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Abstract. Delima-Baron EM, Ruales CAS, Tripole C. Tagoon MDT, Susulan TB. 2022. Anurans of select green spaces of Davao City,
Mindanao Island, Philippines. Biodiversitas 23: 4810-4815. Data on anurans in green spaces, especially in highly urbanized cities,
including Davao, is still very limited. We present for the first time a checklist of anuran species from six green spaces of Davao City
previously not surveyed for anuran data. Anurans were documented from January to April 2019 using visual encounter techniques
coupled with microhabitat searches on several nocturnal surveys. Eighteen species representing seven families were recorded. Three
endemic species: Pelophryne brevipes, Fejervarya moodiei, and F. vittigera, were added to the current list of anurans known from green
spaces of Davao City, bringing the total known species for Davao City to 23. Thirteen of the species recorded are endemic. Two species
under the Near Threatened category of IUCN, Limnonectes magnus and Sanguirana everetti, were also documented. The study also
accounted for four invasive species: Rhinella marina, Eleutherodactylus planirostris, Hoplobatrachus rugulosus, and Kaloula pulchra.
However, these species were encountered only in sites with artificial structures nearby, prominent noise, and has less heterogeneous
vegetation. Data adds to the limited account of anurans in Davao City’s green spaces. Adding more species also implies that the list of
anurans from Davao City’s green spaces is far from complete. Exploration of other green spaces available in the city is necessary to fully

understand anuran species composition and the value of green spaces to the persistence of this taxon even in highly urbanized areas.
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INTRODUCTION

Green spaces are areas with vegetation, either artificial,
secondary, or primary growth, including open spaces,
urban parks, hedgerows, and gardens (Haaland and van den
Bosch 2015). These areas are set aside for aesthetic,
recreational, commercial, or conservation purposes (Irvine
et al. 2010; Taylor and Hochuli 2017). Urban green spaces
provide a continuum of remnant vegetation patches that
could benefit different animal taxa, as revealed in studies
(Milanovich et al. 2012; Lepczyk et al. 2017). These green
spaces in urbanized areas can also serve as a refuge for
native wildlife, including those species groups known to be
globally declining (Goulson et al. 2002; Carrier and Beebee
2003; Irvine et al. 2010). The ecological value of
interconnected green spaces in urban areas is prominent as
it forms part of regional and national efforts on biodiversity
conservation actions (Irvine et al. 2010) and thus promotes
the persistence of wildlife species even in urban settings
(Straka et al. 2016; Hamer et al. 2018).

A taxon that can benefit from the green spaces found in
urban areas is anurans, as reported in several accounts.
Data from the study of Hamer et al. (2011) revealed that

interconnected green spaces, even in highly urbanized
areas, promote species richness of frogs as it prevents
desiccation and direct exposure to predators. Puglis and
Boone (2012) reported that Blanchard’s cricket frogs (Acris
blanchardi) and green frogs (Rana clamitans) populations
from Oxford, Ohio benefitted from green spaces such as
buffered golf courses by acting as habitat havens for these
species. Simple habitat enhancements in urban settings help
keep populations of amphibians in Vietnam intact, as
Holzer et al. (2017) reported. Required habitat-associated
features include the presence of non-concrete banks, the
existence of plants in aquatic areas, vegetated uplands
surrounding possible breeding sites, and the occurrence of
shallow spots. Increased green spaces were considered
influential to the body size of the European Common Frog,
Rana temporaria, and can be used to measure the species’
survivability (Niemeier et al. 2020). Populations of the
Pacific chorus frog (Pseudacris regilla) persist in
urbanized landscapes when terrestrial habitats are found
adjacent to breeding sites (Green et al. 2020). Hutto and
Barrett (2021) also reported that urban green spaces with a
smaller network of roads may harbor reduced watertight
surfaces, thus promoting anuran dispersal and sustainability.
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Several reports on anurans inhabiting green spaces in
urbanized cities are available (Dixon et al. 2011; Kruger et
al. 2015; Li et al. 2018; ljie et al. 2021). These reports
reveal anuran assemblage composition within urban green
spaces and also provide information on how conditions
within these urban green spaces influence what anuran
species thrive in these green spaces. In the Philippines,
accounts of anurans in non-forested habitats are available,
but these are direct comparisons to species found in
forested areas close to surveyed non-forested areas (Aureo
and Bande 2019; Cruz et al. 2019). Philippine data on
anurans documented from urban green spaces in highly
urbanized localities are limited to current writing (Apayor-
Ynot et al. 2017; Jabon et al. 2019; Gersava et al. 2020;
Duco et al. 2020).

Since information about anuran composition and
distribution in green spaces of highly urbanized cities in the
Philippines like Davao remains relatively meager, the
results of this study provide a significant contribution to
this topic. Moreover, the inclusion of six sites previously
not visited for anuran surveys also augments the knowledge
about anuran species found in Davao City. Data of the
present study may also contribute to plans for creating
green spaces in the city with appropriate management
intervention strategies to support the persistence of anuran
species and possibly other diverse wildlife taxa.
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MATERIALS AND METHODS

Description of green spaces surveyed

Green spaces surveyed for this study were areas within
Davao City, Davao del Sur, Mindanao Island, the southern
part of the Philippines that have either man-made,
secondary, or primary vegetation (Figure 1). These sites
were chosen based on accessibility and the absence of
previous data on anurans. Despite the onset of urbanization,
several areas of the city still contain patches of vegetation
that different species of animals, including anurans, inhabit.
Sites were visited from January to April 2019. Descriptions
of sites surveyed are provided below.

Site 1 - includes a patch of trees inside the compound of
Davao City National High School (DCNHS), one of the
largest public high schools in the city. The school grounds
have a few stands of trees on the periphery, including
Acacia, Mahogany (Swietenia  macrophylla), and
Terminalia catappa. The school also maintains a small
garden where a few stands of trees and other cultivated
plants are found. Weather was generally good at the time of
sampling except for occasional drizzles in the early part of
the evening.
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Figure 1. Location map showing the six green spaces surveyed in Davao City, Mindanao Island, Philippines. 1. DCNHS (7°4°44”,
125°36°21”, 18 masl), 21-22 January 2019; 2. NCNHS (7°6°48”, 125°36°26”, 49 masl), 23-24 January 2019; 3. UM Matina (7° 03’ 49,
125°35° 557, 21 masl), 24-25 January 2019; 4. Shrine Hills (7°4°06”, 125°34°45”, 154 masl), 28-29 January 2019; 5. Lower Carmen
(7°6°55.5”, 125°20°46.3”, 930 masl), 8-10 March 2019; 6. Talomo-Lipadas (7° 05’ 31.36”; 125° 20° 45.89”, 1260 masl), 26-29 April 2019.
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The site is surrounded by city roads, with occasional to
regular vehicle traffic. As it is situated within the school
grounds, the area is teeming with human activities the
entire daytime until the early hours of the night.

Site 2 - situated on the far northern side of the city
inside the school grounds of Bernardo Carpio National
High School (BCNHS). The school ground is smaller than
DCNHS. The exterior periphery of the school is
surrounded by a few stands of trees outside its boundaries,
whereas the school ground interior maintains a few stands
of Terminalia catappa and Acacia. Few water pools,
possibly rainwater collected in a cemented structure, were
also observed. Short downpours occurred in the early part
of the night at the time of sampling but did not persist.
Although the site is not close to the main road where
vehicles pass through, it is heavily surrounded by human
dwellings. Moreover, at the time of sampling, the
construction of a school building was ongoing.

Site 3 - is a forest patch inside the University of
Mindanao (UM) Matina campus that holds one of the last
green spaces in Davao City. It is found within the 50-
hectare campus of the university within barangay Maa and
Matina. The vegetation patch harbors endemic tree species
like Kamagong (Diospyros blancoi) and Antipolo
(Artocarpus blancoi). A small remaining swamp is also
found in its interior. Weather was generally good
throughout the sampling period except for occasional
drizzles at night time. Though situated inside the school
campus, the site is located on the far end section of the
school and thus a bit isolated from most human activities.

Site 4 - is a green space in the upper portion of Shrine
Hills on Matina side. It is one of the important green spaces
in Davao City that harbors the endemic tree Antipolo
(Artocarpus blancoi) and the Southeast Asia native Narra
(Pterocarpus indicus). The forest patch where sampling
was done had a moderately thick leaf litter cover. Although
the weather was generally fine for the first sampling night,
heavy downpours, which lasted for about 2 hours,
happened on the succeeding sampling days. The surveyed
area was beside the road and was also surrounded by
several scattered houses.

Site 5 - is one of the last relatively large green spaces in
Davao City but is slowly converted into agricultural
patches. It is marked with high moisture due to the
presence of Lipadas river that runs from Mount Talomo.
Several species of old-growth trees can be seen in the area.
The site’s forest litter is very thin, with a scanty forest
canopy. Weather was generally good at the time of
sampling. Site surveyed is beside a river tributary of
Carmen River on one side but is bordered by a banana
plantation on the opposite side.

Site 6 - entryway to Mount Talomo-Lipadas is also
another relatively unexplored area in the Philippines for
biodiversity data, except that it is known as one of the
nesting sites of the Philippine Eagle (Pithecophaga
jefferyi). It consists of the following ecosystem types:
agroecosystem, montane, and mossy-pygmy forests. It is a
headwater catchment area of several major river systems of
Panigan, Tamugan, and Talomo River. Several species of
endemic plants are found in the area. Sampling site has a
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relatively thick forest leaf litter cover, tree stands are
moderately covered with moss, and the moisture of the area
is relatively high. At the time of sampling, drizzles were
constant, but heavy downpours were experienced during
the later hours of the night.

Sampling technique

Anurans were documented using visual encounter
techniques and microhabitat searches (Heyer et al. 1994) in
established transects. Each transect established in all sites
was 100m long and 10m wide, stationed randomly in each
site and was walked twice: morning (09:00 to 12:00 hours)
and evening (18:00 to 21:00 hours). Three observers
surveyed each transect stationed in each site. Diurnal
transect walks mainly involved searches in tree holes,
rotting logs, leaf litter shifting, while the nocturnal search
was mostly focused on the search of frogs in leaf axils,
leaves, petioles, and fronds. Searchers relied on sightings
and frog calls to locate species. Samples were then hand-
captured whenever possible. Species were identified based
on diagnostic morphological characters of available past
and recent publications (Diesmos et al. 2015; Baron et al.
2019; Pili et al. 2019; Delima-Baron et al. 2021). Species
identification confirmation was done by the first author.
Voucher specimens are currently housed at the Zoology
Laboratory of San Pedro College in Davao City,
Philippines. Voucher specimens were collected for some
individuals following specifications of the Gratuitous
Permit issued by the Department of the Environment and
Natural Resources Region XI (WGP No. XI-2018-1). Field
catalogue numbers of collected specimens are: Pelophryne
brevipes (EMD 1165, EMD 1166, EMD 1173); Philautus
surdus (EMD 1167, EMD1168, EMD1169, EMD1170,
EMD1171, EMD1172; EMD 1174, EMD 1175, EMD
1176); Philautus acutirostris (EMD 1183); Polypedates
leucomystax (EMD 1181); Pulchrana grandocula (EMD
1182).

RESULTS AND DISCUSSION

Eighteen species under seven families were accounted
for from the six green spaces surveyed in Davao City
(Table 1). Three of the species: Pelophryne brevipes,
Fejervarya moodiei, and F. vittigera, were previously not
accounted inaccessible published literature on anurans of
Davao City, hence increasing the species count to 23. Out
of the 18 species, six were exclusively encountered in the
farthest green space surveyed (Site 6). Green spaces
situated farther from the city center (Sites 5 and 6) show
higher species richness than those situated near the city
center (Sites 1-4). Except for Site 6, invasive species were
documented: Rhinella marina (Site 1-5), Kaloula pulchra
(Site 1,3-5), Hoplobatrachus rugulosus (Site 3-4), and
Eleutherodactylus planirostris (Site 1,2,4). In terms of
endemism, 72% (13 species) were accounted for, with nine
species known to occur only within the Mindanao faunal
region. The endemic species were recorded in four out of
the six sites surveyed, two of these sites are located close to
the city center. Five anurans were exclusively found in Site
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6 (Pelophryne brevipes, Leptobrachium lumadorum,
Palaeobatrachus stejnegeri, Philautus surdus, and
Philautus acutirostris). In surveyed sites near city center,
four endemic anurans were accounted: Fejervarya moodiei
(Site 3), Fejervarya vittigera (Sites 3 and 4), Limnonectes
leytensis (Sites 4), Kalophrynus sinensis (Sites 3 and 4).
Although 16 of the species are currently listed under the
Least Concern category of the International Union for
Conservation of Nature (IUCN 2022), two species:
Limnonectes magnus and Sanguirana everetti, are
classified under the Near Threatened category.

To date, published literature on anurans in green spaces
of Davao City is still sparse. Although existing studies on
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anurans of the city were already published (Ibafiez et al.
2012; Apayor-Ynot et al. 2017; Dacalus et al. 2017; Baron
et al. 2019; Jabon et al. 2019; Gersava et al. 2020), data
from these accounts were from surveys conducted on a
single location within Davao City. In contrast, the present
study provides data on anurans in green spaces previously
not surveyed and has included several locations. This
resulted in a rise in the number of anuran species in Davao
City from 20 to 23. Data attest to previous assumptions that
the inclusion of more sampling sites in various locations
may contribute to heterogeneity of species composition of
that area (Brown and Stuart 2012; Diesmos et al. 2014).

Table 1. Species composition, endemism, and conservation status of anurans accounted from select green spaces of Davao City

compared with previous reports

Ibafiez  Dacalus Jabon Baron  Gersava
Family/species etal. et al. et al. et al. et al. This study
(2012)  (2017)  (2019) (2019)  (2020)
Bufonidae
Pelophryne brevipes MFRE, LC (4) v (Site 6)
Rhinella marina NE, I, LC (79) v v v v (Sites 1-5)
Ansonia muelleri MFRE, LC v
Ceratobatrachidae
Platymantis cf guentheri MFRE, LC v
Dicroglossidae
Fejervarya moodiei, PE, DD (3) v (Site 3)
Fejervarya vittigera PE, LC (4) v (Site 4)
Hoplobatrachus rugulosus NE, I, LC (12) v v v (Sites 3, 4)
Limnonectes leytensis PE, LC (8) v v (Sites 4, 5, 6)
Limnonectes magnus MFRE, NT (4) v v v (Site 6)
Eleutherodactylidae
Eleutherodactylus planirostris* NE, I, LC (23) v (Sites 1,2,4)
Megophryidae
Pelobatrachus stejnegeri MFRE, LC (10) v v (Site 6)
Leptobrachium lumadorum MFRE, LC (8) v v v (Site 6)
Microhylidae
Kaloula pulchra NE, |, LC (22) v v v (Sites 1, 3, 4,5)
Kalophrynus sinensis MFRE, LC (8) v v (Sites 3, 4, 5)
Ranidae
Pulchrana grandocula MFRE, LC (5) v v (Site 5)
Sanguirana everetti MFRE, NT (9) v v (Site 5)
Staurois natator PE, LC v
Rhacophoridae
Philautus surdus PE, LC (15) v v v v (Site 6)
Philautus acutirostris MFRE, LC v v v v (Site 6)
Philautus leitensis MFRE, LC v N
Philautus worcesteri MFRE, LC v N
Philautus cf poecilius MFRE, LC N4
Polypedates leucomystax NE, LC v v v (Sites 3, 4, 5)
Nyctixalus spinosus MFRE, LC v v (Sites 5, 6)
Rhacophorus pardalis NE, LC v

Note: Endemism: PE: Philippine endemic; MFRE: Mindanao Faunal Region endemic; NE: Non-endemic; Conservation status: NT:
Near Threatened; LC: Least Concern; DD: Data Deficient; I: Introduced species; Sites 1: DCNHS; Site 2: NCNHS; Site 3: UM Matina;
Site 4: Shrine Hills; Site 5: Lower Carmen; Site 6: Talomo-Lipadas; number in parenthesis- total number of individuals per species
accounted in present study. *Previously accounted by Olson et al. (2014) though the account was focused solely on this species and not
as part of an anuran survey in Davao City
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The observation of higher species richness accounted
for in sites farther from the city center adheres to the
previous report of Zhang et al. (2016), who noted that
richness declined with proximity of sampling locations to
the city center. The group of Menin et al. (2016) also
reported that rural sampling sites have higher species
richness than survey areas near the urban area. Although
the green spaces surveyed for this site support native
anurans, invasive species were also documented from five
out of the six sites. These sites either have vegetation
fragments with very reduced plant heterogeneity, man-
made structures, or anthropogenic noise. Previous reports
of surveys of Jabon (2019) and Gersava (2020) also
accounted for R. marina, H. rugulosus, and K. pulchra
around the Mintal area near residential houses, commercial
spaces, highways, and in land patches with ground
vegetation. Olson et al. (2014) also reported hearing calls
of E. planirostris within a subdivision of Davao City.
These invasive species were also previously reported to
have a wide distribution within the country but have not
been observed to occur in densely forested areas (Diesmos
et al. 2006; Diesmos et al. 2015; Pili et al. 2019).

No concrete pattern on endemism is deducible from the
present inventory results, but endemic species were noted
to be higher in green spaces that are considered forest
patches. This observation may connote that endemic
anurans have a greater affinity to forested habitats or those
with thicker vegetation than with more open habitats
(Solania and Fernandez-Gamalinda 2018; Delima-Baron et
al. 2021). The presence of the endemic F. vittigera, F.
moodiei, and L. leytensis in green spaces near city centers
supports previous accounts of the habitat generalist nature
of these species as they can thrive in low elevation,
agricultural, and highly disturbed habitats (Delima et al.
2006; Brown et al. 2013; Gersava et al. 2020).

Output of the current surveys augmented the knowledge
about anurans species found in Davao City. The addition of
three endemic species increased the current total to 23
species. Data also imply that the anuran species list for the
city is likely to increase as more areas are surveyed and
sampling effort per area is magnified. Data also highlight
green spaces as possible important habitats of different
anuran species and thereby can be used for promoting
anuran species diversity. This is based on the number of
endemic species accounted for compared to non-endemic
species. Future inventories should also consider the
inclusion of variables that may influence anuran species
richness and composition, including measurement of
anthropogenic activities, green space size, vegetation
composition and extent, and microclimatic conditions.

ACKNOWLEDGEMENTS

The Philippines Commission on Higher Education,
through its Dare to Program, generously provided funding
support for this research. All field parabiologists who
dedicated their time to help the team rummage through
green spaces are also acknowledged. The University of
Mindanao and San Pedro College provided necessary

BIODIVERSITAS 23 (9): 4810-4815, September 2022

administrative support to the team. Milton D. Medina, and
Analyn A. Cabras of the Coleoptera Center of the
University of Mindanao, Philippines for the collaboration
and constant support.

REFERENCES

Apayor-Ynot CL, Tan SN, Lim NK, Delima-Baron EM, Mohagan A.
2017. Diet of cane toads (Rhinella marina) collected from areas
adjacent to human dwellings in Davao City, Philippines. Imp J
Interdiscip Res 3 (11): 640-642.

Aureo W, Bande M. 2019. Impact of anthropogenic disturbance on
anurans habitat and species richness in Silago, Southern Leyte,
Philippines. J Biodivers Environ Sci 15 (1): 38-45.

Baron EM, Mohagan AB, Leano EP, Amoroso VB. 2019. Philautus (Bush
Frogs) species from montane forest of Marilog District, Davao City,
Southern Mindanao, Philippines. Environ Nat Resour J 17 (2): 62-70.
DOI: 10.32526/ennrj.17.2.2019.13.

Brown RM, Siler CD, Oliveros CA, Esselstyn JA, Diesmos AC, Hosner
PA, Linkem CW, Barley AJ, Oaks JR, Sanguila MB, Welton LJ,
Blackburn D, Moyle RG, Peterson AT, Alcala AC. 2013.
Evolutionary processes of diversification in a model island
archipelago. Annu Rev Ecol Evol Syst 44: 41-435. DOI:
10.1146/annurev-ecolsys-110411-160323.

Brown RM, Stuart BL. 2012. Patterns of biodiversity discovery through
time: a historical analysis of amphibian species discoveries in the
Southeast Asian mainland and island archipelagos. In: Gower DJ,
Johnson KG, Richardson JE, Rosen BR, Ruber L, Williams ST (eds).
Biotic Evolution and Environmental Change in Southeast Asia.
Cambridge University Press, United Kingdom.

Carrier J-A, Beebee TJC. 2003. Recent, substantial, and unexplained
declines of the common toad Bufo bufo in lowland England. Biol
Conserv 111: 395-399. DOI: 10.1016/S0006-3207(02)00308-7.

Cruz P, Afuang L, Gonzalez JC, Gruezo W. 2019. Distribution and
diversity patterns of herpetofauna in the Pantabangan-Carranglan
Watershed, Nueva Ecija, Caraballo Mountain Range, Philippines.
Biodivers Data J 7: €31638. DOI: 10.3897/BDJ.7.31638.

Dacalus C, Calunsag A, Hoshino L, Peralta D, Baron EM. 2017. Anuran
assemblage on forest edges of Datu Salumay, Davao City,
Philippines. Univ Mindanao Intl Multidiscip ResJ 2 (1): 1-7.

Delima EM, Ates F, lIbafiez J. 2006. Species composition and
microhabitats of frogs within Arakan Valley Conservation Area,
Cotabato, Mindanao Island, Philippines. Banwa 3 (1&2): 16-30.

Delima-Baron EM, Marin MOD, Logramonte BA, Mohagan AB. 2021.
Species account of anurans from the western slope of Mt. Kitanglad,
Mindanao Island, Philippines. Asian Herpetol Res 12 (1): 76-87.
DOI: 10.16373/j.cnki.ahr.200049.

Diesmos AC, Alcala AC, Siler CD, Brown RM. 2014. Status and
conservation of Philippine amphibians. In: Heatwole H, Das | (eds).
Conservation Biology of Amphibians of Asia. Status and Decline of
Amphibians: Eastern Hemisphere. Natural History Publications
(Borneo), Kota Kinabalu, Malaysia.

Diesmos AC, Diesmos MLL, Brown RM. 2006. Status and distribution of
alien invasive frogs in the Philippines. J Environ Sci Manag 9 (2): 41-53.

Diesmos AC, Watters J, Huron N, Davis D, Alcala A, Crobie R, Afuang
L, Das G, Sison R, Sanguila M, Penrod M, Labonte M, Davey C,
Leone A, Diesmos M, Sy E, Welton L, Brown R, Siler C. 2015.
Amphibians of the Philippines, Part 1: Checklist of the species. Proc
Calif Acad Sci 62 (20): 457-539.

Dixon AD, Cox WR, Everhamm EM, Ceilley DW. 2011. Anurans as
biological indicators of restoration success in the Greater Everglades
ecosystem.  Southeast ~Nat 10 (4):  629-646. DOLl:
10.1656/058.010.0404.

Duco RAJ, Gonzales MB, Pueblo CJA. 2020. Preliminary report of the
gastrointestinal helminths of Rhinella marina (Anura: Bufonidae) in
Metro Manila, Philippines. Philipp J Sci 150 (1): 467-471.

Gersava J, Abad R, Camino F, Responte M, Achondo MJM, Gamalo LE.
2020. Native and invasive alien anuran species in urbanized areas in
Davao City, Philippines, with preliminary study of feeding biology.
Biol Divers Conserv 13 2): 1-8. DOIl:
10.46309/biodicon.2020.729824.



DELIMA-BARON et al. — Anurans in Davao City, Philippines

Goulson D, Hughes WHO, Derwent LC, Stout JC. 2002. Colony growth
of the bumblebee, Bombus terrestris, in improved and conventional
agricultural and suburban habitats. Oecologia 130: 267-273. DOI
10.1007/s004420100803.

Green J, Govindarajulu P, Higgs E. 2020. Multiscale determinants of
Pacific chorus frog occurrence in a developed landscape. Urban
Ecosyst 24: 587-600. DOI: 10.1007/s11252-020-01057-4.

Haaland C, van den Bosch CK. 2015. Challenges and strategies for urban
green-space planning in cities undergoing densifcation: A review.
Urban Urban Green 14: 760-771. DOI: 10.1016/j.ufug.2015.07.009.

Hamer AJ. 2018. Accessible habitat and wetland structure drive
occupancy dynamics of a threatened amphibian across a peri-urban
landscape. Landsc  Urban Plan 178: 228-237. DOI:
10.1016/j.landurbplan.2018.06.008.

Hamer AJ, Parris KM. 2011. Local and landscape determinants of
amphibian communities in urban ponds. Ecol Appl 21 (2): 378-390.
DOI: 10.1890/10-0390.1.

Heyer WR, Donnelly MA, McDiarmid RW, Hayek LAC, Foster MS.
1994. Measuring and Monitoring Biological Diversity: Standard
Methods for Amphibians. Smithsonian Institution Press, Washington.

Holzer K, Bayers R, Ngyuyen TT, Lawler S. 2017. Habitat value of cities
and rice paddies for amphibians in rapidly urbanizing Vietnam. J
Urban Ecol 3 (1): 1-12. DOI: 10.1093/jue/juw007.

Hutto Jr D, Barrett K. 2021. Do urban open spaces provide refugia for
frogs in urban environments? Plos One 16 (1): e0244932. DOI:
10.1371/journal.pone.0244932.

Ibafiez JG, Tampos GP, Maglinte M, Reazona A, Villanueva A, Bafies A.
2012. Talomo-Lipadas and Panigan-Tamugan Watersheds: Resource
and socio-economic assessment (Final Technical Report 2012).
Philippine  Eagle Foundation and Interface Development
Interventions, Inc., and Foundation for the Philippine Environment,
Davao City, Philippines.

ljie ME, Alari EO, Ogoanah SO, Aisien MSO. 2021. Amphibian diversity
in urban and peri-urban landscapes of Benin City, a Southern
Nigerian City in the rainforest biotope. Zoologist 19 (1): 52-59. DOI:
10.4314/tzool .v19i1.8.

International Union of Conservation of Nature (IUCN). 2022. The IUCN
red list of threatened species version 2021-3.
https://www.iucnredlist.org.

Irvine KN, Fuller R, Devine-Wright P, Tratalos J, Payne SR, Warren PH,
Lomas KJ, Gaston K. 2010. Ecological and psychological value of
urban greenspace. In: Jenks M, Jones C (eds). Dimensions of the
Sustainable City. Springer, Netherlands.

Jabon KJD, Gamalo LED, Responte MA, Abad RG, Gementiza GDC,
Achondo MJM. 2019. Density and diet of invasive alien anuran
species in a disturbed landscape: a case in the University of the
Philippines Mindanao, Davao City, Philippines. Biodiversitas 20 (9):
2554-2560. DOI: 10.13057/biodiv/d200917.

Kruger DJ, Hamer AJ, Du Preez LH. 2015. Urbanization affects frog
communities at multiple scales in a rapidly developing African city.
Urban Ecosyst 18 (4): 1333-1352. DOI: 10.1007/s11252-015-0443-y.

4815

Lepczyk CA, Aronson MF, Evans KL, Goddard MA, Lerman SB,
Macivor S. 2017. Biodiversity in the city: Fundamental questions for
understanding the ecology of urban green spaces for biodiversity
conservation. BioScience 67: 799-807. DOI: 10.1093/biosci/bix079.

Li B, Zhang W, Shu X, Pei E, Yuan X, Wang T, Wang Z. 2018. Influence
of breeding habitat characteristics and landscape heterogeneity on
anuran species richness and abundance in urban parks of Shanghai,
China. Urban For Urban Green 32: 56-63. DOI:
10.1016/j.ufug.2018.03.017.

McFrederick QS, LeBuhn G. 2006. Are urban parks refuges for bumble
bees Bombus spp. (Hymenoptera: Apidae)? Biol Conserv 129: 372-
382. DOI: 10.1016/J.BIOCON.2005.11.004.

Menin M, Ferreira RFB, Melo 1B, Gordo M, Hattori GY, Sant’Anna BS.
2016. Anuran diversity in urban and rural zones of the Itacoatiara
municipality, central Amazonia, Brazil. Acta Amazonica 49 (2): 122-
130. DOI: 10.1590/1809-4392201800284.

Milanovich J, Peterman W, Barrett K, Hopton M. 2012. Do species
distribution models predict species richness in urban and natural
green spaces? A case study using anurans. Landsc Urban Plan 107:
409-418. DOI: 10.1016/j.landurbplan.2012.07.010.

Niemeier S, Muller J, Strukc U, Rodel MO. 2020. Superfrogs in the city:
150-year impact of urbanization and agriculture on the European
Common Frog. Glob Change Biol 26: 6729-6741. DOI:
10.1111/gch.15337.

Olson CA, Diesmos AC, Beard KH. 2014. Geographical distribution:
Eleutherodactylus planirostris (Greenhouse frog). Herpetol Rev 45
(4): 652-653.

Pili AN, Sy E, Diesmos ML, Diesmos AC. 2019. Island hopping in a
biodiversity hotspot archipelago: reconstructed invasion history and
updated status and distribution of alien frogs in the Philippines. Pac
Sci 73 (3): 321-343. DOI: 10.2984/73.3.2.

Puglis HJ, Boone M.D. 2012. Effects of terrestrial buffer zones on
amphibians on golf courses. Public Libr Sci 7 (6): 1-9. DOI:
10.1371/journal.pone.0039590.

Solania CL, Fernandez-Gamalinda EV. 2018. Species composition and
habitat association of anurans within water systems of Andanan
Watershed, Agusan del Sur, Caraga Region, Philippines. Environ Exp
Biol 16: 159-168. DOI: 10.22364/eeb.16.15.

Straka TM, Lentini PE, Lumsden LF, Wintle BA, van der Ree R. 2016.
Urban bat communities are affected by wetland size, quality, and
pollution levels. Ecol Evol 6: 4761-4774. DOI: 10.1002/ece3.2224.

Taylor L, Hochuli DF. 2017. Defining greenspace: Multiple uses across
multiple disciplines. Landsc Urban Plan 158: 25-38. DOI:
10.1016/j.landurbplan.2016.09.024.

Zhang W, Li B, Shua X, Pei E, Yuan X, Sun Y, Wanga T, Wanga Z.
2016. Responses of anuran communities to rapid urban growth in
Shanghai, China. Urban For Urban Greening 20: 365-374. DOI:
10.1016/j.ufug.2016.10.005.



