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Ecology: The stomach of one of the paratypes (ZSM 
538/2009) contained a small snail (tentatively identified as 
a member of Subulinidae, possibly the non-native Subulina 
octona) measuring 8.6 mm (measured in VG Studio Max 
2.2). This is the first record of Rhombophryne predating on 
gastropods. The paratypes currently housed in MRSN were 
collected using pitfall traps, as described by Andreone et 
al. (2000). This provides further support for a fossorial life-
style and rather secretive behaviour of this species.

IUCN Red List status: This species has been found at 
three localities: Marojejy, Ambolokopatrika, and Makira. 
These areas span a distance of 128.5 km. A simple mini-
mum convex polygon (triangle) of the three collection sites 
covers an area of 1,457 km². Current records include two 
large protected areas: Makira Natural Park, consisting of 
3,850 km² of protected forest surrounded by community-
managed protected zones; and Marojejy National Park, 
consisting of 597.5 km² of protected forest. Ambolokopatri-
ka is at present unprotected, but forms part of a proposed 
protected area encompassing the forest corridor connect-
ing Marojejy with Tsaratanana (COMATSA; see Rabea
rivony et al. 2015). Based on these records, the altitudinal 
range of this species extends from 860 to 1,326 m a.s.l. 

Within the protected areas, anthropogenic activities 
continue to compromise the quality and coverage of for-
est (Patel & Welch 2013). This is even more true for the 
expanses of forest between them, including the Anjanaha
ribe-Sud Special Reserve and COMATSA. Mining and 
harvesting of hardwood trees (Randriamalala & Liu 
2010, Patel & Welch 2013) are the two most important 
factors diminishing the quality of these forests.

Current knowledge provides an extent of occurrence 
(EOO) of 1,457 km², but this is probably an underestimate. 
Two of the three known localities are relatively well pro-
tected, but threats, including declining forest expanse and 
quality, persist. We propose a status of Vulnerable for this 
species, under IUCN Red List Criteria B1ab(iii) (IUCN 
2012). 

Etymology: The specific epithet botabota (pronounced 
‘buddha-buddha’) is a Malagasy word meaning ‘chubby’ in 
allusion to the plump appearance of this frog. It is to be 
considered a noun in the nominative singular in apposi-
tion to the generic name. 

Rhombophryne savaka sp. n.
(Figs 1, 6, 7)

ZooBank LSID: urn:lsid:zoobank.org:act:D75D0A22-35EE-41C4-
A385-1D02F896E6DB
Suggested common name: Savaka diamond frog

Holotype: ZSM 468/2005 (ZCMV 2065), a male collected 
in Marojejy National Park (‘Camp Marojejia’), 14.4350° S, 
49.7605° E, 746 m a.s.l., Sava Region, northeastern Mada-
gascar, on 18 February 2005 by F. Glaw, M. Vences, and R. 
D. Randrianiaina.

Paratype: UADBA-A uncatalogued (ZCMV 2079), a speci-
men of unknown age and sex with the same collection data 
as the holotype. This specimen could not be examined for 
this study, but its 16S sequence was 100% identical with the 
holotype, and we are therefore sure of its assignment to this 
taxon.

Remark: This species was included as R. sp. Ca4 in the 
phylogenies produced by Vieites et al. (2009) and Perl 
et al. (2014). However, the sequence accession number 
FJ559297 given in the Supplementary Information of  
Vieites et al. (2009) for this species had incorrect voucher 
information and in reality referred to a sequence of R. bota­
bota (specimen FGZC 2896).

Diagnosis: A Malagasy microhylid frog assigned to the 
genus Rhombophryne on the basis of possessing clavicles 
coupled with knobbed, rather than Y-shaped terminal 
phalanges (Scherz et al. in press) and phylogenetic posi-
tion based on our analysis of the 16S rRNA gene. Rhombo­
phryne savaka sp. n. is characterized by the following 
combination of features: small size (SVL 20.4 mm), TDH 

Figure 5. Oscillograms and spectrograms of Rhombophryne 
botabota sp. n., showing A) the structure of a single call and 
B) the structure of a call series. The second call is probably over-
modulated.
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60.0% of ED; FORL 43.3% of SVL; TIBL 37.4% of SVL; 
TIBW 47% of TIBL; HIL 137% of SVL; HW 179.5% of HL; 
tibiotarsal articulation reaching the tympanum; possession 
of inguinal spots; possession of thin, curved clavicles, and 
maxillary and vomerine teeth; vomerine teeth with large 
lateral diastemata, medially fused; well-ossified braincase; 
well-developed prehallux; and an uncorrected p-distance 
of at least 8.4% in the analysed 16S rRNA gene fragment.

Within the genus Rhombophryne, R. savaka sp. n. 
is unique in having inguinal spots and medially fused 
vomers, and has the largest lateral vomerine diastema-
ta yet observed. This species may be distinguished from 
the R.  serratopalpebrosa group (R. serratopalpebrosa, 
R. vaventy, R. coronata, R. ornata, R. tany, and R. guen­
therpetersi) by the absence of superciliary spines; from 
R. longicrus, R. laevipes, R. alluaudi, R. testudo, R. matavy, 
R. coudreaui, and R. botabota possibly by its smaller size 
(SVL 20.4 vs 23.8–56.3 mm); from R. longicrus, R. minu­
ta, and R.  botabota by its broader head (HW 179.5% vs 
122.5–169.4% of HL); from R. testudo by its narrower head 
(HW 179.5% vs 200.4–259.9% of HL); from R. minuta and 
R. longicrus by its larger tympanum (TDH 60.0% vs 39.5–
48.3% of ED) and shorter forelimbs (FORL 43.3% vs 70.4–
74.7% of SVL); from R. minuta, R. longicrus, and R. laevipes 
by its shorter tibia length (TIBL 37.4% vs 47.2–52.3% of 
SVL); from R. minuta, R. longicrus, R. laevipes, and possi-
bly R. alluaudi by its shorter hind limbs (HIL 137% vs 146–
184% of SVL); and from R. testudo, R. matavy, R. manga­
bensis, and R. coudreaui by its possessing clavicles (vs ab-
sence) and smooth skin (vs tubercular). As for R. botabota, 
this species can be easily distinguished from R. guenther­
petersi by the absence of tibial glands.

Rhombophryne savaka sp. n. is most similar to R. man­
gabensis (which is also its sister species) and some individ-
uals of R. botabota sp. n., described above. It may be dis-
tinguished from either species by the presence of inguinal 
spots (vs absence), possibly slightly shorter hind limbs 
(HIL 137% vs 141–164% of SVL), and possessing medial-
ly fused vomerine teeth with a large mid-row diastema on 
either side (vs medially separated with either no or just a 
small diastema), and from R. mangabensis by the presence 
of clavicles (vs absence), shorter forelimbs (FORL 37.4% vs 
43.9–45.9% of SVL), and smooth skin (vs tubercular).

Rhombophryne savaka sp. n. differs from all Pletho­
dontohyla species except P. mihanika, P. inguinalis, and 
P. fonetana by possessing a clavicle; from P. mihanika and 
P. inguinalis by the absence of expanded digital discs, and 
from these two species and P. fonetana by possessing knob-
like terminal phalanges (vs Y-shaped). Externally, it resem-
bles P. bipunctata and P. brevipes, but can be distinguished 
from these species by its shorter relative forelimb length 
(FORL 43.3% vs 48.1–54.3% of SVL), and broader shanks 
(TIBW 47.2% vs 29.4–40.8% of TIBL). It is not known to 
co-occur with either of these two taxa.

Description of holotype: Specimen in an excellent state 
of preservation. A small tissue sample for sequencing was 
taken from the right thigh. A small incision for sexing was 

made on the left flank, revealing that the testes are large 
and distinct.

Body robust. Head wider than long. Pupils small, round. 
Snout rounded in dorsal and lateral views. Canthus rostra-
lis distinct, concave. Loreal region concave. Nostril closer 
to eye than to tip of snout, directed laterally, slightly pro-
tuberant. Tympanum indistinct, rounded, TDH 60.0% of 
ED. Supratympanic fold distinct, not raised, indicated by a 
dark marking, running from the posterior corner of the eye 
and over the tympanum, curving toward but not extend-
ing to the axilla. Superciliary spines absent. Maxillary teeth 
present. Vomerine teeth distinct, forming a broad, U-shaped 
central patch and two additional patches laterally that are 
clearly separated by a small diastema. Choanae oblong. 

Forelimbs stubby. Fingers without webbing, relative 
lengths 1 < 2 = 4 < 3; finger tips not expanded; fingers not 
reduced; nuptial pads absent; inner metacarpal tubercle 
distinct, outer metacarpal indistinct; subarticular tubercles 
faint. Hind limbs short and strongly built; tibiotarsal artic-
ulation reaching the tympanum; tibia length 37.4% of SVL. 
Inner metatarsal tubercle present, outer metatarsal tuber-
cle present, light in colour but not raised. Toes not webbed; 
relative lengths 1 < 2 < 5 < 3 < 4, fifth toe distinctly shorter 
than third. Toe tips not expanded.

Osteology of holotype: The osteology of the holotype 
is typical of Rhombophryne. It is well ossified, without any 
broken bones.

Anterior braincase laterally closed by sphenethmoid, 
anteriorly with a small fenestra. Vomerine teeth medially 
fused in a central patch, laterally bearing large (0.5 mm) 
diastemata in the middle of each lateral extension, so that 
three patches of vomerine teeth are present (one central 
and two lateral ones). Maxillary teeth small. Otic capsule 
dorsally partly ossified.

Sternum not ossified. Clavicle thin, not well ossified, 
curved. Humerus with crista ventralis roughly 60% of its 
length; crista lateralis weak. Terminal phalanges of fin-
gers and toes with small distal knobs. Phalangeal formula 
of fingers 2-2-3-3; of toes 2-2-3-4-3. Femur without cristae. 
Prepollex ossified and relatively small. Prehallux well de-
veloped.

Neural spines decreasing in size posteriorly. Dorsal crest 
of urostyle running roughly 60% along its shaft. Iliosacral 
articulation type IIA sensu Emerson (1979). Iliac shafts with 
almost no dorsal tubercles or oblique grooves; dorsal crests 
running roughly 90% of their length. Pubis well ossified.

Colour of holotype: After ten years in preservative, light 
brown dorsally, cream ventrally (Fig. 7). A lighter scapular 
region bordered anteriorly and posteriorly by darker areas. 
Dark supratympanic fold running from posterior corner of 
eye and curving over the tympanum but not reaching the 
axilla. Large, comma-shaped, dark inguinal spots. Dorsal 
coloration dissolving increasingly into speckles before fad-
ing to cream ventrally. Ventrally immaculate cream poste-
rior to the chin. Chin cream with brown speckling. Cloa-
cal region dark brown. Legs light brown dorsally, cream 
ventrally. Two dark cross bands on the thigh, one on the 
shank, one on the tarsus. Posterior side of thighs translu-
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Figure 6. Osteology of Rhombophryne savaka sp. n. (holotype, ZSM 468/2005) from Marojejy National Park, showing the skull in 
A) ventral, B) dorsal, and C) lateral views, and the full skeleton in D) dorsal and E) ventral views. See Fig. 2 for bone names. A PDF-
embedded 3D model is provided in the supplementary material online.
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cent cream. Tarsus with a dark brown posterior face. Sole 
of foot light brown. Toes light brown with cream stripes 
anterior to the tips. Arms dorsally light brown with a sin-
gle cross band on the lower arm, ventrally cream. Fingers 
lightly striped with cream.

Ecology: The sole two known specimens were captured in 
pitfall traps in primary rainforest suggesting terrestrial or 
fossorial habits. No further field observations are available. 
The gut of the holotype specimen contained the head of 
a large ant of the genus Mystrium (Yoshimura & Fisher 
2014).

IUCN Red List status: This species is known only from two 
individuals captured at 746 m a.s.l. in the Marojejy Na-
tional Park. The location of capture is roughly 600 m from 
degraded forest to the east, and 4.9 km in a straight line 
from the edge of the protected area and the forest. Most 
Rhombophryne species are microendemic to narrow altitu-
dinal ranges and areas (Wollenberg et al. 2008). As this 
species occurs in a forest around 746 m a.s.l., it might be 
less strictly restricted to the Marojejy Massif than higher 
altitude species (e.g., R. vaventy and R. serratopalpebrosa), 
and could possibly be found in other parts of the north-
ern rainforest chain, too. However, as the majority of spe-
cies of Rhombophryne are known from fewer than five lo-
calities, we think it unlikely that it occurs in an area much 
larger than the size of the Marojejy National Park, which 
is 597.5 km². Therefore, due to a projected small extent of 
occurrence (< 5,000 km²), its being known from just one 
threatened location and the higher rate of forest alteration 
at lower altitudes in this area (Patel & Welch 2013, Ra
bearivony et al. 2015), this species qualifies as Endangered 
B1ab(iii) under the IUCN Red List criteria (IUCN 2012).

Etymology: The specific epithet savaka is a Malagasy word 
meaning ‘diastema’ in reference to the diastemata in the 
vomerine teeth of this species. It is to be considered a noun 
in the nominative singular in apposition to the genus name. 

Discussion

Vieites et al. (2009) identified ten candidate species in the 
genus Rhombophryne that were possibly in need of descrip-
tion. This number was increased to twelve by Perl et al. 
(2014) after the discovery of two new candidate species of 
this genus from Tsaratanana. Here, we have described can-
didates R. sp. Ca2 and R. sp. Ca4 as R. botabota and R. sava­
ka, respectively. Ca5 was described by Glaw et al. (2010) as 
R. mangabensis, Ca6 by Scherz et al. (2014) as R. vaventy, 
Ca8 by D’Cruze et al. (2010) as R. matavy, and Ca11 and 
Ca12 were described by Scherz et al. (2015a) as R. ornata 
and R. tany, respectively. We have recently demonstrated 
that R. sp. Ca7 probably represents a member of a new ge-
nus of miniaturized frogs (Scherz et al. in press). Thus, 
only candidates 1, 3, 9, and 10 still remain to be described. 
These potential species – and others discovered since 
the major barcode studies on Madagascar’s amphibians 
(Vieites et al. 2009, Perl et al. 2014) – will be the subject 
of a revision of the genus Rhombophryne (Crottini et al. 
in prep.). We also anticipate that the status and definition 
of R. alluaudi will likely need to be adjusted in the course of 
forthcoming revisions. Nevertheless, we here chose to keep 
the definition of R. alluaudi in line with current taxonomy 
as it was established by Blommers-Schlösser (1975), who 
first defined stout microhylids from the Northern Central 
East of Madagascar (i.e., the region around Andasibe) as 
being referrable to this species.

Figure 7. The holotype of Rhombophryne savaka sp. n. (ZSM 468/2005) in preservative, in A) dorsal and B) ventral views.
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The skeletons of microhylids are notoriously variable 
(Noble & Parker 1926, Parker 1934, Duellman & Trueb 
1986). Rhombophryne has proven to be no exception to this 
pattern (Scherz et al. 2014, 2015a, b, in press). The new 
species R. savaka is sister to R. mangabensis, but unlike 
that species, it possesses fully developed, albeit poorly os-
sified, clavicles. Three other species, R. testudo, R. matavy, 
and R. coudreaui also lack clavicles, while all other known 
members of this genus possess them. Although our 16S 
rRNA gene fragment phylogeny could not resolve the po-
sition of R. coudreaui, the monophyly of these three clav-
icle-lacking species is suggested by their morphology and 
ecology (Glaw & Vences 2007, M. D. Scherz unpubl. 
data). Rhombophryne mangabensis is related to this group, 
but clearly more closely to R. savaka. Because R. savaka 
possesses clavicles, we may infer that R. mangabensis has 
lost its clavicles independently. It might be tempting to 
conclude that the most fossorial species of Rhombophryne 
tend to have lost their clavicles, but clavicles are otherwise 
absent in arboreal taxa of other genera within the Cophyli-
nae (Blommers-Schlösser & Blanc 1991, Rakotoari-
son et al. 2015, Scherz et al. in press), and there is little or 
no correlation between ecology and pectoral girdle mor-
phology in frogs in general (Emerson 1984).

The new species R. botabota has most often been re-
covered as being closely related to the R. alluaudi complex 
(Vieites et al. 2009, Perl et al. 2014), although in Scherz 
et al. (in press) it is recovered as the sister of R. mangaben­
sis and another undescribed miniaturized Rhombophryne 
from Andapa, without support. Rhombophryne botabota 
resembles R. alluaudi and R. laevipes in external morphol-
ogy, but it is smaller and lacks inguinal ocelli. Like oth-
er members of this species complex, R. botabota occurs at 
moderate altitudes. It is remarkable that this species ap-
parently also occupies a moderately large distributional 
range compared to other members of the genus Rhombo­
phryne, although this range is still much smaller than that 
of R. laevipes.

In addition to its morphology, the call of R. botabota 
also closely resembles R. alluaudi (Vences et al. 2006) in 
that it has long inter-call intervals, a low frequency, an un-
modulated note structure, and is emitted during daylight 
hours from concealed positions in the leaf litter. In these 
aspects it is also quite similar to those of R. matavy and 
R. testudo (Vences et al. 2006, D’Cruze et al. 2010), and 
rather dissimilar to those of R. mangabensis and R. minuta 
(Vences et al. 2006, Glaw et al. 2010). Together, osteology 
and bioacoustics seem to have a strong potential for taxo-
nomic differentiation within this genus.
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