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Abstract

:

The natricine snake genus Smithophis Giri, Gower, Das, Lalremsanga, Lalronunga, Captain, and Deepak, 2019, is represented by four species, three of which are distributed in northeast India and Bangladesh, and a single species in Yunnan and Myanmar. In the past, S. bicolor (Blyth, 1855) was said to be widespread across northeast India and Myanmar; however, recent studies have shown it to be a species complex. Here, we describe a new species of the complex from the Indian state of Mizoram that resembles S. bicolor. The new species differs in bearing a patterned dorsum, a darker venter, and moderately keeled sacral scales. Re-examination of types of S. arunachalensis Das, Deepak, Captain, Wade, and Gower, 2020, shows the presence of strongly keeled sacral keels in males, which is an important diagnostic character. A revised key to members of the genus is presented with notes on S. arunachalensis.
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1. Introduction


The natricine snake genus Smithophis Giri, Gower, Das, Lalremsanga, Lalronunga, Captain, Deepak, 2019, is represented by four species distributed across northeast India, Bangladesh, Myanmar, and Yunnan in China [1,2,3,4]. The genus was described to accommodate S. atemporalis Giri, Gower, Das, Lalremsanga, Lalronunga, Captain, and Deepak, 2019, from Mizoram, and S. bicolor (Blyth, 1855), distributed across Meghalaya and Mizoram, India [4,5,6]. The population of S. bicolor from Arunachal Pradesh was subsequently described as a new species, S. arunachalensis Das, Deepak, Captain, Wade, and Gower, 2020, by Das et al. [4]. Furthermore, the Yunnan population, referred to as S. bicolor, was also described as S. linearis Vogel, Chen, Deepak, Gower, Shi, Ding, and Hou, 2020, by Vogel et al. [1]. At the same time, while resolving the status of the population of S. bicolor, Das et al. [4] hinted at the presence of additional species within the broadly distributed S. bicolor. The species S. bicolor was described from Meghalaya, and a population of the species occurs in Mizoram, whose taxonomic status was morphologically assessed by Ruatpuii et al. [3], who identified two different morphs of S. bicolor. However, the study failed to resolve the taxonomic status of these two morphs as it lacked molecular data.



We examined material referred to as S. bicolor from Mizoram state, India, to assess its taxonomic status. Based on Ruatpuii et al. [3], we identified one form that was banded (yellow bands) and another dark brown morph. The morph with yellow bands is most similar to S. bicolor sensu stricto; however, they differ in bearing dorsal bands [7]. The specimens assigned to the brown morph yielded three specimens that bore indistinct reticulate patterns on an olive background. This population resembled S. bicolor sensu lato in scalation but differed in several other aspects. Furthermore, molecular data suggest that the population is substantially divergent from S. bicolor, warranting recognition as a distinct species. Here, we describe a new species of the genus Smithophis and provide additional notes on the genus.




2. Materials and Methods


2.1. Field Collection and Morphology


Specimens were collected in the field between September and October 2021 by J.C. Lalmuanawma and H.T. Lalremsanga under permit No. A.33011/2/99-CWLW/225 issued by the Department of Environment, Forests, and Climate Change, Government of Mizoram, India. The specimens were collected by hand, photographed, and euthanized with halothane. Subsequently, they were preserved in 70% ethanol. The type specimens are stored at the Bombay Natural History Society, Mumbai, India.




2.2. Morphology


The dorsal scale rows were counted at the 10th ventral, midbody, and one head length above the vent. Subcaudal scale counts do not include the terminal scute. The number of supralabials in contact with the eye is given in brackets next to the number of supralabials. Values for symmetric head characters are given in right-to-left order. The description style follows Patel et al. [8] and Mirza et al. [9] with some modifications. Scalation and other comparable characters are described as ventral scales (VS); subcaudal scales (SC); dorsal rows of scales, counted at midbody and at one head length after the head and before vent (DSR); supralabial scales (SL); loreal scales (LS); preocular scales (PreO); postocular scales (PostO); temporal scales (T); infralabial scales (IL); scales touching parietals, scales counted from the anterior temporal along the border of the parietals to the anterior temporal of the other side (STP); snout–vent length (SVL); tail length (TaL); total length (TL); head length (HL); head width (HW). Measurements were taken with the help of a digital caliper to the nearest 0.1 mm, and those for snout to vent length (SVL) and tail length (TaL) were taken with the aid of a piece of non-elastic string, which was then measured using a scale. The descriptive terminology of the morphology of the hemipenis was as stated by Dowling and Savage [10] and Zaher [11].



Acronyms for institutions where comparative material was examined are BNHS—Bombay Natural History Society, Mumbai, India; MZMU—Departmental Museum of Zoology, Mizoram University, Aizawl, Mizoram, India; NHMUK—Natural History Museum, London, U.K.; and ZSIK—Zoological Survey of India, Kolkata, India.




2.3. Nomenclature Acts


The electronic edition of this article conforms to the requirements of the amended International Code of Zoological Nomenclature. Hence, the new names contained herein are available under that code in the electronic edition of this article. This published work and the nomenclatural acts it contains have been registered in ZooBank, the online registration system for the ICZN [12]. The ZooBank LSIDs (Life Science Identifiers) can be resolved, and the associated information is viewed through any standard web browser by appending the LSID to the prefix “http://zoobank.org/.” The LSID for this publication is urn:lsid:zoobank.org:pub:3F207083-C7BC-42B6-BE4C-B4D8866A6D35.




2.4. Molecular Methods


Genomic DNA was extracted from liver tissue using the Qiagen DNeasy Kit following the manufacturer’s protocols. A fragment of the mitochondrial cytochrome b (cyt b) gene and 16S rRNA was amplified using previously published primers (L14910 5′-GACCTGTGATMTGAAAAACCAYCGTTGT -3′ and H16064 5′-CTTTGGTTTACAAGAACAATGCTTTA -3′) [13] and (16Sa 5′-CGCCTGTTTATCAAAAACAT -3′) and (16Sb 5′- CCGGTCTGAACTCAGATCACGT -3′), respectively. The PCR protocol for amplification consisted of an initial 3 min at 94 °C for initial denaturation, followed by 35 cycles of 30 s at 94 °C for denaturation, 30 s for annealing at 50.3 °C for cyt b, and 45 °C for 16S, elongation for 1 min at 72 °C, and a final elongation for 5 min at 72 °C. The generated sequence was aligned with other congeners of the genus Smithophis, Opisthotropis Günther, 1872, and was rooted with Trimerodytes percarinatus (Boulenger, 1899) species based on results from Deepak et al. [6] in Mega X [14] with CLUSTALW [15] with default parameters. Sequences of focal taxa for the mitochondrial gene NADH dehydrogenase subunit 4 (ND4), nuclear oocyte maturation factor (cmos), neurotrophin 3 (NT3), Brain-Derived Neurotrophic Factor (BDNF), and Recombination activating gene 1 (RAG-1) were also downloaded and concatenated with data generated in the present work. The aligned dataset was subjected to phylogenetic analysis through Bayesian Inference (BI) and Maximum Likelihood (ML) phylogeny to elucidate the placement of Smithophis in Mizoram. The sequence substitution model was selected with ModelFinder [16]. The BI phylogenetic analysis was run in MrBayes [17] and ML on the IQ-TREE (http://iqtree.cibiv.univie.ac.at/) online portal [18]. The BI analysis was run for 1 million generations with a tree recorded every 1000th iteration, and the run was terminated after reaching a split frequency of 0.01. The analysis was implemented with a partition model for the concatenated dataset. The ML analysis was run with an ultrafast bootstrapping option for 1000 iterations to assess clade support. Uncorrected pairwise p-distance (% sequence divergence) was calculated in Mega X with pairwise deletions of missing data and gaps. Sequences used in phylogenetic analysis are listed in Table S1, and the sequence evolution model for individual analysis is presented in Table S2.





3. Results


3.1. Molecular Phylogeny


The concatenated mitochondrial (16S, cyt b, ND4) and nuclear (BDNF, cmos, NT3, RAG1) gene dataset comprised 4825 bp. The BI as well as ML phylogeny, did not recover the monophyly of the genus Opisthotropis. Smithophis was found to be nested within the genus Opisthotropis. BI and ML analysis resulted in trees with different topologies, and relationships across the tree have poor support at the deeper nodes (ML < 60 Supporting Figure S1) to moderate support in BI (Figure 1). The relationships across species of Smithophis are well supported (BI posterior probability > 0.97, ML bootstrap > 86). Smithophis linearis was recovered sister to a clade containing S. atemporalis, S. bicolor, and the population of Smithophis from Mizoram with high support (BI posterior probability 1, ML bootstrap 99). The species S. atemporalis was recovered sister to S. bicolor, and the population of Smithophis from Mizoram had high support (BI posterior probability 1, ML bootstrap 100). The new species shows a pairwise sequence divergence of 10–14% for cyt b from other congeners (Table S3). Intraspecific sequence divergence is 0–2% (n = 4).




3.2. Morphology


In its general appearance, the population of Smithophis from Mizoram differs from S. bicolor s. s. in lacking a uniform, and unpatterned dorsum. Furthermore, it differs from S. bicolor s. l. in bearing moderately keeled sacral scales. We propose a new name for this population based on support from molecular data and non-overlapping morphological characters.




3.3. Systematics


Smithophis mizoramensis sp. nov.



urn:lsid:zoobank.org:act:333B3711-FACE-4391-8C97-B9ED2606CC16



Figure 2, Figure 3, Figure 4, Figure 5 and Figure 6, Table 1



Holotype: BNHS 3766 (ex-MZMU 2607), an adult male from under boulders in Rawkawn stream near Suangpuilawn village, Saitual District (23.936435° N, 92.849410° E, 837 m asl) Mizoram. India, collected by J.C. Lalmuanawma and H.T. Lalremsanga on 9 September 2021.



Paratype: two adults collected at the same locality as the holotype, female BNHS 3767 (ex-MZMU 2603), collected on 24 October 2021 by J.C. Lalmuanawma, and male BNHS 3768 (ex-MZMU 2549), collected on 20 September 2021 by J.C. Lalmuanawma.



Additional referred material: juvenile female MZMU 2602, collected on 20 October 2021 by J.C. Lalmuanawma from the same locality as the holotype.



Diagnosis: A Smithophis with 17 smooth dorsal scales throughout the body and moderately keeled sacral scales in males. Temporal scales are present. Circum-orbital scales 4–5. Dorsal coloration is a shade of olive with indistinct dark reticulate patterns in life, overall black with faint gray reticulate markings or bands on the body in preservative. Each ventral scale is darker anteriorly edged with a yellowish/off-white border; the tail is ventrally darker compared to the ventral scales. Sequence divergence of 10–14% from other Smithophis for the gene cyt b.



Comparison: Smithophis mizoramensis sp. nov. differs from its congeners in bearing the following diagnostic and non-overlapping characters: sacral keels present in males (vs. absent in S. atemporalis, S. bicolor s. l., and S. linearis); temporal scales present (vs. absent in S. atemporalis); dorsal coloration shade of olive with indistinct dark reticulate patterns in life (vs. black dorsally with white or yellow subtriangular and triangular patches on the lateral aspect in S. atemporalis and S. arunachalensis, dorsally in a shade of brown lacking any pattern and a light belly in S. bicolor, dorsally brown with thin longitudinal stripes in S. linearis), circumorbital scales 4–5 (vs. 6–7 in S. linearis); sacral scales moderately keeled (vs. sacral scales strongly keeled appearing tuberculate in nature in S. arunachalensis); ventral scales median 213 in the new species (vs. 199 in S. arunachalensis n = 7).



Etymology: The specific epithet refers to the Indian state of Mizoram, where the new species was discovered, and that has yielded many notable herpetological discoveries. The type and all other currently known localities of the new species are in Mizoram. This is the first snake to be named after the state. As individuals were mostly encountered in and around small hill streams, we suggest the common names Mizo Brook Snake (English) and Tuithiangrul (Mizo).



Description of male holotype BNHS 3766 (Figure 2a,b):



The specimen is damaged in several places around the midbody. The anterior and posterior parts of the snake are undamaged and in a good state of preservation.



Head short, 13.3 mm; high, 5.4 mm, with mildly domed snout in lateral view; upper jaw visible from ventral side. Head barely distinct from neck. Snout tapering to blunt, rounded tip in dorsal view (Figure 3a). Rostral visible in dorsal view (high 1.9 mm); nearly twice as wide as deep (4.2 mm). Nostrils are large, crescent-shaped, and situated dorsolaterally within a large, incompletely divided nasal scale that has a suture below the nares. A single large internasal, broader (median width 3.8 mm) than long (1.6 mm); smaller than prefrontal. Prefrontal single, length almost twice (median width 5.1 mm) that breadth (2.1 mm).



Frontal pentagonal, approximately triangular, 3.6 mm at the widest anterior border, equal width at suture with supraocular median length 3.7 mm. Parietals 6.7 mm long 3.4 mm at their widest anterior end. Temporals 1 + 1, anterior temporal long (3.7 mm long, 1.1 mm wide), posterior one small (1.8 mm long, 1.4 mm wide). STP, eleven scales border the parietals (excluding parietals). Supraocular slightly larger than preocular; preocular taller than broad. Loreal slightly longer than high. One postocular. Eye circular, 1.1 mm diameter, with a round pupil. Five supralabials, SL, not in contact with orbit (Figure 3c,d). First supralabial narrowest in width and contacts the rostral, nasal, and second supralabial. Second supralabial in contact with nasal, loreal, first and third supralabials. Third supralabial largest, fourth and fifth much wider than high. Third supralabial in contact with preocular, loreal, two suboculars, second and fourth supralabials. Fifth supralabial largest and longest. Mental short, broad, triangular, wider, 1.6 mm than 1.8 mm long. Infralabials 8/7, (Figure 3b). First four infralabials in contact with anterior chin shields. Fourth infralabial largest and broadest. All head shields punctate.



Body not rounded, ventral surface slightly flattened. Dorsal scales in 17-17-17 rows are smooth throughout the body, except for the scales at the sacral region (Figure 4a). Ventral scales: 214 + 4 preventrals. Anal shield divided, slightly larger than last ventral scale, and its posterior margin overlaps irregular scales on each side, in addition to a pair of larger subcaudals medially. Subcaudals paired, 73 in number. Tail terminates in a slightly blunt, tapering apical spine. Total length: 611.8 mm; SVL: 477.8 mm; tail length: 134 mm; tail/total length ratio: 0.219.



Hemipenis (based on male paratype BNHS 3768): The hemipenis is almost fully everted (distal tip not fully everted) and expanded. The organ is short and stout, very shallowly bilobed, noncalyculate, and noncapitate; lobes extend to about 1/10 of the hemipenis (Figure 5). The organ is ornamented throughout with spines and spinules; the spines are larger in size near the trunk more densely packed on the asulcul side; 36 to 38 spines around the trunk; the apical area on crotch not protruding; sulcus spermaticus single deep extends to the inner right side of the lobe; sulcus lip well developed but not raised covered with spines; hemipenial base with few small spinnules and a large hook-like spine. The hemipenis reaches up to 11 SC examined before hemipenis preparation.



Coloration: In preservative. Black to dark brown with indistinct lighter reticular markings or thin bars. Head, dorsally and laterally uniform bluish-gray; ventrally brown, each scale with an off-white or yellowish border. The belly is yellowish to off-white, with the anterior half of each ventral scale smeared with brown to gray. The tail is ventrally darker than the ventral scales. In life. Coloration based on paratype female BNHS 3767. Yellowish-brown to olive overall with a purplish-gray vertebral stripe from neck to tail tip and with irregular two-scale wide blotches on either side of the vertebral stripe; the blotches form indistinct bands on the paler background. The dark markings on the tail form a broken reticulate pattern on the yellowish-brown or olive background color (Figure 6a). The head is slightly darker than the dorsal body color and lacks defined markings; the lower half of supralabial five is yellow and not as dark as the other head scales. Color variation. Individuals may be darker in appearance, as seen in an uncollected individual from Tam Dil National Wetland (Figure 6b).



Variation: The paratypes match the male holotype in most regards; however, they differ in the female paratype, which lacks keeled sacral scales. The supralabials do not touch the orbit in the male holotype; however, the 3rd SL is in contact with the orbit in the female paratypes. See Table 1 for a summary of characters in the type series.



Natural history and distribution: The species was collected from in and around riparian habitats with dominant vegetation comprising Macropanax dispermus, Tetrameles nudiflora, Musa sp., Melocanna baccifera, Dendrocalamus hamiltonii, Pterris sp., and Phryninum capitatum. Suangpuilawn is located ca. 41 km in the northeast direction from the state capital, Aizawl, in the aerial distance (Figure 7). In winter, the temperature varies from 14 °C to 19 °C, while in summer it ranges between 20 °C and 28 °C. The vegetation of the area falls under the tropical semi-evergreen forest as per the classification by Singh et al. [15], corresponding to the semi-evergreen 2B/C2 forest type [16], and the average annual rainfall of this area is 2593.4 mm. The species appears to be nocturnal; it is a ground dweller, and all current records show it is distributed above 700 m elevation near water resources and is mostly active during the monsoons. In captivity, it was seen feeding on earthworms. Nothing much is known about the biology of the species. Other serpents found in the type locality include Bungarus fasciatus, Fowlea piscator, Herpetoreas xenura, and Trimeresurus erythrurus.



Smithophis arunachalensis Das, Deepak, Captain, Wade, and Gower, 2020



Figure 4b,c



 



Material examined: Holotype female BNHS 3650, Koronu, Lower Dibang Valley, Arunachal Pradesh, India; paratype male NHMUK 1935.10.12.10, Dening, Mishmi Hills, “Assam,” currently in Lohit District, Arunachal Pradesh, India; male ZSIK 27216, Namdapha Tiger Reserve, Arunachal Pradesh. See Table S4 for a list of comparative material.



Remarks: The species was diagnosed as bearing 17 smooth scales throughout the body. A re-examination of the male paratype NHMUK 1935.10.12.10 showed the presence of strongly keeled scales near the sacral region (Figure 4b). A male ZSIK 27216 specimen also bore similar keeled scales (Figure 4c). The female holotype BNHS 3650 and paratype female ZSIK 23875 (stated as male by Das et al. [4]) lack these keeled scales. This character state is sexually dimorphic and an informative character to diagnose it from other Smithophis.





4. Discussion and Conclusions


The genus Smithophis was described by Giri et al. [5] to accommodate S. bicolor and S. atemporalis based on molecular data as well as scalation data. The genus was diagnosed with Opisthotropis, bearing smooth dorsal scales, fused internasals, and the prefrontal. However, the genus was found to be embedded with the genus Opisthotropis in a robust phylogeny of natricine snakes by Deepak et al. [19] as well as in the present work.



Furthermore, the genus Smithophis, as currently demonstrated in the present work, also bears keeled scales, as observed in certain species of Opisthotropis. Molecular data for S. arunachalensis are currently lacking, which is a major hurdle in assessing the validity of the genus Smithophis. The genus may be treated as a subgenus or merged with Opisthotropis if the current phylogenetic relationships are consistent in future analysis.



Based on the concatenated mitochondrial and nuclear genes, the BI and ML phylogeny recovered the new species as a sister taxon to S. bicolor. The new species does look similar to S. bicolor; however, based on morphology, it is more similar to S. arunachalensis, which shares the presence of keeled sacral scales. The lack of molecular data for the latter species provides an avenue for future investigations to test relationships within the species and the validity of the genus. The nearest known locality for S. arunachalensis is Namdapha National Park in Arunachal Pradesh, which is >500 km from the type locality of the new species.



Mizoram lies south of the Brahmaputra River along the western front of the Indo-Burma biodiversity hotspot [20,21], with most parts of the state under forest cover. Two species of the genus Smithophis are reported from the state [4], and the present work adds yet another species. Smithophis has a patchy distribution across northeast India and Indo-Burma (Figure 7) (see Figure 3 of Das et al. [4]), and it is likely that sampling across these distribution gaps may yield additional species. As scanty information is available on the distribution and natural history of this species, we suggest that it is currently likely to be considered as Data Deficient based on criteria for the Red List of Threatened Species. The description of the new species merely reflects the poor reptile documentation of the Indo-Burma region. Several new species of snakes and lizards have been described from the Indo-Burma region in the last couple of years [22,23,24,25,26,27,28], warranting dedicated efforts to document the snake fauna of the region.





	Key to members of the genus Smithophis



	1a. Temporal scales absent..................................................................................... S. atemporalis



	1b. Temporal scales present........................................................................................................2



	2a. Sacral scales keeled in males.................................................................................................3



	2b. Sacral scales smooth in both sexes.......................................................................................4



	3a. Dorsum black, venter yellow with a zig-zag ventrolateral pattern; sacral scales strongly keeled................................................................................................... S. arunachalensis



	3b. Dorsal in shades of olive (never black) with indistinct brown reticulate patterns; sacral scales moderately keeled.......................................................................S. mizoramensis sp. nov.



	4a. Dorsum brown or grayish-brown without any markings; circumorbital scales 4–5..........................................................................................................................................S. bicolor



	4b. Dorsum brown with narrow dark longitudinal stripes; circumorbital scales 6–7.........................................................................................................................................S. linearis
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Figure 1. BI phylogeny of the genus Smithophis and Opisthotropis based on concatenated mitochondrial (16S, cyt b, ND4) and nuclear genes (BDNF, cmos, NT3, RAG-1). Numbers at nodes indicate posterior probabilities. For the complete tree, see Figure S1. 






Figure 1. BI phylogeny of the genus Smithophis and Opisthotropis based on concatenated mitochondrial (16S, cyt b, ND4) and nuclear genes (BDNF, cmos, NT3, RAG-1). Numbers at nodes indicate posterior probabilities. For the complete tree, see Figure S1.



[image: Diversity 16 00480 g001]







[image: Diversity 16 00480 g002] 





Figure 2. Smithophis mizoramensis sp. nov. holotype male BNHS 3766 (ex-MZMU 2607) (a) dorsal view, (b) ventral view. Scale bar 20 mm. 
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Figure 3. Smithophis mizoramensis sp. nov. holotype male BNHS 3766 showing head scalation (a) dorsal view, (b) ventral view, (c) left lateral view, (d) right lateral view. 






Figure 3. Smithophis mizoramensis sp. nov. holotype male BNHS 3766 showing head scalation (a) dorsal view, (b) ventral view, (c) left lateral view, (d) right lateral view.



[image: Diversity 16 00480 g003]







[image: Diversity 16 00480 g004] 





Figure 4. Sacral region of male Smithophis, showing keeled scales (a) S. mizoramensis sp. nov. holotype BNHS 3766; (b) S. arunachalensis paratype NHMUK 1935.10.12.10; (c) S. arunachalensis ZSIK 27216. Note that the head is to the right. 
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Figure 5. Hemipenis of male Smithophis mizoramensis sp. nov. paratype BNHS 3768, (a) asulcul view, (b) sulcul view. Scale bar 5 mm. 
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Figure 6. Smithophis mizoramensis sp. nov. in life, (a) BNHS 3767, photo by Jignesh Patel; (b) an uncollected individual from Tam Dil National Wetland, Saitual district, Mizoram, photo by Prashant Vaghela. 
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Figure 7. Map of northeast India and the adjoining region shows the distribution of Smithophis species. Distribution localities from Meghalaya represent S. bicolor s. s.; inset map shows the region of interest in the Indo-Burma region of Asia. 
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Table 1. Morphological and meristic data for type specimens of Smithophis mizoramensis sp. nov., all measurements in mm.
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	BNHS 3766
	BNHS 3767
	BNHS 3768





	Type status
	holotype
	paratype
	paratype



	Sex
	male
	female
	male



	SVL
	477.8
	421.4
	453.0



	TaL
	134.0
	140.0
	125.0



	TL
	611.8
	561.4
	578.0



	DSR
	17:17:17
	17:17:17
	17:17:17



	VS
	214 (4)
	200 (3)
	213 (3)



	Sc
	73
	67
	74



	Anal
	divided
	divided
	divided



	SL
	5/5 (-)
	5/5 (3rd)
	5/5 (3rd)



	IL
	8/7
	7/7
	7/7



	Temporals
	1 + 1
	1 + 1
	1 + 1



	STP
	11
	10
	11



	Circumorbital scales
	5
	4
	4



	Sacral keels
	present
	absent
	present
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