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Abstract 

This article presents the anuran species in urbanized areas, diet overlaps between native and invasive alien anuran 

species, and its implications on conservation and ecological health in urban environment. Visual encounter technique 

following the road as a transect was done to determine the diversity of anurans, and stomach content extraction was 

employed to analyze its diet composition. Results revealed a very low anuran diversity (Shannon-Weiner; 1.165), which 

is dominated by invasive alien anuran species. Jackknife 1 species richness estimator indicated that 77-100% of the anuran 

species in the area were already detected which includes three invasive; Rhinella marina (Linnaeus, 1758), Kaloula 

pulchra Gray, 1831, Hoplobatrachus rugulosus (Wiegmann, 1834), and two natives; Polypedates leucomystax 

(Gravenhorst, 1829), Limnonectes leytensis (Boettger, 1893). Additionally, assessing the diet of 33 randomly selected 

anuran samples revealed that Formicidae dominated their food item. Invasive anurans also showed more diverse diet 

composition compared to native frogs, in which diet overlaps were observed. In conclusion, the study supports the idea 

that urbanization decreases anuran diversity and supports the dominance of invasive anurans which compete for food with 

their native and endemic counterparts. Additionally, it is important to manage invasive anurans that dominates urban 

ecosystem which might affect the native and endemic species in the area and possibly in nearby pristine environment.  
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1. Introduction 

 

The landscape shifts from rural to urban setting leads to habitat loss as well as change in the local and regional 

climate affecting most fauna in the area [1]. Since amphibians are sensitive to environmental and ecological changes [1], 

the negative impact of the changes in the environment caused by urbanization, is more effective compared to other 

vertebrate groups [2].  However, generalist’s anurans, such as invasive alien species, can still thrive in urban areas [3] 

especially with the presence of suitable habitats, yet little is known about their life histories in urban cities.  

As a byproduct of urbanization, the establishment of roads also poses tremendous threats to wildlife species [4]. 

According to Andrews et al. [5], anurans are one of the most negatively affected taxa due to urbanization. Roads can 

affect anuran populations in many ways: act as barrier to the individual’s movement [4, 6], cause habitat fragmentation 

leading to division of the extant population [4], contaminate habitats due to application of road salt [7], alter the gene pool 

of a population [8], cause direct mortality due to vehicular collision [9] and increase habitat loss due to physical changes 

in the environment [10,11].  

                                                           
* Corresponding author / Haberleşmeden sorumlu yazar: Tel.: +639278021613; Fax.: +639278021613; E-mail: ldgamalo@up.edu.ph 
© Copyright 2020 by Biological Diversity and Conservation           Received: 31.08.2019;      Published: 15.04.2020                  BioDiCon. 851-0919  

 

http://www.biodicon.com/


 

Native and Invasive Alien Anuran Species in Urbanized Areas in Davao City, Philippines, with Preliminary Study of Feeding Biology 
Jacky Roselle D. GERSAVA, Reynaldo G. ABAD, Fritzie A. CAMINO, Mae A. RESPONTE, 

Marion John Michael M. ACHONDO, Lief Erikson D. GAMALO 

2          Biological Diversity and Conservation – 13 / 1 (2020) 

Currently, there are 112 known amphibian species in the Philippines, which includes the six known invasive 

alien anurans, namely Rhinela marina (Linnaeus, 1758), Hoplobatrachus rugulosus (Wiegmann, 1834), 

Eleutherodactylus planirostris (Cope, 1862), Hylarana erythraea (Schlegel 1837), Kaloula pulchra Gray, 1831, and 

Lithobates catesbeianus (Shaw, 1802) [12]. With the persisting rapid growth of urbanization in the Philippines, combined 

with the global decline of amphibian population, identifying the community structure of amphibians, even in the most 

disturbed areas, is crucial to mitigate threats for endemic and native species. Moreover, determining their ecology, such 

as their dietary composition is equally important to understand the life history and the impacts of habitat modifications to 

anurans in highly urbanized environments. This information can provide implication in the ecological condition of the 

habitat in terms of the consumer-resource system, and determine sensitiveness of the species towards habitat changes. 

However, research studies of these types are very limited in the Philippines, especially in the island of Mindanao which 

is considered as a significant center of amphibian diversity and endemism [13].  

Thus, in this study, the roadside community structure of anurans and their diet composition in urbanized areas 

were evaluated. Moreover, the threats of roads to anurans and the possible ecological competition in terms of diet overlaps 

between endemic and invasive alien species from the same area were also documented.  

 

2. Materials and methods 

 

2.1 Sampling Site 

 

The study was conducted in two urbanized areas in Davao City, Philippines, namely Mintal (7.0854° N, 

125.4864° E) and Tacunan (7.1141° N, 125.5193° E). These areas are located north of Davao city proper and is at the 

edge of the expanding Davao City Metropolis. The sampling sites were also selected to represent an urbanized area with 

differing levels of urbanization based on the population size, type of anthropogenic activities present, abundance of 

infrastructures, and traffic intensity [14]. The classification of the barangays as urbanized areas was based on the definition 

given by the Philippine Statistics Office [15], and the urban type based on the paper of Marzluff et al. [16]. Mintal has 

higher population size [17] and with higher number of commercial buildings compared to Tacunan. Meanwhile, the latter 

is surrounded by wide residential subdivisions (Table 1).  

 

Table 1. Urban type, human population size and building characteristics of the sampling areas 

Study Sites Type  Population Size Buildings 

Mintal Urban  13,227  residential houses, university, 

commercial spaces, highways 

Tacunan  Sub-urban 12,773  residential houses 

 

 

2.2 Collection of Samples 

 

 Before the study was conducted, Prior Informed Consents from the Local Government Units of Mintal and 

Tacunan were acquired. Moreover, gratuitous permit (Permit No.: XI-2018-45), to collect representative specimen was 

given by the Philippine Department of Environment and Natural Resources Region XI (DENR-XI) 

The sampling was conducted between November 2018 and January 2019. For each visit, a total of ten 100m road 

transects coupled with visual encounter method was done in both sides of the road (approximately 2-meter-wide each). 

Each sampling area was visited four times from 19:00H to 23:00H by four to five people, totaling to 140 man-hours spent 

and more than 32,000 meters of cemented road traversed for the whole duration of the study. 

General information for each specimen were obtained such as the date, place, time, IUCN conservation status, 

and the description of its microhabitat. Identification of species was aided by the amphibian field guide by Alcala and 

Brown [18]. The head width, snout-vent length (SVL), tibia length, thigh length, and forearm length were measured using 

a digital caliper. Afterwards, the animals were released back to their habitats after morphometric analysis, except for those 

individuals used for diet analysis and some representative voucher specimens.  

 

2.3 Stomach Content Analysis 

 

A maximum number of ten (10) individuals from each non-threatened species, as instructed in the gratuitous 

permit (GP), were used. Specimens were euthanized using the double-pithing method which is considered as an acceptable 

process of euthanasia for amphibians. The collected stomachs were placed in vials containing 95% ethyl alcohol for 

preservation of the stomach contents. The contents of the stomach were observed under a dissecting microscope and 

identified to the lowest possible taxon.  
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2.4 Data Analysis  

 

2.4.1 Species Richness, Abundance, and Diversity  

Jackknife1 was used to estimate the species richness for each sampling area using EstimateS Software Version 

9.1.0 [17]. The difference in anuran abundance between Mintal and Tacunan were computed using the Mann-Whitney U-

test.  In addition, the species diversity was calculated using Shannon-Weiner Diversity Index, Evenness, and Dominance 

using PAST software Version 1.68 [20].  

 

2.4.2 Stomach Content Analysis 

Dietary composition was quantified using the frequency of occurrence (FOO) and the degree of food preference 

(DFP) indexes used in the study of Santos et al. [21].  The frequency of different food items to occur in stomachs of each 

species was calculated as:  

Frequency of Occurrence = 
Number of stomachs an item appeared

Total number of stomachs with content
 x 100         

           

A particular food item is considered constant if the frequency of occurrence value is more than 50% for each species, 

secondary if it is within the range of 25-50%, and accidental if it is observed in less than 25%.  

 The degree of food preference index was used to infer species consumption of a particular food group [21]. Food 

items were ranked in each stomach. A maximum value of four (4) was given if it was the only food item present in the 

stomach. However, for stomachs that contained more than one group of food item, the most abundant was given a value 

of three (3) while the next most common was given two (2). The least abundant food item was given a value of one (1). 

The degree of food preference was calculated using the formula:  

 

DFP = S(i)/N  

 

where S(i) indicates the sum of the values of the i or the food group present in the stomach. Meanwhile, N is the number 

of stomach analyzed per species. After the DFP values were obtained, it was then classified into four categories: highly 

preferential (3 <DFP < 4), preferential (2 < DFP < 3), secondary (1 < DFP < 2) or occasional (0 < DFP < 1). 

 

3. Results 

 

3.1 Species Richness, Abundance, and Diversity   

 

 Low taxonomic representation of anurans is evident in this study, with only five species collected namely: 

Hoplobatrachus rugulosus (Wiegmann, 1834), Kaloula pulchra Gray, 1831, Limnonectes leytensis (Boettger, 1893), 

Polypedates leucomystax (Gravenhorst, 1829), and Rhinella marina (Linnaeus, 1758) (Figure 1). Jackknife 1 species 

richness estimator indicated that 100% of the anuran species were already detected in Tacunan (4 species), while only 

77% frog species were detected in Mintal (5 species), suggesting that it is possible that some species were missed during 

the sampling. The low species richness of anurans from the study areas are due to environmental modification of the 

habitat because of urbanization, which does not favor the existence of other species, except those with greater tolerance 

and adaptability to disturbed environments, such as the introduced anurans observed in this study.  

 

 A total of 238 individuals were documented in this study, dominated by R. marina (44.96%) and K. pulchra 

(40.34%). Despite the ability of the endemic L. leytensis and other native anurans such as P. leucomystax to appear in 

urbanized areas and withstand urbanization, its occurrence is relatively lower compared to the number of invasive species 

present in the area. Thus, this study showed that invasive anuran species are more common than the native in urban 

environments.  

 

 Despite the minor differences in the areas’ ecological landscapes, results showed that Tacunan has higher number 

of recorded individuals (63.03%). When tested statistically, results showed that there were no significant differences 

between the abundance of each species between sites, except for K. pulchra (p-value = 0.02) (Figure 2).  

 With the very low species richness, coupled with the presence of dominant invasive anuran species, the entire 

Mintal-Tacunan area showed low diversity (Shannon-Weiner;1.165). Mintal area (Shannon-Weiner; 1.183), which is 

relatively more urbanized, showed higher diversity compared to Tacunan (Shannon-Weiner; 1.038). This is most likely 

due to the higher species richness and lesser dominance value observed in Mintal (Dominance; 0.3706) compared to 

Tacunan (Dominance; 0.3988).  
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Figure 1. Representative specimens of collected species in Mintal-Tacunan area, Davao City (a) H. rugulosus, (b) R. 

marina, (c) K. pulchra, (d) L. leytensis, (e) P. leucomystax 

 

 
Figure 2. Number of individuals observed per species in Mintal-Tacunan Area.  Legend: RM – R. marina; HR – H. 

rugulosus; LL – L. leytensis; KP – K. pulchra; PL – P. leucomystax 

 

 

3.2 Roadkill Documentation 

 

 A total of 28 casualties were recorded for the entire Mintal-Tacunan area. These individuals belong to three 

invasive anuran species namely; H. rugulosus, K. pulchra, and R. marina which were documented as mortality from 

vehicular collisions in roads (observed to have flattened body). K. pulchra and R. marina that constitutes 40.3% and 

44.96%, respectively of the population, ranked the highest roadkills. It can also be inferred from Table 2 that 71.43% of 

the documented roadkills were from Tacunan. 
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Table 2. Anuran Species documented as roadkills collected in Mintal and Tacunan in Davao City, Davao del Sur, Philippines 

Species  
Number of Roadkills 

Mintal Tacunan Total 

Rhinella marina  6 9 15 

Hoplobatrachus rugulosus 1 0 1 

Kaloula pulchra  1 11 12 

TOTAL (%) 8 (28.57) 20 (71.43) 28 

 

3.3 Diet Composition 

 Out of the 238 individuals documented in this study, only 33 stomachs were analyzed. K. pulchra and R. marina 

were the only species that reached the maximum number of ten individuals. Less than ten stomachs were analyzed for the 

remaining three species due to problems of capturing mature individuals. Three out of the 33 analyzed stomachs were 

empty (Table 3). 

 A total of 21 food items were observed, which was further grouped into four general categories; invertebrates, 

plant material, non-living matter, and unidentified. Inclusive to these categories are 18 taxa of invertebrates, leaves and 

stalks of unspecified plants, grain of rice, scraps of plastics, and fragmented rocks. The unidentified category includes 

food items that consists of digested parts of invertebrates based on its visual attributes and texture.   

 

Table 3. Frequency of Occurrence of food items and Degree of Food Preference of anuran species in Mintal-Tacunan 

area, Davao City, Philippines 
 

Food Items 

Hr (2) Kp (10) Ll (5) Pl (6) Rm (10) 

FOO 

(%) 

DFP FOO 

(%) 

DFP FOO 

(%) 

DFP FOO 

(%) 

DFP FOO 

(%) 

DFP 

Invertebrates           

 Phylum Arthropoda           

   Class Insecta           

     Order Hymenoptera           

        Family Formicidae 100Co 1.5S 70Co 1.9S 75Co 1.8S 100Co 3.2Hp 40So 1.2S 

     Order Blattodea           

        Family Kalotermitidae   50S 1.7S     20A 0.7O 

        Family Blattidae           

          Periplaneta americana   10A 0.1O     10A 0.3O 

     Order Coleoptera           

        Family Curculionidae   20A 0.7O       

        Family Scarabaeidae   * *       

        Family Erotylidae   10A 0.1O   10A 0.2O   

        Unidentified Coleoptera   * *       

     Order Hemiptera           

        Family Reduviidae           

           Melanolestes sp.   10A 0.4O 10A 0.25O     

        Family Pentatomidae   * *       

     Order Dermaptera   10A 0.2O       

     Order Orthoptera           

        Family Gryllotalpidae         10A 0.2O 

        Family Acrididae   10A 0.1O       

     Order Diptera           

        maggots   10A 0.4O       

  Class Chilopoda   10A 0.1O     10A 0.2O 

  Class Diplopoda           

     Order Spirobolida           

        Family Trigoniulidae           

          Trigoniulus sp.   10A 0.1O     10A 0.1O 

     Order Polydesmida           

        Family Paradoxosomatidae         10A 0.1O 

  Class Arachnida           

     Order Araneae         10A 0.1O 

Phylum Annelida           

  Class Oligochaeta         10A 0.4O 

Plant Matter 100Co 1O 70Co 1O 25So 0.4O 20A 0.3O 60Co 1.1S 

Inorganic Material   40So 0.7O     40So 0.8O 

Unidentified 100Co 0.5O   40So 0.25O     

No. of Empty Stomach 1   1 1   

Legend: FOO – Frequency of Occurrence; Co – Constant, So – Secondary occurrence, A – Accidental;   DFP – Degree of Food 

Preference; S – Secondary, O – Occasional, HP – Highly Preferential;   *– not able to compute;  Hr – Hoplobatrachus 

rugulosus; Kp – Kaloula pulchra; Ll – Limnonectes leytensis; Pl – Polypedates leucomystax; Rm – Rhinella marina 
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4. Conclusions and discussion 

 

The minimal amount of species in this study could support the ideas that species richness and diversity is affected 

by urbanization [22, 23, 24]. Moreover, the difference in the total abundance of anurans in between sites could be 

attributed to the difference of their ecological structures, presence/absence of some habitat requirements [24], and the 

weather conditions when the sampling was conducted. In addition to being less urbanized, light rain was observed in three 

out of the four sampling visits in Tacunan, which was never observed in Mintal during the study.  

Land structure, disturbance level, climatic factors, and the presence of breeding grounds are some of the factors 

considered in the habitats of anuran population [24]. The presence of these requirements and the characteristics of the 

urban area affects the occurrence of species [24, 25]. Although anuran diversity in an urbanized area can be sustained by 

maintaining suitable habitats [24, 26], survival in urban environments is entirely species-specific based on their ecological 

requirements and the capability of the habitat to provide for these requirements [24]. Despite the differences in the effect 

of habitat fragmentation to every species, it is necessary to remember that most species exhibit negative correlation with 

urbanization [25]. Result suggests that all the species documented to inhabit Mintal-Tacunan area could be habitat 

generalist which have adaptive mechanisms to tolerate habitat alterations [27], which includes an endemic species L. 

leytensis. This data coincides with the report of Delima et al. [28] that L. leytensis is highly adapted to disturbed 

environments, despite the difference in ecological structure from its natural environment. In addition to L. leytensis, other 

native frog P. leucomystax can also thrive in urban roadside environment, where both species observed to commonly 

thrive in vegetated areas along the road. This suggests the need to maintain the existence of green spaces in urban cities.  

In addition to habitat disturbance, road collision with vehicles is also one of the threat to the amphibians in 

urbanized environments. Overall, amphibians have the highest mortality rates from vehicles due to its limited behavioral 

response and dual habitat requirement [6]. However, each species has differential documented death caused by roadkills 

due to intrinsic features such as abundance of the species within an area [29]. As what was observed from the study of 

Matos in 2012 [29], the number of roadkills for each species is in positive correlation with its local abundance. K. pulchra 

and R. marina were also the ones with high range of microhabitats and frequently found beside the road which increases 

its probability to be involved in road accidents. In addition, species that are more active and must disperse through urban 

landscape to complete its life cycle, such as K. pulchra and R. marina, have higher chance in road-induced accidents [30].  

Invertebrates— mostly arthropods— are the most common food group ingested, owing to the fact that most of 

the Philippine anurans are invertebrate feeders [18]. Crawling and fossorial insects were the most commonly consumed 

prey since most of the collected anuran species were ground foragers. K. pulchra and R. marina showed the most diverse 

invertebrate prey consumption. The wide variety of food items observed in these invasive species indicates that these are 

generalist and opportunistic feeders [31, 32].  

Although the analysis was limited using small sample sizes, the results showed that only ants were considered 

as Constant food items in the diet of most anurans. In terms of the Degree of Food Preference, only ants in the diet of P. 

leucomystax were considered as Highly Preferential, and ranked as Secondary food preference for the remaining four 

species. The dominance of ants in the diet of frogs was already observed in previous studies [14, 31, 32]. The considerable 

high amount of this arthropod group in the tropics and the sit-and-wait foraging strategy contributes to the reason why 

this prey dominates the diet of the anuran species in the urban area [14].  According to Toft [33], tropical anurans have 

two main diet patterns: “ant specialists and “non-ant specialists”. Ant specialist anurans ingest chitinous, slow-moving 

arthropods, while the non-ant specialists devour larger, less-chitinous, and mobile arthropods [31]. Generally, the results 

suggest that the anuran species collected in Mintal-Tacunan area are ant-specialists due to the frequency of occurrence, 

degree of food preference, and limited prey diversity regularly observed in the stomach of the individuals of the collected 

species. However, the limited number of stomachs subjected to dietary analysis must be considered as it could greatly 

interfere with the Frequency of Occurrence (FOO) and Degree of Food Preference (DFP) computations. 

Moreover, plant matters, either ranked as constant or secondary, were also a frequent consumed food items of 

anurans, which were also reported in previous studies in the Philippines [32, 34]. The occurrence of plant materials in the 

diet of anurans could be incidental due to the close association of the habitat of its prey to patches of vegetation leading 

to accidental ingestion of plant matters.  However, according to Santos et al. [21], the presence of plant materials provides 

valuable information on the feeding behavior of anurans. Studies also showed that the presence of plant in the diet possibly 

aids in the elimination of parasites, provides nutrients, and an additional source of water to anurans [32, 35].  

Results on the diet analysis showed an overlapping of prey items between the native and the introduced invasive 

species in highly urbanized areas. This indicates possible competition towards food resources that might potentially harm 

the presence and abundance of endemic (e.g. L. leytensis) and/or the native species (e.g. P. leucomystax) which could 

contribute to their decreasing population trends. Though some studies have shown that dietary overlaps between invasive 

and native anuran species could not reduce the abundance of the latter [36, 37], this study suggests that in a highly 

urbanized area, the anuran community is dominated by more adaptable invasive species with relatively higher range of 

diet composition. This could possibly affect endemic anurans and also other local organisms within the urban ecosystem. 
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4.1. Conservation and Ecosystem Health Implications 

 

With some suitable habitats remaining, anurans can still thrive in disturbed habitats even in a highly urbanized 

environment. In the case reported in this study, native and endemic frogs are still present in urban areas in Davao City 

which were frequently observed in vegetated areas (e.g. gardens) alongside the road. With the increasing urbanization 

throughout the Philippines, urban planning should consider conserving suitable habitats and even increase habitat 

complexity.  

With the dominance of invasive anurans in urban habitats and their diet competition with their native 

counterparts, proper management should be done to avoid further dispersal of these alien species. Aside from diet 

competition, the high abundance of these invasive species may result in parasite transfer to other native species in the 

area. Moreover, one of the dominant invasive species R. marina observed in this study, produces bufotoxin which can 

kill native predators and domesticated animals [38] which do not have any natural defense against the potent toxin.  

Furthermore, this study finds no proof that R. marina preys on mosquito or their larvae in urban cities. The 

practice of intentional release of this species in a city in the Philippines to eradicate dengue mosquito [39] might give 

more problems in urban ecosystems and in nearby pristine environments. Identifying the threats to amphibians (in this 

case the dominance of invasive alien species) even in the most disturbed environments is one way to produce conservation 

initiatives and mitigate the rapid extinction of amphibians worldwide.  
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