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A B ST R A CT 

The generic level classification of the Australo-Papuan hyloid family Pelodryadidae is contentious and unstable. The major issue is the lack of a well 
resolved and comprehensively sampled phylogeny for the family’s 233 species, that are placed presently in only three genera. One of these genera, 
Litoria, comprises most of the species and has long been regarded as paraphyletic. We present a molecular phylogenetic framework for a revision 
of the family’s generic level classification that is based on taxonomically comprehensive mitochondrial and phylogenomic scale DNA sequence 
datasets. Our analyses provided a well-resolved phylogeny and in combination with comprehensive morphological, acoustic, and life history data 
provide the basis for recognizing a total of 35 genera for the Pelodryadidae. We also identified a largely Melanesian clade that represents a rapid 
recent radiation comprising a number of phenotypically distinctive crown groups. Geographically, Australia and Melanesia each host 13 endemic 
genera and share another nine genera. Our classification provides a stable generic taxonomy for the Pelodryadidae and gives it a functional value 
for the wide range of scientists and community members who are concerned with biodiversity science and legislative conservation management.

Keywords: New Guinea; Melanesia; mtDNA; nuclear DNA; Cyclorana; Litoria; Nyctimystes

I N T RO D U CT I O N
The Australo-Papuan region comprises two quite contrasting en-
vironments for frogs. On one hand, the large tropical island of 
New Guinea is covered primarily with forests ranging from trop-
ical savannah woodlands in the south to lowland and montane 
rainforests and alpine grasslands in the north and interior. On 
the other hand, a large proportion of the Australian landscape 
comprises arid and semi-arid habitats and wet-dry tropical sa-
vannahs, with moist forests being confined largely to the eastern 
coastal margin and the south-west of the continent. Since the 

Early Miocene when the leading edge of the Australian plate 
began to collide with the south-eastern margin of the Asian plate 
(Hall et al. 2011), Australia and New Guinea have had the op-
portunity for sharing of Gondwanan and Asian-derived anuran 
lineages. More recently both regions have been serially con-
nected by land-bridges throughout the Plio-Pleistocene glacial 
cycles providing numerous opportunities for vicariant episodes.

Of the seven anuran families that occur in the Australo-Papuan 
region, the family Pelodryadidae Günther, 1858, a lineage within 
the larger Gondwanic radiation of hyloid frogs (Darst and 
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Dasyuridae 18 genera in < 30 Mya; Peramelidae six genera in 
< 20 Mya; Macropodinae 12 genera in < 20 Mya (Mitchell et 
al. 2014); elapid snakes 37 genera in < 15 Mya (Sanders et al. 
2008); python snakes nine genera in < 25 Mya (Esquerré et 
al. 2020); agamid lizards 17 genera in < 25 Mya (Hugall et al. 
2008); sphenomorphine skinks 16 genera in < 30 Mya (Rabosky 
et al. 2007); and microhylid frogs > 18 genera in < 20 Mya (Hill 
et al. 2022).

The substantial residual issues of resolving the relationships 
among Cyclorana, Nyctimystes, and the many deep lineages 
of Litoria, and demonstrating that the groups of Litoria (sensu 
Tyler and Davies 1978) represent lineages, are requirements for 
establishing a generic classification for the pelodryadids that is 
based on their evolutionary history. We also note that 101 spe-
cies of pelodryadines have been described since the seminal 
work of Tyler and Davies (1978). To establish evolutionary 
relationships within the family, we employed a two-phase ap-
proach. We first sequenced as many taxa as were available to 
us with the mitochondrial ND4 gene to identify crown groups 
[in most cases equivalent to the Groups of Tyler and Davies 
(1978)] that, in effect, are candidate genera. We then imple-
mented a phylogenomic approach to test that the mitochondrial 
crown groups do indeed represent lineages and to establish rela-
tionships among these. To this end, we used a targeted sequence 
capture approach (Faircloth et al. 2012, Lemmon et al. 2012) to 
obtain sequences for more than 350 nuclear genes from a subset 
of the taxa that represent the crown groups and isolated lin-
eages. In particular, we used the Anchored Hybrid Enrichment 
protocol [AHE—Lemmon et al. (2012)] that was specifically op-
timized for amphibian phylogenomics (Chen et al. 2020, Hime 
et al. 2021).

The phylogeny provides strong evidence of relationships 
and monophyly of groups which we then combine with large 
phenotypic datasets of egg, larval, and adult internal and ex-
ternal morphology, life history, and acoustic characters to 
define morphologically cohesive and distinctive groups as 
genera while minimizing the number of monotypic genera. 
We present a thorough revision of the Pelodryadidae where we 
recognize 35 genera in the Pelodryadidae based on compre-
hensive and diverse data sets, naming 20 new genera Amnihyla 
Richards, Mahony & Donnellan, Carichyla Mahony, Donnellan 
and Richards, Chlorohyla Mahony, Donnellan & Richards, 
Eremnoculus Mahony, Richards & Donnellan, Exedrobatrachus 
Richards, Mahony & Donnellan, Exochohyla Richards, Mahony 
& Donnellan, Hyalotos Richards, Mahony & Donnellan, 
Ischnohyla Richards, Mahony & Donnellan, Kallistobatrachus 
Richards, Mahony & Donnellan, Lathrana Richards, Mahony 
& Donnellan, Leptobatrachus Richards, Donnellan & Mahony, 
Megatestis Donnellan, Mahony & Richards, Melvillihyla 
Richards, Donnellan & Mahony, Nasutibatrachus Richards, 
Mahony & Donnellan, Papuahyla Donnellan, Mahony & 
Richards, Rhyaconastes Mahony, Donnellan & Richards, 
Spicicalyx Donnellan, Mahony & Richards, Sylvagemma 
Mahony, Donnellan & Richards, Teretistes Richards, Mahony & 
Donnellan and Viridihyla Richards, Mahony & Donnellan and 
raising a further 12 from synonymy..

In light of the plethora of recent publications proposing taxo-
nomic changes for pelodryadids, we adopt the approach to no-
menclatural precedence as articulated by the Australian Society 

of Herpetologists (ASH 2024) in which taxonomic decisions 
in herpetology and their nomenclatural consequences are ac-
ceptable only when supported by a body of evidence published 
within the peer-review process which is specified through a list 
of journals and other publications that meet the criteria for an 
acceptable peer review process.

M AT E R I A L  A N D  M ET H O D S

Mitochondrial DNA survey
We obtained mitochondrial ND4 sequences from multiple in-
dividuals of all taxa (where samples were available) by Sanger 
nucleotide sequencing or from ‘bycatch’ from AHE experi-
ments (Lemmon et al. 2012). A total of 344 sequences from 179 
pelodryadid species were used along with 12 outgroups.

For sequences obtained by Sanger sequencing, DNA ex-
traction, PCR, nucleotide sequencing, sequence editing, and 
alignment protocols are described in Anstis et al. (2016). PCR 
primer sequences are listed in Supporting Information, Table 
S1. Sequences were aligned with Muscle v.6.814b (Edgar 2004) 
implemented in Geneious Pro v.8.1.4 (Kearse et al. 2012) 
and GenBank accession numbers are listed in Supporting 
Information, Table S2. For sequences obtained from ‘bycatch’ 
from AHE experiments, we reconstructed the mitochondrial 
genomes from the raw reads for each sample using a wrapper R 
script based on MITObim v.1.9 (Hahn et al. 2013). As a refer-
ence, we used the mitochondrial genome of Nyctimystes kubori 
Zweifel, 1958 (GenBank accession no. JX564879). We aligned 
the reconstructed sequences using MAFFT v.7.3 (Katoh and 
Standley 2013) and then carefully inspected and edited the 
alignment by eye.

For model-based phylogenetic inference, we estimated the 
best substitution model and partition scheme from three data 
subsets comprising the 1st, 2nd, and 3rd codon positions, with 
ModelFinder (Kalyaanamoorthy et al. 2017) following the 
Bayes Information Criterion (BIC). For maximum likelihood 
phylogenetic tree reconstruction, we used IQ-tree (Nguyen 
et al. 2015) on the IQ-TREE webserver (Trifinopoulos et al. 
2016). We assessed branch support with 100 standard bootstrap 
pseudo-replicates (Hoang et al. 2018).

Anchored hybrid enrichment phylogenomic methods
We assembled an exon-capture dataset comprising 183 
frog species spanning most major anuran clades with par-
ticular focus on the Australo-Papuan family Pelodryadidae 
(Supporting Information, Table S2). This dataset includes 
unprecedented species (72%) sampling of the Pelodryadidae. 
We generated new AHE (Lemmon et al. 2012) data for 167 
samples and combined these with 21 outgroup samples from 
the amphibian phylogenomic dataset of Hime et al. (2021). 
Outgroup sampling was designed around maximizing com-
monly used anuran fossil calibrations to provide a consistent 
time-calibrated phylogenomic estimate of pelodryadid frogs. 
Data from different AHE projects (Supporting Information, 
Table S2) were combined using custom scripts which relied 
on metablastr to identify orthologous loci (blast_best_recip-
rocal_hit) (Benoit and Drost 2021), mafft to align them (--
add, --keeplength) (Katoh and Standley 2013), and AMAS to 

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/204/2/zlaf015/8169202 by guest on 24 June 2025



Phylogenomics informs a generic revision of the Australo-Papuan treefrogs  •  37

species for which eggs are known, with the exception of A. 
amnicola, have large unpigmented eggs. Tadpoles are known or 
presumed to have large, ventrally oriented suctorial mouthparts. 
Calls often with narrow frequency bands to enhance detection 
above the sound of running water.

Etymology: From the Latin amnis (a river) and Hyla Laurenti, 
1768, the earliest generic name for a tree frog, itself derived 
from Υλας (Hylas), companion of Hercules in Greek myth-
ology. While the original Hylas was a boy, and Copland 
(1962) treated the generic name derived from Hylas as 
masculine (incorrectly emending numerous adjectival spe-
cies epithets to match), the generic name is feminine in its 

original formation (Myers and Stothers 2006) and remains 
so as the root for Amnihyla. The name alludes to the riverine 
habitat of the species in the genus.

Remarks: Amnihyla is the equivalent of the Litoria angiana, 
Litoria arfakiana, Litoria becki, Litoria bulmeri, Litoria dorsivena, 
Litoria leucova, and Litoria napaea Groups of Tyler and Davies 
(1978). Small to large New Guinea stream-dwelling frogs. The 
following nine species are all closely associated with clear-
flowing streams and are included in Amnihyla in the absence of 
genetic data pending genetic material becoming available. Hyla 
brongersmai was not treated by Tyler and Davies (1978) but 
Menzies (2006) noted that its ‘habitat and morphology indicate 

Figure 10. Images in life of Amnihyla: (A) Amnihyla megalops Stephen Richards, (B) Amnihyla micromembrana Stephen Richards, (C) 
Amnihyla modica Stephen Richards, (D) Amnihyla napaea Stephen Richards, (E) Amnihyla oenicolon Stephen Richards, (F) Amnihyla cf. pratti 
Stephen Richards, (G) Amnihyla rara Rainer Günther, (H) Amnihyla rivicola Stephen Richards, (I) Amnihyla scabra Stephen Richards, ( J) 
Amnihyla spartacus Stephen Richards, (K) Amnihyla spinifera Stephen Richards, (L) Amnihyla wollastoni Fred Kraus.
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Type species: Ranoidea jacksoniensis Tschudi, 1838, by monotypy. 
Ranoidea jacksoniensis is a synonym of Rana aurea Lesson, 1829 
(Cogger et al. 1983).

Content: Five species—Ranoidea aurea* (Lesson, 1829), 
Ranoidea castanea* (Steindachner, 1867) comb. nov., Ranoidea 
cyclorhyncha* (Boulenger, 1882), Ranoidea moorei* (Copland, 
1957), Ranoidea raniformis* (Keferstein, 1867).

Diagnosis: Ranoidea can be diagnosed from members of its sister 
clade comprising Cyclorana, Leptobatrachus, and Megatestis 
as follows: from Cyclorana by small vs. large inner metatarsal 
tubercles; by ossified intercalary structures vs. their absence in 
Cyclorana (13 species) and vs. cartilaginous in Leptobatrachus; 
by the presence of a vocal sac vs. absence in Megatestis; by 
overall tadpole morphology Type 1 vs. Type 3 or 4 in Cyclorana, 
Leptobatrachus, and Megatestis; by a tonal call type vs. pulsatile 
in Cyclorana and pulse repetition in Megatestis. Ranoidea can be 
diagnosed further from Leptobatrachus and Megatestis by the 
presence of the m. extensor brevis medius digiti IV vs. absence. 
Refer to Tables 1 and 2.

Distribution and ecology: Terrestrial frogs that breed in still or 
slowly flowing water in ephemeral and permanent waterbodies 
in grasslands, riverine billabongs, and forests in south-western 
and south-eastern Australia.

Etymology: Tschudi (1838) did not give an explicit ety-
mology but referred to the superficial similarity of his species 
jacksoniensis to the true frogs (Rana), and the name presumably 
means Rana-like. The suffix –oidea is neo-Latin, and the neuter 
plural of –oideus. However, as the Code only includes ancient 
and medieval Latin in its definition of Latin, the gender must 
be determined by Article 30.2. With the only included species 
having a gender that could be either masculine or feminine, 
but not neuter, Article 30.2.4 must be invoked to consider the 
gender feminine.

Remarks: Ranoidea is in part the equivalent of the Litoria aurea 
Group of Tyler and Davies (1978) in which M. dahlii and C. 
alboguttata also were included.

For Hyla aurea var. cyclorhynchus Boulenger, 1882, the specific 
epithet ends in the neuter Greek term rhynchos (= nose, a noun), 
but Boulenger used it with the masculine ending rhynchus. 
Subsequently, the epithet has been treated consistently as an ad-
jective, becoming cyclorhyncha in Litoria, which we have retained 
for its association with Ranoidea.

Rawlinsonia Wells & Wellington, 1985: 5

(Fig. 30)

Type species: Hyla ewingii Duméril & Bibron, 1841, by original 
designation.

Content: Eight species—Rawlinsonia corbeni* (Wells & 
Wellington, 1985), Rawlinsonia ewingii* (Duméril & Bibron, 
1841), Rawlinsonia jervisiensis* (Duméril & Bibron, 1841), 
Rawlinsonia littlejohni* (White et al., 1994), Rawlinsonia 
paraewingi* (Watson, Loftus-Hills & Littlejohn, 1971) comb. 

nov., Rawlinsonia revelata* (Ingram, Corben & Hosmer, 1982), 
Rawlinsonia verreauxii* (Duméril, 1853), Rawlinsonia watsoni* 
(Mahony, Moses, Mahony, Lemckert & Donnellan, 2020) 
comb. nov.

Diagnosis: Rawlinsonia can be diagnosed from Colleeneremia 
by three vs. two slips of the m. extensor digitorum communis, 
by a call type that is only pulse repetition vs. a combined pulse 
repetition and pulsatile call type; from Pengilleyia by ossified vs. 
cartilaginous intercalary structures; from Saganura by small to 
medium vs. large eggs, and by a pulse repetition vs. tonal call 
type. Refer to Tables 1 and 2.

Distribution and ecology: Arboreal frogs that breed in per-
manent ponds and slow flowing water in streams in forests, 
woodlands, heaths, grasslands, and modified habitats in 
eastern Australia.

Etymology: According to Wells and Wellington (1985), named 
for Peter Rawlinson in recognition of his contributions to 
Australian herpetology. By their inclusion of the feminine adjec-
tival species epithets alpina, dentata, and revelata in their genus, 
the gender is to be treated as feminine (Article 30.2.3).

Remarks: Rawlinsonia is the equivalent of the Litoria ewingii 
Group of Tyler and Davies (1978).

Rhyaconastes Mahony, Donnellan & Richards, gen. nov.

(Fig. 31)

ZooBank LSID: urn:lsid:zoobank.org:act:82FC7DE1-19E8- 
4EB4-B16C-A27134640EA8 

Synonymy
Euscelis Fitzinger 1843: 31 (type species lesueurii). Unavailable 
as its preoccupied by Euscelis Brullé 1832: 109.

Type species: Hyla lesueurii Duméril & Bibron 1841.

Content: Four species—Rhyaconastes booroolongensis* (Moore, 
1961) comb. nov., Rhyaconastes jungguy* (Donnellan & Mahony, 
2004) comb. nov., Rhyaconastes lesueurii* (Duméril & Bibron, 
1841) comb. nov., Rhyaconastes wilcoxii* (Günther, 1864) comb. 
nov.

Diagnosis: Rhyaconastes can be diagnosed from Melvillihyla by 
its medium to large vs. very large body size, cartilaginous vs. os-
sified intercalary structures, tadpole oral disc Type 3 vs. Type 1, 
and overall tadpole morphology Type 6 vs. Type 5, and multiple 
vs. single notes per reproductive call. Refer to Tables 1 and 2.

Distribution and ecology: Terrestrial frogs that breed in streams 
and rivers in forests and woodlands in eastern Australia. All spe-
cies lack a vocal sac but produce a low amplitude call.

Etymology: From the Greek ῥύακος (rhyakos, a stream or torrent) 
and ναστής (nastes, inhabitant), alluding to the stream-breeding 
habits of the species in the genus. The name, based on nastes, is 
masculine.
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