban colonization of the Asian
water monitor (Varanus salvator) across its entire range of distribution, addressing
the paucity of research on this species in urban ecosystems. The research spans the
geographic range of the Asian water monitor, focusing on urbanized areas where the
species accumulates more observations (Bangkok, Colombo, Jakarta, Kuala Lumpur
and Singapore).
Methods. We conducted a systematic review to comprehensively assess the current
knowledge of the species’ presence in cities. Additionally, citizen science data from
repositories likeGBIF (Global Biodiversity Information facility )were utilized to analyze
the distribution patterns of V. salvator in urban environments. To elucidate urban
distribution and correct collection biases, observations were weighted by sampling
effort, using as a proxy all squamate occurrences available from 2010–2023, including
V. salvator.
Results. Despite the widespread presence of the Asian watermonitor in numerous cities
within its distribution range, the available studies on the topic appear to be scarce.
Existing research primarily consists of descriptive reports on diet and behavior. Our
findings indicate thatV. salvator predominantly colonizes green patches in urban areas,
such as parks and small gardens. Larger cities exhibit higher records, potentially due to
both permanent populations and increased citizen science reporting.
Conclusions. The Asian water monitor, as the largest lizard with established popula-
tions in cities, remains scarcely studied on a broader scale. However, the urban design
of each city seems relevant to understand the distribution patterns within each context.
Our study highlights the need for further research to explore the ecological and human
dimensions associated with the species’ presence in urban environments.

Subjects Biodiversity, Ecology
Keywords Citizen science, City, Lizard, Reptile ecology, Southeast Asia, Urban ecology, Species
distribution

INTRODUCTION
Urbanization is one of the most important drivers of habitat transformation, accelerated
in recent decades due to the growth of the human population, especially in Africa and
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Asia (Seto, Güneralp & Hutyra, 2012; Johnson & Munshi-South, 2017). Thriving in urban
environments can lead to new ecological challenges and selection pressures for wildlife,
for example influencing the dispersal decisions (Marzluff et al., 2016; Evans et al., 2017;
Luna et al., 2019), the reproductive strategies and success (Seress et al., 2020; Luna et al.,
2021; Saulnier et al., 2023) and the dietary habits (Galbraith et al., 2015; Teyssier et al.,
2020), but also exposing individuals to different predatory pressures (Shwartz et al., 2009;
Eötvös, Magura & Lövei, 2018) and parasite- host interactions (Delgado-V & French, 2012;
Sáez-Ventura et al., 2022). However, although the sprawl of cities usually results in the
simplification and homogenization of animal communities through local extinction
processes (Sol et al., 2014), some species successfully exploit urban environments, that
often support higher population densities and reproductive rates compared to rural areas
(Rebolo-Ifrán, Tella & Carrete, 2017), with examples even in endemic and threatened
species (Vignoli et al., 2009; Luna et al., 2018;Woolley et al., 2019).

Although urban ecological science is now a widely recognized field within ecology,
some major gaps still remain unresolved (Shochat, Warren & Faeth, 2006). Thus, to date,
most of the research is focused on single cities located in Europe, North America and
Australia, with a significant preponderance of studies about plants, birds and mammals
(Magle et al., 2012; Rega-Brodsky et al., 2022). Regarding urban reptiles, a review conducted
by Brum et al. (2023) confirmed that some biases still persist and the current knowledge
is unbalanced, with developing tropical and megadiverse countries often overlooked in
comparison to studies about reptiles inhabiting cities of temperate areas. This study also
shows how, within reptiles, research focused on the order Squamata is underrepresented,
as is also the case with those of Lacertilia among this order. In general, the sprawl of cities
is considered a threat to reptiles worldwide (Cox et al., 2022), due to the loss of habitat
for feeding, breeding and shelter, the urban pollution, the increasing number of paved
roads and the impact of domestic animals such as dogs and cats (White & Burgin, 2004;
Croteau et al., 2008; Perry et al., 2008; Cordier et al., 2021). However, reptiles show varied
responses to urbanization, influenced by factors such as species life-history, dispersal
strategies, habitat availability, key resources, and patch connectivity (Garden et al., 2007;
Hamer & McDonnell, 2010), with consequences as a limited genetic flow, alterations in
endocrine stress responses in comparison to rural counterparts, and different exploratory
and foraging behaviors, reduced risk perception and response rates to predators and
human presence (French et al., 2018). As a result, some species successfully thrive in urban
environments (Ackley et al., 2015; Davis & Doherty, 2015; Entiauspe-Neto, Perleberg & De
Freitas, 2016). For example, Turak et al. (2020) explored the presence of reptiles related
to freshwater ecosystems within 50 km of cities at global level, using records from online
databases like GBIF (Global Biodiversity Information Facility), and revealed how several
species are sighted in or near many cities with more than 100,000 inhabitants.

As an increasing majority of humans will reside in cities in coming years (70% of the
human population is expected to live in cities by 2050; United Nations, 2018), scientists,
conservationists, and politicians highlight that a better understanding of the patterns that
explain the biodiversity of cities and recognizing the value of their conservation is a key
challenge for the next decades (Dearborn & Kark, 2010; Shwartz et al., 2014; Threlfall et
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al., 2015). In this sense, citizen science offers new opportunities for researchers, being a
cost-effective method for collecting valuable ecological data through public participation
(Cooper et al., 2007). As many people live in urban areas, projects involving citizen science
can have special success in cities, helping to monitor populations and detect new species
(McCaffrey, 2005; Anton et al., 2018; Roger & Motion, 2022). For example, the increasing
popularity and data validation of online platforms like eBird and iNaturalist (Sullivan et
al., 2014; Beninde et al., 2023) provide millions of digital observations submitted by global
users, most of them in cities (Kelling et al., 2015). Here we explore the presence of the Asian
water monitor (Varanus salvator) in cities along its natural distribution, that includes the
Indian subcontinent and Southeast Asia. For our purpose, we first review the scientific
literature available for this species, gathering information about how many studies are
conducted in urban habitats in proportion to other habitats, and the topic studied in the
articles analyzed when they are developed in cities. Moreover, to explore where and how the
species is occurring in cities, we use citizen science data obtained from GBIF, focusing on
certain urban areas where most of the records of Asian water monitors are concentrated.
From this second approach, we analyze the location and distribution of the species in
different city border-center gradients to understand the urban patches they preferentially
exploit. Moreover, we also explore potential biases related to the citizen-science data
and the importance of considering potential constraints while developing comprehensive
approaches. By knowing the potential and limitations of this data, it can be extremely
useful to assess species’ distribution for conservation purposes.

MATERIAL AND METHODS
Study species and area
The Asian water monitor (Varanus salvator, Laurenti 1768; order Squamata; family
Varanidae) has six subspecies recognized: Varanus s. salvator, V. salvator andamanensis,
V. salvator bivittatus, V. salvator celebensis, V. salvator macromaculatus and V. salvator
ziegleri (Auliya, 2006; Quah et al., 2021; Auliya & Koch, 2020). It is one of the most widely
distributed varanids, ranging from Sri Lanka in the west, to the Celebes Islands (Indonesia)
to the east and South China to the north, occurring mostly in Southeast Asia countries
(Gaulke & Horn, 2004; Bennett et al., 2010; Quah et al., 2021). The Asian water monitor is
among the biggest lizards in the world, reaching almost 3 m from head to tail. Males mature
at a smaller size but grow to reach larger body sizes (Shine & Harlow, 1998; Frýdlová et al.,
2011) and have longer tails. Observations made in Bangkok (Thailand) show how they
have bimodal diurnal activity, hunting/scavenging in the morning (06:00–08:00 h) and the
afternoon (15:00–17:00 h), spending the rest of the day basking and floating (Trivalairat
& Srikosamatara, 2023). This diurnal activity was also confirmed in the Sundarbans
(Bangladesh) by Rahman, Rakhimov & Khan (2017). Considering data from Sumatra, this
species extend egg-laying season fromApril toOctober, with the possibility to producemore
than one clutch each per year, ranging from five to approximately 20 eggs (Shine, Harlow
& Keogh, 1996). They are able to thrive in both terrestrial and aquatic environments
(Zhao, Zhao & Zhou, 1999; Gaulke & Horn, 2004; Weijola, 2010; Weijola & Sweet, 2010;
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Bennett et al., 2010), including highly human-altered landscapes such as farmlands and
cities (Cota, Chan-Ard & Makchai, 2009). They have a very flexible diet, that includes
invertebrates, eggs, fish and even carrion (Bennett et al., 2010; Grismer, 2011; Rahman,
Rakhimov & Khan, 2017; Yu et al., 2021). V. salvator has been intensively harvested for
the skin industry (Shine, Harlow & Keogh, 1996; Traeholt, 1998; Khadiejah et al., 2019), the
traditional medicine (Mardiastuti et al., 2021) and also for its consumption as food (Arida
et al., 2021).

Literature review
To review the scientific literature available about the Asian water monitor we followed
and adapted the guidelines proposed by Haddaway et al. (2015). The main steps used for
our study are summarized in a flow diagram in the supplementary material (SP1). Briefly,
first we studied peer-reviewed articles published in journals available on Scopus and Web
of Science databases. The search was applied to the title, including any dates. We also
included an additional non-systematic search using Google Scholar (Gehanno, Rollin &
Darmoni, 2013; Piasecki, Waligora & Dranseika, 2018). Moreover, we used the ‘‘snowball’’
procedure, including those articles related to our topic found in the selected and analyzed
references (Lozano et al., 2019). Initially we considered the inclusion of the so-called grey
literature, attending to the additional contribution of technical reports and other sources
beyond scientific articles (Haddaway & Bayliss, 2015). We only considered articles written
in English, and we discarded those articles without an online version and also those where
the link provided and parallel searches did not lead to the referred article. The review was
conducted using a search with the term ‘‘Varanus salvator’’ AND ‘‘urban environment’’,
but previously we used other potential combinations that did not yield adequate results
for the objective of the work (i.e.: articles not related to Varanus lizards, articles in urban
ecosystems but focused on human well-being and other aspects related to urban life of
humans, etcetera). Regarding the topic in the studies we reviewed, in our final list we
discarded those studies based on reviews and theoretical/conceptual articles without their
own data and analyses. Lastly, to avoid the heterogeneity of inclusion criteria inherent
to different observers, only one of the authors carried out the search and the subsequent
exploration of the articles.

We revised the content of the retained articles by a two-step process. First, we screened
titles and abstracts of the first 200 articles obtained in our search, ordered by relevance
and without limiting to any date. We do not consider as ‘urban’ those articles conducted
in human modified landscapes such as agricultural areas but not considered properly
cities. Similarly, articles focused on the use of V. salvator in laboratory conditions for
medical research were discarded. Secondly, we read the main text of the articles to gather
basic information to separate the studies conducted in urban environments, and to obtain
information regarding the year of publication, the topic addressed and the country in which
the study was conducted. We classified the articles retained according to defined categories:
behavior, diet, physiology, distribution, habitat selection, parasitology, and conservation
(see details in SP2). A given article can be included in more than one category, if it focuses
on more than one aspect according to our classification.
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GBIF data collection and analyses
We acquired occurrence data of Asian water monitors from the Global Biodiversity
Information Facility (GBIF) (http://www.gbif.org), one of the largest sources of open data,
that includes information from different citizen science online platforms, hence being
of great interest to ecologists working on the spatial distribution of species (Telenius,
2011; Beck et al., 2014; Ivanova & Shashkov, 2021). As a first step, we downloaded 4,584
occurrences (Gbif.org, 2022). We then filtered by year (>2010) and verified veracity of data
one by one by spatial confirmation using QGIS (v. 3.16) (i.e., avoiding those records that
for any reason appeared on the sea instead of on terrestrial ecosystems). We also checked
the linked image (we only considered data with pictures) from iNaturalist (GBIF uses
observations from iNaturalist as well) associated with each occurrence, discarding, when
necessary, any doubtful data (for example when the individual in the image is in captivity
or when the record was not correctly identified and could refer to other Varanus species).
We only kept data within urbanized areas from all the distribution range of the species.

As a second step, for subsequent analysis we selected the top 5 cities with more records.
For those cities, we delimited urban areas as raster cells with a value higher than 20 for
Human Footprint (HFP) index (Venter et al., 2018), as a clear boundary could be detected
between less anthropized environments surrounding the city and the urban limits at this
threshold. We chose this layer because of its common usage (Santini et al., 2021) and its
great potential to indicate human influence, quantifying the impacts of human disturbance
on a global scale. Since observations can have spatial biases with proven consequences
on species distribution modelling and spatial analysis (Hortal, 2008), we sought to reduce
them by calculating the ratio of observation, therefore, avoiding working with occurrence
abundance. In order to gather enough information about sampling efforts, this ratio used
all squamate occurrences available for the study area from 2010–2023 as a proxy (Gbif.org,
2023), including V. salvator, and the observations were divided by the number of different
observers (Squamate observations/N◦ Observers) per pixel (≈1 km2) (Chauvier et al.,
2021). By doing this, we obtained an estimation of how the sampling effort is distributed
along our cities in order to support if the accumulation of water monitor observations
could correspond to real abundance. We selected squamates because they are prevalent in
our study areas and they are the taxonomic group of our study species. The observation
patterns could differ between the different types of squamates and those of V. salvator.
However, the V. salvator records are not abundant enough to calculate an observation ratio
of its own, so the comprehensive records within the entire taxonomic group (squamates)
should adequately represent the distribution of sampling effort across the cities for this
particular group. Afterwards, we calculated the distance of those pixels with at least one
V. salvator observation to the urban border defined by the HFP, which allowed us to
explore possible patterns of distribution inside cities.

Additionally, we analyzed the approximated location where these observations occur
within the urban matrix. For this aim, we preliminary checked if we could determine
patterns that reveal greater sampling efforts, and therefore, higher V. salvator presence in
urban green areas (parks and big gardens) in comparison to other urban environments such
as neighborhoods, small gardens, natural and artificial streams, etc. For this, we determined
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as ‘‘Park’’ those areas with a Vegetation Continuous Field (VCF) value higher than 7, as in
the previous case, it seemed to be a natural break to distinguish urban from green areas.
This last raster layer is global representation of surface vegetation cover (DiMiceli et al.,
2015) and was generated using Google Earth Engine derived from a 250 m resolution from
MODIS. In both cases, HFP and VCF, there was a pixel size of 0.00833◦ (∼1 km2 at the
equator).

RESULTS
Literature review
Our search was conducted on 8th April 2021. We retained 148 scientific articles after
the steps applied to discard or include them (see SP3 to see a detailed list of the articles
reviewed). Most of the articles (96) were found in Scopus, Web of Science or in both
sources. Moreover, we added 49 scientific articles found in Google Scholar and three
articles detected by snowball. Although we initially considered grey literature, we did
not find technical reports, conferences and similar publications, so we only included
scientific articles. Most of the articles (117) were published after the 2000s, and only 31
articles before. There are 13 countries represented in those studies (Bangladesh, China,
India, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Sri Lanka, Thailand,
Timor-Leste, Vietnam). However, in 46 cases the country was not described, or the study
was conducted in laboratory conditions (i.e., the species was not studied in its habitat).
Considering the total of studies reviewed, only 17 articles focus in urban habitats. We found
that the studies of urban Asian water monitors started around the 2000s, and between 0–2
articles focused on urban populations of this species are published yearly to date. Moreover,
we detect that all the studies analyzed in urban habitats were conducted in three countries:
12 in Thailand, three in Sri Lanka and two in Indonesia (Fig. 1A). The predominant topics
of those studies were the behavior of these reptiles in cities, their diet, and to a lesser extent
the distribution of the species, while studies focused on physiological aspects, parasitology,
habitat selection and the conservation of the species are only represented with one study
(Fig. 1B).

Urban occurrence using GBIF data
We show how V. salvator occurs in Asian urbanized areas from Sri Lanka in the west to
East Indonesia, with most records concentrated in cities of Thailand, Sri Lanka, Singapore,
peninsular Malaysia, Java and Sumatra (Fig. 2A). Using this source, we did not find data
from Vietnam, Laos, Cambodia, Timor Leste, Philippines and China. Looking more closely
to our data, we detect the five cities with the most records: Colombo (n= 36), Kuala
Lumpur (n= 99), Jakarta (n= 42), Bangkok (n= 481), Singapore (n= 1,641) (Fig. 2B).
For Colombo and Jakarta we observe that sampling effort (i.e., more observations per
observer) tends to accumulate near the city center (Fig. 3). Singapore, Kuala Lumpur and
to a lesser extent Bangkok, show a balanced distribution of sampling effort with a slight
increase towards the centered areas mainly for the first two. Bangkok, however, shows a
maximum observation ratio at a distance of 6.25 km from the border. These observation
spots (1 km2 pixels with at least one V. salvator observation) are not equally distributed
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Figure 1 Main results of the literature review. (A) Number of studies per country found about Varanus
salvator in urban environments; darker colors represent high number of articles found for a given country.
(B) Classification by topic studied in the articles reviewed (each article can be included in more than one
category). Figure made by QGIS version 3.32.3.

Full-size DOI: 10.7717/peerj.17357/fig-1

either (Fig. 3). Thus, mainly for Colombo and Jakarta we see gaps on the distribution of
black dots along the distance to border axis, which indicates uneven observation patterns
or incomplete sampling within the city. Bangkok, Kuala Lumpur and Singapore show a
more constant representation of observations along the border to city-center gradient.

We also studied the distribution of records within the urban matrix and how this
sampling effort is distributed among habitat types. Colombo, Jakarta and Bangkok
experience at least some degree of net positive increase in the intensity of sampling
when increasing VCF (Fig. 4). In particular, Jakarta experiences a high point at around
a value of 7.25, near the stablished threshold for being considered as park (VCF > 7).
Kuala Lumpur reaches its peak around a value of 12.25 for VCF. After that, the effort
decreases. Singapore, however, again shows a homogenous pattern of sampling effort when
it comes to different types of habitats. Colombo, Jakarta and Kuala Lumpur presented
some data gaps for the VCF variable (see Fig. 4), while in Singapore and Bangkok the data
are better distributed. We observed that spotting areas of V. salvator occur mainly in green
urbanized environments: in Colombo (87.5%), Jakarta (77.4%), Kuala Lumpur (53.1%)
and Singapore (76%) a great percentage of the spotting areas occur in to these defined
park areas. Only in Bangkok, (26.9%) we observed a greater number of observations out
of parks (Fig. 4).
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Figure 2 Records of urbanmonitor lizards (Varanus salvator) in its native range. (A) Distribution
range of the Asian water monitor (Varanus salvator) in grey. The red dots represent urban records of
V. salvator obtained from GBIF. (B) Five cities with the most Asian water monitor records (in grey) (1:
Colombo, 2: Kuala Lumpur, 3: Jakarta, 4: Bangkok, 5 Singapore). Color gradient represents Human Foot-
print, red being the highest values and blue the lowest ones. The black line separates urban areas with a
Human Footprint value higher than 20 from less urbanized environments. Figure made using QGIS ver-
sion 3.32.3.

Full-size DOI: 10.7717/peerj.17357/fig-2
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Figure 3 Records of urban Varanus salvator attending to the distance to the city border. Logarithmic
distribution of sampling effort (observation ratio) within V. salvator observation areas along a distance
gradient in kilometers. The red line shows tendency of the sampling effort while black dots represent ob-
servation areas (each pixel) with at least one V. salvator occurrence. 0 represents points in the border.

Full-size DOI: 10.7717/peerj.17357/fig-3

DISCUSSION
Literature review
Our results confirm the apparent lack of scientific literature on the colonization and
ecology of Asian water monitors (V. salvator) in urban environments, with only 17 of the
148 articles reviewed conducted in urban environments, and few cities of three countries
(Indonesia, Sri Lanka and Thailand) frequently represented in those studies. Most of the
articles reviewed are short notes and reports of field observations, mostly about behavior,
diet and the how the species thrive in this habitat. Those records confirm the generalist
feeding habits of the species, which in cities consumes diverse birds, mammals, fish,
amphibians and reptiles (Bundhitwongrut et al., 2008; Karunarathna, Amarasinghe & De
Vos, 2008; Stanner, 2010; Cota & Sommerlad, 2013; Mahaprom & Kulabtong, 2018), but
also exploit carrion and are attracted to human waste (Kulabtong & Mahaprom, 2015;
Lawton et al., 2008). Regarding the behavior, the studies reviewed describe the mating of
the species, the intraspecific relations in different seasons, the use of underwater burrows,
its daily activity patterns, with both diurnal and nocturnal habits, and how the Asian
water monitors preferentially use aquatic habitats, especially the hatchlings and juveniles
(Rathnayake et al., 2003; Cota, 2011a; Cota, 2011b; Karunarathna et al., 2017). In this sense,
the urban environment facilitates observations of basic ecological and behavioral aspects
that could be more difficult to observe in other contexts, mostly due to the more elusive
behavior of non-urban individuals of many species, compared in some studies in both
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Figure 4 Records of Varanus salvator in cities attending to the greenery level of the urbanized area.
Logarithmic distribution of sampling effort (measured as observation ratio) between parks and the ur-
ban matrix. Red line represents the tendency of sampling effort with the increase of VCF while dots repre-
sent observation areas (1 km pixel) of Asian water monitors for the two different types of habitats studied.
Green: park; Grey: urban. Percentages show the proportion of sampling areas that belong to each category.
The table displays minimum and maximum values of VCF for each city.

Full-size DOI: 10.7717/peerj.17357/fig-4

urban and non-urban environments (Evans, Boudreau & Hyman, 2010; Isaksson, AD &
Gil, 2018). Nevertheless, it is possible that our findings may be biased due to the small
sample size obtained through the revision, together with the apparent absence of studies
offering comparisons across a broader geographical scope or studies that articulate their
hypotheses within the theoretical framework of urban ecology.

Urban occurrence using GBIF data
Attending to our results, V. salvator is colonizing cities in different countries within its
distribution range, with differences regarding how they exploit the urban matrix among
cities. This is a common pattern in studies focused on urban wildlife, with population
and species relationships with urbanization varying due to underlying reasons such as the
urban landscape, the presence of corridors, the dimensions and spatial arrangement of
habitat patches (Ortega-Álvarez & MacGregor-Fors, 2009; Fontana et al., 2011) of tourism,
and also cities with big parks used by both local people and tourists.

In our study, in Singapore we saw a slight increase in sampling effort when approaching
the city center, but most of the occurrences are recorded at parks and gardens. Within
a city, not all parks or green areas hold a continuum of values for VCF. However, in
our data we find few gaps between dots, which reflects a good distribution of samplings
for the VCF variable. In Colombo the urban matrix is imbricated with green avenues,
parks and gardens. Therefore, the Asian water monitor appears in many parts of the city
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homogenously, explaining its ability to reach particularly central parts of the city. A similar
situation is observed in Jakarta, with higher distribution of observation ratio relying on
the city center, and many of these observations occurring in gardens and water courses
throughout the city. Bangkok demonstrates a similar pattern, with a smooth increase in the
observation ratio as one approaches the city center and a tip around 6.25 km away from the
border, and most of the records concentrated in small urban parks. In this case, V. salvator
maybe uses the water canal system and even the sewage system to move within the city,
disperse and connect parks and the outside of the city. Lastly, in Kuala Lumpur, where the
city core is densely occupied by human-made buildings, the observation ratio tends to be
similar even along the border-center gradient with a little increase in these core areas. Also,
in this case, the ratio of observation in green areas is similar to that in the urban matrix.
Similar studies in other reptiles, especially lizards, also contribute to explain how these
animals exploit cities, with different selection according to the anthropogenic intensity and
habitat availability observed within city boundaries. Thus, Winchell et al. (2018) show, in
a study conducted in Puerto Rico, how Anolis stratulus tends to occur in more ‘‘natural’’
urban patches while Anolis cristatellus seems more attracted to human infrastructures.
Moreover, Dékány, Kövér & Babocsay (2015) in their study of Podarcis muralis in Budapest
(Hungary) also show higher densities in more diverse and with semi-natural elements
urban patches. Regarding the data used, the lack of occurrences in certain areas might
reflect different factors, such as cultural, low tourism, population density, lack of devices
like smartphones to take pictures or even the legislation of the country itself that prevents
their citizens from sharing data with the rest of the world (Capdevila et al., 2020; Callaghan
et al., 2021;Walker, Smigaj & Tani, 2021). It should be also highlighted that citizen science
is frequently subjected to representation biases that can affect spatial analysis or species
modelling (Kadmon, Farber & Danin, 2004; Franklin, 2010; Boria et al., 2014), in such a
way that observations accumulate near accessible paths, roads or in urban areas. In that
sense, we realized that most of our observations are concentrated towards the city center
in populated cities with high levels.

CONCLUSIONS
In conclusion, our study highlights that Varanus salvator, despite being the second largest
living lizard globally, and the largest lizard with established populations in urban areas,
has drawn relatively little attention from ecologists regarding its colonization of numerous
major cities across Asia. Thus, this species joins the list of those reptiles that successfully
exploit cities (Ackley et al., 2015; Davis & Doherty, 2015; Entiauspe-Neto, Perleberg & De
Freitas, 2016), and its example offers new insights to understand how reptiles interacts with
urban environments. We show how the Asian water monitor occurs both in the urban
matrix and big parks within cities, including those far from the city border, but in some
cases also parks close to the sea, probably using water ecosystems to connect between urban
areas and also with environments less influenced by the city. Further research is needed
to disentangle the ecological aspects related to the urban life of the Asian water monitor
along its distribution range. Specifically, the dispersal patterns and movements across the
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urban matrix could help to explain both the colonization and the urban space exploited
by the species. We suggest that an independent but probably non distant in time urban
colonization, and not a single urban expansion in a leapfrog manner, is the most plausible
option to explain the present case, considering the occurrence of the species in such
distant cities, crossed by aquatic systems of different watersheds and habitats probably less
suitable for the presence of the species. Such independent urban colonization pattern has
been also demonstrated in other species (mostly birds) with notable dispersal capabilities
and cities (Evans et al., 2009; Mueller et al., 2018). In this case, new studies including a
genetic approach could contribute to elucidate whether our hypothesis is right or not.
Moreover, a deeper explanation and comparison of their demographical parameters, the
ecosystem services they provide as predators and scavengers (Karunarathna et al. 2017;
Luna, Romero-Vidal & Arrondo, 2021), as well as the health status of urban individuals in
comparison with their rural counterparts, could be relevant for the management of the
urban populations, even more to consider the exploitation that the species suffer in less
urbanized areas. Lastly, the relationship with tourists and citizens should be better assessed
through social perception surveys, a key aspect to study in urban areas (Botzat, Fischer &
Kowarik, 2016; Ribeiro et al., 2021). This is especially relevant in the case of the Asian water
monitor, as they represent one of the most extreme cases of human-wildlife coexistence in
urbanized areas (Ceríaco, 2012; Pradhan & Yonle, 2022).
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Brum PHR, Gonçalves SRA, Strüssmann C, Teixido AL. 2023. A global assessment of
research on urban ecology of reptiles: patterns, gaps and future directions. Animal
Conservation 26(1):1–13 DOI 10.1111/acv.12799.

Bundhitwongrut T, Saguensab S, ThiraNhupt K, Pauwels OSG. 2008. A case of
predation of the water monitor Varanus salvator on the western snail-eating turtle
Malayemys macrocephala (Reptilia: Varanidae & Bataguridae) in Bangkok. Biawak
2(3):106–108.

Callaghan CT, Poore AG, Mesaglio T, Moles AT, Nakagawa S, Roberts C, Rowley
JJL, Vergés A,Wilshire JH, Cornwell WK. 2021. Three frontiers for the fu-
ture of biodiversity research using citizen science data. BioScience 71(1):55–63
DOI 10.1093/biosci/biaa131.

Capdevila ASL, Kokimova A, Ray SS, Avellán T, Kim J, Kirschke S. 2020. Success
factors for citizen science projects in water quality monitoring. Science of the Total
Environment 728:137843 DOI 10.1016/j.scitotenv.2020.137843.

Ceríaco LM. 2012.Human attitudes towards herpetofauna: the influence of folklore and
negative values on the conservation of amphibians and reptiles in Portugal. Journal of
Ethnobiology and Ethnomedicine 8(1):1–13 DOI 10.1186/1746-4269-8-1.

Chauvier Y, Zimmermann NE, Poggiato G, Bystrova D, Brun P, ThuillerW. 2021.
Novel methods to correct for observer and sampling bias in presence-only
species distribution models. Global Ecology and Biogeography 30(11):2312–2325
DOI 10.1111/geb.13383.

Cooper CB, Dickinson J, Phillips T, Bonney R. 2007. Citizen science as a tool for
conservation in residential ecosystems. Ecology and Society 12(2):11.

Cordier JM, Aguilar R, Lescano JN, Leynaud GC, Bonino A, Miloch D, Loyola R, Nori
J. 2021. A global assessment of amphibian and reptile responses to land-use changes.
Biological Conservation 253:108863 DOI 10.1016/j.biocon.2020.108863.

CotaM. 2011a.Mating and intraspecific behavior of Varanus salvator macromaculatus in
an urban population. Biawak 5(1/2):17–23.

CotaM. 2011b. Burrows with submerged and waterfilled entrances and nocturnal
retirement of Varanus salvator macromaculatus in Thailand. Biawak 5(3):44–47.

CotaM, Chan-Ard T, Makchai S. 2009. Geographical Distribution and Regional
Variation of Varanus salvator macromaculatus in Thailand. Biawak 3(4):134–143.

CotaM, Sommerlad R. 2013. Notes and observations on the fish prey of Varanus salvator
macromaculatus (Reptilia: Squamata: Varanidae) in Thailand with a review of the
fish prey of the Varanus salvator complex known to date. Biawak 7(2):63–70.

Cox N, Young BE, Bowles P, FernandezM,Marin J, Rapacciuolo G, Xie Y , et al. 2022.
A global reptile assessment highlights shared conservation needs of tetrapods. Nature
605(7909):285–290 DOI 10.1038/s41586-022-04664-7.

CroteauMC, Hogan N, Gibson JC, Lean D, Trudeau VL. 2008. Toxicological threats to
amphibians and reptiles in urban environments. Urban Herpetology 197–209.

Davis RA, Doherty TS. 2015. Rapid recovery of an urban remnant reptile community
following summer wildfire. PLOS ONE 10(5):e0127925
DOI 10.1371/journal.pone.0127925.

Luna and Rausell-Moreno (2024), PeerJ, DOI 10.7717/peerj.17357 14/20

https://peerj.com
http://dx.doi.org/10.1111/acv.12799
http://dx.doi.org/10.1093/biosci/biaa131
http://dx.doi.org/10.1016/j.scitotenv.2020.137843
http://dx.doi.org/10.1186/1746-4269-8-1
http://dx.doi.org/10.1111/geb.13383
http://dx.doi.org/10.1016/j.biocon.2020.108863
http://dx.doi.org/10.1038/s41586-022-04664-7
http://dx.doi.org/10.1371/journal.pone.0127925
http://dx.doi.org/10.7717/peerj.17357


Dearborn DC, Kark S. 2010.Motivations for conserving urban biodiversity. Conservation
Biology 24(2):432–440 DOI 10.1111/j.1523-1739.2009.01328.x.

Dékány B, Kövér S, Babocsay G. 2015. Environmental factors influencing distribution
and demographic structures of populations of the wall lizard (Podarcis muralis) in an
urban environment. Természetvédelmi Közlemények 21:32–40.

Delgado-V CA, French K. 2012. Parasite–bird interactions in urban areas: current
evidence and emerging questions. Landscape and Urban Planning 105(1-2):5–14
DOI 10.1016/j.landurbplan.2011.12.019.

DiMiceli C, Carroll M, Sohlberg R, KimD, Kelly M, Townshend J. 2015.MOD44B
MODIS/Terra vegetation continuous fields yearly L3 global 250m SIN grid V006
[Data set]. NASA EOSDIS land processes DAAC. (accessed on 08 June 2023)
DOI 10.5067/MODIS/MOD44B.006.

Entiauspe-Neto O, Perleberg T, De Freitas MA. 2016.Herpetofauna from an urban
Pampa fragment in southern Brazil: composition, structure and conservation. Check
List 12(5):1–15.

Eötvös CB, Magura T, Lövei GL. 2018. A meta-analysis indicates reduced predation
pressure with increasing urbanization. Landscape and Urban Planning 180:54–59
DOI 10.1016/j.landurbplan.2018.08.010.

Evans J, Boudreau K, Hyman J. 2010. Behavioural syndromes in urban and rural
populations of song sparrows. Ethology 116(7):588–595
DOI 10.1111/j.1439-0310.2010.01771.x.

Evans BS, Kilpatrick AM, Hurlbert AH, Marra PP. 2017. Dispersal in the urban matrix:
assessing the influence of landscape permeability on the settlement patterns of breed-
ing songbirds. Frontiers in Ecology and Evolution 5:63 DOI 10.3389/fevo.2017.00063.

Evans KL, Gaston KJ, Frantz AC, Simeoni M, Sharp SP, McGowan A, Dawson
DA,Walasz K, Partecke J, Burke T, Hatchwell BJ. 2009. Independent colo-
nization of multiple urban centres by a formerly forest specialist bird species.
Proceedings of the Royal Society B: Biological Sciences 276(1666):2403–2410
DOI 10.1098/rspb.2008.1712.

Fontana S, Sattler T, Bontadina F, Moretti M. 2011.How to manage the urban green
to improve bird diversity and community structure. Landscape and Urban Planning
101(3):278–285 DOI 10.1016/j.landurbplan.2011.02.033.

Franklin J. 2010.Mapping species distributions: spatial inference and prediction. Cam-
bridge: Cambridge University Press.

French SS, Webb AC, Hudson SB, Virgin EE. 2018. Town and country reptiles: a
review of reptilian responses to urbanization. Integrative and Comparative Biology
58(5):948–966.

Frýdlová P, Velenský P, Šimková O, Cikánová V, Hnízdo J, Rehák I, Frynta D. 2011. Is
body shape of mangrove-dwelling monitor lizards (Varanus indicus; Varanidae) sex-
ually dimorphic? Amphibia-Reptilia 32(1):27–37 DOI 10.1163/017353710X532184.

Galbraith JA, Beggs JR, Jones DN, Stanley MC. 2015. Supplementary feeding restruc-
tures urban bird communities. Proceedings of the National Academy of Sciences of the
United States of America 112(20):E2648–E2657.

Luna and Rausell-Moreno (2024), PeerJ, DOI 10.7717/peerj.17357 15/20

https://peerj.com
http://dx.doi.org/10.1111/j.1523-1739.2009.01328.x
http://dx.doi.org/10.1016/j.landurbplan.2011.12.019
http://dx.doi.org/10.5067/MODIS/MOD44B.006
http://dx.doi.org/10.1016/j.landurbplan.2018.08.010
http://dx.doi.org/10.1111/j.1439-0310.2010.01771.x
http://dx.doi.org/10.3389/fevo.2017.00063
http://dx.doi.org/10.1098/rspb.2008.1712
http://dx.doi.org/10.1016/j.landurbplan.2011.02.033
http://dx.doi.org/10.1163/017353710X532184
http://dx.doi.org/10.7717/peerj.17357


Garden JG, Mcalpine CA, PossinghamHP, Jones DN. 2007.Habitat structure
is more important than vegetation composition for local-level management
of native terrestrial reptile and small mammal species living in urban rem-
nants: A case study from Brisbane, Australia. Austral Ecology 32(6):669–685
DOI 10.1111/j.1442-9993.2007.01750.x.

Gaulke M, Horn H-G. 2004. Varanus salvator (Nominate Form). In: Pianka ER, King
DR, eds. Varanoid lizards of the world. Bloomington: Indiana University Press,
244–257.

GBIF.org. 2022. GBIF occurrence download. DOI 10.15468/dl.sg6x5g.
GBIF.org. 2023. GBIF occurrence download. DOI 10.15468/dl.78mgfn.
Gehanno JF, Rollin L, Darmoni S. 2013. Is the coverage of Google Scholar enough to

be used alone for systematic reviews. BMCMedical Informatics and Decision Making
13(1):1–5 DOI 10.1186/1472-6947-13-1.

Grismer LL. 2011. Lizards of Peninsular Malaysia, Singapore and their adjacent
archipelagos. Frankfurt: Edition Chimaira.

Haddaway NR, Bayliss HR. 2015. Shades of grey: two forms of grey literature
important for reviews in conservation. Biological Conservation 191:827–829
DOI 10.1016/j.biocon.2015.08.018.

Haddaway NR,Woodcock P, Macura B, Collins A. 2015.Making literature reviews more
reliable through application of lessons from systematic reviews. Conservation Biology
29(6):1596–1605 DOI 10.1111/cobi.12541.

Hamer AJ, Mcdonnell MJ. 2010. The response of herpetofauna to urbanization: inferring
patterns of persistence from wildlife databases. Austral Ecology 35(5):568–580
DOI 10.1111/j.1442-9993.2009.02068.x.

Hortal J. 2008. Uncertainty and the measurement of terrestrial biodiversity gradients.
Journal of Biogeography 35(8):1335–1336 DOI 10.1111/j.1365-2699.2008.01955.x.

Isaksson C, AD Rodewald, Gil D. 2018. Behavioural and ecological consequences of ur-
ban life in birds. Frontiers in Ecology and Evolution 6:50 DOI 10.3389/fevo.2018.00050.

Ivanova NV, ShashkovMP. 2021. The possibilities of GBIF data use in ecological
research. Russian Journal of Ecology 52:1–8 DOI 10.1134/S1067413621010069.

JohnsonMT, Munshi-South J. 2017. Evolution of life in urban environments. Science
358(6363):eaam8327 DOI 10.1126/science.aam8327.

Kadmon R, Farber O, Danin A. 2004. Effect of roadside bias on the accuracy of predic-
tive maps produced by bioclimatic models. Ecological Applications 14(2):401–413
DOI 10.1890/02-5364.

Karunarathna DMSS, Amarasinghe AT, De Vos ASHA. 2008. Preliminary notes on the
Monitor lizards (Family: Varanidae) within the national Zoological Gardens (nZG)
dehiwala, Colombo district, Sri Lanka. Biawak 2(3):109–118.

Karunarathna S, Surasinghe T, Madawala M, Somaweera R, Amarasinghe AT. 2017.
Ecological and behavioural traits of the Sri Lankan water monitor (Varanus salvator)
in an urban landscape of Western Province, Sri Lanka.Marine and Freshwater
Research 68(12):2242–2252 DOI 10.1071/MF17038.

Luna and Rausell-Moreno (2024), PeerJ, DOI 10.7717/peerj.17357 16/20

https://peerj.com
http://dx.doi.org/10.1111/j.1442-9993.2007.01750.x
http://dx.doi.org/10.15468/dl.sg6x5g
http://dx.doi.org/10.15468/dl.78mgfn
http://dx.doi.org/10.1186/1472-6947-13-1
http://dx.doi.org/10.1016/j.biocon.2015.08.018
http://dx.doi.org/10.1111/cobi.12541
http://dx.doi.org/10.1111/j.1442-9993.2009.02068.x
http://dx.doi.org/10.1111/j.1365-2699.2008.01955.x
http://dx.doi.org/10.3389/fevo.2018.00050
http://dx.doi.org/10.1134/S1067413621010069
http://dx.doi.org/10.1126/science.aam8327
http://dx.doi.org/10.1890/02-5364
http://dx.doi.org/10.1071/MF17038
http://dx.doi.org/10.7717/peerj.17357


Kelling S, Fink D, La Sorte FA, Johnston A, Bruns NE, HochachkaWM. 2015. Taking a
‘Big Data’approach to data quality in a citizen science project. Ambio 44:601–611.

Khadiejah S, Razak N,Ward-Fear G, Shine R, Natusch DJ. 2019. Asian water monitors
(Varanus salvator) remain common in Peninsular Malaysia, despite intense harvest-
ing.Wildlife Research 46(3):265–275 DOI 10.1071/WR18166.

Kulabtong S, Mahaprom R. 2015. Observation on food items of Asian water monitor,
Varanus salvator (Laurenti, 1768) (Squamata Varanidae), in urban eco-system,
Central Thailand. Biodiversity Journal 6(3):695–698.

Lawton D, Parlindungan D, Pratama A, Aswin P, Jundara P, Darmawan R, Ruyani A,
Matthews CE, Sommers A. 2008. Living among Water monitors: an exploratory
study of an urban Water monitor (Varanus salvator) population in Bengkulu,
Indonesia. Biawak 12(1):42–47.

Lozano J, Olszańska A, Morales-Reyes Z, Castro AA, Malo AF, MoleónM, Sánchez-
Zapata JA, Cortés- Avizanda A, vonWehrden H, Dorresteijn I, Kansky R, Fischer
J, Martín-López B , et al. 2019.Human-carnivore relations: a systematic review.
Biological Conservation 237:480–492 DOI 10.1016/j.biocon.2019.07.002.

Luna Á, Lois NA, Rodríguez-Martinez S, Palma A, Sanz-Aguilar A, Tella JL, Carrete M.
2021. Urban life promotes delayed dispersal and family living in a non-social bird
species. Scientific Reports 11(1):107 DOI 10.1038/s41598-020-80344-8.

Luna Á, Palma A, Sanz-Aguilar A, Tella JL, Carrete M. 2019. Personality-dependent
breeding dispersal in rural but not urban burrowing owls. Scientific Reports
9(1):2886 DOI 10.1038/s41598-019-39251-w.

Luna Á, Romero-Vidal P, Arrondo E. 2021. Predation and scavenging in the city: a re-
view of spatio-temporal trends in research. Diversity 13(2):46 DOI 10.3390/d13020046.

Luna A, Romero-Vidal P, Hiraldo F, Tella JL. 2018. Cities may save some threatened
species but not their ecological functions. PeerJ 6:e4908 DOI 10.7717/peerj.4908.

Magle SB, Hunt VM, VernonM, Crooks KR. 2012. Urban wildlife research: past,
present, and future. Biological Conservation 155:23–32
DOI 10.1016/j.biocon.2012.06.018.

Mahaprom R, Kulabtong S. 2018. Observation of feeding habit of the Asian water
monitor, Varanus salvator (Laurenti, 1768) (Squamata Varanidae) on a Asian toad,
Duttaphrynus melanostictus (Schneider, 1799) (Anura Bufonidae) in Thailand.
Biodiv. Jour 9(3):213–216.

Mardiastuti A, Masy’ud B, Ginoga IN, Sastranegara H, Sutopo S. 2021.Wildlife species
used as traditional medicine by local people in Indonesia. Biodiversitas Journal of
Biological Diversity 22:329–337.

Marzluff JM, De Lap JH, Oleyar MD,Whittaker KA, Gardner B. 2016. Breeding
dispersal by birds in a dynamic urban ecosystem. PLOS ONE 11(12):e0167829
DOI 10.1371/journal.pone.0167829.

McCaffrey RE. 2005. Using citizen science in urban bird studies. Urban Habitats
3(1):70–86.

Mueller JC, Kuhl H, Boerno S, Tella JL, Carrete M, Kempenaers B. 2018. Evolution of
genomic variation in the burrowing owl in response to recent colonization of urban

Luna and Rausell-Moreno (2024), PeerJ, DOI 10.7717/peerj.17357 17/20

https://peerj.com
http://dx.doi.org/10.1071/WR18166
http://dx.doi.org/10.1016/j.biocon.2019.07.002
http://dx.doi.org/10.1038/s41598-020-80344-8
http://dx.doi.org/10.1038/s41598-019-39251-w
http://dx.doi.org/10.3390/d13020046
http://dx.doi.org/10.7717/peerj.4908
http://dx.doi.org/10.1016/j.biocon.2012.06.018
http://dx.doi.org/10.1371/journal.pone.0167829
http://dx.doi.org/10.7717/peerj.17357


areas. Proceedings of the Royal Society B: Biological Sciences 285(1878):20180206
DOI 10.1098/rspb.2018.0206.

Ortega-Álvarez R, MacGregor-Fors I. 2009. Living in the big city: effects of urban land-
use on bird community structure, diversity, and composition. Landscape and Urban
Planning 90(3-4):189–195 DOI 10.1016/j.landurbplan.2008.11.003.

Perry G, Buchanan BW, Fisher RN, SalmonM,Wise SE. 2008. Effects of artificial night
lighting on amphibians and reptiles in urban environments. Urban Herpetology
3:239–256.

Piasecki J, Waligora M, Dranseika V. 2018. Google search as an additional source in
systematic reviews. Science and Engineering Ethics 24:809–810.

Pradhan A, Yonle R. 2022. Socio-ecological assessment of squamate reptiles in a human-
modified ecosystem of Darjeeling, Eastern Himalaya. Human Dimensions of Wildlife
27(2):134–150 DOI 10.1080/10871209.2021.1905114.

Quah E, Lwin K, Cota M, Grismer L, Neang T,Wogan G, McGuire J, Wang L, Rao D-Q,
Auliya M, Koch A. 2021. Varanus salvator. The IUCN Red List of Threatened Species
2021:e.T178214A113138439
DOI 10.2305/IUCN.UK.20212.RLTS.T178214A113138439.en.

Rahman KM, Rakhimov II, KhanMMH. 2017. Activity budgets and dietary investi-
gations of Varanus salvator (Reptilia: Varanidae) in Karamjal ecotourism spot of
Bangladesh Sundarbans mangrove forest. Basic and Applied Herpetology 31:45–56
DOI 10.11160/bah.79.

Rathnayake ND, Herath ND, Hewamathes KK, Jayalath S. 2003. The thermal be-
haviour, diurnal activity pattern and body temperature of Varanus salvator in
Central Sri Lanka. Hamadryad 27:179–184.

Rebolo-Ifrán N, Tella JL, Carrete M. 2017. Urban conservation hotspots: predation
release allows the grassland-specialist burrowing owl to perform better in the city.
Scientific Reports 7:3527 DOI 10.1038/s41598-017-03853-z.

Rega-Brodsky CC, AronsonMF, PianaMR, Carpenter ES, Hahs AK, Herrera-Montes
A, Nilon CH , et al. 2022. Urban biodiversity: state of the science and future
directions. Urban Ecosystems 25(4):1083–1096 DOI 10.1007/s11252-022-01207-w.

Ribeiro J, Carneiro I, Nuno A, PortoM, Edelaar P, Luna Á, Reino L. 2021. Investigating
people’s perceptions of alien parakeets in urban environments. European Journal of
Wildlife Research 67:1–9 DOI 10.1007/s10344-020-01440-8.

Roger E, Motion A. 2022. Citizen science in cities: an overview of projects focused on
urban Australia. Urban Ecosystems 25(3):741–752 DOI 10.1007/s11252-021-01187-3.

Sáez-Ventura Á, López-Montoya AJ, Luna Á, Romero-Vidal P, Palma A, Tella JL, Car-
rete M, Liébanas GM, Pérez JM , et al. 2022. Drivers of the ectoparasite community
and co-infection patterns in rural and urban burrowing owls. Biology 11(8):1141
DOI 10.3390/biology11081141.

Santini L, Benítez-López A, Maiorano L, Čengić M, Huijbregts MAJ. 2021. Assessing the
reliability of species distribution projections in climate change research. Diversity and
Distributions 27(6):1035–1050 DOI 10.1111/ddi.13252.

Luna and Rausell-Moreno (2024), PeerJ, DOI 10.7717/peerj.17357 18/20

https://peerj.com
http://dx.doi.org/10.1098/rspb.2018.0206
http://dx.doi.org/10.1016/j.landurbplan.2008.11.003
http://dx.doi.org/10.1080/10871209.2021.1905114
http://dx.doi.org/10.2305/IUCN.UK.20212.RLTS.T178214A113138439.en
http://dx.doi.org/10.11160/bah.79
http://dx.doi.org/10.1038/s41598-017-03853-z
http://dx.doi.org/10.1007/s11252-022-01207-w
http://dx.doi.org/10.1007/s10344-020-01440-8
http://dx.doi.org/10.1007/s11252-021-01187-3
http://dx.doi.org/10.3390/biology11081141
http://dx.doi.org/10.1111/ddi.13252
http://dx.doi.org/10.7717/peerj.17357


Saulnier A, Bleu J, Boos A, Millet M, Zahn S, Ronot P, El Masoudi I, Rojas ER, Uhlrich
P, Del NeroM,Massemin S. 2023. Reproductive differences between urban and
forest birds across the years: importance of environmental and weather parameters.
Urban Ecosystems 26(2):395–410 DOI 10.1007/s11252-022-01305-9.

Seress G, Sándor K, Evans KL, Liker A. 2020. Food availability limits avian reproduction
in the city: an experimental study on great tits Parus major. Journal of Animal Ecology
89(7):1570–1580 DOI 10.1111/1365-2656.13211.

Seto KC, Güneralp B, Hutyra LR. 2012. Global forecasts of urban expansion to 2030 and
direct impacts on biodiversity and carbon pools. Proceedings of the National Academy
of Sciences of the United States of America 109(40):16083–16088.

Shine R, Harlow PS. 1998. Ecological traits of commercially harvested water mon-
itors. Varanus salvator, in northern Sumatra.Wildlife Research 25(4):437–447
DOI 10.1071/WR97118.

Shine R, Harlow PS, Keogh JS. 1996. Commercial harvesting of giant lizards: the biology
of water monitors Varanus salvator in southern Sumatra. Biological Conservation
77(2-3):125–134 DOI 10.1016/0006-3207(96)00008-0.

Shochat E, Warren PS, Faeth SH. 2006. Future directions in urban ecology. Trends in
Ecology & Evolution 21(12):661–662 DOI 10.1016/j.tree.2006.09.007.

Shwartz A, Strubbe D, Butler CJ, Matthysen E, Kark S. 2009. The effect of enemy-
release and climate conditions on invasive birds: a regional test using the rose-
ringed parakeet (Psittacula krameri) as a case study. Diversity and Distributions
15(2):310–318 DOI 10.1111/j.1472-4642.2008.00538.x.

Shwartz A, Turbé A, Julliard R, Simon L, Prévot AC. 2014. Outstanding challenges for
urban conservation research and action. Global Environmental Change 28:39–49
DOI 10.1016/j.gloenvcha.2014.06.002.

Sol D, González-Lagos C, Moreira D, Maspons J, Lapiedra O. 2014. Urbanisa-
tion tolerance and the loss of avian diversity. Ecology Letters 17(8):942–950
DOI 10.1111/ele.12297.

Stanner M. 2010.Mammal-like feeding behavior of Varanus salvator and its conserva-
tional implications. Biawak 4(4):128–131.

Sullivan BL, Aycrigg JL, Barry JH, Bonney RE, Bruns N, Cooper CB, Kelling S , et al.
2014. The eBird enterprise: an integrated approach to development and application
of citizen science. Biological Conservation 169:31–40
DOI 10.1016/j.biocon.2013.11.003.

Telenius A. 2011. Biodiversity information goes public: GBIF at your service. Nordic
Journal of Botany 29(3):378–381 DOI 10.1111/j.1756-1051.2011.01167.x.

Teyssier A, Matthysen E, Hudin NS, De Neve L,White J, Lens L. 2020. Diet con-
tributes to urban-induced alterations in gut microbiota: experimental evidence
from a wild passerine. Proceedings of the Royal Society B 287(1920):20192182
DOI 10.1098/rspb.2019.2182.

Threlfall CG,Walker K,Williams NS, Hahs AK, Mata L, Stork N, Livesley SJ. 2015. The
conservation value of urban green space habitats for Australian native bee communi-
ties. Biological Conservation 187:240–248 DOI 10.1016/j.biocon.2015.05.003.

Luna and Rausell-Moreno (2024), PeerJ, DOI 10.7717/peerj.17357 19/20

https://peerj.com
http://dx.doi.org/10.1007/s11252-022-01305-9
http://dx.doi.org/10.1111/1365-2656.13211
http://dx.doi.org/10.1071/WR97118
http://dx.doi.org/10.1016/0006-3207(96)00008-0
http://dx.doi.org/10.1016/j.tree.2006.09.007
http://dx.doi.org/10.1111/j.1472-4642.2008.00538.x
http://dx.doi.org/10.1016/j.gloenvcha.2014.06.002
http://dx.doi.org/10.1111/ele.12297
http://dx.doi.org/10.1016/j.biocon.2013.11.003
http://dx.doi.org/10.1111/j.1756-1051.2011.01167.x
http://dx.doi.org/10.1098/rspb.2019.2182
http://dx.doi.org/10.1016/j.biocon.2015.05.003
http://dx.doi.org/10.7717/peerj.17357


Traeholt C. 1998. Exploitation and trade of the water monitor lizard (Varanus salvator)
in Malaysia.Mertensiella 9:131–135.

Trivalairat P, Srikosamatara S. 2023. Daily activities of water monitors (Varanus
salvator macromaculatus Deraniyagala, 1944) in urban wetland, Bangkok, Thailand.
Herpetozoa 36:189–201 DOI 10.3897/herpetozoa.36.e93492.

Turak E, Bush A, Dela-Cruz J, Powell M. 2020. Freshwater reptile persistence and
conservation in cities: insights from species occurrence records.Water 12(3):651
DOI 10.3390/w12030651.

United Nations. 2018.World Urbanization Prospects: the 2018 revision. Available at
https://population.un.org/wup/Publications/Files/WUP2018-Report.pdf .

Venter O, Sanderson EW,Magrach A, Allan JR, Beher J, Jones KR, Possingham
HP, LauranceWF,Wood P, Fekete BM, LevyMA,Watson JE. 2018. Last of the
wild project, version 3 (LWP-3): 2009 human footprint, 2018 release. Palisades,
New York: NASA Socioeconomic Data and Applications Center (SEDAC).
DOI 10.7927/H46T0JQ4.

Vignoli L, Mocaer I, Luiselli L, BolognaMA. 2009. Can a large metropolis sustain
complex herpetofauna communities? An analysis of the suitability of green space
fragments in Rome. Animal Conservation 12(5):456–466
DOI 10.1111/j.1469-1795.2009.00273.x.

Walker DW, Smigaj M, Tani M. 2021. The benefits and negative impacts of citizen
science applications to water as experienced by participants and communities.Wiley
Interdisciplinary Reviews: Water 8(1):e1488 DOI 10.1002/wat2.1488.

Weijola VS-Å. 2010. Geographic distribution and habitat use of monitor lizards of the
North Moluccas. Biawak 4(1):7–23.

Weijola VS-Å, Sweet SS. 2010. A new melanistic species of monitor lizard (Reptilia:
Squamata: Varanidae) from Sanana Island, Indonesia. Zootaxa 2434:17–32.

White AW, Burgin S. 2004. Current status and future prospects of reptiles and
frogs in Sydney’s urban-impacted bushland reserves. Lawrence: Allen Press
DOI 10.7882/FS.2004.087.

Winchell KM, Carlen EJ, Puente-Rolón AR, Revell LJ. 2018. Divergent habitat use of
two urban lizard species. Ecology and Evolution 8(1):25–35 DOI 10.1002/ece3.3600.

Woolley CK, Hartley S, Hitchmough RA, Innes JG, Van Heezik Y,Wilson DJ, Nelson
NJ. 2019. Reviewing the past, present and potential lizard faunas of New Zealand
cities. Landscape and Urban Planning 192:103647
DOI 10.1016/j.landurbplan.2019.103647.

Yu X, Zanudin ABM, Rusli MU, Booth DT, Lei J. 2021. Diet reflects opportunistic
feeding habit of the Asian water monitor (Varanus salvator). Animal Biology
72(1):27–37 DOI 10.1163/15707563-bja10065.

Zhao E-M, Zhao K-T, Zhou K-Y. 1999. Fauna Sinica, Reptilia Vol 2, Squamata, Lacer-
tilia. Singapore (n = 1641). Beijing: Science Press, 481.

Luna and Rausell-Moreno (2024), PeerJ, DOI 10.7717/peerj.17357 20/20

https://peerj.com
http://dx.doi.org/10.3897/herpetozoa.36.e93492
http://dx.doi.org/10.3390/w12030651
https://population.un.org/wup/Publications/Files/WUP2018-Report.pdf
http://dx.doi.org/10.7927/H46T0JQ4
http://dx.doi.org/10.1111/j.1469-1795.2009.00273.x
http://dx.doi.org/10.1002/wat2.1488
http://dx.doi.org/10.7882/FS.2004.087
http://dx.doi.org/10.1002/ece3.3600
http://dx.doi.org/10.1016/j.landurbplan.2019.103647
http://dx.doi.org/10.1163/15707563-bja10065
http://dx.doi.org/10.7717/peerj.17357

