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Abstract

Two new montane species of the agamid genus Acanthosaura (Gray, 1831) from Peninsular Malaysia are described
based on having unique color pattern and scale characteristics. Acanthosaura bintangensis sp. nov. from Bukit Larut,
Perak most closely resembles A. titiwangsaensis sp. nov. from Fraser’s Hill and Cameron Highlands, Pahang but differs
from it by having more subdigital lamellae on the fourth finger; the presence of a row of enlarged keeled suborbital
scales beginning and terminating with an elliptical keeled scale; by having more scales surrounding the occipital spines;
having more spots in the dorsal pattern; and by having a black gular region with a yellow medial stripe. Both species
closely resemble A. crucigera but, can be separated from it by having higher numbers of subdigital lamellae on the fourth
finger and toe; higher numbers of trasverse scales in the canthus rostralis-supraorbital ridge; higher numbers of scales
bordering the rostral scale, and lower numbers of scales between the fifth canthals. The discovery of a two new agamid
lizards from montane forests in well-known areas of Peninsular Malaysia underscores the importance of continued field
work in these regions.

Key words: Acanthosaura, crucigera, bintangensis, titiwangsaensis, Banjaran Bintang, Banjaran Titiwangsa, Montane,
Peninsular Malaysia, description

Introduction

The montane regions of Peninsular Malaysia harbor a unique array of species. Surveys of these areas within
the past six years have resulted in the discovery of a number of new taxa including seven amphibians, seven
lizards, and four species of snakes (e.g. Chan & Grismer 2008; Das et al. 2004; Das & Yaakob 2003; Grismer
et al. 2004b, 2008, 2009; Grismer 2006, 2007, 2008; Grismer & Chan 2008; Hallerman & McGuire 2001;
Leong & Lim 2003a,b; Lim et al. 2002; Matsui & Jaafaar 2006; McLeod & Norhyati 2007; Yaakob & Lim
2002; Sanders et al. 2004; Vogel et al. 2004; Wood et al. 2008). Species of the Southeast Asian agamid genus
Acanthosaura collectively range from northeastern India east through Myanmar, Thailand, Cambodia, Laos,
Vietnam, southern China (including Hainan island) and southward through Peninsular Malaysia (including its
off shore islands of Pulau Aur, Pulau Langkawi, Pulau Perhentian Besar, Pulau Perhintian Kecil, Pulau
Pinang, and Pulau Tioman) to Sumatra and the Anambas Archipelago (Leong et al. 2002; Taylor 1963;
Manthey & Grossmann 1997). Within Peninsular Malaysia there are two currently recognized species of
Acanthosaura; A. armata Hardwicke & Gray, 1827 ranging from the northern portion of peninsular Thailand
(including Phuket island) south throughout Peninsular Malaysia and some of its offshore islands to Sumatra
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and the Anambas Archipelago (Leong et al. 2002; Leong et al. 2003; Grismer et al. 2004a; Grismer 2005;
Manthey & Grossmann 1997; Manthey 2008) and A. crucigera Boulenger, 1885 from the northern states of
Kedah and Perak (Boulenger 1912; Manthey & Grossmann 1997; Manthey 2008), although the only voucher
specimen is from Pulau Langkawi, Kedah (Grismer et al. 2006b; Fig. 1). We report here on populations of
Acanthosaura from Bukit Larut, Perak and Fraser’s Hill and Cameron Highlands, Pahang in Peninsular
Malaysia that cannot be assigned to any other species on the basis of scalation or color pattern. Additionally,
the Bukit Larut population cannot be considered conspecific with the Cameron Highlands and Fraser’s Hill
populations which we consider conspecific. The fact that these populations form two discretely diagnosable,
separate populations occurring on the tops of isolated mountain ranges would qualify them as distinct species
under any species concept. They are thus described herein as separate species under the general lineage
species concept (de Queiroz 1998) in order to emphasize their status as distinct evolutionary lineages.

Material and methods

Specimens were collected by hand or dislodged from arboreal perches by blow pipe between 1200 and 2330
hrs. Photographs were taken to document color pattern prior to euthanization. Liver samples taken were stored
in 100% ethanol and lizards were fixed in 10% formalin and later transferred to 70% ethanol. Forty-seven
morphological and color pattern characters were analyzed from museum specimens (Appendix) and the
literature (e.g. Hardwicke & Gray 1827; Gray 1831, 1845; Orlov et al. 2006; Günther 1861, 1864; Boulenger
1885, 1912; Smith 1935; Taylor 1963; Manthey & Grossmann 1997; Stuart & Emmett 2006; Stuart et al.
2006; Ananjeva et al. 2008) from all currently recognized species of Acanthosaura. Measurements were taken
on the type series to the nearest 0.1 mm with Mitutoyo digital calipers under a Nikon SMZ 1000 dissecting
microscope. All measurements were made on the left side of the body where applicable (fide Orlov et al.
2006). Characters examined were: SVL–snout vent length, measured from the tip of the snout to the tip of the
vent; TL–tail length, measured from the posterior margin of the vent to the tip of the tail; HL—head length,
measured from posterior edge of the corner of the jaw to the tip of the snout; HW—maximum head width, the
width at the level of the tympanum; HD—maximum head height, measured at the parietal region; SL—snout
length, measured from the anterior edge of the orbit to the tip of the snout; MW—mental width; MH—mental
height; RW—rostral width; RH—rostral height; EYE—eye diameter, measured from the posterior to the
anterior edge of the eye; TD—tympanum diameter, measured from the anterior to the posterior border of the
tympanum horizontally; OS—length of the occipital spine, measured from the base to the tip
SUPRAL—number of supralabials; INFRAL—number of infralabials; DIASN—number of scales in the
diastema counted from the posterior end of the nuchal crest to the anterior end of the dorsal crest in a straight
line; VENT—number of ventral scales counted at the midline from the anterior edge of the shoulders to the
edge of the vent; FI—number of subdigital lamellae on the fourth finger; TO—subdigital lamellae on the
fourth toe; NSSOS, number of scales surrounding the occipital spine; CS—number of canthus-rostralis-
supracilliary scales, counted from the nasal scale to the posterior end of the ridge at the posterior margin of the
orbit; NS—number of scales between the nasals; PM—number of scales bordering the mentals; TN—scales
present on tympanum or not; YAS—presence or absence of Y-shaped scale arrangement on snout;
ND—presence or absence of black diamond shaped nuchal collar; BEP—presence or absence of black eye
patch; ESBO, presence or absence of elliptical scales below the orbit (Table 1). Institutional abbreviations are
as follows: CUHC, Chulalongkorn University Herpetological Collection, Bangkok, Thailand; FMNH, Field
Museum of Natural History, Chicago, Illinois, USA; LSUHC, La Sierra University Herpetological Collection,
La Sierra University, Riverside, California, USA; UKMHC, Universiti Kebangsaan Malaysia Herpetological
Collection, Bangi, Selangor, West Malaysia and ZRC, Zoological Reference Collection at the Raffles
Museum of Biodiversity at the National University of Singapore.
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FIGURE 1. The distribution of Acanthosaura armata, A. bintangensis, A. crucigera and A. titiwangsaensis in Peninsular
Malaysia (Boulenger 1912; Chan 2008; Diong et al. 1995; Grismer et al. 2001, 2006b, 2004a; Ibrahim et al. 2008; Lim et
al. 2002; Tambylyn, 2005) and the extent of the Banjaran Bintang and Banjaran Titiwangsa.

Systematics

Acanthosaura bintangensis sp. nov.
Figure 2–3
Bukit Larut Mountain Horned Agamid

Acanthosaura crucigera. Boulenger, G. A. 1912: 69. A Vertebrate Fauna of the Malay Peninsula from the Isthmus of Kra
to Singapore including the adjacent islands. Reptilia and Batrachia. Taylor and Francis, London.
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Holotype. Adult male (ZRC 2.6804) collected on 18 June 2008 by Jesse L. Grismer, L. Lee Grismer, Perry L.
Wood Jr., at 1140 h at 1351 m a.s.l. from Bukit Larut, Perak, Peninsular Malaysia (04º51.446'N;
100º48.455'E).

Paratypes. ZRC 2.309; juvenile male from Bukit Larut, Perak, Peninsular Malaysia. FMNH 143140;
gravid female from Bukit Larut, Tuping, Perak, Peninsular Malaysia 4700′ (1,432 m) collected by Lim Boo
Liat on 4 August 1959.

Diagnosis. Maximum SVL 114.8 mm of males, maximum SVL of females 142.0 mm; head triangular,
snout short (SL/HL 0.44–0.46); eye moderate to large (EYE/HL 0.20–0.32); two elliptical keeled scales below
the orbit; 14 or 15 scales on canthus rostralis-supraorbital ridge; large rectangular rostral scale; single short
cylindrical spine above posterior margin of eye surrounded by a rosette of six or seven smaller keeled scales at
base; spine on occiput between tympanum and nuchal crest present; tympanum naked, oblong, taller than
wide; dewlap present in males and females; body triangular in cross section; scales of flanks intermixed with
randomly arranged clusters of larger keeled scales; nuchal crest present; 11–15 scales in nuchal diastema;
vertebral crest composed of enlarged, pointed scales beginning at shoulder region and tapering to a series of
enlarged keeled scales on anterior portion of tail; tail 1.3–1.5% of SVL; black collar present; posterior 2/3 of
tail black to dark reddish brown; yellow spots on body encircled with black or brown (Fig. 2); medial yellow
stripe in black gular region (Table 1).

TABLE 1. All measurements (in mm) for all currently recognized species of Acanthosaura. PS–postorbital spine length,
measured from the base to the tip of the spine; NS–the maximum length of the largest spine measured from the base to
the tip; NSL–longest nuchal scale, measured at the base; DS–maximum length of longest spine on the body measured
from the base to the tip; DSL–longest dorsal scale, measured at the base below the dorsal crest; WNC–maximum width
of the spines in the nuchal crest, measured at the base; WDS–maximum width of the largest dorsal scale below the dorsal
crest, measured at the base; DIAS–length of the diastema, measured from the posterior end of the nuchal crest to the
anterior end of the nuchal crest; FOREL–forelimb length, measured from axilla to the proximal edge of the palmar
region; HINDL–hindlimb length, measured from groin to the proximal edge plantar region; RS–number of scales
bordering the rostral scale; NCS–number of scales between the fifth canthals; NSCSL–number of scales from the fifth
canthal to the fifth supralabial; NR–number of scales between the nasals and the rostrals; NSSLC–number of scales
between the seventh supralabial and the sixth canthal; LKP–presence or absence of light knee patch; GP–size of gular
pouch scored as absent, small, medium or large; OF–presence or absence of oblique fold anterior to the fore limb
insertions. For additional character abbreviations see materials and methods. / Indicates missing data. All data were taken
from specimens or from the literature.

bintangensis 
sp. nov

titwangsaensis 
sp. nov

armata capra coronata crucigera nataliae lepidogaster

n=3 n=3 n=26 n=0 n=2 n=10 n=1 n=3

SVL 83.9–142 91.8–118.4 84.28–140 94–137.9 73–90 71–100.21 106.7–158 76.45–101.1

TL 112.8–206 136–174 105–186.9 133.6–182.1 115.5–115.8 95.6–162 171–287 130.6–144.1

HL 16.9–25.4 20–24.3 23.2–33.6 16.3–38.9 15.6–24 17.5–28.6 25.2–43.6 18.9–29.7

HW 17.5–23.4 17.5–23.4 16.1–22.2 16.8–27 15.3–20 11.8–19 20.2–27.8 13.40–19.1

HD 15.0–19.2 15.7–20.2 14.1–18.1 14.8–24.3 13.2–13.4 10–15.1 16.9–24.9 12–12.5

SL 7.9–11.3 9.7–12.5 10.6–16.6 10.1–16.6 6.1–12 8–13.1 12–19.9 9.3–10.2

EYE 5.1–6.9 5.6–7.7 5.4–7.2 6.7–10.7 3.2–8.2 4–5.7 7.2–10.9 4.7–5.1

TD 2.5–3.0 2.7–4 3.6–5.2 3.4–5.2 2.5–5.0 3–4.3 3.9–7 2.2–3.0

TN 1 1 1 1 1 1 1 0–1

PS 1.9–4.2 3.3–4.4 7.1–9.9 5.2–10.2 absent 1.5–4.9 7.7–17.8 2.2–2.5

NS 1.3–4.7 2.7–4.4 7.1–10.1 4.2–14.7 1–1.7 1.6–5 8.5–23.8 3.3–3.4

to be continued.
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TABLE 1. (continued)

bintangensis 
sp. nov

titwangsaensis 
sp. nov

armata capra coronata crucigera nataliae lepidogaster

n=3 n=3 n=26 n=0 n=2 n=10 n=1 n=3

NSL 1.5–2.3 1.6–2.4 2.9–4.2 / 0.6–0.8 1.8–4.5 3.4 1.0–1.3

DS 1.8–2.2 1.7–2.1 6.1–9.1 3.5–6.8 absent 0.7–3.1 6–17.7 1.5–2.7

DSL 1.2–2.6 1.5–1.9 1–3 / absent 2–4 2 1–2

WNC 1.6–2.1 1.4–1.6 1.6–2.2 2.3–4.1 1.3–1.7 0.8–1.8 3.1–4.8 1.5–1.5

WDS 1.7–2.4 1.6–2.3 1.5–2.3 2.2–4.3 absent 0.8–1.6 2.2–4.5 1.5–2.0

DIAS 5–7.9 5.1–7.6 3.2–6.8 2–6.7 absent 419–6.8 2.5 6.3–6.3

DIASN 11–15 10–13 1–8 / absent 12–15 10 10–12

DIAS/
SVL

0.043–0.065 0.049–0.067 0.03–0.06 0.049 absent 0.057–0.098 0.036 0.078–0.082

FOREL 33.9–61.5 38–51.7 31.6–49.7 54.2–83.8 35.6–46 27–57 60–85 33.0–37.1

HINDL 43.3–68.6 48.5–65.6 58–65.7 78.5–107.2 43.1–65 41.6–84 85–129.7 49.4–50.4

SUPRAL 12 12–13 10–14 10 11 9–13 11 10–13

INFRAL 11–12 11–12 10–15 12–13 11–12 9–13 11/12 9–13

VENT 51–55 47–57 59–68 55–66 52–55 53–65 64–71 55–61

FI 23 20–21 16–18 16–17 19–22 14–18 16–21 17–19

TO 26–28 23–27 20–26 22–24 15–22 19–24 20–27 23

TL/SVL 1.3–1.4 1.1–1.5 1.5–1.6 1.19–1.46 1.43–1.58 1.2–1.7 1.2–1.5 1.6–1.9

OS 1.2–2.6 1.8–2.3 5.1–9.4 absent 0.1–2.5 1.8–3.9 absent 3.2–3.4

NSSOS 6–7 4–5 5 / 5–6 5 / 5

CS 14–15 14–15 11–13 / 13 12–13 13 10–12

RW 3.6–5.3 3.6–5.2 1.8–3.5 / 2.6–3 1.3–3.1 6.13 2.8–3.0

RH 1.7–2.0 1.4–1.8 0.9–1.7 / 1.1 0.9–1.5 2.58 1.4–1.5

RS 7–9 9 5–7 / 8 6–7 6 5–9

NS 8 8 7–10 / 8 7–9 8 7–8

NCS 10–11 11–12 12–17 / 11–13 11–15 14 7–10

NSCSL 7–8 9–11 8–14 / 6–7 8–11 8 8

NR 1 1–2 2 / 1 1–2 1 1

NSSLC 9–12 11–14 11–21 / 10–12 12–16 16 10

MW 1.3–1.8 1.4–2.0 0.97–1.96 / 1.1–1.2 0.66–1.44 2.87 1.2–1.3

MH 1.4–2.1 1.4–2.4 1.2–2.0 / 1.1–1.2 0.7–1.2 2.03 1.2–1.3

PM 4–5 5 4–5 / 4 4 4 5

YAS 1 1 0–1 / 1 1,0 1 1

ND 1 1 0–1 / 0 1 0 1

LKP 0 0 1 / 1 1 0 1

BEP 1 1 0 1 0 1 1 0,1

ESBO 1 0 0 / 0 0 0 0

GP 3–4 2–4 2–3 4 0 1–2 4 1

OF 1 1 1 / 1 1 1 1
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FIGURE 2. Adult male holotype (ZRC 2.6804) of Acanthosaura bintangensis from Bukit Larut, Perak, Peninsular
Malaysia. Upper left: in life. Lower left: lateral view of the scalation on the left side of the body. Upper right: lateral view
of the head. Lower right: dorsal view.

Description of the Holotype. (Fig. 2). Adult male, SVL 114.8 mm, TL 166.0 mm. Head short (HL/SVL
19%), some what narrow (HW/SVL 17%) moderately tall (HD/HL 0.85), triangular in dorsal and lateral
profile; moderate snout length (SL/HL 46% mm), interorbital and frontal regions and rostrum wide (RW/RH
229%), steeply sloping anteriorly; canthus rostralis prominent, forming a large projecting shelf extending
above eye, composed of 14 enlarged scales; shelf terminates with a notch anterior to the postorbital spine;
rostral moderate in size, rectangular, bordered laterally by first supralabials and posteriorly by seven smaller
scales; nasals concave, surrounded by one prenasal and three postnasal scales; eight scales between nasal
scales; supranasals somewhat elongate; enlarged scales above orbit weakly keeled; an enlarged row of keeled
scales below orbit extending from anterior margin of eye to middle of eye with two enlarged elliptical keeled
scales, one near the anterior edge of orbit and another directly below orbit, with three smaller keeled scales in
between them; eye large (EYE/HL 30%); interorbital, frontal, and prefrontal scales keeled and smaller than
enlarged row of keeled scales below the orbit; three enlarged, keeled, azygous prefrontals arranged in a Y-
shaped pattern; scales of occiput flat to weakly keeled; no enlarged parietal eyespot; short cylindrical
epidermal spine above posterior margin of eye; occipital spine surrounded by seven enlarged keeled scales;
suborbitals enlarged, keeled, extending in single row of six scales from below posterior margin of eye to
anterior margin of tympanum, increasing in size posteriorly, terminal scale spine-like; elongate cylindrical
epidermal spine on lateral margin of nape surrounded by a rosette of seven smaller spines; tympanum
exposed, oblong, taller than wide, surrounded by small conical scales; supralabials 12, rectangular, not
decreasing in size posteriorly; mental square above becoming triangular below, much larger than adjacent
infralabials; two postmentals similar in size, five scales contacting mental; chinshields enlarged, extending
posteriorly past angle of jaw, separated from infralabials by one scale row anteriorly and three at angle of jaw;
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infralabials 12, rectangular, scales in center of series largest; gulars sharply keeled and spinose with no
enlarged midventral row; dewlap extensible; gular pouch large; nuchal crest with a diastema 11 scales at base
of nape; nuchal crest composed of eight elongate, lancolate scales bordered on each side by two rows of
enlarged, spinose scales; dorsal body crest present, extending from posterior margin of diastema onto base of
tail, vertebral crest composed of enlarged epidermal, laterally compressed, spinose scales, bordered by a
single row of slightly smaller paravertebral squarish, spinose scales; vertebral crest tapers slightly to base of
tail then fades approximately midway down tail.

FIGURE 3. Type series of Acanthosaura bintangensis. Left: male holotype (ZRC 2.6804). Middle: female paratype
(FMNH 143140). Right: juvenile male paratype (ZRC 2.309).

Body moderately developed, triangular in cross-section; dorsal scales small with medially projecting
spines; larger randomly arranged scale clusters among dorsals; scales of pectoral region and abdomen larger
than dorsals, keeled, spinose, arranged in semi-transverse rows; keeled scales anterior to vent not enlarged;
limbs relatively long; dorsal and ventral scales of forelimbs keeled, spinose, and nearly same size; five digits
on manus; subdigital scales keeled; scales of hind limbs keeled and spinose; postfemoral scales small,
interspersed with larger spinose scales; five digits on pes; subdigital scales keeled; subdigital lamellae under
fourth finger 23; subdigital lamellae under fourth toe 25; tail 144% of SVL, covered with keeled spinose
scales; keels on subcaudals posteriorly directed, same size as keels of other caudal scales; base of tail in males
nearly twice as wide as that in females.

Coloration in life. (Fig. 2). Dorsal surface of head, body and limbs straw colored, sides and top of head
immaculate straw colored; dark eye patch restricted to orbital region and not extending onto side of head; iris
red; black collar complete dorsally; posterior gular region solid black, making contact with collar; yellow
medial stripe on dewlap present, extending from base of gular region to the anterior edge of gular pouch; large
yellow spots edged in blackish-brown arranged on body and base of tail, spots are larger towards the nape and
decrease in size towards the base of the tail; forelimbs straw colored; faint spotting on hind limbs; tail faintly
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banded anteriorly, posterior 2/3 nearly solid black; underside of limbs and belly beige; pectoral region
orangish. 

Variation. (Fig. 3). The paratypes resemble the holotype in most aspects of morphology except that the
female FMNH 143140 has larger and fewer spots on the dorsum, black color in the gular region is not as
prominent, medial yellow stripe on the dewlap is not as distinct, and tail bands are more prominent. The
juvenile male ZRC 2.309 has smaller but more numerous spots on the dorsum, a faded black color and a
lighter colored tail with prominent bands. Scalation and morphological variation is presented in Table 2.

TABLE 2. Selected measurements (in mm) for the type series of Acanthosaura bintangensis. For character abbreviations
see materials and methods.

Sex ZRC 2.6804 Holotype Male FMNH 143140 Paratype Female ZRC 2.309 Paratype Juvenile

SVL 114.8 142 83.9

TL 166 206 112.8

HL 22.4 25.4 16.9

HW 20 23.6 17.1

HD 19.2 20 15

SL 10.5 11.3 7.9

EYE 6.9 5.1 5.5

TD 3 2.5 2.7

TN 1 1 1

PS 4.2 1.9 2.4

NS 4.7 4.4 1.3

NSL 1.9 2.3 1.5

DS 1.8 2.2 /

DSL 1.7 2.6 1.2

WN 1.6 2.1 1.7

WDS 2 2.4 1.7

DIAS 5 7.9 5.5

DIASN 11 15 13

DIAS/SVL 0.04 0.06 0.06

FOREL 56.4 61.5 33.9

HINDL 57.2 68.6 43.3

SUPRAL 12 12 12

INFRAL 12 12 11

VENT 53 55 51

FI 23 23 23

TO 26 28 27

TL/SVL 1.4 1.4 1.3

OS 2.4 2.6 1.2

NSSOS 7 7 6

CS 14 15 15

RW 3.9 5.3 3.6

RH 1.7 1.8 2

RS 9 7 9

to be continued.
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Distribution. Acanthosaura bintangensis is known only from the montane areas of Bukit Larut, Perak in
the Banjaran Bintang, Peninsular Malaysia above 1,200 m in elevation. Given that this mountain range
extends into southern Thailand and other montane endemics restricted to this range extends across the Thai-
Malaysian border (Boulenger 1903; Flower 1896, 1899; Grismer et al. 2008), it is likely that A. bintangensis
will be found further to the north as well.

Natural history. Acanthosaura bintangensis is a montane species found in hill top dipterocarp forests
ranging no lower than 1,200 m in elevation. The holotype was found during the day on the side of a small tree
approximately 0.2 m in diameter in dense undergrowth approximately 1–2 m above the forest floor (Fig. 4) in
an area where the immediate terrain is level but adjacent to hilly areas. Like other species of Acanthosaura,
this species probably forages on the ground for food, digging through the soil (Taylor 1963). We hypothesize
this based on soil fragments found on the labial scales and within the external nares of specimens. A gravid
female was collected during August (FMNH 143140).

Etymology. This specific epithet bintangensis refers to the mountain range, Banjaran Bintang, to which
this species appears to be restricted.

Acanthosaura titiwangsaensis sp. nov.
Figure 5–6
Malayan Mountain Horned Agamid

Holotype. Adult male (ZRC 2.6805) from Bishop’s Trail, Fraser’s Hill, Pahang, Peninsular Malaysia
(3º43.230'N; 101º44.887'E) collected on 28 June 2008 by Jesse L. Grismer, L. Lee Grismer, Perry L. Wood Jr.,
at 2330 h 1,112 m a.s.l.

Paratypes. ZRC 2.5994; gravid female from Pahang, Cameron Highlands, Telom Valley, Peninsular
Malaysia, collected during March, 1935. LSUHC 9094; juvenile male from Fraser’s Hill collected on
Bishop’s Trial, Pahang, Peninsular Malaysia (3º43.234'N; 101º44.891'E) on 27 June 2008 by Perry L. Wood
Jr. at 2100h at 1,130 m a.s.l.

TABLE 2. (continued)

Sex ZRC 2.6804 Holotype Male FMNH 143140 Paratype Female ZRC 2.309 Paratype Juvenile

NS 8 8 8

NCS 10 10 11

NSCSL 7 7 8

NR 1 1 1

NSSLC 10 9 12

MW 1.4 1.8 1.3

MH 1.9 2.1 1.4

PM 4 5 5

YAS 1 1 1

ND 1 1 1

LKP 0 0 0

BEP 1 1 /

ESBO 1 1 1

GP 4 3 3

OF 1 1 1
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Diagnosis. Maximum SVL of adult males 118.4 mm, maximum SVL of females 112.7 mm; head
triangular, snout short (SL/HL 46–52%); eye moderate (EYE/HL 28–30%); no enlarged elliptical scales
below orbit; scales on the canthus rostralis-supraorbital ridge 14 or 15; large rectangular rostral scale; a short
cylindrical spine above posterior margin of eye surrounded by a rosette of four smaller keeled scales at base;
spine on occiput between tympanum and nuchal crest present; tympanum naked, oblong, taller than wide;
dewlap present in males and females; body triangular in cross section; scales of flanks intermixed with
randomly arranged clusters of larger keeled scales; nuchal crest present; 11–13 scales in nape diastema;
vertebral crest composed of enlarged, pointed scales beginning at shoulder region and tapering to a series of
enlarged keeled scales on anterior portion of tail; crest scales largest at base of nape; tail 140–150% of SVL;
black collar present; posterior 2/3 of tail black to dark brown; greenish-yellow to light orange spots encircled
by gray on body, gular region orangish yellow; no yellow medial stripe on dewlap (Table 1).

Description of the Holotype. (Fig. 5). Adult male, SVL 118.4 mm, TL 174.0 mm. Head short (HL/SVL
20%), head narrow (HW/SVL 20%), head tall (HD/HL 80%), head triangular in dorsal and lateral profile;
moderate snout (SL/HL 50%); interorbital and frontal regions, and rostrum wide (RW/RH 250%); steeply
sloping anteriorly; canthus rostralis prominent, forming a large projecting shelf extending posteriorly above
eye, composed of 15 enlarged scales, shelf terminates with a notch anterior to the postorbital spine surrounded
by four smaller keeled scales; rostral large, rectangular, bordered laterally by the first supralabials and
posteriorly by nine smaller scales; nasals crater-like, surrounded by two prenasal and four postnasal scales;
eight scales between nasal scales; supranasals somewhat elongate; enlarged scales above orbit weakly keeled;
an enlarged row of keeled scales below orbit extending from anterior margin of eye to middle of eye; eye large
(EYE/HL 30%); interorbital, frontal, and prefrontal scales keeled and smaller then enlarged row of keeled
scales below the orbit; no hair organs on anterior end of keels in lateral frontal scales; three enlarged, keeled,
azygous prefrontals forming a Y-shaped pattern; scales of occiput flat to weakly keeled; enlarged parietals, no
pineal eyespot; short cylindrical epidermal spine above posterior margin of eye; occipital spine surrounded by
four enlarged keeled scales on the left side and five on the right side; suborbital scales enlarged, keeled
extending in a single row of six from below posterior margin of eye to anterior margin of tympanum,
increasing in size posteriorly, terminal scale spine-like; elongate cylindrical epidermal spine on lateral margin
of nape; tympanum exposed, oblong, taller than wide surrounded by small conical scales; supralabials 12,
rectangular, not decreasing in size posteriorly; mental somewhat square anteriorly and becoming triangular
posteriorly, much larger than adjacent infralabials; two postmentals similar in size, all five scales contacting
mental; chinshields enlarged, extending posteriorly past angle of jaw, separated from infralabials by one scale
row anteriorly and three at angle of jaw; infralabials 12, rectangular; gulars sharply keeled and spinose with
no enlarged midventral row; extensible dewlap present; large gular pouch; nuchal crest with a diastema 10
scales wide at base of nape; nuchal crest composed of eight elongate, lancolate scales bordered on each side
by two rows of enlarged, spinose scales; dorsal body crest present, extending from posterior margin of
diastema onto base of tail, vertebral crest composed of enlarged epidermal, laterally compressed, spinose
scales, bordered by a single row of slightly smaller paravertebral squarish, spinose scales; vertebral crest
tapers slightly to base of tail then fades approximately one-third down tail.

Body moderately developed, triangular in cross-section; dorsal scales small with medially projecting
spines; larger randomly arranged scale clusters among dorsals; scales of pectoral region and abdomen larger
than dorsals, keeled, spinose, arranged in semi-transverse rows; no enlarged, keeled scales anterior to vent;
limbs relatively long; dorsal and ventral scales of forelimbs keeled, spinose, and nearly the same size; five
digits on manus; subdigital scales keeled; scales of hind limbs keeled and spinose; postfemoral scales small,
interspersed with larger spinose scales; five digits on appendages; subdigital scales keeled; subdigital lamellae
on the fourth finger 21; subdigital lamellae on fourth toe 25; tail 146% of SVL, covered with keeled spinose
scales; keels on subcaudals posteriorly directed, same size as keels of other caudal scales; base of tail in males
nearly twice as wide as females.
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FIGURE 4. Habitat of type locality of Acanthosaura bintangensis from Bukit Larut, Perak, Peninsular Malaysia
(04º51.446'N; 100º48.455'E, 1351 m a.s.l.).
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FIGURE 5. Adult male holotype (ZRC 2.6805) of Acanthosaura titiwangsaensis from Bishop’s trail Fraser’s Hill,
Pahang, Peninsular Malaysia. Upper left: in life. Lower left: lateral view of the scalation on the left side of the body.
Upper right: lateral view of the head. Lower right: dorsal view.

Coloration in life. (Fig. 5). Dorsal ground color of the head, body, and limbs orangish-yellow; sides and
the top of the head immaculate orangish-yellow; eye patch dark and restricted to orbit not extending into the
postorbital region; iris brownish-orange; black collar present fading dorsally; gular region same orangish-
yellow; body covered with medium-sized light orange spots edged in a faded black color and extend onto base
of tail; undersides of limbs pale orange; forelimbs nearly uniform in color; smaller spots similar to that of the
body on hind limbs; no faint knee patches; posterior 2/3 of tail black remainder of tail similar to color of body;
abdomen pale orange with irregular darker markings.

Variation. (Fig. 6). The paratypes resemble the holotype in all aspects of morphology except the juvenile
male LSUHC 9094 has more but smaller spots on the dorsum. The head is light green and the dorsum is
yellowish-green with yellow spots. Adult female ZRC 2.5994 has fewer but larger spots on the dorsum.
Scalation and morphological variation is presented in Table 3.

Distribution. Acanthosaura titiwangsaensis is only known from the montane areas of Cameron
Highlands and Bukit Fraser in the Banjaran Titi Wangsa, Peninsular Malaysia. Given that this range extends
into southern Thailand and other montane endemics restricted to this range extend across the Thai-Malaysian
border (Boulenger 1903; Flower 1896, 1899), it is possible that A. titiwangsaensis may also extend further
north as well.

Natural history. This species was found at night sleeping head-up on the trunks of small trees,
approximately 8 cm in diameter, approximately 2–3 m above the ground. We did not see lizards during the
day but presume its diurnal habits resemble those of Acanthosaura bintangensis. Like other species of
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Acanthosaura, we believe this species forages on the ground for food, digging through the soil (Taylor 1963)
based on soil fragments found on the labial scales and within the external nares of specimens from Fraser’s
Hill. A gravid female was found during March (ZRC 25994) from Cameron Highlands.

Etymology. This specific epithet titwangsaensis is in reference to the mountain range, Banjaran
Titiwangsa, to which we believe this species is likely to be restricted.

FIGURE 6. Type series of Acanthosaura titiwangsaensis. Left: male holotype (ZRC 2.6805). Middle: female paratype
(ZRC 2.5994). Right: juvenile male paratype (LSUHC 9094).

FIGURE 7. Illustration of the two enlarged, keeled, elliptical suborbital scales in Acanthosaura bintangensis (right) and
their absence in A. titiwangsaensis (left).
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TABLE 3. Selected measurements (in mm) for the type series of Acanthosaura titiwangsaensis. For character
abbreviations see materials and methods.

Sex ZRC 2.6805 Holotype Male LSUHC 9094 Paratype Juvenile ZRC 2.5994 Paratype Female

SVL 118.4 91.8 112.7

TL 174 136 160

HL 24 20 24.3

HW 23.4 17.5 20.7

HD 20.2 15.7 18.6

SL 12.5 9.7 11.4

EYE 7.2 5.6 7.7

TD 3.7 2.7 4

TN 1 1 1

PS 4.4 3.3 3.5

NS 4.4 3.8 2.7

NSL 2.4 1.6 1.9

DS 2.1 2 1.7

DSL 1.9 1.5 2

WN 1.6 1.6 1.4

WDS 2.3 1.6 2.1

DIAS 5.9 5.1 7.6

DIASN 10 13 11

DIAS/SVL 0.05 0.06 0.07

FOREL 47.6 38 51.7

HINDL 65.6 48.5 60.5

SUPRAL 12 13 12

INFRAL 12 11 11

VENT 57 54 47

FI 21 21 20

TO 25 27 23

TL/SVL 1.5 1.5 1.4

OS 2.3 1.8 2.2

NSSOS 4 or 5 5 5

CS 15 15 14

RW 4.5 3.6 5.2

RH 1.8 1.4 2

RS 9 9 9

NS 8 8 8

NCS 11 12 11

NSCSL 7 9 11

NR 2 1 1

NSSLC 11 12 14

MW 1.8 1.4 2

MH 1.8 1.4 2.4

to be continued.
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Comparisons to other species. Acanthosaura bintangensis can be differentiated from all other species of
Acanthosaura by having elliptical keeled scales below the orbit of the eye and by having more subdigital
lamellae on the fourth finger (23 vs. 16–18 for A. armata, 16–17 for A. capra, 19–22 for A. coronata, 14–18
for A. crucigera, 16–21 for A. nataliae, and 17–19 for A. lepidogaster). Acanthosaura bintangensis differs
from A. capra and A. nataliae by having a spine on the occiput between tympanum and nuchal crest (vs.
lacking), from A. coronata, A. crucigera, and A. lepidogaster by having more subdigital lamellae on the fourth
toe (26–28 vs. 22–24 for A. capra, 15–22 for A. coronata, 19–24 for A. crucigera, and 23 for A. lepidogaster).
Acanthosaura bintangensis can be differentiated from all other species of Acanthosaura except for A.
titiwangsaensis sp. nov. by having more canthus rostralis-supracilliary scales (14–15 vs. 11–13 for A. armata,
13 for A. coronata, 12–13 for A. crucigera, 13 for A. nataliae, and 10–12 for A. lepidogaster). Acanthosaura
bintangensis differs from A. armata, A. coronata, A. crucigera, and A. lepidogaster by lacking a light patch on
the knee. It can be differentiated from A. coronata and A. nataliae by having a black nuchal collar.
Acanthosaura bintangensis differs from A. armata, and A. nataliae, by having a higher number of scales
between the diastema (11–15 vs. 1–8 for A. armata and 10 for A. nataliae). Acanthosaura bintangensis can be
separated from A. armata, and A. nataliae by having fewer ventral scales (47–57 vs. 59–68 for A. armata, and
64–71 for A. nataliae). Acanthosaura bintangensis differs from A. nataliae by having a lower number of
scales between the seventh supralabial and the sixth canthal (9–14 vs. 16 for A. nataliae). Acanthosaura
bintangensis differs from A. lepidogaster by having a smaller diastema length divided by snout vent length
(4.3–6.7% vs. 7.8–8.2% for A. lepidogaster; Table 1).

Acanthosaura titiwangsaensis can be differentiated from all other species of Acanthosaura except for A.
bintangensis by having a higher number of canthus rostralis-supracilliary scales (14–15 vs. 11–13 for A.
armata, 13 for A. coronata, 12–13 for A. crucigera, 13 A. nataliae, and 10–12 for A. lepidogaster).
Acanthosaura titiwangsaensis differs from A. nataliae and A. capra by having an occipital spine. It can be
differentiated from A. armata, A. coronata, A. crucigera, and A. lepidogaster by lacking a light patch on the
knee. Acanthosaura titiwangsaensis differs from A. armata, A. capra, A. crucigera and A. lepidogaster by
having a higher number of subdigital lamellae on the fourth finger (20–21 vs. 16–18 for A. armata, 16–17 for
A. capra, 14–18 A. crucigera, and 17–19 for A. lepidogaster). Acanthosaura titiwangsaensis differs from A.
armata, A. coronata, A. crucigera, A. nataliae, and A. lepidogaster in having a higher number of scales
bordering the rostral (9 vs. 5–7 for A. armata, 8 for A. coronata, 6–7 for A. crucigera) and by having a lower
number of scales bordering the nostrils, (9 vs. 13 for A. nataliae, and 10–12 for A. lepidogaster). It can be
differentiated from A. armata and A. nataliae on having a lower number of ventral scales (47–57 vs. 59–68 for
A. armata, and 64–71 for A. nataliae). It can be differentiated from A. coronata by having a higher number of
subdigital lamellae on the fourth toe (23–27 vs. 15–22 for A. coronata It can be differentiated from A.
coronata, A, nataliae, and A. lepidogaster in having a higher number of scales from the fifth canthal to the
fifth supra labial (9–11 vs. 6–7 for A. coronata, 8 for A. nataliae, and 8 for A. lepidogaster). Acanthosaura

TABLE 3. (continued)

Sex ZRC 2.6805 Holotype Male LSUHC 9094 Paratype Juvenile ZRC 2.5994 Paratype Female

PM 5 5 5

YAS 1 1 1

ND 1 1 1

LKP 0 0 0

BEP 1 1 1

ESBO 0 0 0

GP 4 3 2

OF 1 1 1
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titiwangsaensis differs from A. coronata, A. crucigera, and A. nataliae by having a higher number of scales
bordering the mental (5 vs. 4 for A. coronata, 4 for A. crucigera, and 4 for A. nataliae). Acanthosaura
titiwangsaensis differs from A. lepidogaster by having a smaller diastema length divided by snout vent length
(4.9–6.7% vs. 7.8–8.2% for A. lepidogaster). This species differs from A. coronata and A. nataliae by having
a nuchal diamond present on the nape. Acanthosaura titiwangsaensis differs from A. armata by having a
higher number of scales between the diastema (10–13 vs. 1–8 for A. armata). It differs from A. lepidogaster
by having a larger gular pouch (Table 1).

Acanthosaura bintangensis and A. titiwangsaensis most closely resemble each other but can be
differentiated by their number of subdigital lamellae under the fourth finger (23 in A. bintangensis vs. 20–21
for A. titiwangsaensis); number of scales surrounding the occipital spine (A. bintangensis 6–7 vs. 4–5 for A.
titiwangsaensis); number of scales between the fifth canthal to the fifth supralabial (A. bintangensis 7–8 vs.
9–11 for A. titiwangsaensis); by the presence of two elliptical keeled scales below the orbit in A. bintangensis
and their absence in A. titiwangsaensis (Fig. 7); by the yellow medial gular stripe in A. bintangensis and its
absence in A. titiwangsaensis; and A. bintangensis having more spots on the dorsum than the latter (Table 1;
Fig. 2, 5).

Discussion

The discovery of two new species of large agamid lizards from Peninsular Malaysia underscores the necessity
to continue fieldwork along the Banjaran Bintang and Banjaran Titiwangsa.  There have been a number of
herpetological studies in Bukit Larut, Perak, but to date the only published herpetological checklist was by
Boulenger in 1900 and since then, four additional new species of amphibians and reptiles have been
described.  Currently 15 species have their type localities from Bukit Larut (Boulenger 1900; Inger 1960;
Taylor 1960; Hallerman & McGuire 2001; Grismer et al. 2008) and one species is endemic. Recent fieldwork
has resulted in the discovery of even more species and a comprehensive herpetofaunal checklist of Bukit
Larut is underway (L. L. Grismer et al. in prep). The discovery of a new Acanthosaura from Bukit Larut is
surprising in that the genus has been known from this locality for nearly 100 years, but masquerading under
the name A. crucigera (Boulenger 1912; Manthey 2008). With continued fieldwork and a closer examination
of additional material of “known” taxa from this region, additional new species are being discovered and
described (Grismer et al. 2008, 2009). Phylogeographic studies of widespread species are needed to detect
additional cryptic species especially across the Isthmus of Kra.

Fraser’s Hill and Cameron Highlands, Pahang, lie along the crest of the Banjaran Titiwangsa. Their
herpetofauna has been published on for over 100 years (Boulenger 1903; Lim et al. 2002; Lim & Leong 2003;
Nicholls 1949; Smith 1922). Yet taxa from Fraser’s Hill, such as Cyrtodactylus elok (Grismer 2008), the
endemic Sphenomorphus bukitensis Grismer, 2007, and the endemic Ansonia jeetsukumarani Wood et al.
2008 have been reported or described only within the last two years.  Acanthosaura titiwangsaensis was
discovered along a popular hiking trail at Fraser’s Hill and yet it had remained unnoticed until just recently.
Like the finds from Bukit Larut, these data indicate it is necessary to continue fieldwork in areas frequently
surveyed in order to further understand their unrealized herpetofaunal diversity. This same point was
emphasized by Grismer and Pan (2008) for lowland regions in southern Peninsular Malaysia but it is even
more urgent for upland areas where diversity may be greater (see Grismer 2007).
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Appendix

Acanthosaura armata Hardwicke & Gray, 1827: UKMHC 0636, Gunung Panti, Johor, West Malaysia; LSUHC 4731,
4733, 7320, Pulau Aur, Johor, West Malaysia; LSUHC 3780, 3857-58, 3873, 4418, 4552, 4585, 4598-99, 4609,
4661, 5395, 5444, 5489, 6209, 6227, 6238-39, 6269, 6261, 6298, Pulau Tioman, Pahang, West Malaysia; ZRC 2.310
Tebing Tinggi, Kelantan, West Malaysia.

Acanthosaura coronata Günther, 1861: FMNH 253409-10, Ankhe District, Gia-Lai province, Vietnam. 
Acanthosaura crucigera Boulenger, 1885: FMNH 180309 Khao Yai National Park. Nakhon Ratchasima Prov, Thailand;

FMNH 177893-895, Pattani, Thailand; FMNH 177892, Trang, Thailand; FMNH 177677, 177891, 177896-98, Si
Thammarat, Thailand; 

Acanthosaura lepidogaster Cuvier, 1829: LSUHC 4111, 4139-40, Diao Luo Shan, Hainan Island, China.
Acanthosaura nataliae Orlov, Nguyen & Nguyen, 2006; LSUHC 8514, Vietnam.
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