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[bookmark: _Hlk219381888]New Distribution Record and Range Extension of Humerana humeralis (Boulenger, 1887) in Meghalaya, India with Morphometric and Habitat Insights


Abstract
The present study reports the first-ever confirmed distribution record of Humerana humeralis from Nongkhyllem Wildlife Sanctuary and Reserved Forest of Meghalaya, northeastern India, thereby extending the known range of the species within the eastern Himalayan biogeographic region. This record fills an important distributional gap between earlier reports from Assam, Arunachal Pradesh, and adjoining Bangladesh. Detailed morphometric measurements were taken from adult specimens, revealing pronounced sexual dimorphism, with males exhibiting larger snout–vent length, head dimensions, tympanum size, and limb proportions compared to females. These measurements are largely congruent with previously published descriptions, confirming the taxonomic identity of the species while also highlighting minor regional variation. Habitat use further indicates that the species primarily occupies perennial streams, marshy pools, and forest-edge wetlands, preferably in semi-evergreen forest, emphasizing its dependence on stable aquatic and riparian microhabitats. The present record underscores the conservation significance of Nongkhyllem Wildlife Sanctuary, and its adjacent reserved forest highlights the need for habitat protection for the conservation of amphibian diversity in this landscape.
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INTRODUCTION 
[bookmark: _Hlk219391338][bookmark: _Hlk219391367][bookmark: _Hlk218537205]Humerana humeralis (Boulenger, 1887), commonly known as the Humeral Frog, is a species of Ranid that is extensively found throughout South and Southeast Asia, covering a significant area of the Indo-Burma biogeographic region. In addition to India, they are known to distribute in Bangladesh (Frost, 2008; Al-Razi et al., 2014a,b), Nepal (Schleich and Kastle, 2002; Frost, 2008), Bhutan (Frost, 2008) and Myanmar (Boulenger, 1887, 1890; Frost, 2008), extending further east into Thailand, Laos, Cambodia, Vietnam, and southern China, as well as certain regions of the Malay Peninsula (Inger and Stuebing, 2005; Frost, 2024). 

[bookmark: _Hlk219391484]Within the Indian subcontinent, this species is primarily documented in northeastern India, specifically in the states of Assam (Hussain et al., 2007; Purkayastha, 2012; Chetia et al., 2014; Neog, 2016), Arunachal Pradesh (Hussain et al., 2007; Roy et al., 2018), Nagaland (Ao et al., 2003), Manipur (Ningombam and Bordoloi, 2007), and West Bengal (Deuti et al., 2017; Sen et al., 2022). Few studies reported its frequent presence in the Brahmaputra valley and the surrounding hill ranges, where the climatic conditions support a consistent availability of freshwater (Pawar and Birand, 2001; Sengupta et al., 2010). However, its distribution in Meghalaya state of northeast India was not reported. Hence, an initiative was undertaken to investigate their distribution in and around the Nongkhyllem Wildlife Sanctuary of Meghalaya, aiming to establish their distribution, abundance, and habitat utilization pattern. 


MATHODOLOGY 
[bookmark: _Hlk219391591][bookmark: _Hlk219391626][bookmark: _Hlk219391686]As amphibians inhabit both terrestrial/arboreal and aquatic environments, the survey encompassed both types of habitats. The survey was carried out along forest trails that included all habitat types (semi-evergreen, evergreen, shrub, deciduous, riverine, grassland), and the number of individuals was documented in relation to these habitats. Existing forest trails were explored during the evening hours. Two methods were employed for this purpose: (i) Visual Encounter Survey: This method involved searching for amphibians while walking along the forest trail during the evening hours (15:00 to 22:00) (Crump and Scott, 1994; Heyer et al., 1994; Naniwadekar and Vasudevan, 2014), and (ii) Active Search: In this method, amphibians were actively sought in various microhabitats, including epiphytes, beneath loose bark and logs, under leaf litter, root buttresses, overhead canopies, under rocks, in tree holes, puddles, springs, and along streambeds, considering the vegetation outside the designated forest trails. Along with this, the standard method for morphometric measurements was followed using digital vernier calipers with an accuracy level to the nearest 0.1 mm that adheres to establish the anuran morphology (Dubois, 1974; Watters et al., 2016). Measurements were typically taken from adult specimens, with males and females measured separately due to the significant sexual size dimorphism, a characteristic commonly observed in Ranid frogs (Shine, 1979).


STUDY AREA 
The Nongkhyllem Wildlife Sanctuary (NWLS) and its adjacent Nongkhyllem Reserved Forest (NRF) are situated in the Ri-Bhoi district of Meghalaya (Fig. 1), collectively forming an ecologically important forested area that spans approximately 88 km². This region is positioned between 25°50′30″–26°00′00″ N and 91°40′00″–91°47′00″ E, with elevations varying from 300 to 900 m above sea level. The landscape is marked by rolling hills, ridges, and perennial streams, which create favourable habitats for a diverse array of wildlife, especially amphibians. The climate in this area is classified as humid subtropical, with annual rainfall ranging from 2000 to 4000 mm and moderate seasonal temperature fluctuations. The predominant vegetation consists of tropical evergreen and semi-evergreen forests, featuring species such as Shorea robusta, Schima wallichii, and Castanopsis, along with a variety of bamboos, orchids, and ferns. The sanctuary and the reserved forest are home to a rich diversity of fauna, including the Western Hoolock Gibbon, clouded leopard, barking deer, hornbills, and amphibian genera like Polypedates, Amolops, and Microhyla. In spite of growing human-induced pressures, NWLS and NRF continue to play a vital role in biodiversity conservation and ecological connectivity within the region.

[image: ]
Figure 1: Nongkhyllem Wildlife Sanctuary and Reserved Forest in Meghalaya, India (Source: Meghalaya Forests and Environment Department) 	Comment by Min Bahadur Gurung: Proper citation of source required

RESULTS 
Distribution and abundance 
The study found seven adults with H. humeralis, of which two were adult males, while the remaining five were adult females. Based on their morphometric character (Fig. 2), their distribution is reported for the first time in Meghalaya state of northeast India. Details of their morphometric characters, abundance, and habitat use in Nongkhyllem Wildlife Sanctuary and Reserved Forest are described below. However, all the sightings were recorded between 199 – 597 m altitude and reported during the rainy season (May-August). 

Morphological characteristics
The morphometric evaluation of H. humeralis revealed distinct sexual dimorphism, with males consistently exhibiting larger and more robust body parameters than females (Table 1). The average snout–vent length (SVL) was 46.41 mm, with males achieving a mean SVL of 58.8 mm (ranging from 55.3 to 62.3 mm), while females averaged 41.46 mm (ranging from 32.4 to 50.5 mm). Likewise, the axilla–groin distance (AG) was greater in males (9.40 mm; 8.3–10.5 mm) compared to females (6.70 mm; 5.2–7.6 mm), indicating a relatively longer trunk in males. 

Head measurements indicate significant differences between the sexes. The mean head length (HL) was 5.25 mm (ranging from 4.0 to 6.5 mm) in males and 3.10 mm (ranging from 1.5 to 5.3 mm) in females, while head width (HW) measured 3.85 mm (ranging from 2.3 to 5.4 mm) in males and 1.98 mm (ranging from 0.8 to 3.0 mm) in females. The average snout length (SL) was 4.35 mm (ranging from 4.1 to 4.6 mm) in males, surpassing that of females (2.66 mm; ranging from 2.1 to 3.6 mm). Additionally, head depth at the nostril (HDN) and at the angle of the jaw (HD) were also greater in males, measuring 3.95 mm (ranging from 2.3 to 5.6 mm) and 6.35 mm (ranging from 4.2 to 8.5 mm), respectively, compared to 1.56 mm (ranging from 0.6 to 3.1 mm) and 3.98 mm (ranging from 2.7 to 6.1 mm) in females. 
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	(a) Male
	(b) Female

	Fig 2: Humerana humeralis reported first time from Nongkhyllem Wildlife Sanctuary and Reserved Forest of Meghalaya, India




Cranial and facial distances further highlighted sexual dimorphism. The eye-to-nostril distance (EN) measured 5.50 mm (ranging from 3.2 to 7.8 mm) in males and 4.94 mm (ranging from 2.6 to 6.3 mm) in females, while the nostril-to-snout distance (NS) was 6.60 mm (ranging from 5.2 to 8.0 mm) in males and 3.74 mm (ranging from 2.5 to 4.7 mm) in females. The average eye diameter (ED) was 5.25 mm (ranging from 4.0 to 6.5 mm) in males and 2.88 mm (ranging from 1.6 to 3.8 mm) in females. The internarial space (INS) measured 5.45 mm (ranging from 5.3 to 5.6 mm) in males and 3.14 mm (ranging from 2.4 to 4.4 mm) in females, while the interorbital space (IOS) was 5.90 mm (ranging from 4.3 to 7.5 mm) in males and 2.60 mm (ranging from 1.7 to 3.2 mm) in females.

The distances between the anterior and posterior corners of the eyes were greater in males, with the inter-anterior eye (IAE) measured 5.75 mm (ranging from 5.0 to 6.5 mm) and the inter-posterior eye (IPE) measured 7.45 mm (ranging from 6.3 to 8.6 mm), in contrast to 4.30 mm (ranging from 3.6 to 4.8 mm) and 3.96 mm (ranging from 2.8 to 5.2 mm) in females. The width of the upper eyelid (UE) was also larger in males at 7.30 mm (ranging from 6.3 to 8.3 mm) compared to females at 5.72 mm (ranging from 4.2 to 7.5 mm). Measurements related to the mandible, including the distance from the mandible to the nostril (MN), the mandible to the front of the eye (MAE), and the mandible to the back of the eye (MPE), were consistently larger in males, measuring 8.90 mm, 11.75 mm, and 10.40 mm respectively, compared to females at 6.72 mm, 8.14 mm, and 6.62 mm respectively. 

Tympanic and ocular structures were found to be developed in males. The distance from the eye to the tympanum (TE) was 9.40 mm (ranging from 8.3 to 10.5 mm) in males and 5.48 mm (ranging from 3.2 to 7.5 mm) in females. The horizontal diameter of the tympanum (HTYD) measured 6.65 mm (ranging from 6.2 to 7.1 mm) in males and 4.08 mm (ranging from 2.5 to 5.3 mm) in females, while the vertical diameter of the tympanum (VTYD) was 6.40 mm (ranging from 5.3 to 7.5 mm) in males and 3.82 mm (ranging from 2.7 to 5.0 mm) in females. 


Table 1: Morphometric measurements for Humerana humeralis found in Nongkhyllem Wildlife Sanctuary and Reserved Forest of Meghalaya, India
	Parameter
	Present study
	Previous studies

	
	Male
	Female
	NE India (Hussain et al., 2007)
	Bangladesh (Al‑Razi et al., 2014)

	Snout–vent length (SVL)
	58.8 (55.3–62.3)
	41.46 (32.4–50.5)
	57.5–75.7
	43.25

	Axilla–groin (AG)
	9.40 (8.3–10.5)
	6.70 (5.2–7.6)
	--
	--

	Head length (HL)
	5.25 (4.0–6.5)
	3.10 (1.5–5.3)
	19.55–24.35
	14.50

	Head width (HW)
	3.85 (2.3–5.4)
	1.98 (0.8–3.0)
	17.60–24.15
	13.35

	Snout length (SL)
	4.35 (4.1–4.6)
	2.66 (2.1–3.6)
	--
	--

	Eye diameter (ED)
	5.25 (4.0–6.5)
	2.88 (1.6–3.8)
	5.70–8.70
	4.85

	Interorbital space (IOS)
	5.90 (4.3–7.5)
	2.60 (1.7–3.2)
	--
	--

	Tympanum diameter (HTYD)
	6.65 (6.2–7.1)
	4.08 (2.5–5.3)
	4.65–6.00
	3.80

	Forelimb length (FL)
	8.40 (7.3–9.5)
	5.88 (4.5–6.5)
	35.4–46.35
	--

	Hand length (HAND)
	7.70 (6.8–8.6)
	4.64 (3.1–5.3)
	--
	--

	Hind limb length (HLL)
	9.40 (8.5–10.3)
	6.96 (5.1–9.2)
	98.8–133.5
	--

	Tibia length (TBL)
	8.60 (7.4–9.8)
	6.22 (4.8–8.5)
	29.3–39.7
	--

	Tibia width (TBW)
	3.45 (3.1–3.8)
	1.46 (0.6–2.3)
	--
	--

	Inner metacarpal tubercle (IMC)
	3.95 (3.8–4.1)
	2.70 (1.5–3.8)
	3.10–4.20
	--

	Inner metatarsal tubercle (IMT)
	2.95 (2.7–3.2)
	1.50 (0.8–2.1)
	2.60–3.75
	--

	Toe IV length (T4)
	5.95 (4.5–7.4)
	3.22 (2.3–4.5)
	Longest toe reported
	--




Appendicular measurements suggest that males possess longer and more robust limbs. The average forelimb length (FL) was 8.40 mm (ranging from 7.3 to 9.5 mm) in males and 5.88 mm (ranging from 4.5 to 6.5 mm) in females, while hand length (HAND) measured 7.70 mm (ranging from 6.8 to 8.6 mm) in males and 4.64 mm (ranging from 3.1 to 5.3 mm) in females. Individual finger lengths were consistently larger in males: the first finger (F1) measured 9.40 mm (ranging from 8.6 to 10.2 mm) compared to 6.74 mm (ranging from 5.2 to 7.4 mm) in females; the second finger (F2) measured 7.25 mm (ranging from 6.5 to 8.0 mm) versus 3.90 mm (ranging from 1.2 to 5.6 mm); the third finger (F3) measured 9.05 mm (ranging from 8.6 to 9.5 mm) compared to 5.54 mm (ranging from 3.2 to 7.4 mm); and the fourth finger (F4) measured 7.75 mm (ranging from 7.5 to 8.0 mm) versus 5.64 mm (ranging from 4.3 to 6.3 mm). The inner metacarpal tubercle (IMC) measured 3.95 mm (ranging from 3.8 to 4.1 mm) in males and 2.70 mm (ranging from 1.5 to 3.8 mm) in females, while the outer metacarpal tubercle (OMC) measured 10.25 mm (ranging from 9.1 to 11.3 mm) in males and 6.16 mm (ranging from 3.2 to 10.5 mm) in females.

The dimensions of the hind limbs exhibited a comparable trend. In males, the hind limb length (HLL) was recorded at 9.40 mm (ranging from 8.5 to 10.3 mm), while in females it measured 6.96 mm (with a range of 5.1 to 9.2 mm). The average tibia length (TBL) for males was 8.60 mm (7.4–9.8 mm), in contrast to 6.22 mm (4.8–8.5 mm) in females. Additionally, tibia width (TBW) was noted at 3.45 mm (3.1–3.8 mm) for males and 1.46 mm (0.6–2.3 mm) for females. Males also exhibited more pronounced supranumerary tubercles on their hands and feet, averaging 116.40 mm (111.3–121.5 mm), compared to 94.32 mm (78.6–108.2 mm) in females. 

Toe measurements further illustrated sexual dimorphism. The lengths of the first to fifth toes in males were 7.05 mm (T1), 7.55 mm (T2), 7.45 mm (T3), 5.95 mm (T4), and 6.65 mm (T5), whereas in females, these measurements were 5.20 mm, 4.66 mm, 4.00 mm, 3.22 mm, and 5.16 mm, respectively. The maximum width of the disc on the fourth toe (T4D) was 5.80 mm (5.1–6.5 mm) in males, while in females it was 3.14 mm (1.6–4.7 mm). The inner metatarsal tubercle (IMT) measured 2.95 mm (2.7–3.2 mm) in males and 1.50 mm (0.8–2.1 mm) in females. 

The analysis of morphometric data distinctly reveals that H. humeralis displays significant sexual dimorphism, with males exhibiting larger body sizes, broader heads, well-developed tympanic structures, and longer limbs and digits compared to females. These characteristics are possibly associated with reproductive behaviour and ecological adaptations.	Comment by Min Bahadur Gurung: Is this the result found? If yes, then rewriting is required


Habitat use pattern
Out of the total seven sightings, H. humeralis was observed utilizing the Evergreen forest (EVG) at a rate of 57.1%, followed by the Semi-evergreen forest (SEVG) at 42.9%. However, no individual was recorded in Deciduous Forest (DF), Wetlands/Water Bodies (WB), or Agricultural land (AG). This pattern of habitat utilization suggests a significant association with intact evergreen and semi-evergreen forest ecosystems, underscoring the species' dependence. Further, their habitat selectivity pattern also demonstrated a significantly positive selectivity value of 36.38%, indicating an active preference for Semi-evergreen forest (Fig. 3). In contrast, all other habitats exhibited negative selectivity values, implying a tendency to avoid them. Deciduous forest (DF) recorded the most pronounced negative selectivity at –31.63, highlighting a clear avoidance of disturbed habitats. Evergreen forest (EVG) at –1.29, grasslands (GL) at –0.99, water bodies (WB) at –1.01, and agricultural land (AG) at –0.43, suggesting a low to moderate level of avoidance. Overall, the finding indicates that H. humeralis is a habitat specialist with a strong preference for semi-evergreen forests and a limited tolerance for degraded or non-forest habitats.	Comment by Min Bahadur Gurung: Should be in the discussion section	Comment by Min Bahadur Gurung: Rewriting is required	Comment by Min Bahadur Gurung: Just present the findings, not discussions


Fig. 3: Habitat selectivity patterns of Humerana humeralis in Nongkhyllem Wildlife Sanctuary and Reserved Forest of Meghalaya, India
EVG: Evergreen Forest, SEVG: Semi-evergreen Forest, DF: Deciduous Forest, 	Comment by Min Bahadur Gurung: Not required since already mentioned above 
GL: Grassland, AG: Agricultural land, WB: Water bodies



DISCUSSION 
[bookmark: _Hlk219391746][bookmark: _Hlk219391772]Humerana humeralis is confined to northeastern India, with verified sightings exclusively from states that are either within or neighboring the Indo-Burma and Eastern Himalayan areas. This broad distribution indicates a considerable level of ecological adaptability, allowing the species to thrive in various climatic conditions, ranging from humid tropical lowlands to subtropical hill forests. Although they are regarded as locally abundant in several states, especially in Assam state of India, their distribution is reported to be sporadic in fragmented forest areas, particularly where freshwater habitats have been modified or degraded (Stuart et al., 2008; Rowley et al., 2010). The present distribution record of H. humeralis from Nongkhyllem is perhaps the first ever record of its distribution from Meghalaya state of India, likely due to having rolling plains, gentle hills, and a system of perennial streams and ponds that align with the lentic and lotic microhabitats favoured by them. In terms of altitude, H. humeralis has been recorded from near sea level to about 1,200–1,500 meters above sea level, although most observations are concentrated in low- to mid-elevation areas (IUCN SSC Amphibian Specialist Group, 2020). Within this altitude range, its population density can fluctuate significantly based on habitat quality, hydrological conditions, and human-induced disturbances.	Comment by Min Bahadur Gurung: Perhaps? 

Morphometric and habitat assessments from Nongkhyllem align with earlier published data from northeast India and Bangladesh, suggesting that local populations exhibit the same set of diagnostic traits (sturdy limbs, well-formed tympanum, and enlarged toe discs), although absolute size may differ regionally. Such size discrepancies have been documented before and are likely indicative of geographic and sampling variations rather than taxonomic distinctions. 	Comment by Min Bahadur Gurung: Source? 

[bookmark: _Hlk219391790][bookmark: _Hlk219391813][bookmark: _Hlk219391832][bookmark: _Hlk219391859][bookmark: _Hlk219391879]The present morphometric study of H. humeralis offers crucial insights for identifying species, evaluating sexual dimorphism, with males consistently larger and more robust than females across the majority of morphometric measurements. This trend is well established in Ranid frogs and is typically linked to reproductive behavior, territoriality, and mating strategies (Duellman and Trueb, 1994; Wells, 2007). In H. humeralis, morphometric measurements have been extensively utilized to differentiate it from related species within the genus Humerana and other Ranid taxa, as well as to assess geographic variation throughout its extensive distributional range (Chanda, 2002; Dinesh et al., 2020). The most frequently reported measurement is snout–vent length (SVL), which acts as an indicator of overall body size. In H. humeralis, adult SVL typically varies from moderate to large, with females generally achieving larger body sizes compared to males (Chanda, 2002; Sengupta et al., 2010). Limb measurements, especially tibia length and foot length, hold ecological significance as they indicate adaptations for movement in semi-aquatic and stream-associated environments (Inger, 1966; Emerson, 1978). Head dimensions, such as head length, head width, snout length, and eye diameter, are critical diagnostic features and may exhibit slight variation among populations living in different environmental contexts. This variation has been linked to ecological factors, including the availability of prey and the structure of microhabitats (van Bocxlaer et al., 2010). Overall, morphometric data enhance both taxonomic clarity and ecological understanding of H. humeralis populations throughout its distribution.

[bookmark: _Hlk219391897][bookmark: _Hlk219391913][bookmark: _Hlk219391932]On a larger scale, the morphometric differences observed among populations may indicate local environmental factors, such as altitude, hydrology, and habitat structure. This variation highlights the necessity of integrating morphometric data into ecological and conservation research, especially when evaluating population health and adaptive capacity in evolving environments (van Bocxlaer et al., 2010; Watters et al., 2016). The morphometric characteristics of H. humeralis are intricately associated with its semi-aquatic behaviour. The relatively elongated hind limbs and well-formed feet enhance its swimming and jumping abilities along the edges of streams, while the moderate dimensions of the head and snout align with a general insectivorous feeding habit (Inger, 1966; Emerson, 1978). The presence of sexual dimorphism, where females achieve a greater snout-vent length (SVL), is likely connected to higher fecundity, a trend commonly observed in anuran species (Shine, 1979). 

[bookmark: _Hlk219391949]As the species inhabits both primary evergreen and semi-evergreen forests, as well as secondary and regenerating forests, indicating a certain level of tolerance to moderate habitat disturbance (Pawar and Birand, 2001; Sengupta et al., 2010). They exhibit a strong ecological affinity for freshwater-dependent environments, particularly those associated with lotic and lentic systems. This species is most commonly found in riparian forest with stream edges, riverbanks, forest pools, ponds, marshes, and temporary rain-fed water bodies (Inger, 1966; Chanda, 2002). These habitats are essential for breeding, larval development, and adult foraging. Hence, they were commonly found in shaded stream corridors and damp forest floors, where individuals are frequently seen resting among leaf litter, beneath vegetation cover, or on low shrubs near water bodies. Occasionally, they are also found in human-altered environments, such as agricultural fields, tea plantations, roadside ditches, and village ponds, as long as sufficient moisture and breeding sites are present. However, their breeding success and population density in these habitats may be lower than in undisturbed forest ecosystems, primarily due to water pollution, agrochemical runoff, and changes to natural hydrology (Stuart et al., 2008; Dinesh et al., 2020).

Conclusion
From a conservation standpoint, the occurrence of H. humeralis in the well-protected Nongkhyllem Wildlife Sanctuary is promising; however, ongoing threats in Nongkhyllem Reserve Forest, such as land-use changes in the adjacent landscape and proposed ecotourism initiatives, could impact the hydrology, and evergreen and semi-evergreen forests are crucial for breeding. Therefore, it is advisable to continue monitoring their population sizes, breeding locations, and habitat quality to ensure their long-term survival. 
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