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A species identification key of flying lizards in the genus Draco from Thailand was constructed based on
521 preserved specimens from collections during 1967—2012 in the Natural History Museum (THNHM),
National Science Museum, Technopolis, Pathum Thani, Thailand. Regardless of sexual characters,
four characters were used to identify Draco spp. lizards: 1) nostril direction; 2) type of tympanum; 3)
pattern of patagium; and 4) snout with or without a series of scales forming a Y-shaped figure. The
specimens were identified into nine species—Draco blanfordii, Draco fimbriatus, Draco maculatus, Draco
maximus, Draco melanopogon, Draco obscurus, Draco quinquefasciatus, Draco taeniopterus and Draco
volans.
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Introduction

The agamid lizard genus Draco is the most remarkable and suc-
cessful of the gliding vertebrates and they are well-known as flying
lizards due to their ability to glide long distances between trees using
a wing-like patagial membrane (patagium), supported by 4—7
elongated ribs or rib-like dermal structures on each side of the body
(McGuire, 1998; McGuire and Dudley, 2011; Smith, 1935). Lizard
characteristics have been described by Musters (1983) from which
the following descriptions have been derived. The body is depressed
and the scales on the dorsal body are larger or smaller than the
ventral but the ventral usually shows the presence of keeled scales.
The snout with or without a series of scales forming a Y-shaped
figure (front view) and the direction of nostril may be upward or
outward (or obliquely upward). The tympanum can be uncovered,
half covered or fully covered with the scales. Each side of the neck
has wattle (Fig. 1). All Draco species, exhibit sexual dimorphism. The
differences between males and females are in their colour and
dewlap size; males have brighter and longer dewlaps than those of
females. Furthermore, males usually have cervical and caudal crests
(Fig. 2). The habitats of Draco lizards are large, tall and thick forest
with an open area for gliding, trees for climbing and sheltered areas
for hiding. The lizards are insectivorous, feeding mostly on small ants
and termites (Mori and Hikida, 1994). The Draco lizards inhabit
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primarily Southeast and South Asia including Southern India, the
Malay Peninsula, the Philippines and Thailand (Taylor, 1963; Musters,
1983; Honda et al., 1999; Nabhitabhata et al., 2000).

According to the previous studies, the lizard genus Draco in
Thailand was difficult to identify and so has ended up with varia-
tion in the number of species. The key to species has mostly focused
on the characters of the male (Taylor, 1963; Musters, 1983).
Therefore, the purpose of this study was to revise the identification
key to species of the flying lizard genus Draco in Thailand regardless
of sexual characters. The results from this study will be useful for
conservation management as Draco lizards in Thailand are on the
list of protected species (Wild Fauna and Flora Protection Division,
2008).

Materials and methods

In total, 521 preserved specimens in 70% ethanol from collec-
tions made during 1967—2012 at the Natural History Museum
(THNHM), National Science Museum, Technopolis, Pathum Thani,
Thailand were investigated for qualitative characters used to
identify specimens to the species level based on the identification
key to species of Taylor (1963) and Musters (1983).

Results

Regardless of sexual characters, four qualitative characters were
used to identify the 521 preserved specimens of Draco lizards: 1)
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tympanum
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patagium dewlap
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Fig. 1. Key characteristics of Draco lizards: (A) ventral view of Draco lizards showing the patagium and ribs supporting the patagium; (B) side view of head showing the nostril,
tympanum, dewlap and wattle; (C—D) front view showing snout with (C) or without (D) a series of scales forming a Y-shaped figure (arrows); (E—F). direction of the nostril upward
and outward (E) or obliquely upward (F); (G—I). type of tympanum, uncovered with scales (G), half covered with scales (H) and fully covered with scales (I) (Figure is modified from
Musters (1983) and Shine et al. (1998)).

Fig. 2. Male and female of Draco lizard showing sexual dimorphic characters: (A—C) male characters; dewlap, wattle, cervical (arrow in B) and caudal crests (arrow head in C); (D)
Draco's female; (scale bars = 1 cm).



42 N. Srichairat et al. / Agriculture and Natural Resources 51 (2017) 40—46

(A)

nostril direction; 2) type of tympanum; 3) pattern of patagium; and
4) snout with or without a series of scales forming a Y-shaped
figure. The identification resulted in nine species—Draco blanfordii,
Draco fimbriatus, Draco maculatus, Draco maximus, Draco melano-
pogon, Draco obscurus, Draco quinquefasciatus, Draco taeniopterus
and Draco volans (see Appendix). The identification key to species
of Draco lizards in Thailand is detailed below:

1. Nostril directed outward (or obliquely upward) (Fig. 3A)............
Nostril directed upward (Fig. 3B)

2. Tympanum fully covered with scales
e e s e Dl maculatus
Tympanum uncovered with scales (Fig. 4B)

(Fig. 4A)........

(A)

Fig. 3. (A) Nostril directed outward (or obliquely upward); (B) nostril directed upward.

3

3. Patagium with distinct light lines running longitudinally and
distally (Fig. 5A). . et e
reieriiee s e D, fimbriatus
Patagium with scattered

D. volans

light blotches

tympanum

Fig. 4. (A) Tympanum fully covered with scales; (B) tympanum uncovered with scales
(Sourced Musters, 1983).

Patagium without dark brown appearance (Fig. 6B)............
.6

Fig. 5. (A) Patagium of D. fimbriatus with distinct light lines running longitudinally and
distally; (B). patagium D. volans with scattered light blotches.

5. Patagium with short light lines running longitudinally and
distally  (Fig.  7A)ci i
et e e Do MAXIMUS
Patagium with scattered light spots (Fig. 7B)..........
teeieeeervesseennnnn. .. D, melanopogon

(A)

Fig. 6. (A) Patagium with dark brown appearance; (B). patagium without dark brown
appearance.
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6. Snout with a series of scales forming a Y—shaped figure
ettt it e sssssssssenee oo D, Dlanfordii

Snout without a series of scales forming a Y—shaped figure
(Fig. 8B).....ccommeurmeerrserennee s 7

Fig. 7. (A) Patagium of D. maximus with short light lines running longitudinally and
distally; (B). patagium of D. melanopogon with scattered light spots.

7. Tympanum fully covered with scales (Fig. 9A)....
e reervesenenennenns .. D. qUiNQuefasciatus
Tympanum uncovered with

.8

Fig. 8. (A) Snout with a series of scales forming a Y-shaped figure (arrow); (B) snout
without a series of scales forming a Y-shaped figure (arrow).

scales (Fig. 9B)..........

8. Patagium light appearance with thin and black discontinuous
transverse  bands  (Fig.  T10A)uw.iiiiiiiiiiiiiiiieeeeene
e+ tetrsssussssssasssssssen s vaves e e eseeeenennnene Do ODSCUTUS

Patagium with 4—5 distinct dark transverse bands alternative to
light transverse bands and presence of light spots in the middle
of dark bands (Fig. T10B)....ieiuiiiiiiiiiiiiiiiiiii e e
................................... D. taeniopterus

tympanum

Fig. 9. (A) Tympanum fully covered with scales; (B). Tympanum uncovered with
scales (Sourced from Musters (1983)).

Fig. 10. (A) Patagium of D. obscurus with light appearance, thin and black discontin-
uous transverse bands; (B). Patagium of D. taeniopterus with 4—5 distinct dark trans-
verse bands alternative to light transverse bands and presence of light spots in the
middle of dark bands.

Discussion

The 521 preserved Draco specimens from collections during
1967—2012 were identified into nine species based on the four key
characters (nostril direction, type of tympanum, pattern of pata-
gium and snout with or without a series of scales forming a Y-shaped
figure). These key characters provide the diagnosis for identification
of Draco species regardless of sex. The nine species were
D. blanfordii, D. fimbriatus, D. maculatus, D. maximus, D. melanopogon,
D. obscurus, D. quinquefasciatus, D. taeniopterus and D. volans.

The numbers and species from this study differed from the study of
Taylor (1963) who used preserved specimens from museums, field
collection and reviews from the literature. Taylor (1963) reported
there were 10 species—D. blanfordii, D. fimbriatus, Draco formosus,
Draco haematopogon, D. maculatus, D. melanopogon, Draco punctatus,
D. quinquefasciatus, D. taeniopterus and D. volans. However, Musters
(1983) used many Draco specimens found in Thailand and a greater
number than Taylor (1963). Musters (1983) described D. formosus as a
synonym of D. obscurus as well as D. punctatus as a synonym of
D. fimbriatus due to their morphological variations (Honda et al., 1999).
Therefore, the species described by Taylor (1963) were similar to the
species in the current study, except for D. haematopogon. According to
Taylor (1963) D. haematopogon was described from studies by
Robinson and Kloss (1915) and Smith (1916) who reported that
D. haematopogon had been found at Koh Pha Ngan, Thailand. However,



44 N. Srichairat et al. / Agriculture and Natural Resources 51 (2017) 40—46

the current study did not find D. haematopogon in any preserved
specimens in the THNHM collection. Inger (1983) studied Draco
specimens found in Thailand and reported nine species—D. blanfordii,
D. cristatellus, D. fimbriatus, D. maculatus, D. melanopogon, D. obscurus,
D. quinquefasciatus, D. taeniopterus and D. volans. However,
D. cristatellus is a synonym of D. fimbriatus (Honda et al., 1999).
Furthermore, Musters (1983) used many Draco specimens found in
Thailand and he reported nine species—D. blanfordii, D. fimbriatus,
D. haematopogon, D. maculatus, D. melanopogon, D. obscurus, D. quin-
quefasciatus, D. taeniopterus and D. volans. When compared with the
current study, Musters (1983) did not identify any D. maximus but he
reported D. haematopogon in Thailand by citing the study of Taylor
(1963). Nabhitabhata et al. (2000) checked the list of Draco species
in Thailand and reported there were nine species—D. blanfordii,
D. fimbriatus, D. haematopogon, D. maculatus, D. melanopogon,
D. obscurus, D. quinquefasciatus, D. taeniopterus and D. volans. The
numbers and species were similar to those of Musters (1983). In the
current checklist from the database of Uetz and Hallermann (2013),11
species were identified in Thailand—D. blanfordii, D. cristatellus,
D. fimbriatus, D. formosus, D. haematopogon, D. maculatus, D. maximus,
D. melanopogon, D. quinquefasciatus, D. taeniopterus and D. volans.
However, D. cristatellus and D. formosus are synonyms for D. fimbriatus
and D. obscurus, respectively.

The current study found D. maximus in the preserved specimen
collection from THNHM; (Numbers 02203, 02204, 02206—02218,
13564—13566 and 13568). These specimens were previously
described as D. blanfordii. The diagnostic key to discriminate
D. maximus from D. blanfordii identifies D. maximus by the presence
of a dark brown patagium with short light lines running longitu-
dinally and distally, whereas D. blanfordii has a light appearance
with oval spots on dark distinct transverse bands in females and
light spots and lines on less distinct bands in males (Muster, 1983).

The morphometric and meristic characters were not appro-
priate for use for identification of the Draco species in the field

(A)

study. However, these characters could be used as an additional or
diagnostic tool to support the qualitative characters (Srichairat
et al.,, 2014).

The species identification of the flying lizard genus Draco in
Thailand was carried out based on the 521 preserved specimens
from collections during 1967—2012 in the Thailand Natural History
Museum, Bangkok and the National Science Museum, Pathum
Thani province, Thailand. Based on four qualitative characters
(nostril direction, type of tympanum, pattern of patagium and
snout with or without a series of scales forming a Y-shaped figure),
the specimens were identified into nine species—D. blanfordii,
D. fimbriatus, D. maculatus, D. maximus, D. melanopogon, D. obscurus,
D. quinquefasciatus, D. taeniopterus and D. volans.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgements

The authors gratefully acknowledge the Department of Zoology,
Faculty of Science, Kasetsart University, Bangkok, Thailand for
research funding and the Natural History Museum (THNHM),
National Science Museum, Technopolis, Pathum Thani, Thailand for
allowing access to the preserved specimens. The authors are
grateful to Mr. Damrong Chainthong and Ms. Apantree Watch-
arangkool for illustrations and to Ms. Kamonchanok Wongissarakul
for photographs used in this paper.

Appendix

(B)

Appendix Fig. 1. Draco blanfordii: (A) female; (B) male; (scale bars = 1 cm).

(A)

(B)

Appendix Fig. 2. Draco fimbriatus: (A) female; (B) male; (scale bars = 1 cm).
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(A) (B)

Appendix Fig. 3. Draco maculatus: (A) female; (B) male; (scale bars = 1 cm).

(A) (B)

Appendix Fig. 4. Draco maximus: (A) female; (B) male; (scale bars = 1 cm).

(A) (B)

Appendix Fig. 5. Draco melanopogon: (A) female; (B) male; (scale bars = 1 cm).

(A) (B)

Appendix Fig. 6. Draco obscurus: (A) female; (B) male; (scale bars = 1 cm).

45
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(A)

(B)

Appendix Fig. 7. Draco quinquefasciatus: (A) female; (B) male; (scale bars = 1 cm).

(A)

(B)

Appendix Fig. 8. Draco taeniopterus: (A) female; (B) male; (scale bars = 1 cm).

(A)

(B)

Appendix Fig. 9. Draco volans: (A) female; (B) male; (scale bars = 1 cm).

References

Honda, M., Ota, H., Kobayashi, M., Nabhitabhata, J., Yong, H., Hikida, T., 1999.
Phylogenetic relationships of the flying lizards, genus Draco (Reptilia, Agami-
dae). Zool. Sci. 16, 535—549.

Inger, R.F,, 1983. Morphological and ecological variation in the flying lizards (genus
Draco). Fieldiana Zool. 18, 1-35.

McGuire, J.A., 1998. Phylogenetic Systematics, Scaling Relationships, and the Evo-
lution of Gliding Performance in Flying Lizards (Genus Draco) (Ph.D. disserta-
tion). University of Texas at Austin, Austin, TX, USA.

McGuire, J.A., Dudley, R., 2011. The biology of gliding in flying lizards (genus Draco)
and their fossil and extant analogs. Integr. Comp. Biol. 51, 983—990.

Mori, A., Hikida, T., 1994. Field observations on the social behavior of the flying
lizard, Draco volans sumatranus, in Borneo. Copeia 1, 124—130.

Musters, C.J.M., 1983. Taxonomy of the genus Draco L (Agamidae, Lacertilia, Repti-
lia). Zool. Verh. 199, 1-120.

Nabhitabhata, J., Chan-ard, T., Chuaynkern, Y., 2000. Checklist of Amphibians and
Reptiles in Thailand. Office of Environmental Policy and Planning, Bangkok,
Thailand.

Robinson, H.C,, Kloss, C.B., 1915. Reptiles and batrachians from Bandon, Koh Samui
and Koh Pennan. ]. Fed. Malay States Mus. 5, 153—155.

Shine, R., Keogh, S., Doughty, P., Giragossyan, H., 1998. Costs of reproduction and the
evolution of sexual dimorphism in a ‘flying lizard’ Draco melanopogon (Aga-
midae). J. Zool. Lond. 246, 203—213.

Smith, M.A., 1916. A list of the crocodiles, tortoises, turtles and lizards at present
known to inhabit Siam. ]J. Nat. Hist. Soc. Siam 2, 48—55.

Smith, M.A., 1935. The fauna of British India, including Ceylon and Burma. In:
Reptilia and Amphibia. Sauria, vol. 2. Taylor and Francis, London, UK.

Srichairat, N., Jantrarotai, P, Duengkae, P., Chuaynkern, Y., 2014. Morphometric
analysis of three Draco lizard species (D. blanfordii, D. maculatus, and
D. taeniopterus) (Squamata: Agamidae) from Thailand. Kasetsart J. Nat. Sci. 48,
383-402.

Taylor, E.H., 1963. The lizards of Thailand. Univ. Kans. Sci. Bull. 44 (14), 687—1077.

Uetz, P, Hallermann, J., 2013. The Reptile Database (13 April 2014). http://reptile-
atabase.reptarium.cz/.

Wild fauna and flora protection division, 2008. List of Protected Wildlife (13 April
2014). http://www.dnp.go.th/wffp/index2.html.


http://refhub.elsevier.com/S2452-316X(17)30090-X/sref1
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref1
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref1
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref1
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref2
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref2
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref2
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref3
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref3
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref3
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref4
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref4
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref4
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref5
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref5
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref5
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref6
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref6
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref6
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref7
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref7
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref7
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref8
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref8
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref8
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref9
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref9
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref9
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref9
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref10
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref10
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref10
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref11
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref11
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref12
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref12
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref12
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref12
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref12
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref13
http://refhub.elsevier.com/S2452-316X(17)30090-X/sref13
http://reptile-atabase.reptarium.cz/
http://reptile-atabase.reptarium.cz/
http://www.dnp.go.th/wffp/index2.html

	Identification key to species of the flying lizard genus Draco Linnaeus, 1758 (Squamata: Agamidae) in Thailand
	Introduction
	Materials and methods
	Results
	Discussion
	Conflict of interest
	Acknowledgements
	Appendix
	References


