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Abstract

A new species of the genus Theretra Hiibner [1819], Theretra shendurneensis sp. nov., is described from Shendurney
Wildlife Sanctuary, southern Western Ghats, India, based on external and internal morphology, and genetic markers. The
new species is compared in external and male genital morphology, genetic divergence and geographic range with three
similar and closely related species: 7. boisduvalii (Bugnion, 1839), T. sumatrensis (Joicey and Kaye, 1917) and 7. rhesus
(Boisduval, [1875]). Recent changes to the classification of Theretra are discussed and rejected.
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Introduction

Moths of the Old World hawkmoth genus Theretra Hiibner, [1819] are small to medium sized, crepuscular or
nocturnal hawkmoths belonging to subtribe Choerocampina, tribe Macroglossini, subfamily Macroglossinae
(Kawahara et al. 2009), whose adults feed on nectar from flowers and which are frequently attracted to light (Bell
& Scott 1937). Zolotuhin & Ryabov (2012) recently considered Theretra to be a “heterogeneous conglomerate” in
which “at least 4 lineages are joined in this polyphyletic group”, which they then divided into four separate genera
by the simple expedient of reinstating three of its junior synonyms (Oreus Hiibner [1819], Gnathostypsis
Wallengren, 1858 and Florina Tutt, 1903) and assigning some (but not all) of the current species of Theretra
among them. While there are certainly issues regarding the current concept of Theretra, we consider the taxonomy
proposed by Zolotuhin & Ryabov (2012) to be incomplete and methodologically inadequate (see arguments in
Kitching, 2017), and so it is not adopted here.

Species of Theretra are found throughout India, with some species restricted to the Eastern and Western
Himalaya. Sixteen of the 58 species (Kitching 2017) have been reported from the Indian sub-region: alecto*
(Linnaeus, 1758), boisduvalii (Bugnion, 1839), castanea® (Moore, 1872), clotho* (Drury, 1773), gnoma*
(Fabricius, 1775), griseomarginata (Hampson, 1989), insignis (Butler, 1882), latreillii* (MacLeay, [1826]),
lycetus* (Cramer, 1775), mansoni Clark, 1924, nessus* (Drury, 1773), oldenlandiae* (Fabricius, 1775), pallicosta*
(Walker, 1856), silhetensis* (Walker, 1856), suffusa (Walker, 1856) and sumatrensis (Joicey and Kaye, 1917)
(Kitching et al. 2014). Of these, 10 species (indicated above with an asterisk) have been previously reported from
Kerala (Anonymous 2015; Ballesteros-Mejia et al. 2016; Bell and Scott 1937; Holloway 1987; Inoue et al. 1996;
Kitching 2017; Mathew 1995; Mathew 2004; Patil et al. 2012; Shubhalaxmi 2012; Smetacek 1994). As part of a
biodiversity assessment of moths in the southern Western Ghats, conducted by the first author between 2013 and
2016, four specimens of a Theretra species were recorded from Shendurney Wildlife Sanctuary that did not match
the description of any known species of Indian Theretra. We therefore undertook a comparative study of the
external morphology and male genitalia of these moths, supplemented by DNA sequence data from a single
mitochondrial marker, to determine their identity and whether they matched any previously described species.
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Materials and methods

As part of a survey of the Lepidoptera of Shendurney Wildlife Sanctuary, Kollam District, Kerala (8°49°39”N
77°13’1”E, elevation 1171 m, Fig. 1), the first author ran a moth trap consisting of a 160W mercury vapour lamp,
powered by a portable generator (Honda™ EP 1000), placed in front of a 4 x 5 ft. white cotton screen, at the forest
check post in Pandimotta (Fig. 2). The screen was illuminated from 7:30 pm until 12:30 am, except for 2 June,
when it was run until 2:00 am (times constrained by the logistics of the project). Between 31 May and 2 June 2014,
four specimens of a large, grey species of Theretra were observed and photographed with a Nikon™ D300 camera
and a Nikon™ 105mm macro lens. No specimens were recorded arriving at the light after 10:00 pm, and so the
relatively early close-down times are not considered likely to have precluded further captures. Tissues (three legs
each) were collected from three of the specimens and stored in molecular grade (100%) ethanol and these tissue
samples, together with two specimens (NCBS—QA070 and NCBS—QAS587) collected, were deposited in the
research collections of the National Centre for Biological Sciences (NCBS), Bengaluru (=Bangalore), Karnataka,
India. Another male from which tissue was taken (NCBS—QA®627) was released back in the field.
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FIGURE 1. Map of Shendurney Wildlife Sanctuary in the southern Western Ghats of Kerala, India, indicating the location of
Pandimotta, the type locality of Theretra shendurneensis, sp. nov. Map of the area is adapted from a map provided by the
Kerala Forest Department.

FIGURE 2. Habitat at Pandimotta, Kerala, India (8°49'39"N 77°13'1"E; 1,171 m asl), the type locality of Theretra
shendurneensis, Sp. nov.
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The genitalia of the male (NCBS—QAO070) were dissected after soaking the last three abdominal segments for
five minutes in a 10% aqueous KOH solution (w/v) at 95°C and photographed using a Leica™ MC120 HD camera
attached to a Leica™ S8 APO microscope. Morphological terminology follows Kitching & Cadiou (2000).

Total genomic DNA was extracted from the female (NCBS—QA587) with a Qiagen DNeasy Blood and Tissue
Kit (Venlo, Netherlands) following the manufacturer’s protocol. The DNA barcode region (648 bp of the
cytochrome-oxidase gene, COIl; Hebert et al. 2003) was amplified using K698-JANE primer pair (K698: 5'
TACAATTTATCGCCTAAACTTCAGCC; JANE: 5' TAAAATTACTCCTGTTAATCCTCC; Brower et al. 2006).
We used the following program for PCRs: an initial 2 min denaturation at 95°C, followed by 35 cycles of 30s at
94°C, 30s at 50°C and 1 min at 72°C, then a 7 min final extension at 72°C. PCR products were cleaned using
ExoSap and sequenced using an ABI 310 Genetic Analyzer Version 3.1 (Applied Biosystems, Foster City, USA).
Both DNA strands were sequenced, and cleaned using Geneious 7.1.7 (Drummond et al. 2012). Publicly available
DNA barcode sequences of the phenotypically similar species, Theretra rhesus, T. sumatrensis and T. boisduvalii,
together with those of several other species of Theretra and the more distantly related sphingid, Agrius convolvuli,
to serve as an outgroup taxon, were downloaded from GenBank (https://www.ncbi.nlm.nih.gov/genbank/) and the
Barcode of Life Database (BOLD; Ratnasingham & Hebert 2007; Table 1). This entire sequence dataset was
aligned using ClustalW in Mega 6.06 (Tamura et al. 2013). Uncorrected p-distances were calculated using Mega
6.06 (Tamura et al. 2013) after removing ambiguous base-pairs (Table 2). The optimal partitioning and sequence
evolution model was chosen using the greedy search algorithm of PartitionFinder (Lanfear et al. 2012). The
phylogeny was reconstructed by the Maximum Likelihood (ML) method, implemented using raxmIGUI (Silvestro
et al. 2012) under the GTR+G model, as identified by PartitionFinder, with a rapid bootstrap of 10,000 replicates.
We restricted this basic phylogenetic analysis to a single barcode region because comparative sequence data are
lacking for other genes in related hawkmoths, so a more comprehensive phylogenetic analysis is not possible at this
time. This genus is also in need of a comprehensive revision, at which time a molecular and morphological
phylogenetic analysis will be more appropriate.

Results

The phylogram from the limited dataset of the mitochondrial barcode region showed low bootstrap support (Fig.
3), but it indicated approximate species relationships of closely related species of Theretra. It also showed
reasonably strong bootstrap support for species relationships within the monophyletic group containing the
Shendurney moth: (shendurneensis (sumatrensis, boisduvalii)), and for most other close relatives in the clade.
Theretra rhesus was the sister of these three species, but showed greater molecular divergence (Table 2) Molecular
divergence between shendurneensis, sumatrensis and boisduvalii is low (approx. 0.6%), which is typical of inter-
specific distances for this group of moths for the barcode region (Wilson et al. 2011). This indicated the
phylogenetic placement of the Shendurney moth, although this may be improved with more rigorous phylogenetic
analyses when more molecular data become available. Based on the available comparative sequence divergence
within this moth group, the clear external and internal morphological differences to the three closely related
species, and the markedly disjunct distributions of sumatrensis and the newly collected taxon, we consider the
Shendurney moths to represent a hitherto undescribed species, which we describe below.

Theretra shendurneensis sp. nov.
(Figs. 4-6, Table 1)
ZooBank LSID urn:lsid:zoobank.org:act: 369A10C8-1E5F-41E5-B555-8DA213315372

Holotype (Fig. 4a, b, 5a ,b): &, India, Kerala, Kollam District, Shendurney Wildlife Sanctuary, Pandimotta forest
camp, 8°49'39"N 77°13'1"E, 1,171 m, 31.v.2014, Yash Sondhi leg. Preserved dry, pinned, deposited in the
Research Collections at the National Centre for Biological Sciences, Bengaluru (= Bangalore), India. Voucher code
NCBS-QAO070.

Paratype: 19 (Fig. 4c, d, 5¢), data as holotype. Preserved dry, pinned, deposited in the Research Collections at
the National Centre for Biological Sciences, Bengaluru, India. Voucher code NCBS—QAS587. Additional material
(non-type): & (Fig. 5d, e), data as holotype but date 1.vi.2014. Only DNA extracted from legs retained from this
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specimen, deposited in the Research Collections at the National Centre for Biological Sciences, Bengaluru, India.
Voucher code NCBS-QA627. &' (Fig. 5f), data as holotype but date 2.vi.2014 (not collected).

TABLE 1. Sequences used to generate the ML phylogram (Fig. 3).

Species Name Locality Accession Source Sequence
Number Length

Agrius convolvuli Australia: Queensland, Kuranda (Top of the Range) KJ168817.1  GenBank 658
Theretra rhesus Philippines: Panay Isl., Mt Madja-As IN678629.1  GenBank 658
Theretra margarita Australia: Western Australia, Mistake Creek, ¢. 12 km KJ169404.1 GenBank 646

n. Turkey Creek on Great Northern Hwy
Theretra sumatrensis Indonesia: Jawa Timur, Mt. Gumitir IJN678600.1 GenBank 658
Theretra oldenlandiae lewini  Australia: N. Queensland, Chillagoe Mungana NP, KJ169249.1  GenBank 658

Almaden
Theretra latreillii latreillii Australia: North Queensland, near Tully, Tully Gorge KJ168913.1 GenBank 657

NP
Theretra nessus Australia: North Queensland, Daintree NP, Cape KJ168794.1 GenBank 658

Tribulation
Theretra celata babarensis ~ Indonesia: Maluku SOWC829-06 BOLD 649
Theretra boisduvalii Indonesia: Nusa Tenggara Barat SOWCS832-06 BOLD 658
Theretra celata Australia: Queensland, 14km ENE Heathlands KJ169401.1 GenBank 598
Theretra shendurneensis India: Pandimotta, Shendurney WLS, Kerala KY688373 GenBank 585
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FIGURE 3. Maximum Likelihood phylogram of selected species of the genus Theretra based on the mitochondrial barcode
marker. Bootstrap scores of approx. 50% and greater are indicated at the nodes.
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Description. Male (holotype; NCBS—-QAO070): Forewing length: 43.5 mm. Upperside: Head, thorax and
abdomen dull greenish-brown dorsally; antennae fasciculate, apically hooked, white scaled above; eyes ringed with
brown; frons green; gena and labial palps white; proboscis dark to pale brown; tegulae edged in off-white;
abdomen with a pair of basal, lateral black patches and a blackish dorsal stripe flanked by two more diffuse
longitudinal lines. Forewing: ground colour dull greenish-brown; discal spot distinct, small, black; antemedial lines
two, faint; medial lines three, basal line stronger, almost twice width of middle line, distalmost line very faint;
postmedial lines also two, basal line strong, broader and darker than basal antemedial line, narrowing towards
apex, distal line weaker, area between them darker than ground colour; submarginal line well-developed, running
parallel to termen. Hindwing: ground colour black; a small yellow patch near anal angle with a distinct V-shaped
marking; a narrow yellow band running along inner margin, not extending to base; a broad yellow patch extending
from base to middle of costa, where it narrows sharply, vein Sc+R highlighted with black within this patch; a small,
scaleless region present in the centre of the costal yellow patch in the male only.

Underside. Head, thorax, legs and abdomen pale fawn. Ground colour of both wings pale yellow, faintly
irrorated with minute black dots throughout. Forewing: basal half black; costa with a prominent subapical black
spot; postmedial line black, concave, slightly sinuous, running from apex to inner margin, sharply angled outwards
toward termen at vein Rs3, and irregular from vein Rs3 to inner margin; area distal to postmedial line paler; a pale
yellow area along basal half of inner margin. Hindwing: antemedial line faint, formed from a series of oblique v-
shaped marks; postmedial line even less distinct, curved, running from apex and ending before inner margin.

Female (paratype). Similar to male but larger (forewing length = 51mm); antennae thinner, simple; abdomen
bulkier, dorsal stripe fainter; wing pattern more prominent; forewing broader and more rounded in outline.

Male genitalia. Similar to other taxa of the Theretra boisduvalii species-group (Fig. 6): uncus and gnathos
forming the typical macroglossine “bird-beak™ structure; saccus broad and anteriorly rounded; valve sole-shaped,
inner surface covered with strong, basally-directed setae; harpe a low, broadly triangular lobe with indistinct teeth
along the distal edge; phallus slightly curved.

DNA barcode. The 648 bp barcode region of COI of the paratype female is deposited in NCBI GenBank
(accession number KY688373).

Etymology. The moth is named after the type locality, Shendurney Wildlife Sanctuary.

— Holo- Para-
Tcm type
b
FIGURE 4. Theretra shendurneensis sp. nov. a—b: holotype & (NCBS-QA070), upperside and underside. c—d: paratype ¢
(NCBS-QA587), upperside and underside.
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FIGURE 5. Theretra shendurneensis sp. nov. habitus. a,b: holotype & (NCBS-QA070); c: paratype @ (NCBS-QA587); d,e: &,
tissue taken for sequencing, specimen not collected (NCBS-QA627); f: &, tissue not taken and specimen not collected.

TABLE 2. P-distances of the COI barcode region of the species compared in this study.

1 2 3 4 5 6 7 8 9 10 11
1.7 boisduvalii -
2.T. celata 0.036 -
3.T celata babarensis  0.034  0.012 -
A4.T. latreillii 0.052  0.06 0.062 -
5.T margarita 0.079  0.067 0.072  0.069 -
6.1 nessus 0.076 0.072 0.077 0.082 0.07 -
7.T. oldenlandiae 0.081 0.079 0.081 0.079 0.065 0.088 -
8.7 rhesus 0.029 0.034 0.029 0.058 0.069 0.074 0.077 -
9.T. sumatrensis 0.002 0.038 0.036 0.053 0.081 0.077 0.082 0.031 -

10.7. shendurneensis 0.005 0.034 0.033 0.053 0.077 0.077 0.082 0.027 0.007 -
11. Agrius convolvuli ~ 0.115  0.112  0.112  0.113  0.112 0.115 0.112 0.112 0.117 0.113 -

Differential diagnosis. The preliminary DNA barcode analysis undertaken in the present study showed that
two other Indian species of Theretra, T. boisduvalii and T. sumatrensis, are closely related to the new species (Fig.
3), although neither has yet been found in the Western Ghats. A third species, T. rhesus, is genetically more
distantly related to 7. shendurneensis sp. nov. but has a similar habitus; it has not yet been reported from India.

Habitus (Fig. 7): In body and wing pattern 7. shendurneensis sp. nov. most closely resembles 7. rhesus.
However, the two species can be separated by the pattern of oblique lines on the forewing. In 7' shendurneensis sp.
nov., the distalmost of the three medial lines is barely visible and easily overlooked, whereas in 7. rhesus the
middle and distal lines are of approximately the same intensity. 7 rhesus is also slightly smaller than T
shendurneensis sp. nov. In comparison to these two species, 7. boisduvalii and T. sumatrensis are much plainer
moths. In both these species, all the oblique lines are much weaker; in particular, the basalmost postmedial line is
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very faint, only being strongly marked on the veins as a series of dark dots or short dashes. When fresh, T.
boisduvalii is a rather greenish moth with a rather uniform suffusion of darker scales, whereas 7. sumatrensis is
paler and more brownish, with a cleaner pattern, and most specimens have a distinct diffuse darker cloud across the
middle of the forewing.

Male genitalia (Fig. 8): The structures of the male genitalia of the four related species are very similar overall.
Although the shapes of the uncus, gnathos and saccus show small differences in shape, the harpes are distinctive.
The harpe of 7. rhesus is distinctly higher than wide, where those of the other three species are at least as wide as
high and usually wider. The distal margin of the harpe in 7. boisduvalii and T. sumatrensis is convex, rather
rounded and broad in the former and more angular and toothed in the latter. In contrast, the distal margin of the
harpe in 7 shendurneensis is almost straight with minute teeth.

2 mm

FIGURE 6. Theretra shendurneensis sp. nov., holotype (NCBS-QA070), & genitalia, top to bottom: genital capsule (with left
valve removed, lateral view; left valve, external view; phallus; genital capsule, dorsal view.

Geographic Distribution. Theretra shendurneensis sp. nov. has so far been reported only from the type
locality. There are no historical records (Bell & Scott 1937) or specimens in the collections of the Natural History
Museum, London, that might correspond to this species (I. Kitching, pers. obs.). There are no other known records
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from Indian museums or from other hawkmoth researchers in India (P.R. Shashank, IRAI, pers. comm.; also
personal correspondence and museum visits of Yash Sondhi). A report on the Sphingidae of Karnataka state
undertaken by the staff of the Sphingidae Museum, Ptibram, Czech Republic (Melichar, 2012) did not list any
records of a species resembling 7. shendurneensis sp. nov. Such a narrow distribution is unusual for Theretra, since
most other related species appear to be more widespread. The geographical ranges of 7. boisduvalii, T. sumatrensis
and 7 rhesus were modelled as part of a larger macroecological study on Old World Sphingidae by Ballesteros-
Mejia et al. (2016) and maps can be found on the Map of Life at https://mol.org/species/Theretra_boisduvalii,
https://mol.org/species/Theretra_sumatrensis and https://mol.org/species/Theretra_rhesus respectively. Despite
being closest in wing pattern, 7. rhesus is restricted to Southeast Asia, from southern Thailand (whence it is
predicted to occur in neighbouring parts of Myanmar, Cambodia and Vietnam), Peninsular Malaysia, Sumatra and
Java, the Western Lesser Sunda Islands, Borneo, Sulawesi, the Philippines, and Lanyu Island (Taiwan). It has not
been recorded in India, nor is it currently predicted to. Theretra sumatrensis occurs from SW China (Yunnan and
Xizang) to central Myanmar, northern Thailand, Laos, Vietnam, Peninsular Malaysia, Java, Sumatra, the Western
Lesser Sundas, and Borneo, but it does not reach Sulawesi, the Philippines or Taiwan. It was previously not
reported from India, but we here extend its range into NE India based on a specimen from Mawkisyiem, East Khasi
Hills District, Meghalaya (NCBS-PW607, male, Fig. 7c) and two specimens photographed at Langka, Pakke Tiger
Reserve, East Kameng District, and the Sessa Orchid Sanctuary, West Kameng District, Arunachal Pradesh (Moths
of India image codes bh543 and bk466, respectively; Sondhi et al. 2017). In the Natural History Museum, London,
there are five specimens labelled simply “Sikkim”, three labelled “Darjeeling”/“Darjiling”, three from “Khasia
Hills” and three from “Lakhimpur, Assam”, all of which were probably collected in the last two decades of the
nineteenth century. Theretra boisduvalii has a similar range to 7. sumatrensis but extends further east through
southern China to Taiwan, and further west though the southern Himalaya to NW India (Himachal Pradesh).
Theretra boisduvalii was described from a specimen purportedly from Crete but this is most likely an error.
Ballesteros-Mejia et al. (2016) also predicted 7. boisduvalii to occur in the north-eastern part of peninsular India,
which may be correct but has yet to be confirmed, and crucially in the Western Ghats and Sri Lanka. There were
then, and still are, no specimen records to back up this purported range extension, which was based solely on the
macroecological models they used. In retrospect, however, it would seem reasonable to infer that this part of the
modelled distribution of 7. boisduvalii actually represents the predicted distribution of 7. shendurneensis sp. nov.
Thus, T shendurneensis sp. nov. may be expected to be more widely distributed in the Western Ghats and possibly
also in Sri Lanka and/or other parts of peninsular India such as the Eastern Ghats.

Flight Period. The first author conducted 40 days of field surveys between 2013 and 2016 in the southern
Western Ghats during most months (February, April, May, June, August, September, October and November) of
the year. The new species was only recorded on 31 May 2014 and 1-2 June 2014, on consecutive days at the same
locality (no surveys were undertaken there in 2013 or 2015 and no specimens were recorded in 2016). Hence, as far
as known, 7. shendurneensis sp. nov. is possibly univoltine, and that adults fly during the summer and pre-
monsoon months.

Status, habitat, and habits. 7. shendurneensis sp. nov. appears to be rare, at least at light; however further
sampling is necessary to confirm this. Despite extensive collecting and rearing, Bell & Scott (1937) did not find the
species, nor did a more recent survey of the hawkmoths of Karnataka (Melichar, 2012). Even during the surveys of
the first author, when 7. shendurneensis sp. nov. was seen on three consecutive nights, only four individuals were
recorded. The type locality of Pandimotta (8°49'39" N 77°13'1" E, elevation 1171 m, Figs 1-2), is part of the
Shendurney Wildlife Sanctuary (8°48'-8°58' N, 77°4'-77°7" E), which itself is located in the Agasthyamalai
Biosphere Reserve in the Thenmala Forest Division of Kollam District of Kerala. The Shendurney Wildlife
Sanctuary lies on either side of the Shendurney River and is a biodiverse area from where numerous rare and
endemic species of flora and fauna have been recorded (Sasidharan & Anto 1997; Mathew et al. 2004; Abraham et
al. 2013; Joshi et al. 2016). The habitat at Pandimotta comprises mid-elevation evergreen forests and grasslands.
Common woody plant genera in this area include Mesua, Hopea, Calophyllum, Cullenia, Syzygium, Cinnamomum,
Calamus and Strobilanthus (Birdlife International, 2017). The vegetation immediately surrounding the Pandimotta
forest rest house, where the specimens of this species were collected and photographed, is mid-elevation evergreen
forests mixed with reed (Ochlandra, Poaceae) patches. A list of all the Sphingidae species collected at the type
locality is included in Table 3. The habits of 7 shendurneensis sp. nov. are unknown, apart from the fact that it
comes to blacklight at night.
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FIGURE 7. Theretra species similar T shendurneensis sp. nov. a: Theretra rhesus, male, BMNH(E)#274965. North Korintji
Valley, Sumatra, Indonesia. b: Theretra boisduvalii, female, BMNH(E)#274961. Bukit Larut, (formerly Maxwell's [Hill], Lt.

Cottage), Taiping, Perak, Malaysia. c: Theretra sumatrensis, male, NCBS-PW607. Mawkisyiem, East Khasi, Meghalaya, India.
d: Theretra shendurneensis sp. nov., holotype male, NCBS-QA070, Pandimotta, Kollam, Kerala, India. Upperside (left) and

underside (right) of each specimen are illustrated.

T. rhesus T. boisduvalii T. sumatrensis T. shendurneensis

FIGURE 8. Comparative diagrams of the male genitalia of Theretra shendurneensis sp. nov. and related species: a: uncus and
gnathos, lateral view; b: right sacculus and harpe; c: right harpe (not to scale). Theretra rhesus, T. boisduvalii and T.

sumatrensis were redrawn from Vaglia et al. (2010).
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Life History. Unknown, but likely to be similar to related Theretra species, which are themselves poorly
recorded. The immature stages of 7. rhesus are still unknown, and while Dupont & Roepke (1941), and Roessler &
Kippers (1977) and Diehl ([1982]), referred to the life history of “Theretra boisduvalii”, in Java and Sumatra
respectively, these data may refer to 7. sumatrensis instead as these two species have been confused in the past.
Larvae of the Theretra clotho species group are known to feed mostly on species of plants from the following
families: Vitaceae, Araceae, Dilleniaceae and more rarely Malvaceae, Onagraceae and Begoniaceae. The larvae of
T shendurneensis sp. nov. should be searched for, and will probably be found, on such plant families.

TABLE 3. List of the Sphingidae recorded at Pandimotta.

Subfamily Species
Macroglossinae Acosmeryx akanshi Melichar, Rezag, Manjunatha & Horecky, 2014
Macroglossinae Acosmeryx anceus (Stoll, 1781)
Macroglossinae Hippotion velox (Fabricius, 1793)
Macroglossinae Hippotion rosetta (Swinhoe, 1892)
Macroglossinae Hippotion celerio (Linnaeus, 1758)
Macroglossinae Rhagastis castor (Walker, 1856)
Macroglossinae Theretra clotho (Drury, 1773)
Macroglossinae Theretra nessus (Drury, 1773)
Macroglossinae Theretra gnoma (Fabricius, 1775)
Macroglossinae Theretra castanea (Moore, 1872)
Macroglossinae Theretra shendurneensis sp. nov.
Macroglossinae Theretra pallicosta (Walker, 1856)
Smerinthinae Ambulyx substrigilis Westwood, 1847
Smerinthinae Ambulyx moorei Moore, 1858
Smerinthinae Ambulyx belli (Jordan, 1923)
Smerinthinae Amplypterus panopus (Cramer, 1779)
Smerinthinae Marumba nympha Rothschild & Jordan, 1903
Sphinginae Acherontia lachesis (Fabricius, 1798)
Sphinginae Agrius convolvuli (Linnaeus, 1758)
Sphinginae Megacorma obliqua (Walker, 1856)
Sphinginae Meganoton nyctiphanes (Walker, 1856)
Sphinginae Psilogramma vates (Butler, 1875)
Sphinginae Dolbina manjunatha Haxaire and Melichar 2013
Discussion

The discovery of this new species is perhaps not surprising given that several Western Ghats Sphingidae
populations have recently been shown to be distinct, endemic species separate from populations elsewhere in
South-East Asia; e.g., Dolbina manjunatha Haxaire & Melichar, 2013 was separated from Dolbina inexacta
(Walker, 1856), and Acosmeryx akanshi Melichar, Rezag, Manjunatha & Horecky, 2014 was separated from
Acosmeryx shervillii (Boisduval, [1875]). The evolutionary origins of Theretra shendurneensis remain unknown. A
better understanding of its distribution, together with a comprehensive phylogenetic and phylogeographic study of
the entire genus, will be critical in understanding the systematics, biogeography and speciation in this clade.

Acknowledgements

We thank Sonu Yadav for assistance in DNA sequencing, and Shashank Pathour, Sanjay Sondhi and Zeeshan Mirza

194 - Zootaxa 4323 (2) © 2017 Magnolia Press SONDHI ET AL



for comments on previous drafts of the manuscript. This work was undertaken under collection permit Ed.-WL10-
5411/2014 issued to YS by the Kerala State Forest Department, and to whom we offer our thanks. Kalesh S. and
other members of the Travancore Natural History Society for local logistics, and Titli Trust and Sanjay Sondhi for
providing some of the field gear. This project was funded by a KVPY Fellowship (Kishore Vaigyanik Protsahan
Yojana, Dept. of Science and Technology, Govt. of India) to YS, and a Ramanujan Fellowship and an NCBS
research grant to KK.

References

Abraham, R.K., Pyron, R.A., Ansil, B.R. & Zachariah, A. (2013) Two novel genera and one new species of treefrog (Anura:
Rhacophoridae) highlight cryptic diversity in the Western Ghats of India. Zootaxa, 3640 (2), 177-199.
https://doi.org/10.11646/zootaxa.3640.2.3

Anonymous (2015) An identification guide of Japanese Moths. Available from: http://www.jpmoth.org (accessed 10 February
2017)

Ballesteros-Mejia, L., Kitching, 1.J., Jetz, W. & Beck, J. (2016) Putting insects on the map: near-global variation in sphingid
moth richness along spatial and environmental gradients. Ecography, 40 (6), 698—708.
https://doi.org/10.1111/ecog.02438

BirdLife International (2017). Important Bird Areas factsheet: Shendurney Wildlife Sanctuary. Available from: http://
www.birdlife.org (accessed 3 February 2017)

Bell, T.R.D. & Scott, F.B. (1937) Sphingidae. Fauna of British India, including Ceylon and Burma, Moths 5, 1-537, 15 pls.

Brower, A.V.Z., Freitas, A.V.L., Lee, M.M., Silva-Brandao, K.L., Whinnett, A. & Willmott, K.R. (2006) Phylogenetic
relationships among the Ithomiini (Lepidoptera: Nymphalidae) inferred from one mitochondrial and two nuclear gene
regions. Systematic Entomology, 31, 288-301.
https://doi.org/10.1111/.1365-3113.2006.00321.x

Butler, A.G. (1876) Revision of the heterocerous Lepidoptera of the family Sphingidae. Transactions of the Zoological Society
of London, 9, 511-644.
https://doi.org/10.1111/1.1096-3642.1876.tb00236.x

Diehl, E.W. ([1982] 1980) Die Sphingiden Sumatras. Heterocera Sumatrana, 1, 1-97.

Dupont, F. & Roepke, W. (1941) Heterocera Javanica. Fam. Sphingidae, hawk moths. Verhandlingen der Koninklijke
Nederlandsche Akademie van Wetenschappen, Afdeeling Natuurkunde 2, 40, 1-104.

Haxaire, J. & Melichar, T. (2013) Cinq nouveaux Sphingidae asiatiques (Lepidoptera : Sphingidae). The European
Entomologist, 4 (3), 141-160.

Hebert, P.D.N., Cywinska, A., Ball, S.L. & deWaard, J.R. (2003). Biological identifications through DNA barcodes.
Proceedings of the Royal Society B, 270 (1512), 313-321.
https://doi.org/10.1098/rspb.2002.2218

Holloway, J.D. (1987) The Moths of Borneo. Part 3. Families Lasiocampidae, Eupterotidae, Bombycidae, Brahmaeidae,
Saturniidae, Sphingidae. Southern Sdn. Bhd., Kuala Lumpur, 199 pp., 163 figs., 20 pls.

Huelsenbeck, J.P. & Ronquist, F. (2001) MRBAYES: Bayesian inference of phylogenetic trees. Bioinformatics, 17, 754-755.
https://doi.org/10.1093/bioinformatics/17.8.754

Inoue, H., Kennett, R.D. & Kitching, I.J. ([1996] 1997). Sphingidae. /n: Pinratana, A. (Ed.), Moths of Thailand. Vol. 2. Chok
Chai Press, Bangkok, pp. i—vi + 1-149, 44 pls.

Joshi, S., Kosterin, O. & Kunte, K. (2016) New status for Fraser’s forgotten Aciagrion approximans krishna, stat. nov.
(Odonata: Zygoptera: Coenagrionidae) from the Western Ghats of India. Journal of Odonatology, 19 (1-2), 41-51.
https://doi.org/10.1080/13887890.2016.1166463

Kawahara, A.Y., Mignault, A.A., Regier, J.C., Kitching, [.J. & Mitter, C. (2009) Phylogeny and biogeography of hawkmoths
(Lepidoptera: Sphingidae): evidence from five nuclear genes. PloS ONE, 4, e5719.
https://doi.org/10.1371/journal.pone.0005719

Kitching, 1.J. (2017). Sphingidae Taxonomic Inventory. Available from: http://sphingidae.myspecies.info/ (accessed 12
February 2017)

Kitching, I. J. & Cadiou, J.M. (2000) Hawkmoths of the world, an annotated and illustrated revisionary checklist (Lepidoptera:
Sphingidae). Cornell University Press, Ithaca, New York, viii + 226 pp.

Kitching, 1.J., Kendrick, R. & Smetacek, P. (2014). A list of hawkmoth species (Lepidoptera: Sphingidae) of India, Nepal,
Bhutan and Sri Lanka, including their common names. Available from: http://flutters.org/home/docs/
Hawkmoths_of India_et al.pdf (accessed 14 August 2013)

Lanfear, R., Calcott, B., Ho, S.Y. & Guindon, S. (2012) PartitionFinder: combined selection of partitioning schemes and
substitution models for phylogenetic analyses. Molecular Biology and Evolution, 29 (6), 1695—1701.
https://doi.org/10.1093/molbev/mss020

Mathew, G., Chandran, R., Brijesh, C.M. & Shamsudeen, R.S.M. (2004). Insect fauna of Shendurny Wildlife Sanctuary, Kerala.
Zoos’ Print Journal, 19 (1), 1321-1327. https://doi.org/10.11609/JoTT

NEW THERETRA HUBNER FROM INDIA Zootaxa 4323 (2) © 2017 Magnolia Press - 195


http://flutters.org/home/docs/Hawkmoths_of_India_et_al.pdf

Mathew, G. & Rahamathulla, V.K. (1995) Biodiversity in the Western Ghats — A study with reference to moths (Lepidoptera:
Heterocera) in the Silent Valley National Park, India. Entomon, 20 (2), 25-33.

Melichar, T., Rezag, M., Manjunatha, H.B. & Horecky, [.C. (2014) A new species of the genus Acosmeryx Boisduval, 1875
(Lepidoptera, Sphingidae) from the southern part of India. The European Entomologist, 6 (3), 181-187.

Melichar, T. (Ed.) (2012) Official Report on the Sampling of the Sphingidae Family in the State of Karnataka. Sphingidae
Museum, Piibram, 275 pp. Avaliable from: http://indiabiodiversity.org/biodiv/content/documents/810.pdf (Accessed 20
Sept. 2017)

Patil, R. R., Ghorepade, K. & Chandaragi, M. (2013). Notes on Hawk Moths (Lepidoptera—Sphingidae) in the Karwar-
Dharwar transect, peninsular India: a tribute to TRD Bell (1863-1948). Colemania, (33), 1-16.

Ratnasingham, S. & Hebert, P.D.N. (2007) BOLD : The Barcode of Life Data System (www.barcodinglife.org). Molecular
Ecology Notes, 7 (3), 355-364.
https://doi.org/10.1111/j.1471-8286.2007.01678.x

Roessler, R.U. & Kiippers, P.V. (1977) Beitrage zur Kenntnis der Insektenfauna Sumatras: zur Ethologie und Geobiologie der
Schwirmer Sumatras (Lepidoptera: Sphingidae). Bonner Zoologische Beitrdige, 28, 160—197.

Rougerie, R., Kitching, 1.J., Haxaire, J., Miller, S.E., Hausmann, A. & Hebert, P.D.N. (2014) Australian Sphingidae — DNA
barcodes challenge current species boundaries and distributions. PLoS ONE, 9 (7), e101108.
https://doi.org/10.1371/journal.pone.0101108

Sasidharan, N. & Anto, P.V. (1997) New records of two rare and threatened plants for Kerala. Journal of Economic and
Taxonomic Botany, 21 (1), 247-248.

Silvestro, D. & Michalak, 1. (2012) raxmIGUI: a graphical front-end for RAXML. Organisms, Diversity & Evolution, 12 (4),
335-337.
https://doi.org/10.1007/s13127-011-0056-0

Shubhalaxmi, V., Kendrick, R.C., Vaidya, A., Kalagi, N. & Bhagwat, A. (2012) Inventory of moth fauna (Lepidoptera:
Heterocera) of the northern Western Ghats. Journal of the Bombay Natural History Society, 108, 183-205.

Smetacek, P. (1994) The hawkmoths (Lepidoptera: Sphingidae) of Kumaon, N. India: A probable case of faunal drift.
Occasional Papers. Records of the Zoological Survey of India, 156, 1-55 + [2].

Sondhi, Y., Sondhi, S., Roy, P. & Kitching, I.J. (2017) Theretra sumatrensis Joicey & Kaye, 1917. In Sondhi, S., Sondhi, Y. &
Roy, P. (Eds.), Moths of India. Vol. 2. Indian Foundation for Butterflies. Available from: http://www.mothsofindia.org/sp/
355310/Theretra-sumatrensis (accessed 1 April 2017)

Tamura, K., Stecher, G., Peterson, D., Filipski, A. & Kumar, S. (2013) MEGAG6: Molecular evolutionary genetics analysis
version 6.0. Molecular Biology and Evolution, 30 (12), 2725-2729.
https://doi.org/10.1093/molbev/mst197

Vaglia, T., Haxaire, J., Kitching, 1.J. & Liyous, M. (2010) Contribution a la connaissance des Theretra Hiibner, 1819, des
complexes clotho (Drury, 1773), boisduvalii (Bugnion, 1839) et rhesus (Boisduval, [1875]). The European Entomologist,
3(1),41-77.

Wilson, J.J., Rougerie, R., Schonfeld, J., Janzen, D.H., Hajibabaei, W., Kitching, I.J., Haxaire, J. & Hebert, P.D.N. (2011) When
species matches are unavailable are DNA barcodes correctly assigned to higher taxa? An assessment using sphingid
moths. BMC Ecology, 11 (1), 18.
https://doi.org/10.1186/1472-6785-11-18

Zolotuhin, V.V. & Ryabov, S.A. (2012) The hawkmoths of Vietnam. Korporatsiya Tekhnologiy Prodvizheniya, Ulyanovsk, 239
pp-

196 - Zootaxa 4323 (2) © 2017 Magnolia Press SONDHI ET AL


http://www.mothsofindia.org/sp/355310/Theretra-sumatrensis
http://www.mothsofindia.org/sp/355310/Theretra-sumatrensis

	Abstract
	Introduction
	Materials and methods
	Results
	Theretra shendurneensis sp. nov.
	Discussion
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


