
ible at one multiple of the fundamental
(approximately 3.7–3.8 kHz).

Comparisons.—Our phylogenetic estimate
(Fig. 3) indicates thatL. mangyanorum andL.
tagbanorum share a most recent common
ancestor, to the exclusion of all other known
SE Asian species. Additionally genetic data
indicate substantial levels of genetic diver-
gence betweenL. mangyanorum and other
Philippine, Bornean, and Indonesian species
(Table 3). Leptobrachium mangyanorum dif-
fers from its sister speciesL. tagbanorum by a
slightly smaller body size in males, a signifi-
cantly smaller, non-overlapping body size in
females (Table 1), the complete absence or
extreme reduction of dark supratympanic fold
coloration protusion onto the tympanum (vs.
dark supratympanic fold coloration protruding
extensively onto the tympanum in the form of
a large tympanic spot), absence or reduction
in thickness of the dark canthal stripe (vs.
variable presence of a thicker and bolder
canthal stripe), dorsum characterized by
semicircular brown spots with black borders
(vs. solid tan or brown with diffuse, irregular
brown blotches), less extensive interdigital
webbing and more pronounced inner meta-
tarsal tubercle (Fig. 9), and its unique adver-
tisement call (Fig. 5; Table 5). The new
species differs from L. lumadorum by a
tendency towards a smaller maximum body
size (Tables 4, 6), the complete absence or
extreme reduction in protrusion of dark
supratympanic fold coloration onto the tym-
panum (vs. dark supratympanic fold coloration
protruding extensively onto the tympanum in
the form of a large tympanic spot), absence or
reduction in thickness of the dark canthal
stripe (vs. variable presence of a thicker and
bolder canthal stripe), dorsum characterized
by semicircular brown spots with black
borders (vs. solid gray-black with brown and
tan blotches on head and interorbital region),
and its unique advertisement call (Fig. 5;
Table 5). Leptobrachium mangyanorum dif-
fers from L. hasseltii by darker dorsal
coloration in life (Fig. 2), absence or reduc-
tion in thickness of the dark canthal stripe (vs.
variable presence of a thicker and bolder
canthal stripe), and its unique advertisement
call (Fig. 5). FromL. nigrops, the new species
differs by the presence of a deep blue scleral

arc under the eyelid (vs. absent), absence or
extreme reduction in melanic pigmentation of
the tympanum (vs. tympanic spot present), a
narrow (vs. thick) canthal stripe, absence of
circular flank spots (vs. distinct black flank
spots present). Additionally, unlikeL. man-
gyanorum, L. nigrops has sharp, posteriorly
recurved terminal phalanges (Inger and
Stuebing, 1997). Leptobrachium mangya-
norum differs from L. abbotti by the absence
or extreme reduction in melanic pigmentation
of the tympanum (vs. tympanic spot present),
a narrow canthal stripe (vs. broad when
present), and venter gray with white spots
on warts, or white and brown marbled venter
(vs. venter boldly patterned black and white).
From L. montanum and L. gunungense, the
new species differs by the presence of a deep
blue scleral arc under the eyelid (vs. a bold
white arc across the top of the eye), many
narrow transverse bars of the limbs (vs. fewer
broad bars), the absence or extreme reduc-
tion in melanic pigmentation of the tympa-
num (vs. tympanic spot present), and a
narrow canthal stripe (vs. thick). FromL.
hendricksoni and L. smithi the new species
differs by the presence of solid black eyes (vs.
eyes with bright orange or orange-red upper
half of iris), by absence of circular flank and
posterior thigh spots (vs. distinct black flank
and posterior thigh spots present). The new
species differs further fromL. hendricksoni
by the presence of a gray venter with white
spots on warts or a white venter with brown
marbling (vs. venter gray with distinct black
spots) and the presence of a brown or gray
dorsum with dark brown spots with black
borders (vs. lavender-brown with blotches on
anterior portions of body).

Ecology and natural history.—This species
has been collected in a wide variety of
ecological conditions, from pristine higher
elevation forests (1000–1200 m) on Mt. Hal-
con and Mt. Baco, north Mindoro Island, to
highly disturbed, near coastal regions near the
Municipality of Sablayan. The new species
does not form tight choruses, but instead
forms loose aggregations on the forest floor
where males may be loosely grouped over a
50–100 m stretch of forest, with males sepa-
rated by as few as 2–5 meters (RMB, personal
observation, 1075 m, Mt. Halcon) to as many

22 HERPETOLOGICAL MONOGRAPHS [ No. 23



309180, 309035, 309075, 309096) or blotches
on the throat and venter (CAS 140535; PNM
6359, 6381; KU 308983, 309463, 309178,
309058, 309060).

We observed no variation in skin texture,
subdigital tuberculation, or extent of inter-
phalangeal webbing. Pectoral glands are
circular and white when present but absent
in a few specimens (CAS 145811, 145809,
140535). The majority of specimens had
moderate, circular femoral glands. A few
specimens had femoral glands that varied
from tiny and barely perceptible (KU 309074,
308983, 309061), to small, and horizontally
elongate (KU 309072, 309166, 309073), to
irregular and fragmented (KU 309060).

Aside from sexual size dimorphism (Ta-
ble 4, 6) no subsamples or subpopulations
exhibited detectable differences in size or
body proportions. Mean female-biased sexual
size dimorphism in the new species is 1.50
(female:male snout–vent length; min–max size
disparity � 1.34–1.59), markedly more than
that detected in L. mangyanorum or L.
lumadorum. Morphometric data exhibited in
the type series ofL. tagbanorum are summa-
rized in Table 6.

Advertisement call.—The following descrip-
tion is based on two recording segments, all
recorded in the Irawan watershed, near
Puerto Princesa City, Palawan Island. One
unvouchered recording was collected by ACD
in April 2003 (22 calls over 486 s at 24.3 C)
and the other by RMB on 15 March 2007
(paratype KU 309052; 15 calls over 310 s at
22.9 C). These recording segments vary only
slightly in rate-related call parameters and are
otherwise invariant.

The call of L. tagbanorum (Fig. 6) is a
series of deep squawks, sounding to the
human ear like a rapid ‘‘Wok…wok, wok,
wok, wok, wok, wok…’’ and is delivered at a
near constant rate over an approximately 2.0 s
period, with 7–12 squawks (notes) per call.
Intercall intervals ranges from 6–33 s
(x � 12:7 + 6:7 SD; n � 21) for the unvou-
chered male to 7–23 s (x � 11:0 + 4:3 SD; n
� 14) for KU 309052. The unvouchered male
had a calling rate of 0.043 calls/s and KU
309052 called at 0.047 calls/s. The unvou-
chered male averaged 8.3 notes per call (6 1.4
SD; range 7–12 notes/call;n � 22) and KU

309052 averaged 8.5 notes per call (6 0.8 SD;
range 7–10 notes/call;n � 15). Call length
varies from 1.4–1.6 s (x � 1:5 + 0:07 SD; n
� 5) for six note calls to 2.4–2.6 s (x �
2:5 + 0:13 SD; n � 6) for 11 and 12 note calls
in the unvouchered recording. Call length
varies from 1.6–1.8 s (x � 1:7 + 0:19 SD; n
� 4) for seven note calls to 2.7–2.9 s
(x � 2:8 + 0:18 SD; n � 5) for 13 note calls
in KU 309052. Note duration is 101.2–
133.4 ms (x � 114:7 + 9:4 SD; n � 180) for
the unvouchered recording and 98.6–117.1
(x � 109:0 + 5:8 SD; n � 127) for KU
309052. Internote interval (excluding intervals
between first four notes) is largely invariant,
and ranges from 122–165 ms (x � 141:1+
7:1 SD; n � 180) for all calls recorded from
the unvouchered recording and 131–179 ms
(x � 151:7 + 12:1 SD; n � 127) for KU
309052. The slight exception to the invariant
internote interval of L. tagbanorum is
the slightly longer intervals between notes
1–4, resulting in barely perceptible decreased
note repetition rate at the beginning of
calls (Fig. 6C, D). In both recordings, the
first internote interval is longest (i.e.,�
2.0 ms) and then the next two intervals
steadily decline in duration until a constant
repetition rate is achieved and internote
intervals become apparently stereotyped or
fixed. Within calls, note repetition rate is 3.9–
4.2 notes/s (x � 4:09 + 0:09 SD; n � 22)
for the unvouchered recording and 4.1–4.4
notes/s (x � 4:2 + 0:1 SD; n � 15) for KU
309052.

Relative amplitude across calls is heteroge-
neous and patterned, with low relative
amplitude in the first notes, a steady rise in
amplitude with each note thereafter (notes 2–
4), an apparent peak amplitude achieved by
notes 5–7, and then a steady decline in
amplitude with each note thereafter
(Fig. 6E). Amplitude of the first note is
approximately 30–50% of the peak amplitude
for the call. Individual notes begin with
three or four distinct stridulating pulses (the
first 35–50 ms of the note), followed by a
single extended (60–75 ms) tonal element
(Fig. 6C).
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ly 1.0 kHz. In a few audiospectrograms, faint
harmonics are visible at 1.2–1.4 kHz.

Comparisons.—As indicated in the L.
mangyanorum diagnosis (above), our phylog-
eny (Fig. 3) indicates thatL. tagbanorum and
L. mangyanorum are more closely related to
each another than either is to any other
species. Additionally, genetic data indicate
substantial levels of genetic divergence (Ta-
ble 3) between L. tagbanorum and other
Philippine, Bornean, and Indonesian species.
Leptobrachium tagbanorum differs from L.
mangyanorum by having a slightly larger body
size in males and a significantly larger body
size of females (Tables 4, 6), a dark supra-
tympanic fold coloration protruding extensive-
ly onto the tympanum in the form of a large
tympanic spot (vs. the complete absence or
extreme reduction size of the tympanic spot),
a thicker and bolder canthal stripe (vs. canthal
stripe absent or reduced), a less variable,
predominantly tan dorsal color pattern (vs.
dorsum with many semicircular brown spots
with black borders), more extensive interdig-
ital webbing and much less pronounced inner
metatarsal tubercle (Fig. 9), and its unique
advertisement call (Fig. 6; Table 5).Lepto-
brachium tagbanorum differs from L. luma-
dorum by having a larger female body size
(Tables 4, 6), a dorsum tan to brown with
indistinct darker blotches (vs. solid gray-black
with brown and tan blotches on anterior
portions of body, head, and interorbital
region), more extensive interdigital webbing
and much less pronounced inner metatarsal
tubercle (Fig. 9), and its unique advertise-
ment call (Fig. 6; Table 5). The new species
differs from L. hasseltii by a larger body size
in females (Tables 4, 6), a more uniform tan
dorsal coloration (vs. dark spots and blotches
on tan or pale brown; Fig. 8), and its unique
advertisement call (Fig. 6). FromL. abbotti,
the new species differs by having a gray venter
with white spots on warts, a white sternal
region, and dark marbling on throat (vs.
venter boldly patterned black and white).
From L. montanum and L. gunungense, the
new species differs by the presence of a deep
blue scleral arc under the eyelid (vs. a bold
white arc across the top of the eye), having
many narrow transverse bars of the limbs (vs.
one or two broad bars), and a nearly uniform

tan dorsum (vs. dorsum boldly patterned with
dark blotches). From L. nigrops, the new
species differs by having a larger body size
(Table 6, vs. L. nigrops; males 30–45 mm;
females 39–50 mm), the presence of a deep
blue scleral arc under the eyelid (vs. absent),
and the absence of circular flank spots (vs.
distinct black flank spots present). Addition-
ally L. nigrops appears unique in the posses-
sion of sharp, posteriorly recurved terminal
phalanges (Inger and Stuebing, 1997). From
L. hendricksoni andL. smithi, the new species
differs by the presence of solid black eyes (vs.
eyes with bright orange or orange-red upper
half of iris, above pupil), and absence of
circular flank and posterior thigh spots (vs.
distinct black flank and posterior thigh spots
present).

Ecology and natural history.—We have
observed specimens of the new species at a
variety of sites, all characterized by the
presence of some forest cover. The new
species seems to be most common in swampy
areas adjacent to rivers or along secondary
stream banks when water levels are low and
ambient noise is minimal. Leptobrachium
tagbanorum does not form choruses but
instead loosely aggregates in groups of 3–10
calling males spread over 20–50 m, with
individual males separated by approximately
2–10 m. All individuals (including calling
males) observed were exposed on forest floor
soil, on rocks in dry stream-beds, or on exposed
soil at the base of overhanging stream banks.

Other anuran species observed in sympatry
with L. tagbanorum on Palawan Island
include Megophrys ligayae, Barbourula bu-
suangensis, Rana (Hylarana) moellendorffi,
Rana (Sanguirana) sanguinea, Occidozyga
laevis, Starois natator, Limnonectes acanthi,
L. palavanensis, Rhinella marina (intro-
duced), Ingerophrynus philippinicus, Pelo-
phryne albotaeniata, Hoplobatrachus rugulo-
sus (introduced), Fejervarya vittigera, Poly-
pedates leucomystax, P. macrotis, Rhaco-
phorus everetti, Nictixalus pictus, Philautus
longicrus, Chaperina fusca, Kaloula picta, K.
baleata, K. pulchra (introduced), and Inger-
ana mariae.

Distribution.—The new species is known
only from the Palawan PAIC (Fig. 1): Palawan
Island including the municipalities of Irawan,
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finger lengths I � II � IV � III (Fig. 9);
intradigital webbing absent; broad dermal
flange bordering lateral edges of all fingers;
subarticular tubercles indistinct, reduced to
low, irregular, warty tubercular ridges that
extend the length of fingers I–IV; supernu-
merary tubercles absent; inner thenar surface
characterized by a long, velvety tubercular
surface but no distinct tubercles; palmar
tubercle divided into inner and outer meta-
carpal tubercles (two oval subequal palmar
tubercles in contact on medial surfaces); inner
tubercle large, oblong, convex, with sharp
anteroventrally protrusion to a spade-like
surface; outer metacarpal tubercle narrower,
elongate, just over than half the size of inner
metacarpal tubercle; nuptial pads absent,
forearms moderate, musculature not hyper-
trophied.

Tips of toes rounded, not expanded, relative
lengths I � II � IV � III � IV (Fig. 9);
lacking circummarginal grooves or supraarti-
cular cutaneous flaps above phalangeal artic-
ulation; plantar surface of foot smooth, lacking
distinct subarticular tubercles under digits;
supernumerary tubercles absent; interdigital
webbing thick, acrenulate, homogeneous,
modal webbing formula of toes (Savage and
Heyer, 1969, 1997):I 1–1.5II 1–2.5III 2–3.5
IV 3.5–1V.

Inner metatarsal tubercle distinct, raised,
irregularly ovoid to subtriangular, situated at
base of Toe I, with sharp plantar spade-like
edge; metatarsal tubercle half as long as Toe I;
outer metatarsal tubercle absent; heels non-
overlapping when legs are held at right angles
to the body; cloacal region glandular, with low
tuberculate warts; supracloacal flap absent.

Skin on dorsum and dorsal surfaces of limbs
with fine scattering of fine, raised dermal
ridges and a slightly glandular texture; skin of
flanks, chin, throat, ventral surface of body,
and ventral and posterior surfaces of thigh
with dense aggregation of slight dermal
asperities and minute warts; skin on ventral
surfaces of forelimbs and tibiotarsus smooth;
enlarged, round circular axillary gland present
ventrolaterally, immediate posterior to fore-
limb; moderate, subcircular femoral glands
present on posterior surface of each thigh;
skin on surface of pectoral and femoral glands
smooth.

Measurements of holotype.—Snout–vent
length 48.0; head length 19.2; snout length
7.1; interorbital distance 6.5; internarial dis-
tance 4.5; eye diameter 6.4; tympanum
diameter 3.1; head width 20.8; upper arm
length 9.6; forearm length 13.8; femur length
19.4; tibia length 17.2; tarsus length 10.5; pes
length 16.2; manus length 11.2; Toe 4 length
9.9; Finger 1 length 5.1; Finger 3 length 8.1.

Color of holotype in preservative.—(Fig. 8)
Dorsal coloration of the holotype is nearly
uniform dark gray-black, with darker interor-
bital bar, slightly darker blotching on posterior
portions of the head, a faintly darker series of
mid-vertebral blotches stretching to the sacral
region, and snout slightly lighter than rest of
body; flanks fade from very dark gray (dorsal-
ly), fading to light gray (ventrally), with small,
distinct, scattered black and cream spots and
dirty white tipped dermal tubercles surround-
ed by black oscelli; dorsal surfaces of fore-
limbs and hindlimbs dark gray-black with
darker transverse bars (most evident on lateral
surfaces of limbs where ground coloration is
lighter), transverse bars reddish brown on
anterior surfaces of thigh; posterior surfaces of
thigh with brown transverse bands dorsally,
solid dark gray ventrally, with minute white
spots; eye black with narrow light blue
crescent on outer, dorsal margin of eyeball
(below retracted palpebrum); upper 80% of
tympanic annulus covered with black spot;
lateral surfaces of head slightly lighter than
dorsal surfaces; canthus rostralis bordered
ventrally by a narrow dark brown line; a pair
of narrow black lines travel from each nostril
to the tip of the snout; a thicker dark gray-
black line from the nostril, through loreal
region, terminating in a widened blotch in the
labial region; a wide dark gray-black blotch
bisects the suboccular region; chin and throat
heterogeneous medium dark gray, owing to
gray gular coloration and a fine speckling of
tiny white spots; sternal region nearly white,
with two dark brown clusters of pigment
immediately anterior to forelimb insertions;
venter medium gray, darker laterally towards
flanks; ventral surfaces of thighs uniform solid
dark gray, with minute white spots on
posterior margins; ventral surfaces of tibiotar-
sus medium gray with white irregularly
blotched marbling; ventral surfaces of hands
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markings are partially obscured by dark
ground coloration but can be faintly ascer-
tained. The predominant ventral color pattern
is nearly solid gray with minute white spots on
warts; spotting may be absent in sternal region
(immaculate white or cream) and most intense
in groin. Exceptions include specimens with
pure white venters (CAS-SUA 19984, 19953,
20163–64), light gray venters (CAS 60190;
PNM 2252), or gray with dark scattered flecks
(FMNH 260363, 50919–23). Some males have
dark gray to black throats (PNM 6616; FMNH
260365), as do some juveniles and meta-
morphs (PNM 2252; FMNH 260364).

We observed no variation in skin texture,
subdigital tuberculation, or extent of inter-
phalangeal webbing. Pectoral glands are
largely invariant in size, color, and shape,
but femoral glands vary from tiny and barely
perceptible (KU 314139), to small, and
horizontally elongate (KU 314134, 314137,
314140), to moderate and round (KU 314135,
314138), or irregularly-shaped and even frag-
mented (KU 314136, 314141).

Aside from sexual size dimorphism (Table 6),
no subsamples or subpopulations exhibit de-
tectable differences in size or body proportions.
Mean female-biased sexual size dimorphism in
the new species is 1.25 (female:male snout–vent
length; min–max size disparity� 1.23–1.29).
Seven paratypes are metamorphic tadpoles. KU
314143 and 314144 have well developed
hindlimbs, forearms covered by the non-rup-
tured operculum, and tail reabsorption had
just begun at the time of preservation. KU
314142, 314145–314148 exhibit fully formed
forelimbs and substantial tail reabsorption.

Morphometric data exhibited in the type
series of L. lumadorum are summarized in
Table 4.

Advertisement call.—The following descrip-
tion is based on two recording segments from
Mindanao Island. One unvouchered recording
was collected by ACD in March 2004 (5 calls
over 103 s at 25.1 C) on Mt. Hamiguitan,
extreme eastern Mindanao, and the other by
RMB on 14 July 2008 (paratype KU 314139;
17 calls over 310 s at 22.4 C) at Barangay
Baluno, Pasonanca Natural Park, Zamboanga
City, western Mindanao. These recordings
vary only in numbers of notes per call.

The call ofL. lumadorum (Fig. 7) is a series
of low frequency grunts, starting with 1–3 slow
chuckling notes, with successive notes becom-
ing increasingly brief, grunt-like, and terminat-
ing in a final rapid laughing bout: ‘‘Wherrrr…
wherrr…wher, wher, wer-wer-werwerwer!’’
The call consists of 5–10 (but usually seven)
notes per call. The call’s first two or three notes
are elongate and differentiated from the
remainder of the call (Fig. 7C, D).

Intercall intervals range from 16–30 s
(x � 21 + 6:2 SD; n � 4) for the unvouchered
recording and 6–20 s (x � 11:7 + 4:7 SD; n
� 16) for KU 314139. Calling rate for the
unvouchered specimen is 0.067 calls/s; the
calling rate for KU 314139 is 0.065 calls/s. The
unvouchered specimen averaged 7.5 notes per
call (6 1.2 SD; range 7–10 notes/call;n � 6)
and KU 314139 averaged 6.2 notes per call
(6 1.1 SD; range 5–8 notes/call;n � 10). Call
length varies from 2.6–4.2 s (x � 3:5+0:6 SD;
n � 6) for the unvouchered specimen and 1.0–
2.6 s (x � 1:7 + 0:52 SD; n � 16) for KU
314139.

Note duration is heterogeneous, and steadi-
ly declines over the call. Most calls begin with
1–3 drawn out, elongate vibrational notes with
multiple subpulses (Fig. 7B–D), lasting ap-
proximately 400–600 ms in the unvouchered
specimen and 200–250 ms for KU 314139.
During the course of the call, note duration
steadily declines until the final notes which
last only 225–250 ms in the unvouchered
specimen and 70–90 ms for KU 314139.
Normal internote intervals are largely invari-
ant, and range from 210–230 ms (x �
221 + 2:1 SD; n � 39) for the unvouchered
specimen and 195–215 ms (x � 203 +
3:2 SD; n � 89) for KU 314139. Within calls,
note repetition rate is 1.8–2.1 notes/s (x �
1:9 + 0:1 SD; n � 4) for the unvouchered
specimen and 2.0–3.1 notes/s (x �
2:4 + 0:3 SD; n � 16) for KU 314139.

Amplitude across individual notes is rela-
tively homogeneous, with the only variable
pattern being a slow rise in amplitude at the
first note of the call. In all other notes, call
energy is characterized by an immediate rise
to peak amplitude which is held steady for the
duration of the note, followed by a sharp
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decline to ambient levels, resulting in a square
amplitude envelope for each note (Fig. 7D).
Across calls, a gradual rise to peak amplitude
is achieved by the fifth or sixth note, after
which amplitude usually declines gradually
per note to the end of the call (Fig. 7E).
Amplitude of the first note is approximately
80–95% of the peak amplitude for the call.

Individual notes have two components: an
initial prefix of harsh tightly-spaced individual
pulses (Fig. 7C, D), followed by a transition to
a low frequency tonal suffix (Fig. 7C).

Energy in the call consists of a single low,
dominant frequency band spanning approxi-
mately 0.5–1.5 kHz for both specimens (peak
frequency 0.86 kHz for the unvouchered

FIG. 7.—The advertisement call ofLeptobrachium lumadorum (holotype, PNM 9561) recorded 7 March, 2008;
26.9uC ambient temperature). Analyses include: a power spectrum (A: Fast Fourier Transformation; relative amplitude
vs. frequency in kHz) calculated notes 4–5 in C; a 200 ms expanded waveform (B: relative amplitude vs. time in ms) of
the first note in C; a 4.5 s audiospectrogram (C: frequeny in kHz vs. time in s) and oscillogram (D: relative amplitude vs.
time in s) of a typical call; and a 30 s oscillogram (E: relative amplitude vs. time in s) of four tightly spaced calls.
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specimen and 0.91 kHz for KU 314139). In a
few audiospectrograms, faint harmonics are
visible at one and two multiples of the
fundamental (approximately 2 and 4 kHz,
respectively).

Comparisons.—Our estimate of phylogeny
indicates that L. lumadorum is a divergent
lineage, sister to the clade consisting of
Bornean and Sumatran speciesL. abbotti,
Bornean speciesL. montanum and L. gunun-
gense, and Philippine speciesL. mangya-
norum and L. tagbanorum. Additionally,
genetic data (Table 3) indicate significant
genetic divergence betweenL. lumadorum
and other Philippine, Bornean, and Indone-
sian species. FromL. montanum and L.
gunungense, L. lumadorum differs by the
presence of a deep blue scleral arc under
the eyelid (vs. a bold white arc across the top
of the eye), many narrow transverse bars of
the limbs (vs. fewer, broader bars), a predom-
inant ventral color pattern of gray with white
spots on warts, and darker throats in some
males (versus uniform dirty gray). The new
species differs fromL. abbotti by having a
smaller maximum body size (Table 6; vs.L.
abbotti males 45–75 mm; females 60–95 mm),
a gray ventral coloration with white spots on
warts and a dark throat (vs. venter boldly
patterned black and white), and a smaller
maximum body size (Table 6; vs.L. abbotti
males 45–75 mm; females 60–95 mm).Lepto-
brachium lumadorum differs from L. man-
gyanorum by a tendency towards a larger
maximum body size (Table 6), by dark supra-
tympanic fold coloration protruding extensive-
ly onto the tympanum (vs. absence or extreme
reduction in protrusion of dark supratympanic
fold coloration onto the tympanum), presence
of a broader and bolder canthal stripe (vs.
absent or highly reduced), having a nearly
uniform gray-black dorsum with brown and
tan blotches on anterior portions of body,
head, and interorbital region (vs. more
variable dorsal color pattern with semicircular
brown spots with black borders), and its
unique advertisement call (Fig. 6; Table 5).
From Leptobrachium tagbanorum, the new
species differs by having a slightly larger body
size in males and a significantly larger body
size in females (Tables 4, 6), a nearly uniform
gray-black dorsum with brown and tan

blotches on anterior portions of body, head,
and interorbital region (vs. solid tan or brown
with diffuse, irregular brown blotches), and
its unique advertisement call (Fig. 6; Ta-
ble 5). Leptobrachium lumadorum differs
from the distantly allopatric L. hasseltii by
having a darker, more uniform dorsal color-
ation in life (Fig. 2), and its unique adver-
tisement call (Fig. 7; Table 5). From L.
nigrops, the new species differs by the
presence of a deep blue scleral arc under
the eyelid (vs. absent), and absence of
circular flank spots (vs. distinct black flank
spots present). Additionally,L. nigrops has
sharp, posteriorly recurved terminal phalan-
ges (Inger and Stuebing, 1997). FromLepto-
brachium hendricksoni and L. smithi, L.
lumadorum differs by the presence of solid
black eyes (vs. eyes with bright orange or
orange-red upper half of iris, above pupil),
and the absence of circular flank and
posterior thigh spots (vs. distinct black flank
and posterior thigh spots present).

Ecology and natural history.—We have
collected or observed specimens of the new
species in low-lying swampy areas in saddles
between ridges in the foothills of Mt. Apo
(Davao City Province, eastern Mindanao),
along small forested, densely vegetated stream
banks at mid-elevations (800–900 m) on the
southern end of the mountains of the
Zamboanga Peninsula, and in the foothills of
Mt. Busa, South Cotobato Province, southern
Mindanao. At the beginning of the rainy
season (July–September) the new species does
not form choruses but instead loosely aggre-
gates in groups of calling males spread over
50–100 m of forest, with individual males
separated by approximately 5–20 m. All indi-
viduals we observed were in leaf litter or
exposed soil on the forest floor, usually
associated with exposed tree roots, cavities
beneath boulders, over-hanging stream banks,
or other cover.

Other anuran species observed in sympatry
with L. lumadorum include Megophrys stejne-
geri, Rana (Hylarana) grandocula, R. (Hylar-
ana) everetti, R. (Hylarana) albotuberculata,
Occidozyga laevis, O. dimunitiva, Starois nata-
tor, Limnonectes magnus, L. diuatus, L. ferneri
(Siler et al., 2009),L. leytensis, L. parvus,
Rhinella marina (introduced),Ansonia muelleri,
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A. mcgregori, Pelophryne brevipes, Hoplobatra-
chus rugulosus (introduced), Fejervarya vitti-
gera, Polypedates leucomystax, Rhacophorus
pardalis, R. appendiculatus, R. bimaculatus,
Nictixalus spinosus, Philautus leitensis, P. wor-
cesteri, P. acutirostris, P. surrufus, P. poecilius,
Kaloula picta, K. conjuncta meridionalis, Kalo-
phrynus pleurostigma, Chaperina fusca, Oreo-
phryne annulata, Platymantis cf. corrugatus, P.
cf. dorsalis, P. guentheri, andP. rabori.

Distribution.—The new species is known
only from southern portions of the Mindanao
PAIC (Fig. 1): Basilan and Mindanao islands,
including the provinces of Basilan, Zam-
boanga del Sur, Zamboanga del Norte, Mis-
amis Occidental, Davao City, Agusan del Sur,
South Cotobato, Bukidon, and Sultan Ku-
darat. A single metamorph from Dinagat
Island, apparently representing this species,
is deposited at the National Museum of the
Philippines (PNM 2252; no specific locality
data) but earlier surveys failed to detect this
species presence on Dinagat and and nearby
Siargao islands (Ross and Lazell, 1990). Our

own recent surveys (February and July, 2007) in
Loreto, Dinagat Island, also failed to uncover
this species, suggesting to us that the PNM
record may be in error or, if this species does
occur on Dinagat, it may occur at extremely low
abundances or be patchily distributed.

The species is conspicuously absent from
Samar, Leyte, Bohol, and smaller islands
associated with these large landmasses. Brown
and Alcala’s (1970; duplicated in Dubois and
Ohler, 1998) record of this species on Bohol
may be in error; no specimens from Bohol
were found in any collections canvassed by us
and all recent fieldwork has failed to produce
specimens of this species.

Etymology.—The specific epithet is chosen
from the Cebuano term Lumad, meaning
indigenous, and collectively referring to at least
22 tribal groups (e.g., the Ata, Badjao, Bagobo,
Banwaon, B’laan, Bukidnon, Dibabawon, Hi-
gaunon, Kalagan, Mamanwa, Mandaya, Man-
gguwangan, Manobo, Mansaka, Sama, Subanen,
Tagakaolo, Tausug, T’boli, Teduray, Ubo, and
the Yakan) of Mindanao Island. Although the

FIG. 8.—Dorsal (above) and ventral (below) views of female (larger, on left) and male (smaller, on right) specimens of
each species. Specimen pairs, from left to right, include:Leptobrachium lumadorum female paratype (KU 314141) and
male holotype (PNM 9561);Leptobrachium mangyanorum female paratype (KU 303272) and male holotype (PNM
9559); andLeptobrachium tagbanorum female paratype (KU 309075) and male holotype (PNM 9560).
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2003; Gaulke et al., 2007; Stuart et al.,
2006).

Recognition of morphologically indistinct
cryptic species has become an important part
of the estimation of true Southeast Asian
herpetological biodiversity (Bickford et al.,
2007; Brown, 2004; Brown and Diesmos,
2009; Brown et al., 2009). In these studies,
characters other than external morphology
(e.g., advertisement calls, ecological differenc-
es, subtle differences in body size and
proportions, and DNA sequence data) are
invaluable for the recognition of diversity in
amphibian systematics (Inger et al., 2009;
Siler et al., 2007; Stuart et al., 2006).

Recognition of Leptobrachium from the
Mindoro, Palawan, and Mindanao PAICs as
distinct evolutionary species is nonproble-
matic because the history of isolation of each
of these geological platforms is so well
documented (Brown and Diesmos, 2002; Hall,
1996, 1998; Voris, 2000). Thus, recognition of
each faunal region’s endemic species is
consistent with available information that
precludes the possibility of a dry land
connection for dispersal that might afford an
opportunity for gene flow and reticulation
between the species (Brown and Diesmos,
2002; Brown and Diesmos, 2009; Voris, 2000).
Each species is phenotypically and genetically
distinct, acoustically and morphologically di-
agnosable, and allopatric. As such, each is
definable as a unique evolutionary lineage
segment with a distinct history and evolution-
ary predictable fate (i.e., continuation as
allopatric lineages). Thus, we reject the
hypothesis of conspecificity of Philippine+
Javan+ Balinese populations and restrictL.
hasseltii to populations from Java, Bali, and
associated small islands. We also emphasize
that the pattern of endemism in Philippine
Leptobrachium is entirely consistent with
recent phylogenetic and taxonomic studies of
other amphibian and reptile species (e.g.,
Brown and Diesmos, 2002; Brown and Gutt-
man, 2002; Evans et al., 2003; Gaulke et al,
2007; McGuire and Kiew, 2001), most of
which have demonstrated patterns of faunal
endemism that are often strikingly consistent
with the isolation of the Philippine PAICs
(Brown and Diesmos, 2002, 2009; Brown et
al., 2002). Recognition of distinct and diag-

nosable species on these isolated PAIC
landmasses is also in accordance with the
basic tenants of all modern lineage-based
species concepts (de Queiroz, 1998, 1999;
Frost and Hillis, 1990; Simpson, 1961; Wiley,
1978). We are entirely confident in our
taxonomic decisions and note that the only
alterations to our new taxonomy that we could
imagine would be the addition of more
discoveries of species on small islands or
isolated mountain ranges so far unsurveyed by
herpetologists.

It comes as no surprise that the Mindoro,
Palawan, and Mindanao faunal regions each
harbor genetically, acoustically, and morpho-
logically distinct lineages of frogs of the
genus Leptobrachium. Rather, we find it
surprising that amphibian taxonomists were
content, for so long, to consider these
populations conspecific with each other,
and with Leptobrachium hasseltii from the
distantly allopatric islands of Java and Bali,
Indonesia (Brown, 2007). We acknowledge
that several herpetologists before us have
predicted the eventual recognition of Philip-
pine ‘‘L. hasseltii’’ as full species (personal
communication with W. C. Brown, and R. I.
Crombie). Dubois and Ohler (1998) suggest-
ed that Philippine L. ‘‘hasseltii’’ may not be
conspecific with Javan populations. Iskandar
and Colijn (2000) suggested that Philippine
populations might be referable toL. abbotti.
Matsui et al. (1999) expressed doubts as to
previous identification of Philippine popula-
tions as L. hasseltii and suggested that
Philippine populations might be recogniz-
able as distinct species.

The hesitancy of past workers to recognize
Philippine Leptobrachium as distinct species
is most likely due to a lack of recent
collections and accompanying natural history
data that would suggest ecological and/or
acoustic differences between the species.
Until recently, no molecular or acoustic data
that would suggest distinctiveness or possible
taxonomic affinities have been available. Ours
are the first recordings of the advertisement
calls of Philippine populations ofLeptobra-
chium. Although the lack of sample sizes
sufficient for statistical analyses of the acoustic
data prevent quantitative comparisons, our
descriptions of the advertisement calls of the
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new species support their taxonomic distinc-
tiveness, to the extent that calls of congeners
are available. Future comparative analyses of
the calls of all Philippine and closely related
Bornean congeners would be particularly
desirable; to date, few recordings of the calls
of Bornean species are available (but see
Malkmus et al., 2002). A qualitative appraisal
of the amplitude envelopes depicted in
oscillograms of Bornean species’ calls suggests
that the advertisement call ofL. gunungense
may be very similar to that ofL. lumadorum
and that the calls of BorneanL. montanum
appear quite similar toL. mangyanorum.

Our phylogenetic estimate is inferred
from a gene tree based on 16S and ND1
mitochondrial genes. The topology inferred
from Bayesian, maximum likelihood and
parsimony analyses of these gene segments
suggests that Philippine populations of
Leptobrachium are derived from two faunal
exchanges with the landmasses of the Sunda
Shelf (Fig. 1), one giving rise to the sister
speciesL. mangyanorum (Mindoro Isl.) and
L. tagbanorum (Palawan faunal region), and
the other giving rise to L. lumadorum
(Mindanao faunal region). Reminiscent of
the dual-invasion hypothesis of Brown and
Guttman (2002), the pattern revealed by our
data suggests that southern Philippine bio-
diversity is, in part, derived from two faunal
exchanges with the landmasses of the Sunda
Shelf (Brown and Guttman, 2002; Evans et
al., 2003).

The sister relationship betweenL. mangya-
norum and L. tagbanorum is not surprising
despite the fact that this relationship postu-
lates a recent common ancestry between two
taxa on either side of Huxley’s modification of
Wallace’s Line. Although the northern exten-
sion (Huxley, 1868) of Wallace’s Line (Wal-
lace, 1860, 1896) is recognized as part of one
of the sharpest faunal demarcations on the
planet (Mayr, 1944; Simpson, 1977; Whit-
more, 1987), most available phylogenetic
analyses of amphibians and reptiles that
involve taxa from the Palawan faunal region
and the oceanic portions of the Philippines
have demonstrated a close relationship be-
tween these faunal regions, to the exclusion of
Borneo and other islands of the Sunda Shelf
(Brown et al., 2000a; Brown and Guttman,

2002; Evans et al., 2003; McGuire and Kiew,
2001). The relationships inferred from our
analyses of molecular sequence data demon-
strate yet another faunal group in which the
simplistic view of Palawan as a simple faunal
peninsula of northern Borneo is not supported
by available evidence (Brown and Diesmos,
2009). In this case, populations east of
Huxley’s modification of Wallace’s Line on
Mindoro Island (L. mangyanorum) are most
closely related to populations west of this
faunal barrier on Palawan (L. tagbanorum).
Despite the deep water that prevented a
connection between northern Palawan and
Mindoro, the intervening straits have most
likely served as a filter barrier, across which
some lineages have successfully dispersed
(Brown and Guttman, 2002; Evans et al.,
2003). Faunal exchange between Palawan and
the oceanic islands of the Philippines clearly
has proceeded in both directions (Brown and
Guttman, 2002; Evans et al., 2003; McGuire
and Kiew, 2001), leading us now to consider
Palawan as a transitional region with a rich
fauna representing an amalgamation of line-
ages from a variety of sources (Brown and
Diesmos, 2009). Comparative, multi-lineage
evaluation of the major hypothesized faunal
dispersal routes into the oceanic islands of the
Philippines provides compelling questions for
future research (Brown and Guttman, 2002;
Jones and Kennedy, 2008).
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