
Belgian Journal of Entomology 133: 1–23 (2022) 
www.srbe-kbve.be

ISSN: 2295-0214

urn:lsid:zoobank.org:pub:9A87C7AE-2A49-4348-A36C-68A1DC8D402E

Belgian Journal of Entomology

A new species of Calvisia (Calvisia) from Thailand and Myanmar 
and notes on C. (Calvisia) sangarius from Peninsular Malaysia 

(Phasmida, Lonchodidae, Necrosciinae) 

Joachim Bresseel, Jérôme Constant, Kawin Jiaranaisakul & Christian Hübner

Published: 7 December 2022



2

ISSN: 1374-5514 (Print Edition)
ISSN: 2295-0214 (Online Edition)

Citation: Bresseel J., Constant J., Jiaranaisakul K. & Hübner C., 2022 - A new species of 
Calvisia (Calvisia) from Thailand and Myanmar and notes on C. (Calvisia) sangarius from 
Peninsular Malaysia (Phasmida, Lonchodidae, Necrosciinae). Belgian Journal of Entomology, 
133: 1–23.

The Belgian Journal of Entomology is published by the Royal 
Belgian Society of Entomology, a non-profit association 
established on April 9, 1855.

Head office: Vautier street 29, B-1000 Brussels.

The publications of the Society are partly sponsored by the University Foundation of 
Belgium.

In compliance with Article 8.6 of the ICZN, printed versions of all papers are deposited in the 
following libraries:

- Royal Library of Belgium, Boulevard de l’Empereur 4, B-1000 Brussels. 
- Library of the Royal Belgian Institute of Natural Sciences, Vautier street 29, B-1000 Brus-
sels. 
- American Museum of Natural History Library, Central Park West at 79th street, New York, 
NY 10024-5192, USA. 
- Central library of the Museum national d’Histoire naturelle, rue Geoffroy SaintHilaire 38, 
F-75005 Paris, France. 
- Library of the Muséum d’Histoire naturelle de Genève, route de Malagnou 1, CH-1208 
Genève, Suisse. 
- Zoological Record, Thomson Reuters, Publication Processing, 1500 Spring Garden Street, 
Fourth Floor, Philadelphia PA 19130, USA.

Front cover: Calvisia (Calvisia) khlongsokana sp. nov., live female, blue form, in situ, Thailand, Khlong Sok 
Subdistirict. © Christian Hübner.



Bresseel J. et al., Calvisia (Calvisia) khlongsokana sp. nov. (Phasmida, Necrosciinae) 

3

A new species of Calvisia (Calvisia) from Thailand and Myanmar 
and notes on C. (Calvisia) sangarius from Peninsular Malaysia 

(Phasmida, Lonchodidae, Necrosciinae)

Joachim Bresseel¹, Jérôme Constant², Kawin Jiaranaisakul³ & Christian Hübner4

1, 2 Royal Belgian Institute of Natural Sciences, O.D. Phylogeny and Taxonomy, Entomology,
Vautier street 29, B-1000 Brussels, Belgium.
1 Corresponding author: joachimbresseel@gmail.com 
urn:lsid:zoobank.org:author:3C4EF358-9716-46F0-8575-26BE1EDE4349
2 E-mail: jerome.constant@naturalsciences.be
urn:lsid:zoobank.org:author:6E6072A1-9415-4C8D-8E60-2504444DB290
https://orcid.org/0000-0003-0254-0863
³ Rabbit in the Moon Foundation, 399, Village No. 3, Suan Phueng, Ratchaburi, 70180, Thailand.
E-mail: kawin2127@gmail.com
urn:lsid:zoobank.org:author:E70BBC6F-D963-4EA9-9109-933DD4C83CC8
4 Offenenbacher Landstraße 249, 60599 Frankfurt, Germany.
E-mail: huebi_mail@yahoo.de
urn:lsid:zoobank.org:author:6AF05109-A9D8-4C8D-974C-69F2B386F89B

Abstract

A colourful new species of Calvisia Stål, 1875, C. (Calvisia) khlongsokana sp. nov., is 
described from Southwest Thailand and South Myanmar based on both sexes, nymphs and 
eggs. The new species is placed in the subgenus C. (Calvisia) Stål, 1875 and compared to the 
closely related species C. (Calvisia) sangarius (Westwood, 1859). The female of C. (Calvisia) 
sangarius (Westwood, 1859) and both sexes and egg of C. (Calvisia) khlongsokana sp. nov. are 
illustrated and a distribution map for both species is provided. Females of the new species occur 
in two distinct colour forms presumed to be aposematic. Several hypotheses are provided for 
the natural occurrence of these two morphs with frequency-dependant selection as a possible 
driver.

Keywords: Stick insect, Phasmatodea, aposematism, sexual dichromatism, sex-limited 
polymorphism.

Introduction

Phasmatodea, or stick insects, are terrestrial, herbivorous arthropods, well known for their 
ability to mimic various parts of plants such as twigs, bark or even leaves. Their predominant 
appearance is elongate and stick-like with a cryptic colouration, thus avoiding detection by 
predators (Goldberg et al., 2015). However, some taxa show an aposematic colouration in one 
or both sexes, but the warning colours are mostly restricted to the alae and only few aposematic 
species show their colouration also when undisturbed (Glaw et al., 2019). Examples can be 
found in Oreophoetes peruana Rehn, 1904 from South America (Eisner et al., 1997), the males 
of Achrioptera Coquerel, 1861 from Madagascar (Glaw et al., 2019) and several species of the 
genus Calvisia Stål, 1875 from Southeast Asia (Seow-Choen, 2016; Bresseel & Constant, 
2017). The paired prothoracic defensive glands are an autapomorphic character in stick insects 
and can be small to well developed with readily visible gland openings (Bradler, 2009; 
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Bradler & Buckley, 2018), these glands seem to be more developed in species showing 
aposematic colouration (Eisner, 1965; Eisner et al., 1997; Bradler & Buckley, 2018).

The genus Calvisia was erected by Stål (1875) to include 4 species: Necroscia sangarius 
Westwood, 1859, N. medora Westwood, 1859, N. virbius Westwood, 1859 and N. hemus 
Westwood, 1859. Rehn (1904) designated N. sangarius as the type-species of the genus. Calvisia 
consists of fully winged, often brightly coloured species with a comparatively short mesonotum 
that bears a pair of more or less well developed humps anteriorly. Eggs are glued together by 
their posterior and anterior pole and form an elongate row. The genus is widely distributed over 
Southeast Asia, from India in the north to the Moluccas in the south and currently contains 43 
species mostly occurring in tropical rainforests (Brock et al., 2022). The Bornean species of 
the genus were treated by Seow-Choen (2016) who created six subgenera.

Recently, we obtained specimens of a brightly coloured Calvisia (Calvisia) Stål, 1875 from 
Southwest Thailand and South Myanmar, which could not be attributed to any described 
species. The stick insect fauna of Thailand is poorly documented with only 27 species currently 
recorded from the country (Bresseel & Jiaranaisakul, 2021).

The present paper aims to describe the new species as Calvisia (Calvisia) khlongsokana sp. 
nov., to give information on its biology and distribution and to propose a hypothesis on the 
occurrence of two aposematic colour forms in females of the new species.

Material and methods

Eggs were hatched and the species was reared to adulthood by B. Kneubühler (Switzerland). 
Captive bred specimens were first preserved in ethanol and later mounted and examined.

For each picture of the collection specimens, a number of photographs were taken with a 
Canon 700D camera equipped with a Sigma 50 mm Macro lens (adults), or with a Leica EZ4W 
stereomicroscope with integrated camera, stacked with CombineZ software and optimized with 
Adobe Photoshop CS3. The distribution map was produced with SimpleMappr (Shorthouse, 
2010). Observations were done with a Leica EZ4W stereomicroscope and measurements were 
taken with an electronic calliper.

The nomenclature of the morphological characters follows Bragg (2001); the egg morphology 
follows that of Clark-Sellick (1997; 1998). The description of the colouration is based on 
pictures of live and dried specimens.

Acronyms used for the collections:

FH  =  Personal collection of Frank Hennemann, Germany

KUKPS = Kasetsart Univesity Kamphaeng Saen, Nakhon Pathom, Thailand

RBINS  = Royal Belgian Institute of Natural Sciences, Brussels, Belgium

THNHM = Thailand Natural History Museum, Pathum Thani, Thailand

Abbreviations

HT  =  holotype

PT  =  paratype

W.S.  =  Wildlife Sanctuary
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Taxonomy

Family Lonchodidae Brunner von Wattenwyl, 1838
Subfamily Necrosciinae Brunner von Wattenwyl, 1893

Genus Calvisia Stål, 1875

Calvisia Stål, 1875: 42, 87. Type species: Necroscia sangarius Westwood, 1859 by subsequent 
designation by Rehn (1904).

For a full list of references for Calvisia see the Phasmida species file (Brock et al., 2022)

Subgenus Calvisia (Calvisia) Stål, 1875

The definition of the subgenus Calvisia (Calvisia) follows Seow-Choen (2016).

Calvisia (Calvisia) khlongsokana sp. nov.
urn: lsid:zoobank.org:act:BA5ACEE6-5EC8-485A-81A4-D372168E891B

Figs 1–11

Etymology. The species epithet refers to Khlong Sok, the locality where the new species was 
first discovered.

Material examined

Holotype

THAILAND • ♂; Thailand, Surat Thani prov., Phanom District, Khlong Sok; N 08°54.687’, 
E 098°31.956’; leg. C. Hübner; ex breeding B. Kneubühler; 2019 (THNHM).

Paratypes (5 ♂♂, 7 ♀♀)

THAILAND • 5 ♂♂, 5 ♀♀; Same collection data as for holotype (2 ♂♂, 1 ♀: THNHM; 3 ♂♂, 
4 ♀♀: RBINS); 1 ♀: Pang Nga Prov., Si Pang Nga N.P., 8°59’55.0”N 98°27’28” E, 35 m., 
31.XII.2018, N. Pinkaew et S. Muadsab (THNHM).

MYANMAR • 1 ♀; S-Myanmar; Mergui District, Tenasserim; leg. Lehmann; 25.VII.1996; coll. 
FH No. 0005-1 (FH).

Photographic record

THAILAND • 1 ♀ (Fig. 8 G); South Thailand, Ranong Province, Khlong Nakha Wildlife 
Sanctuary; 25.VII.1996; A. Giudici.

Differential diagnosis

The species keys out to the subgenus Calvisia (Calvisia): it lacks the conical head, has no spots 
on the mesonotum, has no green to yellow base colour and has a red metanotal scutellum.

The species is most closely related to C. (Calvisia) sangarius (Westwood, 1859) from Peninsular 
Malaysia. It can easily be differentiated based on colouration alone. Females of C. (Calvisia) 
khlongsokana sp. nov. have the thorax and head bright red and females of C. (Calvisia) sangarius 
have the thorax and head green to brown with red and yellow markings on pro and mesonotum; 
males of both species are predominantly light brown and have a green marking on the anterior 
margin of metanotum but C. (Calvisia) khlongsokana sp. nov. can be distinguished by the inner 
white margins of the tegmina. 
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Fig. 1. Calvisia (Calvisia) khlongsokana sp. nov., holotype ♂. A, habitus, dorsal view. B, habitus, ventral view. C, 
head and thorax, dorsal view. D, habitus, lateral view. E, head and thorax, lateral view.
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Description

Male (Figs 1–3, 9 C)

Head: Yellowish brown, globose and smooth. Vertex convex. Eyes strongly projecting 
hemispherically. Antennae not reaching apex of abdomen. Scapus and pedicellus coloured as 
head; scapus slightly flattened dorso-ventrally, inner margin slightly rounded, outer margin 
straight; pedicellus cylindrical, slightly shorter than scapus. Antennomeres filiform, scarcely 
setose, reaching about halfway abdomen.

Thorax: Pronotum predominantly yellowish brown, shorter than head with anterior edge red 
and concave. Prozona with transverse sulcus behind anterior margin; shorter and slightly raised 
compared to the metazona; anterolateral margins semi-circularly incised where the openings of 
the prothoracic defence glands are positioned. Main sulcus with diamond-shaped excavation 
medially. Metazona slightly wider than prozona, with lateral and posterior margins rounded; 
posterior margin red. Episterna almost semicircular with outer margin thickened. Mesonotum 
yellowish brown with green transverse marking on anterior margin, followed by a transverse 
carina; granulation more distinct towards lateral margins; about as long as head and pronotum 
combined and widening towards the posterior; medially with a pair of raised humps. Mesosternum 
with anterior margin concave; slightly granulose and with indistinct mediolongitudinal line.

Fig 2. Calvisia (Calvisia) khlongsokana sp. nov., holotype ♂, terminalia. A, dorsal view. B, lateral view. C, ventral 
view.



Belgian Journal of Entomology 133:1–23 (2022)

8

Fig 3. Calvisia (Calvisia) khlongsokana sp. nov., living ♂. A, habitus, dorsal view. B, habitus, lateral view. C, 
habitus, lateroventral view. D, head and thorax, dorsal view. E, head and thorax, lateral view. F, terminalia, dorsal 
view. G, terminalia, lateral view. H, terminalia, ventral view. © Bruno Kneubühler.
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Legs: Slightly setose and slender. Femora predominantly light brown with posterior portion 
with a reddish hue and some indistinct black markings laterally; tibiae coloured as femora 
but without reddish hue. Femora and tibiae with indistinct carinae; profemora very slightly 
curved basally, only slightly longer than metafemora; mesofemora about as long as pro- and 
mesonotum combined; metafemora not reaching posterior margin of tergum IV. Tibiae more 
slender than corresponding femora; pro- and mesotibiae shorter than corresponding femora; 
metatibiae about as long as mesofemora. Basitarsi distinctly longer than following tarsomeres. 
Tarsomeres with a triangular blunt tooth posteromedially. Claws small but acute.

Wings: Tegmina small, predominantly light brown with pale venation and bluish spots, interior 
margin distinctly paler and slightly rounded. A small but definite hump present antero-laterally. 
Alae well developed, costal area coloured as tegmina, but lacking pale colouration on inner 
margin; anal area infuscate. Alae projecting halfway along tergum VII.

Abdomen: Yellowish with pale brown and grey markings. Median segment well developed, 
about 1.5x as long as metanotum, rounded anteriorly, widening towards the posterior. Terga 
II–VIII cylindrical and smooth; terga II–VI more or less of the same length; tergum VII shorter, 
about two thirds the length of VI; VIII shorter than VII, distinctly trapezoidal and widening 
towards the posterior; tergum IX about the same length as VIII, with posterior margin slightly 
concave and posterolateral margins curved under anal segment. Anal segment shorter than 
tergum IX, somewhat raised posteromedially with posterior margin rounded. Abdominal sterna 
smooth. Sternum IX transversally divided into an anterior sternite and a posterior sternite; 
anterior sternite bulgy with posterior margin broadly rounded; posterior sternite (poculum) 
directed obliquely upwards and tapering towards apex, not reaching posterior margin of anal 
segment. Vomer well developed, visible as an elongated triangular spine. Cerci dark, short, 
broad and incurving, with basal half slightly tapering and posterior half parallel-sided; apex 
broadly rounded.

Female (Figs 4–8, 9 D–F)

Head: Bright red with brown eyes and a lighter red oval marking between eyes; globose and 
smooth. Vertex rounded. Eyes strongly projecting hemispherically. Antennae not reaching 
apex of abdomen. Scapus and pedicellus brown; scapus slightly flattened dorso-ventrally, 
pedicellus cylindrical, slightly shorter than scapus. Antennomeres filiform, scarcely setose and 
predominantly black.

Thorax: Pro- and mesothorax coloured as head; metathorax yellow. Pronotum smooth, shorter 
than head with anterior edge slightly raised and concave; anterolateral margins semi-circularly 
incised where the openings of the prothoracic defence glands are positioned. Openings of 
prothoracic defense glands readily visible. Prozona distinctly shorter than metazona and with 
distinct transverse groove behind anterior margin; posterior margin rounded and minutely 
incised medially. Metazona with anterior margin concave, posterior margin convex and lateral 
margins rounded; anteromedially incised, incision followed by a median line not reaching 
posterior margin. Mesonotum with few granules dorsally; lateral margins with more granules; 
anterior margin concave followed by subanterior transverse thickened ridge reaching lateral 
margins. Raised portion of mesonotum starting behind transverse ridge, at about 1/5 down the 
mesonotum with a pair of distinct humps anteriorly; posterior margin somewhat tectiform with 
faint transverse black line marginally and a scale-like hump medially.
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Fig. 4. Calvisia (Calvisia) khlongsokana sp. nov., ♀. A, habitus, dorsal view. B, habitus, ventral view. C, head and 
thorax, dorsal view. D, habitus, lateral view. E, head and thorax, lateral view.
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Legs: Indistinctly setose, unarmed and slender. Femora bright red; tibiae and tarsi yellowish 
dorsally and blackish ventrally. Profemora only slightly flattened laterally and incurved basally. 
All carinae of femora and tibiae indistinct. Claws small but acute.

Wings: Tegmina subquadrate with interior margin white and rounded, only slightly overlapping 
at rest; anterolaterally with a blunt hump. Alae well developed; costal area coloured as tegmina; 
anal area infuscate. Alae not reaching apex of abdomen. Ground colour of tegmina and of costal 
area of hind wing coming in two morphs; one morph with ground colour a striking sky blue; 
other morph with ground colour pale yellowish; both morphs with dark spots on tegmina and 
on costal region of alae.

Abdomen: Completely yellow. Median segment well developed, rounded anteriorly, widening 
towards the posterior and about as long as tergum II. Terga II–VIII smooth; II to IV slightly 
increasing in length; IV to VI about equal in length; VII to IX gradually decreasing in length; 
IX with posteromedian hump. Anal segment about as long as tergum IX and strongly sloping 
downward; rounded in lateral view. Apical portion strongly flattened dorsoventrally with short 
mediolongitudinal ridge; posterior margin rounded in dorsal view. Subgenital plate somewhat 
setose, slightly compressed laterally and keeled; apex notched, not reaching apex of abdomen. 
Cerci setose, slightly flattened laterally and incurving.

Fig. 5. Calvisia (Calvisia) khlongsokana sp. nov., ♀, terminalia. A, dorsal view. B, lateral view. C, ventral view.
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Egg (Fig. 10)
Capsule and operculum irregularly covered with small pits. Dorsal and dorsolateral portions of 
capsule and operculum predominantly light brown; lateroventral portions of capsule whitish. 
Capsule more or less rectangular with anterior portion slightly constricted; two distinct short, 
oblique black markings with white centre dorsally, markings starting near posterolateral margins 
of operculum. Anterior margin of capsule with outer rim elongated and laterally flattened, 
covering polar area of adjacent egg up to micropylar cup. Polar area rounded, black centrally 
with pale outer rim. Ventral portions of capsule flattened and glued to surface. Operculum 
displaced towards dorsal part of capsule, oval and slightly darker brown posteriorly. Micropylar 
plate small and more or less lozenge-shaped; paler than capsule with narrow whitish outline; 
medially with longitudinal carina extending over nearly the complete plate.

Fig. 6. Calvisia (Calvisia) khlongsokana sp. nov., living ♀, blue form. A, habitus, dorsal view. B, habitus, lateral 
view. C, habitus, ventral view. © Bruno Kneubühler.
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Nymph (Fig. 9)

Newly hatched nymphs (Fig. 9 A–B) with body, legs and antennae slightly setose. Head smooth, 
yellow green with a postocular black round spot near occiput. Body and legs completely yellow 
green. Antennae grey.

Older nymphs (Fig. 9 C–F) light brown to grey brown with black markings, sometimes with a 
greenish hue. Adult colouration in females can be observed in subadult stage before final moult, 
though being distinctly duller (Fig. 9 E–F).

Fig. 7. Calvisia (Calvisia) khlongsokana sp. nov., living ♀, pale form. A, habitus, dorsal view. B, habitus, lateral 
view. C, habitus, ventral view. © Bruno Kneubühler.
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Fig. 8. Calvisia (Calvisia) khlongsokana sp. nov., living ♀ in situ. A–F, Khlong Sok Subdistirict (© Christian 
Hübner), G, Khlong Nakha Wildlife Sanctuary (© Antonio Giudici). A–D, blue form. E–G, pale form.
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Fig. 9. Calvisia (Calvisia) khlongsokana sp. nov., nymphs. A, newly hatched nymph, lateral view. B, newly hatched 
nymphs. C, ♂ sub-adult nymph, dorsal view. D, ♀ sub-subadult nymph, dorsal view. E, sub-adult ♀ just before 
final moult, dorsolateral view. F, sub-adult ♀ just before final moult, ventrolateral view. © Bruno Kneubühler.
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Distribution
Myanmar: Mergui District; Thailand: currently known from Khlong Sok Subdistirict, Khlong 
Nakha W.S. and Si Pang Nga N.P. (Fig. 11).

Biology
The specimens were found during night-time, sitting on leaves of small trees at about 1 m 
from the ground, in tropical lowland rainforest (Fig. 8). Male and female can fly away quickly. 
Eggs are laid glued in chains onto different surfaces by their ventral side in a continuous row, 
attached to each other by the anterior and polar ends (Fig. 10).

Fig 10. Calvisia (Calvisia) khlongsokana sp. nov., eggs. A, C, dorsal view. B, D, lateral view. © Bruno Kneubühler.

HT ♂ PT ♂♂ PT ♀♀
Body 45.4 41.6–43.8 55.5–60.5
Head 3.6 3.3–3.5 5.3–5.6
Pronotum 2.3 2.1–2.2 3.1–3.4
Mesonotum 5.9 5.3–5.9 5.5–6.6
Metanotum 3.0 2.9 4.8–5.1
Median segment 4.8 4.5 6.9–7.4
Profemora 11.5 10.4–11.1 10.9–11.5
Mesofemora 8.0 7.4–7.9 7.7–8.2
Metafemora 11.3 10.7–11.4 11.6–12.0
Protibiae 10.2 9.3–10.1 10.1
Mesotibiae 7.2 6.4–7.1 7.2–7.7
Metatibiae 11.5 10.1–10.8 10.6–11.7
Tegmina 3.3 3.2–3.3 3.9–4.6
Alae 27.9 26.5–27.6 37.8–42.0

Table 1. Measurements [mm] of Calvisia (Calvisia) khlongsokana sp. nov.
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Calvisia (Calvisia) sangarius (Westwood, 1859)
Figs 11–13

Necroscia sangarius Westwood, 1859: 155, pl. 17: 6, pl. 35: 4–5 [described and illustrated].

Calvisia commutata Redtenbacher, 1908: 568 [described]. Synonymised by Brock (1995).

Calvisia sangarius – Kirby, 1904: 370 [transferred to Calvisia, catalogued]. — Redtenbacher, 
1908: 567 [redescribed]. — Brock, 1995: 87 [lectotype designation]. — Brock, 1998: 22 
[type data for synonym C. commutata, comments on Bornean records]. — Brock, 1999: 
52, figs 63, 172 [in Peninsular Malaysia, described and figured]. — Seow-Choen, 1999: 299, 
pl. 6c [figured; extinct in Singapore]. — Seow-Choen, 2000: 15, pl. 31 [figured, in Peninsular 
Malaysia]. — Bragg, 2001: 544 [notes, in Borneo]. — Otte & Brock, 2005: 78 [catalogued]. 
— Seow-Choen, 2005: 34 [figured, foodplant].

Calvisia (Calvisia) sangarius – Seow-Choen, 2016: 54, figs 105–107 [in Borneo, in subgenus C. 
(Calvisia), figured]. — Bresseel & Constant, 2017: 3 [as type species of Calvisia]. — Seow-
Choen, 2017: 19 [extinct from Singapore, figured from Tapah, West Malaysia]. — Seow-
Choen, 2019: 262 [in Bornean species-list]. — Seow-Choen, 2021: 244 [from Peninsular 
Malaysia, excluded from Bornean species-list].

Material examined.

MALAYSIA • 1 ♀; Peninsular Malaysia; Pahang, Cameron Highlands, Ringlet (RBINS).

Comments

Westwood (1859) described Necroscia sangarius based on material from Mt. Ophir, from 
Pulau Penang in Peninsular Malaysia and from Sarawak in Borneo. Redtenbacher (1908) 
described Calvisia commutata and referred to Westwood’s illustration of the male from Penang 
as being the same species. Brock (1995) synonymised C. commutata with sangarius and 
designated the female from Mt. Ophir as the lectotype. Although the species was recorded 
from Borneo on numerous occasions (Westwood, 1859; Bragg, 2001; Seow-Choen, 2016, 
2019), these records are regarded as erroneous and Seow-Choen (2021) excluded the species 
from the Bornean species list. The paralectotypes of C. sangarius originating from Sarawak are 
considerably different from the lectotype and were recently identified as Calvisia (Nigracalvisia) 
nirgoaxillaris Günther, 1943 (Seow-Choen, 2021)

The female examined by the authors from Ringlet in the Cameron Highlands agrees in every 
aspect with the lectotype. It has the head and body predominantly olive green; the pronotum 
has the anterior and posterior margins vivid yellow and a red spot medially on the metazona; 
the mesonotum has the anterior and posterior margins red; tegmina and costal region of hind 
wing have an olive green ground colour with black spots with sky blue inclusions; legs have the 
posterior portion of femora and base of tibiae coloured dark blue to almost black. However, the 
descriptions and illustrations provided by Brock (1999) and Seow-Choen (2005, 2017, 2021) 
show a predominantly light- to reddish brown insect, but the markings on pro- and mesonotum 
and the black spots with sky blue inclusions on the tegmina and costal region of hind wing agree 
with the lectotype. All records agree in general morphology.

More research needs to be done by examining more specimens from different localities. 
Molecular and in vivo studies should provide interesting insights on the relevance of colouration 
characters for species delimitation in the genus Calvisia.
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Discussion

A recent study of the species of Calvisia from Borneo and Peninsular Malaysia led Seow-
Choen (2016) to propose six subgenera within the genus. The new species in the present work 
belongs to the subgenus Calvisia (Calvisia) Stål, 1875 and is most closely related to the type 
species: Calvisia (Calvisia) sangarius (Westwood, 1859) from Peninsular Malaysia. It is the 
only species of the genus known to occur in Myanmar and a second species for Thailand, after 
C. (Calvisia) torquata (Bates, 1865) (Bresseel & Constant, 2017).

Fig. 11. Distribution map of Calvisia (Calvisia) khlongsokana sp. nov. and C. (Calvisia) sangarius (Westwood, 
1859).
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In a recent phylogenetic analysis, Bank & Bradler (2022) showed that the current composition 
of Calvisia is polyphyletic. Calvisia (Calvisia) marmorata (Redtenbacher, 1908) and Calvisia 
(Conocalvisia) leopoldi Werner, 1934 were both sequenced, with C. (C.) marmorata shown to 
be more closely related to Marmessoidea Brunner von Wattenwyl, 1893 and Planososibia Seow-
Choen, 2016 than to C. (C.) leopoldi which is, in its turn, more closely related to Trachythorax 
Redtenbacher, 1908 and Korinnis Günther, 1932. Most of the subgenera defined by Seow-
Choen (2016) represent easy to separate groups containing externally resembling species. 
However, these subgenera might not be as closely related as previously suggested. Especially 
the subgenus Conocalvisia Seow-Choen, 2016 shows differences in body and egg morphology 
that suggest it may be more closely related to Tagessoidea Redtenbacher, 1908 than to other 
Calvisia subgenera (Hennemann & Conle, 2013; Bresseel & Constant, unpublished data).  
The taxonomic ranking and placement of the subgenera of Calvisia will require more study 
including molecular and morphological analysis of representatives of all subgenera based on 
their respective type species.

While the males of C. (Calvisia) khlongsokana sp. nov. show a rather cryptic colouration (Figs 
1–3), the females appear in two contrasted, brightly coloured, apparently aposematic forms 
(Figs 6–7) which could be regarded as a case of sex-limited polymorphism. Some other species 
of Calvisia also show distinct sex-related colouration known as sexual dichromatism (Glaw et 
al., 2019), e.g. Calvisia (Viridocalvisia) marmorata (Redtenbacher, 1908) (Seow-Choen, 
2016).

Fig. 12. Calvisia (Calvisia) sangarius (Westwood, 1859), living ♀ in situ in the Cameron Highlands, Ringlet. © 
Sharon Cheong.
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Fig. 13. Calvisia (Calvisia) sangarius (Westwood, 1859), ♀. A, habitus, dorsal view. B, head and thorax, dorsal 
view. C, head, thorax and wing lateral view.
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Among stick insects, sexual dichromatism was already reported in the Malagasy genus 
Achrioptera Coquerel, 1861 (Glaw et al., 2019). In the case of Achrioptera, it is the male that 
has an aposematic colouration while the female and nymph exhibit a more cryptic colouration. 
Glaw et al. (2019) proposed different hypothesis to explain this phenomenon in Achrioptera:

1. They considered female mate choice an unlikely hypothesis for Achrioptera. This is also 
certainly not of influence for C. (Calvisia) khlongsokana sp. nov. as males show rather cryptic 
colouration without variation. Furthermore, male mate choice is unlikely as visual signals are 
less effective in the dense rainforest and females most probably attract males by emitting sexual 
signals such as pheromones (Schneider & Elgar, 2010).

2. Cryptic functionality of aposematic colouration combined with different habits of males and 
females was considered unlikely in Achrioptera as the male colouration doesn’t seem to provide 
any substantial camouflage in the foliage (Glaw et al., 2019). In the case of C. (Calvisia) 
khlongsokana sp. nov., the male is better camouflaged when traversing the foliage while the 
putatively more static female shows aposematic colouration.

3. Aposematism combined with toxic substances produced in defensive glands: all Calvisia 
species have a pair of prothoracic defensive glands that produce repellent substances. 
Conspicuous colouration combined with a foul taste in animals is known to act as a warning 
signal. This hypothesis however would still not explain why one sex shows striking colouration 
whereas the other sex shows a cryptic colouration. Other studies suggest that these chemical 
compounds could have a dual function for mate attraction and predator deterrence (Rojas et al., 
2018).

4. Aposematism combined with accumulation of toxic substances from the food plants: the 
host plant of C. (Calvisia) khlongsokana sp. nov. in the wild currently remains unidentified. It 
is therefore unknown whether these insects use accumulation of toxins from their food plant.

In stick insects, only few species evolved aposematic colouration (Bradler & Buckley, 2018). 
All original C. (Calvisia) khlongsokana sp. nov. eggs were laid by a single pale morph female 
and produced offspring of both of the two colour morphs (Figs 6–7). Both morphs are very 
similar but have a different ground colour of the tegmina and of the costal area of the hind 
wings. In one morph the ground colour is a striking sky blue (Fig. 6) and in the other morph the 
ground colour is pale yellowish (Fig. 7). It is the first time that multiple forms of aposematic 
colouration in the same population are documented for stick insects, although it is a frequent 
phenomenon in a wide range of other taxa (Rojas et al., 2018; Briolat et al., 2019).

The selection of prey by predators is influenced by prey frequency, density, visibility and the 
type of background against which the predator is searching. These factors affect the likelihood 
that frequency-dependent predation will maintain polymorphism (Cook & Kenyon, 1991). The 
more predators encounter foul tasting, aposematic insects, the more they learn to avoid these 
prey. This leads to a positive frequency-dependant selection at the advantage of aposematic 
specimens. Different colour morphs within a population of aposematic prey may differ in 
traits that influence their conspicuousness to predators. This variation may affect the interplay 
between positive and negative frequency-dependent selection by predators (Borer et al., 2010; 
Doktorovová et al., 2019). Balanced polymorphism is known to be one of the important factors 
in maintaining polymorphism, hence genetic variability in populations. This variability allows 
organisms to adapt faster when confronted to changes in environmental conditions (Bhumika, 
2017).

However, recent studies suggest that aposematism is affected by a range of forces and use a 
multimodal approach to show that not only predation pressure, but also sexual selection is of 
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influence in the evolution of aposematism in a population (Cummings & Crothers, 2013; 
Finkbeiner et al., 2014; Rojas et al., 2018; Briolat et al., 2019).

In order to confirm or refute these hypotheses, more research needs to be conducted, which 
should include molecular research, chemical characterization of the defensive substances 
produced by C. (Calvisia) khlongsokana sp. nov., bioassays with predators like birds, lizards 
and even mammals like lorises (Primates, Lorisidae) as well as observations in nature. This 
work could be made easier and more efficient by the identification of the natural food plant of 
the species and its captive breeding.
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