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ABSTRACT 

Research on Rhacophorus barisani Harvey, Pemberton & Smith remains limited since its formal description in 2002. Since 2017, the IUCN has classified the Barisan Tree Frog as Least Concern, and it is endemic to the montane forests of the Bukit Barisan range in Sumatra. Published records have been restricted to distributional notes and photographs, with no prior reports from Karo Regency, North Sumatra. This study was conducted between September and November 2023 in the Bukit Barisan Grand Forest Park (TAHURA) and the Mount Sibuatan Protected Forest. Specimens were located using purposive sampling combined with a Visual Encounter Survey-Night Stream (VES-NS) protocol. Encountered samples were photographed, collected, and examined. Habitat characteristics and key abiotic parameters were recorded, and detailed morphometric and morphological data were obtained. Our findings include a formal species description with accompanying photographs, habitat assessments, and morphometric analyses. Rhacophorus barisani was observed in flowing water habitats, such as streams and irrigation channels within primary montane forest, as well as in still-water pools in pine forests of TAHURA Bukit Barisan. Adult snout–vent lengths ranged from 42 to 66 mm, and three distinct dorsal coloration patterns were documented. Crucially, we confirm the species’ first record in Karo Regency, representing novel locality data. The species occupies habitats that are increasingly threatened by anthropogenic activities and therefore warrants targeted conservation measures. Although specific threats to R. barisani have not been quantified, it is likely impacted by habitat degradation resulting from small-scale agriculture, subsistence wood harvesting, and the expansion of human settlements.
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INTRODUCTION
 Rhacophorus barisani Harvey, Pemberton & Smith belongs to the family Rhacophoridae, commonly known as tree frogs. This family is highly diverse, comprising approximately 6% of the world’s anuran species (Ellepola & Meegaskumbura, 2023). Kurniawan et al. (2023) report that over 400 species are included in Rhacophoridae, distributed across sub-Saharan Africa, tropical Asia (including Sri Lanka, Nepal, and India), and mainland Indochina. Jiang et al. (2019) further investigate that the family comprises 416 species in 18 genera: 78 species occur in southern and southwestern China; 92 range from India and Japan to the Philippines and Sulawesi; 40 inhabit Borneo; and six are recorded from Maharashtra, India (Haas & Das, n.d.; Sayyed, 2015), 
In the Sundaland biogeographical region, Kamsi et al. (2017) documented nine Rhacophoridae genera, namely Chiromantis, Feihyla, Kurixalus, Leptomantis, Nyctixalus, Philautus, Polypedates, Rhacophorus and Theloderma. On Sumatra, four of these genera have been reported: Nyctixallus. Philautus, Polypedates and Rhacophorus (Kamsi, 2003), with Theloderma also recorded (Iskandar, 1998). These genera are distinguished by both morphological traits and reproductive strategies.
The genus Rhacophorus reproduces in a distinctive way, creating foam nests for its eggs on branches or leaves above standing water. Diagnostic characters include a horizontal pupil, a deeply notched but free tongue, a patterned omosternum and sternum, a short snout, large protruding eyes, webbed digits with expanded tips, and bright dorsal coloration. These frogs live in trees and are therefore referred to as arboreal (Iskandar, 1998; Kampen, 1923). Despite their arboreal habits, several species also inhabit stream channels and freshwater swamps within tropical rainforests (Harvey et al., 2002). Globally, 86 species are recognized in the genus Rhacophorus (Hamidy & Kurniati, 2015). Their distribution ranges from Madagascar through East and Southeast Asia and the Indo-Australian Archipelago (Kampen, 1923), including Sulawesi, the Philippines, India, China, Japan, Indochina, to Sundaland (Sumatra, Java, Borneo, Sulawesi, and adjacent islets) (Iskandar, 1998). On Sumatra alone, Kamsi et al. (2017) recorded 17 Rhacophorus species.
Rhacophorus barisani Harvey, Pemberton & Smith was first found around slow-flowing mountain streams in the Bukit Barisan range of Sumatra. The specific epithet reflects its endemic distribution. Commonly known as the Barisan Tree Frog, it emits a brief laughing call and inhabits tropical montane stream habitats (Harvey et al., 2002; Kurniati & Mujiono, 2020; Umilaela et al., 2008). According to Umilaela et al. (2008), the species is rare in the field, likely due to its sensitivity to climatic fluctuations and anthropogenic disturbance. Harvey et al. (2002) further found that it occurs in primary montane rainforest at high elevations, with ideal detection periods following rainfall, corresponding to its breeding activity. Kamsi et al. (2017) also reported its presence in low-elevation primary montane forest.
According to Harvey et al. (2002), Rhacophorus barisani is poorly known due to limited data. This species was first reported from Bukit Kaba in Rejang Lebong, Bengkulu. Subsequent records include Bener, Gayo Lues, and Blang Pidie in Southwest Aceh, as well as Ulu Masen in Aceh. Additional populations have been documented in the Batang Toru Forest and Batang Gadis National Park in North Sumatra; at Sungai Durian in Kerinci, Jambi; and on Mount Marapi in Agam, West Sumatra (Cahyadi, 2021; Handayani, 2015; Harvey et al., 2002; Kamsi et al., 2017; Kirillov, 2016; Kurniati, 2009; McGuire et al., 2023; Naufal, 2019; Umilaela et al., 2008).
Morphologically, Rhacophorus barisani Harvey, Pemberton & Smith is characterized by an obliquely sloping, pointed snout, with the distance from eye to nostril nearly equals to that from nostril to snout tip. Small dermal tubercles occur on the ulna and tarsus, and the webbing between the first and second toes does not reach the distal subarticular tubercle. Dorsal skin bears rounded, flattened tubercles, and a thick, prominent supratympanic fold is evident. Dorsal coloration is primarily brown with faint transverse bands, while the groin, concealed surfaces of the thighs, and hidden thigh skin are black with white spots exhibiting a bluish tinge. Males are smaller than females (Harvey et al., 2002; Kamsi et al., 2017).
Geographically, Karo Regency lies along the Bukit Barisan mountain chain and is predominantly highland, featuring two active volcanoes, Mount Sinabung and Mount Sibayak. Ritonga (2019) reported that Karo Regency lies at elevations ranging from 200 to 2,400 meters above sea level and is dominated by highland and mountainous terrain. According to Harvey et al. (2002) dan Umilaela et al. (2008), these geographic features of Karo Regency provide suitable habitat for the Barisan Tree Frog.
Rhacophorus barisani Harvey, Pemberton & Smith was reported by Handayani (2015) in Herpetologer Mania magazine as inhabiting riparian zones, where individuals perch on branches and leaves up to four meters above the water surface. This species displays pronounced color polymorphism, which can mislead observers and contribute to taxonomic ambiguity. Comparable polymorphic traits have been observed in specimens from Karo Regency, although their precise microhabitat preferences differ. 
Frogs has an important role in ecosystem trophic dynamics as predators of diverse insects and their larvae (Kusrini, 2013). Due to their permeable skin and complex life cycles, endemic amphibians like the Barisan Tree Frog are highly sensitive to environmental perturbations, making them effective bioindicators of ecosystem health.
 
Method
[bookmark: _Hlk197851744]This study was conducted during the rainy season from September to November 2023 in the Bukit Barisan Grand Forest Park (Tahura Bukit Barisan) and the Mount Sibuatan Protected Forest, Karo Regency, North Sumatra. Data were collected using purposive sampling and the Visual Encounter Survey–Night Stream (VES–NS) method at four observation sites. At Mount Sibuatan, surveys extended 200 meters along the Aek Bolon stream and adjacent irrigation channels near the mountain’s trailhead. In Tahura Bukit Barisan, surveys included both small stream reaches and standing pools in the Lau Pantar area (Siregar, 2010; Zainudin et al., 2016). Nocturnal fieldwork focused on small stream habitats at two points around Mount Sibuatan and on two points, comprising both stream reaches and water-filled depressions within Tahura Bukit Barisan. At each site, calling frogs were located by their vocalizations, and habitat characteristics were documented. Samples were captured with hand nets or plastic bags, then measured for key abiotic parameters (air temperature, relative humidity, GPS coordinates, and elevation). Morphological characters (limb proportions, dorsal and ventral coloration, and head shape) were described, and standard morphometric measurements were taken following protocols in (Addaha et al., 2015). 

Study Area
Tahura Bukit Barisan is a tropical montane rainforest spanning four regencies (Karo, Deli Serdang, Langkat, and Simalungun) and covering approximately 51,600 hectares, as designated by Presidential Decree No. 48 of 1988. This protected area harbors numerous legally protected flora and fauna species and serves as the headwater catchment for major North Sumatran rivers, including the Deli, Wampu, and Seruai (Ritonga, 2019). Study by Nadhifah et al. (2018) report that the Mount Sibuatan Protected Forest, which spans Karo and Dairi regencies, also consists of tropical montane rainforest. Although detailed biodiversity surveys are limited, the forest remains in excellent condition and supports high species diversities. Both areas lie between 1,000 and 2,400 meters above sea level and include primary and secondary rainforest, pine stands, and shrubland. For this study, sampling sites were located along the Aek Bolon stream and adjacent irrigation channels in Mount Sibuatan, as well as in the pools and stream reaches of the Lau Pantar area in Tahura Bukit Barisan.
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Figure 1. (A) Map of Sumatra Island; (B) Sample collection habitat; (C) Aek Bolon River; 
(d) Standing pool in Tahura Bukit Barisan. 
    Source (a & b): Google Earth 02 August 2024.
Results and Discussion
Habitat of Rhacophorus barisani Harvey, Pemberton & Smith
Habitat surveys for Rhacophorus barisani Harvey, Pemberton & Smith were conducted at four observation sites: the Aek Bolon stream and adjacent irrigation channels in the Mount Sibuatan Protected Forest, and both standing pools and Lau Pantar stream reaches in the Bukit Barisan Grand Forest Park (Tahura Bukit Barisan). At each site, nocturnal measurements of air temperature (T), relative humidity (RH), elevation (A), and GPS coordinates were recorded. Air temperatures ranged from 16.1 to 19.2 °C, relative humidity from 96 % to 99 %, and elevations between 1,318 and 1,562 m above sea level. The standing pool in Tahura Bukit Barisan (N 03°12′22.8″, E 098°32′12.0″) was fed by a small ditch and dries out during the dry season. Lau Pantar (N 03°07′55.2″, E 098°36′16.1″) is a small, fast‐flowing stream beneath primary‐forest canopy in Serdang Village within Tahura Bukit Barisan. The Aek Bolon stream (N 02°54′24.4″, E 098°27′59.8″) originates on Mount Sibuatan and eventually drains into Lake Toba. Finally, an irrigation channel near the Mount Sibuatan trailhead (N 02°55′02.7″, E 098°28′04.1″) was also surveyed. All measurements were taken at night concurrently with visual encounter and call surveys.

Table 1. Environmental parameters at Rhacophorus barisani Harvey, Pemberton & Smith habitat sites.
	Parameter
	Observation Sites

	
	TH
	LP
	AB
	IR

	Temperature 
(°C)
	17,8
	19,2
	16,4
	16,1

	Relative humidity (%)
	99
	96
	99
	99

	Elevation 
(m a.s.l.)
	1.436
	1.318
	1.562
	1.528


Notes: TH = Tahura Bukit Barisan; LP = Lau Pantar; 
AB = Aek Bolon dan IR = aliran irigasi.

Morphology of Rhacophorus barisani Harvey, Pemberton & Smith
Morphological characterization of Rhacophorus barisani specimens was based on variation in dorsal coloration and patterning, which correlated with body size. Three principal color morphs were observed across the four survey sites: (1) A light brown ground color with yellowish-brown on the dorsum that does not extend to the flanks. Dorsal markings are faint, limbs bear complete encircling bands, and the thigh exhibits red pigmentation; (2) A uniform yellowish-brown ground color edged in yellow, with distinct dorsal patterning and black limb bands. Samples of this morph were generally larger; and (3) A green ground color with scattered brown or black dorsal tubercles, a slender body form, bluish ventral and proximal limb coloration, and red membranes on both fore- and hind-foot webbing.
Overall, Rhacophorus barisani Harvey, Pemberton & Smith exhibits a moderate body size and an obliquely sloping, pointed snout visible in dorsal view, with the snout tip extending beyond the lower jaw. A thick, conspicuous supratympanic fold overlies a tympanic membrane that is half the diameter of the eye and confluent with the orbital rim. Both structures generally match the surrounding skin color. The dorsal skin bears flattened, rounded tubercles and additional small tubercles on the ventral surface. Limbs are relatively short, with the forelimb length is approximately half the hind-limb length, and forelimb breadth measures three-quarters that of the hind limb. Fingers and toes are extensively webbed, with small subarticular tubercles. Webbing between toes I and II does not reach the distal tubercle. Digit tips are ovoid. 
Snout–vent length of collected samples ranged from 42 to 66 mm, with no clear sexual dimorphism in size. Head length measured 19–24 mm, and head width 17–22 mm. Snout length (from eye to tip) was 10–15 mm. The distance from the nostril to the eye measured 4.2–4.6 mm, while the distance from the eye to the snout tip was 11–16 mm. Total hind-limb length ranged from 55 to 84 mm.
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Table 2. Morphometric Measurements of Rhacophorus barisani Harvey, Pemberton & Smith (in mm)
	[bookmark: _Hlk199372313]No
	Character
	Morphometric (mm)

	
	
	TH
	LP
	AB
	IC

	1
	Snout–vent length
	45-66
	42-63
	43-62
	42-60

	2
	Head length
	21-24
	19-23
	19-23
	19-23

	3
	Head width
	18-22
	18-21
	18-21
	17-21

	4
	Snout length
	12-15
	12-15
	10-13
	11-14

	5
	Nostril–snout distance
	4.3-4.6
	4.2-4.5
	4.2-4.4
	4.2-4.3

	6
	Eye–snout distance
	12-16
	12-14
	11-14
	11-14

	7
	Eye diameter
	4.5-5
	4.4-4.8
	4.5-4.8
	4.3-4.7

	8
	Hind-limb length
	57-84
	55-78
	56-64
	55-69

	9
	Femur length
	18-27
	19-25
	18-22
	20-23

	10
	Tibia length
	22-35
	21-29
	22-26
	19-25

	11
	Metatarsus to fourth toe tip
	24-34
	25-28
	23-26
	25-32


Note: TH = Tahura Bukit Barisan; LP = Lau Pantar; AB = Aek Bolon; IC = irrigation channel
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Figure 2. Rhacophorus barisani Harvey, Pemberton & Smith (a) 1st pattern variation; (b) 2nd pattern variation; (c) 3rd variation of pattern; (d) Blue-colored pattern on the abdomen and base of limbs; (e) Metatarsus {i} red color of the foot membrane and {ii} red color of the foot membrane the membrane on the fingertips does not reach the fingertips and (f) Head {iii} pointed muzzle tip and {iv} the tip of the muzzle over the tip of the lower jaw.


During observations, the lowest temperature was recorded at the irrigation channel near the base of Mount Sibuatan (16.1 °C), and the highest at Lau Pantar in Serdang Village, Tahura Bukit Barisan (19.2 °C). Kusrini (2013) reports that optimal frog habitat temperatures range from 22 to 35 °C, whereas Kurniawan et al. (2024) found that frogs tolerate 18.5 to 25.3 °C. Novia et al. (2015) recorded habitat temperatures of 17 to 19 °C in Kerinci Seblat National Park, which aligns with our findings in Karo Regency.{iii}
{iv}

Relative humidity was lowest at Lau Pantar (96 %) and 99 % at the other three sites. Kusrini (2013) suggests that ideal humidity for frogs spans 56 to 100 %, and both Kurniawan et al. (2024) and Novia et al. (2015) report habitat humidity between 82 and 100 %. These conditions support frog persistence in Karo Regency. Between September and November 2018, the average humidity ranged from 86.9 to 100 %, daily rainfall averaged 6.3 to 8.8 mm, and there were 15 to 18 rainy days per month (BPS Kabupaten Karo, 2018). Temperature and humidity are critical factors for organismal survival. Handayani (2015) adds that color variation in the Barisan Tree Frog is influenced by ambient temperature, weather, and climate. 
Rhacophorus barisani Harvey, Pemberton & Smith has been reported from foothill to montane zones at elevations of 1,000–1,700 m above sea level (m a.s.l.). In the present study, samples were recorded between 1,318 and 1,562 m. Previous records include Sungai Durian in Kerinci, Jambi at 1,000 m a.s.l. (Kurniati, 2009). Sumber Urip Village in Rejang Lebong at 1,300–1,700 m in disturbed primary forest (Umilaela et al., 2008). Bukit Kaba at 1,440 m a.s.l. (Harvey et al., 2002), and the Batang Toru Forest and Sopotinjak area in Batang Gadis National Park (Kamsi et al., 2017). All known localities are montane forest sites on Sumatra, corroborating the habitat suitability for the Barisan Tree Frog in Karo Regency, North Sumatra.
Novia et al. (2015) reported that as elevation increases, ambient temperature decreases and humidity increases, leading to reduced amphibian abundance and diversity. Under these conditions, only species with the best physiological and ecological tolerance persist, including Rhacophorus barisani Harvey, Pemberton & Smith. Kurniati (2009) described R. barisani’s habitat as slow- to fast-flowing streams with fallen logs and adjacent animal wallows. Harvey et al. (2002) further noted its preference for primary montane rainforest near gently flowing streams. In this study, R. barisani was found in fast-flowing reaches of the Aek Bolon stream and associated irrigation channels in the Mount Sibuatan Protected Forest, as well as in both fast-flowing sections of the Lau Pantar stream and ephemeral pools under pine canopy in Tahura Bukit Barisan. These observations confirm that the Barisan Tree Frog occupies both lotic and seasonal lentic microhabitats beneath continuous forest canopy.
Handayani (2015) found that Rhacophorus barisani Harvey, Pemberton & Smith closely resembles R. baluensis Inger, but differs in coloration patterns, digital morphology, and habitat preferences. Rhacophorus barisani Harvey, Pemberton & Smith exhibits pronounced color polymorphism, which can complicate accurate identification. Our study revealed three distinct dorsal color morphs among specimens from Tahura Bukit Barisan and the Mount Sibuatan Protected Forest.
Based on data collected from Tahura Bukit Barisan and the protected forest of Mount Sibuatan, the body size of Rhacophorus barisani Harvey, Pemberton & Smith is generally medium, ranging from 42 to 66 mm, with no distinction observed between male and female. Kamsi et al. (2017) reported a narrower range of 43–53 mm, while Harvey et al. (2002) measured a mean of 53.16 mm exclusively in males. Head length varies from 19 to 24 mm and head width from 17 to 22 mm. The snout is characteristically sloping and pointed in dorsal view, extending beyond the lower jaw margin, and measures 10–15 mm. In comparison to congeners, R. barisani has a more acutely pointed head and a mouth width that extends to the orbital rim (Hamidy & Kurniati, 2015; Harvey et al., 2002; Kamsi et al., 2017; Umilaela et al., 2008). 
The eyes are large and round, with a diameter of 4.3–5.0 mm. Harvey et al. (2002) reported that the average eye diameter of Rhacophorus barisani Harvey, Pemberton & Smith is approximately 0.5 mm. The tympanic membrane is confluent with the orbital rim and measures only half the diameter of the eye. The annulus and tympanum generally match the surrounding skin coloration. The supratympanic fold is thick and conspicuous (Kurniati, 2009). The distance from the nostril to the eye measures 4.2–4.6 mm, while the distance from the eye to the tip of the snout is approximately 11–16 mm. Total hind-limb length ranges from 55 to 84 mm. Harvey et al. (2002) noted that, in this species, the eye–nostril distance is nearly equal to the nostril–snout tip distance.
The dorsal skin bears flattened, rounded tubercles. The ventral surface is white with brown or black spotting, and small tubercles are also present on the belly. According to Hamidy & Kurniati (2015), the overall body coloration of Rhacophorus barisani Harvey, Pemberton & Smith is brown, with the ventral surface speckled in black and a lined pattern on the dorsum. Kamsi et al. (2017) further describe the dorsal skin texture as flattened yet protruding like small spines.
Limbs are relatively short. The forelimb length is approximately half that of the hind limb, and its girth measures three-quarters the circumference of the hind limb. Harvey et al. (2002) similarly noted that the upper arm is shorter than the hind limb and that the forearm circumference is three-quarters that of the lower leg. Fingers and toes are extensively webbed, with small subarticular tubercles. Webbing between the first and second toes does not reach the distal tubercle. Digit tips are ovoid (Hamidy & Kurniati, 2015; Harvey et al., 2002; Kamsi et al., 2017). In our study, hind-limb length ranged from 55 to 84 mm, femur length from 18 to 27 mm, tibia length from 19 to 35 mm, and metatarsus length to the tip of the fourth toe from 23 to 34 mm.

Conclusions and Recommendations
Based on morphological and morphometric analyses, Rhacophorus barisani Harvey, Pemberton & Smith exhibits variation in both coloration and body size. Adults measure between 42 and 62 mm in snout–vent length and display three distinct color morphs: a light brown ground color with yellowish-brown dorsum that does not extend to the flanks; a uniform yellowish-brown ground color; and a green ground color with brown or black dorsal tubercles. The species occupies riparian and lotic habitats, including stream margins, irrigation channels, and seasonal pools within primary and pine forest at high elevations in Karo Plateau, North Sumatra. Although specific threats have not been quantified, habitat loss from small-scale agriculture, subsistence wood collection, and expanding human settlements likely impact this species. To support conservation of the Barisan Tree Frog, we recommend targeted surveys to map its full distribution, detailed study of its breeding biology and population dynamics, and the establishment of habitat protection measures in key montane forest areas.
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