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1. Introduction 

The Truong Son Range is situated along Laos' border with Vietnam. It is known to Laotians 

as Saiphou Louang, and in Vietnamese as Truong Son. To the rest of the world, it is known as 

the Annamite Mountain Range. The northern part of the Range contains a large series of 

contiguous limestone karst formations (Sterling et al. 2006). Today, it is a unique transitional 

region between the subtropical plant communities of the North and the tropical South in 

Indochina (Groves & Schaller 2000; Sterling et al. 2006). It is considered a region of global 

importance in terms of biodiversity (Myers et al. 2000). A complex history of geological 

uplifting and folding created a sequence of large limestone and granite formations in this 

region. The overlap of Sino-Himalayan and Indo-Malayan biotic influences as well as both 

climatic and historical factors have contributed to high levels of diversity and endemism in 

the Truong Son (Clements et al. 2006; Sterling et al. 2006; Bain & Hurley 2011). In the last 

two decades, several new distinct species of mammals have been discovered from the forests 

in this region, e.g., Pseudoryx nghetinhensis (Vu et al. 1993), Muntiacus vuquangensis (Do et 

al. 1994), M. truongsonensis (Pham et al. 1998), Nesolagus timminsi (Averianov et al. 2000), 

and Laonastes aenigmamus (Jenkins et al. 2005; Aplin & Lunde 2008). 

In terms of herpetofaunal diversity, the knowledge on the species richness of amphibians and 

reptiles in Vietnam and Laos has dramatically increased in recent decades. In Vietnam, the 

species number of amphibians and reptiles increased from 458 species (162 amphibian and 

296 reptile species) reported by Nguyen et al. (2005), to 566 species (181 amphibian and 385 

reptile species) by Ziegler & Nguyen 2010. Additionally, 44 amphibian and 16 reptile species 

have been discovered from Vietnam since 2010 (Uetz & Hošek 2015; Forst 2016). From Laos 

only 95 amphibian and 89 reptile species were known in 2005 (e.g., Teynié et al. 2004; Stuart 

2005; Uetz & Hošek 2015; Forst 2016). These numbers have rapidly increased to 103 species 

of amphibians and 180 species of reptiles in 2010 (Teynié & David 2010; Uetz & Hošek 

2015; Frost 2016). Despite four new species of amphibians and 15 new species of reptiles that 

have been discovered in the last five years from Laos, resulting in a total of currently 107 

amphibian and 198 reptile species (Uetz & Hošek 2015; Forst 2016), the known species-

richness still appears severely underestimated in comparison to the much better studied 

Vietnam (Fig. 1.1). 
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FIGURE 1.1. Comparison of the known species numbers of amphibians and reptiles between 

Laos and Vietnam (2005-2015) 

 

Despite the numerous new discoveries and records which have been documented from 

mainland Southeast Asia in recent years (Uetz & Hošek 2015; Forst 2016), biodiversity in 

tropical countries like Vietnam and Laos is facing a sharp decline (Myers et al. 2000). The 

current extinction rate is estimated approximately 1000 times higher than that in historic 

times, which may cause an alarming decline of the functioning of ecosystems (Böhm et al. 

2013; Pimm et al. 2014). The primary threats attributed to the increase of species extinction 

rates include timber logging and deforestation for agriculture, mining and construction 

activities, pollution, exploitation and unsustainable use of plants and animals, introduction of 

invasive species, and global climate change (Gibbons et al. 2000; Cox & Temple 2009). The 

Truong Son Range has a particularly high rate of deforestation and limestone quarrying, 

driving population declines and extinctions among animal taxa (Sterling & Hurley 2005; 

Clements et al. 2006). Because amphibians and reptiles are poikilothermic animals and have 

lower activity ranges than other vertebrates (Gibbons et al. 2000), they are highly at risk. On a 

world wide scale for instance, roughly 200 extinct species of frogs have been documented and 

hundreds more are expected to disappear within the next century (Alroy 2015). Twenty three 

reptile species have already disappeared and 164 species of the world’s reptiles are estimated 

to be under the threat of extinction (Kumar et al. 2014). Therefore, effective conservation 
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measures are mandatory and require integrated studies on morphological and ecological traits, 

evolutionary history, and biogeography (Moritz et al. 2000; Böhm et al. 2013).  

The Hin Nam No National Protected Area (NPA), in central Laos, and the Phong Nha - Ke 

Bang National Park (NP), in central Vietnam are located on opposite sides of the Truong Son 

Range. The herpetofauna is regarded as a significant portion of the biodiversity in these 

regions, with 532 recorded species of amphibians and reptiles (Bain & Hurley 2011). The 

herpetofaunal diversity in the Truong Son Range has been investigated since before the last 

century (e.g., White 1842; Mouhot 1864; Morice 1875; Tirant, 1885). Smith presented a 

series of studies during the 1920s (e.g., Smith 1920, 1921a-b, 1922a-b, 1923, 1924a-c), 

among them the first surveys on amphibian and reptile diversity (Smith 1920). Seventy years 

later, between 1998 and 1999, again numerous herpetofaunal surveys were conducted on the 

Vietnamese side of the northern Truong Son Range, e.g. Huong Son Forest Enterprises (Ha 

Tinh Province), Ke Bo (Nghe An Province) and Cha Lo (Quang Binh Province), revealing a 

total of 71 species of herpetofauna (35 amphibians and 36 reptiles) (Bain & Nguyen 2001a; 

Bain & Nguyen 2001b; Chou et al. 2001). Subsequently, intensive herpetodiversity surveys 

were conducted in Phong Nha - Ke Bang NP for another 10 years (e.g., Ziegler & Herrmann 

2000; Ziegler et al. 2006; Ziegler et al. 2007; Hendrix et al. 2008; Ziegler & Vu 2009; Ziegler 

et al. 2010). At least 12 new amphibian and reptile taxa have been described in the area. 

Recently, Luu et al. (2013) published a list of 11 new records of amphibian and reptile species 

and subspecies, thus updating and increasing the total number of herpetofauna known from 

Phong Nha - Ke Bang to 151 species. Despite this progress, big gaps still remain in our 

knowledge on the herpetofaunal diversity and its distribution in the Truong Son Range 

(Ziegler & Vu 2009). Hin Nam No NPA and its surrounding areas in Khammouane Province, 

Laos, is an example, from where the amphibian and reptile fauna is virtually unknown. The 

report by Walston & Vinton (1999) is the only study that catalogued amphibian and reptile 

species from the area, but the given total number of 49 herpetofaunal representatives is likely 

a severe underestimate of the actual species richness. This region certainly yields a distinctly 

higher number of species, including so far undescribed taxa when compared to the 

comprehensive data available from Phong Nha - Ke Bang NP on the opposite side of Truong 

Son Range.  

Herpetodiversity research and taxonomic action face multiple challenges in the Truong Son 

(Bain & Hurley 2011). Taxonomists with detailed knowledge on Indochina’s herpetofauna are 
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rare. In many cases, identification to species level is difficult, because taxonomic monographs 

for the region are lacking, and taxonomy is based on many isolated publications. Species 

descriptions are of different quality but usually rely on morphological characters. However, 

systematics based on the morphospecies concept often results in lower species counts than 

systematics based on molecular data (Ohler & Delorme 2006; Stuart et al. 2006). Species 

complexes composed of species with apparently similar morphology but significant genetic 

differences, so-called cryptic species, can lead to wrong taxonomic assignments if they are not 

backed up by molecular genetic studies (e.g., Vogel & David 2006; Ohler 2007; Bain et al. 

2009). In fact, a number of cryptic species have been reported recently from Indochina, 

suggesting that their formerly assigned distribution ranges are geographically much more 

limited (Bickford et al. 2007). This has important consequences for species conservation and 

alpha-taxonomy. DNA barcoding has become a crucial tool for detecting and differentiating 

species complexes in amphibians and reptiles (Vences et al. 2005; Stuart et al. 2006; Angulo 

& Icochea 2010; Blair et al. 2013; Mrinalini et al. 2015). Therefore, an integrative approach 

that combines morphological, genetic, and ecological data to delineate species boundaries and 

to detect cryptic species has considerably increased the recognized species richness within the 

Truong Son Range (e.g., Bain et al. 2003; Stuart et al. 2006; Stuart & Bain 2008; Nazarov et 

al. 2012; Nguyen et al. 2013).  

Never before have so many surveys been conducted in one area of Vietnam as in the Truong 

Son Range (e.g., Inger & Kottelat 1998; Inger et al. 1999; Teynié et al. 2004; Heidrich et al. 

2007; Teynié & David 2010; Nguyen et al. 2013). As a result, the species distributions may 

be misleading as many newly described species have only been recorded from their type 

localities. These species may feature endemism or restricted distributions, or there may be a 

discrepancy between their described ranges and their actual ranges (Bain & Hurley 2011).  

Ecological studies on amphibians and reptiles of the region are also not extensive, since 

ecological information is mainly based on observations made during field surveys. Ecological 

studies of the herpetofauna on the western, Laotian side of the Truong Son Range are far 

fewer in comparison with those on the opposite side in central Vietnam (Ziegler & Weitkus 

1999a-b; Ziegler 2002; Loos et al. 2012). Sampling limitations are problematic because 

species may only be recorded when they leave the water, emerge from underground, or come 

down from the trees. This observation bias is likely responsible for the lack of ecological data. 
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In order to fill some of the remaining gaps of knowledge on the herpetodiversity of the 

Truong Son Range, my aim was to investigate the composition of amphibian and reptile 

communities of the largely still unexplored natural habitats in karst forests with a focus on the 

western, Laotian side along the northern Truong Son Range. Here, a number of hypotheses 

arise. (1) The Truong Son Range acted as a biogeographic barrier for the distribution of 

amphibians and reptiles. (2) If this allopatric speciation was a recent event in evolution, we 

expect to find morphologically still similar, but genetically different (i.e. cryptic) species on 

the western side of the range in Laos when compared to the eastern side in Vietnam. (3) If 

allopatric speciation was related to the life-history of a taxonomic group (e.g. geckos adapted 

to rocky surfaces) then these specific taxonomic groups should contain higher levels of 

endemism and cryptic diversity than others. (4) If, however, shifts in ancient climate and 

subsequent range expansions and contractions of natural habitats led to allopatric speciation, 

all taxa adapted to a specific habitat would be separated and we expect to find spatially 

distinct centres of endemism and cryptic diversity in very different taxonomic groups of the 

herpetofauna. (5) We expect a similar diversity in Laos as on the opposite site of the range in 

Vietnam. (6) Since karst forests provide a number of special and clearly defined habitats, we 

expect similar ecological niches to be occupied within Vietnam and Laos, but the actual 

species filling the niches might differ within a genus. (7) The species’ distribution patterns 

can be explained against the background of zoogeography. To answer these hypotheses, 

profound taxonomic descriptions are an ultimate prerequisite, which means that taxonomic 

problems have to be resolved first. To achieve this goal, an integrative taxonomic approach is 

needed, which combines morphological, molecular, and ecological data. Secondly, the 

species’ distribution patterns and at least their relative abundances, basic habitat preferences, 

and ecological requirements have to be investigated in order to assign the spatial boundaries 

of the species, and their potential conservation status. Furthermore, a high proportion of 

herpetofauna from Laos, as well as along the Truong Son Range, are threatened with 

extinction due to increasing human populations and loss of natural habitats. Therefore, the 

database obtained from our morphological and molecular analyses is an extremely useful 

prerequisite if combined with subsequent ecological data. These can be used to define specific 

conservation measures such as the definition of new protected regions or the improvement of 

already existing conservation areas.  

In brief, this study aims (1) to investigate the species richness, basic ecology, and distribution 

pattern of amphibians and reptiles on the western side of the Truong Son Range in Laos; (2) 
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to elucidate the speciation of the family Gekkonidae (Cyrtodactylus, Gekko), a species rich, 

but poorly known group of reptiles on both sides of Truong Son Range; (3) to address the 

central hypothesis that Truong Son Range represents as a biogeographic barrier to the 

herpetofauna and the hypotheses derived from it; and (4) to provide implications for 

conservation measures. 

 



Material and Methods 

2. Material and Methods 

2.1 Study site   

The Truong Son Range is approximately 1,200 km in length and 50–75 km wide, running 

from northwest to southeast along the entire length of the Laos–Vietnam border, through the 

inland of Vietnam to northeastern Cambodia, with elevations between 500 and 2,000 m above 

sea level (a.s.l.) (Sterling et al. 2006; Ziegler & Vu 2009; Bain & Hurley 2011). The Truong 

Son Range is divided into three regions: 1) northern Truong Son, composed of ancient sea 

basins, which were uplifted and now are heavily eroded to form the characteristic sharp karst 

ridges and peaks with extensive systems of caves, tunnels, and underground rivers and 

streams; 2) central Truong Son, dominated by the Kon Tum Massif which consist of an 

enormous granite formation, being among the oldest uncovered rocks in Southeast Asia; and 

3) southern Truong Son, including Dac Lac, Da Lat and Di Linh Plateaus, a series of eroded 

granite and basalt plateaus dotted with isolated peaks (Ziegler & Vu 2009; Bain & Hurley 

2011). Central Laos’ Truong Son Range is a transitional region between the subtropical 

communities of the north and the tropical ones from the south, and harbours many endemic 

species, such as a spectacular endemic mammal fauna (Groves & Schaller 2000; Herrmann et 

al. 2002).  

In the northern Truong Son Range, we have selected the Hin Nam No National Protected 

Area (NPA) and its surrounding areas in Khammouane Province, Laos as focal study region 

because it is directly opposite of the well-studied Phong Nha - Ke Bang NP in Vietnam. Hin 

Nam No NPA and Phong Nha - Ke Bang NP are situated within one of the most extensive 

limestone karst formations in Asia. The vast Khammouane limestone formation, stretching 

about 150 km across central Laos to Vietnam (Sterling et al. 2006; Bain & Hurley 2011) was 

folded in the Miocene and subsequently uplifted and heavily eroded since the Pliocene about 

5–3 million years ago (Rundel 1999). Clear climatic differences still exist today between the 

semi-humid climate on the Laotian side of the Truong Son Range with 1500–2000 mm 

precipitation per year and four months of dry season; and the wetter Vietnamese side with 

more intense annual rainfall (up to 2500 mm) and a comparatively shorter dry season (Bain & 

Hurley 2011).  

Hin Nam No NPA is located in the Bualapha District, Khammouane Province in central Laos. 

The total area of protected land is about 82,000 ha and extends over a large dissected karst 

plateau (17°15’ – 17°40’ N and 105°43’ – 105°09’ E) (Phimmavong 2014). The highest peak 

is the Phou Chuang, at an elevation of 1,492 m a.s.l.. The land cover of Hin Nam No NPA is 

characterized by a mosaic of different types of lowland, hill and mountainous forest. 
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Evergreen forests are multi-storied with broad-leaved species of Podocarpaceae, Myataceae 

and Fagaceae. Mixed deciduous forests are classified as consisting of more than 5% but less 

than 70% of deciduous species with a lower density than the evergreen forests. They are 

dominated by Dipterocarpaceae and Lyrthaceae. Bamboo forests can be found partly along 

the southeastern border of the area, consisting mainly of Bambusa arundinaceae. The sparsely 

forested vegetation on the limestone surface in karst areas is primarily dominated by relatively 

dwarfed and drought-resistant species which are adapted to the low water ability (Rundel 

1999; Averyanov et al. 2003) such as Agavaceae and Arecaceae (Meijboom & Ho 2002) (Fig. 

1.2). 

 

FIGURE 1.2. Main habitat types in Hin Nam No NPA: A) granite forest in the highest 

Mountain, Phou Chuang; B) a limestone cave in Thong Xam Village; C) karst forest in Ban 

Cha Lou; D) karst forest in Noong Ma Village. 

 

2.2 Sampling 

Field work was undertaken during a period of four years between 2013–2016 within Hin Nam 

No NPA and its surrounding areas of Bualapha District, and extended surveys into isolated 

karst mountains of Gnommalath, Mahaxay, Thakhek, and Hinboun districts in Khammouane 
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Province. In Hin Nam No NPA and its surrounding areas of Bualapha District, field surveys 

covered all three parts within the protected area, including forest areas of Noong Bua, Dou, 

Vangmano, Thong Xam (Thong Xam trail) villages and Phou Chuang mountain in the 

northern part; Cha Lou (Khun Kaan region) and Noong Ping (Xe Bang Fai cave region) 

villages in the central part; and Noong Ma Village (Hang Toi and Pa Rang regions) in the 

southern part as well as and surrounding areas Bualapha District (Ban Soc, Noong Nieu, 

Mayvangnguoc villages, Bualapha and Lang Khang towns). For the extended surveys into 

isolated karst mountains in Khammouane Province, we focused on the isolated karst 

mountains of Bualapha District (Ban Soc, Noong Nieu, May Vang Nguoc villages, Bualapha 

and Lang Khang towns); Gnommalath District (Nang Log cave, Hang Kan and Na Bo 

villages); Mahaxay District (Na Kham and Na Ngua villages); Thakhek District (Budda cave); 

Hinboun District (Phon Du and Ha villages, and the Khun Don cave area within Phou Hin 

Poun NPA) (Fig. 1.3).  

 

FIGURE 1.3. Map showing the survey sites (marked with red dots) in Hin Nam No NPA and 

surrounding areas (map source: M. de Koning & R. Dobbelsteijn). 

Survey transects were set up along streams, pools, small ponds or along forest paths, 

particularly in remote sites. As lizards and snakes usually inhabit rock crevices, leaf litter or 

tree branches, we also searched in forests near cave entrances and cliffs. Coordinates were 

determined by GPS. Field trips were organized between January and June each year in the dry 

season with low water levels, which is important for field site access, and which is the best 
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season to inventory amphibians and reptiles. Search effort was restricted to the night time 

from 19:00h to approximately 24:00h, when most of amphibian and reptile species are most 

active  

For voucher specimens, most of animals were captured by hand. Venomous snakes were 

collected with a snake hook or a snake tong, and some lizards were collected with forceps. 

Collected specimens were kept in cloth bags. After taking photographs, common species were 

released. Some individuals of other species were collected for taxonomic identification in the 

laboratory, with a particular attention to potential cryptic species. The selected animals were 

anaesthetized and euthanized in a closed vessel with a piece of cotton wool, containing ethyl-

acetate within 24 hours after collecting. Each specimen was labelled directly with a field tag 

providing information on the locality and a coded identification number. Specimens were 

fixed in 80-85% ethanol and subsequently transferred to 70% ethanol for permanent storage. 

For molecular analysis, tissue samples of muscle (e.g., frogs, lizards) and liver (snakes) were 

preserved in 95% ethanol (Simmons 2002). All voucher specimens were collected selectively 

according to appropriate permissions (e.g., CITES, Animal Welfare Law, Forest Protection 

regulations of Laos). 

For all collected individuals information on habitat, time, air temperature and humidity, and 

perch height above the ground were recorded, as well as case-dependent additional 

observations. Geographic coordinates and elevation (a.s.l.) were tracked with a GPS (Garmin 

GPSMap 62st) using the geodetic datum WGS84. Air temperature and humidity were 

measured with a digital compact thermo-hygro-barometer (Atech, model: KW307-CSJ, 

accuracy 0.1% for temperature, 1% for relative humidity).  

Specimens were subsequently deposited in the collections of the Vietnam National University 

of Forestry (VNUF), Hanoi, Vietnam; the Institute of Ecology and Biological Resources 

(IEBR), Vietnam Academy of Science and Technology, Hanoi, Vietnam; the National 

University of Laos (NUOL), Vientiane, Lao PDR; Zoologisches Forschungsmuseum 

Alexander Koenig (ZFMK), Bonn, Germany; and the Museum für Naturkunde, Berlin 

(ZMB), Germany. 

2.3  Data Analysis 

2.3.1 Specimen examination 
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Taxonomic decisions were based on morphological examination of 279 collected amphibian 

and reptile specimens (Table 1.1) in comparison with data taken of  99 comparative 

specimens from Laos and bordering countries such as Cambodia, China, Thailand, and 

Vietnam deposited in the museum collections in Vietnam, Germany, and France. 

Morphological characters of specimens from Laos were also compared with data from the 

literature, such as species descriptions, identification keys and reviews (e.g., Boulenger 1893; 

Bourret 1935; Smith 1943; Taylor 1962; Zielger et al. 2007; Nguyen et al. 2011a; Rösler et 

al. 2011). A list of examined specimens from museums is listed in the Material and Methods, 

and Appendix in each publication.  

TABLE 1.1. Number of collected and examined specimens. 

Family Laos Bordering countries Subtotal 

AMPHIBIA 

Megophryidae 32 17 49 

Bufonidae 5 0 5 

Microhylidae 15 10 25 

Dicroglossidae 27 5 32 

Ranidae 29 7 36 

Rhacophoridae 25 23 48 

REPTILIA 

Gekkonidae 50 11 61 

Agamidae 25 14 39 

Scincidae 25 0 25 

Colubridae 24 7 31 

Elapidae 1 0 1 

Viperidae 21 5 26 

 
Total 279 99 378 
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2.3.2 Morphological analysis  

The morphological examination was carried out in the laboratory of the Department of 

Terrestrial Ecology at the University of Cologne. External morphological characters were 

inspected by eye or with a stereomicroscope (Stemi 2000; Zeiss). Morphometric 

measurements were taken with a digital calliper to the nearest 0.1 mm (except body and tail 

lengths of snakes). Terminology of morphological characters followed Nguyen et al. (2012) 

for amphibians and anuran webbing formula followed Glaw & Vences (2007) (except for 

forearm length, FAL = from axilla to elbow and hand length, HAL =from base of outer 

palmar tubercle to tip of finger III), Phung & Ziegler (2011); Nguyen et al. (2011) for lizards, 

and Vogel et al. (2009); David et al. (2012) for snakes, ventral scale count followed Dowling 

(1951). Bilateral scale counts were given as left/right. Femoral and precloacal pores of 

gekkonids were counted on photographs taken with a digital microscope (Keyence VHX–

500F). The following abbreviations were used:  

a) Reptile specimens: 

Measurements: AG = distance between axilla and groin; HL = maximum head length 

(Gekkonidae: from tip of snout to posterior margin of auricular opening; Viperidae: from tip 

of snout to posterior part of lower jaw; in Scincidae: from tip of snout to margin of parietal); 

HW = maximum head width (at widest point of temporal region), HH = maximum head 

height (measured at the deepest point at temporal region); SE = distance from snout tip to 

anterior corner of eye; OD = greatest diameter of orbit, TD = maximum tympanum diameter; 

EyeEar  = orbit to ear distance (from anterior edge of ear opening to posterior corner of orbit); 

EarL = ear length (maximum diameter of ear); ForeaL = forearm length (from base of palm to 

elbow); FemurL = femur length/crus length (from base of heel to knee); LD4A = length of 

finger IV; LD4P = length of toe IV; RW = maximum rostral width; RH = maximum rostral 

height; MW = maximum mental width; ML = maximum mental length; SVL = snout–vent 

length (from tip of snout to anterior margin of cloaca); TaL = tail length (from posterior 

margin of cloaca to tip of tail); TrunkL = Trunk length; TL = Total length (SVL+TaL).  

Scalation: CS = ciliary spines; N = nasals (nasorostrals, supranasals, postnasals), I = 

intersupranasals (scales between supranasals, in contact with rostral); SPL = supralabials 

(number of scales from below the middle of eye to the rostral scale); IFL = infralabials 

(number of scales from below the middle of eye to the mental scale); IO = interorbitals 

(number of scales in a line between anterior corners of eyes); PO = preorbitals (number of 
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scales in a line from nostril to anterior corner of the eye); PM = postmentals; GP = gulars 

bordering the postmentals; DTR = dorsal tubercle rows at midbody; GSDT = granules 

surrounding dorsal tubercles; SMC = scales in a line from mental to the front of cloacal slit; 

SR = scale rows at midbody (including ventral scales); V = ventral scale rows at midbody; 

LF1 = subdigital lamellae under whole first finger; LF4 = subdigital lamellae under whole 

fourth finger; LT1 = subdigital lamellae under whole first toe; LT4 = subdigital lamellae 

under whole fourth toe; PP = precloacal pores; PAT = postcloacal tubercles. For the snake 

specimens: DSR = formula of dorsal scale rows: ASR (at one head length behind head) = 

number of dorsal scale rows at neck;  MSR (at number of VEN/2) = number of dorsal scales 

at midbody; PSR (at one head length before the vent) and number of dorsal scale rows before 

the vent; SL = supralabials (counted on upper lips); IL = infralabials (counted on lower lips); 

Lor = loreal scales; Loreal scale touching the orbit (yes or no); PreOc = preocular scales; 

PosOc = postocular scales; Temp = temporals (counted immediately behind posoculars and 

between posterior SL and parietals). Keel = keeled dorsal scale rows; PreVEN = preventral 

scales; VEN notched (present or absent): VEN keeled (present or absent); SC = subcaudal 

scales; numbers of pattern–units (like crossbars or vertebral blotches) are provided as number 

on body + numbers on tail.  

b) Amphibian specimens: 

Abbreviations were used as follows: SVL = snout-vent length; HL = head length (from the 

back of mandible to the tip of snout); HW = head width (across angle of jaws); MN = distance 

from the back of mandible to the nostril; MFE = distance from the back of mandible to the 

front of eye; MBE = distance from the back of mandible to the back of eye; IFE = distance 

between the front of eyes; IBE = distance between the back of eyes; IN = internasal distance; 

EN = distance from the front of eye to the nostril; EL = horizontal eye diameter; NS = 

distance from nostril to the tip of snout; SL = distance from the front of eye to the tip of snout; 

TYD = greatest tympanum diameter; TYE = distance from tympanum to the back of eye; IUE 

= minimum distance between upper eyelids; UEW = maximum width of upper eyelid. 

Forelimb: HAL = hand length (from the base of outer palmar tubercle to the tip of fourth toe); 

FLL = forelimb length (from the elbow to the base of outer tubercle); TFL = third finger 

length (from the base of the first subarticular tubercle to the tip of third toe); fd1-4 = width of 

discs of fingers I-IV; fw1-4 = width of fingers I-IV (measured at the narrowest point of the 

distant phalanx). Hindlimb: FL = femur length (from vent to knee); TL = tibia length; TW = 

tibia width; FOL = foot length (from the base of inner metatarsal tubercle to the tip of fourth 
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toe); FTL = fourth toe length (from the base of the first subarticular tubercle to the tip of 

fourth toe); TFOL = distance from the base of tarsus to the tip of fourth toe; IMT = length of 

the inner metatarsal tubercle; ITL = inner toe length; td1-4 = width of discs of toes I-IV; fw1-

4 = width of toes I-IV (measured at the narrowest point of the distant phalanx). Webbing: 

MTTF = distance from the distal edge of metatarsal tubercle to the maximum incurvation of 

web between third and fourth toes; TFTF = distance from the maximum incurvation of web 

between third and fourth toes to the tip of fourth toe; MTFF = distance from the distal edge of 

metatarsal tubercle to the maximum incurvation of web between fourth and fifth toes; FFTF = 

distance from the maximum incurvation of the web between fourth and fifth to the tip of 

fourth toe. Webbing formula according to Glaw & Vences (2007). 

2.3.3 Molecular and phylogenetic analyses 

For the identification of potentially undescribed or cryptic species, a phylogenetic approach 

was employed to investigate the population genetics of species/populations of uncertain 

identity and the closest relative species/populations. This work was conducted in 

collaboration with Dr. Minh Le, molecular biologist from the Vietnam National University, 

Hanoi, Vietnam.  

We sequenced a fragment of the following mitochondrial genes: cytochrome c oxidase 

subunit (COI) for samples of Cyrtodactylus and Trimeresurus, cytochrome b for samples of 

Lycodon, NADH dehydrogenase subunit 2 (ND2) gene for samples of Gekko, and the 16S 

ribosomal RNA gene for samples of Gracixalus and comparable sequences of potential 

undescribed species within sister groups. These mitochondrial genes have been applied 

successfully to resolve phylogenetic relationships at different taxonomic levels of lizards, 

snakes, and frogs (e.g., Nguyen et al. 2008; Rösler et al. 2011; Siler et al. 2012). DNA 

extraction, amplification, and sequencing followed the standard protocols of Le et al. (2006). 

DNA was extracted using the DNeasy kit following the manufacturer’s instructions for animal 

tissues (QIAGEN Inc., Valencia, CA, USA). The primer pair L4437b (Macey et al. 1997) and 

ND2r102 (Greenbaum et al. 2007) and a pair of newly designed primers, GF1 and GR1 were 

used to amplify a section of the mitochondrial gene (ND2) of the Gekko samples. The primer 

pair VF1-d and VR1-d (Ivanova et al. 2006) were used to amplify a fragment of the 

mitochondrial gene, and cytochrome c oxidase subunit 1 (COI) of the Cyrtodactylus and 

Trimeresurus samples. The primer pair 16Sar + 16Sbr (Palumbi et al. 1991) were used to 

amplify a fragment of the 16S gene of the Gracixalus samples. All primer sequences are 
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given in the respective publications. The PCR cycling followed Le et al. (2006). Successful 

amplifications were purified to eliminate PCR components using the GeneJETTM PCR 

Purification kit (Fermentas, Canada). Purified PCR products were sent to Macrogen Inc. 

(Seoul, South Korea) or FirstBase (Malaysia) for sequencing. 

After sequences were aligned using Clustal X v2 (Thompson et al. 1997), data were analyzed 

using maximum parsimony (MP) and maximum likelihood (ML) as implemented in 

PAUP*4.0b10 (Swofford 2001) and Bayesian analysis (BA), as implemented in MrBayes 

v3.2 (Ronquist et al. 2012). Settings for these analyses followed Le et al. (2006), except that 

the number of generations in the Bayesian analysis was increased to 1×10
7
 to resolve more 

highly converged trees. The optimal model for nucleotide evolution was set to the matrix as 

selected by Modeltest v3.7 (Posada & Crandall 1998). The cutoff point for the burn-in 

function was set in the Bayesian analysis, when -lnL scores reached stationarity in both runs. 

Nodal support was evaluated using Bootstrap replication (BP) as calculated in PAUP and 

posterior probability (PP) in MrBayes v3.2. Uncorrected pairwise divergences were calculated 

in PAUP*4.0b10. 

2.3.4 Integrative approach 

We used an integrative taxonomic approach by incorporating morphological, molecular, and 

ecological data to resolve the taxonomy of cryptic species complexes. This interdisciplinary 

approach is superior to traditional morphological descriptions (Dayrat 2005; Padial et al. 

2010; Schlick-Steiner et al. 2010). Statistical analyses were performed in PAST Statistics 

software version 3.17 (Hammer et al. 2001). Multivariate Analyses were utilized to determine 

interspecific differences between new species and their relatives from Laos and Vietnam. 

Twenty two (genus Gekko) and 12 (genus Cyrtodactylus) of the 28 morphological characters 

were selected for correspondence analysis (CA) and cluster analysis with 1000 bootstrap 

replicates. Cluster analysis was based on the average linkage method. In addition, ecological 

data collected from each specimen in the field were provided to support for the niche 

segregation of each species. Genetic differences between undescribed taxa and described 

species were determined by phylogeny using uncorrected pairwise genetic distances. From all 

available lines of evidence, we drew conclusions as to which taxa should be described as new 

species. 

2.3.5 Identification of priority areas for conservation. 
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Criteria for a hot spot ditermination include: 1) species richness, 2) number of rare and/or 

threatened species, 3) forest area and habitat quality, and 4) human disturbance. In each 

criterion, a higher number shows a better score (ranking score from 1 to 5). High rank areas 

were identified as priorities for conservation. 
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Abstract 

We describe a new species of the genus Lycodon Boie based on an adult male specimen from 

Khammouane Province, central Laos. Lycodon banksi sp. nov. is distinguished from its 

congeners by a combination of the following characters: (1) SVL 415 mm; (2) dorsal scales in 

17–17–15 rows, dorsal scales on the anterior 2/3 of the body length smooth, the six central 

dorsal scale rows of the posterior 1/3 of the body length feebly keeled; (3) supralabials 8; (4) 

infralabials 10; (5) loreal in contact with the eye; (6) cloacal single; (7) ventral scales 241; (8) 

subcaudals 26+, paired (tail tip lost); (9) dorsal surface of body with 87 greyish yellow 

blotches; (10) dorsal surface of tail with 11+ light bands (tail tip lost); (11) ventral surface of 

body and tail uniformly grey cream. Based on the molecular comparisons, Lycodon banksi sp. 

nov. is placed in a clade with other species previously considered to be members of the 

separate genus Dinodon, except for L. futsingensis. The new species is at least about 9% 

genetically divergent from other species within this clade as shown by a fragment of the 

mitochondrial cytochrome b. Morphologically, the new species is distinguishable by its size, 

scalation, and colour pattern. This discovery increases the number of Lycodon species known 

from Laos to eleven species. 

Key words: New species, Lycodon, Laos, karst forest, morphology, phylogeny, taxonomy.  

 

Introduction 

The genus Lycodon Boie is known as one of the most diverse genera of colubrid snakes, with 

currently 50 species being recognized (Uetz and Hošek 2015). This genus has a widespread 

distribution through eastern Iran to southern China and Japan, southward to the Philippines as 

well as the Indo-Australian Archipelago (Lanza 1999; Silver et al. 2013; Neang et al. 2014). 

Six species of Lycodon have been recently described within the last five years, namely 

Lycodon synaptor Vogel & David, 2010, L. gongshan Vogel & Luo, 2011 and L. 

liuchengchaoi Zhang, Jiang, Vogel & Rao, 2011 from China; L. davidi Vogel, Nguyen, 

Kingsada & Ziegler, 2012 from Laos; L. zoosvictoriae Neang, Hartmann, Hun, Souter & 

Furey, 2014 from Cambodia; and L. cavernicolus Grismer, Quah, Anuar, Muin, Wood & Nor, 

2014 from Malaysia.  

From Laos, ten species and subspecies of Lycodon have been reported to date comprising 

L. capucinus (Boie), L. davidi, L. fasciatus (Anderson), L. futsingensis (Pope), L. laoensis 

Günther, L. meridionalis (Bourret), L. rufozonatus Cantor, L. ruhstrati abditus Vogel, David, 

Pauwels, Sumontha, Norval, Hendrix, Vu & Ziegler, L. subcinctus Boie, and L. 
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septentrionalis Günther (Deuve 1970; Vogel et al. 2012; Siler et al. 2013; Luu et al. 2013; 

Teynié et al. 2014).  

Our recent field surveys in the karst forest of Phou Hin Poun National Protected Area 

(NPA), Khammouane Province, central Laos led to the discovery of one snake specimen near 

the mouth of Khun Don cave, which revealed to be a representative of the genus Lycodon 

according to the following characters: orbit round with a vertically elliptical pupil; nostril 

enlarged; robustly arched upper maxillary bone with an inward curve in the anterior part; 

anterior and posterior maxillary teeth interrupted by a diastema; dorsal scales smooth or 

weakly keeled, bearing 17 rows anteriorly and at mid body, and posteriorly 15 rows; ventral 

scales weakly notched (Lanza 1999; Grismer et al. 2014). Although only a single specimen 

was available, its morphological characters distinctly differed from L. meridionalis and all 

remaining species of the genus Lycodon. The morphological findings were supported by 

molecular analyses so that we describe the single adult male from Phou Hin Poun, 

Khammouane Province, central Laos as a new Lycodon species. 

Material and methods 

Sampling. Field survey was conducted by Vinh Quang Luu and Thomas Calame in the Khun 

Don cave area within Phou Hin Poun NPA, Khammouane Province, central Laos in April 

2016. Liver tissue sample was preserved separately in 95% ethanol and voucher specimen 

was fixed in approximately 85% ethanol, and subsequently transferred to 70% ethanol for 

permanent storage. The specimen from Phou Hin Poun NPA, central Laos was deposited in 

the collections of the Vietnam National University of Forestry (VNUF), Hanoi, Vietnam. 

Morphological analysis. Measurements were taken following Vogel et al. (2009) with a 

digital calliper to the nearest 0.1 mm, except body and tail lengths. These measurements 

included: head length (HL, from snout tip to jaw angles); head width (HW, maximum head 

width at posterior margin of parietals); head height (HH, vertical height between upper and 

under sides of head were measured at HW); interorbital distance (IO, the distance between 

outer edges of supraoculars); eye–nostril distance (EN, from anterior edge of the orbit to 

posterior edge of nostril); internarial distance (IN, horizontal diameter between nostrils); eye 

diameter (ED, horizontal diameter of the orbit); snout length (SnL, from the tip of rostral to 

the anterior edge of the orbit); snout-vent length (SVL, from tip of snout to the vent); tail 

length (TaL); ratio of tail length / total length (TaL/TL); total length (TL).  

Scale counts were taken following Vogel et al. (2009), except for ventral scales (VEN) 

which were counted according to Dowling (1951); formula of dorsal scale rows (DSR): 
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number of dorsal scale rows at neck (ASR, at one head length behind head), number of dorsal 

scales at midbody (MSR, at number of VEN/2), and number of dorsal scale rows before the 

vent (PSR, at one head length before the vent); supralabials (SL, counted on upper lips); 

infralabials (IL, counted on lower lips); loreals (Lor); loreal scale touching the orbit (yes or 

no); preoculars (PreOc); postoculars (PosOc); temporals (Temp, counted immediately behind 

postoculars and between posterior SL and parietals). Bilateral scale counts were given as 

left/right. Keel (keeled dorsal scale rows); PreVEN (preventral scales); VEN notched (present 

or absent); VEN keeled (present or absent); SC (subcaudal scales); numbers of pattern–units 

(like crossbars or vertebral blotches) are provided as number on body + numbers on tail.  

Morphological and colour pattern data for comparisons were gained from Boulenger 

1893; Smith (1943); Orlov & Ryabov (2004); Neang et al. (2014); Grismer et al. (2014); see 

also specimens listed in the Appendix. 

Museum abbreviations are as follows: CAS–California Academy of Sciences;  GP–Guo 

Peng; LSUMZ–The Louisiana State University Museum of Natural Science; MNHN–

Muséum National d'Histoire Naturelle, Paris, France. 

 Molecular data and phylogenetic analyses. 

 Mitochondrial cytochrome b gene was employed in this study, because it has been widely 

used in previous molecular analyses of Lycodon (e.g., Guo et al. 2013, Siler et al. 2013). We 

included three new sequences from samples collected in Laos and Vietnam (Table 1). Other 

sequences of related species were obtained from GenBank. Three species, Ahaetulla prasina, 

Boiga cynodon, and Dispholidus typus, were assigned as outgroups based on their 

phylogenetic relationships to the genus Lycodon (Guo et al. 2013, Siler et al. 2013) (Table 1). 

We used the protocols of Le et al. (2006) for DNA extraction, amplification, and 

sequencing. A fragment of the mitochondrial cytochrome b was amplified using the primer 

pair L14910/H160 64  (Burbrink et al. 2000). After sequences were aligned by Clustal X v2 

(Thompson et al. 1997), data were analyzed using maximum parsimony (MP) and maximum 

likelihood (ML) as implemented in PAUP*4.0b10 (Swofford 2001) and Bayesian analysis 

(BA) as implemented in MrBayes v3.2 (Ronquist et al. 2012). Settings for these analyses 

followed Le et al. (2006), except that the number of generations in the Bayesian analysis was 

increased to 110
7
 and the number of bootstrap replicates in ML to 1000. The optimal model 

for nucleotide evolution was set to TVM+G for ML and combined Bayesian analyses as 

selected by Modeltest v3.7 (Posada & Crandall 1998). The cutoff point for the burn-in 

function was set to 11 in the Bayesian analysis, as -lnL scores reached stationarity after 
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11,000 generations in both runs. Nodal support was evaluated using Bootstrap replication 

(BP) as estimated in PAUP and posterior probability (PP) in MrBayes v3.2. BP ≥ 70% and PP 

≥ 95% are regarded as strong support for a clade. Uncorrected pairwise divergences were 

calculated in PAUP*4.0b10 (Table 2). 

Results 

Molecular data, Phylogenetic analysis 

The final matrix consisted of 1100 aligned characters, of which 345 were parsimony 

informative. The alignment did not contain gaps. Maximum parsimony analysis of the dataset 

recovered two most parsimonious tree with 1094 steps (CI = 0.58; RI = 0.6). In the ML 

analysis, the score of the single best tree found was 6016.87 after 1581 arrangements were 

tried. The topology derived from the MP analysis (Fig. 1) was similar to that in Guo et al. 

(2013), but nodes of the phylogeny received lower statistical support. The new species was 

recovered in a clade together with other species, which were previously placed in the genus 

Dinodon (see Siler et al. 2013; Guo et al. 2013), except for L. futsingensis. This clade was 

strongly supported only by the MP analysis (BP = 85%) (Fig. 1). The new species is most 

closely related to L. meridionalis in terms of genetic distance based on cytochrome b data, and 

is diverged about 9.0–9.2% from the latter (Table 2). 

Taxonomic account 

Lycodon banksi sp. nov. 

(Figs. 2–4) 

Holotype. VNUF R.2015.20 (field number: TK 20.15), adult male, collected on 4 April 

2015 by Vinh Quang Luu and Thomas Calame in the karst forest, at the mouth of Khun Don 

cave (17°33.731' N, 104°52.360' E), Phou Hin Poun NPA, near Ban Ha Village, Hinboun 

District, Khammouane Province, central Laos, at an elevation of 167 m a.s.l. 

Diagnosis. Lycodon banksi sp. nov is characterized by the following morphological 

characters: (1) SVL 415 mm (2) dorsal scales in 17–17–15 rows, dorsal scales on the anterior 

2/3 of the body length smooth, the six central dorsal scale rows of the posterior 1/3 of the 

body length feebly keeled; (3) supralabials 8; (4) infralabials 10; (5) loreal entering orbit; (6) 

cloacal single; (7) ventral scales 241; (8) subcaudals 26+, paired (tail tip lost); (9) dorsal 

surface of body with 87 greyish yellow blotches; (10) dorsal surface of tail with 11+ light 

bands (tail tip lost); (11) ventral surface of body and tail uniformly grey cream.   
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Description of the holotype. Head elongate (HL 15.3 mm), moderately distinct from the 

neck, rather flattened, longer than wide (HW/HL ratio 0.71), depressed (HH/HL ratio 0.40), 

narrow anteriorly (IN/IO ratio 0.65); snout elongate (SnL/HL ratio 0.39); nostril lateral, oval 

shaped, located in the middle of the nasal; eye large (ED/HL ratio 0.17), pupils vertically 

elliptic; rostral triangular, much broader than high, hardly visible from above; nasal divided 

into two scales by a vertical ridge along posterior edge of nostril; two square internasals, as 

wide as long, bordered by two large, subpentagonal prefrontals posteriorly; frontal single, 

enlarged, pentagonal, narrowed posteriorly; parietals longer than wide, in contact with each 

other medially, with upper anterior and posterior temporals, paraparietal laterally and four 

nuchal scales posteriorly; loreal 1/1, elongate, entering orbit; supralabials 8/8, first and second 

in contact with nasal, third to fifth entering orbit, sixth largest; infralabials 10/10, first pairs in 

broad contact with each other, first to fifth in contact with chin shields; first and second pairs 

of chin shields elongate, of the same size and shape, separated by a medial groove, first pair 

larger than the second; preocular 1/1; postoculars 2/2, of the same size, bordering anterior 

temporals; anterior temporals 2/2, posterior temporals 3/3, upper ones smaller than lower 

ones. 

Body elongate, SVL 415 mm; TaL >50 mm (tail tip lost); ventrals 241 (including two 

preventrals); subcaudals at least 26, divided, weakly notched in lateral sides; cloacal single; 

DSR 17–17–15; dorsal scales on the anterior 2/3 of the body length smooth, the six central 

dorsal scale rows of the posterior 1/3 of the body length feebly keeled; the vertebral scales not 

enlarged. 

Colouration in life. Head dark grey, without vertical light nuchal band; dorsal surface of 

body dark grey-yellow with 87 greyish yellow irregular dorsal blotches; first body blotch 

starting at ventral scale 13, a half vertebral scale covered by this blotch; two yellow stripes on 

each side, from behind the neck to vent, indistinct posteriorly; ventral scales grey cream; 

dorsal surface of tail with at least eleven greyish yellow tail blotches, ventral surface of tail 

grey cream. 

Hemipenis. The left hemipenis is partially everted and shows spinose ornamentation. 

Comparisons. In our phylogenetic analysis, Lycodon banksi sp. nov. is closely related to 

L. meridionalis, L. rufozonatus, L. semicarinatus (Cope), and L. futsingensis. However, the 

new species differs from L. meridionalis by having a distinctly smaller size (SVL 415.0 mm 

versus 1295.0 mm maximum length in L. meridionalis), loreal entering the orbit (versus 

separated from the orbit), dorsal scales on the anterior 2/3 of the body length smooth, the six 
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central dorsal scale rows on the posterior body third feebly keeled (versus distinctly keeled), 

dorsal head pattern uniform dark grey (versus with yellow-black marbling in L. meridionalis), 

and ventral surface grey cream (versus yellow with dark spots posteriorly) (see Bourret 1935; 

Orlov & Ryabov 2004); from L. rufozonatus by its distinctly smaller size (SVL 415 versus 

830 mm), having loreal entering the orbit (versus usually separated), a distinctly higher 

ventral scale count (241 versus 185–204), dorsal scales feebly keeled in the posterior body 

part (versus all smooth), dorsal head pattern uniform dark grey (versus dark brown with 

yellowish borders), and body bands greyish yellow (versus dark brown); from L. 

semicarinatus by its distinctly smaller size (SVL 415 versus 870 mm), having loreal touching 

the orbit (versus separated), a higher ventral scale count (241 versus 211–234), dorsal scale 

rows keeled along posterior 1/3 (versus keeled along anterior haft), belly pattern uniform grey 

cream (versus yellowish), and body bands greyish yellow (versus yellowish brown); from L. 

futsingensis by having loreal entering the orbit (versus separated), a higher ventral scale count 

(241 versus 209), dorsal scales feebly keeled in the posterior body part (versus all smooth), 

lower number of body bands (22 versus 87), and body bands greyish yellow (versus light 

grey) (Table 4). 

The new species differs from L. flavozonatus by its much smaller size (SVL 415 versus 

990–1170 mm), having loreal in contact with the orbit (versus separated), cloacal single 

(versus divided), six dorsal scale rows on the posterior third of the body feebly keeled (versus 

10–12 keeled dorsal scale rows at midbody), dorsal head dark grey (versus black with light 

markings), and belly pattern uniform grey cream (versus yellow with large black spots). The 

new species can be distinguished from L. capucinus by having more ventrals (241 versus 

182–211) fewer supralabials (8/8 versus 9–10), cloacal single (versus divided), dorsal 

blotches 87 (versus reticulated), and greyish yellow blotched body pattern (versus reticulated) 

(see Neang et al. 2014).  

The new species can be distinguished from all species of the L. ruhstrati group (Vogel et 

al. 2009) by having a loreal entering the orbit (versus separated from the orbit). The new 

species differs from L. butleri Boulenger, L. fasciatus, L. gongshan, and L. luichengchaoi of 

the L. fasciatus group (Vogel et al. 2009) by having more ventrals (241 versus 128–227, 

collectively), the absence of a nuchal band (versus present), more dorsal blotches (87 versus 

19–45 bands, collectively), and belly and ventral surface of tail without bands (versus 

banded); from L. cavernicolus by having slightly fewer ventrals (241 versus 245), dorsal head 

uniformly dark grey (versus light brown), fewer supralabials (8 versus 9 or 10), more dorsal 

blotches (87 versus 36–45 bands), dorsal scales on the anterior 2/3 of the body length smooth, 
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the six central dorsal scale rows of the posterior 1/3 of the body length feebly keeled (versus 

keeled), and greyish yellow blotched pattern on the body (versus white bands).  

Distribution. Lycodon banksi sp. nov. is currently known only from the type locality in Phou 

Hin Poun NPA, Khammouane Province, central Laos (Fig. 5). 

Etymology. The species naming is dedicated to our friend and colleague Chris Banks, 

International Coordinator, Philippine Crocodile National Recovery Team, Zoos Victoria, 

Australia, for his outstanding contributions towards amphibian and reptile conservation, in 

particular of the Philippine Crocodile. We propose the following common names: Banks' 

Wolf Snake (English), Banks Wolfszahnnatter (German). 

Natural history. The specimen was found at 20:39, crawling on a limestone outcrop in the 

karst forest, approximately 0.3 m above the forest floor, at an elevation of 167 m a.s.l. The 

humidity at the time of collection was approximately 85% and the air temperature ranged 

from 23 to 26
o
C (Fig. 6). 
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Discussion 

In our phylogenetic analyses, Lycodon banksi is placed in a clade with other species 

previously considered to be members of the separate genus Dinodon, except for L. 

futsingensis. In addition, the specimen of L. meridionalis from Bac Kan Province, Vietnam 

was nested in the same clade with L. flavozonatus from Guangdong and Guangxi provinces in 

southern China. The genetic distance between the Vietnamese and Chinese samples is 

approximately 1.4 – 2.4% (2.6% between two Chinese samples). Morphological features of 

the specimen from Bac Kan Province (VNFU R.2012.4) are consistent with those in the 

descriptions of L. meridionalis by Bourret (1935) and Orlov & Ryabov (2004) in the 

following characters: snout-ventlength in males reaching 1295 mm; dorsal head with yellow-

black marble markings; transverse bands on body 86–115; ventral scales 234–245; cloacal 

plate single; belly pattern uniform yellow with dark spots posteriorly (Table 4). Therefore, we 

herein initially assign two specimens (GP 1939, 2279) from China to L.meridionalis based on 

molecular data, although this placement needs to be confirmed by further morphological 

studies.   

Superficially, the new species is most similar to L. meridionalis in the dorsal pattern. 

However, they are clearly distinguishable in other morphological features, e.g., the snout-vent 

length, dorsal scalation, dorsal head, and belly patterns. Although the new species has no 

sister species as supported by phylogenetic analyses, it is most closely related to L.  

meridionalis in terms of genetic distance, but distinctly differing from the latter (ca. 9%).   

The new species seems to be a nocturnal and terrestrial snake, endemic to the northern 

Truong Son Range. It is a karst-dweller, as are L. davidi and L. ruhstrati abditus (Vogel et al. 

2012; Luu et al. 2013). L. banksi has a unique pattern of dark grey and yellow colouration on 

its dorsal surface, which offers a perfect camouflage among litter on  the forest ground. 

Moreover, the species has indistinct banding on the dorsal surface in comparison with its 

congeners of the L. ruhstrati and L. fasciatus groups.  

The discovery of this new species increases the number of Lycodon species from Laos to 

eleven. In the same area, we recently discovered two new bent-toed geckos (Cyrtodactylus 

jaegeri Luu, Calame, Bonkowski, Nguyen & Ziegler, Cyrtodactylus soudthichaki Luu, 

Calame, Nguyen, Bonkowski & Ziegler) and two new true gecko species (Gekko thakhekensis 

Luu, Calame, Nguyen, Le, Bonkowski & Ziegler, Gekko bonkowskii Luu, Calame, Nguyen, 

Le, Bonkowski & Ziegler) (Luu et al. 2014a,b; Luu et al. 2015a,b). These recent discoveries 

together with the new Lycodon species provide strong evidence that the northern Truong Son 
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Range, and especially the extensive limestone karst formations in Khammouane Province, 

central Laos is a hotspot of endemic biodiversity. 

The finding of this new Lycodon species with its unusual colour pattern and morphology 

suggests that the morphological and genetic diversity within the genus Lycodon might be far 

greater than commonly assumed. Our study further underlines the need to combine detailed 

morphological and molecular data to delineate species complexes. Unfortunately, it was not 

possible to obtain molecular data from all investigated reference species (e.g., Lycodon 

fasciatus specimen MNHN 1928.69 from Xieng Khoang Province, northern Laos) due to its 

age and formalin-fixed condition. Therefore, further field studies are needed to accurately 

assess the diversity of Lycodon in this poorly studied karst forest systems of central Laos. 
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Appendix. Comparative specimens examined 

Lycodon capucinus. Laos: Bolikhamxay Province: Tad Leuk: VNUF R.2015.15 (field 

number: PKK06.15). 

Lycodon fasciatus. Laos: Xieng Khoang Province: MNHN1928.69 

Lycodon fasciatus. China: Yannan Province: MNHN1919.148 

Lycodon fasciatus. China: Tibet: MNHN1912.465 

Lycodon fasciatus. China: Tibet: MNHN1912.466 

Lycodon fasciatus. India: MNHN1928.69 

Lycodon futsingensis. Laos: Khammouane Province: VFU A.2013.4 

Lycodon meridionalis. Vietnam: Bac Kan Province: Ba Be National Park: VNUF R.2012.4 

(field number: BBR4). 
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FIGURE 1. One of the two most parsimonious maximum parsimony trees based on the 

partial cytochrome b gene. Numbers above and below branches are bootstrap values of 

MP/ML analyses (>50%) and Bayesian posterior probabilities, respectively. The arrow and 

numbers indicate the sister relationship between two taxa and the BP (above) and PP (below) 

values supported by the ML and Bayesian analyses, respectively. Asterisk denotes 100% 

value. 
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FIGURE 2. Adult male holotype of Lycodon banksi sp. nov. (VNUF R.2015.20) in life: A) 

dorsolateral view; B) head in dorsolateral; and C) head in dorsal view. Photos: V. Q. Luu 

 

FIGURE 3. Adult male holotype of Lycodon banksi sp. nov. (VNUF R.2015.20) in preserved 

state: A) dorsal view; and B) ventral view. Photos: V. Q. Luu 
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FIGURE 4. Head portraits of the preserved holotype of Lycodon banksi sp. nov. (VNUF 

R.2015.20): A) dorsal view; B) lateral view; and C) ventral view. Photos: V. Q. Luu 
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FIGURE 5. Map showing the type locality of Lycodon banksi sp. nov. in Khammouane 

Province, Laos.  
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FIGURE 6. Habitat of Lycodon banksi sp. nov. at its type locality. Photo: V. Q. Luu. 
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TABLE 1. Lycodon samples used in molecular analyses (for abbreviations see Material and 

methods). 

Species GenBank no. Locality Voucher number 

Ahaetulla prasina KC010339 Philippines:  Palawan Province KU 326673 

Boiga cynodon KC010340 Philippines: Negros Occidental Province KU:324614 

Dispholidus typus AY188012 Not reported Not reported 

Lycodon aulicus KC010350 Philippines: Romblon Province KU:315378 

L. aulicus XXXXXX Laos: Bolikhamxay Province VNUF R.2015.15 

Lycodon banksi sp. nov. XXXXXX Laos: Khammouane Province  VNUF R.2015.20 

L. fasciatus KC010366 Myanmar:  Chin State CAS 234957 

L. fasciatus KC010365 Myanmar:  Chin State CAS 234875 

L. futsingensis KC733206 China: Zhejiang  GP 2216 

L. futsingensis KC733207 China: Guangdong GP 2226 

L. 'flavozonnatus' KC733210 China: Guangdong  GP2279 

L. meridionalis XXXXXX Vietnam: Bac Kan Province VNUF R.2012.4 

L. 'flavozonnatus' KC733199 China: Guangxi  GP 1939 

L. rufozonatus KC733194 China: Sichuan GP 133 

L. rufozonatus AF471063 Not reported LSUMZ:44977 

L. semicarinatus AB008539 Not reported Not reported 

L. synaptor KC733204 China: Yunnan  GP 2188 

 

TABLE 2.Uncorrected (“p”) distance matrix showing percentage pairwise genetic divergence 

(cytochrome b) between new and closely related species. 

 

Species name 1 2 3 4 5 

1. Lycodon banksi sp. nov. –     

2. L. meridionalis & L. 'flavozonnatus' 9.0–9.2 –    

3. L. futsingensis 9.6 8.5–8.7 –   

4. L. rufozonatus 10.6–11.1 7.4–8.2 8.7–9.2 –  

5. L. semicarinatus 10.9 9.8–10.3 10.3 9.3–10.2 – 



Publications 

233 

 

TABLE 3. Measurements (in mm) and morphological characters of the holotype of Lycodon 

banksi sp. nov. (measurements in mm; for other abbreviations see material and methods; * 

tail tip lost). 

Character 

Lycodon banksi sp. nov. 

VNUF R.2015.20 

Sex male 

SVL 415.0 

TaL 50.0* 

TL 465.0 

TaL/TL 0.108* 

HL 15.3 

HW 10.8 

HH 6.1 

IO 6.3 

EN 3.3 

IN 4.1 

ED 2.6 

SnL 6.0 

DSR  

ASR (neck) 17 

MSR (midbody) 17 

PSR (precloacal) 15 

Keel 
6 dorsal scale rows on the posterior body third  

 feebly keeled 

VEN 241 

PrVEN 2 

Ventral notched present 

Ventral keeled absent 

SC 26* 

    divided yes 

Cloacal (single/divided) 1 

Loreal (left/right) 1/1 

Loreal entering orbit yes 

SL (left/right) 8/8 

    entering orbit left 3,4,5 

    entering orbit right 3,4,5 

    largest scales (L/R) 6/6 

IL (left/right) 10/10 
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IL s incotact with 1st chin shield 1−5 

PreOc (L/R) 1/1 

PostOc (L/R) 2/2 

Temporal scales  

    anterior 2/2 

    posterior 3/3 

Paras (scales around paraparietal) 5/7 

Parab (scales between parietals) 4 

Nuchal band absent 

Body bands 87 (yellow blotches) 

Tail blotches/bands 15* 

Belly pattern grey cream 

Belly bands absent 

Ventral tail pattern grey cream 

First body blotch/band position  

(at VEN) 13 

First band width (vertebral scales) 0.5 
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TABLE 4. Diagnostic characters separating Lycodon banksi sp. nov. from closely related species (data obtained from Boulenger 1893; Smith 1943; 

Orlov & Ryabov 2004; Luu et al. 2013 and own data).  

Characters 
Lycodon banksi  

sp. nov. 

L. meridionalis 
L. rufozonatus L. semicarinatus L. futsingensis 

L. flavozonatus 

Maximum snout-vent 

length (mm) 
415 1295 830 870 603 901 

Loreal scale touching 

the orbit 
yes no no (rarely yes) no no no 

Head pattern dark grey 
yellow-black marble 

markings 

dark brown with 

yellowish borders 
black black 

black with light markings 

and yellow collar on the nape 

Ventral scales 241 234–246 185–204 211–234 209 202–225 

Cloacal plate single single single single single double 

Supralabials 8 8 8 8 8 not reported 

Infralabials 10 9–10 5 5 9  not reported 

Number of keeled 

dorsal scale 

6 dorsal rows on 

the posterior body 

third feebly keeled 

9 

(distinctly keeled) 
0 

keeled in anterior 

half 
0 10–12 

Number of  blothches  

or bands on body 
87 86–115 not reported not reported 22 51–78 

Belly pattern 
uniform grey 

cream 

uniform yellow with dark 

spots posteriorly 
not reported yellowish 

cream, 

speckled 

posteriorly 

yellow with large black spots 

Blotch/band colour greyish yellow yellow dark brown yellowish brown light grey yellow 
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ABSTRACT 

We report the first country record of the poorly known Gracixalus quyeti from Laos based on 

a recently collected specimen from Khammouane Province, central Laos. While the genetic 

analysis revealed nearly identical sequences, we recorded some differences in body ratios and 

colour patterns among the specimen from Laos and type specimens from the eastern side of 

the Annamite Range in Vietnam. 

Key words. Gracixalus quyeti, biogeography, distribution, new record, Annamite Range, 

Laos.   

 

INTRODUCTION 

Although the knowledge of amphibian diversity in Laos has strikingly increased within the 

last two decades, information is lacking on distribution patterns and natural history (Luu et al. 

2014). It is known that studies on geographic distribution of species are essential for 

understanding their evolution and ecology and are furthermore crucially required for effective 

conservation (Nguyen et al. 2014, Rowley et al. 2015). The rhacophorid genus Gracixalus 

currently contains 11 species whose range is restricted to lowland and montane forests in 

China, Thailand, Vietnam and Laos (Nguyen et al. 2008, Rowley et al. 2011, Frost 2014, 

Matsui et al. 2015). However, relatively little is known about this genus, and distribution 

ranges of the species within the genus are still poorly understood. For example, G. 

supercornutus (Orlov, Ho & Nguyen, 2004) has been recently recorded from Laos, but was 

previously known only from Vietnam (Luu et al. 2014). While G. supercornutus has been the 

only recorded species of this genus from Laos until now, four other species are currently 

known only from Vietnam, including G. lumarius (Rowley, Le, Dau, Hoang & Cao, 2014), G. 

waza (Nguyen, Le, Pham, Nguyen, Bonkowski & Ziegler, 2013), G. quangi (Rowley, Dau, 

Nguyen, Cao & Nguyen, 2011) and G. quyeti (Nguyen, Hendrix, Böhme, Vu & Ziegler, 

2008). 

In this study, we report Gracixalus quyeti, a recently described and poorly known species 

from Phong Nha – Ke Bang National Park (NP) in central Vietnam, for the first time from 

Hin Nam No National Protected Area (NPA) in central Laos on the western side of the 

Annamite Range, only 80 km straight line distance apart from the type locality in Phong Nha 

– Ke Bang NP.  
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MATERIAL AND METHODS 

A single female specimen of Gracixalus quyeti (VNUF A.2014.73) was collected by Vinh 

Quang Luu, Thomas Calame, Dung Van Phan and Kieusomphone Thanabuaosy
 
during a field 

survey in May 2014 in Noong Ma Village (17°17.394' N, 106°09.980' E, recorded by a 

Garmin GPSMAP 60CSx GPS receiver and recorded in datum WGS 84), within Hin Nam No 

NPA, Boualapha District, Khammouane Province, central Laos. The specimen was 

anaesthetized in a closed vessel with a piece of cotton wool containing ethyl acetate. After 

taking photographs, the specimen was fixed in 80% ethanol and subsequently transferred into 

70% ethanol for permanent-storage. A tissue sample was preserved separately in 95% ethanol. 

The specimen has been deposited in the collection of the Vietnam National University of 

Forestry (VNUF), Hanoi, Vietnam. 

Molecular analysis. Total genomic DNA was extracted from a tissue sample using a 

commercially available DNeasy Tissue Kit following manufacturer’s instructions (QIAGEN 

Inc., Valencia, CA, USA). A fragment of 16S gene was amplified using the primer pair 16Sar 

+ 16Sbr (Palumbi et. al 1991). The standard PCR conditions used for 16S were: 95° C for 5’, 

40 cycles of [95° C for 30’’, 50° C for 45’’, 72° C for 60’’] and 72° C for 6’. All PCR 

products were visualized on a gel before sequencing. Successful amplifications were purified 

to eliminate PCR components using GeneJETTM PCR Purification kit (Fermentas, Canada). 

Purified PCR products were sent to Macrogen Inc. (Seoul, South Korea) for sequencing. The 

obtained sequence was compared to those available from other species using the BLAST 

search in GenBank. 

Morphological analysis. Determination of morphological characters followed Ohler et al. 

(2002) and Nguyen et al. (2008). Measurements were taken by the first author with a digital 

caliper to the nearest 0.1 mm. Abbreviations were used as follows: SVL: snout-vent length; 

HL: head length (from the back of mandible to the tip of snout); HW: head width (across 

angle of jaws); MN: distance from the back of mandible to the nostril; MFE: distance from 

the back of mandible to the front of eye; MBE: distance from the back of mandible to the 

back of eye; IFE: distance between the front of eyes; IBE: distance between the back of eyes; 

IN: internasal distance; EN: distance from the front of eye to the nostril; EL: horizontal eye 

diameter; NS: distance from nostril to the tip of snout; SL: distance from the front of eye to 

the tip of snout; TYD: greatest tympanum diameter; TYE: distance from tympanum to the 

back of eye; IUE: minimum distance between upper eyelids; UEW: maximum width of upper 
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eyelid. Forelimb: HAL: hand length (from the base of outer palmar tubercle to the tip of 

fourth toe); FLL: forelimb length (from the elbow to the base of outer tubercle); TFL: third 

finger length (from the base of the first subarticular tubercle to the tip of third toe); fd1-4: 

width of discs of fingers I-IV; fw1-4: width of fingers I-IV (measured at the narrowest point 

of the distant phalanx). Hindlimb: FL: femur length (from vent to knee); TL: tibia length; 

TW: tibia width; FOL: foot length (from the base of inner metatarsal tubercle to the tip of 

fourth toe); FTL: fourth toe length (from the base of the first subarticular tubercle to the tip of 

fourth toe); TFOL: distance from the base of tarsus to the tip of fourth toe; IMT: length of the 

inner metatarsal tubercle; ITL: inner toe length; td1-4: width of discs of toes I-IV; fw1-4: 

width of toes I-IV (measured at the narrowest point of the distant phalanx). Webbing: MTTF: 

distance from the distal edge of metatarsal tubercle to the maximum incurvation of web 

between third and fourth toes; TFTF: distance from the maximum incurvation of web between 

third and fourth toes to the tip of fourth toe; MTFF: distance from the distal edge of 

metatarsal tubercle to the maximum incurvation of web between fourth and fifth toes; FFTF: 

distance from the maximum incurvation of the web between fourth and fifth to the tip of 

fourth toe. Webbing formula description followed Glaw & Vences (2007). Comparative 

character data were taken from Nguyen et al. (2008). Institutional abbreviations are as 

follows: ZFMK: Zoologisches Forschungsmuseum Alexander Koenig, Bonn, Germany; 

VNUH: Vietnam National University, Hanoi, Vietnam. 

RESULTS 

The Laotian specimen has been found at night (20:30) while sitting on a branch of a shrub, ca. 

0.5 m above an outcrop at an elevation of 592 m above sea level. The air temperature was 

27.3
°
C and the humidity was 80%. The locality was surrounded by limestone cliffs and karst 

vegetation, mainly consisting of species of Ebenaceae, Dracaenaceae, Arecaeae, Meliaceae, 

and Moraceae. 

Comparative analysis of the obtained sequence with those from GenBank (ZFMK 82999: 

EU871429.1, VNUH 160706: EU871428.1) showed 99% similarity between the newly 

collected specimen from Laos (VFU A. 2014.73) and the holotype (ZFMK 82999) as well as 

the paratype (VNUH 160706) of Gracixalus quyeti from Vietnam.  

The morphological diagnosis coincided with the original description of G. quyeti from central 

Vietnam (Nguyen et al. 2008) in the following characters: Small rhacophorid (ZFMK 82999 

SVL 34 mm, VFU A. 2014.73 SVL 31.4 mm), vomerine teeth absent. Snout rounded, longer 
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than the diameter of eye. Nostrils closer to tip of snout than to eye. Pupil oval and horizontal. 

Tympanum distinct, rounded and wider than disc of finger III. Dorsal surface of head, back 

and upper portion of flanks covered with small sharp tubercles. Dark pattern forming an 

inverse Y, triangular spot between eyes bifurcating into two bands continuing posteriorly onto 

the back. Brown marbling on margin of throat and throat. Webbing moderately developed: 

1i(1)-(2)i2e(0.5)-(1 2/3)i3e(0.5)-(2)i4e(2)-(0.5)i5. 

Despite the high genetical correspondence, we also noted some differences in morphology 

and colour pattern between the examined specimen from Laos and the type specimens of G. 

quyeti (Nguyen et al. 2008): Body ratios: Head wider than long, in contrast to longer than 

wide in the type specimens. Forelimb slightly shorter, same as hand length with 27% of SVL 

(holotype 30%, paratype 28%). Length of finger III 16% of SVL and remarkably shorter than 

in the specimens from Vietnam (holotype 24%, paratype 19%). Hind limb approximately 1.45 

times longer than SVL, shorter than in specimens from Vietnam (holotype: 1.6, paratype: 

1.7). Tibia 1.5 times thinner than in the holotype. Length of toe IV 23% of SVL, remarkably 

shorter than in the holotype (37%) and slightly shorter compared to the paratype (25%). 

Fingers and toes approximately 2 to 4 times thinner than in the holotype (Tab. 1).  

Coloration in life: Dorsal surface of head and body is greenish beige to grayish light-brown 

with a grayish dark-brown blotching pattern as described above, whereas it is brownish to 

moss-green with a dark brown pattern in the adult holotype and moss-green with an indistinct 

pattern in the subadult paratype. Forelimb and dorsal part of hindlimbs are beige to grayish 

light-brown with grayish dark-brown bands, moss-green with dark brown bands in the 

holotype and the subadult paratype. Ventral surface can only be described based on preserved 

specimens: Belly, chest and throat slightly white to yellowish white with brown marbling on 

margin of throat and throat, background color more yellowish in the preserved holotype and 

more bluish in the paratype (Fig. 1A-B). 
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DISCUSSION 

The record of Gracixalus quyeti in Hin Nam No NPA, Laos is approximately 80 km straight 

line distance apart from the type locality in Quang Binh Province, central Vietnam (Fig. 2). It 

is likely that G. quyeti is more widespread across the Annamite’s extensive limestone areas of 

central Vietnam and central Laos. The species might potentially be endemic to these 

fragmented lowland and montane forest habitats, while its occurrence seems to be relatively 

rare within this presumed distribution range.  

According to Rowley et al. (2011), molecular distances vary along and within species of the 

genus Gracixalus. Within the group of Gracixalus jinxiuensis, individuals with 0.2 – 0.6% 

genetic divergence in the mitochondrial 16S gene have been identified as three distinct 

species within two genera (G. jinxiuensis, Kurixalus carinensis and K. odontotarsus), while 

specimens of G. gracilipes that have been collected in 75–120 km distance showed 1 – 3% 

molecular divergence. 

All records of G. quyeti were derived from different elevations in the limestone area within 

the transition zone between the northern and central Annamite Mountains, a semiconnected 

array of hills and forested limestone karst outcrops. The Annamite Range generally 

experiences a tropical wet monsoon climate, while the eastern oceanic Phong Nha Ke – Bang 

NP receives more precipitation and has lower average temperatures than Hin Nam No on the 

western side in the rain shadow of the Annamite Range (Timmins & Cuong 2001, Sterling et 

al. 2006, Bain & Hurley 2011). Taking into account the climatic differences between both 

sides of the Annamite Range and the lack of knowledge about the genus Gracixalus cited 

above, further research must clarify if the shown morphological differences in coloration and 

body ratios may possibly reflect ecological adaptations to different environments, 

evolutionary driven morphs or likely just reflect variation within this poorly known species.     

Still, our finding elevates the number of amphibian species recorded from Laos to 100, and 

the number of rhacophorid species known to occur in Laos to 34. Although the species 

number of amphibians known from Laos has nearly doubled during the last 15 years from 58 

to 100 recorded species, the amphibian species richness of Laos is still underestimated (Stuart 

1999, Frost 2014, Teynié et al. 2014, Luu et al. 2014). In particular big gaps remain in our 

knowledge of the Annamite's amphibian ecology and distribution. 
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Figure Captions 

Figure 1. (A) dorsolateral view, and (B) lateral view of the female of Gracixalus quyeti from 

Hin Nam No NPA, central Laos. Photos: T. Calame.  

 Figure 2. Map showing the distribution of Gracixalus quyeti, including the localities of the 

type series after Nguyen et al. (2008) in Quang Binh Province, Vietnam (marked with blue 

dots) and our first record from Khammouane Province, Laos (marked with a red dot). 

Table 1. Morphological characters of the newly collected specimen of Gracixalus quyeti from 

Laos in comparison with type specimens from Vietnam (after Nguyen et al. 2008, 

measurements in mm, abbreviations defined in the text). 

 

VNUH A. 2014.73 ZFMK 82999 VNUH 160706 

 

female female, holotype subadult, paratype 

 

Hin Nam No NPA, 

central Laos 

Phong Nha Ke-Bang NP 

central Vietnam 

Phong Nha Ke-Bang NP, 

central Vietnam 

        

SVL 31.4 34.0 22.0 

HL  10.3 12.5 8.2 

HW 11.73 11.4 7.4 

MN 10.3 11.2 7.4 

MFE 6.96 8.4 5.4 

MBE  3.86 4.5 3.3 

IFE 5.45 6.9 4.3 

IBE 8.5 11.0 6.8 

IN 3.08 3.0 2.1 

EN 2.9 3.5 2.5 

EL 4.0 4.8 3.2 

NS 1.34 2.1 1.3 

SL 4.22 5.4 3.8 

TYD 2.0 2.5 1.6 

TYE 0.92 1.0 0.7 

IUE 3.89 4.1 2.4 

UEW 2.36 3.0 1.8 

    HAL 8.4 10.3 6.1 

FLL 6.4 7.2 4.9 

TFL 4.97 8.1 4.2 

fw 1-4 0.31/0.36/0.38/0.36 0.6/0.9/1/0.9 

 

fd 1-4, 3 0.48/0.83/0.99/1 1/1.6/1.9/1.7 1.2 
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FL 15.68 18.5 11.5 

TL 17.61 20.0 11.8 

TW 2.57 4.2 2.0 

FOL 12.21 15.2 13.9 

FTL 7.1 12.5 5.6 

TFOL 20.47 24.8 8.1 

IMT 0.82 1.3 0.8 

ITL 3.83 4.2 1.9 

MTTF 7.1 9.4 3.9 

MTFF 7.3 9.8 4.7 

TFTF 4.71 5.6 3.0 

FFTF 4.38 5.0 2.8 

tw 1-5 0.28/0.29/0.36/0.49/0.4 0.8/0.9/1.1/1.3/1.1 

 

td 1-5 0.35/0.66/0.6/0.96/0.8 0.5/0.6/0.7/0.9/0.8 
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4. Discussion 

4.1 Comparison of the herpetofaunal communities between the eastern and western 

sides of the Truong Son Range 

First of all, I compared the similarity of herpetofauna communities, measured by Sørensen 

similarity index to their spatial distance. The assumption was that differences between 

communities would increase with distance of the habitats (isolation by distance) (Wright 

1943). 

For this purpose I compared the relationships of community compositions of Hin Nam No 

(Laos) to six protected areas with similar karst forests in the central and northeastern 

Vietnam: Phong Nha - Ke Bang NP (Quang Binh Province) (publication 1), Kim Hy Nature 

Reserve (NR) and Ba Be NP (Bac Kan Province), Du Gia NR and Tay Con Linh NR (Ha 

Giang Province), Cat Ba NP (Hai Phong Province) (Bain & Nguyen 2004; Le et al. 2004; 

Nguyen et al. 2009; Ziegler et al. 2014; Nguyen et al. 2011b; Pham et al. 2015a-b). All 

protected areas were on the mainland, except for Cat Ba NP which is an isolated island area.      

a) Amphibians: 

With the increasing distance, the similarity level of amphibian communities decreased (Fig. 

4.1). The Sørensen index for Cat Ba NP was the lowest (0.25) because Cat Ba NP is an 

isolated island area. For that reason, species' distribution and migration rates are limited.  

 

FIGURE 4.1. Relation of community similarity (Sørensen index) and distance of the 

amphibian faunas between Hin Nam No and similar karst forest regions in Vietnam 
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The higher level of amphibian species similarity between Hin Nam No and Phong Nha - Ke 

Bang was further supported by a cluster analysis (Fig 4.2). 

 

 FIGURE 4.2. Cluster analysis (Sørensen index) of the amphibian faunas between Hin 

Nam No and and similar karst forest regions in Vietnam 

 

Twelve amphibian species (20% of the total amphibian species numbers of both areas) were 

found in Phong Nha - Ke Bang (publication 1) but could not yet be recorded in Hin Nam No 

(Fig. 4.3). These are Ichthyophis chaloensis, Brachytarsophrys intermedia, Hyla simplex, 

Amolops cremnobatus, Babina chapaensis, Hylarana maosonensis, Feihyla vittata, 

Rhacophorus annamensis, R. dennysi, R. exechopygus, Theloderma corticale, and T. 

vietnamensis. By contrast, seven amphibian species (14% of the total amphibian species 

numbers of both areas) are only known from Hin Nam No but have not been found in Phong 

Nha - Ke Bang, namely Ichthyophis sp., Leptobrachium sp., Leptolalax minimus, Kaloula 

indochinensis, Hylarana erythraea, Rhacophorus maximus, and R. spelaeus. 
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FIGURE 4.3. Comparison of amphibian species numbers between  

Hin Nam No and Phong Nha - Ke Bang 

 

There are 39 species (66%) occurring in both Hin Nam No and Phong Nha - Ke Bang 

(similarity index 0.79, Fig. 4.4).    

 

 

FIGURE 4.4. Comparison of the relative amounts of amphibian species (%) in Hin Nam No 

(HNN) to that of Phong Nha - Ke Bang (PN-KB) 
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b) Reptiles: 

Similar to amphibians, also reptiles show a clear distance-decay in community similarity (Fig. 

4.5). Interestingly, already a relative strong difference in community composition is found 

between Hin Nam No and Phong Nha - Ke Bang, while the reptile communities of Cat Ba 

Island are more similar to their closest mainland communities than it is the case for island 

amphibian communities. This might be explained by of the fact that it is more difficult for 

amphibians to cross saltwater. 

 

FIGURE 4.5. Relation of community similarity (Sørensen index) and distance of the reptile 

faunas between Hin Nam No and similar karst forest regions in Vietnam 

 

The higher level of species similarity of the reptile fauna between Hin Nam No and Phong 

Nha - Ke Bang is also confirmed by a cluster analysis ( Fig. 4.6). 
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FIGURE 4.6. Cluster analysis (Sørensen index) of the reptile faunas between Hin Nam No 

and different regions in Vietnam with similar karst forests 

 

Hin Nam No is currently known to house 48 reptile species (38%) together with the Phong 

Nha - Ke Bang NP (similarity index 0.54, Fig. 4.7).  

 

FIGURE 4.7. Comparison of the relative amounts of reptile species (%) in Hin Nam No 

(HNN) to that of Phong Nha - Ke Bang (PN-KB) 

Fifty-three reptile species (41% of the total reptile species numbers of both areas) are 

currently known only from Phong Nha - Ke Bang, for example four turtles (Platysternon 
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megacephalum, Cuora cyclornata, C. galbinifrons, and Amyda cartilaginea), five lizards 

Cyrtodactylus phongnhakebangensis, C. roesleri, Dopasia gracilis, Sphenomorphus 

tetradactylus, and Tropidophorus noggei) and two snake species (Calamaria thanhi and 

Protobothrops cornutus). In addition, eight families of turtles (Platysternidae), lizards 

(Anguidae), and snakes (Typhlopidae, Xenopeltidae, Boidae, Xenodermatidae, 

Lamprophiidae, and Pseudoxenodontidae) have not been proven yet for Hin Nam No. In 

contrast, 20 species (21% total reptile species numbers of both areas) were recorded only from 

Hin Nam No (e.g., Crocodylus siamensis, Cyrtodactylus calamei, C. hinnamnoensis, C. 

sommerladi, Gekko boehmei, G. sengchanthavongi, Trimeresurus macrops) (Fig. 4.8).  

 

FIGURE 4.8. Species richness of reptiles from Hin Nam No and Phong Nha - Ke Bang 

Higher numbers of amphibians and reptiles in Phong Nha - Ke Bang are not surprising, 

because intensive surveys have been implemented since 1999 (e.g., Ziegler et al. 2004; 

Hendrix et al. 2008; Zielger et al. 2007; Zielger & Vu 2009; Ziegler et al. 2010). By 

comparing the relative amounts of shared species in Hin Nam No and Phong Nha - Ke Bang, 

it is interesting to note that less reptile species (38%) than amphibian species (66%) are shared 

between both regions. This might indicate that the Truong Son Range might have acted as a 

stronger biogeographical barrier for reptiles (publication 11) than for amphibians (publication 

13) (Hypothesis 5).  

 

4.2 Zoogeography and distribution pattern 
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My own research results contributed to a better understanding of the distribution of 

amphibians and reptiles of the area and in part extended species records both to Laos as well 

as to the northern Truong Son Range. For example, three anurans species (Rhacophorus 

maximus, Gracixalus quyeti, and G. supercornutus) were recorded for the first time from Laos 

(publications 3 & 13). In addition, our findings of three new geckos (Gekko bonkowskii, G. 

sengchanthavongi, and G. thakhekensis) of the G. japonicus group extended the distribution 

range of this group to Laos (publications 5 & 6). In terms of colubrid snake species, Lycodon 

rustrati abditus was originally described from Phong Nha - Ke Bang on the eastern side of the 

Truong Son Range and only recently recorded from the western side of the Range. Lycodon 

futsingensis previously was only known from southern China to northern and central 

Vietnam, and only recently reported from Laos (publication 2). 

Remarkably, 12 reptiles species were newly discovered from the northern Truong Son Range 

and their distributions are restricted to the western side of the Truong Son Range.     

4.3 The Truong Son Range as a natural barrier for the distribution of amphibians and 

reptiles between Vietnam and Laos 

Natural barriers are known to play an important role for the evolution of amphibians and 

reptiles in Southeast Asia. First of all the river systems hampered the exchange of reptile taxa. 

For example, the Red River has been shown to act as barrier for amphibians (anurans) and 

reptiles (agamids: Acanthosaura) (Bain & Hurley 2011). Further evidence shows that the Red 

River is separating two species of leopard geckos (Goniurosaurus) on the eastern side and 

bent-toed geckos (Cyrtodactylus) on the western side of the Red River (Nguyen et al. 2009). 

Also in the southern part of China, two pairs of closely related Goniurosaurus species are 

separated by a river system, namely G. araneus versus G. luii (Quangxi Region) and G, 

yingdeensis versus Goniurosaurus sp. (Guangdong Province) (Chen et al. 2014). 

Also the lower Mekong River in the southern part of Indochina represents an evolutionary 

barrier for a number of amphibians (caecilians and anurans) and also the two squamate sister 

species Calotes mystaceus and C. bachae, which are known to be distributed on both sides of 

the river with different habitat preferences (Geissler et al. 2015). 

The central hypothesis (Hypothesis 1) was that the Truong Son Range has acted as a 

biogeographic barrier for the distribution of amphibians and reptiles. It was already stated that 

there is a lesser amount of reptile species occurring on both sides of the range, compared to 

amphibians. Thus, this hypothesis currently cannot be verified for all studied groups. For 
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example, the forest dwellers Cyrtodactylus cryptus (publication 11) and Gracixalus quyeti 

(publication 13) did not speciate on both sides. But concerning single taxa and genera, the 

hypothesis could be verified for karst adapted gekkonids of the genera Cyrtodactylus and 

Gekko at least, as is shown by the species pairs of C. hinnamnoensis versus C. 

phongnhakebangensis; C. sommerladi versus C. roesleri (publication 11); and G. 

sengchangthavongi versus Gekko scientadventura (publication 6). The latter gecko species 

pairs represented morphologically similar, but genetically clearly different taxa. Combining 

the molecular data with the geographic distribution and niche separation of the species shows 

repeated pattern of adaptive radiation in two clades (Fig. 4.9 in publication 11).  
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FIGURE 4.9. Phylogram based on the Bayesian analysis. Number above and below branches 

are MP/ML bootstrap values and Bayesian posterior probabilities (>50%), respectively. 

Asterisk denotes 100% value. Hyphen indicates the statistical support value lower than 50%. 

Scale shows the number of expected substitutions per position as calculated in MrBayes v3.2. 

New species and records marked in bold. 

 

These data demonstrate that the Truong Son Range plays an important role in shaping the 

distribution and divergent evolution of the bent-toed geckos on the Laotian and Vietnamese 

sides of the range. 

4.5. Species diversity 

A total of 51 herpetofauna species comprising 21 amphibians and 30 reptiles have been 

recorded from the Hin Nam No NPA and surrounding areas (Walston & Vinton 1999; 

Nazarov et al. 2014). During the last four years, my own research contributed 26 species 

(55.3%) of amphibians  and 45 species (60.0%) of reptiles to this list (Fig. 4.10) 

 

FIGURE 4.10. Species richness of amphibian and reptile families from the Hin Nam No 

NPA (new records marked with green coloration) 

 

Rhacophoridae (23.4% of the Hin Nam No amphibian fauna), Microhylidae (21.2%), and 

both Ranidae and Dicroglossidae (each with 17.0%) are the most species-rich amphibian 
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families in Hin Nam No (Fig. 4.10). The Geoemydidae is the most species rich family of 

turtles accounting for 44,4% of the Hin Nam No turtle fauna. In particular Gekkonidae 

(53.3% of the Hin Nam No lizard fauna) and Colubridae (48.6% of the Hin Nam No snake 

fauna) stand out as the most species-rich reptile families of Hin Nam No.  

Remarkably, an unknown population of the endangered Crocodilus siamensis was 

rediscovered by our team in Ban Soc, Bualapha District, near the Hin Nam No NPA 

(publication 7).  

4.5.1 New discoveries from Laos 

a) New country records: Three anuran species (Gracixalus quyeti, G. supercornutus and, 

Rhacophorus maximus) (publications 3 & 13), two bent-toed geckos (Cyrtodactylus cryptus 

and C. pseudoquadrivirgatus) (publications 2 & 11), and two snake species (Lycodon 

futsingensis and L. ruhstrati abditus) (publication 2) have been recorded for the first time 

from Laos. All mentioned species were recorded within the Hin Nam No NPA, except for 

Gracixalus supercornutus and Cyrtodactylus pseudoquadrivirgatus which were from Xe Sap 

NPA, southern Laos. 

b) New species: In this study, we have discovered 12 new species from the Hin Nam No NPA 

and isolated karst mountains in Khammouane Province, comprising seven bent-toed geckos 

(publications 4 & 8–11), four gekkonids (publications 5 & 6) and one colubrid snake 

(publication 12) (Hypothesis 3). Our findings bring the species number of the Cyrtodactylus 

genus from 6 to 13 in Khammouane Province. Furthermore, four of six Gekko species from 

Laos have been known to occur in Khammouane Province. These new findings have proven 

the extensive limestone karst formation in Khammouane Province, central Laos as a hotspot 

of herpetofauna biodiversity. Similarly in Phong Nha - Ke Bang NP in Vietnam, 16 new 

species and one subspecies have been described as new to science since 1999 (Ziegler & Vu 

2009; Geissler et al. 2015), confirming that the whole region harbours an exceptional species-

rich herpetofauna.   

The limestone area of the northern Annamite’s mainly consists of karst formations which are 

known to bear high levels of biodiversity and endemism (Clements et al. 2006). Karst 

mountains in Khammouane Province are not only isolated from each other by river systems, 

but also by intensively cultivated farmland and nowadays can be regarded as island-like 

structures (publications 4 & 7). Population fragmentation has led to species separation. Our 

discoveries of cryptic species provide evidence that speciation in some reptile groups in the 
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region occurred relatively recently (Hypothesis 2). For example, C. sommerladi in Laos is 

phenetically similar to its sibling species C. roesleri in Vietnam, and our phylogenetic 

analyses revealed them to represent distinct taxa, with slight morphological differences in 

dorsal pattern and tubercle arrangement (publication 11). Such ambiguous morphological 

characters are characteristic for initial stages of allopatric speciation, which can promote 

cryptic diversity (Ahmadzadeh et al. 2013).  

c) Taxonomic revision: Using an integrative taxonomic approach by combining 

morphological, molecular, and ecological data, we could show that the record of 

Cyrtodactylus roesleri from Laos by Teynié & David (2010) was invalid. Similarly, 

Cyrtodactylus specimens from Hin Nam No, that were previously identified as C. 

phongnhakebangensis based on morphological characters (publication 2), had to be 

reassigned to a new species namely C. hinnamnoenis (publication 11). These results show the 

taxonomic difficulties for biodiversity research in these karst regions. High rates of adaptive 

radiation have resulted in species-complexes that cannot be separated by morphological 

investigations alone (Hypothesis 4).   

4.5.2 Niche segregation of the herpetofauna in Hin Nam No NPA 

An ecological classification of amphibians and reptiles according to, e.g., Ziegler et al. 

(2007); Fritz et al. (2014); IUCN (2015) and our own data during field forays revealed clear 

patterns of spatial and temporal adaptations of the herpetofauna. 

a) Amphibians: 

Most of amphibian species were found in forested areas (n=35), and two species were found 

in agricultural habitat, while 10 species were recorded in both habitat types (Fig. 4.11). This 

provides strong evidence that the protection of forests is an ultimate prerequisite of the 

preservation of amphibian species in karst areas. 
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FIGURE 4.11. Relation of  the occurrence of amphibian species in the Hin Nam No NPA in 

forest and agricultural areas. 

In accordance with the high number of forest inhabitants, 11 species were adapted to arboreal 

life. Cavernicolous life style also plays an important role in karst environment, an example is 

Rhacophorus spelaeus, a species which lives inside caves. Thirty-five species were found on 

the ground where also karst caves provided an important habitat, and one species was 

fossorial. Most species (n=33) of amphibians were found at night, while 14 species were 

recorded to be active at day and night times. Because they are harder to see at night time and 

also can avoid contact with the numerous diurnal predators. 

b) Reptiles: 

With 56 species also by far the majority of reptiles were found in forested areas, and only 

three species were found exclusively in agricultural habitats, and 16 species occurred in both 

habitat types (Fig. 4.12). 
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FIGURE 4.12. Relation of  the occurrence of reptile species in the Hin Nam No NPA in 

forest and agricultural areas. 

 

Most of reptiles species were terrestrial (n=63), and half of them (32 species) had an arboreal 

life style. The other half lived on the ground or near the caves. In the remaining 12 of 75 

reptile species were semiaquatic. There are distinct differences in adaptations towards the 

environment, for example rock associated gekkonids  (Cyrtodactylus) versus ground 

associated gekkonids (Dixonius). For example, a larger size and depressed body of 

Cyrtodactylus species reflects an adaptation for hunting and finding shelter in the narrow rock 

crevices of karst habitats (publication 4) (Hypothesis 6), while Dixonius species have a 

smaller size, a body square in cross-section with short limbs, likely as an adaptation to 

hunting on the ground. 

Among the 75 reptile species recorded from the Hin Nam No NPA, 42 were nocturnal 

species, 24 were diurnal species, and nine species were observed both at night and during the 

day. 

Many reptile species were found in the karst formations or near karst outcrops and caves, 

including all new species of the genera Cyrtodactylus, Gekko, and Lycodon (publications 4–6 

& 8–12). The snake species Lycodon futsingensis, L. ruhstrati, Lycodon sp., L. cf. subcinctus, 

Protobothrops sieversorum, and Trimeresurus cf. truongsonensis revealed to be karst 

adapted. This indicates the importance of the karst formations as unique habitat for rare 

species.  
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Interspecific spatial microhabitat partitioning was found among sympatric gecko species 

(Hypothesis 6). For example, three bent-toed geckos (Cyrtodactylus hinnamonensis, C. 

sommerladi, and C. cryptus) co-occurred in the southern part of Hin Nam No. C. 

hinnamonensis generally occupied higher perches on cliff walls than C. sommerladi, while C. 

cryptus was found on ground or on tree trunks (publication 11). Cyrtodactylus jaegeri and 

Gekko bonkowskii are occurring sympatrically in an isolated karst near Thakhek town, but 

they are segregated by microhabitat preference. The former species occupied  limestone cliffs, 

whereas the latter species preferred tree trunks (publication 6). The larger gecko species often 

occurred at higher perches (publications 11). Similar patterns were reported in karst forests of 

Phong Nha - Ke Bang (Loos et al. 2012). These repeated patterns of habitat partitioning 

among geckos indicate that competition for resources partition apparently plays a significant 

role for structuring extant gecko communities. 

4.5 The northern Truong Son Range – a hotspot of Cyrtodactylus speciation and cryptic 

diversity 

The complex topography of karst systems in the northern Truong Son Range fostered long-

term isolation of populations (Bain & Hurley 2011). As a result, 16 species (about 9% of the 

total species numbers) of amphibians and reptiles have been found to occur in a restricted area 

on opposite sides of the northern Truong Son Range. On the Laotian side, nine gecko species 

(Cyrtodactylus bansocensis, C. calamei, C. darevskii, C. hinnamnoensis, C. khammouanensis, 

C. multiporus, C. sommerladi, G. boehmei, G. sengchanthavongi) currently have to be 

regarded as endemic to the Hin Nam No region. On the Vietnamese side, there are seven 

species including two bent-toed geckos (Cyrtodactylus phongnhakebangensis and C. 

roesleri), three skinks (Lygosoma boehmei, Sphenomorphus tetradactylus and Tropidophorus 

noggei), and two snakes (Hebius andreae and Boiga bourreti) currently only known from 

Phong Nha - Ke Bang and adjacent regions. These data indicate that the northern Truong Son 

Range plays an important role as a center of endemism (publication 11) (Hypothesis 4).  

Cryptic species are characterized by being morphologically similar but genetically different. 

A pair of sibling species (C. roesleri versus C. sommerladi) was found on opposite sides of 

the Truong Son Range. Furthermore, C. phongnhakebangensis from Vietnam and C. 

hinnamnoensis from Laos are generally very similar in morphology, but the phylogenetic 

analyses revealed distinct differences (publication 11). The phenomenon, that the species have 

conserved phenotypes, may be due to separation of the population only recently or due to 

evolution under similar conditions in karst environment (Hypothesis 7). 
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4.6 Conservation issues 

a) Threats to the herpetofauna 

Two main threats to amphibians and reptiles in Hin Nam No and surrounding areas are habitat 

destruction and illegal wildlife hunting. 

Habitat destruction: During the surveys, we have found that argricultural lands were created 

along the main road and the Ho Chi Minh trail (established from the war time) in and around 

Hin Nam No. When roads have opened, access to the forests is promoted. In southern Hin 

Nam No, each local family can have several forest lands and they can convert them into 

agricultural lands by burning forests and cultivate for several years and then use another forest 

land. In addition, karst forests decrease by limestone exploitation for building purposes 

(publication 6). Unfortunately, eight of twelve new species are living out of the protected 

areas in Khammouane Province. 

Illegal wildlife hunting: The high economic species value are major subjects of hunting (e.g., 

turtles, snakes and geckos). Amphibians are mainly collected for food and food trade. During 

the survey time we observed ample proof of human activity in the forest (i.e. small traps, 

hunting huts and footpaths). Local people with lamps were collecting amphibians during 

heavy rain in the forest in Noong Ma Village. A group of hunters with guns and dogs was met 

in the forest in Cha Lou Village. Although the detailed information about wildlife hunting and 

trade are not reported, wildlife harvesting is the primary cause of reptile and amphibian 

population decline. It is noted that many threatened species became very rare in and around 

Hin Nam No because we could not find cobras, pythons, and some turtle species in the wild 

during the survey time. 

b) Threatened species of reptiles and amphibians recorded from Hin Nam No NPA  

Among 122 species recorded from the protected area, 16 species (accounting 13.1% of the 

species number) are globally threatened (Table 4.2):  

- 16 species were listed in the IUCN Red List of Threatened Animals (2016): one critically 

endangered, eight endangered, six vulnerable, and one near threatened species. 

- 10 species listed in the CITES appendices (2016): one species listed in the Appendix I and 

one species listed in the Appendix II. 
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TABLE 4.2. List of threatened species of reptiles and amphibians recorded 

from Hin Nam No region 

No Species name Common name 
IUCN 

(2016) 

CITES 

(2016) 

  Amphibia Amphibian 

 

  

1 Hylarana attigua Similar Frog VU   

2 Gracixalus quyeti Quyet's Treefrog EN   

3 Rhacophorus kio Kio Whipping Frog VU   

4 Rhacophorus spelaeus  Unkown VU   

  Crocodylia Crocodian 

 

  

5 Crocodylus siamensis  Siamese Crocodile CR I 

  Testudines Turtles 

 

  

6 Cuora mouhotii  Keeled Box Turtle EN II 

7 Cyclemys dentata  Asian Leaf Turtle NT II 

8 Heosemys annamdalii  Yellow-headed Temple Turtle EN II 

9 Heosemys grandis Giant Asian Pond Turtle VU II 

10 Indotestudo elongata  Elongated Tortoise EN II 

11 Manouria impressa  Impressed Tortoise VU II 

12 Amyda cartilaginea  Asiatic Softshell Turtle VU II 

13 Palea steindachneri  Wattle-necked Softshell Turtle EN II 

14 Pelochelys cantorii  Cantor's Giant Softshell EN II 

  Serpentes Snakes 

 

  

15 Protobothrops sieversorum  Three Horned-scaled Pitviper EN   

16 Trimeresurus cf. truongsonensis  Truong Son Pit Viper EN   

Notes: IUCN (2016) = The IUCN Red List of Threatened Species. CR = Critically endangered, EN = 

Endangered, VU = Vulnerable, NT = Near threatened; CITES (2016) = Appendices of the Convention on 

International Trade in Endangered Species of Wild Fauna and Flora (CITES), update from 2 October 2013. I, II 

= species listed in the Appendix 1 and Appendix II, respectively. 

With a relatively high number of threatened species, the herpetofauna of the Hin Nam No 

NPA contains a high level of conservation concern in Laos. However, the frequence of 

threatened species during the survey time was very rare (except for Rhacophorus kio), in 

particular turtle species. 
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c) Hot spots of the herpetofauna diversity 

Identification of biodiversity hot spots plays a significant role for conservation priorities. 

Based on the results of my research and published literature we can define hot spots for 

herpetofaunal conservation in Hin Nam No and surrounding areas. Criteria for a hot spot 

determination include: 1) species richness, 2) number of rare and/or threatened species, 3) 

forest area and habitat quality, and 4) human disturbance. In each criterion, a higher number 

shows a better score (score ranking from 1 to 5). Following the criteria, the relative 

conservation value of each site is ranked as follows (Table 4.1): Southern Hin Nam No with 

16 points, both central and northern Hin Nam No with 13 points, and Bualapha town with the 

lowest value of eight points. 

TABLE 4.1. Evaluation of the hot spots for herpetofauna conservation value 

in Hin Nam No region 

Criterion Species 
richness 

Number of rare/ 
threatened species 

Forest area/ 
habitat quality 

Human 
disturbance Total 

Northern HNN 3 4 4 2 13 

Central HNN 4 3 5 1 13 

Southern HNN 5 5 3 3 16 

Bualapha town 1 1 2 4 8 

Ban Soc 2 2 1 5 10 

Most of the new species and new country records were found in southern Hin Nam No 

(Noong Ma Village). This area is known as a center of new species discoveries. We found 39 

of a total of 47 amphibian species and 38 of a total of 75 reptile species known from Hin Nam 

No during the survey period (e.g., Gracixalus quyeti, Rhacophorus maximus, Cyrtodactylus 

hinnamnoensis, C. sommerladi, C. cryptus, Lycodon sp., L. futsingensis, L. ruhstrati abditus. 

In addition, two pitviper species (Protobothrops sieversorum and Trimeresurus cf. 

truongsonensis) were recorded in this area. However, these forests are facing rapid habitat 

fragmentation and destruction due to easy access to the area by the Ho Chi Minh trail and by 

burning forests for agricultural cultivation. Therefore, the southern Hin Nam No should be 

selected as a first priority in improved conservation of both species and their habitats. 

Central Hin Nam No (Cha Lou and Noong Ping villages) harbours valleys with a dense 

network of streams (Kaan and Noong Choong) and mostly still undisturbed forests which are 

rich in old trees. The dominant habitat type is limestone forest but a small area of lowland 

semi-evergreen forest can be found in valleys among the limestone karst. The diversity is 

quite high with 20 amphibians and 19 reptiles. Most of them are vulnerable and endemic 
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species such as turtles (Heosemys grandis, Manouria impressa), and lizards (Varanus 

nebulosus, Cyrtodactylus hinnamnoensis, C. sommerladi).  

Northern Hin Nam No (Noong Bua, Dou, Vangmano, Thong Xam villages and Phou Chuang 

mountain) is characterized by Phou Chuang mountain, an isolated sedimentary peak with 

rocky streams. The dominant habitat type is undisturbed evergreen forest of good quality with 

big trees. Twenty-five amphibians and 31 reptiles are found in this area with a high degree of 

herpetofaunal diversity, among them anurans (Limnonectes gyldenstolpei and Rhacophorus 

orlovi) and bent-toed geckos (Cyrtodactylus multiporus and C. interdigitalis). The remaining 

habitat of northern Hin Nam No is dominated by karst forest where we only have found one 

turtle (Cuora mouhotii) and one bent-toed gecko species (Cyrtodactylus calamei) (publication 

11). In addition, two bent-toed gecko species (Cyrtodactylus darevskii and C. 

khammouanensis) were recently described by  Nazarov et al. (2014). 

Ban Soc village: The limestone cliffs created small ponds and caves which house a critically 

endangered  species (Crocodylus siamensis) and one newly discovered species (Cyrtodactylus 

bansocensis). These species are not protected at present. 

Bualapha town: The isolated karst forest is surrounded by villages and fields. Three new 

species are found in this area (Gekko boehmei, G. scientiadventura, Dixonius sp.). 
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d) Recommendations for further research and conservation   

The Northern Truong Son Range is known as a hotspot of speciation and cryptic species. It is 

demonstrated by a list of 12 new species to science and seven new country records for Laos 

which were provided by our working group between 2013 and 2016 (Table 4.3).  

TABLE 4.3. New species and new country records to Laos  

No. Classification Year 

New species 

 Gekkonidae  

1 Cyrtodactylus bansocensis  2016 

2 Cyrtodactylus calamei  2016 

3 Cyrtodactylus hinnamnoensis  2016 

4 Cyrtodactylus jaegeri  2014 

5 Cyrtodactylus rufford  2016 

6 Cyrtodactylus sommerladi  2016 

7 Cyrtodactylus soudthichaki  2015 

8 Gekko boehmei  2015 

9 Gekko bonkowskii  2015 

10 Gekko sengchanthavongi  2015 

11 Gekko thakhekensis  2014 

 Colubridae  

12 Lycodon banksi  2016 (in review) 

New country records 

 Rhacophoridae  

1 Gracixalus quyeti 2016 (in review) 

2 Gracixalus supercornutus  2014 

3 Rhacophorus maximus 2014 

 Gekkonidae  

4 Cyrtodactylus cryptus 2016 

5 Cyrtodactylus pseudoquadrivirgatus 2013 

 Colubridae  

6 Lycodon futsingensis 2013 

7 L. ruhstrati abditus 2013 

 

Although the number of amphibians and reptiles in the Laotian side rapidly increase, further 

research is still needed because research efforts mainly focused on Hin Nam No NPA during a 

four-year period in comparison with efforts of a more than 10 years lasting study in Phong 

Nha - Ke Bang.  
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Of particular conservation importance are endemic species (publication 11) and species listed 

in IUCN & CITES Appendices (Table 4.2).     

We have named two representative gecko species after their type locality and the protected 

area, viz., Gekko thakhekensis and Cyrtodactylus hinnamnoensis (publications 4 & 11). These 

species have conservation flagship species potential (usually attractive and threatened 

species). With such actions, we have the chance to highlight both sites and species and raise 

awareness for conservation matters.   

Priorities for conservation should be in the endemic species richest parts of Hin Nam No, such 

as southern Hin Nam No. In addition, Ban Soc should be among the conservation priorities as 

well as this region in Khammouane Province, houses a so far overlooked population of the 

Critically Endangered Siamese crocodile. We currently are cooperating with our partners 

from the National University of Laos in Vientiane and the local authorities in Khammouane in 

establishing a reserve and engaging in further in situ conservation activities. 
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6. Summary / Zusammenfassung 

Summary 

In this thesis the mostly unknown herpetofauna in Hin Nam No National Protected Area Laos 

in the northern Truong Son Range was for the first time intensively investigated, and its 

diversity was compared to the bordering, and well-investigated Phong Nha - Ke Bang 

National Park in Vietnam. 

Twelve new vertebrate species were described comprising 11 geckonids (Cyrtodactylus 

bansocensis,  C. calamei, C. hinnamnoensis, C. jaegeri, C. rufford, C. sommerladi, C. 

soudthichaki, Gekko boehmei, G. bonkowskii, G. sengchanthavongi, G. thakhekensis, 

Lycodon banksi and one colubrid snake (Lycodon banksi). Seven species were discovered for 

the first time in Laos including three frogs (Gracixalus quyeti, G. supercornutus, 

Rhacophorus maximus), two geckos (Cyrtodactylus cryptus, C. pseudoquadrivirgatus) and 

two snakes (Lycodon futsingensis, L. ruhstrati abditus). 

The main hypothesis that the Truong Son Range acted as a biogeographic barrier for the 

distribution of amphibians and reptiles could be confirmed at least for karst adapted 

gekkonids. Compared to other herpetofaunal groups the number of gekkonids in karst 

formations was particularly high (seven bent-toed geckos, four true geckos). By comparing 

the relative amounts of shared species in Hin Nam No and Phong Nha - Ke Bang, it is 

interesting to note that fewer reptile species (38%) than amphibian species (66%) were shared 

between both regions. This might indicate that the Truong Son Range acts as a stronger 

biogeographical barrier for reptiles than for amphibians.  

Two pairs of karst-adapted cryptic gecko species (i.e. species with distinct genetic differences, 

but a similar phenotype) occurred on both sides of the Truong Son Range. Only in one case 

these were sibling species (Crytodactylus sommerladi in Laos versus C. roesleri in Vietnam), 

but not in the other (C. hinnamnoensis in Laos versus C. phongnhakebangensis in Vietnam).  

On the Laotian side, nine gecko species (Cyrtodactylus bansocensis, C. calamei, C. darevskii, 

C. hinnamnoensis, C. khammouanensis, C. multiporus, C. sommerladi, G. boehmei, G. 

sengchanthavongi) currently have to be regarded as endemic to the Hin Nam No region. On 

the Vietnamese side, seven species including two bent-toed geckos (Cyrtodactylus 

phongnhakebangensis and C. roesleri), three skinks (Lygosoma boehmei, Sphenomorphus 

tetradactylus and Tropidophorus noggei), and two snakes (Hebius andreae and Boiga 

bourreti) are currently only known from Phong Nha - Ke Bang and adjacent regions. These 
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high numbers of potential endemic species together with the cryptic species complex in 

Cyrtodactylus provide strong evidence that the karst formations in the northern Truong Son 

Range represent a hot spot of reptile diversity and of speciation in Crytodactylus in particular. 

Correct species identification is a fundamental requirement for conservation measures. The 

discovery of cryptic species complexes poses a challenge for alpha taxonomy and species 

conservation, because the true distribution ranges of the species are in fact much smaller than 

previously assumed. Species conservation in this area of Laos is facing a number of further 

problems. New and potentially endemic species were discovered in highly populated and 

disturbed areas. Conversion of the Ho Chi Minh Trail into a highway provided easy access for 

farmers and still continues to accelerate the destruction of remote forest areas. Southern Hin 

Nam No with its high diversity of endemic species was identified as the first priority area for 

conservation. Also Ban Soc, an area isolated from Hin Nam No, should be among the 

conservation priorities because this region houses a so far overlooked population of the 

critically endangered Siamese crocodile. Efforts to establish a legal conservation status for 

this habitat are in progress.  
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Zusammenfassung 

In der vorliegenden Arbeit wurde die noch weitgehend unbekannte Herpetofauna im Hin Nam 

No Schutzgebiet, im Gebirgszug der nördlichen Annamiten (vietnamesisch: Truong Son 

Range) in Laos, erstmals umfassend erforscht, und mit der Herpetofauna des angrenzenden, 

gut erforschten Phong Nha - Ke Bang Nationalparks in Vietnam verglichen.   

Hieraus resultierten Artbeschreibungen von insgesamt 12 neue Wirbeltierarten, darunter 11 

Geckos (Cyrtodactylus bansocensis,  C. calamei , C. hinnamnoensis, C. jaegeri, C. rufford, C. 

sommerladi, C. soudthichaki, Gekko boehmei, G. bonkowskii, G. sengchanthavongi, G. 

thakhekensis, Lycodon banksi)und einer Schlange aus der Familie der Nattern (Lycodon 

banksi). Darüber hinaus wurden 7 beschriebene Arten zum ersten Mal für Laos nachgewiesen, 

darunter 3 Froscharten  (Gracixalus quyeti, G. supercornutus, Rhacophorus maximus), 2 

Bogenfingergeckos (Cyrtodactylus cryptus, C. pseudoquadrivirgatus) und 2 Schlangen 

(Lycodon futsingensis, L. ruhstrati abditus). 

Die Hypothese, dass die nördlichen Annamiten eine Barriere für die Evolution der 

Herpetofauna bildete konnte zumindest für an Karstgebiete adaptierte Geckos bestätigt 

werden. Insbesondere die Artenzahl von Geckos (7 Bogenfingergeckos, 4 echte Geckos) war  

in den Karstgebieten hoch. Wenn man die relativen Anteile der gleichen Arten in den 

westlichen und östlichen Annamiten vergleicht, fällt auf, dass die Artübereinstimmung bei 

Reptilien (38%) weit geringer als bei Amphibien (66%) ausfällt. Dies könnte andeuteten, dass 

die Annamiten für Reptilien eine größere biogeographische Barriere bildeten als für 

Amphibien. 

Zwei Artenpaare an Karst adaptierter, kryptischer Geckoarten (d.h. Arten die sich genetisch 

signifikant unterschieden, aber einen gleichen Phänotyp aufwiesen) wurden auf beiden Seiten 

des Gebirgszugs der Annamiten entdeckt. Nur in einem Fall waren es Schwesterarten 

(Crytodactylus sommerladi in Laos vs. C. roesleri in Vietnam), während C. hinnamnoensis in 

Laos und C. phongnhakebangensis in Vietnam nicht eng verwandt waren. Auf der laotischen 

Seite wurden weiterhin 9 endemische Geckoarten in der Hin Nam No Region nachgewiesen 

(Cyrtodactylus bansocensis, C. calamei, C. darevskii, C. hinnamnoensis, C. khammouanensis, 

C. multiporus, C. sommerladi, G. boehmei, G. sengchanthavongi), während auf der 

vietnamesischen Seite in Phong Nha - Ke Bang bislang 7 endemische Arten bekannt sind, 

darunter 2 Bogenfingergeckos (Cyrtodactylus phongnhakebangensis, C. roesleri), 3 Skinke 
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(Lygosoma boehmei, Sphenomorphus tetradactylus, Tropidophorus noggei), und 2 

Schlangenarten (Hebius andreae, Boiga bourreti). 

Die vorliegende Arbeit bestätigt damit die Funktion der nördlichen Annamiten als ein 

Zentrum endemischer und kryptischer Arten; insbesondere bilden die Kartsgebiete der Region 

ein Zentrum der Artbildung in der Gattung Crytodactylus. 

Die korrekte Identifikation von Arten ist eine fundamentale Vorraussetzung für den 

Artenschutz. Insbesondere die Entdeckung von kryptischen Artkomplexen ist eine 

Herausforderung für die Alphataxonomie und den Artenschutz, weil die echten 

Verbreitungsareale von Arten viel kleiner sind als vorher angenommen.  

Der Artenschutz in dieser Region von Laos sieht sich weiteren Herausforderungen gegenüber. 

Neue und potenziell endemische Arten wurden auch in stark bevölkerten und gestörten 

Gegenden gefunden. Insbesondere der Ausbau des Ho Chi Minh Pfads in eine 

Hauptverbindungsstraße ermöglichte der Landbevölkerung einen leichten Zugang in vormals 

entlegene Waldgebiete, wodurchdie rapide Zerstörung von einzigartigen Habitaten weiter 

zunimmt. Der südliche Hin Nam No mit seinem hohen Reichtum endemischer Arten konnte 

als Prioritätsgebiet für den Artenschutz identifiziert werden. Daneben wurde in Ban Soc, 

einem isoliert von Hin Nam No gelegenen Gebiet eine bisher unbekannte Population des stark 

gefährdeten Siamesischen Krokodils entdeckt. Bestrebungen diesem Gebiet einen 

Schutzstatus zu verleihen sind in Vorbereitung. 
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7. Appendix  

 

APPENDIX 1. Current list of amphibians known from Hin Nam No (HNN) and Phong Nha - 

Ke Bang (PN-KB) 

APPENDIX 2. Current list of reptiles known from Hin Nam No (HNN) and Phong Nha - Ke 

Bang (PN-KB) 

APPENDIX 3. Similarities (Sørensen index) of the amphibian faunas between Hin Nam No 

NPA, Laos and different regions in Vietnam with similar Karst forests. 

APPENDIX 4. Similarities (Sørensen index) of the reptile faunas between Hin Nam No NPA, 

Laos and different regions in Vietnam with similar Karst forests. 

APPENDIX 5. Color plates of amphibians and reptiles from Hin Nam No NPA.
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APPENDIX 1. Current list of amphibians known from Hin Nam No (HNN) and Phong Nha - Ke Bang (PN-KB) 

AMPHIBIA 

HNN  

PN-KB 
This study 

Walston &  

Vinton 1999 

Gymnophibia: Ichthyophidae       

Ichthyophis chaloensis Geissler, Poyarkov, Grismer, Nguyen, An, Neang, Kupfer, Ziegler, Böhme 

et Müller, 2015 
    1 

Ichthyophis sp. 1     

Anura: Megophyidae       

Brachytarsophrys intermedia (Smith, 1921)     1 

Leptobrachium chapaense (Bourret, 1937) 1   1 

Leptobrachium sp. 1     

Leptolalax aereus Rowley, Stuart, Richards, Phimmachak et  Sivongxay, 2010 1   1 

Leptolalax minimus (Taylor, 1962) 1 1   

Ophryophryne hansi Ohler, 2003 1   1 

Xenophrys major (Boulenger, 1908) 1   1 

Anura: Bufonidae       

Duttaphrynus melanostictus (Schneider, 1799) 1 1 1 

Ingerophrynus galeatus (Günther, 1864)   1 1 

Ingerophrynus macrotis (Boulenger, 1887) 1   1 

Anura: Hylidae       

Hyla simplex Boettger, 1901     1 

Anura: Microhylidae       

Kalophrynus interlineatus (Blyth, 1854) 1 1 1 

Kaloula indochinensis Chan, Blackburn, Murphy, Stuart, Emmett, Ho, and Brown, 2013  1     
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Kaloula pulchra Gray, 1831 1 1 1 

Microhyla berdmorei (Blyth, 1856) 1 1 1 

Microhyla butleri Boulenger, 1900 1   1 

Microhyla fissipes Boulenger, 1884 1 1 1 

Microhyla heymonsi Vogt, 1911 1 1 1 

Microhyla inornata (Boulenger, 1890) 1 1 1 

Microhyla marmorata Bain et Nguyen, 2004 1   1 

Microhyla pulchra (Hallowell, 1861) 1   1 

Anura: Dicroglossidae       

Fejervarya limnocharis (Gravenhorst, 1829) 1 1 1 

Hoplobatrachus rugulosus (Wiegmann, 1834) 1   1 

Limnonectes bannaensis Je, Fei et Jiang, 2007 1   1 

Limnonectes gyldenstolpei (and ersson, 1916) 1   1 

Limnonectes limborgi (Sclater, 1892) 1   1 

Limnonectes poilani (Bourret, 1942) 1 1 1 

Occidozyga lima (Gravenhorst, 1829) 1   1 

Occidozyga martensii (Peters, 1867) 1 1 1 

Anura: Ranidae       

Amolops cremnobatus Inger et Kottelat, 1998     1 

Babina chapaensis (Bourret, 1937)     1 

Hylarana attigua (Inger, Orlov et Darevsky, 1999) 1   1 

Hylarana erythraea (Schlegel, 1837)   1   

Hylarana maosonensis Bourret, 1937     1 

Hylarana nigrovittata (Blyth, 1856) 1 1 1 

Hylarana taipehensis (Van Denburgh, 1909)   1 1 

Odorrana chloronota (Günther, 1876) 1 1 1 
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Odorrana tiannanensis (Yang et Li, 1980) 1   1 

Rana johnsi Smith, 1921 1 1 1 

Sylvirana guentheri (Boulenger, 1882) 1 
 

1 

Anura: Rhocophoridae       

Feihyla vittata (Boulenger, 1887)     1 

Gracixalus quyeti (Nguyen, Hendrix, Böhme, Vu, et Ziegler, 2008)  1   1 

Kurixalus banaensis (Bourret, 1939) 1   1 

Kurixalus bisacculus (Taylor, 1962) 1 1 1 

Polypedates megacephalus Hallowell, 1861 1 1 1 

Polypedates mutus (Smith, 1940) 1   1 

Rhacophorus annamensis Smith, 1924     1 

Rhacophorus dennysi Blanford, 1881     1 

Rhacophorus exechopygus Inger, Orlov et Darevsky, 1999     1 

Rhacophorus maximus Günther, 1858  1     

Rhacophorus kio Ohler et Delorme, 2006  1 1 1 

Rhacophorus orlovi Ziegler et Köhler, 2001 1   1 

Rhacophorus rhodopus Liu et Hu, 1960 1   1 

Rhacophorus spelaeus Orlov, Gnophanxay, Phimminith et Phomphoumy, 2010 1     

Theloderma asperum (Boulenger, 1886)   1 1 

Theloderma corticale (Boulenger, 1903)     1 

Theloderma vietnamense (Taylor, 1962)     1 

Total: 59 species 43 21 51 
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APPENDIX 2. Current list of reptiles known from Hin Nam No (HNN) and Phong Nha - Ke Bang (PN-KB) 

 

      

REPTILIA 

HNN  

PN-KB 
This study 

Walston &  

Vinton 

(1999); 

Nazarov et 

al. 2014 

CROCODYLIA       

Crocodylidae       

Crocodylus siamensis Schneider, 1801 1     

TESTUDINES       

Platysternidae       

Platysternon megacephalum Gray, 1831     1 

Geoemydidae       

Cuora cyclornata Blanck, McCord et Le, 2006     1 

Cuora galbinifrons Bourret, 1939     1 

Cuora mouhotii (Gray, 1862) 1 1 1 

Cyclemys dentata (Gray, 1831)   1   

Cyclemys oldhamii Gray, 1863 

 

  1 

Heosemys annamdalii (Boulenger, 1903)   1   

Heosemys grandis (Gray, 1860) 1    1 

Mauremys mutica (Cantor, 1842)     1 

Ocadia sinensis (Gray, 1834)     1 

Sacalia quadriocellata (Siebenrock, 1903)     1 
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Testudinidae       

Indotestudo elongata (Blyth, 1854)   1   

Manouria impressa (Günther, 1882) 1   1 

Trionychidae       

Amyda cartilaginea (Boddaert, 1770)   1   

Palea steindachneri (Siebenrock, 1906)   1 1 

Pelochelys cantorii Gray, 1864 1     

Pelodiscus cf. parviformis Tang, 1997     1 

SQUAMATA: SAURIA       

Gekkonidae       

Cyrtodactylus calamei  Luu, Bonkowski, Nguyen, Le, Ngo, Schneider et Ziegler, 2016 1     

Cyrtodactylus cryptus Heidrich, Rösler, Vu, Böhme et Ziegler, 2007 1   1 

Cyrtodactylus darevskii Nazarov, Poyarkov, Orlov, Nguyen, Milto, Martynov, Konstantinov et 

Chulisov 2014 1 1   

Cyrtodactylus hinnamnoensis  Luu, Bonkowski, Nguyen, Le, Ngo, Schneider et Ziegler, 2016 1     

Cyrtodactylus interdigitalis Ulber 1993 1     

Cyrtodactylus khammouanensis Nazarov, Poyarkov, Orlov, Nguyen, Milto, Martynov, 

Konstantinov et Chulisov 2014 1 1   

Cyrtodactylus multiporus Nazarov, Poyarkov, Orlov, Nguyen, Milto, Martynov, Konstantinov 

et Chulisov 2014 1     

Cyrtodactylus phongnhakebangensis Ziegler, Rösler, Herrmann et Vu, 2003     1 

Cyrtodactylus roesleri Ziegler, Nazarov, Orlov, Nguyen, Vu, Dang, Dinh et Schmitz, 2010     1 

Cyrtodactylus sommerladi  Luu, Bonkowski, Nguyen, Le, Ngo, Schneider et Ziegler, 2016 1     

Dixonius sp. 1     

Gehyra mutilata (Wiegmann, 1834) 1   1 

Gekko boehmei Luu, Calame, Nguyen, Le et Ziegler, 2015 1     
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Gekko palmatus Boulenger, 1907     1 

Gekko cf. reevesii (Gray, 1831) 1 1 1 

Gekko sengchanthavongi Luu, Calame, Nguyen, Le et Ziegler, 2015 1     

Gekko scientiadventura Rösler, Ziegler, Vu, Herrmann et Böhme, 2004 1   1 

Hemidactylus frenatus Dumérilet Bibron, 1836 1   1 

Ptychozoon lionotum Annandale, 1905 1   1 

Agamidae       

Acanthosaura lepidogaster (Cuvier, 1829) 1 1 1 

Calotes emma Gray, 1845 1 1 1 

Calotes sp. 1     

Calotes versicolor (Daudin, 1802) 1 1 1 

Draco maculatus (Gray, 1845) 1 1   

Physignathus cocincinus Cuvier, 1829 1 1 1 

Anguidae       

Dopasia gracilis Gray, 1845     1 

Varanidae       

Varanus nebulosus (Gray, 1831) 1     

Varanus salvator (Laurenti, 1768)     1 

Lacertidae       

Takydromus hani Chou, Nguyen et Pauwels, 2001     1 

Takydromus kuehnei van Denburgh, 1909     1 

Takydromus sexlineatus Daudin, 1802     1 

Scincidae       

Eutropis longicaudatus (Hallowell, 1856) 1 1 1 

Eutropis macularius (Blyth, 1853) 1 1 1 

Eutropis multifasciatus (Kuhl, 1820) 1 1 1 
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Lygosoma boehmei Ziegler, Schmitz, Heidrich, Vu et Nguyen, 2007     1 

Lygosoma quadrupes (Linnaeus, 1766)     1 

Plestiodon elegans (Boulenger, 1887)     1 

Plestiodon quadrilineatus Blyth, 1853     1 

Scincella melanosticta (Boulenger, 1887)     1 

Scincella rufocaudata (Darevsky et Nguyen, 1983) 1 1 1 

Sphenomorphus indicus (Gray, 1853) 1 1 1 

Sphenomorphus maculatus (Blyth, 1853) 1 1   

Sphenomorphus tetradactylus (Darevsky et Orlov, 2005)     1 

Tropidophorus cocincinensis Duméril et Bibron, 1839 1   1 

Tropidophorus noggei Ziegler, Vu et Bui, 2005     1 

SQUAMATA: SERPENTES       

Typhlopidae       

Ramphotyphlops braminus (Daudin, 1803)     1 

Xenopeltidae       

Xenopeltis hainanensis Hu et Zhao, 1972     1 

Xenopeltis unicolor Boie, 1827     1 

Boidae       

Broghammerus reticulatus (Schneider, 1801)     1 

Python molurus (Linnaeus, 1758)     1 

Xenodermatidae       

Fimbrios smithi Ziegler, David, Miralles, Doan et Nguyen, 2008     1 

Colubridae       

Ahaetulla prasina (Boie, 1827) 1   1 

Boiga bourreti Tillack, Ziegler et Le, 2004     1 

Boiga cyanea (Duméril, Bibron et Duméril, 1854) 1 1   
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Boiga guangxiensis Wen, 1998     1 

Boiga multomaculata (Boie, 1827) 1   1 

Calamaria thanhi Ziegler et Le, 2005     1 

Chrysopelea ornata (Shaw, 1802) 1 1 1 

Coelognathus radiatus (Boie, 1827) 1   1 

Cyclophiops major (Günther, 1858) 1   1 

Cyclophiops multicinctus (Roux, 1907)     1 

Dendrelaphis pictus (Gmelin, 1789) 1 1   

Dendrelaphis ngansonensis (Bourret, 1935)     1 

Dryocalamus davisonii (Blanford, 1878) 1 1 1 

Gonyosoma boulengeri Mocquard, 1897     1 

Gonyosoma prasinus (Blyth, 1854) 1 1 1 

Liopeltis frenatus (Günther, 1858)     1 

Lycodon capucinus (Boie, 1827) 1     

Lycodon fasciatus (Anderson, 1897)     1 

Lycodon futsingensis (Pope, 1928) 1   1 

Lycodon paucifasciatus Rendahl, 1943     1 

Lycodon cf. rufozonatum Cantor, 1842     1 

Lycodon ruhstrati (Fischer, 1886) 1   1 

Lycodon cf. subcinctus Boie, 1827 1     

Lycodon sp. 1     

Oligodon chinensis (Günther, 1888) 1   1 

Oligodon cf. cinereus (Günther, 1864) 1   1 

Oreocryptophis porphyraceus (Cantor, 1839)     1 

Orthriophis taeniurus Cope, 1861     1 

Ptyas korros (Schlegel, 1837) 1   1 
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Ptyas mucosa (Linnaeus, 1758)     1 

Elapidae       

Bungarus candidus (Linnaeus, 1758) 1 1 1 

Bungarus fasciatus (Schneider, 1801) 1   1 

Naja cf. atra Cantor, 1842     1 

Ophiophagus hannah (Cantor, 1836)     1 

Sinomicrurus macclellandii (Reinhardt, 1844)     1 

Homalopsidae       

Enhydris plumbea (Boie, 1827) 1 1 1 

Lamprophiidae       

Psammodynastes pulverulentus (Boie, 1827)     1 

Natricidae       

Amphiesma boulengeri (Gressitt, 1937)     1 

Amphiesma leucomystax David, Bain, Nguyen, Orlov, Vogel, Vu et Ziegler, 2007 1   1 

Amphiesma stolatum (Linnaeus, 1758) 1   1 

Hebius andreae (Ziegler et Le, 2006)     1 

Parahelicops annamensis Bourret, 1934     1 

Rhabdophis chrysargos (Schlegel, 1837) 1   1 

Rhabdophis nigrocinctus (Blyth, 1856) 1 1   

Rhabdophis subminiatus (Schlegel, 1837) 1   1 

Sinonatrix percarinata (Boulenger, 1899)     1 

Xenochrophis flavipunctatus (Hallowell, 1860)     1 

Pareatidae       

Pareas carinatus Wagler, 1830 1   1 

Pareas hamptoni (Boulenger, 1905) 1   1 

Pareas macularius Blyth, 1868 1   1 
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Pareas margaritophorus (Jan, 1866) 1   1 

Pseudoxenodontidae       

Pseudoxenodon macrops (Blyth, 1854)     1 

Viperidae       

Protobothrops cornutus (Smith, 1930)     1 

Protobothrops mucrosquamatus (Cantor, 1839)   1 1 

Protobothrops sieversorum (Ziegler, Herrmann, David, Orlov et Pauwels, 2000) 1   1 

Trimeresurus albolabris (Gray, 1842) 1 1 1 

Trimeresurus macrops Kramer, 1977 1     

Trimeresurus cf. truongsonensis (Orlov, Ryabov, Bui et Ho, 2004) 1   1 

Trimeresurus vogeli (David, Vidal et Pauwels, 2001) 1   1 

Total: 128 species 69 30 101 
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APPENDIX 3. Similarities (Sørensen index) of the amphibian faunas  

between Hin Nam No NPA, Laos and different regions in Vietnam with similar Karst forests. 

 

  Hin Nam No 

NPA 

Ba Be 

NP 

Cat Ba 

NP 

Du Gia Nature 

Reserve (NR) 

Kim Hy  

NR 

Phong Nha - Ke Bang 

NP 

Tay Con Linh 

NR 

Hin Nam No NPA – 
      

Ba Be NP 0.38889 – 
     

Cat Ba NP 0.25 0.41176 – 
    

Du Gia NR 0.31884 0.46809 0.3871 – 
   

Kim Hy NR 0.42857 0.54167 0.375 0.44444 – 
  

Phong Nha - Ke Bang NP 0.78788 0.38961 0.2623 0.2973 0.45333 – 
 

Tay Con Linh NR 0.31707 0.4 0.4 0.66667 0.37931 0.32184 – 

 

APPENDIX 4. Similarities (Sørensen index) of the reptile faunas  

between Hin Nam No NPA, Laos and different regions in Vietnam with similar Karst forests. 

 

 

Hin Nam No 

NPA 
Ba Be NP Cat Ba NP Du Gia NR 

Kim Hy 

NR 

Phong Nha-Ke Bang 

NP 

Tay Con 

Linh NR 

Hin Nam No NPA –             

Ba Be NP 0.31481 – 
     

Cat Ba NP 0.28333 0.51282 – 
    

Du Gia NR 0.21739 0.36 0.35484 – 
   

Kim Hy NR 0.29412 0.46667 0.55556 0.40909 – 
  

Phong Nha-Ke Bang NP 0.54237 0.35556 0.39456 0.18487 0.34109 – 
 

Tay Con Linh NR 0.20833 0.51852 0.42424 0.42105 0.33333 0.22764 – 
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APPENDIX 5. Color plates of amphibians and reptiles from Hin Nam No NPA. 

 

 

A) Ichthyophis sp.; B) Leptobrachium chapaense; C) Leptobrachium sp.; D) Leptolalax 

aereus; E) Leptolalax minimus; and F) Xenophrys major. Photos: V. Q. Luu 
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A) Ingerophrynus macrotis; B) Kalophrynus interlineatus; C) Kaloula indochinensis; D) 

Kaloula pulchra; E) Microhyla berdmorei; and F) Microhyla fissipes. Photos: V. Q. Luu  
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A) Microhyla heymonsi; B) Microhyla inornata; C) Microhyla marmorata; D) Fejervarya 

limnocharis; E) Hoplobatrachus rugulosus; and F) Limnonectes bannaensis. Photos: V. Q. 

Luu  
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A) Limnonectes gyldenstolpei; B) Limnonectes poilani; C) Hylarana nigrovittata;  

D) Odorrana chloronota; E) Odorrana tiannanensis; and F) Rana johnsi. Photos: V. Q. Luu 
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A) Gracixalus quyeti; B) Rhacophorus maximus; C) Rhacophorus kio; D) Rhacophorus 

orlovi; E) Rhacophorus rhodopus; and F) Rhacophorus spelaeus. Photos: V. Q. Luu  
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A) Crocodylus siamensis; B) Cuora mouhotii; C) Heosemys grandis; D) Manouria impressa; 

E) Pelochelys cantorii; and F) Cyrtodactylus interdigitalis. Photos: V. Q. Luu 
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A) Cyrtodactylus multiporus; B Gekko cf. reevesii; C) Gekko scientiadventura; D) 

Ptychozoon lionotum; E) Acanthosaura lepidogaster; and F) Calotes emma. Photos: V. Q. 

Luu  
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A) Calotes sp.; B Calotes versicolor; C) Draco maculatus; D) Physignathus cocincinus; E) 

Varanus nebulosus; and F) Tropidophorus cocincinensis. Photos: V. Q. Luu  
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A) Ahaetulla prasina; B) Boiga cyanea; C) Boiga multomaculata; D) Chrysopelea ornata; E) 

Dendrelaphis pictus; and F) Dryocalamus davisonii. Photos: V. Q. Luu & T. Calame (C) 
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A) Gonyosoma prasinus; B) Lycodon capucinus; C) Lycodon cf. subcinctus; D) Lycodon sp.; 

E) Bungarus candidus; and F) Bungarus fasciatus. Photos: V. Q. Luu  



Appendix 

305 

 

 

 

A) Enhydris plumbea; B) Amphiesma leucomystax; C) Amphiesma stolatum; D) Rhabdophis 

chrysargos; E) Rhabdophis nigrocinctus; and F) Rhabdophis subminiatus. Photos: V. Q. Luu  
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A) Pareas carinatus; B) Pareas hamptoni; C) Protobothrops sieversorum; D) Trimeresurus 

albolabris; E) Trimeresurus cf. truongsonensis; and F) Trimeresurus vogeli. Photos: V. Q. 

Luu  
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