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Figure 5 Live tadpolesand metamorphof Litoria staccato.A) stage26 (lateral view); B) stage32 (dorsalview); C, D)
stage36 (dorsaland lateralviews); E) stage42; F) stage46. Bar in eachphoto=5 mm.
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beyond this down each side of anterior half; some
have as few as ]0--25 medial papillae in a single
row across top of disc before two rows begin on
each side. Four to six rows of mostlv small
submarginal papillae at each side of disc; two rows
offset slightly longer papillae around posterior
margin; mav be only one row initiallv at each side
of margin, to up to three rows medially in some.
Two anterior and three posterior tooth rows, AI
continuous, usually with medial pleat (Figure 5B),
A' has a narrow medial gap, plc' rows continuous,
P'very slightly shorter. Jaw sheaths medium, quite
distinctly serrated and fairly narrowly arched, with
long flared lateral processes.

Metamorphosis. Tadpoles collected at stage 26
on 9 January began to metamorphose on 1]
February (33 d later), and hatchlings collected on 9
January first metamorphosed on 20 February (42 d
later). Assuming that early development from egg
to hatching is likely to take about 3 d in the shallow
warm water of the initial pool, minimum larval life
span in captivity for the hatchling group was about
45 d. Newlv metamorphosed froglets had
colouration similar to adults (Figure SF). Head not
quite as proportionatelv long yet as in adults.
Terminal discs and webbing as for adults. Two
newly metamorphosed frog lets measured 17.5 and
19.0 mm SVL.

Distribution
Currentlv known from onlv two locations near. .

"The Crotto", approximately 30 km south of
Wyndham, Western Australia (Figure 6). Both
locations occur in the rocky southern portion of
Parry's Lagoon Nature Reserve east of the Creat
Northern Highway. The entire collections of L.
coplandi at the WA Museum (529 specimens), SA
Museum (98 specimens), Museum and Art Callery
of the Northern Territory (190 specimens),
Queensland Museum (77 specimens) and
Australian Museum (151 specimens) were checked
for the diagnostic characteristics of L. staccato. No
specimens of L.. staccato were detected. This
indicates L. staccato's distribution is apparentlv
restricted to the small area where the type series
was collected. Ilowever, owing to the inaccessibilitv
of the Kimberley region due to the rugged terrain
and large areas with no vehicular access, it is likelv
that the new species will be found elsewhere in the
eastern Kimberlev, possiblv to the northwest of the
two known sites and to the east in the Northern
Territorv where similar habitats occur.

Habitat
Individuals of L. staccato were found in two areas

with flowing water. The first was a steep rocky
ridge with a slow trickle of water running under
large boulders where males were calling, and where
the eggs and tadpoles were collected above).
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The second area (where the holotype was collected)
was a creek that ran down a rocky ridge, about 2-3
km long (Figure 7). Both sources of water came
from underground streams that flowed from near
the top of ridges.

The vegetation at the rocky ridge sites where L.
staccato occurs is sparse but dominated by Triodia
wiseana with Cochlospermum Eraseri, Calytrix
exstipulata and stunted Erythrophlem
chlorostachvs. Along the watercourses where L.
staccato was calling were Triodia pungens,
Terminalia volucris, Ficus sp. and occasionally the
boab tree Adansonia gregorii.

Etymology
Speci fic name' staccato' is from the Italian musical

term, and refers to the short detached sound of the
individual repeated notes of the male advertisement
call. It is to be treated as a noun in apposition.

Comparison with other species

1. Adults
In the eastern Kimberley, L. staccato may be

potentially confused with several species of
ground-dwelling Litoria which have pointed
snouts, such as L. nasuta, L. pallida, L. inermis and
L. tornieri. All of these species have narrow
terminal discs on the fingers, whereas L. staccato
has wider, expanded discs. Litoria nasuta has an
elongate head with a strongly pointed snout and
prominent longitudinal stripes. Litoria tomieri has
a smooth dorsum, uniform pale body colour and a
strongly contrasting dark lateral head stripe that
breaks up posterior to the tympanum. Litoria
inermis has a poorly defined lateral head stripe
similar to L. staccato, but possesses raised tubercles
over the dorsal surface, unlike the smooth skin of L.
staccato. Although some L. pallida also possess a
poorly defined lateral head stripe, they can be
distinguished by very narrow terminal discs on the
fingers, slightly raised tubercles on dorsum,
distinctive penetrating call with much longer notes
and selection of mostly still water breeding sites.
Litoria wotjulumensis often breeds along rocky
streams, has moderately expanded discs on the
fingers and toes and also has a complex call with
elements similar to L. staccato. However, L.
wotjulumensis is a much larger species (almost
double the length of L. staccato), has a more
elongate head, possesses a strong, broad lateral
head stripe and has fullv webbed toes. Litoria
meiriana also occurs along rocky creeks and rock
holes and occurs in the Kimberlev and Northern
Territory. llowever, its most obvious difference
from L. staccato is its much smaller size (- 20 mm).
In addition, L.. meiriana is dorsoventral Iv
compressed, has tubercular skin and fullv webbed
toes.
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Figure 6 Distribution of Litoria coplandi, L personata and L staccato in northern Australia.

The two other rock-dwelling species with similar
habits to L. staccato and thus most likely to be
confused with it, are compared in more detail.
Table 2 presents summaries of morphological
measurements of L. staccato, L. coplandi and L.
personata. Litoria coplandi reaches a larger body
size, and females of both L. coplandi and L. staccato
are larger than males. The relative head width of L.
coplandi was wider than the other two species
(Table 2). Hind limb proportions of L. coplandi
and L. staccato were similar, but L. personata had
longer hindlimbs. Thus, L. staccato is characterised
by a narrower head relative to L. coplandi and
shorter tibia and tarsus lengths compared to L.
personata.

A number of other characters further distinguish
these three rock-dwelling forms. The most reliable
morphological character to distinguish the syntopic
L. staccato and L. coplandi is the extent of webbing
between the toes. In L. staccato the webbing is
reduced, for example the distal two phalanges on
the 4th toe are free of webbing and the distal
phalanges of the other toes are also free of webbing.
In L. coplandi the webbing extends to the last
phalanx on the 4th toe and to the terminal discs on
the remaining toes. The hands and feet of L. staccato
are more gracile than the more heavily built L.
coplandi. The webbing between the toes of L.
personata is only slightly more extensive than L.
staccato and much reduced relative to L. coplandi.
Another consistent character among the three

species is the glandular tissue at the angle of the
jaw. This tissue is pronounced and raised into
several discrete nodules in L. coplandi, much
reduced in L. staccato (fewer and lower in profile)
and absent in L. personata.

All three rock-dwelling hylids possess differences
in dorsal colour and patterns that can be used to
distinguish them, but these are individually
variable and some are not retained or less evident
in preservative. Ground colour of L. coplandi and
L. personata ranges from light to medium brown,
whereas L. staccato ranges from beige to slate grey
to reddish brown (the majority of individuals).
Litoria coplandi and L. personata have a relatively
uniform dorsal colour. In contrast, many L. staccato
individuals have more extensive mottling and
possess variably expressed vertebral, dorsolateral
and lateral stripes. The presence and prominence of
a lateral head stripe is another way to separate
them. Litoria personata has a strong, clearly defined
lateral head stripe, L. staccato has a less prominent
stripe with diffuse borders and L. coplandi lacks a
lateral head stripe (unique in the L. lesl1el1ri
complex; Tyler 1968a; Barker et al. 1995).

2. Advertisement call
For the purposes of comparison, we present the

calls of two sympatric rock-dwelling hylids for
which no sonograms have been published, L.
coplandi and L. meiriana (Figure 3A,B). Both males
called within 5 cm of the edge of exposed rock
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Figure 7 Type locality of Litoria staccato near
Wyndham, Western Australia.

pools. The temperature 1 cm above the calling L.
meiriana was 28.2°C with a water temperature of
32.JOC; the L. coplandi male was recorded shortly
after, and within 50 m of the L. meiriana male.

The call of L. meiriana is most similar to L.
staccato owing to the notes of the main call being
irregularly spaced (similar to Morse code).
However, L. meiriana has a much higher-pitched
call (dominant frequencies of 2-3 and 4-6 kHz) and
the softer notes between main calls occur singly
(Figure 3A), unlike in L. staccato (Figure 3C). The
call of L. coplandi (Figure 3B) is easily
distinguished by a combination of regularly-spaced
notes, longer duration call (> 20 s), main call begins
very softly then increases steadily in amplitude,
dominant frequencies of 1-2 and 3-4 kHz and
single softer notes between main calls (as in L.
meiriana).

The call of L. wotjulumensis (not shown or
analyzed) is highly distinctive and very complex
(personal observations). The call contains loud,
sustained sequences of calls that abruptly double in
rate. The sustained calls can last for over 30 sand
are usually followed by a series of complex trills,
imilar to the complex trill-like notes of L. staccato,

but given more frequently. Owing to the few males

255

that were recorded, our comparative results are best
considered preliminary. More detailed sound
analyses of more individuals and species is likely to
yield additional differences between species and
also provide estimates of variation within species.
The calls of all species discussed above may be
heard on www.museum.wa.gov.au/frogwatch.

3. Eggs and tadpoles
The remains of the egg mass collected indicate

that eggs may be laid in fairly loose clumps
attached to substrate rock. The eggs of L. coplandi
also have been found laid on the floor of shallow
rock pools singly or in small clumps (Tyler et al.
1983).

The tadpoles of L. staccato are distinguishable
from L. copJandi as early as at stage 25, when the
mouthparts are complete, as L. copJandi tadpoles
have two rows of continuous anterior papillae and
L. staccato have only a single continuous row across
part or all of the anterior margin. In addition, fully
grown L. copJandi tadpoles have a more distinctly
streamlined body form and a wider oral disc that
appears to be slightly more suctorial than that of L.
staccato. Of the other species of hylid tadpoles
which are found in stream pools in the escarpment
areas of the region, L. staccato have a generally
similar body size and shape to those of L. inermis
and L. wotjulumensis tadpoles, although they
become slightly more streamlined anteriorly than L.
inermis in later stages. Both L. inermis, L.
wotjuJumensis and all other known ground hylid
species (with the exception of L. copJandl) in the
Kimberley region of northern Australia have a
narrow medial gap in the anterior papillae.

Remarks
ew species of frogs are still being described in

Australia, especially in the northern tropics and the
eastern margin of the continent, where they are
most diverse. Recent descriptions include the
discovery of a highly distinctive stream-dwelling
tree frog in north Queensland, L. andirrmaJin
(McDonald 1997), and a cryptic species of UperoJeia
near Darwin, U. daviesae (Young et al. 2005).
Genetic techniques and analysis of calls are
resulting in further cryptic species being uncovered
in frogs previously considered to be one species
(e.g., L. Jesueuri, which has now been split into
three specie, Donnellan and Mahoney 2004; see
also Donnellan et al. 1983; Hoskin 2004).

The recent discovery of L. staccato highlights the
possibility that more undescribed species of frogs
may occur in the Kimberley region. Other than the
sealed Great orthern Highway and the unsealed
Gibb River Road, only the Mitchell Plateau has been
reasonably sampled for frogs. Many surveys to
other regions (e.g., Kendrick and Rolfe 1991) were
designed to collect surface-active terrestrial

r
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vertebrates but did not specifically target frogs and
did not involve night searches when breeding males
are easily located by their calls. Future wet season
frog surveys involving night work, recording of
male calls and taking tissue samples for molecular
analysis are likely to yield more un described
species in the Kimberley Region.

Little is known of L. staccato. Breeding choruses
occurred along rocky creeks up ridges or beside
seeps running down rock faces. In the area near
The Grotto where the type series was collected,
several other species were calling. Calling from
ponds on the flats between the ridges were the
myobatrachids Crinia bilingua, Opisthodon
ornatus, Notaden melanoscaphus and Uperoleia
lithomoda, and the hylids Cyc10rana australis, C.
longipes, L. bicolor, L. pallida and L. nasuta.
Calling along large flowing rocky creeks at the
base of the ridges were U. borealis and L.
wotjulumensis. Further up the ridge, calling males
of U. borealis, Limnodynastes lignarius, Litoria
coplandi and L. staccato occurred along small
flowing rocky creeks. Near the top of the ridge,
only Limnodynastes lignarius and Litoria staccato
occurred. The reduced webbing on the feet of L.
staccato (compared to L. coplandi) may indicate
they are somewhat less aquatic, consistent with
their distribution further up the two ridges than L.
coplandi, where there is less water in creeks. Much
more work is needed to gain a better
understanding of the habits and distribution of L.
staccato in the Kimberley region and possibly in
adjacent parts of the Northern Territory.
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APPENDIX

Comparative material examined.
Abbreviations: SAM - South Australian Museum;

NT - Museum and Art Gallerv of the Northern
Territory; QM Queensland Museum; note
specimen numbers without one of these prefixes are
from the Western Australian Museum.

Litona coplandi
Males WAM Rl03060, Rl08792, Rll0746,

R114039, R114090, R119091, R114092, R129193,
R137838, R137384, R137385, R140357, R140362,
R152951, R162520, R162523, R162524, R162535,
R162536, R162539, R162547, R162548, R162549,
R162950, R162581, R162596, R162597, R162602,
R162603, R162609, R16261O, QM J54933, QM J56592,
QM J56588, QM J56595, QM J56580.

Females - R97942, R114088, R127332, R137382,
R137389, R138879, R138883, R138894, R140351,
R140352, R140361, R140369, QM J53809, QM J56584,
QM J56596.

Juveniles (sex unknown) R95599, R129194,
R95509, R87922.

Litoria personata
Males - NT R16886, NT R18794, NT R18795, NT

R19807, NT R19809, NT R20466, SAM RI6773, SAM
R16774.

Females NT R20467, NT R20468, SAM R16831,
SAM R16832.

Juvenile - SAM R16829.

Note added in proof.
Field trips in 2006-2007 have recorded L. staccato

from the Mitchell Plateau and Prince Regent Nature
Reserve, greatly extending its distribution.
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