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Abstract

The recently erected ranid genus Abavorana is thought to contain one nominal species, A. luctuosa, that ranges from the
Thai-Malay Peninsula to Borneo and Sumatra. A melanistic form from Gunung Jerai, Peninsular Malaysia previously
thought to be the same species is new to science and herein described based on new specimens and data. Based on mor-
phology, colour pattern, and phylogenetic analyses using the mitochondrial genes 16s, ND1 and three tRNAs (tRNA-leu,
tRNA-lle, and tRNA-gln), we determine that this new species, Abavorana nazgul sp. nov., is the sister lineage to other
populations of A. lucutosa from Peninsular Malaysia and one from Borneo. It differs from A4. luctuosa by a minimum se-
quence divergence of 7.5% and the following combination of morphological and colour pattern characteristics: (1) SVL
42.1-50.0 mm in adult males; (2) prominent but small humeral glands in males (2.3-2.5 mm); (3) dorsolateral stripe con-
tinuous, orange to yellow in colour; (4) mid-dorsal region of dorsum black, with or without faint orange or yellow speck-
les; (5) flanks with distinct cream spots; (6) dorsal surfaces of limbs with cream spots—bar; and (7) venter grayish brown,
with prominent light spots on throat and belly. The discovery of yet another endemic species from the upland regions of
Peninsular Malaysia highlights the rich diversity of these habitats and the need for more studies in montane areas through-
out the region.
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Introduction

The ranid genus 4bavorana Oliver, Prendini, Kraus & Raxworthy 2015 is thought to contain a single species, the
Mahogany frog (4dbavorana luctuosa [Peters, 1871]). Its distribution spans southern Thailand, Peninsular
Malaysia, Borneo, and Sumatra (Manthey & Grossmann 1997; Oliver et al. 2015). It is a distinctive looking frog
with a conspicuous reddish brown dorsal colouration outlined with a sharply defined, light-coloured, dorsolateral
stripe that extends through the eyes to the tip of the snout, separating the brown dorsum from the dark sides of the
head and flanks (Malkmus ez al. 2002; Inger & Stuebing 2005). The species is terrestrial and found in the leaf litter
of forested areas where they usually gather around rain pools or muddy ponds to breed during the mating season
(Malkmus et al. 2002; Inger & Stuebing 2005). This species has been reported from various localities throughout
Peninsular Malaysia (Berry 1975; Chan et al. 2009; Flower 1896; Grandison 1972; Grismer et al. 2010; Leong &
Lim 2003; Lim et al. 2002; Manthey & Grossmann 1997) (Fig. 6). Sukumaran (2005) reported finding 4. luctuosa
(reported as Rana luctuosa) at Gunung Jerai, Kedah and noted that this populations is melanistic and postulated
they were an upland specialist.
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A total evidence approach was adopted, combining morphology and molecular phylogenetics to evaluate the
taxonomic and phylogenetic placement of this population. Both molecular and morphological data support the
assignment of this population to the genus 4bavorana and the results also indicate that it represents a genetically
distinct lineage that differs from A. luctuosa by a suite of unique morphological and colour pattern characters.
Under the unified species concept (De Queiroz 2005), we consider this separately evolving lineage as a new
species that is morphologically distinct and is described below.

Materials and methods

Morphological analysis. Notes on colouration and pattern were taken from digital images of living and euthanized
specimens prior to preservation. The sex of the specimens was determined by the presence of the humeral gland in
adult males as the males of this genus lack vocal sacs and nuptial pads (Inger 1966). The following characters were
measured by ESHQ with a Mitutoyo digimatic calliper to the nearest 0.1 mm on the right side of the body for
symmetrical characters: snout-vent length (SVL), from the tip of snout to the vent; head length (HL), from the
posterior margin of mandible to the tip of snout; head width (HW), measured at the level of the jaw articulation
points; snout length (SL), from the anterior margins of eyes to the tip of snout; snout width (SW), distance between
the anterior margins of eyes; interorbital diameter (I0D), distance across the top of the head between the medial
margins of the supraorbital regions at their closest points; internarial distance (IND), distance between the medial
margins of the nostrils; eye diameter (ED), distance between the anterior and posterior margins of the eyeball;
tympanum diameter (TD), the horizontal width of the tympanum at its widest point; brachium length (BL), distance
from the axilla to flexed elbow; forearm length (FAL), flexed elbow to the base of the inner metacarpal tubercle;
manus length (ML), distance from the proximal edge of the outer metacarpal tubercle to the tip of the third finger;
femur length (FL), distance from the vent to the outer margin of the flexed knee; crus length (CL), distance from
the flexed knee to the tarsal inflection; tarsal length (TL), the outer margin of flexed tarsus to the base of the inner
metatarsal tubercle; pes length (PL), measured from the proximal edge of the inner metatarsal tubercle to the tip of
fourth toe; humeral gland length (HG), the horizontal length of the humeral gland. Toe webbing formula follows
Savage & Heyer (1997). The type series is deposited at the Universiti Sains Malaysia Herpetological Collection
(USMHC) and the La Sierra University Herpetological Collection (LSUHC), La Sierra University, Riverside,
California, USA. Other institutional abbreviations are as follow: FMNH, Field Museum of Natural History
Chicago, Illinois, USA. Images of specimens; FMNH 231052 & FMNH 234972 were examined by EQSH to
confirm their species identities prior to subsequent molecular analyses.

DNA extraction and amplification. Genomic DNA was isolated from liver tissue stored in 95% ethanol and
extracted using the animal tissue protocol provided by the iNtRON Biotechnology G-spinTM total DNA
Extraction Kit (Korea). ND1 was amplified using a double-stranded Polymerase Chain Reaction (PCR) under the
following conditions:1.0 pl genomic DNA (concentration 10-30 pg of DNA), 0.5 pl light strand primer (5uM)
16S-frog 5’~-TTACCCTGGGGATAACAGCGCAA-3’ (Camargo et al. 2006), 0.5 pl heavy strand primer (5uM)
tmet-frog 5>-TTGGGGTATGGGCCCAAAAGCT-3’ (Camargo et al. 2006), 2.5 ul of iNtRON MgCl2-free PCR
Bufter, 2.5 pl of iNtRON 15 mM MgCl2, 0.2 ul iNtRON Taq DNA Polymerase, 0.5 ul ANTP Mix 10 mM each
dNTP, and 17.3 pl nuclease free H20. PCR reactions were completed using a G-Storm GS482 Thermal Cycler
with the following reaction conditions: initial denaturation at 94°C for 2 min 30s, second denaturation at 94°C for
Imin, annealing at 53— 55°C for 1 min followed by an extension cycle at 72°C for 1 min 30s per cycle for 30
cycles. PCR products were visualized using gel electrophoresis using a 2.0% agarose gel. PCR products that had a
distinct band with the correct molecular weight based on the standardized ladder were purified using iNtRON
Biotechnology MEGAquick-spinTM Total Fragment DNA Purification Kit (Korea) and sequenced through the
MyTACG Bioscience Enterprise sequencing facility (Taiwan). Sequences were analysed from both the 3’ and 5’
ends independently to ensure congruence between the sequences. Both the forward and the reverse sequences were
assembled and edited in MEGA v5.05 (Tamura et al. 2011). Sequences were aligned by eye and to ensure the
correct amino acid reading frame and Mesquite v3.04 (Maddison & Maddison 2015) was used to check for
premature stop codons.

Phylogenetic analysis. Phylogenetic trees were constructed using Bayesian Inference (BI) and Maximum
Likelihood (ML). In both, data were split into three partitions corresponding to codon positions. A partitioned ML
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analysis was conducted using IQTREE software on the webserver (Trifinopoulos ef al. 2016) with models of
molecular evolution estimated for each partition and codon position (16s plus tRNAs [leu, lle, and gln]=
TIM2e+G4, 1% codon= K2P+I, 2™ codon= HKY+G, 3" codon= TN+I). To assess nodal support, 1000 bootstrap
pseudoreplicates via the ultrafast bootstrap approximation algorithm was employed (Minh et al. 2013). ML
ultrafast bootstrap support values (ML) of >95 indicate well-supported nodes (Minh et al. 2013). The partitioned
Bayesian (BI) analysis was implemented in MrBayes v3.2.6 (Huelsenbeck & Ronquist 2001; Ronquist &
Huelsenbeck 2003) following the default priors using the closest models of molecular evolution estimated in
IQTREE. Four simultaneous runs were performed with eight chains per run, seven hot and one cold. The analysis
was run for 5,000,000 generations and sampled every 500 generations from the Markov Chain Monte Carlo
(MCMC). The analysis was halted after the average standard deviation split frequency fell below 0.01. The first
25% of the trees were discarded as a burn-in. A consensus tree was computed from the two parallel runs using the
sumt function in MrBayes. Nodes that had Bayesian posterior probabilities (BPP) >0.95 were considered well
supported (Huelsenbeck & Ronquist 2001; Wilcox et al. 2002). Nodal support values for all analyses are reported
in the order of BPP/ML. Populations whose haplotypes formed strongly supported lineages restricted to particular
regions were considered as putative species. Uncorrected pairwise percent sequence divergences (p-distance) for
16s, ND1 and flanking tRNAs were calculated using MEGA v5.2.2 (Tamura et al. 2011).

TABLE 1. Information for specimens used in this study.

Voucher # Species Locality GenBank #
LSUHC 11087 Abavorana luctuosa West Malaysia, Kelantan, Gunung Stong ~ KY982519
LSUHC 9731 Abavorana luctuosa West Malaysia, Kedah, Sungai Sedim KY982520
USMHC 1649 Abavorana luctuosa West Malaysia, Penang, Penang Hill KY982521
USMHC 1650 Abavorana luctuosa West Malaysia, Penang, Penang Hill KY982522
USMHC 1651 Abavorana luctuosa West Malaysia, Penang, Penang Hill KY982523
USMHC 1652 Abavorana luctuosa West Malaysia, Penang, Penang Hill KY982524
LSUHC 6580 Abavorana luctuosa West Malaysia, Selangor, Gombak KY982525
LSUHC 6585 Abavorana luctuosa West Malaysia, Selangor, Gombak KY982526
LSUHC 12679 Abavorana luctuosa West Malaysia, Pahang, Fraser’s Hill KY982527
LSUHC 12680 Abavorana luctuosa West Malaysia, Pahang, Fraser’s Hill KY982528
LSUHC 12681 Abavorana luctuosa West Malaysia, Pahang, Fraser’s Hill KY982529
LSUHC 11663 Abavorana luctuosa West Malaysia, Pahang, Genting Highlands KY982530
LSUHC 11664 Abavorana luctuosa West Malaysia, Pahang, Genting Highlands KY982531
LSUHC 11665 Abavorana luctuosa West Malaysia, Pahang, Genting Highlands KY982532
LSUHC 11666 Abavorana luctuosa West Malaysia, Pahang, Genting Highlands KY982533
USMHC 1662 Abavorana luctuosa West Malaysia, Pahang, Genting Highlands KY982534
FMNH 231052 Abavorana luctuosa East Malaysia, Sabah, Lahad Datu district KY982535
FMNH 234972 Abavorana luctuosa East Malaysia, Sabah, Sipitang district KY982536
LSUHC 10512 Abavorana nazgul sp. nov. West Malaysia, Kedah, Gunung Jerai KY982537
LSUHC 10513 Abavorana nazgul sp. nov. West Malaysia, Kedah, Gunung Jerai KY982538
LSUHC 10514 Abavorana nazgul sp. nov. West Malaysia, Kedah, Gunung Jerai KY982539
USMHC 1468 Pulchrana picturata West Malaysia, Kelantan, Pergau KY982540
Results

The BI and ML analyses produced trees with the same topology and we are presenting the Bayesian tree with ML
support values mapped onto it (Fig. 1). The tree indicates that the Gunung Jerai population is a separate lineage
sister to the remaining samples except for FMNH 231052 (1.0/100) and is not conspecific with or even most
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closely related to A. luctuosa populations from Peninsular Malaysia or Borneo. Both analyses strongly indicate
(1.0/96) it is the sister species to a clade containing populations of 4. luctuosa from Peninsular Malaysia and a
specimen from Sipitang, Sabah in Borneo (FMNH 234972). Sister to these populations is a specimen from Lahad
Datu, Sabah (FMNH 231052), indicating that 4. luctuosa is paraphyletic with more than one species present in
Borneo. The Gunung Jerai population differs from all other peninsular Malaysian populations by a mean p-distance
of 8.1%. The p-distance among other A. luctuosa populations within Peninsular Malaysia ranges from 0.1-1.2%
(Table 2). The specimen from Sipitang, Sabah differs from the Gunung Jerai population by a p-distance of 7.5% but
to other Peninsular Malaysian populations by a p-distance range of only 2.2-2.5% (Table 2). The most distantly
related population from Lahad Datu, Sabah has a minimum p-distance value of 18.4% from all the other
populations. The morphological data support the molecular data indicating that the Gunung Jerai population is
discretely diagnosable from all other populations studied by having unique suite of characters (Table 3), and is
therefore described herein as a new species.
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Pulchrana picturata USMHC 1468 Pergau, Kelantan
1.0

Abavorana luctuosa FMNH 231052 Lahad Datu, Sabah

Abavorana nazgul sp. nov. LSUHC 10512 Gunung Jerai, Kedah

1.0 1.0/100

Abavorana nazgul sp. nov. LSUHC 10513 Gunung Jerai, Kedah

Abavorana nazgul sp. nov. LSUHC 10514 Gunung Jerai, Kedah

1.0/96

Abavorana luctuosa FMNH 234972 Sipitang, Sabah

— Abavorana luctuosa LSUHC 11087 Gunung Stong, Kelantan
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Abavorana luctuosa LSUHC 6585 Gombak, Selangor

-.| |' Abavorana luctuosa USMHC 1662 Genting Highlands, Pahang

Abavorana luctuosa LSUHC 9731 Sungai Sedim, Kedah
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Abavorana luctuosa USMHC 1651 Penang Hill, Penang
Abavorana luctuosa USMHC 1652 Penang Hill, Penang
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Abavorana luctuosa LSUHC 11664 Genting Highlands, Pahang

Abavorana luctuosa LSUHC 11665 Genting Highlands, Pahang

Abavorana luctuosa LSUHC 11666 Genting Highlands, Pahang
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FIGURE 1. A Bayesian Inference (BI) phylogram of the relationships of the genus Abavorana based on the ND1 gene and
flanking tRNAs. Numbers above the branches represent BI posterior probabilities and ML bootstrap support values,
respectively.
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TABLE 2. Uncorrected p-distances (%) for the examined populations of the genus Abavorana Oliver, Prendini, Kraus &
Raxworthy 2015 computed in MEGA v5.1 (Tamura et al. 2011). Distances in bold are intraspecific distances, and
distances below the diagonal are interspecific distances.
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Gunung Jerai, Kedah 0.0

Gunung Stong, Kelantan 8.4

Genting Highlands, Pahang 8.1 1.1 0.3

Gombak, Selangor 8.0 1.1 0.3 0.4

Sungai Sedim, Kedah 8.1 1.1 0.3 0.3 -

Penang Hill, Penang Island 8.0 1.2 0.4 0.4 0.1 0.0

Sipitang, Sabah 7.5 2.5 22 22 2.3 24 -

Lahad Datu, Sabah 19.1 18.7 18.4 18.4 18.4 18.4 18.4 -

Fraser’s Hill, Pahang 8.1 1.0 0.1 0.2 0.2 0.3 22 18.5 0.0

Taxonomy
Abavorana nazgul sp. nov.

Gunung Jerai Black Stream-Frog
Fig. 2,4 &6

Rana luctuosa Sukumaran, J. 2005: 38.

Holotype. An adult male (USMHC 2231) collected on 9 April 2016 from Gunung Jerai, Kedah, Peninsular
Malaysia (5°47.719°N; 100°26.222°E, 948 m in elevation) by Evan S.H. Quah and David Chan.

Paratypes. Paratypes USMHC 2232 & USMHC 2233 bear the same locality data as the holotype. Paratype
LSUHC 10512 was collected on 8 October 2011 while paratypes LSUHC 10513 and LSUHC 10514 were collected
on 28 October 2011 by Evan S.H. Quah, M.A. Muin and Yusof Omar.

Diagnosis. Morphological analyses of the newly collected material from Gunung Jerai confirms the placement
of this population in the genus Abavorana based on the combination of having a medium-sized, robust body; no
vocal sacs in males; length of 1% finger greater than 2™ finger; disc width to finger width ratios of finger 3 and toe 4
is 1-1.5; dorsolateral fold indistinct or absent; the colour of the dorsolateral line being white or yellow; the humeral
gland in males is prominent, raised and centrally positioned on the ventral surface of the upper arm; a weak or
absent rictal ridge; outer metatarsal tubercle weak or absent; skin of dorsum smooth or finely shagreened; throat,
abdomen and flanks smooth; posterior section of ventrum and back of the thigh rugose; no pale colouration on the
margins of the tympanum; flanks dark brown or black below the dorsal fold grading into a pale ventrum; dorsal
surface of hind limbs speckled or mottled; posterior surface of thigh mottled (Inger 1966; Oliver et al. 2015).
Abavorana nazgul sp. nov. can be differentiated from its congeners by the following combination of characters:
adult males 42.1-50.0 mm SVL; nuptial pads absent in males; humeral glands in males small (2.3-2.5 mm);
dorsolateral stripe continuous, orange to yellow in colour; mid-dorsal region of dorsum black, with or without faint
orange or yellow speckles; flanks black, colouration unstratified; distinct cream spots on flanks, dorsal surfaces of
limbs, and upper lip; venter grey-brown with prominent light spots on throat and belly, smaller spots on underside
of thigh.
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Description of holotype. Adult male, SVL 50.0 mm; head longer than wide (HL/HW=1.19); snout wider than
long (SW/SL=1.38), longer than eye diameter (SL/ED=2.00), slightly projecting beyond lower jaw, dorsally
concave, gradually tapering with a slight median point in dorsal view, slightly rounded and posteroventrally,
sloping downward in lateral view; canthus rostralis distinct, lores vertical, slightly concave; nares open laterally,
just below canthus, positioned closer to rostrum than eye, distance between nares smaller than snout length (IND/
SL=0.78), approximately one-half of snout width (IND/SW=0.56); eyes large, slightly protruding beyond lips in
dorsal view, diameter less than snout length (ED/SL=0.50) and interorbital distance (ED/IOD=0.43); pupils
circular; interorbital region flat, distance smaller than snout width (IOD/SW=0.85) but greater than snout length
(IOD/SL=1.17); tympanum distinct, round, as tall as wide, horizontal diameter equal to eye diameter (TD/
ED=1.00); choanae subcircular, separated by distance larger than their diameter; vomerine teeth small, indistinct;
and tongue elongate, broadening posteriorly with a central terminal notch, posterior %5 free.

Forelimbs relatively long, slender (BL/SVL=0.14; FAL/SVL=0.15; ML/SVL=0.23), brachial and forearm
length subequal (BL/FAL=0.93); enlarged humeral glands present on ventral surfaces of brachia; order of fingers
from shortest to longest: [I<IV<I<III (fingers I and IV subequal); fingers lack webbing; finger tips dilated into
small, rounded discs bearing circummarginal grooves; numbers of subarticular tubercles are digit 1(1), L1(1), II1(2),
IV(2); subarticular tubercles prominently raised, oval, opaque on toes I and II and base of toes III and IV, second
subarticular tubercles of toes Il and I'V indistinct; supernumerary tubercles absent; inner metacarpal tubercle large,
oval, translucent; palmar tubercle oval, translucent, slightly smaller and not in contact with inner metacarpal
tubercle; outer metacarpal tubercle oval, translucent, in contact, similar in size to palmar tubercle; nuptial pads
absent. Hind limbs long, slender (FL/SVL =0.47; CL/SVL= 0.49; TL/SVL= 0.24), tibia slightly longer than femur
(CL/FL =1.04); order of toes from shortest to longest: I<II<V<III<IV (toes III and V subequal); toe tips slightly
dilated into small, rounded discs bearing circummarginal grooves; webbing formula: 11-1% II 1-2 III 1'5-3% IV
312 V; subarticular tubercles prominently raised, translucent; number of subarticular tubercles on each toe
varies by toe number: I(1), II(1), I1I(2), IV(3), V(2); inner metatarsal tubercle elongate, raised, translucent; outer
metatarsal tubercle absent.

Dorsum, upper eyelid, interorbital region, snout, flanks and surface of limbs finely shagreened, lacking
tubercles; dorsolateral and tympanic folds absent. Rictal glands absent, only a weak rictal ridge present; throat,
stomach and ventral surfaces of limbs finely shagreened. Measurements of types are presented in Table 3.

Colouration in life (Fig. 2). The dorsum is black with faint orange specks along the vertebral line. A complete
orange dorsolateral stripe extends from the rostrum (stripe yellowish-orange on the snout), along the canthus,
lateral margin of palpebrae, and dorsolateral part of dorsum, and terminates at the sacrum where it forms a nearly
complete loop. The lateral margins of the snout, anterior portion of the flanks, and dorsal surface of the limbs are
black and gradually transition to dark-grey on the lower flanks. Along the upper lips are a single row of cream
spots that form a streak beneath the tympanum and extend to the corner of the jaw. The tympanum is dark-brown.
The flanks and dorsal side of the limbs bear round, creamy yellow spots, some of which connect to form short,
elongate bars especially on the hind limbs. The venter is grey-brown and covered in whitish spots. The spots on the
throat and belly are larger than those on the ventral surface of the thigh.

Colouration in preservation (Fig. 4). The dorsum, dorsal side of limbs and upper flanks are dark-grey while
the dorsolateral stripe and spots—bars are cream. The lower flanks, fingers and toes are a lighter shade of grey. The
venter is light grey-brown with the spots on throat, belly, and underside of the thighs whitish.

Variation. All paratypes closely resemble holotype in overall external morphology, colouration, and
patterning. In a single paratype (USMH 2232) the narrow stripe outlining the snout and dorsolateral margin of the
body is yellow instead of orange. In addition, the stripe along the snout of this specimen is discontinuous (Fig. 2D).
Juveniles have a bolder colour pattern than the adults where the colour of the dorsum is darker and lacks any light
mottling or faint specks. Juveniles also have fewer spots on the flanks of and no spots at the corners of the upper
labial margins and the narrow stripe outlining the snout and dorsolateral margin of the body is bright orange or
vermillion (Fig. 2F). In the female paratype (LSUHC 10514), the texture of the skin around the vent, posterior and
ventral regions of the thighs is more rugose compared the male specimens. In addition, paratypes (LSUHC 10513
and 10514) have a small, weak, indistinct, round, outer metatarsal tubercle. This is not surprising as Inger (1966)
reported observing the presence of a metatarsal tubercle in only approximately one-half of the A. luctuosa
specimens he examined. Measurements showing variation in size within the type series are shown in Table 3.
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FIGURE 2. (A) Holotype of Abavorana nazgul sp. nov. (USMHC 2231). (B) Dorsal pattern of the holotype of 4. nazgul sp.
nov. (USMHC 2231). (C) Ventral pattern of the holotype of A. nazgul sp. nov. (USMHC 2231). (D) Paratype of A. nazgul sp.
nov. (USMHC 2232). (E) Paratype of 4. nazgul sp. nov. (USMHC 2233). (F) Juvenile A. nazgul sp. nov. from Gunung Jerai,

Kedah. All photographs by Evan Quah.

Comparison. Morphological data for species comparison was obtained from Inger (1966) and the material
examined (Appendix). Abavorana nazgul sp. nov. is differentiated from Peninsular Malaysian populations of 4.
luctuosa by the following characters: colouration of the dorsum (a black dorsum, with or without faint, fine orange
or yellow speckling versus an orange or reddish-brown dorsum; dorsolateral stripes that are yellow or orange
versus white or cream); spots on the upper lips (present, large yellow spots, especially prominent below the
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tympanum versus absent or only faint white spot at the corner of the jaws); pattern along the flanks (prominent
yellow or cream spots versus an absence of spots or very fine, white spots); pattern on the upper surface of the
limbs (large, prominent, cream or yellow spots or short bars versus fine white or greyish-blue spots or bars); pattern
of venter (large, prominent cream or yellow spots versus an immaculate venter or with occasional fine,
inconspicuous spots or reticulations on the belly or underside of the thigh) (Figs. 2—6). Occasionally, very dark
individuals of 4. /uctuosa may be encountered or specimens with orange spots present on the dorsal surface of
forearm, however these specimens can still be differentiated from 4. nazgul sp. nov. by their immaculate flanks
and venter or only very fine white spots present on the flanks (Figs. 3C & D), as well as their phylogenetic position.
The difference in colour pattern between A. nazgul sp. nov. and Bornean populations of A. luctuosa is similar to
those of Peninsular Malaysia with the exception being that the underside of the limbs in Bornean specimens have
bold, cream-coloured bars (Inger 1966; see Fig. 159 in Malkmus e# al. 2002). Examination of juveniles of both
species shows that the juveniles resemble the adults (Figs. 2F, 3E, 3F), suggesting no ontogenetic changes in
colouration for both A. nazgul sp. nov. and A. luctuosa. In addition to colour pattern, 4. nazgul sp. nov. can be
differentiated from Peninsular Malaysian populations of 4. luctuosa by their larger size in adult males (42.1-50.0
mm SVL versus 42.7-44.5 mm SVL) and their smaller humeral glands (2.4 mm in 42.1 mm male versus 3.8mm in
42.0 mm male; Inger 1966). In comparison, Bornean male A. [uctuosa are larger than A. nazgul sp. nov. (53.0-58.8
mm SVL versus 42.1-50.0 mm SVL) (Inger 1966). The size range reported for female A. luctuosa are between
53.0-60.0 mm SVL (Inger & Stuebing 2005) which is larger than the single female A. nazgul sp. nov. (LSUHC
10514) examined (52.8mm SVL).

Abavorana luctuosa was previously grouped with frogs of the genus Pulchrana (Dubois 1992) prior to recent
taxonomic revision (Oliver et al. 2015). However, A. nazgul sp. nov. can be differentiated from members of the
Pulchrana picturata complex by the following characteristics; dorsolateral line (indistinct versus a fine or warty
and poorly developed); position of humeral gland (ventral surface versus anteroventral surface of brachium); rictal
ridge (weak versus a medium to well-developed); outer metatarsal tubercle (absent or weak versus present and
large); and texture of flanks (smooth versus weakly warty) (Oliver et al. 2015). Abavorana nazgul sp. nov. can be
further differentiated from P. centropeninsularis, a species with a similar colour pattern, by the following
combination of characters; dorsum in adults that is black with faint orange or yellow speckles versus dorsum that is
black and unmarked; orange or yellow versus bright vermillion dorsolateral stripe; larger size of adult males (42.1—
50.0 mm vs. 37.4-37.6 mm SVL); a small humeral gland on the ventral surface of the brachium versus large
humeral gland on lateroventral surface of brachium; and absence versus presence of indistinct, translucent,
supernumerary tubercles at the base of first phalanx on each finger. Pulchrana centropeninsularis is also a lowland
species recorded from 90-105 m in elevation from central Peninsular Malaysia in the state of Pahang whereas A.
nazgul sp. nov. is a montane species found only above 800 m in elevation at Gunung Jerai, Kedah (Chan et al.
2014a).

Distribution and natural history. Abavorana nazgul sp. nov. is only known from the upper elevations of
Gunung Jerai, Kedah (Fig. 6). Sukumaran (2005) reports finding this species from 800—1200 m in elevation at three
different locations, Mushroom Creek, Caecilian Stream, and Batu Kapal. The specimens we found were at the
stream close to Telaga Tok Sheikh. This species is riparian and found in the vicinity of streams (Fig. 7). At night,
frogs can be found hiding in the leaf litter, vegetation, tangled roots or overhanging banks along streams. Similar to
observations by Sukumaran (2005), males can be heard calling from the banks of the stream, sometimes hidden
among the roots of plants or in crevices. The males had a distinctive “mew”-like call and Sukumaran (2005) reports
finding gravid females between November to March. He also reported observing tadpoles during this period that
were found in deeper, sediment-bottomed, open pool sections of the creek during this same time period. We found
recently emerged juveniles in April that indicates this species breeds in the later months and the beginning of the
year which is the dry season in the Northwestern region of Peninsular Malaysia (Sukumaran 2005). Along the same
stream where A. nazgul sp. nov. was found, Phrynoidis asper, Limnonectes blythii, L. khasianus and Odorrana
hosii were observed. In the nearby vegetation, Polypedates leucomystax, Philautus petersi, and Roarchestes
parvulus were also observed. These species were also noted by Sukumaran (2005).

Etymology. The specific epithet “nazgul” is a noun in apposition in reference to the “Nazgll”, characters
created by J.R.R. Tolkien in The Lord of the Rings (1954). Also known as Ring-wraiths, they were nine men who
succumbed to Sauron’s power and were transformed into white ghostly figures wearing black cloaks—the
colouration that the new population being described herein shares.
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FIGURE 3. (A) Adult Abavorana luctuosa (LSUHC 11087) from Gunung Stong, Kelantan (Photograph by L.L. Grismer). (B)
Adult 4. luctuosa (LSUHC 9731) from Sungai Sedim, Kedah (Photograph by L.L. Grismer). (C) Adult A. luctuosa (USMHC
2310) from Penang Hill, Penang. (D) Ventral pattern of adult 4. luctuosa (USMHC 2310) from Penang Hill, Penang. (E)
Juvenile A. luctuosa (USMHC 2192) from Fraser’s Hill, Pahang. (F) Metamorph 4. luctuosa (USMHC 1662) from Genting
Highlands, Pahang. Photographs by Evan Quah.
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FIGURE 4. Type series of Abavorana nazgul sp. nov. Top: View of the dorsum. Bottom: View of the venter.
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FIGURE 5. Comparison of dorsum (top) and venter (bottom) of Abavorana luctuosa from Peninsular Malaysia.

Discussion

The discovery of Abavorana nazgul sp. nov. adds to the growing number of new species being described from the
mountains of Peninsular Malaysia (Chan et al. 2014b; Davis et al. 2016; Grismer et al. 2012, 2013a,b, 2014a,b,
2015a,b, 2016; Grismer & Quah 2015; Loredo et al. 2013; Matsui et al. 2009, 2014; Wood et al. 2008, 2009; Zug
2010). Its discovery is especially interesting because it had been considered a melanistic form of 4. luctuosa
(Sukumaran 2005), and despite many surveys at other montane locations around the country, no other 4. luctuosa
populations with a melanistic pattern have ever been found. Within Peninsular Malaysia, A. luctuosa is a widely
distributed species (Fig. 6) and has been recorded from lowland sites such as Sungai Sedim and Pasoh Forest
Reserve as well as sub-montane locations such as at Fraser’s Hill where we have found them close to the Jeriau
waterfall at approximately 1000 m in elevation and at Awana trail, Genting Highlands, at approximately 800 m in
elevation. Malkmus et al. (2002) reports the altitudinal distribution of 4. luctuosa to be between 150-1400 m in
elevation.
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The specific distinction of Abavorana nazgul sp. nov. is most likely related to the geological history of
Gunung Jerai and its resultant influence of the biogeography of its flora and fauna. Geologically, Gunung Jerai has
been isolated from other mountain systems in Peninsular Malaysia for its entire existence and has existed as a land-
bridge island numerous times in the past when sea-levels rose and fell with alternating interglacial cycles (Bradford
1972; WWF Malaysia 1977). This isolated coastal massif that rises to 1200 m in elevation is bordered by the Straits
of Malacca on the west and surrounded on the other sides by notably flat plains which do not exceed 15 m in
elevation. The nearest mountains to the east lie some 32 km inland or 35 km southwest on Penang Island (WWF
Malaysia 1977). Over time, the Abavorana population on Gunung Jerai has evolved into a distinct highland
species, A. nazgul sp. nov. This makes it the second species of herpetofauna endemic to Gunung Jerai after
Cnemaspis harimau (Chan et al. 2010a). Previously another frog, Odorrana monjerai was thought to be endemic to
Gunung Jerai but has been found at Bukit Hijau, Kedah (Chan et a/. 2010b).

The discovery of 4. nazgul sp. nov. also echos Grismer et al. (2016) in noting that the majority the many new
species recently discovered are actually lineages that are easily diagnosed on the basis of morphology and colour
pattern and have come from areas that have been widely surveyed for well over a century. A similar scenario is
observed here, as surveys into the herpetofauna of Gunung Jerai have been carried out since the early 1900s
(Robinson & Kloss 1916; Sukumaran 2005; Matsui & Jaafar 2006; Shahrul et al. 2006; Chan et al. 2010a). It has
taken a hundred years since the first survey at the site for 4. nazgul sp. nov. to be formally recognised as a distinct
species. Its elusive nature kept it hidden and even when it was found, as it was understandably thought to be a
colour morph of 4. luctuosa (Sukumaran 2005). This study also demonstrates that, despite the type locality of A4.
luctuosa being Sarawak, East Malaysia (Frost 2017), the 4. luctuosa populations from Borneo are paraphyletic and
there are more species currently masquerading under this specific nomen. This is in accord with Inger (1966) and
Grandison (1972) who suggested 4. luctuosa is a species complex in need of reappraisal. Such findings highlight
the importance and need for the thorough examination of specimens in collections and the use of modern molecular
tools for more detailed analyses into species relationships and taxonomy. It also emphasizes the importance and
need for scientific collecting and cataloguing of specimens for comparative studies. This must be encouraged as a
sound taxonomy is the basis for understanding biodiversity which in turn can direct the implementation of
sustainable management programs in order to conserve the biodiversity, especially in unique, fragile habitats like
the mountains.
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APPENDIX. Material examined.

The following preserved specimens were examined.

Abavorana luctuosa. Malaysia—Kedah: Sungai Sedim, LSUHC 9731; Kelantan: Gunung Stong, LSUHC 11087; Pahang:
Fraser’s Hill, USMHC 2191-2192, Genting Highlands, USMHC 1662; Penang: Penang Hill, USMHC 1651-1652, USMHC
1720-1724, USMHC 2310.
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