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ABSTRACT 
The toad Duttaphrynus stuarti has been reported sporadically across parts of South and South-East Asia, yet molecular confirmation from India has remained lacking. During a faunistic survey conducted in Nagaland in August 2024, two specimens, tentatively identified as D. stuarti, were collected from Zunheboto and Phek districts. To confirm their identity, mitochondrial 16S rRNA gene sequences were generated and analysed. Phylogenetic reconstruction recovered the Nagaland specimens within the D. stuarti clade, forming a sister lineage to Duttaphrynus chandai with a genetic divergence of 6.1 %. This represents the first genetic confirmation along with molecular data of D. stuarti from Nagaland. Intraspecific genetic divergence among populations from India, Myanmar and China ranged between 0.9–1.1 %, supporting the wide distribution of the species. Morphological examination of the collected specimens broadly agrees with earlier descriptions, though minor variations were observed in tympanum visibility, tibio-tarsal articulation and metatarsal tubercles. Given the biogeographical continuity of Nagaland with adjoining regions of Arunachal Pradesh, Manipur and Myanmar, the presence of D. stuarti in the state is consistent with regional distribution patterns.
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RESUMEN
El sapo Duttaphrynus stuarti ha sido reportado de manera esporádica en diversas regiones del sur y sudeste de Asia; sin embargo, la confirmación molecular en varias áreas del noreste de la India ha sido limitada. Durante un estudio faunístico realizado en Nagaland en agosto de 2024, se recolectaron dos ejemplares identificados tentativamente como D. stuarti en los distritos de Zunheboto y Phek. Para confirmar su identidad, se generaron y analizaron secuencias del gen mitocondrial 16S rRNA. La reconstrucción filogenética ubicó a los ejemplares de Nagaland dentro del clado de D. stuarti, formando una línea hermana de Duttaphrynus chandai con una divergencia genética del 6,1 %. Esto representa la primera confirmación genética de D. stuarti para Nagaland y aporta los primeros datos moleculares de la especie desde la India. La divergencia genética intraespecífica entre poblaciones de India, Myanmar y China osciló entre 0,9–1,1 %, lo que respalda la amplia distribución de la especie. El examen morfológico de los ejemplares recolectados coincide en términos generales con descripciones previas, aunque se observaron variaciones menores en la visibilidad del tímpano, la articulación tibio-tarsal y las proporciones de los tubérculos metatarsales. Dada la continuidad biogeográfica de Nagaland con regiones adyacentes de Arunachal Pradesh, Manipur y Myanmar, la presencia de D. stuarti en el estado resulta consistente con los patrones de distribución regionales.
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INTRODUCTION 
The bufonid toad diversity in Nagaland state of North-East India has significantly expanded over recent decades. Mathew and Sen (2009) described three new species of Duttaphrynus—D. kiphirensis, D. nagalandensis and D. wokhaensis—from the state. This was followed by Das et al. (2013), who added another new species, D. chandai. Prior to these discoveries, only D. melanostictus was recorded from Nagaland (Ao et al., 2003).
	In August 2024, a faunistic survey was conducted to Nagaland, where a number of districts were surveyed to document the amphibian diversity of the state. Two samples of Duttaphrynus were collected from Zunheboto and Phek districts which were tentatively identified as D. stuarti.  These two specimens, one each from Ashukhomi village (26°04'12'‘N, 94°32'41'‘E, 1525 m) in Zunheboto district on 4 August, 2024 (Museum Registration Number: V/A/NERC/ZSI/2063) and Losami village (25°39’21” N, 94°26’37” E; 1487 m asl; Fig. 1a-c) in Phek district on 10 August, 2024 (Museum Registration Number: V/A/NERC/ZSI/2064) were collected by Bikramjit Sinha and his survey team. To confirm their specific identity, molecular sequences data was generated which led to the first report of D. stuarti from Nagaland.
DNA extraction was performed by DNeasy Blood and Tissue kit (Qiagen) following specified protocol from liver tissue. Genomic DNA (gDNA) was quantitated on Qubit 2.0 fluorometer by HS dsDNA assay kit. PCR of fragment of mt 16S rRNA gene was obtained with 16Sar-L 5’- CGCCTGTTTATCAAAAACAT -3’ and 16Sbr-H 5’-CCGGTCTGAACTCAGATCACGT-3’ primers (Palumbi et al., 2002). PCR amplification was conducted in 25µL volume with 12.5µL of 2X master mix (Promega), 1µL from 10µM of each primers, 1µL of gDNA (50ng), 2µL of 25 mM MgCl2 and Nuclease free water up to Q.S. Thermal cycle included one denaturation cycle of 95℃ for 2 mins, 30 cycles of denaturation at 95℃ for 30 secs, primer annealing at 47℃ for 30 secs, and elongation at 72℃ for 60 secs, followed by a final extension at 72℃ for 5 mins (Saikia et al., 2022). Amplification was confirmed on 1 % agarose gel by electrophoresis, and positive products were outsourced for bidirectional Sanger’s sequencing to Barcode Biosciences Pvt. Ltd., Bengaluru. Obtained sequences were manually verified for quality. Additionally, sequences for all Duttaphrynus species were downloaded from GenBank and aligned with our sequences in MEGA 11 software (Tamura et al., 2021). A total of 52 sequences of 554 bps including outgroups were subjected to Bayesian Inference (BI) analysis using MrBayes v3.2 (Ronquist et al., 2012) and with GTR+G+I nucleotide substitution model. BI analysis was executed in two independent runs with four Markov chains each for one million generation, sampled every 1,000 generations. Convergence between the runs was assessed by monitoring the average standard deviation of split frequencies between runs (< 0.01). Additionally, the effective sample size (ESS) values were examined to be more than 200 for all parameters using Tracer v1.7 (Rambaut et al., 2018). The initial 25 % of sampled trees from each run were discarded as burn-ins. The final consensus tree was visualised in FigTreev1.4 (Rambaut, 2014) treating Ingerophrynus as outgroup
In the mitochondrial (mt) 16s rRNA based single gene tree, populations of D. stuarti from Nagaland are recovered as a sister species to D. chandai with 6.1 % genetic distance (Fig. 2). This being the first genetic data for the species D. stuarti from India (Nagaland), which confirms the presence of the species in India, Myanmar and China (Fig. 2; Supplementary data, Table S2). Duttaphrynus stuarti being a wide range species, and the genetic distance within the populations across India, Myanmar and China were ranging from 0.9 % to 1.1 % (Fig. 2).
Several morphological measurements were taken to describe the individuals. Both collected toads were identified as adult females, 52.2 – 67.3 mm in size (see Supplementary data, Table S1 for details); head wider than long; canthus rostralis distinct; loreal region vertical; snout longer than eye; nostril nearer to snout, inter-narial distance smaller than inter-orbital distance; tongue entire, vomerine teeth absent; tympanum minute and barely visible, about 1/5th of eye diameter; tympanum separated from the eye by a distance more than its diameter; supra-tympanic fold absent. Fingers free, relative finger length is II<I<IV<III; two distinct metacarpal tubercles present, outer larger. Femur slightly smaller than tibia, less than half of the total body length. Toes half webbed; both inner and outer metatarsal tubercles prominent, inner long, outer rounded. Tibio-tarsal articulation reaches the shoulder. 
The dorsum is rough, with scattered warts; lateral and dorsal part of limbs with keratinised warts; ventrum coarsely granular. Cranial ridge absent; head depressed; a mid-dorsal line is present. Parotid gland reniform with depression in the middle. Dorsum dark-brown with patches of lighter shades; warts, finger-tips and toe-tips ending in black. 
We have also noted some variations in our specimens as well as with the original description of D. stuarti by Smith (1929). In V/A/NERC/ZSI/2063, the ventral side of the forelimb has a line which is absent in V/A/NERC/ZSI/2064. As per Smith (1929), the tympanum is distinct and half the eye diameter; however, in our specimens, the tympanum is barely visible and significantly smaller (1/5th of eye diameter). Furthermore, Smith (1929) mentioned that tibio-tarsal articulation reaches the tip of snout, while in our case, it only extends to the shoulder. As per Wogan et al. (2003), during the re-description of D. stuarti based on fresh specimens, they observed the outer meta-tarsal tubercle to be longer than the inner, while our specimens exhibit an elongated and larger inner meta-tarsal tubercle, and the outer is rounded and smaller.
Duttaphrynus stuarti is known to occur from Myanmar, India, China and a conferred record from Bhutan (Frost, 2024). Smith (1929) described the species from the Putao plain in Northeast Myanmar. Later, Smith (1935) reported the species from the Lohit Valley of Arunachal Pradesh in North-East India. After a long gap with no further reports, Agarwal and Mistry (2008) documented the species from Eaglenest Wildlife Sanctuary in eastern Arunachal Pradesh. Since then, several range extensions have been reported from India, including the Lower Dibang Valley (Roy et al., 2018), Namdapha National Park (Dinesh and Radhakrishnan, 2019) and Upper Dibang Valley (Sinha and Saikia, 2022) in Arunachal Pradesh. Additionally, the species was recorded in Meghalaya by Hattar et al. (2010) from Baghmara Reserved Forest in the South Garo Hills. This was followed by reports from Sikkim (Chettri, 2017), Mizoram (Lalremsanga et al., 2020) and very recently from Manipur (Gracy et al., 2024). 
Nagaland, located between Arunachal Pradesh and Manipur and sharing an international border with Myanmar to the east, exhibits similar biogeographical characteristics to these regions. It is therefore unsurprising that D. stuarti is also found here.
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TABLES ANF FIGURES
Figure 1: Live photographs of Duttaphrynus stuarti from Losami village in Phek district, Nagaland and the map showing the collection localities: a) dorsal view; b) dorso-lateral view; c) collection localities in Nagaland (marked in circles).
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Source: Own elaboration.

Figure 2: Bayesian Inference (BI) analysis for the members of Duttaphrynus showing phylogenetic position of Duttaphrynus stuarti from India based on the 554 bp of mt 16S rRNA gene. Node values indicate Bayesian Posterior Probability (BPP) values.
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Source: Own elaboration.

SUPPLEMENTARY DATA

Table S1: Morphometric data (in mm) of the D. stuarti from Nagaland, Northeast India. The following morphological measurements were taken: EL—eye length; FLL—forelimb length, measured from the elbow to the base of the outer palmar tubercle; FOL—foot length, measured from the base of the inner metatarsal tubercle to the tip of the fourth toe; HAL—hand length, measured from the base of the outer palmar tubercle to the tip of the third finger; HL—head length, from the rear of the mandible to the tip of the snout; HW—head width, at the angle of the jaws; IMT—length of inner metatarsal tubercle; IN—inter-narial distance; IUE—inter upper eyelid width, i.e., the shortest distance between the upper eyelids; NE—nostril to eye distance; NS—nostril to snout tip distance; OMT—length of outer metatarsal tubercle; ShL/FL—thigh length; SL—snout length, measured from the tip of the snout to the anterior most orbital border; SVL—snout to vent length; TaL—tarsus length; TE—tympanum to posterior corner of eye distance; TiL—tibia length; TYD—horizontal tympanum diameter; UEW—maximum upper eyelid width.

	Museum Regd. No.
	V/A/NERC/ZSI/2063
	V/A/NERC/ZSI/2064

	Sex
	♀
	♀

	SVL
	52.2
	67.3

	HW
	19.5
	24.1

	HL
	14.0
	17.2

	IN
	3.8
	4.6

	NE
	4.0
	5.1

	NS
	1.7
	2.7

	SL
	6.2
	8.0

	EL
	5.7
	7.6

	IUE
	5.1
	7.0

	UEW
	4.0
	5.9

	TYD 
	1.1
	1.5

	TE
	2.0
	2.1

	FLL
	12.4
	17.7

	HAL
	14.5
	18.0

	ShL/ FL
	18.8
	30.6

	TiL
	20.1
	30.8

	Tal
	12.9
	16.5

	FOL
	22.5
	32.2

	IMT
	2.2
	2.8

	OMT
	1.9
	1.8


Source: Own elaboration.

Table S2. Sequence details of the 16S rRNA sequences used for the construction of Maximum Likelihood (ML) tree using Mr Bayes.
	Sr. No.
	Gen Bank
	Collection Locality
	Name as per GenBank
	Publication details as per GenBank

	1. 
	KT031518.2
	Duttaphrynus stuarti
	China
	Portik and Papenfuss (2015)

	2. 
	FJ882788.1
	Duttaphrynus stuarti
	Myanmar
	Van Bocxlaer et al. (2009)

	3. 
	PV883276 
	Duttaphrynus stuarti
	Nagaland
	 This study

	4. 
	PV883272 
	Duttaphrynus stuarti
	Nagaland
	 This study

	5. 
	OR096270.1
	Duttaphrynus stuarti
	China
	Unpublished

	6. 
	PX230658.1
	Duttaphrynus stuarti
	Myanmar
	Unpublished

	7. 
	PQ536783.1
	Duttaphrynus stuarti
	Manipur
	Unpublished

	8. 
	MW111526.1
	Duttaphrynus stuarti
	China
	Xu et al. (2021)

	9. 
	MW133340.1
	Duttaphrynus stuarti
	China
	Unpublished

	10. 
	MW133341.1
	Duttaphrynus stuarti
	China
	Unpublished

	11. 
	OQ780572.1
	Duttaphrynus chandai
	Mizoram
	Unpublished

	12. 
	PV361716.1
	Duttaphrynus chandai
	Mizoram
	Unpublished

	13. 
	MT627443.1
	Duttaphrynus chandai
	Mizoram
	Unpublished

	14. 
	MT705015.1
	Duttaphrynus chandai
	Mizoram: Hmuifang Community Reserve Forest
	Lalremsanga et al. (2020)

	15. 
	FJ882789.1
	Duttaphrynus crocus
	Myanmar
	Van Bocxlaer et al. (2009)

	16. 
	MW052562.1
	Duttaphrynus scaber
	Karnataka: Dharwad
	Khan et al. (2020)

	17. 
	FJ882785.1
	Duttaphrynus scaber
	India: Western Ghats
	Van Bocxlaer et al. (2009)

	18. 
	FJ882835.1
	Duttaphrynus atukoralei
	Sri Lanka
	Van Bocxlaer et al. (2009)

	19. 
	FJ882790.1
	Duttaphrynus himalayanus
	India
	Van Bocxlaer et al. (2009)

	20. 
	KY000450.1
	Duttaphrynus himalayanus
	India
	Unpublished

	21. 
	OM174257
	Duttaphrynus melanostictus 
	Tamil Nadu
	 This study

	22. 
	OM174258
	Duttaphrynus melanostictus 
	Tamil Nadu
	 This study

	23. 
	OM174259
	Duttaphrynus melanostictus 
	Tamil Nadu
	 This study

	24. 
	OM174260
	Duttaphrynus melanostictus 
	Tamil Nadu
	 This study

	25. 
	FJ882791.1
	Duttaphrynus melanostictus
	India: Western Ghats
	Van Bocxlaer et al. (2009)

	26. 
	FJ882792.1
	Duttaphrynus microtympanum
	India: Western Ghats
	Van Bocxlaer et al. (2009)

	27. 
	FJ882784.1
	Duttaphrynus parietalis
	India: Western Ghats
	Van Bocxlaer et al. (2009)

	28. 
	FJ882786.1
	Duttaphrynus brevirostris
	India: Western Ghats
	Van Bocxlaer et al. (2009)

	29. 
	FJ882839.1
	Duttaphrynus sp. 1
	India
	Van Bocxlaer et al. (2009)

	30. 
	EU071740.1
	Duttaphrynus melanostictus
	India
	 This study

	31. 
	MW885769.1
	Duttaphrynus melanostictus
	Pakistan
	Akram et al. (2021)

	32. 
	FJ882765.1
	Duttaphrynus sp. 2
	Vietnam
	Van Bocxlaer et al. (2009)

	33. 
	FJ882781.1
	Firouzophrynus  hololius
	India
	Van Bocxlaer et al. (2009)

	34. 
	FJ882837.1
	Firouzophrynus dhufarensis
	Oman
	Van Bocxlaer et al. (2009)

	35. 
	KT031504.2
	Firouzophrynus olivaceus
	Iran
	Portik and Papenfuss (2015)

	36. 
	KF665193.1
	Firouzophrynus stomaticus
	Pakistan
	Liedtke et al. (2016)

	37. 
	MW885774.1
	Firouzophrynus stomaticus
	Pakistan
	Akram et al. (2021)

	38. 
	MW885775.1
	Firouzophrynus stomaticus
	Pakistan
	Akram et al. (2021)

	39. 
	KT991344.1
	Firouzophrynus stomaticus
	India
	Chandramouli et al. (2016)

	40. 
	FJ882787.1
	Firouzophrynus peninsularis
	India: Western Ghats
	Van Bocxlaer et al. (2009)

	41. 
	EU071742.1
	Firouzophrynus stomaticus
	India
	Unpublished

	42. 
	FJ882811.1
	Bufotes cf. pewzowi
	Uzbekistan
	Van Bocxlaer et al. (2009)

	43. 
	FJ882812.1
	Bufotes cf. variabilis
	Turkey
	Van Bocxlaer et al. (2009)

	44. 
	FJ882813.1
	Bufotes virdis
	Greece
	Van Bocxlaer et al. (2009)

	45. 
	FJ882793.1
	Pedostibes tuberculosus
	India
	Van Bocxlaer et al. (2009)

	46. 
	 MF680056.1
	Beduka tigerina
	India
	Unpublished

	47. 
	MW433722.1
	Beduka koynaensis
	India
	Dinesh et al. (2023)

	48. 
	FJ882796.1
	Ansonia longidigita
	Malaysia
	Van Bocxlaer et al. (2009)

	49. 
	FJ882780.1
	Adenomus keraartii
	Sri Lanka
	Van Bocxlaer et al. (2009)

	50. 
	FJ882802.1
	Ingerophrynus divergens
	Malaysia
	Van Bocxlaer et al. (2009)


Source: Own elaboration.
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