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Introduction
The frogs belonging to the genera Anhydrophryne Hewitt, 1919,

and Arthroleptella Hewitt, 1926, are small animals (<2.5 cm)
currently classified in the family Petropedetidae.1 These two
genera were previously placed in different subfamilies and
their phylogenetic placement was unknown due to a lack of a
robust and well-supported higher-level phylogeny. Scott found
that Arthroleptella and Anhydrophryne grouped in a clade with
Tomopterna, Poyntonia, Ericabatrachus, Nothophryne, Microbatrachella
and Cacosternum.2 Another, more recent study distinguished a
clade of endemic ranids from southern Africa which includes the
genera Pyxicephalus, Tomopterna, Natalobatrachus, Afrana, Caco-
sternum and Strongylopus.3 The authors suggest that Anhydro-
phryne is part of this clade.

The monotypic genus Anhydrophryne consists of A. rattrayi.4

There are eight species of Arthroleptella all of which are endemic
to South Africa.5 They are A. lightfooti,6 A. bicolor,7 A. drewesii,8

A. hewitti,9 A. landdrosia,10 A. ngongoniensis,11 A. subvoce12 and
A. villiersi.13

Arthroleptella hewitti and A. ngongoniensis are found in
KwaZulu-Natal, all other Arthroleptella species are restricted to
the Cape Fold Mountains and the Cape Peninsula in the Western
Cape, South Africa. Anhydrophryne rattrayi occurs in an area in
the Amatola Mountains in the Eastern Cape province.14

All species are completely independent of open water during
all life stages. Anhydrophryne rattrayi dwells between leaf litter
and in grassy patches in Afromontane forest at an altitude of
>1100 m.14 The Cape species of Arthroleptella are mostly associated
with montane fynbos, an extraordinarily species-rich heath-like

vegetation  type,  where  they  occur  along  stream  edges  and
seepages. Here they dwell in mosses or at the base of grass
tussocks. The Natal species A. hewitti lives along streams in
pockets of forest or dense vegetation, where it is found in
between leaf litter or on mossy embankments. Arthroleptella
ngongoniensis is found in Short Mistbelt Grassland, Moist Upland
Grassland and Afromontane Forest. Within these habitats they
occur at the bases of grass and sedge tussocks.15

Both Anhydrophryne and Arthroleptella are characterized by
direct development, which means that there is no free-swimming
and -feeding tadpole stage. The frogs produce small clutches of
relatively large eggs. After hatching, the rudimentary tadpoles
remain at the oviposition site until they metamorphose into tiny
froglets. Anhydrophryne rattrayi differs from Arthroleptella species
in that it digs a hole into which the eggs are deposited. The
Arthroleptella species lay their eggs beneath mosses or at the
bases of tussocks. The Cape species have much shorter develop-
ment times up to the froglet stage than the Natal Arthroleptella’s
or Anhydrophryne. The information on breeding biology is
reviewed for each species in the Appendix.

Anhydrophryne and Arthroleptella have been suggested to be
closely related but separate genera by Poynton.16 He proposed
that the callused tip of the male snout of Anhydrophryne, a
condition not found in Arthroleptella, indicates an important
breeding behavioural difference between the two genera. In
Anhydrophryne the snout is used for burrowing in order to make
nests in the ground, grass or leaf litter in forests. Poynton
concluded that the two taxa were separate at the generic level
when he took into account these breeding ecological differences
between the two genera.16

One could also argue that the two genera should be merged
as the callous on the tip of the snout is found only in male
A. rattrayi, and cannot be used to separate the females of the
two genera.16 In addition, the similarities between the pectoral
girdles of the two genera show that they are closely related. No
other morphological differences were found by Poynton to sup-
port the separation at genus level.16

Recently, in a phylogenetic study based on morphological and
molecular data, Scott found that Anhydrophryne and Arthro-
leptella formed a monophyletic group making Arthroleptella
paraphyletic.2 Her study included the species Arthroleptella
lightfooti, Arthroleptella landdrosia, Arthroleptella hewitti and
Anhydrophryne rattrayi. She proposed that A. hewitti be trans-
ferred to the genus Anhydrophryne in order to maintain the
monophyly of Arthroleptella.2

The aim of this paper is to report on the taxonomic status of
Anhydrophryne rattrayi, that is, are Anhydrophryne and Arthro-
leptella separate but closely related genera as currently defined?
This study is based on molecular data and includes all currently
known species of the two genera.

Materials and methods

Sampling
We used the higher-level phylogeny of the Petropedetinae

inferred from morphological and molecular data to decide on
our taxonomic sampling strategy.2 Thus, Tomopterna natalensis
and T. tandyi were chosen as the two outgroups. We also included
representatives of the genera Cacosternum and Microbatrachella
in the ingroup to test the monophyly of Arthroleptella and
Anhydrophryne.

The Cape Arthroleptella specimens were collected in the Western
Cape province, A. rattrayi from the Eastern Cape province and
A. ngongoniensis from the type locality for this species, Qunu
falls, near Ixopo in KwaZulu-Natal (Table 1).
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There has been uncertainty about the taxonomic status of the
genera Anhydrophryne Hewitt, 1919, and Arthroleptella Hewitt
1926, which are currently accepted to be separate genera. In this
paper we use a molecular systematics approach to resolve this is-
sue. A gene tree of all the described species in the two genera was
inferred from mitochondrial 16S rRNA sequences. The results show
that Anhydrophryne rattrayi forms a well-supported clade with
Arthroleptella ngongoniensis and Arthroleptella hewitti, which is
separated from the clade of Cape Arthroleptella species. We
therefore suggest that Anhydrophryne rattrayi, ‘Arthroleptella’
ngongoniensis and ‘Arthroleptella’ hewitti belong to the genus
Anhydrophryne, whereas the Cape species belong to the genus
Arthroleptella. The breeding biology is reviewed for all the species.



DNA sequencing
DNA was isolated using standard methods.17 The 582-bp

fragment of the 16S rRNA gene was amplified using PCR and
primers 16SA and 16SB.18 Primer sequences and methods for
DNA sequencing are described in ref. 19. The DNA was sequenced
on an automated 3100 ABI sequencer. Sequences were visualized
using Chromas 1.62 and deposited in GenBank.

DNA sequence analysis
Sequences were automatically aligned using CLUSTAL X.20

Thereafter the aligned sequences were checked by eye. Genetic
differentiation was assessed using P-distances calculated in
PAUP*4.0b1021. Variation in the rate of sequence evolution
between the taxa was evaluated using the relative rate program
RRTree.22

The phylogeny was inferred using the branch-and-bound
search option and the parsimony optimality criterion in
PAUP*4.0b10.21 Unique haplotypes were determined in
PAUP*4.0b10 from the absolute number of differences between
taxa. One representative taxon of each haplotype was used in
the analysis. A strict consensus tree was computed to summarize
trees of equal length. Initially, the outgroup used to root the tree,
the genus Tomopterna, was based on a higher-level phylogeny
inferred from morphological and molecular data.2 It was basal to
the Arthroleptella clade. However, owing to this outgroup being
combined with the ingroup in all analyses, we decided instead to
use the genus Cacosternum, which is in the sister clade to
Arthroleptella.

To evaluate the tree we report (1) tree length, (2) consistency
index (CI), (3) retention index (RI), (4) bootstrap indices calcu-
lated with the branch-and-bound option in a majority-rule tree
with 1000 replicates in PAUP*4.0b10, and (5) decay indices
calculated using TreeRot.v2.23

Results
Table 1 lists the GenBank sequence accession numbers and

localities of the specimens that were sequenced. For the partial
16S rRNA gene fragment, there were 475 aligned characters. Of
these, 369 were constant and 106 variable. Of the latter, 45 were
uninformative and 61 were parsimony-informative. Variation
between the species ranged from 1.5% to 12.5% (Table 2).
Intraspecific variation ranged from 0% to 0.6%. For the relative
rate test, the 16S sequences showed no variation in the rate of
sequence evolution between the ingroup lineages of Arthroleptella
and Anhydrophryne at P = 0.01. Arthroleptella villiersi had three
unique haplotypes: (1) AC 1301, MB 1118 and MB 1119, (2)
QRFA 876, and (3) TM 84439, ES 34, ES 35, QRFA 908, and
MH 0261. All other species had one unique haplotype. One
representative of each unique haplotype was used in the phylo-
genetic analysis.

A branch-and-bound search of the data set in PAUP*4.0b10
resulted in two shortest trees of 187 steps each. The strict
consensus tree of the relationships is shown in Fig. 1. The
support indices for the molecular phylogeny are CI = 0.70 and
RI = 0.68. These values indicate a low level of homoplasy and
that the data fit the tree. Arthroleptella hewitti, A. ngongoniensis
and A. rattrayi form a clade separate from the Cape Arthroleptella‘s.

Discussion and conclusion
In our phylogeny, Anhydrophryne rattrayi groups with the two

Natal species Arthroleptella ngongoniensis and Arthroleptella
hewitti in a clade that is well separated from the Cape Arthro-
leptella species. With these findings the status of Anhydrophryne
as a monotypic genus becomes questionable, because it renders
the Arthroleptella clade paraphyletic. The original motivation for
erecting the genus Anhydrophryne was the difference in breeding
behaviour compared to the Arthroleptella species in that Anhydro-
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Table 1. Specimens used in this study, their localities and the GenBank accession numbers, for the 16S rRNA sequences. All specimens are from South Africa, except for
Cacosternum nanum.

Taxon Catalogue number Locality GenBank

Anhydrophryne rattrayi AC 1206 Hogsback AY838887
Anhydrophryne rattrayi ZFMK 66448 Alice AF215504**
Arthroleptella bicolor AC 1302 Bainskloof AY205285*
Arthroleptella drewesii CNCH 6752 Fernkloof Nature Reserve, Hermanus AY454341*
Arthroleptella hewitti AH 1 KwaZulu-Natal AY838889
Arthroleptella hewitti AH 2 KwaZulu-Natal AY838890
Arthroleptella landdrosia AC 1204 Landdroskop, Stellenbosch AY205276*
Arthroleptella lightfooti AC 968 Table Mountain AY205282*
Arthroleptella ngongoniensis TM 83892 Qunu falls, Ixopo AY838888
Arthroleptella subvoce BMNH 2002.93 Grootwinterhoek Wilderness Area AY454343*
Arthroleptella subvoce BMNH 2002.94 Grootwinterhoek Wilderness Area AY205284*
Arthroleptella sp. MB 1117 Betty’s Bay AY205275*
Arthroleptella sp. QRFA 1074 Near Rooi Els AY205275
Arthroleptella villiersi AC 1301 Jonkershoek AY205281*
Arthroleptella villiersi ES 34 Pearly Beach AY205277*
Arthroleptella villiersi ES 35 Pearly Beach AY205279*
Arthroleptella villiersi TM 84439 Pearly Beach AY205278*
Arthroleptella villiersi MB 1118 Cape Hangklip AY454342*
Arthroleptella villiersi MB 1119 Betty’s Bay AY205280*
Arthroleptella villiersi MH 0261 Salmonsdam Nature Reserve AY838882
Arthroleptella villiersi QRFA 876 Near Rooi Els AY838884
Arthroleptella villiersi QRFA 908 Near Salmonsdam Nature Reserve AY838883
Cacosternum nanum RCBS 2045 Swaziland AY838886
Microbatrachella capensis ES 617 Kenilworth AY838885
Tomopterna tandyi AD 231 Brakrivier, near Blouberg Nature Reserve AY838891
Tomopterna natalensis TM 84342 Tygerskloof Plantation, Nongona district AY205286

*Sequences from Turner et al.12 **Sequence from Vences et al.32 Collection acronyms are as follows:AC, personal collection of Alan Channing, Department of Zoology, University of the Western Cape,
South Africa;AD, personal collection of Abeda Dawood, Research and Technology Promotion, Cape Peninsula University of Technology, Cape Town, South Africa;AH and MB, personal collection of
Marius Burger, Department of Zoology, University of the Western Cape; BMNH, Natural History Museum, London, U.K.; CNCH, Western Cape Nature Conservation Board, Stellenbosch, South Af-
rica; ES, personal collection of Liz Scott, Department of Herpetology, Division of Vertebrate Zoology, American Museum of Natural History, New York, USA; MH and QRFA, personal collection of Mi-
chael Cunningham, Department of Zoology, University of the Free State, QwaQwa campus, South Africa; RCBS, personal collection of Richard Boycott, S.D. Nature Trust Commission, Mbabane,
Swaziland; TM, Transvaal Museum, Pretoria, South Africa; ZFMK, Zoologisches Forschungsinstitut und Museum A. Koenig, Bonn, Germany.



phryne rattrayi males make a small burrow in which the eggs are
deposited.4,16 Morphologically, the two genera are virtually
indistinguishable, in particular when females are compared.16 In
fact, when a detailed morphological analysis is performed it
appears that Anhydrophryne rattrayi has few unique characters
compared to the number of derived characters it shares with
Arthroleptella hewitti. In our analysis of Scott’s morphological
data of the Petropedetidae there were 43 (out of 191) phylogen-
etically informative morphological traits within the Arthr-
oleptella/Anhydrophryne clade.2 Anhydrophryne rattrayi had seven
unique derived traits, whereas it had 27 derived traits in com-
mon with Arthroleptella hewitti. With A. landdrosia and A. lightfooti

it shared only one and no derived traits, respectively. On the
other hand, the two Cape species, A. landdrosia and A. lightfooti,
shared 29 derived traits amongst each other. Furthermore, from
the breeding biology data available, it appears that the clade con-
sisting of Anhydrophryne rattrayi, A. ngongoniensis and A. hewitti
requires significantly longer times to metamorphosis (26 to 28,
27 and 21 days, respectively) than the Cape Arthroleptella‘s,
of which A. villiersi takes 10–14 days and A. lightfooti takes 7–10
days.

Our results suggest that if a split is to be made at the genus
level, it is more naturally done between the Cape Arthroleptella
species on the one hand and A. hewitti, A. ngongoniensis and
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Table 2. Percentage sequence divergence of the species of Arthroleptella, Anhydrophryne, Tomopterna, Cacosternum and Microbatrachella for the partial mitochondrial
16S rRNA gene fragments of 475 base pairs.

Species 2 3 4 5 6 7 8 9 10 11 12 13

1. Arthroleptella bicolor 4.0 4.5 5.9 3.8 1.5 4.9–5.1 9.7 9.1 10.4 11.5 9.8 7.6–8.1
2. Arthroleptella drewesii – 3.0 6.4 2.5 3.8 6.4–6.6 10.8 9.8 11.4–11.5 11.7 10 8.7
3. Arthroleptella landdrosia – 6.6 2.5 4.2 6.6–6.8 12.5 10.8 12.3 13.2 11.7 9.7–9.8
4. Arthroleptella lightfooti – 5.1 4.5 1.7–2.1 8.9 8.9 9.1 11.9 11.7 8.5–9.7
5. Arthroleptella sp. – 3.2 5.1–5.3 10.6 9.4 10.4 12.1 10.4 8.3–8.5
6. Arthroleptella subvoce – 3.8–4.0 9.1 8.9 9.3 11.9 10.2 7.8
7. Arthroleptella villiersi – 8.5–9.1 9.1–9.6 9.1–9.5 11.3–11.5 11–11.2 8.3–9.7
8. ‘Arthroleptella’ ngongoniensis – 7.6 6.3 12.1 9.5 8.0–9.1
9. ‘Arthroleptella’ hewitti – 7.6 11.3 10.2 8.3–8.9

10. Anhydrophryne rattrayi – 11.9 10.2 8.5–9.5
11. Microbatrachella – 8.5 11–11.5
12. Cacosternum – 7.4–8.9
13. Tomopterna –

Fig. 1. The consensus tree of two cladograms generated with a branch-and-bound parsimony search, from 475 base pairs of mitochondrial 16S rRNA sequences,
including 61 parsimony-informative sites. Values represent bootstrap values from 1000 replicates in normal text, Bremer support indices in underlined text. The tree is
rooted on Cacosternum nanum. Tree length = 187, consistency index (CI) = 0.70, retention index (RI) = 0.68. Photographs of representatives of each clade, from top to
bottom, are: Arthroleptella drewesii, Arthroleptella lightfooti 24 and Anhydrophryne rattrayi . 24



Anhydrophryne rattrayi on the other hand. Alternatively, the
genus Arthroleptella and Anhydrophryne could be merged into a
single genus, Anhydrophryne, since Anhydrophryne was described
earlier than Arthroleptella.

Our conclusion is that the molecular evidence from this study
and the morphological data presented by Scott2 provide clear
evidence to support transferring ‘Arthroleptella’ hewitti and
‘Arthroleptella’ ngongoniensis into the genus Anhydrophryne. The
genus Anhydrophryne then consists of three species, Anhydrophryne
hewitti, Anhydrophryne ngongoniensis and Anhydrophryne rattrayi,
and the genus Arthroleptella consists of the six Cape species,
Arthroleptella bicolor, Arthroleptella drewesii, Arthroleptella
landdrosia, Arthroleptella lightfooti, Arthroleptella subvoce and
Arthroleptella villiersi.
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Appendix

Breeding biology

Arthroleptella bicolor
Eggs are laid in clutches of 8–10 under moss or similar vegetation in seep-
age zones. The eggs develop directly into 4-mm froglets.24

‘Arthroleptella’ drewesii
No information on eggs, tadpoles and metamorphosis.

Arthroleptella hewitti
Breeding occurs during spring and early summer (September to
January). Clutches of eggs vary in number from 14 to 40, and they are laid
in a scooped-out nest, a small hollow hole, up to 150 mm deep, in wet
mud or under vegetation or a rock. The eggs are cream-coloured, 3 mm
in diameter, and embedded in a gelatinous globe of 5 mm. They are
deposited in a double row in a 75-mm-long jelly string. After the eggs
hatch, the tadpole remains in the gelatinous globe, squirming about.
After 17 days, the tadpole breaks out of the jelly and creeps around in the
wet mud. At this stage the hind legs have developed fully and the
tadpole is starting to become pigmented, except for the tail, which
remains white. When the tadpole is 9 mm long, body 3 mm and tail
6 mm, the fore legs appear and the tail is absorbed within a day. The frog
resulting from this metamorphosis is just 3 mm in size. The total period
from egg deposition to metamorphosis takes less than three weeks.9,25,26

Arthroleptella landdrosia
Breeds in spring and summer (September to December). Details about
eggs, tadpoles and metamorphosis are unknown.24

Arthroleptella lightfooti
Breeds from July to November. The eggs are laid in clutches of 5 to 12, on
damp soil under vegetation or exposed, often near waterfalls in damp
mountain gorges. Each 4 mm egg nucleus (4.5 mm in Rose27 and Wager26)
is encased by a jelly capsule to a total size of 8 mm.28 The egg nucleus
develops into a tailed embryo that wriggles in the jelly capsule when
touched. The embryo is white at first and then darkens, except for the tail
that remains translucent. After the hind legs have developed the
tadpoles burst out of the capsules. Capsules reach 12 mm in size before
they rupture and the larvae escape them. The tadpoles’ total length is
13 mm, of which the tail measures 9 mm. The legs are 1.5 mm with visible
toes.28 The tadpoles are unable to swim, although they have a
well-developed tail, and wriggle around in damp moss until the
metamorphosis is complete. No external gills have been observed.
Forelimbs develop and the tail is absorbed within 7–10 days after egg
laying. Froglets are 5.1 mm in length.7,27,28 There are detailed reports on
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direct development in A. lightfooti by Morgan et al.29 and Wager,26

although it is not clear to which of the Cape species these refer.

‘Arthroleptella’ ngongoniensis
Eggs are laid at the base of grass tussocks. There are 11–14 eggs per
clutch, each egg being 2 mm in diameter. The eggs are unpigmented, and
direct development occurs as no free living tadpole stage is present. Tad-
poles metamorphose into tiny froglets within the egg, and the froglets,
4 mm long, emerge from the egg capsule 27 days after being laid.11,30

Arthroleptella subvoce
This species lays a few (6–12) large eggs with large (c. 10 mm diameter)
jelly capsules (A. Turner, pers. comm.). More information is currently not
available.

Arthroleptella villiersi
Eggs have been found from July to November. An average of 11 eggs,
each 3 mm in diameter, is laid in a mass of jelly, about 30 mm across.
Clutches are often found at the base of wet moss-covered rocks, where
there is some vegetation and humus-rich soil has accumulated. They
have also been found under overhanging grass on wet slopes and the
sides of road cuttings. In captivity metamorphosis occurs after 10–14
days. The froglets start feeding before the tail is fully absorbed.24

Anhydrophryne rattrayi
The male is thought to make a nest using his hardened snout. A few large
eggs are laid in a hole in damp mud, among grass or under leaf litter. The
nest is a spherical cavity, 21–25 mm in diameter, with a smooth shiny wall
and a 9 mm entrance hole in the 3-mm-thick roof.25,31 About 11–20 eggs
are laid in a single layer on the floor. Each egg is 2.6 mm in diameter en-
closed in a 6 mm jelly capsule. The eggs are white with a tinge of yellow.
At two days old there is a slight groove over the egg; at four days the
rod-like tadpole is lying on top of the egg; at seven days the head and tail
are differentiated and the eyes are showing, at 11–12 days the hind legs
are nearly full size and the tadpoles break out of their capsules and
remain together in the jelly at the bottom of the nest, in a mass, wriggling
occasionally. At 15 days, the head and back become pigmented, the rest is
still light yellow; at 18 days the mouth is developing; at 20 days the front
legs appear; at 22 days the frogs are taking shape and beginning to walk,
with a white tail still at full-length; at 26 days the tail has been completely
absorbed and froglets, 4 mm long from snout to vent, are emerging from
the nest.25,31 Thus, about four weeks is needed for complete development
to take place. The larvae have no external gills at any stage25 and they die
when placed in water.4
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