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Evolutionary Perspectives on Dicroglossid Frogs: A Review of Taxonomic and Phylogenetic Research



ABSTRACT
Amphibians exhibit high species diversity and endemism globally but are facing significant declines over recent decades. The family Dicroglossidae, one of the most diverse groups of Anuran frogs, has a controversial taxonomy and phylogeny after the integration of molecular studies with classical taxonomic frameworks. Over the past three decades, numerous taxonomic revisions and hypotheses have been proposed for Dicroglossid frogs based on molecular and morphological data. This review examines global research trends, progress, and the status of this family, with a focus on their diversity in India, to guide future research priorities for amphibian conservation.
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1. INTRODUCTION
 Amphibian research has accelerated over recent decades, leading to multiple taxonomic reorganizations, primarily driven by molecular data and the discovery of many new species. About 37% increase in new amphibian species discoveries has been reported over the past two decades (Gopika et al., 2023), yet amphibians are reported to be the most threatened vertebrate class for various reasons such as habitat loss, habitat fragmentation, global climate change, and infectious diseases, and about 40.7% of the species are reported to be globally threatened (Swandby et al., 2023). On the global scale, at present, there are 8,945 known species of amphibians under 3 living orders and 78 families of which 7,889 species, comprising more than 88 % of the total belong to the order Anura (AmphibiaWeb, as of October 2025). In India, 454 amphibian species are recorded, including 411 anurans (Dinesh et al., 2024). At the current pace, with new technologies, tools, and concepts, by exploring new territories, and with more taxonomists working on amphibians, many new frogs are being described from different parts of the world. 
Dicroglossidae Anderson 1871, the most diverse and species-rich family of the order Anura have great ecological significance due to its exemplified evolutionary adaptability across various habitats. Dicroglossid frogs were previously categorized as a subfamily of Ranidae, while the rapid DNA sequencing techniques and advanced molecular phylogenetic research in the late 20th century caused the splitting of Dicroglossidae from the common ancestor with Ranidae and the placement of Dicroglossidae as a distinct anuran family (Frost et al., 2006; Pyron and Wiens, 2011). Being a large family with high diversity and distribution across various habitats of African and Asian continents, most of the Dicroglossidae members have a confusing taxonomic history, and taxonomists are continuously working hard to resolve the ambiguities, using advanced molecular phylogenetics. 
In this review on the taxonomic and phylogenetic studies on Dicroglossidae, literature published from the recognition of Dicroglossidae as a distinct amphibian family to date, specifically related to taxonomic studies, new species discoveries, taxonomic revisions and rearrangements, and rediscoveries from different geographical areas were analyzed to understand the evolutionary history and the overall distribution and species abundance with a particular focus in the Indian subcontinent. 

2. METHODS
A comprehensive literature review of taxonomy, new species discoveries, cryptic species descriptions, species re-discoveries and phylogenetic relationships of the frogs of the family Dicroglossidae since its erection from Ranidae in the late 20th century to date, have been collected using the Web of Science knowledge (http://apps.web of knowledge.com) database as well as the Google Scholar search engine. Literature was collected through two search strategies: (1) a general search for amphibian studies using keywords such as "amphibians", "frogs", or "herpetofauna" and (2) a targeted search for Dicroglossidae and its genera using keywords like "Dicroglossidae" and names of genera and subfamilies. 
The collected articles were then screened manually and those that did not examine taxonomy/ phylogeny/ species identification/ re-description of Dicroglossid frogs were excluded. Current species richness of different genera under the family is presented in graphical format on the global scale as well as within India. The current estimates of species richness were obtained from both the “AmphibiaWeb” website (2025) and the “Amphibian Species of the World” website (Frost, 2025) while data obtained from AmphibiaWeb (2025) were followed for the graphical presentation.  

3. DISCUSSION
The family Dicroglossidae Anderson, 1871 was established as a distinct anuran family in the early 21st century through significant taxonomic contributions of Dubois and Ohler (2000), Kosuch et al. (2001), Hertwig et al. (2004) and Frost et al. (2006), and Dicroglossinae, the subfamily under Ranidae was elevated to the status of family Dicroglossidae. Frost et al. (2006) recognized the two subfamilies within Dicroglossidae – Dicroglossinae Anderson, 1871 and the sister taxon Occidozyginae Fei, Ye, and Huang, 1990 and the succeeding taxonomists recognized the family Dicroglossidae as valid (Roelants et al., 2007; Fei et al., 2010; Pyron and Wiens. 2011; Ohler and Dubois, 2014). 

3.1 Amphibians / herpetofaunal studies that documented Dicroglossidae genera
          In the face of global amphibian declines reported in the late 20th century, several taxonomists paid attention to identify the genetic structure of amphibian population to work on conservation strategies. Application of molecular genetic tools in systematic studies of amphibians in the recent decades (Vences et al., 2005a, 2005b; Bickford et al., 2007; Pyron and Wiens, 2011, 2013; Emel and Storfer, 2012; Zhang et al., 2013, 2021; Liu et al., 2018; Dubois et al., 2021; Portik et al., 2023; Mahony et al., 2024) have revolutionized the discovery and description of amphibian diversity globally. This has enabled revealing the “cryptic species” with the aid of DNA sequencing data, especially in species-rich and poorly explored tropical regions. While studying amphibian species assemblages, most herpetologists encountered the members of family Dicroglossidae as a major component of their targeted fauna (Matsui et al., 2010a; Hasan et al., 2012a; Pratihar et al., 2014; Akram et al., 2015, 2021; Das et al., 2016; Ghose et al., 2017; Poyarkov et al., 2020; Khatiwada et al., 2021) from the various South and Southeast Asian countries.
                The early 21st century witnessed a large spike in the amphibian research in India due to advanced molecular approaches to taxonomy, phylogeny and species descriptions of Biju (2001), Ao et al. (2003), Easa (2003), Aravind et al. (2004), Andrews et al. (2005), Dinesh et al. (2009), Das et al. (2012), Subramanian et al. (2013) and Das (2015) documented Dicroglossid species and/or genera of India. More recent documentation of Dicroglossidae in the amphibian studies of India are that of Das et al. (2016), Ganesh et al. (2018), Harikrishnan and Vasudevan (2018), Patel et al. (2018), Lalronunga et al. (2020), Patel and Vyas (2020), Sreekumar and Dinesh (2020), Dinesh et al. (2020, 2024), Ganesh and Guptha (2021), Shah et al. (2022), Deepak et al. (2023) and Dinesh (2024). The Andaman and Nicobar Islands of India are also known to harbor a rich assemblage of Dicroglossidae frogs (Harikrishnan et al., 2012; Harikrishnan and Vasudevan, 2018; Chandramouli et al., 2020). Whereas both the Western and Eastern Ghats hill ranges of the Indian Peninsula, one of the amphibian-rich areas in tropical Asia, are reported to be yet under-explored and incompletely documented for its amphibian fauna and Dicroglossid frogs (Garg and Biju, 2021; Garg et al., 2022; Dinesh, 2024). 

3.2 Studies on various genera/ species of Dicroglossidae
The phylogeny of the family Dicroglossidae has increased rapidly over the recent decades with ongoing revisions primarily due to advanced molecular approaches in taxonomy and phylogeny. This family is now represented by 257 species globally under 15 genera of the two subfamilies Dicroglossinae (238 species) and Occidozyginae (19 species) and the maximum number of species reported so far from India is 76 under 13 genera (AmphibiaWeb, 2025).
Limnonectes Fitzinger, 1843 is the most species-rich genus of the family Dicroglossidae (Fig.1) presently comprised of 103 species across most Asian and Southeast Asian countries. Early studies on the classification of Limnonectes (Evans et al., 2003; Frost et al., 2006) has led to the recognition of distinct morphological groups within the genus. The genus Limnonectes is known for its morphological ‘crypsis’ and advanced molecular studies in the 21st century refined further its classification and Limnonectes kuhlii, historically recognized as a widely distributed single species was the main focus of  molecular phylogenetic studies in the recent decades (Matsui et al., 2010a, 2010b, 2013, 2014a, 2014b, 2015, 2016, 2024; McLeod et al., 2011, 2012, 2015; Matsui and Nishikawa, 2014; Matsui, 2015; Dehling and Dehling, 2017; Stuart et al., 2020; Suwannapoom and Osathanunkal, 2023; Gonggoli et al., 2025). These studies recognized it as a complex of many distinct species that are phylogenetically far distant from the type species L. kuhlii. Distinguishing genetic divergence in Limnonectes populations has been an ongoing effort for decades and many new species of Limnonectes have been described (Siler et al., 2009; Min et al., 2013; Matsui et al., 2014a, 2014b, 2015; Matsui, 2015; Suwannapoom et al., 2016a, 2021a; Pham et al., 2017, 2018, 2020; Phimmachak et al., 2018; Yodthong et al., 2021; Herr et al., 2021, 2024; Frederick et al., 2023; Le et al., 2025).  
The genus Fejervarya Bolkay, 1915 considered early as a subgenus of   Limnonectes attained the status of a distinct genus by the notable contributions of Dubois and Ohler (2000). Following them many taxonomic and evolutionary studies were carried out for Fejervarya  (Sumida et al., 2007; Kuramoto et al., 2007; Islam et al., 2008a , 2008b; Kurniawan et al., 2014) that led to the diversification of  the genus into two distinct groups-Southeast Asian and South Asian- based on molecular data. Subsequently, Howlader (2011a) and Pyron and Wiens (2011) treated the Southeast Asian group as Fejervarya and the South Asian group a separate genus from Fejervarya as Zakerana. However, the monophyletic nature of the genus Fejervarya was problematic for many researchers and most reported a nested grouping of Fejervarya and several other genera and tried to clarify the morphological evolution of the species within the genera (Ohler et al., 2014; Hasan et al., 2014; Dinesh et al., 2015, 2017; Sanchez et al., 2018; Raj et al., 2018; Yodthong et al., 2019; Köhler et al., 2019; Phuge et al., 2019; Yang et al., 2022; Tanoyo et al., 2024). As Fejervarya is one of the most widely distributed amphibian genus, many cryptic species discoveries (Ao et al., 2003;  Kuramoto et al., 2007; Howlader, 2011b; Djong et al., 2011; Dinesh et al., 2015; Suwannapoom et al., 2016b, 2017; Garg and Biju, 2017; Raj et al., 2018; Köhler et al., 2019; Phuge et al., 2019) and documentation of species from new localities (Hegde et al., 2009; Harikrishnan et al., 2012; Kharkongor and Saikia, 2017; Dinesh et al., 2017; Mahapatra et al., 2019; Köhler et al., 2019; Chandramouli et al., 2020; Gayen and Deuti, 2021; Chung et al., 2022) were increasingly added from both the southeast and south Asian countries. 
The genus Minervarya established by Dubois, Ohler, and Biju in 2001 was previously considered as a sub-genus within the genus Rana, whereas molecular phylogenetic studies of Frost et al. (2006) recognized that Minervarya forms a distinct clade within the family Dicroglossidae and Pyron and Wiens (2011) suggested the recognition of Minervarya as a separate genus. While the early molecular studies (Kuramoto et al., 2007; Ohler et al., 2009; Biju et al., 2014) considered Minervarya as a synonym to Fejervarya, further studies unresolved the close genus-level homogeneity of Minervarya with Fejervarya Bolkay, 1915 and Sphaerotheca Günther, 1859 (Dinesh et al., 2015, 2017; Garg and Biju, 2017) and either taxonomic clarifications of previously reported Fejervarya/Minervarya species or new species description were contributed by a number of researchers (Raj et al., 2018; Sanchez et al., 2018; Chandramouli et al., 2019; Phuge et al., 2019, 2020;  Garg and Biju, 2021; Decemson et al., 2021; Khatiwada et al., 2021; Selvamurugan, 2022; Garg et al., 2022; Gautam and Bhattarai, 2022; Gopika et al., 2023; Yadav et al., 2025) and revealed that the genus is primarily distributed in the Indian subcontinent. According to recent reports 32–34 recognized species of Minervarya are predominantly distributed in South Asia (Frost, 2025; AmphibiaWeb, 2025) with only a few in the Southeast Asian countries and of these 27–28 species are reported from India, contributing nearly half of all the Dicroglossid frogs of the country (Fig.2).
The Dicroglossid genus Euphlyctis Fitzinger, 1843 have long been attributed to two species groups, namely the E. cyanophlyctis and E. hexadactyla, both differ externally and were reported to occur in sympatry over large parts of their ranges. The application of molecular techniques revealed a myriad of lineages within both the groups in the recent decades with some new species descriptions (Alam et al., 2008; Joshy et al., 2009; Khajeh et al., 2014; Howlader et al., 2015; Priti et al., 2016 ; Al-Qahtani and Amer, 2019; Akram et al., 2021;  Dubois et al., 2021; Dinesh et al., 2021a, 2021b, 2022; Khan et al., 2022; Dufresnes et al., 2022; Anoop and George, 2023a, 2023b). At present there are nine species of Euphlyctis globally (AmphibiaWeb, 2025) and in India 8 out of the 9 species are reported.  
The genus Hoplobatrachus Peters,1863 known as the sister taxon to Euphlyctis is among the most common and widely distributed Dicroglossid genera, having representation in most of the Asian countries and in Africa by six recognized species (AmphibiaWeb, 2025). Although earlier studies have focused attention on the phylogenetic analysis of the genus (Kosuch et al., 2001; Frost et al., 2006; Hasan et al., 2008) the utilization of molecular data in the later studies further illuminated the taxonomy and phylogeny of the genus in detail and tried to identify new species and the existence of cryptic species in the genus from different localities(Alam et al., 2008; Pansook et al., 2012; Hasan et al., 2012a, 2012b; Yu et al., 2012, 2015).
The south Asian endemic burrowing frog Sphaerotheca Günther, 1859 also has a history of several taxonomic revisions. The taxonomic ambiguities raised (Dubois, 2004) regarding the validity of the genus Sphaerotheca were later resolved by Chowdhary et al. (2014), Dahanukar et al. (2017), Padhye et al. (2017), Prasad et al. (2019), Dandekar et al. (2020), Deepak et al. (2020a, 2020b, 2024) and Jablonski et al. (2021), and currently there are 12 recognized species of the genus (AmphibiaWeb, 2025) that are endemic to South Asia. Documentation on the occurrence of Sphaerotheca in the Indian subcontinent is limited, while currently nine species occur in India (AmphibiaWeb, 2025) and the recent new species discoveries from India are those by Padhye et al. (2017), Prasad et al. (2019) and Deepak et al. (2020a, 2020b, 2024).     
      The tribe Paini of spiny frogs is a widespread, complex and diverse clade within the family Dicroglossidae. The tribe Paini includes the genera Allopaa, Chrysopaa, Nanorana and Quasipaa (Ohler and Dubois, 2006) whereas, according to Frost (2025) the Paini comprise the genera Nanorana (33 species), Quasipaa (13 species) and the monotypic genus Chrysopaa. The genus Nanorana contains the subgenera Paa and Chaparana with N.pleskei as the type species while Chen et al. (2005) and Frost et al. (2006) placed Chaparana, Paa, and Nanorana into Nanorana and treated Chaparana and Paa in the synonymy of Nanorana. The placement of Chaparana and Paa into synonymy of Nanorana received wide acceptance by herpetologists and the systematic status of the genus Nanorana and its species members underwent continuous research and refinement during the last decades along with the description of many new species (Che et al., 2009; Chen et al., 2011; Jiang et al., 2016; Zhou et al., 2017; Zhang et al., 2018; Qi et al., 2019; Liu et al., 2021; Akram et al., 2021; Feirong et al., 2023; Ji et al., 2023; Tang et al., 2023; Wangyal et al., 2023; Hofmann et al., 2024).   
                   Allopaa and Chrysopaa are the relict endemic Dicroglossid genera of the Hindu Kush-Himalayan region that share a similar bio-geographic evolution. The Hazara Torrent Frog, Allopaa hazarensis occurs in subtropical forest streams (Khan et al., 2008) at elevations above 1,000 m. Little is known about the current distribution, taxonomy and genetic diversity of A. hazarensis despite the recent contributions of Akram et al. (2022) and Hofmann et al. (2023). Like A. hazaranesis, little is known about the Karez frog Chrysopaa sternosignata while Hofmann et al. (2023) revealed a better resolved phylogeny of both C. sternosignata and A. hazarensis along with new molecular evidence for distinct niche divergence among them.  
Spiny frogs of the genus Quasipaa Dubois 1992, primarily endemic to China, are a relatively rare and poorly known group. Jiang et al. (2005) presented Quasipaa as a distinct genus for the first time in the tribe Paini and was accepted by the succeeding contributors (Ohler and Dubois, 2006; Frost et al., 2006; Che et al., 2009; Dubois and Ohler, 2009). Quasipaa populations of China were reported to be spatially isolated or extinct and subsequently considerable attention was given by herpetologists to Quasipaa species, especially following recent molecular techniques in the taxonomy and phylogeny (Huang et al., 2010; Chuaynkern et al., 2011; Gao et al., 2019; Yan et al., 2021; Suwannapoom et al., 2021b, Pham et al., 2022). To date there are of 15 recognized species of Quasipaa (AmphibiaWeb, 2025).
Genus Nannophrys Günther,1869, endemic to Sri Lanka and formerly placed in the Ranidae family is now included in the family Dicroglossidae. Fernando et al. (2007) placed four species in the genus, namely N. ceylonensis, N. marmorata, N. guentheri and N. naeyakai while all species of this genus are threatened with extinction (Ukuwela et al., 2020) and recent reports clarifies it (Frost, 2025; AmphibiaWeb, 2025). 
Ombrana is a monotypic genus of the family Dicroglossidae, represented by the single species, Ombrana sikimensis. The species first described as Rana sikimensis under the family Ranidae was described as Ombrana sikimensis by Frost et al. (2006). The species O. sikimensis is described from India (Mathew and Sen, 2010) and the recent studies (Shrestha and Gurung, 2019; Khatiwada et al., 2021) reported declining of the population in their type localities while Wangyal et al. (2021) reported O. sikimensis from Bhutan. 
   The recognition of Phrynoderma as a distinct frog genus is very recent, when the recent classification of Dubois et al. (2021) separated the genus Euphlyctis Fitzinger, 1843 into the skittering frog genus Euphlyctis and the pond frog genus Phrynoderma based on their morphological color patterns, behavior, and phylogenetic position.The revision has led to the discovery and description of  more species of Phrynoderma (Joshy et al., 2009; Priti et al., 2016;  Dinesh et al., 2021b, 2022; Anoop and George, 2023a, 2023b; Yadav et al., 2024) from India and Bangladesh.
         As among the genera of Dicroglossinae, the taxonomy of subfamily Occidozyginae and its genera are extremely controversial and have received much attention by amphibian experts and researchers. Occidozyginae was originally established as a subfamily under the family Ranidae and was later transferred to the family Dicroglossidae by Frost et al. (2006). Currently, Occidozyginae is comprised of 19 recognized species under three genera namely Ingerana, Occidozyga and Phrynoglossus, distributed in northeastern India, Bangladesh, southern China, and the mainland and islands of Southeast Asia (AmphibiaWeb, 2025). 
The early established genus and the type genus of Occidozyginae is the Occidozyga for its type species Occidozyga lima Gravenhorst, 1829. Due to their morphological similarities, the taxonomy of Occidozyga species has raised controversy among scientists and a series of updates were reported in the taxonomy and phylogeny of the genus (Frost et al., 2006; Fei et al., 2010; Pyron and Wiens, 2011; Li et al., 2014; Chan et al., 2021; Dubois et al., 2021; Flury et al., 2021;  Lyu et al., 2022) and some new species were described (Chan et al., 2020; Flury et al., 2021; Chen et al., 2022). Phrynoglossus Peters, 1867 is often treated as synonymous with Occidozyga owing to their interrelationships (Chan et al., 2021; Flury et al., 2021; Frost 2025) while Dubois et al. (2021), Kohler et al. (2021) and Trageser et al. (2021) supported the validity of Phrynoglossus as a separate genus distinct from Occidozyga. According to AmphibiaWeb (2025), Phrynoglossus currently comprises 12 species, with P. martensii representing the type species and Occidozyga comprises 5 species with Occidozyga lima representing the type species.  However, Frost (2025) listed 18 out of the 19 species of Occidozyginae under the genus Occidozyga considering Phrynoglossus as a synonym of Occidozyga.
        The genus Ingerana of Occidozyginae currently comprised two species I. borealis and I. tenasserimensis (AmphibiaWeb, 2025).  The species Micrixalus borealis, described by Annandale (1912) and allocated to Phrynoglossus Peters 1867 was listed as Occidozyga borealis under Occidozyginae by Frost et al. (2006). Bossuyt et al. (2006) indicated a close relationship of the species to Ingerana tenasserimensis, and named Ingerana borealis for the specimens of Annandale (1912). Later M. borealis was reported from the northeastern states of India (Ao et al., 2003; Devi and Shamungou, 2006; Sailo et al., 2009, Saikia and Saikia, 2020) and from south eastern countries (Reza, 2008; Hasan et al., 2011; Das et al., 2016).

4.CONCLUSION
DNA barcoding and the most advanced molecular approaches offer ample opportunity for taxonomic acceleration in amphibian research together with species discoveries and revision in the Dicroglossid community. Although knowledge about the evolution, systematics and taxonomy of Dicroglossid frogs has substantially increased, there are still gaps in many respects. The literature review clearly shows inaccuracies and uncertainties in the existing knowledge on the taxonomy and phylogeny of Dicroglossid frogs.The Dicroglossid community of India is distinctive in its identity, diversity, and endemism. Moreover, several Indian species are supposed to be incorrectly identified and some species that are considered to be common and widespread may actually represent “cryptic” species with distinct evolutionary lineages.
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Fig.1 Species richness of Dicroglossidae on the global scale
 





















Fig.2 Species richness of Dicroglossidae in India


Allopa	Chrysopaa	Euphlyctis	Fejervarya	Hoplobatrachus	Limnonectes	Minervarya	Nannophrys	Nanorana	Ombrana	Quasipaa	Sphaerotheca	Ingerana	Occidozyga	Phrynoglossus	1	1	9	18	6	103	34	4	34	1	15	12	2	5	12	


Allopaa	Chrysopaa	Euphlyctis 	Fejervarya	Hoplobatrachus	Limnonectes	Minervarya 	Nanorana	Occidozyga	Ombrana 	Sphaerotheca	Ingerana 	Phrynoglossus 	1	1	8	6	2	7	28	10	1	1	9	1	1	

















