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Abstract

Octocorals with thread-like colony shape have been re-examined, mainly from Japanese waters. The holo-
types of Elasmogorgia filiformis and Filigella boninensis and a syntype of FE mitsukurii have been studied.
Euplexaura arbuscula is identified and Euplexaura yayoii sp. n. described.
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Introduction

The octocoral genera Elasmogorgia, Filigella and Thesea have been underexplored and
their taxonomic position remains confusing. One of the Japanese species of these
genera, Filigella mitsukurii, is classified with three different genera in WoRMS, as
Elasmogorgia mitsukurii (Ofwegen 2016a), Filigella mitsukurii (Ofwegen 2016b), and
Thesea mitsukurii (Ofwegen 2016¢). In this manuscript, a revision is presented of the

Copyright A.K. Matsumoto, L.P.van Ofwegen. This is an open access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.



2 Asako K. Matsumoto ¢&& Leen P van Ofwegen / ZooKeys 589: 1-21 (2016)

genera Elasmogorgia and Filigella and their species in Japan, as well as some Japanese
species of Euplexaura.

The genus Filigella Gray, 1868 was established to accommodate F. gracilis from
Brazil. Later on Wright and Studer (1899) established the Pacific genus Elasmogorgia
with the remark that their new species E. filiformis could be identical to Filigella graci-
lis. Next, Hickson (1905) described Elasmogorgia flexilis from the Maldives, Kinoshita
(1909) described Filigella mitsukurii from Japan, Nutting (1912) described Elasmogo-
rgia ramosa, also from Japan, and finally Aurivillius (1931) described Filigella bonin-
ensis from the Ogasawara Islands (Bonin Islands), and Thomson and Dean (1931)
described Elasmogorgia filigella from Kalimantan (Indonesia). Both Kinoshita and Au-
rivillius considered Elasmogorgia and Filigella synonymous and Aurivillius doubted
whether Elasmogorgia ramosa of Nutting (1912) belonged to one of these two genera.
Kiikenthal (1919) first treated them as two separate genera but he synonymized them
five years later (Kiikenthal 1924).

Bayer (1959: 17) was the first to include F. gracilis in the genus 7hesea Duchassaing
& Michelotti, 1860, although he did not directly synonymize the genus Filigella with
Thesea, but much later in his key to the octocoral genera, Bayer (1981: 945). However,
he did not re-examine six Pacific species referred to Filigella or Elasmogorgia, and there-
fore the status of these species has remained doubtful.

In the present study, the type material of Elasmogorgia filiformis, E. filigella, Fili-
gella mitsukurii, and F. boninensis, is examined and their previous identifications are
discussed. In addition, two specimens identified as E. filiformis by Nutting (1910) and
by Thomson and Dean (1931) were examined. Elasmogorgia filigella Thomson and
Dean (1931) from Kalimantan clearly does not belong to Elasmogorgia because it has
a red colony and also red sclerites. The type specimen of E. filigella (ZMA 2536) ap-
pears to consist of a few branch fragments with disintegrated sclerites. It is considered
to represent a species of Astrogorgia in the present study.

Finally, a new thread-like Euplexaura species is decribed from the Pacific side of
northern Japan, Euplexaura yayoii sp. n., in addition to E. arbuscula Broch, 1935 from
off Chishima Is. (Kuril Is.), which previously was reported from the west coast of
Kamchatka, Sea of Okhotsk. These two species are both from northern Japan and
northeastern Russia (Figure 1).

Material and methods

Abbreviations

BMNH British Museum of Natural History, London, UK

NBC (RMNH)  Naturalis Biodiversity Center, formerly Rijksmuseum van Na-
tuurlijke Historie, Leiden, The Netherlands

UMUTZ University Museum of University of Tokyo, Tokyo, Japan

UUZM (UPSZTY) Museum of Evolution, Uppsala, Sweden
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Figure |. Distribution map of Euplexaura boninensis (*), E. mitsukurii (®), E. arbuscula ((J), and E.
yayoii sp. n. (M),

ZMUC Zoological Museum University of Copenhagen, Copenhagen,
Denmark

ZIN Museum of the Zoological Institute of the Russian Academy of
Sciences St. Petersburg, Russia

ZMA Zoological Museum Amsterdam (ZMA), now part of NBC.

Material

Material was collected from depths between 38 and 366 m by dredging, trawling or
fishing net onboard RV Tansei-maru, University of Tokyo and Japan Agency for Ma-
rine-earth Science and Technology and RV Yayoi, the University of Tokyo, during the
years 1975-2010. Type specimens and other historical museum material was examined
in collections of the BMNH, NBC, UMUTZ, UUZM, ZIN, and ZMUC.

From each specimen a small piece of the distal part of a branch was dissolved in a
solution of household bleach (4% hypochlorite) to isolate sclerites. The sclerites were
washed with demineralised water, dried on a hot plate, mounted on SEM stubs, and
coated with Pd/Au for SEM imaging. For this, either a JEOL JSM6490LV scanning
electron microscope was operated at high vacuum at 10 kV, or a JEOL JSM6510LA
scanning electron microscope with a Quick Carbon Coater SC-701C, SANYU ELEC-
TRON was used. For terminology, see Bayer et al. (1983).

Descriptions of old Japanese material collected by Japanese used “hiro” (Japanese
fathom) as the depth unit. One Japanese fathom (hiro) is usually 1.43 m, occasionally
1.51 m, whereas, it is 1.818 m for the length unit on land. The old depth unit fathom
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is also converted to 1.8288 m. When it was not clear whether the collector used fath-
om or hiro, the converted depth has wider ranges.

Taxonomy

Genus Elasmogorgia Wright & Studer, 1889

Elasma (non Elasma Jaennicke 1866); Studer (and P. Wright) 1887: 58.

Elasmogorgia Wright & Studer, 1899: 132; Kiikenthal 1919: 836; Soest 1979: 88.

2Elasmogorgia; Hickson 1905: 814; Thomson and Simpson 1909: 238; Thomson and
Russell 1910: 159; Nutting 1912: 85.

NOT Elasmogorgia; Nutting 1909: 717; 1910: 45; 1912: 85; Thomson and Dean
1931: 199.

Partly Elasmogorgia; Kiikenthal 1924: 148.

Diagnosis. Plexauridae with sparsely branched colonies lacking a holdfast. Calyces
dome-shaped. Polyps with collaret and points. Sclerites are colourless spindles.

Elasmogorgia filiformis Wright & Studer, 1889
Figures 2a, 3—4

Elasmogorgia filiformis Wright & Studer, 1889: 133 (Indonesia, Arafura Sea); Kiikenthal
1924: 148.

2 Elasmogorgia filiformis; Nutting 1912: 85 (Tateisha zaki Light, Japan); Thomson and
Russell 1910: 159 (Amirantes); Thomson and Simpson 1909: 238 (Birma, India);
Tixier-Durivault 1966: 403 (Madagascar); all not re-examined.

NOT Elasmogorgia filiformis; Nutting 1909: 717 (California = 7hesea); 1910: 45 (Timor
= Euplexaura); Thomson and Dean 1931: 199 (Sulawesi = Astrogorgia).

Material examined. Holotype BMNH 1889.5.27.77, Arafura Sea, South of Papua, 28
fms, Challenger st. 188, 10 September 1874; ZMA Coel. 2537, Siboga st. 213, Saleyer
anchorage, Sulawesi, Indonesia, 38 m, 26 September 1899 (= Astrogorgia); ZMA Coel.
2538, Timor, 112 m, Siboga st. 289, 09°00.3'S, 126°24.5'E (= Euplexaura).

Diagnosis. Colony thread-like (Figure 2a). Calyces dome-shaped, arranged all around
the branches (Figure 2a). Coenenchyme with spindles up to 0.45 mm long, with simple
tubercles (Figures 3—4). Colony white with colourless spindles.

Remarks. One somewhat flattened spindle was found, 0.35 mm long, maybe ref-
erable to a collaret (Figure 4b), and one capstan (Figure 3b). As the microscope slide
that was made only shows heavily oxidized black sclerites it could not be really ascer-
tained where different types of sclerites came from. The little fragment available was
not sufficient for more extensive examination. Wright and Studer (1889) mentioned
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Figure 2. a Elasmogorgia filiformis Wright & Studer, 1889, holotype BMNH 1889.5.27.77 b Euple-
xaura arbuscula Broch, 1935, ZIN 11667 ¢ E. boninensis (Aurivillius, 1931), holotype UPSZTY2165
(UUZM 68) d E. mitsukurii (Kinoshita, 1909), syntype UMUTZ-CnidG-222 e E. yayoii sp. n., holotype
RMNH 42104.

spindles up to 0.62 mm long. They also mentioned the basal portion of the tentacles
has spindle-shaped sclerites of up to 0.18 mm long. Elasmogorgia filiformis mostly
resembles a species of Astrogorgia but differs in not having polyp body sclerites and
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Figure 3. Elasmogorgia filiformis Wright & Studer, 1889, holotype BMNH 1889.5.27.77, a spindles
from surface layer of coenenchyme b capstan.




Species of Elasmogorgia and Euplexaura (Cnidaria, Octocorallia) from Japan...

Figure 4. Elasmogorgia filiformis Wright & Studer, 1889, holotype BMNH 1889.5.27.77, a spindles
from interior of coenenchyme b possible collaret spindle € rod.
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extremely weak ornamentation of spindles. Until new material becomes available for a
more thorough examination the genus Elasmogorgia is retained.

ZMA 2537 of Thomson and Dean (1931) is a thread-like colony fragment con-
taining colourless disintegrated sclerites, which were sufficiently recognizable to iden-
tify it as a species of Astrogorgia. In a comparison with Astrogorgia bayeri Ofwegen and
Hoeksema, 2001, from Sulawesi, the latter species appears to have shorter spindles, up
to 0.5 mm long, whereas Thomson and Dean's (1931) specimen has spindles of over 1
mm long. Because of the disintegrated state of its sclerites, no more differences could
be ascertained.

ZMA 2538 of Nutting (1910) was also re-examined; it has characters of the genus
Euplexaura. Elasmogorgia filiformis of Nutting (1912) is also unlikely an Elasmogorgia.

Genus Euplexaura Verrill, 1869

Euplexaura Verrill, 1869: 75; Kiikenthal 1924: 90 (synonymy of the genus).

Diagnosis. Plexauridae with colonies branched in one plane. Calyces may be present
but are mostly absent. Polyps with collaret and points, only point sclerites, or no scler-
ites at all. The surface of the coenenchyme with robust ovals or spindles with complex
tubercles; sometimes with one side that is less tuberculate. The interior with rods or
small spindles with simple tubercles. All sclerites colourless.

Euplexaura arbuscula Broch, 1935
Figures 1, 2b, 5

Euplexaura arbuscula Broch, 1935: 20, fig. 12.

Material. ZIN 11667(ZIN110824-018-040), Skaly Lovushki I., off Chishima Is.
(= Kuril Is.), 154°44'SE, 48°15'5N, depth 140 m, Bottom: gravel with stones, Ship
Odissey, Grab “Ocean” 50 cm* (bottom sampler), coll. Boris Sirenko and Mikhail
Kolesnikov, 3 August 1984.

Diagnosis. Branches thread-like. Calyces dome-shaped, arranged all around the
branches (Figure 2b). Polyps without sclerites. The surface layer of the coenenchyme
has spindles and blunt ellipsoids (Figure 5a), up to 0.15 mm long, with complex tuber-
cles. The interior has small spindles, capstans, and a few crosses, up to 0.15 mm long
(Figures 5b-d), all with simple tubercles.

Remarks. The material examined was fragmentary (Figure 2b) and therefore it
resembles a species of Elasmogorgia.

Euplexaura abietina Kukenthal, 1909 resembles E. arbuscula regarding its sclerites,
but it differs in having polyp spindles.
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Figure 5. Euplexaura arbuscula Broch, 1935, ZIN 11667 a spindles and blunt ellipsoids from surface layer
of coenenchyme b—d sclerites from interior of coenenchyme b spindles ¢ capstans d cross.
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Since its original description, the species was not found again and its type material
could not be retraced, hence some doubts remain about the identification of this spe-
cies. Broch (1935) described the species only from one specimen. It is not present in
the Natural History Museum, University of Oslo, and ZIN.

Distribution. Kamchatka, Sea of Okhotsk, off Chishima Is. (= Kuril Is.).

Euplexaura boninensis (Aurivillius, 1931)
Figures 1, 2¢, 6-7

Filigella boninensis Aurivillius, 1931: 139 (Bonin Islands).
Thesea boninensis; Matsumoto 2014: 158 (Table 1, listed only).

Material examined. Holotype UPSZTY2165 (UUZM 68), East of Chichijima I.,
Ogasawara Is. (= Bonin Is.), Japan, depth 100 m, in formalin, Dr. Sixten Bock's, Japan
Expedition, coll. Dr. Sixten Bock, 1 August 1914.

Diagnosis. Branches thread-like, 6 cm in length. Calyces dome-shaped, arranged
all around the branches (Figure 2c). The polyps have points with flattened spindles, up
to 0.15 mm long (Figure 6b), with simple tubercles and spiny distal end. Collaret pre-
sent, with slightly bent, flattened spindles, up to 0.25 mm long, with simple tubercles
(Figure 6¢). Tentacles with small scales, up to 0.10 mm long (Figure 6a).

The surface layer of the coenenchyme has spindles (Figure 6d) and blunt ellipsoids
(Figure 6e), up to 0.65 mm long, with complex tubercles. Several of them with one
side less tuberculate. The interior has small spindles and rods, up to 0.25 mm long
(Figure 7), with simple tubercles.

Remarks. Because the sclerites of this species are spindles and ellipsoids with com-
plex tubercles it actually represents an Euplexaura species. It is the only species of
Euplexaura with thread-like colony shape which has many sclerites with one side that
is less tuberculate.

Euplexaura mitsukurii (Kinoshita, 1909)
Figures 1, 2d, 8-9

Filigella mitsukurii Kinoshita, 1909: 1(Sagami Bay); Aurivillius 1931: 129 (Kiu-Shiu =
Kyushu); Utinomi 1961: 213; Bayer 1956: F206, fig. 148,3.

Elasmogorgia mitsukurii; Kitkenthal 1924: 149.

Thesea mitsukurii; Matsumoto et al. 2007: 240 (Table 2, listed); Matsumoto 2014:
158, 159, 160 (Table 1, listed).

Thesea sp. Matsumoto 2014: 161 (Table 1, listed).
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Figure 6. Euplexaura boninensis (Aurivillius, 1931), holotype UPSZTY2165 (UUZM 68), a tentacle
scales b point spindles ¢ collaret spindles d spindles from surface layer of coenenchyme e blunt ellipsoids
from surface layer of coenenchyme.
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Figure 7. Euplexaura boninensis (Aurivillius, 1931), holotype UPSZTY2165 (UUZM 68), sclerites of

interior of coenenchyme.
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Figure 8. Euplexaura mitsukurii (Kinoshita, 1909), syntype UMUTZ-CnidG-222 a tentacle scales
b point spindles ¢ collaret spindles d—e spindles from surface layer of coenenchyme. Scale at d only ap-
plies to d.
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Figure 9. Euplexaura mitsukurii (Kinoshita, 1909), syntype UMUTZ-CnidG-222 sclerites of interior
of coenenchyme.
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Material examined. Syntypes UMUTZ-CnidG-222, off Jogashima I., Sagami Bay,
Japan, depth 70 Japanese fathoms (100-106 m), secured with Hydra dredge, 26 Au-
gust 1901; UMUTZ-CnidG-223, Japanese 2 nautical miles (5 km in Kinoshita, 1909)
of West South off Jogashima I., Sagami Bay, Japan, saba-nawa line, 31 July 1892.
Identified museum material UMUTZ-CnidG-122, off Torishima I., Japan, East
China Sea, 28°10'N, 126°2'E - 28°20'N, 126°11'E, depth 64 fms (117 m), trawl, coll.
N. Yanaghi, 22 June 1913, det. F.M. Bayer, ca.1950, as Filigella mitsukurii; UMUTZ-
CnidG-126 same data as UMUTZ-CnidG-122, as Filigella mitsukurii. Unidentified
museum material. ZMUC ANT-000611 (ZMUC120604-09), East China Sea,
33°41'N, 128°50'E, depth 75 fms (137 m), sand, Hyateri maru, trawl, coll. Dr. Th.
Mortensen, 17 May 1914; ZMUC ANT-000616 (ZMUCI120604-16), East China
Sea, 32°15'N, 128°17'E, depth 90 fms (165 m), hard bottom, Hyateri maru, coll. Dr.
Th. Mortensen, 15 May 1914; ZMUC ANT-000664 (ZMUC120604-59), 34°20'N,
130°10'E, depth 60 fms (110 m), sand, coll. Dr. Th. Mortensen, 18 May 1914; ZMUC
ANT-000655 (ZMUC120604-67), off Misaki Biological Station, Sagami Bay, Japan,
depth 200 fms (366 m), sand, coll. Dr. Th. Mortensen, 30 June 1914; AKM1630,
Sukumo Bay, Bungo Channel, Japan, ca.32°38'N, ca.132°29’-30'E, depth 144-150
m, RV Tansei-maru, KI86-16, st.A-8, 1 m ORI biological dredge, coll. S. Ohta, 1
November 1986; AKM1631, off Kashima, Kashima Sea, Japan, 36°07'N, 140°49.0'E,
depth 63-71 m, RV Tansei-maru, KI79-13, st. KB2, 2 m Beam trawl, coll. S. Ohta, 7
August 1979; AKM1632, off Toi, Suruga Bay, Japan, depth 192-207 m, 34°55.83'N,
138°44.85'F - 34°56.62'N, 138°45.0'E, RV Tansei-maru, K175-15, st. 02, 2 m Beam
Trawl, coll. S.Ohta, 24 November 1975; AKM 1566, South East off Taito-saki Cape,
Boso Peninsula, Japan, 35°21.259'N, 140°45.27'E - 35°21.359'N, 140°45.613'E,
depth 104-105 m, RV Tansei-maru, KT01-08, st. TZ-7, 1 m ORI biological dredge,
coll. S. Ohta, 22 June 2001; AKM 1644, off Hitachi, Kashima sea, Japan, 36°36.4'N,
140°50.1'E - 36°35.2'N, 140°50.5'E, depth 79-82 m, RV Tansei-maru, KT79-13, st.
KB14, 2 m Beam trawl, coll. S. Ohta, 9 August 1979.

Diagnosis. Branches thread-like. The examined syntype has two branches arising
from the main stem with a length of 19 cm and 28.5 cm, respectively; the main stem
is 9 cm long. Calyces dome-shaped, arranged all around the branches (Figure 2d). The
polyps have points with flattened spindles, up to 0.20 mm long (Figure 8b), with sim-
ple tubercles. Collaret present, with slightly bent, flattened spindles, up to 0.30 mm
long, with sparse, simple tubercles (Figure 8c). Tentacles with small scales, up to 0.10
mm long (Figure 8a).

The surface layer of the coenenchyme has spindles (Figure 8d—e¢), up to 0.35 mm
long, with complex tubercles. Some of them with one side that is less tuberculate. The in-
terior has small spindles and rods, up to 0.25 mm long (Figure 9), with simple tubercles.

Remarks. Because the sclerites of this species are spindles with complex tubercles
this is actually a species of Euplexaura.

Kinoshita (1909) mentioned 13 specimens of Filigella mitsukurii and three of
them were complete. He used two specimens for his original description. Nowadays
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two specimens are present in UMUT and the data fit Kinoshita's, two specimens in
his description.

The locality name “Jogaschima, Pagamibai” of this species in Kiikenthal (1924) is
a mistyping of “Jogashima, Sagamibai (Sagami Bay)”.

Distribution. Sagami Bay, off Boso Peninsula, Kashima Sea, Suruga Bay, Bungo
Channel, East China Sea, Japan.

Euplexaura yayoii sp. n.
http://zoobank.org/65B660AC-70D9-4697-8411-A1F3116FFD47
Figures 1, 2e, 10-11

Material examined. Holotype RMNH 42104 (AKM1551), Off Ohako-zaki cape,
Otsuchi Bay, Iwate Prefecture, Japan. 142°00.640'E 39°31.400'N, depth 77.0 m,
RV Yayoi, st. 4-1, coll. A K. Matsumoto, 27 April 2010; paratypes RMNH 42105
(AKM592), entrance of Otsuchi Bay, Iwate Prefecture, Japan, 39°21.858'N,
141°59.972'E, depth 65.6 m, RV Yayoi, st. 1, coll. A.K. Matsumoto, 12 September
2005; RMNH 42106 (AKM597), same data as AKM 592; RMNH 42107
(AKM623), off Ohako-zaki cape, Otsuchi Bay, Iwate Prefecture, Japan, 142°00.556'E
39°21.452'N, depth 63 m, RV Yayoi, st. 2, coll. A.K. Matsumoto, 12 September 2005.

Description. The holotype is 2.5 cm high and 5.5 cm wide (Figure 2¢). The colo-
ny is branched only once, 1 cm above the base. The two branches are very slender, only
1 mm thick; the calyces are low, dome-shaped, arranged spirally around the branches.

The polyps have points with slightly bent, flattened spindles, up to 0.30 mm long,
with a few tubercles and a slightly spiny distal end (Figure 10b). The collaret has bent,
flattened spindles, up to 0.30 mm long, with simple tubercles, the largest tubercles pre-
sent in the middle (Figure 10c). The tentacles have flattened rods, up to 0.15 mm long,
with hardly any tubercles (Figure 10a). The surface layer of the branches has spindles
and blunt ellipsoids, up to 0.15 mm long, with complex tubercles (Figure 11). The
deeper layer has short spindles, up to 0.10 mm long, and a few crosses (Figure 10d-e);
all with simple tubercles.

Etymology. Named after the research vessel that was used to collect the specimens.

Remarks. The live colony has blue-coloured polyps. E. yayoii differs from the two
other Japanese Euplexaura species with thread-like branches, E. boninensis and E. miz-
sukurii, by its very small sclerites.

Distribution. Otsuchi Bay, Iwate Prefecture, Japan.

Discussion

Originally, there were four species of Elasmogorgia: E. filiformis Wright & Studer, 1889,
E. filigella Thomson and Dean 1931, E. flexilis Hickson, 1905, and E. ramosa Nutting,
1912. Based on the present re-examination, it is obvious that Elasmogorgia filiformis,
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Figure 10. Euplexaura yayoii sp. n., holotype RMNH 42104 a tentacle scales b point spindles ¢ collaret
spindles d—e sclerites of interior of coenenchyme d spindles e crosses.
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Figure | 1. Euplexaura yayoii sp. n., holotype RMNH 42104 sclerites from surface layer of coenenchyme.
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with spindles covered by simple tubercles, is not a species of Zhesea. Corals of this ge-
nus have coarse rugose plates, sometimes tuberculate spindles and double heads (Bayer
1981). Therefore the genus Elasmogorgia is reinstated here. The only two species from
Japan previously recognized as Filigella, i.e., F mitsukurii and F boninensis, were re-
examined and both proved to belong to the genus Euplexaura. Elasmogorgia filigella
from Kalimantan is a species of Astrogorgia. This leaves E. ramosa and E. flexilis unex-
amined. E. ramosa was collected by the Steamer Albatross at Satamisaki Light, south
of Kyushu I., Kagoshima prefecture, Japan, 103 fms (188 m), and E. flexilis from the
Maldives. From the descriptions of these two species it is obvious that E. ramosa, with
a heavily branched colony, is not a Thesea or Elasmogorgia. Elasmogorgia flexilis, with
spindles with complex tubercles probably is a species of Euplexaura, and therefore the
genus Elasmogorgia is considered here monotypic with E. filiformis as its only member.
E. filiformis mostly resembles a species of Astrogorgia. Following Bayer (1981) we also
consider Filigella a synonym of 7hesea. All Japanese species previously included in Fi/i-
gella are assigned to Euplexaura in this study.

All Japanese thread-like plexaurid material South of Kashima Sea was previously
identified as F. mitsukurii and it clearly is the most common thread-like plexaurid spe-
cies of Japan.
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Abstract

The family Streptaxidae in Laos is revised. Twelve species are known, mainly from limestone areas, in the
genera Discartemon Pfeiffer, 1856, Perrottetia Kobelt, 1905, Haploptychius Méllendorff, 1906, and In-
doartemon Forcart, 1946. Three new species, 2 unidentata sp. n. and R megadentata sp. n. from northern
and central Laos, and 1. diodonta sp. n. from central Laos, are described. All eight species of these three
genera previously recorded from Laos are revised and discussed based on examined material from Laos,
Cambodia, Vietnam and Thailand. Type material was examined and lectotypes are designated. Details of
genital anatomy and radulae are provided, including the first detailed genitalia and radula descriptions
from Haploptychius. Two novelties in Streptaxidae, a vaginal caecum, and the occurrence of aphallic indi-
viduals, are reported from H. pellucens (Pfeiffer, 1863).
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Introduction

The Streptaxoidea currently comprises two families, the worldwide Streptaxidae Gray,
1860 and the Southeast Asian endemic Diapheridae Panha and Naggs, 2010 (Richard-
son 1988, Schileyko 2000, Rowson et al. 2010a, Sutcharit et al. 2010). The Streptaxi-
dae Gray, 1860 are active predators with an eccentric to cylindrical shell, usually with
apertural dentition, and a yellowish to orange soft body (Zilch 1960, Schileyko 2000,
Rowson et al. 2010b, Siriboon et al 2013, 2014a, b).

Early classifications of the family such as W. Kobelt (1905-6), used mainly shell shape
and the arrangement of apertural dentition. However, many shell characters are highly
conserved or occur recurrently, making some species and genera difficult to separate. For-
tunately, the reproductive organs of streptaxids can also be taxonomically significant (e.g.
Schileyko 2000, Rowson and Tattersfield 2013, Siriboon et al. 2013, 2014a, b). Few re-
ports have contributed data on the genitalia of Southeast Asian taxa (e.g. Stoliczka 1871,
Berry 1963, 1965) until recently (Siriboon et al. 2013, 2014a, b, Pall-Gergely et al. 2015).

In Indochina, streptaxid diversity was throught to comprise only 10 genera and
about 40 species (Bruggen 1967). However, in the last decade 21 new species (more
than half the previous total) and one new genus have been described from Indochina
(Siriboon et al. 2013, 2014a, b, Do and Do 2015). Thirty-seven species are record-
ed from Thailand (Panha 1996, Hemmen and Hemmen 2001, Siriboon et al. 2013,
2014a, b), 10 from Myanmar (Blanford and Godwin-Austen 1908), and 45 from
Vietnam (Schileyko 2011). In contrast, only three species were reported from Laos in
the past two centuries (Pfeiffer 1863, Mollendorff 1898), with three others added in
recent years (Schileyko 2011, Do and Do 2015).

Almost all groups of the land snail fauna in Laos have been less-well studied than
those of neighbouring areas. The Lao People’s Democratic Republic, until recently en-
compassed some of the most significant forest areas remaining in Southeast Asia such
as mountainous areas in the north and limestone karsts in central area, and some of
the most intact biota left in Asia (Kemp 2011). Those habitat characteristics also har-
bor diverse of terrestrial molluscan fauna. The present paper focuses on the four gen-
era, Discartemon Pleiffer, 1856, Perrottetia Kobelt, 1905, Haploptychius Mollendorff,
1906, and Indoartemon Forcart, 1946 that were formerly recorded from Laos. Genital
anatomy and shell micro-structures of are carefully investigated. The type specimens
of all known species were examined, and the penial hooks and radula morphology of
Haploptychius are defined for the first time. This adds significantly to knowledge of the

Streptaxidae in Indochina and especially in Laos.

Materials and methods

Animals were collected from evergreen forest in the north, and limestone karsts
and dipterocarp forest in the south of Laos. Live specimens were photographed
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and then stored at -20 °C and then preserved in 70% ethanol (v/v) for anatomical
studies. The identifications were based on Pfeiffer (1863), Mollendorff (1898), Ko-
belt (1905-1906), Blanford and Godwin-Austen (1908), Bavay and Dautzenberg
(1903, 1908), and Siriboon et al. (2013, 2014b). Shell height (H), shell width (W),
whorl count and H/W ratio were measured and interpreted following Siriboon et
al. (2013). Shells and genitalia were investigated and digital images taken using
Cell’D Imaging Software. All live adult specimens of each species were dissected
and the genitalia examined under a stereo-microscope and representatives selected
for illustrations under a camera lucida. The buccal masses were removed, and the
radulae were soaked in 10% NaOH then cleaned in distilled water. Radula, penial
hooks and vaginal hooks were examined and photographed under SEM (JEOL,
JSM-5410 LV). In the descriptions, ‘proximal’ relates to the genital orifice, and
‘distal’ refers to the region furthest away from the genital orifice. The term ‘vaginal
caecum’ is defined herein.

Anatomical abbreviations. ag, albumen gland; at, atrium; fo, free oviduct; gd,
gametolytic duct; gs, gametolytic sac; hd, hermaphroditic duct; ov, oviduct; p, penis;
pr, penial retractor muscle; ps, penial sheath; psr, penial sheath retractor muscle; sv,
seminal vesicle; ta, talon; v, vagina; ve, vaginal caecum; vd, vas deferens (Sutcharit et
al. 2010, Siriboon et al. 2013, 2014a, b).

Institutional abbreviations. Materials examined in this study were deposited in
the following institutions:

CUMZ  Chulalongkorn University Museum of Zoology, Bangkok.

MNHN  Muséum National dHistoire Naturelle, Paris.

NHMUK The Natural History Museum, London.

NUOL National University of Laos, Vientiane.

SMF Forschungsinstitut und Naturmuseum Senckenberg, Frankfurt am Main.

Systematics

Family Streptaxidae Gray, 1860

Genus Discartemon Pfeiffer, 1856

Discartemon Pfeiffer, 1856: 173. Siriboon et al. 2014a: 48, 49.
Odontartemon (Discartemon)—Kobelt 1905: 91, 96.

Type species. Strepraxis discus Pteiffer, 1851, by subsequent designation by Ancey
(1884:399).

Remark. The genus was recently revised. For complete illustrations, species de-
scriptions and dichotomous key see Siriboon et al. (2014a).
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Discartemon discus (Pfeiffer, 1853)

Streptaxis discus Pfeiffer, 1853: 252. Type locality: Unknown.

Streptaxis (Discartemon) paradiscus Méllendorff, 1900: 117. Type locality: Phucson bei
Touranne, Annam [Da Nang Province, Vietnam].

Discartemon discus—Siriboon et al. 2014a: 53-55, figs 4a—c, 11a—c, 22a.

Material examined. Lectotype of Strepraxis discus Pteiffer, 1853 NHMUK 20130684.
Lectotype of Streptaxis paradiscus Méllendorft, 1900 SMF 108534 and paralectotypes
SMF 108535 (5 shells).

Remarks. Discartemon discus has been recently re-described from the shell, geni-
talia and radula, and type specimens were re-investigated and illustrated (see Siriboon
et al. 2014a).

All previous records of this species were all from “Annam” (Siriboon et al. 2014a).
This term is a historical political division during the colonial period, with an uncertain
boundary. The distribution of D. discus (=D. paradiscus) in Laos was reported by Schi-
leyko (2000: 784, 2011: 23). However, no specimens were found by the present study
and the records from Laos remain to be confirmed.

Genus Haploptychius Mollendorff, 1906

Haploptychius Moéllendorff in Kobelt 1906: 127. Zilch 1960: 562. Richardson 1988:
211. Schileyko 2000: 796, 797.

Odontartemon (Haploptychius)—Thiele 1931: 730. Forcart 1946: 215.

Oophana (Haploptychius)—Benthem Jutting 1954: 76, 95.

Type species. Streptaxis sinensis Gould, 1859, by original designation.

Description. Shell depressed to very distorted, mostly white-hyaline or trans-
parent. Shell surface smooth and glossy or with fine radial ridges. Embryonic shell
smooth; following whorls increasing regularly; penultimate whotls slightly to strongly
extended beyond body whorl. Last whorl rounded and more or less deviated from the
vertical axis. Umbilicus narrowly open and deep. Aperture sub-circular to semi-ovate.
Peristome expanded and reflected. Apertural dentition always consisting of a single
parietal lamella. Schileyko (2000) includes species with a “smooth” parietal wall, i.e.
without a lamella in Haploptychius, but whether such taxa belong in this genus requires
further investigation.

Live specimens exhibit a semi-transparent bright yellow body, sometimes with
brownish spots; skin reticulated. Upper tentacles yellow to orange, long, with black
eye-spot on tip; lower tentacles short. Brownish digestive gland and black kidney may
be visible through transparent shell. Foot narrow, undivided and with short tail.

Genitalia with long and slender penis; penial sheath long, about a half to whole
length of penis. Internal wall of penis with numerous long and slender penial hooks in
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longitudinal arrangement. Vas deferens passes under penial sheath before connecting
apically to penis. Vagina and free oviduct short. Seminal vesicle present, convoluted
and short. Vaginal hooks not found.

Remarks. Currently, the genus Haploptychius consists of about 40 nominal spe-
cies distributed from India to Indochina, south of China and Greater Sunda Islands
(Kobelt 1906, Zilch 1961, Richardson 1988, Schileyko 2000). Fifteen species were
reported from Indochina, of which only three species: H. pellucens (Pteiffer, 1863), H.
porrectus (Pteiffer, 1863) and H. fischeri (Motlet, 1887) were recorded from Laos (see
Gude 1903, Kobelt 1906, Schileyko 2011).

General shell morphology of Haploptychius is quite similar to Oophana Ancey,
1884 and Indoartemon Forcast, 1946. However, it differs in having only a parietal
lamella; while Oophana usually has parietal, palatal, columellar and basal lamellae,
and Indoartemon always has parietal and basal lamellae. In addition, the genitalia of
Haploptychius have a penial sheath extends about a half to entire the penis length, vas
deferens passes through penial sheath, and long slender penial hooks. In Oophana, the
vas deferens enter the penial sheath apically with very short vagina (Berry 1963, Schi-
leyko 2000); and Indoartemon, the vas deferens attached (not pass through) the penial
sheath, with small and short penial hooks (Siriboon et al. 2013).

Carinartemis Siriboon & Panha, 2013 resembles Haploptychius in having only a
parietal lamella. However, it differs from Haploptychius in its very sharp peripheral keel
and having the last whorl more deviated from the vertical axis. In addition, the geni-
talia has thick or thin penial sheath, penial hook short and stout, and vaginal hooks
present (Siriboon et al. 2014b).

The relatively large, distorted heliciform shell and dentition restricted to a parietal
lamella clearly differentiate Haploptychius from Discartemon Pfeiffer, 1856 and Per-
rottetia Kobelt, 1905 (Schileyko 2000, Siriboon et al. 2013, 2014a, b).

Haploptychius pellucens (Pfeiffer, 1863)
Figs 1, 2A, 3A-C, 7A, B, 8A-D, 9A-E 10G; Table 1

Streptaxis pellucens Pfeiffer 1863 [1862]: 273, pl. 36, fig. 6. Type locality: Lao Moun-
tain, Camboja [Cambodia]. Martens 1867: 85. Pfeiffer 1868: 441. Pfeiffer 1871:
29, pl. 115, figs 11, 12. Morlet 1883: 105, pl. 4, fig. 2, 2a. Tryon 1885: 71, 72, pl.
14, figs 98-100. Gude 1903: 212.

Haploptychius pellucens—Kobelt 1906: 132, 133, pl. 61, figs 17-20. Richardson 1988:
217, 218. Schileyko 2011: 24, 25.

Material examined. This species was described from the H. Cuming collection. An
illustration of the shell and one set of measurements were given in the original descrip-
tion. Three specimens from the Cuming collection at NHM have Pfeiffer’s handwritten
label stating the species name and locality. In order to stabilise the name, an identical
specimen matching with the illustration and measurements given in the original de-
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Figure 1. Approximate locations of the type localities of Haploptychius spp., Perrottetia spp., and Indoar-
temon spp. in Laos. Described species (@) Haploptychius pellucens, (O) Haploptychius porrectus, (%) Hap-
loptychius blaisei, (I\) Perrotettia aquilonaria, (A) Perrottetia unidentata sp. n., (O0) Perrottetia megaden-
tata sp. n. and (M) Indoartemon diodonta sp. n. The numbered localities are detailed in Table 1, except
locality no. 6 is from Tam Kao Rao, Vieng Phoukha, Luang Namtha, Laos, and no. 11 from Ban Bo
Khoun, Boun Neua, Phonggsaly, Laos.

scription is designated here as lectotype NHMUK 20160249.1 (Fig. 3A; H=11.7, W
= 11.2). The other two remaining shells from the same lot then became paralectotypes
NHMUK 20160249.2 (2 shells; Fig. 3B; H=11.1, W = 10.6 and H = 13.1, W = 13.4).

Cambodia: NHMUK MacAndrew coll. (4 shells). Ban Namone, Xayabouly, Laos
(about 40 Km. from Ngeun District, Lao-Thai border to Xayabouly District): CUMZ
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o T et R ~ =
Figure 2. Living snails of A Haploptychius pellucens CUMZ 6265, from Xayabouly (shell width about
11 mm) and B Haploptychius porrectus CUMZ 6273, from Xieng Khuang (shell width about 7 mm).

6264 (Fig. 3C; 8 shells), 6265 (4 specimens in ethanol). Tam Phatok, Ngoi, Luang
Phrabang, Laos: CUMZ 6267 (7 shells). Ngoi, Luang Phrabang, Laos: CUMZ 6268
(7 shells). Nam Ork Roo, Nathong, Namor, Oudomxay, Laos: CUMZ 6269 (29
shells), 2670 (6 specimens in ethanol; Figs 3A, B, 8A, 9A-F, 10G). Ban Oudom, Pak
Beng, Oudomxay, Laos: CUMZ 6271 (15 shells). Tam Kao Rao, Vieng Phoukha,
Luang Namtha, Laos: CUMZ 2672 (2 shells). Tam Mung Korn, Khamkeurt, Bo-
likhamxay, Laos: CUMZ 6266 (4 shells).

Description. Shell. Shell oblique-ovate, white and translucent. Whorls 6%%, spire
conical with distinct suture. Shell surface glossy with thin transverse ridges which dimin-
ish below periphery. Embryonic shell about 2¥2 whorls, with smooth surface; following
whorls regularly coiled. Penultimate whortl and last whorl rounded, axially deflected.



Khamla Inkhavilay et al. | ZooKeys 589: 23-53 (2016)

9-24¢ Y CFTYS 60°0%L°0 6S0%0°9 6L 0F%'¥ ¢ (6429 ‘8£79) :(@msiq Anoqedey o1 12p1oq reyy-oe]
! 1'65-%'8% 6°0-20 7'9-%'¢ SH-1'% cuna N woyy ‘wry| 0f INoqe) Anoqefex ouoweN ueq ‘7|
€10T BYUEJ PUE UOOQUIS ZLvuojinby v11a110443]
6'SFI°L9 S0°0¥9°0 9¢°0%8°6 SE0¥T9 . .
[/ ¢ :Jueqery Suen 108N Sjorey we
%9 ¢'C/-1CC 1°0-¢0 COI-1'6 1°9-5°¢ 91 (££29 *9.L29) qeryd "] TOSN {oIeyd WEL, 01
(S06T “19Yost] pue S1oquozine(q) 72s7)q snigordojdvyy
S IF0SY 90°0%6°0 65°0FL°L $€0%0°L . .
[ Buenyy Suary ‘wreyy mog we
N9 I Lr-17h 60-80 cg-¢/ /-9 ¥y (6£29) 3] SULLX “WB Mo WET, "6
8SFFI°6Y I1°0¥6°0 S0FyL 05°0F%°L . .
[ ¢ Buenyy Suary ‘poosnoy g Suey Suopny ue
%9 965-1'1h 71-8°0 b8-€'9 1'8-79 61 (%79 “€LT9) D] SUSLX "POO3NOY ] "sUE] SUON UE{ '8
(€981 @] () 1992404 snayolrdoydvry
96" IFT'8Y €0°0%0°L 06°0%L'8 0€°0%¢°6 . .
-7 Lexwey(og ‘umayuweyy| ‘uioySunjy we
L=%9 C0S-L 9 I'T-0T 1'6-08 96-8'8 /4 (9929) Pied SWEY] Sounpy wey, */
1TS*6'LY [4NVA 9L°0FT' 11 LL0F0°CT . .
-z :Aexwopn() ‘Suag e ‘wopn() ue
L=%9 ¢'8C-9/¢ €1-8°0 371-C'6 1'€1-901 9! (1£29) PnO d ed PO ueq °g
%9 61°EF6'8% 80°0%6°0 19°0¥8°01 €S0FT01 cc (0£29
! I'y$-S'7y I'1-80 0CI-€6 S11-S°6 6979) Aexwopn() sowreN ‘BuoyreN] ‘00y 1O WeN
16'17C°1S 10°070° 870601 0607111 5 Suen o8N -
z :Bueqes ueny ‘10
9 I'b<-88 I'1-60 8 11-7°01 Y TI-L6 L (8929) qerqd T 105N "¢
_ SLEF6'0S 11°0%0°L SL0%8°6 €H7'0¥8°6 Sueqery.1 Suen Soje e -
%9-9 6'9¢-8°Ch I'1-60 1°01-0'6 101-S'6 L (£979) 'sueqeryq Suen SoieyJ We, ‘¢
49-9 9TSFTYY 60°070°1 €9°079°01 CC0F0'11 - (929 $979) :(msip Anoqedex o3 1opioq rey] -oe]
' T0°€5-9°€E 8I'1-6°0 071-9%6 01°CI-1°01 unafN woiy "wy Of Moqe) Lnoqedey duoweN ueq °|
2%49-9 LLTFOHE 10°0F0°T SYIFLTL C0'TF6°IT ¢ saddrorapered pue sd41019]
| WA ALY 0'1-60 €€1-9°01 0€¢I-T'II
(€981 ‘12g12]() suanjjad sniyoladoydory
spoym dBue [pys | wones M/H | (M) PP IPYS | (H) WY3RY [PYS | suourpads
Jo JquinN Jo wiw Uy *(q'S ¥ ueow ‘sfuey Jo *oN sou ZIWNO pue Apeoof pue 2padg

30

"PR3337[0d mUMUMQm UOULIILDOpUT UO TCN 4\.&&&9«&&& HZOM 4&.&.\.&@&@\&@*\ 22113 243 JO mCOﬁNMSQOQ J0J syuowaInseawW [[PYS ° | a|qeL



31

The first revision of the carnivorous land snail family Streptaxidae in Laos...
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Figure 3. Shells of Haploptychius spp. A=C Haploptychius pellucens A lectotype NHMUK 20160249.1
with apertural dentition B paralectotype NHMUK 20160249.2, and € specimen CUMZ 6264, from
Xayabouly D-F Haploptychius porrectus D lectotype NHMUK 20140750.1 E paralectotype NHMUK
20140750.2, and F specimen CUMZ 6273, from Xieng Khuang. G Haploptychius fischeri, lectotype
MNHN-IM 200030873.

Aperture subcircular; peristome thin, little expanded and reflected. Apertural dentition
with one more or less strong parietal lamella. Umbilicus open and deep (Fig. 3A-C).
Radula. Each row consists of 77-85 teeth with formula (38-42)-1-(38-42). Cen-

tral tooth very small, triangular, with a pointed cusp. Lateral and marginal teeth undif-
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ferentiated, lanceolate, unicuspid. Latero-marginal teeth gradually reduce in size, with
outermost teeth much smaller and shorter than inner teeth (Fig. 10G).

Genital organs. Atrium (at) short. Proximal penis (p) stout about one-thirds of
penis length; distal penis slender. Penial sheath (ps) thin, extending about half of penis
length; penial sheath retractor muscle (psr) very thin, originating at atrium and insert-
ed apically at penial sheath (Fig. 6A). Vas deferens (vd) passes through about one-third
of penial sheath length before entering into penis apically. Penial retractor muscle (pr)
very thick and connected at penis apically (Fig. 7A, B).

Internal wall of atrium generally corrugated with numerous atrial pores (Fig. 9A).
Penial wall densely covered in light brown penial hooks, about 6 hooks/200 um?®.
Hooks located on low conical penial papillae, separated by thin reticulated folds. Peni-
al hooks small (< 0.1 mm in length), long, slender, slightly expanded at base, tips
pointed and curved towards genital orifice (Fig. 9B-E).

Vagina (v) short, about one-third of penis length. Gametolytic duct (gd) long tube
extending to albumin gland; gametolytic sac (gs) ovate. Free oviduct (fo) proximally
large with almost equal diameter to vagina, becoming narrower distally. Oviduct (ov)
enlarged and folded; prostate gland inconspicuous and bound to oviduct. Talon (ta)
small, short and club-shaped. Hermaphroditic duct (hd) bearing long and thin semi-
nal vesicle. Seminal vesicle (sv) about three times longer than the length from talon to
branching point of seminal vesicle (Fig. 7A).

Vaginal wall with series of transverse and undulated parallel vaginal folds; vaginal
hooks absent (Fig. 9F).

Distribution. This species is known from several limestone areas from central to
northern part of Laos. The animals can be found at altitudes from 150-300 meters
above mean sea level.

Remarks. This species can be distinguished from H. porrectus by having a larger shell,
more elevated spire elevated and less oblique aperture. The vas deferens passes through a
shorter part of the penial sheath length, and the vagina wall has undulated transverse ridges
rather than papillac. Haploptychius pellucens can be distinguished from H. costulatus (M6l
lendorft, 1881) from China by having a larger and thinner shell, narrower umbilicus and-
having the left periphery of the penultimate whorl extending beyond the diameter of the
last whorl. Haploptychius fischeri differs from this species by having a larger, more depressed
and thicker shell, with a more obtuse spire, and subquadrangular aperture (Fig. 3G).

All live adult specimens were dissected and the genitalia have been examined, and
three different types of genitalia are observed. There are six fully adult specimens collect-
ed from Nam Ork Roo, Oudomxay with ‘normal’ genitalia (Fig. 8A). Two specimens
from Ban Namone, Xayabouly have no male genital organs (penis, retractor muscle, vas
deferens and prostate gland), while female genital organs are well developed and fully
function (Fig. 8D). This is apparently the first report of aphallic animals in Streptaxidae.
The other two specimens from Ban Namone, have a ‘normal’ penis, but have an enlarged
and curved “vaginal caecum (vc)” near the penis and atrium junction (Fig. 8B, C). This
too is an unusual or unique structure in Streptaxidae. Nevertheless, all these animals ap-
pear conspecific based on their shells and the causes of this variation are unknown.
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Haploptychius porrectus (Pfeiffer, 1863)
Figs 1, 2B, 3D-E 7C, D, 9G-M, 10H; Table 1

Streptaxis porrecta Pteiffer 1863 [1862]: 273. Type locality: Lao Mountains, Camboja
[Cambodia]. Martens 1867: 85. Pfeiffer 1868: 442. Tryon 1885: 74. Fischer 1891:
18. Gude 1903: 217. Gude 1903: 275, 322, 325, pl. 12, figs 20-22.

Haploptychius porrectus—Kobelt 1906: 133, pl. 61, figs 24-26. Richardson 1988: 219.

Material examined. This species was described from the H. Cuming collection. The
number of specimens was not indicated, but only one set of measurements was given
in the original description. The NHM collection contains two specimens from the
Cuming collection that has Pfeiffer’s handwritten label stating the species name and
collection locality. In order to stabilize the name, a specimen matching with the meas-
urements given in the original description is designated here as lectotype NHMUK
20140750.1 (Fig. 3D; H = 8.0, W = 9.0). The other specimen from the same lot
becomes a paralectotype NHMUK 20140750.2 (1 shell; Fig. 3E; H = 8.0, W = 8.2).

Laos: NHMUK 1906.1.1.770 (4 shells), NHMUK MacAndrew coll. (2 shells).
Ban Nong Tang, Phoukood, Xieng Khuang, Laos: CUMZ 6273 (18 shells; Fig. 3F),
6274 (1 specimen in ethanol; Figs 2B, 7C, D). Tam Pew, Kham, Xieng Khuang, Laos:
CUMZ 6275 (4 specimens in ethanol; Figs 9G-M, 10H).

Description. Shell. Shell oblique-heliciform, white and translucent. Whorls 6%2,
spire conical, suture distinct. Shell surface glossy, with transverse ridges that diminish
below the periphery. Embryonic shell smooth with 2% whorls; following whorls regu-
larly coiled. Penultimate whorl rounded; last whorls rounded and axially deflected.
Aperture subcircular; peristome thickened and reflected. Aperture dentition with one
parietal lamella. Umbilicus open and deep (Fig. 3D-F).

Radula. Each row consists of 46—58 teeth with formula (23-29)-1-(23-29). Cen-
tral tooth very small and triangular, with a pointed cusp. Lateral and marginal teeth
undifferentiated, lanceolate, unicuspid. Latero-marginal teeth gradually reduce in size,
with outermost teeth much smaller and shorter than inner teeth (Fig. 10H).

Genital organs. Atrium (at) short. Proximal penis (p) stout about one-fifth of pe-
nis length; distal penis slender. Penial sheath (ps) thin, extending about two thirds of
penis length; penial sheath retractor muscle (psr) very thin, originating at atrium and
inserting distally on penial sheath (Fig. 7C). Vas deferens (vd) passes through about a
quarter of the penial sheath length before entering into penis apically (Fig. 7D). Penial
retractor muscle (pr) thick, short and connected with penis apically.

Internal wall of atrium generally smooth (Fig. 9G). Proximal penial wall densely
covered with brownish penial hooks, about 10 hooks/200 pm?*. Hooks located on low
conical penial papillae, separated by very thin reticulated folds. Proximal penial hooks
small and short (< 0.04 mm in length), slightly expanded at base, tip sharp and di-
rected towards genital orifice (Fig. 9H, I). Distal penial wall less densely scattered with
brownish penial hooks, about 4 hooks/200 um?; penial papillae absent. Distal hooks
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very large, long and slender (< 0.5 mm in length), expanded at base, tip obtuse and
directed towards genital orifice (Fig. 9], K).

Vagina (v) short, about half of penis length. Gametolytic duct (gd) long tube ex-
tending as far as albumin gland; gametolytic sac (gs) small. Free oviduct (fo) short with
almost the same diameter as vagina. Oviduct (ov) enlarged and folded; prostate gland
inconspicuous and bound to oviduct. Talon (ta) small and club shape. Hermaphrodit-
ic duct (hd) bearing very long and enlarged seminal vesicle (sv) about ten times longer
than the length from talon to branching point of seminal vesicle (Fig. 7C).

Vaginal wall generally corrugated with irregular vaginal papillae (Fig. 9L, M).
Vaginal hooks absent.

Distribution. This species is known from the limestone outcrops in northeastern
and central parts of Laos. The animals can be found at altitudes from 150-300 meters
above mean sea level.

Remarks. This species can be distinguished from H. dorri (Dautzenberg, 1894)
and H. blaisei (Dautzenberg & Fischer, 1905) in having a less depressed shell and less
deviated last whorl. In addition, H. blaisei possesses a solid shell with an angular penul-
timate whorl, and H. dorri has a smaller and smooth shell with an angular penultimate
whortl. Haploptychius anceyi (Mabille, 1887) is similar to H. porrectus, however it differs
in its smaller shell, circular aperture, and nearly smooth shell surface.

Haploptychius fischeri (Morlet, 1887)
Fig. 3G

Streptaxis fischeri Morlet 1887 [1886]: 259, 274, pl. 12, fig. 1, 1a. Type locality: Baie
dHalong et Montagne de [Eléphant [Elephant Mountain of Halong Bay, Quang
Ninh Province, Vietham]. Gude 1903: 212.

Haploptychius fischeri—Kobelt 1906: 136, pl. 61, fig. 21, Richardson 1988: 215. Schi-
leyko 2011: 25.

Material examined. The species was described based on material from Jourdy’s collec-
tion and an illustration was included in the original description (Morlet 1887: 259,
pl. 12, fig. 1, 1a). There is a single specimen from L. Morlet in the MNHN collec-
tions with an original label stating “Type”. In order to stabilize the name, a shell that
matched well with the illustration and measurements given in the original description
is designated here as lectotype MNHN-IM 200030873 (Fig. 3G).

Remark. Haploptychius fischeri is currently known only from the north of Vietnam
(Schileyko 2011, Do and Do 2015). The type specimen was examined. Shell thick-
ened, oblique-heliciform with depressed spire. Shell surface with strong radial ridges;
penultimate whorl rounded; last whorl axially deflected. Aperture subquadrangular,
parietal lamella strong and parietal callus thickened. Peristome wide; lip thickened and
reflected. Umbilicus narrowly open.
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Compared with H. pellucens and H. porrectus, this species differs in its larger and
thicker shell, depressed spire, prominent transverse ridges, subquadrangular aperture,
thicker parietal lamella, and narrower umbilicus.

Haploptychius blaisei (Dautzenberg & Fischer, 1905)
Figs 1, 4D-F; Table 1

Streptaxis blaisei Dautzenberg and Fischer 1905: 86, 87, pl. 3, figs 1-4. Type locality:
Ile Krieu, Tonkin [Krieu Island, Ha Long, Quang Ninh Province, Vietnam].
Haploptychius blaisei—Kobelt 1906: 173, pl. 66, figs 4-7. Richardson 1988: 212.

Material examined. The original description was based on single specimen since stat-
ed “un seul examplaire” (a single example). The specimen of M. Blaise in the MNHN
collections is considered as holotype MNHN-IM 200030866 (Fig. 4D).

Phu Ly, Dongson, Ha Nam, Vietnam: NHMUK Vermeulen coll. (4 shells).
Tam Phatok, Ngoi, Luang Phrabang, Laos: CUMZ 6276 (1 shell; Fig. 4E), 6257 (15
shells; Fig. 4F).

Remarks. Shell oblique-heliciform, white and translucent. Whorls 6%%; spire
depressed to slightly convex, with distinct suture. Shell surface glossy, with thin
transverse ridges that diminish below periphery and around umbilicus. Embryonic
shell large, about 2% whorls, with a smooth surface; following whorls regularly
expanded. Penultimate whorl rounded; last whorl axially deflected. Aperture semi-
ovate; peristome discontinuous, parietal callus thin; lip thickened and slightly ex-
panded. Apertural dentition with one strong parietal lamella. Umbilicus widely
open and shallow.

Haploptychius blaisei is superficially similar to H. diespiter (Mabille, 1887) and
H. dorri from north Vietnam, but it has a larger shell, more depressed spire, rounded
penultimate whorl, a wide and deep umbilicus, and thin transverse ridges on the upper
periphery. For comparison, H. diespiter (Fig. 4B) has the last whorl less deviated from
the vertical axis, and H. dorri (Fig. 4C) has a more depressed suture.

Genus Perrottetia Kobelt, 1905

Odontartemon (Perrottetia) Kobelt 1905: 91. Kobelt 1906: 108. Thiele 1931: 730.
Forcart 1946: 215.

Oophana (Perrottetia)—Benthem Jutting 1954: 95.

Perrottetia—Zilch 1960: 562, 563, Richardson 1988: 237. Schileyko 2000: 777, 778.
Siriboon et al. 2013: 44, 45.

Type species. Helix peroteti Petit, 1841, by subsequent designation of Forcart (1946: 215).
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Figure 4. Shells of Haploptychius spp. A Haploptychius anceyi lectotype MNHN-IM 200030868
B Haploptychius diespiter syntype MNHN-IM 200030870 € Haploptychius dorri syntype MNHN-IM
200030869 D-F Haploptychius blaisei D holotype MNHN-IM 200030866 and E, F specimens from
Luang Phrabang CUMZ 6257.

Remarks. The genus Perrottetia differs from all other Southeast Asian streptaxid
genera in having two longitudinal furrows outside the aperture. Apertural dentition
usually comprises one or two parietal lamellae, plus, palatal, basal and columellar la-
mellae. Genitalia with long penis, penial hooks present, and vaginal hooks sometimes
present (Zilch 1960, Schileyko 2000, Siriboon et al. 2013).

Currently, 29 Perrottetia species are recognized, from India and Sri Lanka to Indo-
china and southern China (Kobelt 1906, Richardson 1988, Schileyko 2011, Siriboon
etal. 2013). Two species have been reported from Laos, P. dugasti (Morlet, 1892) and
P. daedaleus (Bavay & Dautzenberg, 1908) (see Schileyko 2011).
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Perrottetia dugasti (Morlet, 1892)
Fig. 5A

Streptaxis dugasti Morlet 1892: 82. Morlet 1893[1892]: 315, 316, pl. 7, fig. 5, 5a, 5b.
Type locality: Lai-Chau, sur les bords de la Riviére Noire, Tonkin [on the banks of
the Black River, Lai Chau Province, Vietnam]. Gude 1903: 255.

Perrottetia dugasti—Kobelt 1906: 123, 124, pl. 61, fig. 13. Richardson 1988: 239.
Schileyko 2011: 23.

Material examined. The species was described based on material from L. Dugast col-
lection but no illustration was given. Morlet (1893: 315, 316, pl. 7, fig. 5, 5a, 5b)
subsequently published the description and illustrated a single specimen. There is a
specimen of L. Morlet in the MNHN collections with an original label stating “Type”.
In order to stabilise the name, the shell that closely matched with the measurements
given in the original description and illustration in Morlet (1893: pl. 7, fig. 5, 5a, 5b)
is here designated as lectotype MNHN-IM 200030867 (Fig. 4A).

Remarks. Shell sub-oblique heliciform with depressed spire and 6 whorls. Shell
surface smooth, glossy and with a distinct suture. Embryonic shell smooth, following
whorl regularly expanded. Last whorl rounded, axially deflected, with longitudinal
furrows present. Aperture narrow; peristome discontinuous, thick and expanded, and
short sinulus present. Aperture dentition consisting of two parietal lamellae (lower one
large; upper one small and close to sinulus), one palatal lamella, one basal lamella and
one bifid columellar lamella.

Compared with P. messageri (Bavay & Dautzenberg, 1908), this species differs in hav-
ing a strong lower parietal lamella, a bifid columellar lamella, and the left periphery of penul-
timate whorl not extended beyond the diameter of the last whotl. In contrast, P. messageri
has a strong columellar lamella, a supracolumellar lamella is present, and the left periphery
of the penultimate whotl extended beyond the diameter of the last whorl (Fig. 5D).

Perrottetia daedaleus (Bavay & Dautzenberg, 1908)
Fig. 5C

Streptaxis daedalens Bavay and Dautzenberg 1908: 230. Type locality: Pac-Kha [Pa
Kha, Son La Province, Vietnam]. Bavay and Dautzenberg 1909: 164, 165, pl. 4,
figs 1-4.

Streptaxis daedaleus var. major Bavay and Dautzenberg 1908: 231. Type locality: Pac-
Kha [Pa Kha, Son La Province, Vietnam]. Bavay and Dautzenberg 1909: 165.

Oophana daedaleus—Richardson 1988: 234. Schileyko 2011: 23.

Oophana daedaleus major—Richardson 1988: 234.

Material examined. Syntype of Streptaxis daedaleus var. major MNHN-IM 200030871
(Fig. 5B). Tonkin: NHMUK 1909.6.9.118-9 (2 shells). Pac-Kha, Tonkin: NHMUK
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Figure 5. Shells of Perrottetia spp. A Perrottetia dugasti lectotype MNHN-IM 200030867 B Perrotte-
tia mabillei syntype MNHN-IM 200030874 C Perrottetia daedaleus var. major syntype MNHN-IM
200030871 D Perrottetia messageri syntype MNHN-IM 200030875 E Perrottetia aquilonaria specimen
CUMZ 6278 from Xayabouly with apertural dentition F, G Perrottetia unidentata sp. n. F holotype
CUMZ 6281 with apertural dentition and G paratype CUMZ 6282 H, | Perrottetia unidentata sp. n.
specimens from Tam Than Kaisone H specimen with upper palatal CUMZ 6284 and | specimen without
upper palatal CUMZ 6285.
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1909.7.9.15-6 (2 shells), NHMUK Preston coll. date 7.4.09 (2 shells), Rolle coll. date
27.11.09 (3 shells). Long Ping, Tonkin: NHMUK Rolle coll. date 27.1.09 (2 shells).
Remarks. Shell suboblique-heliciform with a convex spire and 6 whorls. Shell sur-
face with strong transverse ridges running continuously to umbilicus. Embryonic shell
with thin transverse ridges and following whorl regularly expanded. Last whorl round-
ed, axially deflected, longitudinal furrows present. Aperture triangular; peristome dis-
continuous, thickened, broadly expanded and sinulus absent. Apertural dentition with
two parietal lamellae (lower one small; upper one large and close to sinulus), one angu-
lar lamella, one palatal lamella (located far inside aperture) and one columellar lamella.
This species is superficially similar to P. mabillei (Bavay & Dautzenberg, 1903) in
having strong transverse ridge over the entire shell, but P. daedaleus has a large upper pa-
rietal lamella, a palatal lamella located inside the aperture, and strong columellar lamellae,
while P. mabillei (Fig. 5B) has a large lower parietal lamella and bifid columellar lamellae.

Perrottetia aquilonaria Siriboon & Panha, 2013
Figs 1, 5E

Perrottetia aquilonaria Siriboon et al. 2013: 50-52, figs 3D-H, 4D-F: Type locality:
Wat Tam Pha Plong, Chiangdao, Chiangmai, Thailand.

Material examined. Holotype CUMZ 5003, paratypes CUMZ 5004 (4 shells). Ban
Namone, Xayabouly, Laos: CUMZ 6278 (2 shells; Fig. 5E), CUMZ 6279 (1 specimen
in ethanol). Ban Bo Khoun, Boun Neua, Phongsaly, Laos: CUMZ 6280 (1 shell).

Remarks. Perrottetia aquilonaria was described from several localities in the north-
ern part of Thailand with a complete information on shell, radula and genitalia. The
specimens collected from limestone outcrops in Borkeo and Phongsaly of Laos have
both shells and genitalia that match very well with this species. Laos specimens seem to
differ only in the slightly smaller shell, therefore we treated them as the same species.

Perrottetia aquilonaria can be distinguished from P. dugasti and P. messageri from
Vietnam by having a depressed spire, shouldered last whorl, thin parietal callus and upper-
parietal lamella separated at a right angle. In contrast, 2. dugasti has a rounded last whorl
and a small upper-parietal lamella located deeper inside the aperture, and P. messageri has
paralleled parietal lamellae, a small supercolumellar lamella is present, and the left side of
the penultimate whorl extended beyond the diameter of the last whorl (Fig. 5A, D).

Perrottetia unidentata Inkhavilay & Panha, sp. n.
http://zoobank.org/B47C107D-B7A5-4D70-8640-47F10AE13ACY
Figs 1, SF-I, 7E, E 10A-F I; Table 1

Type material. Holotype CUMZ 6281 (Fig. 5F). Measurement: shell height 5.3 mm,
shell width 9.7 mm and 6%2 whorls. Paratypes CUMZ 6282 (4 shells; Fig. 5G), CUMZ
6283 (1 specimen in ethanol; Figs 7E, E, 9A-F I), NHMUK 20160250 (2 shells).
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Other material examined. Tam Than Kaisone, Viengxay, Houaphanh, Laos:
CUMZ 6284 (5 shell; Fig. 5I), CUMZ 6285 (2 shells; Fig. 5H).

Type locality. The limestone outcrop at Ban Nawit, Viengxay, Houaphanh, Laos
(20°22'37.3"N, 104°16'43.2"E) about 700 meters above mean sea level.

Diagnosis. This new species differs from P. daedaleus, P. aquilonaria, P. dugasti
and P. messageri from Vietnam in having an oblique shell, a single parietal lamella,
widely expanded lip, the last whorl strongly axially deflected, the left side of penul-
timate whorl well extended beyond the diameter of last whorl, and the distal end of
penis with a wing-like structure. The other four species have two parietal lamellae, the
last whotl little axially deflected and the left side of penultimate whorl not extended
beyond the diameter of the last whorl. For further comparison, P. daedaleus has an
elevated spire, transverse ridges over the entire shell and a basal lamella located deep
inside aperture (Fig. 5C); P. aquilonaria has a smaller shell, elevated spire, bifid colu-
mellar lamella, and genitalia with atrial pores and vaginal hooks absent (Fig. 5E); P.
dugasti and P. messageri have a smooth shell surface, a bifid collumella lamella and a su-
pracolumellar lamella (Fig. 5A, D). Perrottetia gudei from north Vietnam differs from
the new species in having an elevated spire, in being less deviated from the vertical axis,
and in having thin transverse ridges (see Siriboon et al. 2013).

Description. Shell. Shell oblique-heliciform, semi-transparent; whorls 6%, spire
weakly convex with distinct suture. Shell surface glossy with strong transverse ridges
on upper shell surface. Embryonic shell large, about 2% whorls, with a smooth sur-
face; following whorls regularly coiled. Shell periphery shouldered; last whorl axially
deflected; two deep longitudinal furrows present. Aperture semi-ovate; peristome dis-
continuous; parietal callus thin; lip thickened, broadly expanded and slightly reflected.
Apertural dentition with one large, strong and sinuous parietal lamella, one small up-
per palatal lamella, one palatal lamella, one large basal lamella, one strong columellar
lamella, and one small supracolumellar lamella. Umbilicus widely open and shallow
(Fig. SE-I).

Radula. Each row consists of 2638 teeth with formula (13-19)-1-(13-19). Cen-
tral tooth small and triangular, with pointed cusp. Lateral and marginal teeth undif-
ferentiated, lanceolate, unicuspid. Latero-marginal teeth gradually reduce in size, with
outermost teeth much smaller and shorter than inner teeth (Fig. 101).

Genital organs. Atrium (at) short. Proximal penis (p) long and slender; distal part
near retractor muscle with an expanded wing-like structure (a flat blade on either side
of the penis, each about one-tenth of penis length). Penial sheath (ps) thin and extend-
ing about one-third of penis length; penial sheath retractor muscle (psr) very thin,
originating at atrium and inserting distally on penial sheath (Fig. 7E). Vas deferens
(vd) passes through about one-third of penial sheath length before entering into penis
apically (Fig. 7F). Penial retractor muscle (pr) thin and long, inserted at penis and vas
deferens junction.

Internal wall of atrium generally smooth (Fig. 10A). Penial wall densely covered
with light brown penial hooks, about 20 hooks/200 pm? hooks located on low ellipti-
cal penial papillae. Penial hooks small (< 0.1 mm in length), slender, expanded at base,
tips pointed and curved towards genital orifice (Fig. 10B-D).
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Vagina (v) short, about one-tenth of penis length. Gametolytic duct (gd) a long
tube extending as far as albumin gland; gametolytic sac (gs) ovate. Free oviduct (fo)
long and cylindrical with equivalent diameter to vagina, tapering distally. Oviduct (ov)
enlarged and folded; prostate gland inconspicuous and bound to oviduct. Talon (ta)
very small, short and club shape. Hermaphroditic duct (hd) bearing very short and
thin seminal vesicle (sv) about one and half times longer than the length from talon to
branching point of seminal vesicle (Fig. 7E).

Vaginal wall with transparent vaginal hooks (about 10 hooks/200 pm?). Hooks
located on low conical vaginal papillae. Vaginal hooks small (< 0.1 mm in length),
short and expanded at base; tips pointed and straight to slightly curving away from
genital orifice (Fig. 10E, F).

Etymology. The specific epithet “unidentata” derived from the Latin words “unus”
meaning “one” and “dens” meaning “tooth”. It referred to a single parietal lamella (or
teeth) of the new species.

Distribution. This species is known only from the type locality, Houaphanh, a
limestone karst area.

Remarks. Shell variation is evident from specimens from Tam Than Kaisone,
about 20 km west of the type locality (Fig. 5H, I; CUMZ 6284, 6285). They are
smaller, with a sinuous parietal lamella, and sometimes lack the upper palatal lamella
(Table 1). However, only five shells and no living specimens were collected, so we
provisionally identifying them as the same species.

Perrottetia megadentata Inkhavilay & Panha, sp. n.
http://zoobank.org/3DEGGE56-8480-4993-91C8-47E885EE2C4D
Figs 1, 6A, B; Table 1

Type material. Holotype CUMZ 6286 (Fig. 6A). Measurement: shell height 7.1 mm,
shell width 8.2 mm, and with 6 whorls. Paratypes: CUMZ 6287 (31 shells; Fig. 6B),
CUMZ 6288 (2 shells), NHMUK (2 shells), NUOL 20160251 (2 shells), SMF (2 shells).

Type locality. The limestone outcrop at Ban Phone Can, Yommalat, Kham-
mouan, Laos (17°31'35.6"N, 105°9'40.7"E)

Diagnosis. The characters distinguishing Perrottetia megadentara sp. n. from P.
daedaleus, P. aquilonaria, P. dugasti and P. mabillei are a single large parietal lamella,
the absence of a palatal lamella absent and the presence of an infra-columellar
lamella. The other four species have two parietal lamellae and a palatal lamella. Fur-
thermore, P. dugasti and P. aquilonaria have a smooth shell, slightly depressed spire,
and a bifid columellar lamella (Fig. 5A, E). Perrottetia daedaleus and P. mabillei
have strong transverse ridges over the entire shell, a palatal lamella, and a bifid basal
lamella, a columellar lamella is absent in P. mabillei (Fig. 5B), while one basal and
one columellar lamella are present in P. daedaleus (Fig. 5C). The new species differs
from P. unidentata sp. n. in its ovate shape, smooth shell surface, thicker shell, in
the absence of a palatal lamella, and in having infra- and supra-columellar lamellae.
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Figure 6. Shells of Perrottetia and Indoartemon spp. A, B Perrottetia megadentata sp. n. A holotype
CUMZ 6286 with apertural dentition, and B paratype CUMZ 6287. € Indoartemon tridens holotype
SMF 108507/1 with apertural dentition D=F Indoartemon diodonta sp. n. D holotype CUMZ 6289 with
apertural dentition E paratypes CUMZ 6290, and F specimen from Tam Nang Ann, Tha Khek, Kham-
mouan CUMZ 2691.

The new species is superficially similar to P. dermapyrrhosa Siriboon & Panha, 2013,
but is distinguished by having a single and large parietal lamella, and in the absence
of a palatal lamella.

Description. Shell oblique-ovate, white and translucent; whotls 6, spire conical,
with distinct suture. Shell surface glossy with transverse ridges near suture. Embry-
onic shell large, about 2¥2 whotls, with a smooth surface; following whotls regularly
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coiled. Shell periphery rounded; last whorl axially deflected; two shallow and short
longitudinal furrows present. Aperture subcircular, peristome continuous; parietal cal-
lus thickened; lip thickened, expanded and reflected; short sinulus present. Apertural
dentition with very large and strong sinuous parietal, one large basal lamella located
deep inside aperture, one small infracolumellar lamella, one large columellar lamella,
and one small supracolumellar lamella. Umbilicus widely open and deep (Fig. 6A, B)

Etymology. The specific epithet “megadentata” is derived from the Greek word
“mega” meaning “large” and the Latin word “dens” meaning “tooth”. It referred to the
single large parietal lamella of the new species.

Distribution. This species is known only from the type locality in central Laos.

Remarks. To date no living specimens have been collected.

Genus Indoartemon Forcart, 1946

Oophana (Indoartemon) Forcart 1946: 215. Benthem Jutting 1954: 95.
Indoartemon—7Zilch 1960: 562. Richardson 1988: 223. Schileyko 2000: 776, 777.
Siriboon et al. 2014b: 162.

Type species. Streptaxis eburnea Pteiffer, 1861, by original designation.

Remarks. The genus /ndoartemon can be recognized by the dentition, which consists
of one parietal and one palatal lamella (a basal lamella is also present in some species). The
penis is long, with a thin penial sheath extending about half of the penis length, through
which the vas deferens does not pass. Penial hooks are present (Siriboon et al. 2014b).

Currently, ten species are recognized, of which seven were reported from Indo-
china south of China and Hainan. Only one species, 1. tridens (Mollendorft, 1898) has
previously been recorded from Laos (Richardson 1988, Schileyko 2000, Siriboon et al.
2014b); here we describe another.

Indoartemon tridens (Mollendorff, 1898)
Figs 1, 6C

Streptaxis tridens Mollendorft 1898: 67. Type locality: Boloven, Laos [=Boloven Pla-
teau, Paksong, Champasak, Laos]. Gude 1903: 220.

Odontartemon tridens—Kobelt 1905: 94, 95, pl. 58, figs 19, 20.

Indoartemon tridens—Zilch 1961: 85, pl. 5, fig. 15. Richardson 1988: 225. Schileyko
2011: 23.

Material examined. Holotype SMF 108507 (Fig. 6C).

Remarks. Shell oblique-ovate with 52 whorls, semi-transparent, spire slightly con-
vex, with distinct sutures. Shell surface glossy white with thin growth lines; following
whorls regularly coiled. Last whorl axially deflected. Aperture triangular; peristome con-
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Figure 7. Genitalia of Haploptychius and Perrottetia species. A, B Haploptychius pellucens CUMZ 2670
A reproductive system, and B insertion of vas deferens into penial sheath C, D Haploptychius porrectus
CUMZ 6274 C reproductive system, and D insertion of vas deferens into penial sheath E, F Perrottetia
unidentata sp. n. CUMZ 6283 E reproductive system, and F insertion of vas deferens into penial sheath.
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Figure 8. Genitalia of Haploptychius pellucens A completed reproductive system CUMZ 2670 B, € completed
reproductive system with “vaginal caecum” CUMZ 6265, and D aphallic reproductive system CUMZ 6265.

tinuous; lip thickened, little expanded and slightly reflected. Apertural dentition with
one large parietal lamella, one palatal lamella, and one small bifid columellar lamella.

Only the type specimen was examined. [ndoartemon tridens differs from 1. eburneus,
1. prestoni (Gude, 1903) and I medius Siriboon & Panha, 2014 from Thailand by
having a bifid columellar lamella, an ovate-heliciform shape, its smooth shell surface,
narrow umbilicus, and having the left side of penultimate whotl extended beyond the
diameter of last whorl. For comparison, 1. eburneus and 1. prestoni have a less deviated
last whorl, transverse ridges on the shell, and a widely open umbilicus; . medius has an
angular penultimate whorl and strong transverse ridges.

Indoartemon diodonta Inkhavilay & Panha, sp. n.
http://zoobank.org/64F31C73-88D6-4A6B-BD0OC-09FE2663E28F
Figs 1, 6D-F; Table 1

Type material. Holotype CUMZ 6289 (Fig. 6D). Measurement: shell height 7.5 mm,
shell width 8.3 mm, and with 7 whorls. Paratypes: CUMZ 6290 (44 shells; Fig. 6E),
NHMUK 20160252 (2 shells), NUOL (2 shells), SMF (2 shells).
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Figure 9. Internal sculpture of genitalia of Haploptychius spp. A=F Haploptychius pellucens, CUMZ 2670

A details of atrium surface B arrangement of penial hooks € top view of penial hook (from white square

50 um

in B) D arrangement of penial hooks E lateral view of penial hook, and F arrangement of undulated
parallel vaginal folds. G=-M Haploptychius porrectus specimen CUMZ 6275 G details of atrium surface
H arrangement of penial hooks in distal area I lateral view of penial hook in distal area J arrangement of
penial hooks in proximal area K lateral view of penial hook in proximal area L arrangement of papillae
and vaginal folds, and M arrangement of vaginal folds.
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Figure 10. Internal sculpture of genitalia of A=F Perrottetia unidentata sp. n. paratype CUMZ 6283

A details of atrium surface B arrangement of penial hooks € top view of penial hook D lateral view of
penial hooks E arrangement of vaginal hooks, and F top view of vaginal hook. Radula morphology of
G Haploptychius pellucens specimen CUMZ 2670 H Haploptychius porrectus specimen CUMZ 6275, and
| Perrottetia unidentara sp. n. paratype CUMZ 6283.

Other material examined. Tam Nang Ann, Tha Khek, Khammouan, Laos:
CUMZ 6291 (7 shells, Fig. 6F). Tam Xieng Lieb, Tha Khek, Khammouan, Laos:
CUMZ 6292 (15 shells).

Type locality. Tam Xang, Tha Khek, Khammouan, Laos, 17°25'44.0"N,
104°51'49.1"E.

Diagnosis. This new species superficially resembles L. eburneus and 1. prestoni from
Thailand, but it differs in having a much smaller shell, an oblique-heliciform shape,
open umbilicus, and the last whotl is strongly deviated from the vertical axis. This
species differs from 7. medius from Thailand in its smaller shells, angular penultimate
whorl and thin transverse ridges. /ndoartemon diodonta sp. n. differs from I bidens
(Méllendorff, 1883) from Hainan and 7. #7idens by having fine transverse ridges on the
upper periphery, and the last whorl is less deviated from the vertical axis. These two
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species also have a smooth shell surface and a more strongly deviated last whorl, and a
bifid columellar lamella is present in 7. tridens.

Description. Shell. Shell oblique-heliciform, white and translucent; whorls 6%2-7,
spire conical, with distinct suture. Shell surface dull, with fine transverse ridges that
diminish below the periphery. Embryonic shell large, about 2% whorls, with smooth
surface; following whorls regularly coiled. Last whorl shouldered, axially deflected, and
not expanded. Aperture subcircular; peristome continuous, parietal callus thickened; lip
thickened, expanded and little reflected. Apertural dentition with one large and strong
parietal and one small palatal lamellae. Umbilicus narrow and deep (Fig. 6D-F).

Etymology. The specific epithet “diodonta” is derived from the Greek words “ds”
meaning “two” and “odontos” meaning “tooth”, referring to the dentition of the new
species.

Distribution. This species is known from limestone karst in Khammouan Province,
central Laos. The animals can be found at altitudes up to 140 meters above mean sea level.

Remarks. To date no living specimens have been collected.

Discussion

This study increases the number of streptaxid species recorded from Laos to twelve, three
of which are new. Streptaxids occur in both limestone and non-limestone areas in the
central and northern parts of Laos. The fauna apparently remains less diverse than that of
Thailand and Vietnam (Panha 1996, Hemmen and Hemmen 2001, Siriboon et al. 2013,
2014a, b, Schileyko 2011). The highly modified habitats of southern and some central
areas of Laos may harbour a lower species diversity. For example, Indoartemon tridens
was recorded in 1898 by Mollendorff from its type locality at Boloven plateau, Paksong,
Champasak, Laos, but our surveys yielded no specimens collected from this locality.

The species can be separated by geography, shell morphology, and (where avail-
able) genital anatomy. Two species from the genus Haploptychius; H. pellucens and
H. porrectus were described from Laos by Pfeiffer (1863). From our results living and
shells specimens of H. pellucens and H. porrectus were collected from nine sampling
sites in six provinces such as Louang Namtha, Oudomxay, Louang Phrabang, Xaya-
bouly, Bolikhmaxay and Xieng Khaung. Shell morphology and genitalia anatomy were
compared between the two species. The two can be separated by having different shell
size and shape, as well as differences in the penial sheath, penial hooks, and vaginal
wall. The southernmost population of H. pellucens is particularly small. Most records
of Haploptychius species are from northern Laos, latitude 18°-21°.

Perrottetia unidentata sp. n. and P. megadentata sp. n. are the first two species of the
genus recorded in Laos, and are geographically and altitudinally separated. Perrortetia
unidentata sp. n. occurs in northern Laos close to the Lao-Vietnam border at over 700
m above sea level, while P. megadentata sp. n. occurs far to the south and lower than
200 m above sea level (Fig. 1). The two species can be separated by shell morphology.
Perrotettia has been collected from central to northern Laos, latitude 18°-22°.
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Indoartemon diodonta sp. n. is the second species of this genus recorded from Laos
after L tridens (Mollendorff 1898). The new species was found in central Laos, while
the first was found in southern Laos, at over 1000 m above sea level. In Laos, Indoar-
temon has now been recorded between latitude 14°—18°.
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Abstract

‘The land snail Cernuella virgata (da Costa, 1778) is widely considered as a pest to be quarantined in most
countries. In this study, the complete mitochondrial genome of C. virgata is published. The mitochondrial
genome has a length of 14,147 bp a DNA base composition of 29.07% A, 36.88% T, 15.59% C and
18.46% G, encoding 13 protein-coding genes (PCGs), 22 transfer RNA (tRNA) genes and two ribosomal
RNA (rRNA) genes. The complete nucleotide composition was biased toward adenine and thymine, A+T
accounting for 69.80%. Nine PCGs and 14 tRNA genes are encoded on the J strand, and the other four
PCGs and eight tRNA genes are encoded on the N strand. The genome also includes 16 intergenic spac-
ers. All PCGs start strictly with ATN, and have conventional stop codons (TAA and TAG). All tRNAs
fold into the classic cloverleaf structure, except tRNA"¢, tRNAS VN, tRNAS“Y and tRNA"". The first
three lack the dihydrouridine arm while the last lacks the TYC arm. There are 502 bp long noncoding
regions and 418bp long gene overlaps in the whole mitochondrial genome, accounting for 3.54% and
2.95% of the total length respectively. Phylogenetic analyses based on the sequences of the protein coding
genes revealed a sister group relationship between the Hygromiidae and the Helicidae.
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Introduction

The land snail Cernuella virgata (da Costa, 1778), also known as the Mediterranean
white snail or Common white snail, is endemic to the Mediterranean and western
Europe, and has been introduced to America, Australia and Morocco (Barker 2004).
The snail is omnivorous, feeding on detritus and plant matter, such as bark, stems
and leaves of various green plants. Not only does it destroy agricultural crops, such
as beans, cereal, various fruits and vegetables, it also can spread zoonotic food-borne
parasitic diseases. For example, the species acts as intermediate host for the terres-
trial trematode parasite Brachylaima cribbi (Kerney and Cameron 1979; Butcher and
Grove 2000). Because of its remarkable adaptability and the severe damage it causes to
agriculture, the natural environment and humans, the snail is considered a serious pest
in the USA, Australia, Japan, Chile and other countries (Dennis 1996; Barker 2004;
USDA 2008; MOA and AQSIQ 2012). One ship carrying barley from Australia was
refused entry and berthing by Chile because of the presence of this snail causing huge
economic losses (USDA 2008). It is also one of the more important quarantine ter-
restrial mollusks in America. To prevent invasion and proliferation, the U.S. govern-
ment has invested considerable human and financial resources to eradicate the snails in
Washington, Michigan and North Carolina (USDA 2008). Recently, Chinese ports
have intercepted snails in barley, rapeseed and other consignments from abroad. Ow-
ing to its great harm, the snail was listed in “The People’s Republic of China entry
plant quarantine pest list” by the government in 2012 to prevent its introduction
(MOA and AQSIQ 2012).

The metazoan mitochondrial (mt) genome usually comprise 37 genes and some
noncoding regions, such as 13 protein coding genes (PCGs) (COI-COIIl, Cytb,
NDI1-ND6, ND4L, ATP6 and ATPS), two ribosomal RNA (rRNA) genes, 22 trans-
fer RNA (tRNA) genes and the AT-rich region or control region (Wolstenholme
1992; Boore 1999). It has been extensively used to study the origin of species, phylo-
geography and population genetic structure and so on due to its small genome size,
fast evolution, uniparental inheritance and lack of extensive recombination (Saccone
et al. 1999; Elmerot et al. 2002). To date, only nine species from the order Stylom-
matophora have been determined as dispersing in Helicidae (Terrett et al. 1995;
Groenenberg et al. 2012; Gaitdn-Espitia et al. 2013), Bradybaenidae (Yamazaki et al.
1997; Deng et al. 2014), Clausiliidae (Hatzoglou et al. 1995), Succineidae (White et
al. 2011), Achatinidae (He et al. 2014) and Camaenidae (Wang et al. 2014). How-
ever, there are no reports on the mt genome of the family Hygromiidae. In this work,
the complete mt genome of the snail C. virgata was obtained firstly using primer
walking and shotgun sequencing techniques based on PCR. Studying the mitochon-
drial genome of C. virgata can not only offer more worthwhile information for phy-
logeny but also be applied to molecular alignment and identification in international
plant quarantine measures.
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Materials and methods

Specimen collection and DNA isolation

Adult snail was intercepted from barley shipments imported to China from southern
Australia on 1 March 2012 and stored at -20 °C in the Key Laboratory of Molluscan
Quarantine and Identification of AQSIQ), Fujian Entry-Exit Inspection & Quarantine
Bureau, Fuzhou, Fujian, China (FJIQBC). Voucher specimens (FJIQBC000123) were
deposited in FJIQBC. Total genomic DNA was obtained from approximately 50 mg
fresh foot tissue, using the DNeasy Blood and Tissue kit (Qiagen) according to the
manufacturer’s instructions.

DNA sequencing

The entire genome was successfully amplified by polymerase chain reaction (PCR) in
overlapping fragments with four pairs of mitochondrial universal primers chosen from
previous works (Palumbi et al. 1991; Folmer et al. 1994; Merritt et al. 1998; Hugall et
al. 2002) and four pairs of perfectly matched primers designed from sequenced short
fragments with Primer Premier 5.0 (Table 1). Short PCRs (< 2 kb) were performed us-
ing Takara Taq DNA polymerase (TaKaRa, Dalian, China), with the following cycling
conditions: 30s at 94°C, followed by 35 cycles of 10s at 94°C, 50s at 40°C or 45°C,
and 1 min at 72°C. The final elongation step was continued for 10 min at 72°C. Long
range PCRs (> 4 kb) were performed using Takara Long Taq DNA polymerase (Ta-
KaRa, Dalian, China) under the following cycling conditions: 1 min at 94°C, followed
by 40 cycles of 10s at 98°C, 50s at 60°C, 4-8 min at 68°C, and the final elongation
step at 72°C for 6 min. The PCR products were checked by spectrophotometry and
1.0% agarose gel electrophoresis.

The BigDye Terminator Sequencing Kit (Applied Biosystems, San Francisco, CA,
USA) and the ABI PRIMER™ 3730XL DNA Analyzer (PE Applied Biosystems) were
used to sequence short fragments from both directions after purification. For the long
fragments, the shotgun libraries of C. virgata were constructed, and the positive clones
were then sequenced using the above kit and sequenator with vector-specific primers
BeaBest primer M13-47 and BcaBest Primer RV-M.

Genome annotation and inference of secondary structure

To control sequencing errors, each partial sequence was evaluated at least twice. An-
notations and editing procedures of the mitochondrial genomes of C. virgara were
performed in MEGAS5.0. Mitochondrial PCGs and rRNA genes were identified by
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Table I. Primer pairs used for PCR amplification.

ﬁ'lzgor;:eflt I::zzr Nucleotide sequence (5’ — 3’) and location (Sblf;; Reference
1 LCO-1490 GGTCAACAAATCATAAAGATATTGG Folmer et al. 1994
HCO-2198 TAAACTTCAGGGTGACCAAAAAATCA Folmer et al. 1994
2 F1231 GAACGGGTTAGTTTGTTTGTCT(490-511) 1763|  Present study
R1231 TAGGGTCTTCTCGTCTATTATGGT(2229-2252) Present study
3 168ar-L CGCCTGTTTATCAAAAACAT Palumbi et al. 1991
16Sbr-H CCGGTCTGAACTCAGATCACGT Palumbi et al. 1991
4 123F116 TGTAACCATAATAGACGAGAAGACC(2225-2249) 4545|  Present study
123R1b TAGGAGCAAAAAATACTACCAGAAA(6745-6769) Present study
5 144F TGAGSNCARATGTCNTWYTG Merritt et al. 1998
272R GCRAANAGRAARTACCAYTC Merritt et al. 1998
6 123Fb CTTTTCACCCCTACTTTAC(6683-6701) 1044|  Present study
123RII ACTCCCTTTCAGGTGTTAT(7708-7726) Present study
7 FCOIL AAATAATGCTATTTCATGAYCAYG Hugall et al. 2002
RCOII GCTCCGCAAATCTCTGARCAYTG Hugall et al. 2002
8 F1233 AGTTACATTGGCCCTCCCTAGTCTTCGC(7560-7587) |6930|  Present study
R1233 GTAAACGGTTCAACCTGTACCAGCTCCC(315-342) Present study

BLAST searches at NCBI against other Eupulmonata sequences (Wang et al. 2014; He
etal. 2014; Deng et al. 2014; Yang et al. 2014). The limits of both protein coding and
rRNA genes were adjusted manually based on location of adjacent genes, and the pres-
ence of start and stop codons. The tRNA genes were located using DOGMA (Wyman
et al. 2004) and tRNAscan-SE v.1.21(Lowe and Eddy 1997), while others that could
not be determined by DOGMA and tRNAscan-SE were identified by comparison
with other land snails (Terrett et al. 1995; Yamazaki et al. 1997; Groenenberg et al.
2012; Gaitdn-Espitia et al. 2013; Wang et al. 2014).

The base composition and codon usage were analyzed with MEGA 5.0 (Tamura et
al. 2007). AT skew and GC skew were used to describe strand asymmetry according to
the formulae AT = [A-T]/[A+T] and GC = [G-C]/[G+C] (Perna and Kocher 1995).

Phylogenetic analyses

Phylogenetic analyses were performed based on 15 complete mt genomes of gastropods
from GenBank (Table 2) using maximum likelihood (ML) method. Two species from
Basommatophora and Opisthobranchia were selected as outgroups. A DNA alignment
with 10,362 bp length was inferred from the amino acid alignment of 13 PCGs using
MEGA 5.0 (Tamura et al. 2007). The selection of best-fit-substitution model for ML
estimation was performed using MEGA 5.0 with corrected Akaike information crite-
rion (AIC). Node supports for ML analyses were calculated through 1000 bootstrap
replicates. All other settings were kept as default.
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Table 2. Summary of samples used in this study.

Subclass /order Family Species Accession number Reference
Hygromiidae Cernuella virgata KR736333 Present study
. Camaena cicatricosa KM365408 Wang et al. 2014
Camaenidae
Camaena sp. KT001074 Ding et al. 2015 (submitted)
Eubadra herklotsi 771693 — 271701 Yamazaki et al. 1997
| Mastigeulora kiangsinensis) ' KM083123 Deng et al. 2014
Bradybaenidae —
Aegista diversifamilia KR002567.1 Huang et al.2015
Stylommatophora Dolicheulota formosensis | KR338956.1 Huang et al.2015
Cornu aspersum JQ417195 Gaitdn-Espitia et al. 2013
Helicidae Cepaea nemoralis CMU23045 Terrett et al. 1995
Gylindrus obtusus JN107636 Groenenberg et al. 2012
Succineidae Succinea putris JNG627206 White et al. 2011
Clausiliidae Albinaria caerulea X83390 White etal. 2011
Achatinidae Achatina fulica NC024601 He etal. 2014
Basommatophora | Lymnacidae Galba pervia JN564796 Liu etal. 2012
Opisthobranchia |  Aplysiidae Aplysia californica AY569552 Knudsen et al. 2006

Results

Genome structural features

The entire circular genome was 14,147 bp in length (GenBank: KR736333), contain-
ing 13 PCGs, 22 tRNA genes and two rRNA genes (Figure 1). Twenty-four genes were
encoded on the majority coding strand (J strand) while 13 genes were encoded on the
minority coding strand (N strand) (:RNA“", tRNA*VV®, tRNA*", tRNA"%, tRNA",
tRNAM, tRNAS* VN tRNA™, ATP6, ATPS, ND3, COIII and SrRNA) (Table 3). The
nucleotide composition of the whole genome was biased toward adenine and thymine,
accounting for 69.80% of base composition (Table 4). Gene overlaps with a total of
418 bp have been found at 14 gene junctions; the longest overlap (85 bp) existed be-
tween ND5 and NDI. In addition, 502 nucleotides were dispersed in 16 intergenic
spacers, the largest of which was 149 bp long between tRNA™ and tRNAY. Addition-
ally, two long spacers of 77 bp and 76 bp each were found between ND4L and ND1,
tRNAVNand tRNASAY, respectively. There were seven close gene junctions with
no intergenic spacers or overlap (Table 3).

Protein coding genes

The total length of all PCGs was 10, 977 bp, accounting for 77.59% of the entire mt
genome (Table 4). All PCGs started strictly with the Start Codon ATN (four with
ATG, five with ATT, and four with ATA) and ended with the conventional stop co-
dons TAA or TAG. (Table 3).
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Cernuella virgata
Mitochondrial genome
14 147 bp

Figure 1. The mt genome of Cernuella virgata. The tRNA genes are labeled based on the IUPACIUB
single letter amino acid codes. Genes with underline illustrate the direction of transcription from 3’ to 5’,
and without underline revealing from 5’ to 3’. Numbers and overlapping lines within the circle indicate
PCR fragments amplified for sequencing (see Table 1).

Codon usage could reveal nucleotide bias. NNA and NNU as codons were used
frequently in most PCGs. Additionally, the codons TTT (phenylalanine), TTA (leu-
cine) and ATT (isoleucine) composing A and T were used widely (Figure 2).

Transfer RNA genes
The length of tRNA genes ranged from 53 to 69 bp.The 22 tRNA genes typically

found in metazoan mt genomes were also discovered in C. virgata; eleven of them
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Table 3. Organization of the Cernuella virgata mt genome.

Gene |Direction| Location |Size (bp) Anticodon Start codon | Stop codon Int;:rge.n ic
nucleotides
cor F 1-1497 1497 ATT TAA 26
tRNA" F 1494-1554 61 1524-1526 TAC —4
lrRNA F 1555-2567 1013 0
tRNA N F 2568-2628 61 2597-2599 TAG 0
tRNA™ F 2629-2685 57 2655-2657 TGG 0
tRNAY F 2687-2748 62 2718-2720 TGC 1
NDG6 F 2767-3222 | 456 ATA TAA 18
ND5 F 3227-4888 | 1662 ATT TAA 4
NDI F 4804-5769 | 966 ATG TAG -85
ND4L F 5847-6215 | 369 ATT TAA 77
CyiB F 6151-7167 | 1017 ATA TAG —65
tRNA* F 7157-7214 58 7188-7190 GTC -11
tRNAY F 7215-7276 62 7245-7247 GCA 0
tRNA™* F 7283-7341 59 7313-7315 GAA 6
colr F 7387-8031 645 ATT TAA 45
tRNAD" F 8015-8083 69 8046-8048 GTA -17
tRNA" F 8071-8132 62 8102-8104 TCA -13
tRNA F 8282-8341 60 8311-8313 TCC 149
tRNA™ F 8338-8398 61 8369-8371 GTG —4
tRNA™" R 8400-8457 58 8427-8429 TTG 1
tRNA VR R 8457-8513 57 8485-8487 TAA -1
ATP8 R 8485-8754 | 270 ATG TAA 29
tRNA™ R 8743-8804 62 8771-8773 GTT -12
ATP6 R 8807-9472 | 666 ATG TAA 2
tRNAY¢ R 9458-9517 60 9489-9491 TCG -15
tRNA™ R 9518-9578 61 9547-9549 TTC 0
SrRNA R 9579-10277 | 699 0
tRNAM R 10278-10343| 66 10306-10308 CAT 0
ND3 R 10304-10735| 432 ATA TAA —40
LRNAS VN R 10691-10743| 53 10723-10725 TGA —45
tRINAS AN F 10820-10880| 61 10844-10846 GCT 76
ND4 F 10904-12178| 1275 ATT TAG 23
tRNA™ R 12182-12246 65 12210-12212 TGT 3
conr R 12170-13051| 882 ATG TAA =77
tRNA™ F 13068-13127| 60 1309613098 GAT 16
ND2 F 13182-14060| 879 ATA TAG 54
tRNA> F 14062-14121 60 14090-14092 TTT 1

Note: Negative numbers indicate adjacent gene overlap.

were determined by tRNAscan-SE and eight of them were determined by DOGMA.
Another three tRNA genes that could not be detected by the above two programs were
identified and passed through comparisons with known patterns of previous research
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Table 4. Nucleotide composition and skewness of the Cernuella virgara mt genome.

Proportion of nucleotides
Feature %A | %T | %G | %C |%A+T | AT Skew | GC Skew | No. of nucleotides
Whole genome 29.07 | 36.88 | 18.46 | 15.59 | 69.80 | -0.12 0.08 14147
Protein coding genes | 26.39 | 39.31 | 18.43 | 15.87 | 69.26 | —0.20 0.07 10977
Protein coding genes (J) | 26.08 | 39.96 | 18.70 | 15.26 | 69.17 | -0.21 0.10 8739
Protein coding genes (N) | 27.61 | 36.77 | 17.38 | 18.23 | 69.67 | -0.14 -0.02 2034
tRNA genes 31.46 | 34.23 | 18.73 | 15.58 | 71.41 | -0.04 0.09 1335
tRNA genes (]) 29.82 | 34.77 | 20.30 | 15.10 | 70.77 | -0.08 0.15 788
tRNA genes (N) 33.82 | 33.46 | 16.45 | 16.27 | 72.54 0.01 0.01 547
rRNA genes 32.83|35.63 | 17.00 | 14.54 | 72.42 | -0.04 0.08 1712
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Figure 2. Relative synonymous codon usage (RSCU) in the Cernuella virgata mt genome. Codon fami-

lies are provided on the x axis.

Fourteen tRNA genes were encoded on the ] strand and the remainder on the N
strand. Most tRNA genes could be folded into classic clover leaf structures except for
tRNAYS, tRNA*"VVand tRNA*"““Y, which lack the dihydrouridine arm. The gene
tRNA"" has a loop in its TYC arm (Figure 3).
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Alanine

Cysteine 0

Histidine Isoleucina

Leucine
(L1 CUN)

Serine
(S1, AGN)

—= Discriminator nucleotide

-<Acceptor arm

Dihydrouridine
arm

Figure 3. Inferred secondary structures of 22 tRNA genes in Cernuella virgata. Dashes (-) indicate
Watson-Crick base pairing and bullets (¢) indicate G-U base pairing.

In some tRNA genes, non-Watson-Crick matches and aberrant loops had been
found. For example, a total of 41 unmatched base pairs existed in some tRNAs, and
18 of them were G-U non-classical pairs, most of which existed in Discriminator nu-
cleotide, anticodon arm and Dihydrouridine arm (Figure 3).
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Ribosomal RNA genes

The rRNA genes of C. virgata encompassed the /rRNA and srRNA genes with a length
of 1,013 bp and 699 bp, repsectively. The former was situated between tRNA" and
tRINAYCUY) and the latter was located between tRNA" and tRNA (Table 3).

Noncoding regions

In the mitochondrial genome of C. virgata, there are 16 noncoding regions with total
502 bp length, accounting for 3.54%. The longest was 149bp, between tRNA™ and
tRNA®. The shortest was 1 bp existing three regions, respectively locating f/RNA™ and
tRNAY, tRNA™ and tRNA", ND2 and tRNAY (Table 3).

Phylogenetic reconstruction

The ML tree (Figure 4) presented nine major clades containing the families Helicidae,
Hygromiidae, Camaenidae, Bradybaenidae, Succineidae, Clausiliidae, Achatinidae,
Lymnaeidae and Aplysiidae. The four bradybaenid species and three helicid species
each formed a clade and a sister pair. In addition, we found that Camaenidae and
Bradybaenidae each were monophyletic and also in a sister group relationship with
each other.

Discussion

The length of mt genome of C. virgata was 304 bp longer than Camaena cicatricosa
and 97 bp longer than Cornu aspersum. All gene directions showed similarity to the
sequenced mt genome of C. cicatricosa, but gene order was different, especially with
respect to the positions between CY7B and ATP8 genes (Gaitdn-Espitia et al. 2013;
Wang et al. 2014). The overall mt genome of C. virgata was loose particularly, with
more and longer intergenic spacers.

In the study of mt genome of C. cicatricosa, GTG is the start codon of the COII
gene, and CO! and NDG genes of C. aspersum start with TTG (Gaitdn-Espitia et al.
2013; Wang et al. 2014). From previous studies we can see that most start signals of
land snails were consistent with C. virgata factually, but ATC, TTA, TTG, CTT,
TCG and CGA as start signals have been found (Raay and Crease 1994; Crease 1999;
Yamazaki et al. 1997; Yu et al. 2007; Groenenberg et al. 2012; Gaitdn-Espitia et al.
2013; Wang et al. 2014). Conventional stop codons TAA and TAG have been found
in all PCGs of C. virgata, which corresponds to C. cicatricosa (Wang et al. 2014).
However, COII, CYTB, ND3 and ATP8 genes of C. aspersum from the family Heli-
cidae ended with T, and this phenomenon has also been discovered in other snails as
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Figure 4. Phylogenetic tree inferred by maximum likelihood (ML) method based on 13 protein genes. The
tree is rooted with Aplysis californica and Galba pervia. Numbers on the nodes represent bootstrap values.

well (Terrett et al. 1995; Hatzoglou et al. 1995; Yamazaki et al. 1997; White et al.
2011; Groenenberg et al. 2012; Wang et al. 2012; Gaitdn-Espitia et al. 2013). Some
authors suggested that this nucleotide exchange was caused by post-transcriptional
polyadenylation (Ojala et al. 1981; Cha et al. 2007).

Usually, in the tRNA, the Acceptor arm (7 bp) and Anticodon arm (5 bp) were
conservative in size (Kinouchi et al. 2000). However, the length of Acceptor arm of
tRNA*“UNin C. virgata was distinctive, with only 4 bp in size. The Anticodon arm
of tRNASASN (8 bp) and all Anticodon loops (7 nucleotides) was coincident with
the snail C. cicatricosa (Wang et al. 2014). The remaining arms and loops changed
apparently in size comparing to that of other land snails (Hatzoglou et al. 1995;
Groenenberg et al. 2012; Wang et al. 2014). Some non-Watson-Crick matches existed
in all tRNA, including G-U pairs, A-C mismatch, U-C mismatch etc. Tomita et al.
(2001) raised that these mismatches may can be rectified by post-transcriptional RNA-
editing mechanism to hold tRNA function.

Noncoding regions are assumed to splice recognition sites during the process of
transcription (He et al. 2005). In the previous sequenced complete mt genome of the
order Stylommatophora, the noncoding regions range from 1 bp to 65 bp (Hatzoglou
etal. 1995; Terrett et al. 1995; Yamazaki et al. 1997; White et al. 2011; Groenenberg
et al. 2012; Gaitdn-Espitia et al. 2013; Deng et al. 2014; Wang et al. 2014) except
Achatina fulica with 551 bp length (He et al. 2014). In metazoan mt genomes, these
noncoding regions are normal. The longest one can be called control region or AT-rich
region (Boore 1999). Usually, changes in length of the whole mt genome are mainly
caused by difference of the control region (Zhang and Hewitt 1997). However, the
control region may not be aligned accurately in gastropods (Groenenberg et al. 2012)
except in A. fulica which included a 551 bp putative control region (POR) between
COI and tRNA" (He et al. 2014). Another ten sequenced stylommatophoran species
may possess short putative control region located in different places (Hatzoglou et al.
1995; Terrett et al. 1995; Yamazaki et al. 1997; White et al. 2011; Groenenberg et
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al. 2012; Gaitdn-Espitia et al. 2013; Deng et al. 2014; Wang et al. 2014; Huang et
al. 2015; 2015). The PORs of C. virgata, Mastigeulota kiangsinensis and Dolicheulota
Jformosensis are situated adjacent to tRNA"?, at 149 bp, 216 bp and 245 bp respectively.
The PORs of C. cicatricosa (29 bp) and Succinea putris (48 bp) were located between
COIII and tRNA™. Two other helicid species had PORs located between COIII and
tRNA*" with lengths of 158—186 bp, whereas the PORs of Albinaria caerulea (65 bp),
Aegista diversifamilia (93 bp), Cylindrus obtusus (395 bp) and Euhadra herklotsi (78 bp)
were specific, respectively between ND3 and tRNA*, tRNAY and tRNA>", ND5 and
tRNAY, tRNA*" V™ and tRNA*“N. The absence of a control region was consistent
with other gastropods (Deng et al. 2014; Wang et al. 2014; Yang et al. 2014). In the
present study, the longest noncoding region was 149 bp, which was the second longest
one by far.

Three species in the Helicidae were sister groups and consistent with previous
works (Gaitdn-Espitia et al. 2013). However, the systematics of Camaenidae, Helici-
dae and Bradybaenidae are complicated and have not been fully resolved; systematic
and phylogenetic studies based on analyses of morphological and molecular mark-
ers have produced inconsistent results (Scott 1996; Cuezzo 2003; Wade et al. 2007;
Hirano et al. 2014). More complete taxon sampling need to be prepared to assess the
phylogenetic relationship of these three families.
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Abstract

Three new species of the genus Misionella are described from Brazil: M. carajas sp. n. and M. aikewara
sp. n. from caves in the states of Pard and Tocantins and M. pallida sp. n. from natural and synanthropic
dry areas in the states of Piaui, Maranhio, Rio Grande do Norte and Bahia. These species seem to belong
to a distinct group within the genus; the males have an elongate palpal tibia and bulb, a pair of charac-
teristic and hirsute macrosetae in the second metatarsus and the females have internal genitalia with only
one pair of spermathecae, with relatively short ducts, lacking the auxiliary receptacles. Their phylogenetic
placement and geographic distribution are briefly discussed.

Keywords
Caves, Caatinga, endemics, Prithinae, spiders, taxonomy

Introduction

The genus Misionella Ramirez & Grismado, 1997 was established to include the spe-
cies Filistata mendensis described by Mello-Leitao (1920) from Mendes, state of Rio de
Janeiro, Brazil. This species is very common in southeastern Brazil and northeastern
Argentina, where populations have synanthropic habits, living in the brick walls in
houses or on tree bark near buildings or urban squares. Grismado and Ramirez (2000)
described M. jaminawa, a second species from the state of Acre, in Brazilian Amazonia.

Copyright Antonio D. Brescovit et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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The species of the genus Misionella resemble those of Pikelinia Mello-Leitao in
having enlarged male palpal tibia and second male metatarsi retrolaterally excavated,
with short spinules (Figs 1-2) or with excavation absent, but having at least a pair of
macrosetae (Fig. 1H). According to Ramirez and Grismado (2000) species of these
genera differ by the absence of any projection in the male palpal tibia (Ramirez and
Grismado 1997, figs 100-102) and by having two pairs of spermathecae placed side by
side in the internal female genitalia (see Ramirez and Grismado 1997, Fig. 103) in Mi-
sionella. Following the original diagnosis presented by Ramirez and Grismado (2000)
the species here described seem to belong to a distinct group in the genus Misionella.
The males of these species lack an apophysis on the palpal tibia, have a characteristic
pair of hirsute spines in the second metatarsus (Figs 1G-I) and the females have in-
ternal genitalia with only one pair of spermathecae with short ducts (Figs 8C, 11C).

In this paper, we describe these three new, morphologically deviant species of Misio-
nella from Brazil, two from caves in the states of Pard and Tocantins and a third from dry
areas in the states of Piaui, Maranhio, Rio Grande do Norte and Bahia.

Material and methods

The material examined belongs to the following institutions:

CHNUFPI Colecao de Histéria Natural, Universidade Federal do Piaui, Floriano
(L.S. Carvalho);

IBSP Instituto Butantan, Sao Paulo (A.D. Brescovit);

ISLA Zoology Collection, Sec¢ao de Invertebrados Subterraneos da Universidade
Federal de Lavras, Lavras (R.L. Ferreira);

MPEG Museu Paraense Emilio Goeldi, Belém (A.B. Bonaldo);

MZSP Museu de Zoologia da Universidade de Sao Paulo, Sao Paulo (R. Pinto
da Rocha);

UFMG Colecoes Taxondmicas da Universidade Federal de Minas Gerais, Belo
Horizonte (A.]. Santos).

Descriptions follow Ramirez and Grismado (1997). Measurements are expressed
in millimeters. Leg segment lengths were measured laterally. The illustrations were
made in a stereomicroscope with camera lucida. For the illustration of female genitalia,
we used dissected organs immersed in clove oil, following Levi (1965). Image stacks
were obtained with a Leica M165 C stereoscopic microscope and extended focus imag-
es were generated using Helicon Focus 6 (www.heliconsoft.com); female spermathecae
were digested with pancreatin and photographed in temporary mounts without a cov-
erslip in lactic acid on an Olympus BH-2 compound microscope. Material for SEM
was either air-dried or dehydrated using an ethanol series followed by immersion in
HDMS, and sputter-coated with 10 nm of gold or gold-palladium. Micrographs were
taken with a Quanta 250 the electron scanning microscope at Laboratério de Biologia
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Celular Instituto Butantan, LEO 1450VP of the Museu Paraense Emilio Goeldi, or
a Philips FEI X130 TMP at Museo Argentino de Ciencias Naturales “Bernardino

Rivadavia”.

Taxonomy

Family Filistatidae Ausserer, 1867
Subfamily Prithinae Gray, 1995

Misionella Ramirez & Grismado, 1997

Misionella Ramirez & Grismado, 1997: 342, type species Misionella mendensis (Mello-
Leitao, 1920), by monotypy and original designation.

Diagnosis. Males of Misionella have the cymbium fused to the tegulum, as do Pikelinia
and Lihuelistata; they can be distinguished from Pikelinia by the lack of an apophysis
on the palpal tibia, and from Lihuelistata by the modified second metatarsi (Ramirez
and Grismado 1997). Females of Misionella can be distinguished from Kukulcania
Lehtinen by having a three-rowed calamistrum, from Pikelinia by having spermathecae
either paired side by side or unilobulate, and from Lihuelistata by lacking pores on the
ducts of the spermathecae (Ramirez and Grismado 1997).

Misionella carajas sp. n.
http://zoobank.org/37090EE0-9A6D-4A39-8E2D-5F79135D97B9
Figs 1A-L, 2A-D, 3A-F 11A-C, 12A, 13A-D, 14

Types. Male holotype from Cave N4E_0024 (06°02'01"S, 50°10'07"W), FLONA
Carajds, Parauapebas, Pard, Brazil, 20/IV-04/V/10, D. B. Pedroso col. (IBSP 1613906).
Paratypes: female paratype from Cave N5S_0059 (06°06'29"S, 50°07'57"W), FLO-
NA Carajds, Parauapebas, Pard, Brazil, 25/VIII-03/1X/2009, 1. Cizauskas col. (IBSP
161395); two males and two females from Cave N4E_0070 (06°01'56"S, 50°09'10"W),
24-30/V11/2009, 1. Cizauskas (MPEG 24927); two males and two females from Cave
N4E_0079 (06°01'59"S, 50°09'05"W), 24/VII/2009-04/111/2010, I. Cizauskas, D.B.
Pedroso, J.B. Verdiani & J. Mascarenhas (MZSP 68015)

Additional material examined. BRAZIL. Pard: Parauapebas, Flona Carajds,
Cave GEM-1797 (06°06'25"S, 50°08'07"W), 33 329, 23/VIII/2010, R. Zampaulo
col. (IBSP 165001); Cave N1_0002 (06°02'24"S, 50°16'12"W), 29, 11/VI-02/
VI1/2014 (IBSP 181113; 191159); Cave N1_0023 (06°01'13"S, 50°16'40"W), 245,
11/VI-02/VI1/2014 (IBSP 181114; 191160); Cave N1_0059 (06°01'11"S,
50°16'44"W), 28 29, 11/VI-02/VI1/2014 (IBSP 181115-181116,
191161-191162); Cave N1_0063 (06°01'07"S, 50°16'45"W), 42 59, 11/VI-02/
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Figure I. Female from Cave N4E_0079, Flona Carajds, Parauapebas, Pard (IBSP 166200) (B-E, J) male
from the same locality (IBSP 166199) (A, F-l, K-L). A-B habitus, dorsal view € habitus, lateral view
D left metatarsus IV retrolateral showing calamistrum (indicated by an arrow) E carapace, dorsal view
F habitus, lateral view G left metatarsus 11, ventral view H same, retrolateral view | same, dorsal view
J right pedipalp K left palp, prolateral view, white arrow indicates the paraembolic lamina L same, com-
plete male palp, prolateral view. Scale bars: 1 mm, except G-I (0.5 mm) and D, L (0.1 mm).
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VII/2014 (IBSP 181117-18119; 191163-191165); Cave N1_0075 (06°01'14"S,
50°16'49"W), 28 19, 11/VI-02/VII/2014 (IBSP 181120; 191166); Cave N1_0077
(06°01'14"S, 50°16'52"W), 29, 11/VI-02/VII/2014 (IBSP 191167-191168);
Cave N1_0080 (06°01'11"S, 50°16'48"W), 29, 11/VI--02/VIl/2014 (IBSP
191169); Cave N1_0081 (06°01'13"S, 50°16'47"W), 19, 11/VI-02/VII/2014
(IBSP 191170); Cave N1_0083 (06°01'20"S, 50°16'47"W), 13 19, 11/VI-02/
VI11/2014 (IBSP 191171); Cave N1_0087 (06°01'09"S, 50°16'59"W), 13 19,11/
VI-02/VII/2014 (IBSP 191172); Cave N1_0094 (06°01'11"S, 50°16'57"W), 28
39, 11/VI-02/VIl/2014 (IBSP 191173-191174); Cave N1_0096 (06°01'09"S
50°16'59"W), 19, 11/VI-02/VII/2014 (IBSP 191175); Cave N1_0098 (06°01'09"S,
50°17'05"W), 29 2 imm, 28/X-03/X1/2007 (IBSP 97883); Cave N1_0123
(06°01'09"S, 50°16'45"W), 19, 11/VI-02/VII/2014 (IBSP 191176); Cave
N1_0185 (06°02'35"S, 50°16'33"W), 1J& 19, 16/VII-06/VIII/2014 (IBSP
191187); Cave N1_0224 (06°01'16"S 50°16'19"W), 33 39, 11/VI-02/VI1/2014
(IBSP 191178-191181); Cave N1_0234 (06°01'15"S, 50°16'24"W), 29, 11/VI-
02/VI1/2014 (IBSP 191182-191183); Cave N1_0236 (06°01'15"S, 50°16'25"W),
13,11/VI-02/VI1/2014 (IBSP 191184); Cave N1_0239 (06°01'19"S, 50°16'26"W),
29, 11/VI-02/VIl/2014 (IBSP 191185-191186); Cave N2_0002 (06°03'13"S
50°14'32"W), 14 3 imm, 26/IX-17/X/2012 (IBSP 191200); Cave N3_0031
(06°02'38"S, 50°13'11"W), 29, 03-17/IV/2013 (IBSP 191201); Cave N3_0053
(06°02'27"S, 50°13'45"W), 29, 02-23/VIII/2013 (IBSP 191202); Cave N3_0054
(06°02'27"S 50°13'43"W), 14, 02-23/VIII1/2013 (IBSP 191203); Cave N3_0063
(06°02'33"S, 50°13'37"W), 19, 02-23/VIII/2013 (IBSP 191204); Cave N3_0066
(06°02'32"S, 50°13'36"W), 2, 02—23/VIII/2013 (IBSP 191205); Cave N3_0069
(06°02'30"S, 50°13'37"W), 2%, 02-23/VII1/2013 (IBSP 191206), all collected by
Equipe Carste; Cave N4E_0004 (06°02'26"S, 50°09'39"W), 2 imm, 20/X-01/
X1/2006 (IBSP 97837); Cave N4E_0009 (06°02'21"S, 50°09'36"W), 19 1 imm,
20/X-01/X1/2006 (IBSP 97855); Cave N4E_0012 (06°02'16"S, 50°09'37"W), 19
2 imm, 20/X-01/X1/2006 (IBSP 97836), Cave N4E_0013 (06°02'18"S,
50°09'38"W), 1%, 20/X-01/X1/2006 (IBSP 97848), all collected by R. Andrade et
al.; Cave N4E_0015 (06°02'10"S, 50°09'35"W), 1%, 20/X-01/X1/2006 R. Andra-
de (IBSP 97854); 19, 20/IV-04/V/10, J. Mascarenhas (IBSP 191142); Cave
N4E_0020 (06°02'02"S, 50°09'35"W), 28 19 4 imm, 20/X-01/X1/2006, R. An-
drade & 1. Cizauskas (IBSP 97841, SEM; IBSP 191157); Cave N4E_0022
(06°02'02"S, 50°10'04"W), 29, 20/X-01/X1/2006, R. Andrade et al. (IBSP 97852);
Cave N4E_0024 (06°02'01"S, 50°10'07"W), 109 5 imm, 20/IV-04/V/10, D. B.
Pedroso, R. Andrade & I. Cizauskas col. (IBSP 97831, SEM; IBSP 161036, IBSP
191143); Cave N4E_0026 (06°02'14"S, 50°10'03"W), 24 49 1 imm, 18/VIII-03/
IX/2009, 1. Cizauskas & J. Mascarenhas col. IBSP 191127-191128; IBSP 191151,
MPEG 24925); Cave N4E_0031 (06°02'24"S, 50°09'39"W), 19, 08—12/11/2007,
R. Andrade et al. (IBSP 97748); Cave N4E_0035 (06°02'19"S, 50°09'38"W), 17,
18/VIII-03/1X/2009, J. B. Verdiani (IBSP 191152); Cave N4E_0036 (06°02'08"S,
50°09'36"W), 1 imm., 08—12/11/2007, R. Andrade et al. (IBSP 97740); Cave
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Figure 2. SEM images of Misionella carajas sp. n., male from Cave N4E-0020, Flona Carajds, Paraua-
pebas, Pard (IBSP 97841) (A-D), A male metatarsus II, retrolateral view B—C male left palp, prolateral

D same, dorsal view (inset: detail of embolus tip). White arrows indicate the paraembolic lamina.

N4E_0037 (06°02'07"S, 50°09'37"W), 29, 08—12/11/2007, R. Andrade et al. (IBSP
97754); Cave N4E_0038 (06°02'05"S, 50°09'37"W), 4 109 10 imm., 08-12/
I1/2007, R. Andrade, D. Bebiano & J. B. Verdiani (IBSP 97762; IBSP 191130-
191131); Cave N4E_0045 (06°02'25"S, 50°09'40"W), 25 19, 1 imm., 19/11-04/
I11/2010, I. Cizauskas (MPEG 24926; IBSP 191154-191155); Cave N4E_0049
(06°02'14"S, 50°09'36"W), 1&, 3 imm., 18/VIII-03/1X/2009, D. Bebiano (IBSP
191153); Cave N4E_0050 (06°02'09"S, 50°09'36"W), 17, 19 1imm., 18/VIII-03/
IX/2009, D.B. Pedroso (IBSP 191132); Cave N4E_0052 (06°02'02"S, 50°09'37"W),
248 19,24-30/VI1/2009, R. Andrade (IBSP 191133); Cave N4E_0053 (06°02'03"S,
50°10'02"W), 14, 1 imm., 24-30/VII/2009, D. Bebiano (IBSP 191156); Cave
N4E_0056 (06°01'58"S, 50°09'41"W), 19 3 imm., 19/11-04/111/2010, C.A.R.
Souza (IBSP 191135); Cave N4E_0063 (06°02'01"S, 50°09'15"W), 19, 24-30/
VI1/09,]. Mascarenhas (MZSP 68013); Cave N4E_0066 (06°01'52"S, 50°09'03"W),
34 29, 17 imm., 24-30/VII/09-19/11-04/111/2010, I. Cizauskas, D.B. Pedroso &
J.B. Verdiani (IBSP 191116; IBSP 191136; IBSP 191147-191149); Cave N4E_0079
(06°01'59"S, 50°09'05"W), 143 209 19 imm., 24/VII/2009-04/111/2010, I. Ci-
zauskas, D.B. Pedroso, J.B. Verdiani & J. Mascarenhas (IBSP 166199-166200,
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IBSP 191119, IBSP 191121-191123, IBSP 191137-191140, MZSP 68014); Cave
N4E_0092 (06°02'22"S, 50°09'31"W), 5& 39 2 imm., 24-30/VII/2009, D. B.
Pedroso R. Andrade C. A. R. Souza & J. B. Verdiani (IBSP 191125-191126; IBSP
191141; IBSP 191150); Cave N4WS_0006 (06°04'36"S, 50°11'36"W), 1%, 18/
XI-01/XI1/2010, L. Tunes (IBSP 164958); Cave N4WS_0015 (06°03'59"S,
50°11'22"W), 19, 20/X-01/X1/2006, R. Andrade et al. (IBSP 97741); Cave
N4WS_0019 (06°04'35"S, 50°11'37"W), 19, 18/XI1-01/XI1/2010, L. Tunes col.
(IBSP 164960), Cave N4WS_0021 (06°03'59"S, 50°11'24"W), 19, 18/XI-01/
XI1/2010, D. Bebiano (IBSP 164985); Cave N4WS_0024 (06°03'47"S,
50°11'29"W), 29, 18/XI-01/XII/2010, J. B. Verdiani (IBSP 164959); Cave
N4WS_0029 (06°03'48"S, 50°11'28"W), 1 imm., 18/XI-01/XI1/2010, L. Tunes
(IBSP 164988); Cave N4WS_0033 (06°03'58"S, 50°11'23"W), 29, 18/XI-01/
XI1/2010, C.A.R. Souza (IBSP 164984); Cave N4WS_0050/51 (06°04'43"S,
50°11'34"W), 59 1 imm., XI-XII/2010-09/V1/2011, D. Bebiano, C.A.R. Souza &
I. Cizauskas col. (IBSP 164957, IBSP 164990, IBSP 164992); Cave N4WS_0054
(06°05'13"S, 50°11'40"W), 19, 18/XI-01/XI1/2010, B. F. Takano (IBSP 164989),
Cave N4WS_0057 (06°04'33"S, 50°11'28"W), 2% 1 imm., 10-19/V/2011, C.A.R.
Souza (IBSP 164956); Cave N4WS_0066 (06°04’S 50°11'30"W), 34 19 1 imm.,
18/XI-01/XI1/2010-10-19/V/2011, C.A.R. Souza & I. Cizauskas (IBSP 164954—
164955); Cave N4WS_0073 (06°04'25"S, 50°11'37"W), 19, 18/XI1-01/XI1/2010,
D. Bebiano (IBSP 164987); Cave N4WS_0074 (06°04'19"S, 50°11'22"W), 39,
18/X1-01/X11/2010, D. Bebiano (IBSP 164962); Cave N4WS_0077 (06°04'28"S,
50°11'18"W), 19, 10-19/V/2011, C.A.R. Souza col. (BSP 164963); Cave
N4WS_0078 (06°04'20"S, 50°11'22"W), 49, 18/XI-01/X11/2010-10-19/V/2011,
L. Tunes, D. Bebiano & F. P. Franco (IBSP 164961; IBSP 164986; IBSP 164991);
Cave N5S_0005 (06°06'21"S, 50°08'01"W), 59, 4 imm., 14-23/X/2009, 1. Ci-
zauskas & J. B. Verdiani (IBSP 161038-161039; IBSP 161050); Cave N5S_0008
(06°06'21"S, 50°07'57"W), 39 5 imm., 14-23/X/2009, J. B. Verdiani & D. B.
Pedroso (IBSP 161042, IBSP 161046); Cave N5S_0013 (06°06'19"S, 50°08'02"W),
29 3 imm., 14-23/X/2009, D. B. Pedroso (IBSP 191145); Cave N5S_0015
(06°06'20"S, 50°08’W), 139 15 imm., 14-23/X/2009, R. Andrade, I. Cizauskas &
J.B. Verdiani (IBSP 161033, IBSP 161035, IBSP 161044, IBSP 161048, IBSP
191146); Cave N5S_0017 (06°05'15"S, 50°07'11"W), 29 1 imm., 25/VIII-03/
IX/2009, 1. Cizauskas & D.B. Pedroso (IBSP 161045, IBSP 161047); Cave
N5S_0022 (06°05'16"S, 50°07'33"W), 1% 2 imm., 25/VIII-03/1X/2009, J. Masca-
renhas (IBSP 161034); Cave N5S_0026 (06°05'15"S, 50°07'38"W), 19, 10-19/
V/2011, I. Cizauskas (IBSP 165000); Cave N5S_0058 (06°06'29"S, 50°07'57"W),
19, 14/111-04/1V/2010, J. B. Verdiani (IBSP 161041); Cave N5S_0059
(06°06'29"S, 50°07'57"W), 15 19 1imm., 25/VIII-03/IX/2009, D. Bebiano (IBSP
161037); Cave N5S_0059 (06°06'29"S, 50°07'57"W), 14 19, 25/VIII-03/
IX/2009, 1. Cizauskas & ].B. Verdiani (IBSP 161040, IBSP 191158); Cave
N5S_0063/64/65 (06°06'12"S, 50°08'07"W), 29 1 imm., 15-21/1X/2009, 1. Ci-
zauskas (IBSP 191144); Cave N5S_0067 (06°06'10"S, 50°08'07"W), 19 2 imm.,
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N/
Figure 3. SEM images of Misionella carajas sp. n., female from Cave N4E-0024, Flona Carajds, Paraua-
pebas, Pard (IBSP 97831) A female right leg I, tarsal claws B female right leg III, tarsus, dorsal, tricho-
bothria € same, retrolateral, detail of plumose setac D endite, serrula and chemosensory setac E PMS,
ventral view F PLS, ventral view. Abbreviations: Ac = aciniform gland spigots, Ch = chemosensory setae,

mAP = minor ampullate gland spigot, PC = paracribellar gland spigot. Scale bars: 0.05 mm (A, D),
0.01 mm (B), 0.1 mm (C).

14/111-04/1V/2010, J. B. Verdiani (IBSP 161043); Cave N6_0005 (06°07'22"S,
50°10'28"W), 24, 16/VII-06/VII1/2014, Equipe Carste (IBSP 191188); Cave
N8_0007 (06°10'05"S, 50°09'34"W), 15 29, 16/VII-06/VIII/2014, Equipe Cars-
te IBSP 191189-191191); Cave N8_0019 (06°10'10"S, 50°09'25"W), 1 19,16/
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VII-06/VI11/2014, Equipe Carste (IBSP 191192-191193); Canaa dos Carajés, Flo-
na Carajés, Cave CAV_0039 (06°24'53"S, 50°22'23"W), 12 3 imm.,,
22-31/V/2010-22-28/1X/2010, D. B. Pedroso, C.A.R. Souza & J. Mascarenhas
(IBSP  164964-164965, IBSP 191114); Cave GEM-1342 (06°16'02"S,
49°57'05"W), 19, 05-15/111/2012 (IBSP 191208); Cave GEM-1475 (06°16'38"S,
49°55'05"W), 19 1 imm., 17/1-02/11/2012 (IBSP 191207); Cave GEM-1483
(06°16'35"S, 49°55'05"W), 19, 29/VIII-27/1X/2012 (IBSP 191210); Cave GEM-
1508 (06°18'55"S, 49°57'23"W),19, 29/VIII-27/1X/2012 (IBSP 191209); Cave
GEM-1517 (06°15'50"S, 49°58'38"W), 19, 10-31/1/2013, (IBSP 191211), all col-
lected by C.A.R. Souza & J. Mascarenhas et al.; Cave NV_0004 (06°28'42"S,
49°54'08"W), 19 1 imm., 22-28/11/2005, R. Andrade & I. Amoni (IBSP 55364);
Cave S11_0002 (06°26'21"S, 50°16'50"W), 15 39 4 imm., 24/11-19/VII1/2010, 1.
Cizauskas & V. Felice (IBSP 164993, IBSP 164995, IBSP 164997-164998); Cave
S11A_0003 (06°21°S 50°27'02"W), 1 imm., 23/VIII-02/IX/2007, R. Andrade
(IBSP 97825); Cave S11_0016 (06°25'10"S, 50°15'03"W), 33 19 2 imm., 24/
11-04/111/2010-19/VII1/2010, 1. Cizauskas & D. Bebiano (IBSP 164994, IBSP
164996, IBSP 164999); Cave S11A_0020 (06°19'04"S, 50°26'23"W), 28 192 3
imm., 23/VIII-02/IX/2007, R. Andrade et al. (IBSP 97818); Cave S11B_0014
(06°20'59"S, 50°24'10"W), 19 5 imm., 23/VIII-02/1X/2007, R. Andrade et al.
(IBSP 97701); Cave S11B_0016 (06°20'53"S, 50°24'24"W), 1 imm., 23/VIII-02/
IX/2007, R. Andrade et al. (IBSP 97968); Cave S11C_0020 (06°24'03"S,
50°22'50"W), 14 29 1 imm., 23/VIII-02/IX/2007, R. Andrade et al. IBSP 97687,
IBSP 97863); Cave S11D_0003 (06°24'02"S, 50°21°W), 1%, 01-14/VI1/2010, 1.
Cizauskas (IBSP 164973); Cave S11D_0012 (06°23'46"S, 50°21'34"W), 19, 23/
VIII-02/IX/2007, R. Andrade et al. (IBSP 97801); Cave S11D_0049 (06°24'25"S,
50°19'14"W), 19, 13-30/1/2010, D. Bebiano (IBSP 164971); Cave S11D_0054
(06°24'22"S, 50°19'13"W), 2 imm., 13-30/1/2010, R. Andrade (IBSP 164969);
Cave S11D_0055 (06°24'23"S, 50°19'12"W), 28 49, 01-14/VI1/2010, 1. Cizaus-
kas (IBSP 164968, IBSP 191113); Cave S11D_0061 (06°23'33"S, 50°18'47"W),
14 12 1 imm., 13/1/2010-14/VI11/2010, 1. Cizauskas & J. Mascarenhas (IBSP
164967,IBSP 164975,1BSP 164977); Cave S11D_0064 (06°23'31"S,50°18'48"W),
19, 23/VIII-02/IX/2007, R. Andrade et al. (IBSP 97803); Cave S11D_0067
(06°23'34"S, 50°18'53"W), 1 imm., 13-30/1/2010, J. B. Verdiani (IBSP 164981);
Cave S11D_0072 (06°23'33"S, 50°19'09"W), 1 imm., 13-30/1/2010, I. Cizauskas
(IBSP 164974); Cave S11D_0076 (06°23'33"S, 50°19°W), 19 1 imm., 13-30/
1/2010, R. Andrade (IBSP 164982); Cave S11D_0079 (06°23'33"S, 50°18'56"W),
18, 01-14/VI1/2010, V. Felice (IBSP 164970); Cave S11D_0083 (06°23'48"S,
50°19'25"W), 19, 13-30/1/2010, I. Cizauskas (IBSP 164979); Cave S11D_0083
(06°23'48"S, 50°19'25"W), 35 59, 23/VIII/2007-14/V11/2010, R. Andrade & I.
Cizauskas et al. (IBSP 97793, IBSP 164976, IBSP 164978); Cave S11D_0085
(06°23'47"S, 50°19'24"W), 1 imm., 13-30/1/2010, J. Mascarenhas (IBSP 164980);
Cave S11D_0093 (06°23'41"S, 50°19'18"W), 19 3 imm., 01-14/VII/2010, V. Fe-
lice & J. Mascarenhas (IBSP 164966, IBSP 164972); Cave S11D_0098 (06°23'46"S,
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50°20'27"W), 1 imm., 03-19/VIII/2010, D.B. Pedroso (IBSP 164983); Cave
S11D_0107 (06°23'35"S, 50°18'45"W), 19, 30/VIII-02/1X/2011, D. Bebiano
(IBSP 191115); Cave SB-140 (06°21'05"S, 49°48'34"W), 19, 10-31/1/2013 (IBSP
191213); Cave SB-149 (06°21'04"S, 49°50'30"W), 19 3 imm., 10-1/1/2013 (IBSP
191214); Cave SB-150 (06°21'04"S, 49°50'30"W), 29 2 imm.,10-31/1/2013
(IBSP 191212); Cave SB-210 (06°20'22"S, 49°57'36"W), 19, 10-20/IX/2013,
(IBSP 19215), all collected by C.A.R. Souza & J. Mascarenhas et al.; Cave
N5SM2_0001 (06°08'33"S, 50°08'03"W), 39 14 imm. (ISLA); Cave N5SM2_0005
(06°08'28"S, 50°08'10"W), 3 imm. (ISLA); Cave N5SM2_0013 (06°08'18"S,
50°08'12"W), 1 imm. (ISLA); Cave N5SM2_0014 (06°08'20"S, 50°08'02"W), 2
imm. (ISLA); Cave N5SM2_0020 (06°08’S 50°07'53"W), 1 imm. (ISLA); Cave
N5SM2_0021 (06°08’S 50°07'53"W), 29 9 imm. (ISLA); Cave N5SM2_0022
(06°08'09"S, 50°08'09"W), 6 imm. (ISLA); Cave N5SM2_0023 (06°08'08"S,
50°08'07"W), 29 3 imm. (ISLA); Cave N5SM2_0025 (06°08'10"S, 50°08'07"W),
19 6 imm. (ISLA); Cave N5SM2_0026 (06°08'10"S, 50°08'08"W), 1 imm. (ISLA);
Cave N5SM2_0027 (06°08'06"S,50°08'12"W), 1 imm. (ISLA); Cave N5SM2_0029
(06°08'06"S, 50°08'11"W), 19 10 imm. (ISLA); Cave N5SM2_0030 (06°08'05"S,
50°08'11"W), 4 imm. (ISLA); Cave N5SM2_0031 (06°08'04"S, 50°08'10"W), 2
imm. (ISLA); Cave N5SM2_0032 (06°08'04"S, 50°08'10"W), 1 imm. (ISLA); Cave
N5SM2_0033 (06°08'04"S, 50°08'10"W), 19 2 imm. (ISLA); Cave N5SM2_0034
(06°08'03"S, 50°08'10"W), 19 7 imm. (ISLA); Cave N5SM2_0035 (06°08'03"S,
50°08'07"W), 39 3 imm. (ISLA); Cave N5SM2_0037 (6°08’S 50°08'07"W), 1
imm. (ISLA); Cave N5SM2_0038 (06°07'59"S, 50°08'07"W), 2 imm. (ISLA); Cave
N5SM2_0039 (06°07'59"S, 50°08'08"W), 2 imm. (ISLA); Cave N5SM2_0040
(06°08’S 50°08'13"W), 5 imm. (ISLA); Cave N5SM2_0041 (06° 08’S 50°08'14"W),
1 imm. (ISLA); Cave N5SM2_0043 (06°07'57"S, 50°08'12"W), 2% 5 imm. (
ISLA); Cave N5SM2_0047 (06°07'54"S, 50°08'10"W), 19 4 imm. (ISLA); Cave
N5SM2_0050 (06°07'52"S, 50°08'07"W), 1% 2 imm. (ISLA); Cave N5SM2_0052
(06°07'52"S, 50°08'07"W), 29 (ISLA); Cave N5SM2_0055 (06°07'48"S,
50°08'06"W), 6@ 12 imm. (ISLA); Cave N5SM2_0056 (06°07'48"S, 50°08'06"W/),
1 imm. (ISLA); Cave N5SM2_0057 (06°07'48"S, 50°08'07"W), 19 1 imm. (ISLA);
Cave N5SM2_0059 (06°07'47"S, 50°08'07"W), 29 2 imm. (ISLA); Cave
N5SM2_0060 (06°07'45"S, 50°08'10"W), 14 19 7 imm. (ISLA); Cave
N5SM2_0061 (06°07'44"S, 50°08'08"W), 3 imm. (ISLA); Cave N5SM2_0062
(06°07'43"S, 50°08'07"W), 7 imm. (ISLA); Cave N5SM2_0066 (06°07'42"S,
50°08'09"W), 19 7 imm. (ISLA); Cave N5SM2_0067 (06°07'41"S, 50°08'14"W/),
1 imm. (ISLA); Cave N5SM2_0070 (06°07'33"S, 50°07'56"W), 4 imm. (ISLA);
Cave N5SM2_0071 (06°07'32"S,50°07'56"W), 3 imm. (ISLA); Cave N5SM2_0072
(06°07'32"S, 50°07'56"W), 13 imm. ( ISLA); Cave N5SM2_0073 (06°07'34"S,
50°07'57"W), 2 imm. (ISLA); Cave N5SM2_0074 (06°07'33"S, 50°07'57"W), 19
1 imm. (ISLA); Cave N5SM2_0075 (06°07'33"S, 50°07'56"W), 9 imm. (ISLA);
Cave N5SM2_0075 (06°07'33"S, 50°07'56"W), 4 imm. (ISLA); Cave N5SM2_0076
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(06°07'32"S, 50°07'56"W); 1 imm. (ISLA); Cave N5SM2_0077 (06°07'30"S,
50°07'54"W), 29 2 imm. (ISLA); Cave N5SM2_0078 (06°07'24"S, 50°07'50"W),
3 imm. (ISLA); Cave N5SM2_0078 (06°07'24"S, 50°07'50"W), 2 imm (ISLA);
Cave N5SM2_0079 (06°07'24"S, 50°07'51"W), 4 imm. (ISLA); Cave N5SM2_0080
(06°07'21"S, 50°07'49"W), 79 9 imm. (ISLA); Cave N5SM2_0081 (06°07'20"S,
50°07'46"W), 14 59 4 imm. (ISLA); Cave NS5SM2_0082 (06°07'21"S,
50°07'44"W), 29 11 imm. (ISLA); Cave N5SM2_0083 (06°07'22"S, 50°07'43"W),
59 10 imm. (ISLA); Cave N5SM2_0084 (06°07'21"S, 50°07'42"W) 4 imm.
(ISLA); Cave N5SM2_0086 (06°07'18"S, 50°07'49"W), 2 imm. (ISLA); Cave
N5SM2_0090 (06°07'16"S, 50°07'47"W), 39 7 imm. (ISLA); Cave N5SM2_0091
(06°07'16"S, 50°07'47"W), 10 imm. (ISLA); Cave N5SM2_0092 (06°07'19"S,
50°07'57"W), 1 imm. (ISLA); Cave N5SM2_0097 (06°07'43"S, 50°08'10"W), 5
imm. (ISLA); Cave N5SM2_0100 (06°07'19"S, 50°07'56"W), 19 4 imm. (ISLA);
Cave N5SM2_0101 (06°07'18"S, 50°07'56"W), 2 imm. (ISLA); Cave N5SM2_0102
(06°07'19"S, 50°07'54"W), 89 20 imm (ISLA), 2007-2009, all collected by Equipe
UFLA.

Etymology. The specific name is a noun in apposition taken from the type locality.

Diagnosis. Males of Misionella carajas can be distinguished from M. aikewara by the
longer palpal tibia and shorter paraembolic lamina (Fig. 1K-L: arrow; 2B-D, 11A-B)
and from M. pallida by the narrow paraembolic lamina (Figs 1K-L: arrow; 11A-B).
Females can be recognized by the shorter and not curved spermathecae (Fig. 11C).

Description. Male (IBSP 161036). Carapace orange brown with lateral borders,
thoracic groove and ocular area black. Sternum, chelicerae and labium orange. Legs
and palp orange. Abdomen dorsally black and ventrally grayish (Figs 1A-C, E-F,
13B). Total length 4.1. Carapace 1.8 long, 1.3 wide. Eye diameters: PME 0.4, sepa-
rated by about 2 diameters. Sternum with shallow longitudinal ventral sulcus, without
sigillae. Palp: femur length 0.9, patella 0.4, tibia 1.1 long, 0.5 wide. Leg measure-
ments: I: femur 3.8, patella 0.5, tibia 3.7, metatarsus 3.3, tarsus 1.8, total 13.1; II:
3.3,0.5,3.7,2.4,0.8,10.7; I1I: 2.2, 0.4, 2.4, 2.6, 1.1, 8.7; IV: 3.1, 0.5, 3.0, 3.4, 1.4,
11.4. Metatarsus II with a pair of hirsute macrosetae (Figs 1G-I, 2A) on a cuticular
outgrowth. Abdomen 2.2 long. Palp: tibia two times longer cymbium, with membra-
nous area, cymbium short, and bulb globose and short, with elongated embolus (Figs
1K-L, 2B-D).

Female (IBSP 161040). Coloration as in male, but darker. Total length 5.6. Cara-
pace 2.3, long, 1.5 wide. Serrula with 10-11 teeth (Fig. 3D). Sternum as in male. Eye
diameters: PME 0.5, separated by about 2 diameters. Pedipalp: length 1.4, patella 0.7,
tibia 1.1, tarsus 0.4. Leg measurements: I: femur 3.1, patella 0.7, tibia 3.5, metatarsus
3.2, tarsus 1.5, total 12.0; II: 2.1, 0.7, 3.4, 2.0, 0.9, 9.1; III: 1.9, 0.6, 1.6, 1.7, 0.8,
6.6; IV: 2.6, 0.6, 2.4, 2.4, 1.0, 9.0. Legs with plumose hairs (Fig. 3C), trichobothria
elevated and smooth (Fig. 3B), paired claws with 9 teeth and unpaired claw with two
teeth (Fig. 3A) and calamistrum in three rows (Fig. 1D). Pedipalp hirsute (Fig. 1])
Abdomen 3.2 long. Posterior median spinnerets with one paracribellar gland spigot,
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along one minor ampullate gland and at least seven aciniform gland spigots (Fig. 3E).
Posterior lateral spinnerets with large paracribellar gland spigots at the margin of spin-
ning field and few aciniform gland spigots (Fig. 3F). Spermathecae with short ducts,
close at base (Figs 11C, 12 A-D)

Variation. 10 males: total length 3-4.2; carapace 1.4-1.7; femur I 2.8-4.5. 10
females: total length 4.2-6.8; carapace 1.7-2.4; femur 1 2.7-3.2.

Natural history. This species is very common in the Carajds area, where 352
adult specimens were collected. 101 males, 251 females and approximately 400
immature (only 164 included here) were sampled in 144 caves, between the years
2006-2010. The caves are formed in iron ore in areas of residual plateau, more spe-
cifically on the bases of outcrops of iron ore or ‘canga’. The ‘canga’ are usually cov-
ered by open vegetation type called ‘metalophylic vegetation’, which is characterized
by plants able to grow in soils rich in iron and other heavy metals (Pinto-da-Rocha
and Andrade 2012; Carmo and Jacobi 2013). The specimens were found in lighter
areas as well as in the darker areas of the interior of caves. They were always caught
in the refuge of their irregular webs located on the ground and/or walls of the cavities
(Figs 13A—C). Two types of refuges were found, one formed by tubes in the interior
of the guano (Fig. 13C) and other, with irregular distribution of silk, in the walls or
using the nest of wasps as substrate (Fig. 13D). The prey commonly observed were
micro-Lepidoptera of the family Tineidae (Fig. 13A) and immature of Hemiptera of
the genus Zelurus Silvestre (Reduviidae). Although the new species has been found
only inside the caves, the specimens do not show any troglomorphism, except per-
haps the elongate legs.

Distribution. The species seems to occur exclusively in caves in the region of the
Flona of Carajds, in the municipalities of Parauapebas and Canaa dos Carajis (Fig. 14).

Misionella aikewara sp. n.
http://zoobank.org/FA3E70CA-B8BC-4C93-ABBE-060356DCB449
Figs 4A-G, 11D-F, 13E, 14

Type material. Male holotype from Cave SI-07 (788310 9295476), Sao Geraldo
do Araguaia, Pard, Brazil, 31.VIII-09.IX.2009, E P. Franco et al., deposited in IBSP
191196; female paratype from Cave SI-04 (786471 9290451), Xambiod, Tocantins,
31.VIII—09.IX.2010, E P. Franco et al., deposited in IBSP 191194.

Additional material examined. BRAZIL. Pard: Sao Geraldo do Araguaia,
Cave SI-30 (783442 9304748), 1%, 31.VIII-09.1X.2010, F. P. Franco et al. (IBSP
191197); 2 imm., 22.11-02.111.2011, E. P. Franco et al. (IBSP 191199); Tocantins:
Ananis, Cave SI-13 (785816 9310724), 19, 31.VIII-09.1X.2010, F. P. Franco et al.
(IBSP 191195); Cave SI-13, 29, 27-31.1.2011 (IBSP 191198); Tocantins: Miracema
do Tocantins (09°34'02"S, 48°23'30"W), 39 1 imm., 17-25.IV.2005, 1. Knysak &
R. Martins, in a cave at night (IBSP 124517).
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Figure 4. Misionella aikewara sp. n.. Male from Sio Geraldo do Araguaia, Pard (IBSP 191196)
(A, C-G), female from Xambiod, Tocantins (IBSP 191194) (B). A=B habitus, dorsal view € male left
metatarsus II, ventral view D male left metatarsus I, retrolateral E male left palp, prolateral view F same,

retrolateral view G same, dorsal view.

Etymology. The specific name is a noun in apposition and refers to the ethnic
group of the region of Sao Geraldo do Araguaia, where the type locality is located: the
Tupi indigenous group Aikewara.

Diagnosis. Males of Misionella aikewara can be distinguished from M. carajas and
M. pallida by the shorter palpal tibia and elongated paraembolic lamina (Figs 4E-G,
11D-E). Females can be recognized by the elongated receptacles curved distally and
separated at the base (Fig. 11F).

Description. Male (holotype). Carapace orange with brown submarginal bands.
Thoracic groove and ocular area black. Chelicerae orange. Labium and endites yellowish.
Sternum yellowish with brown borders. Legs and palps orange. Abdomen dark brown
(Fig. 4A). Total length 2.7. Carapace 1.2, long, 1.0 wide. Sternum with small and shal-
low sulcus, without sigillae. Eye diameters: PME 0.4, separated by your diameters. Palp:
femur length 2.0, patella 1.0, tibia 1.2 long, 0.8 wide. Leg measurements: I: femur 2.8,
patella 0.5, tibia 1.9, metatarsus 1.8, tarsus 0.9, total 7.9; 1I: 2.0, 0.4, 2.1, 1.3, 0.6, 6.4;
III: 1.3, 0.5, 1.3, 1.3, 0.7, 5.1; IV: 2.0, 0.5, 1.9, 1.8, 0.9, 7.0. Metatarsus II with a pair
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of hirsute macrosetae (Fig. 4C-D). Abdomen 1.5 long. Palp: tibia shorter, two times the
length of cymbium, bulb globose (Fig. 4E-G).

Female (IBSP 191194, cave SI-04). Coloration pattern as in male (Fig. 4B), except
endites orange and legs darker. Total length 5.6. Carapace 2.1 long, 1.6 wide. Sternum
as in male. Eye diameters: PME 0.4, separated by 2 diameters. Palp: femur length 1.5,
patella 0.7, tibia 0.8, tarsus 0.9. Leg measurements: I: femur 2.9, patella 0.9, tibia 3.0,
metatarsus 2.8, tarsus 1.2, total 10.8; II: 2.1, 0.7, 2.0, 1.8, 0.9, 7.5; III: 1.8, 0.7, 1.4,
1.5, 0.8, 6.2; IV: 2.0, 0.8, 2.1, 2.0, 0.9, 7.8. Abdomen 3.2 long. Spermathecae with
elongated ducts and curved apex (Fig. 11F).

Variation. 5 females: total length 3-4.5; carapace 1.4-2; femur I 1.7-2.2.

Natural history. Eleven specimens were collected, only one male, eight females
and two immature, in four limestone caves located in municipalities very close to the
border of the states of Pard and Tocantins (Fig. 14). In general, the walls of the caves
had high humidity with pools and/or running water therein. These caves have high
number of micro-habitats such as roots, guano and crevices. The specimens of M. ai-
kewara sp. n. were located in lighter areas as well as in the darker areas of the interior
of caves. The webs are irregular, as in Misionella carajas sp. n., and the capture was
always performed in the refuge of their webs located on the walls and cracks in the
cavity (Fig. 13E). All specimens were found inside caves and do not show any kind of
troglomorphism.

Distribution. This species occurs only in the region of the State Park of Serra das
Andorinhas, in states of Pard and Tocantins (Fig. 14).

Misionella pallida sp. n.
http://zoobank.org/39C0C8CD-8EF0-4507-96E4-CC643E479536
Figs 5SA—H, 6A-D, 7A-E, 8A-D, 9A-F, 10A-F, 11G-I, 12B-D, 13E, 14

Type material. Male holotype from Bairro Morada do Sol (5°3'56"S, 42°46'1,02"W),
Teresina, Piaui, Brazil, 30.1.2006, L.S. Carvalho col., deposited in MPEG 22760. Para-
types: two females from Parque Nacional de Sete Cidades (4°5'39,9"S, 41°43'53,3"W)),
Brasileira/Piracura, Piaui, Brazil, 3.XI1.2006, L.S. Carvalho, D. Candiani & N.F.L.
Man Hung col., deposited in MPEG 22748; male and female from Parque Muni-
cipal Pedra do Castelo (5°12'5,9"S, 41°41'14,2"W), Castelo do Piaui, Piaui, Brazil,
9.V.2004, L.S. Carvalho et al. col. deposited in CHNUFPI 604 and 605, respectively;
male from Bairro Morada do Sol, Teresina, Piaui, Brazil (into a house), 5°3'56"S,
42°46'1"W, 15.X.2015, L.S. Carvalho col. (CHNUFPI 1624); male and female from
Mossoré (5°11'16"S, 37°20'38"W), Rio Grande do Norte, Brazil, 29.X.2007, I.T.
Rocha & D. Araujo col. (IBSP 91662, IBSP 91663).

Additional material examined. BRAZIL. Piaus: José de Freitas, Fazenda Nazareth
(4°45'21"S, 42°34'33"W), 14 12 2 imm, 12.X.2003, J. Riceti (MPEG 22747); Fran-
cindpolis, Sitio Vigdrio (6°23'46"S, 42°15'44.82"W), 19, 7.1V.2007, E.B.O Marques
(MPEG 22749); Qeiras (7°01'30"S, 42°07'51"W), 13 2 imm, 3.V1.2008, Yamaguti
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Figure 5. Misionella pallida sp. n.. A, G=H Male from Bairro Morada do Sol, Teresina, Piaui (UFMG
14827) D-F Sitio Ouro Verde, Unido, Piaui (CHNUFPI 1099) B—C female from Parque Nacional
Serra da Capivara, Coronel José Dias, Piauf (UFMG 14829). A-B habitus, dorsal view € habitus, lateral
view D male right leg II, ventral view E same, retrolateral view F same, dorsal view G male right palp,
prolateral view H same, distal area (mirrored). Scale bars: 1 mm (A=C), 0.5 mm (D-F), 0.1 mm (G-H).

(MPEG 22755; MPEG 22751); Teresina, Campus UFPI, CCA (5°3'56"S, 42°46’W),
14, 2.111.2007, L.S. Carvalho (MPEG 22753); Teresina, Bairro Sio Joaquim, 7° DP
(5°3'56"S, 42°46"W), 23, 22.1.2007, S.C. Carvalho (1 &, SEM; MPEG 22756); Te-
resina, Bairro Morada do Sol (5°3'56"S, 42°46'1,02"W), 19 1 imm., 11.VIL.2007,
L.S. Carvalho (MPEG 22746); 18 12, 4.X.2013, L.S. Carvalho (CHNUFPI 601);
18, 1.2014, L.S. Carvalho (UFMG 14827; UFMG 14829); Brasileira/Piracura, Par-
que Nacional Sete Cidades (4°5'39,9"S, 41°43'53,3"W), 1 imm., 25.V1.2007 (MPEG
22757); 19, 03.XI1.2006 (MPEG 22752); 1 imm., 31.1.2007 (MPEG 22761); 1
imm., 31.1.2007 (MPEG 22754), all collected by L.S. Carvalho, D. Candiani & N.F.
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UE L
Figure 6. SEM images of Misionella pallida sp. n., male from Floriano, Piaui, Brasil (UFMG 14828)
A male right palp, prolateral view B same, retrolateral view € same, prolateral view, detail of right bulb
(inset embolus and PL, dorsal) D same, right cymbium, dorsal view. Abbreviations: Cy = cymbium, E =
embolus, PH = plumose setae, PL = paraembolic lamina, Ti = palpal tibia. Scale bars: 0.1 mm, except
inset, 0.01 mm.

Lo Man Hung; Coronel José Dias, Parque Nacional da Serra da Capivara (08°53'07"S,
42°33'12"W), 19, 07/V1/2012, L.S. Carvalho (UFMG 14829); Castelo do Piaui,
Fazenda Bonito, E.C.B. Rochas Ornamentais (5°14'7,5"S, 41°41'16,3"W), 27,
13.VII1.2008, L.S. Carvalho (MPEG 22745; MPEG 22759); Castelo do Piaui, Parque
Municipal Pedra do Castelo (5°12'5,9"S, 41°41'14,2"W), 23 113 1 imm., 9.V.2003,
L.S. Carvalho et al. (UFMG 14384-14394; UFMG 14387; CHNUFPI 602; CHNU-
FPI 603); Uniao, Sitio Ouro Verde (04°54'14"S, 42°47'21"W), 13, 25/V/2014, L.S.
Carvalho (CHNUEFPI 1099); Floriano, campus da UFPI (06°47'29"S, 43°2'50"W),
4/1X/2013, L.S. Carvalho, 18 (UEMG 14828). Maranhdio: Caxias, Reserva Ecol6gi-
ca do Inhamum (04°53'30"S, 43°24'53"W), 30, 23-26.1V.2007, E.B. Lima-Loba-
to (IBSP 129097; IBSP 131101; IBSP 131029; IBSP 129092; IBSP 129088; IBSP
131024; IBSP 129093; IBSP 129095; IBSP 130967; IBSP 131022; IBSP 99121;
IBSP 98671; IBSP 131027; IBSP 131025; IBSP 129090, IBSP 98670); Rio Grande
do Norte: Mossor6 (5°11'16"S, 37°20'38"W), 19, 29.X.2008, I.'T. Rocha & D. Arau-
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Figure 7. SEM images of Misionella pallida sp. n., male from Bairro Morada do Sol, Teresina, Piaui
(UFMG 14827), A left leg II, retrolateral view B same, detail of macrosetae, retrolateral view. Arrow

points to spines. € same, dorsal view. Arrow points to macrosetae D same, detail of macrosetae, subven-
tral view E same, metatarsus stopper, dorsal view (inset, tricobothrial base). Scale bars: 0.1 mm (A-C),
0.05 mm (D), 0.02 mm (E).

jo (IBSP 91661). Bahia: Brumado, Magnesita (14°12'14"S, 41°39'55"W), 19, E.A.
Aratjo, 02-3/V/2014 (UFMG 15513).

Etymology. The name is an adjective referring to the pale coloration of the body
in both males and females of this species.

Diagnosis. Misionella pallida can be distinguished from other Misionella species
by the pale coloration of the body. Males are further distinguished by the large and
flattened paraembolic lamina (Figs 5G-H, 6A-E: PL, 11G-H). Females can be rec-
ognized by the long, distally incrassate, and largely separated distal area of the sper-
mathecae (Fig. 111).
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Figure 8. SEM images of Misionella pallida sp. n., female from Parque Municipal Pedra do Castelo,
Castelo do Piaui, Piaui (UFMG 14385) A spermathecae, dorsal view B same, lateroventral view € same,
anteroventral view D same, anteroventral (inset: detail of pores with filamentous gland). Scale bars:

0.1 mm (A=C), 0.02 mm (D).

Description. Male (MPEG 22756). Carapace orange with thoracic groove, lat-
eral stripes and border black. Ocular area black. Chelicerae and labium orange. En-
dites and sternum cream. Legs and palps orange. Abdomen dorsally greyish, with grey
stripes in the anterior border, and ventrally cream (Fig. 5A). Total length 3.0. Cara-
pace 1.3 long, 1.0 wide. Sternum with small and shallow sulcus, without sigillae. Eye
diameters: PME 0.4, separated by about four diameters. Pedipalp: femur length 0.9,
patella 0.3, tibia 0.5 long, 0.3 wide. Leg measurements: I: femur 2.5, patella 1.0, tibia
3.0, metatarsus 2.3, tarsus 1.1, total 9.9; II: 1.8, 0.5, 2.0, 1.2, 0.5, 6.0; III: 1.3, 0.4,
1.0, 1.1, 0.4, 4.2; IV: 1.9, 1.0, 2.0, 1.7, 0.6, 7.2. Metatarsus II with a pair of hirsute
macrosetae (Figs 5SD-F, 7A-D). Abdomen 1.7 long, epiandrous area with at least 15
fusules (Fig. 9A). Cribellum divided and smooth (Fig. 9B). Spinnerets: ALS with one
major ampullate gland spigot and at least 20 piriform gland spigots, PMS with one
minor ampullate gland spigot, two aciniform gland spigots and one elongated parac-
ribellar gland spigot, PLS with one paracribellar gland spigot and two aciniform gland
spigots (Fig. 9B, D—F). Palp: tibia elongated, short cimbyum, bulb globose, with large
and flattened paraembolic lamina (Figs 5G-H, 6A-E, 7A-E, 11G-H).
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Figure 9. SEM images of Misionella pallida sp. n., male from Floriano, Piaui, Brasil (UFMG 14828) A epi-
andrium, ventral view B spinnerets, ventral view C cribellum, ventral view D spinnerets, left ALS, ventral
view E PMS, ventral view F left PLS, ventral view. Abbreviations: Ac = aciniform gland spigots, ALS = ante-
rior lateral spinnerets, AT = anal tubercle, Cr = cribellum, MAP = major ampullate gland spigot, mAP = minor
ampullate gland spigot, PC = paracribellar gland spigot, Pi = piriform gland spigot, PLS = posterior lateral
spinnerets, PMS = posterior median spinnerets. Scale bars: 0.02 mm (A, C), 0.1 mm (B), 0.01 mm (D-F).

Female (MPEG 22748). Coloration as in male, except pedipalp red brown and ab-
domen greenish gray with anterior dorsal border black (Fig. 5B—C). Total length 4.0.
Carapace 1.7 long, 1.2 wide. Sternum as in male. Eye diameters: PME 0.4, separated
by about 2 diameters. Pedipalp: femur length 1.1, patella 0.5, tibia 0.7, tarsus 0.3. Leg
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Figure 10. SEM images of Misionella pallida sp. n., female from Parque Municipal Pedra do Castelo,
Castelo do Piauf, Piaul (UFMG 14385) A spinnerets, ventral view B same, cribellum and left ALS, ven-
tral view. Arrow points to row of setae on ALS, characteristic of filistatids € same, cribellar spigots, ventral
view D same, right ALS, ventral view E PMS, ventral view F right PLS, ventral view. Abbreviations: Ac =
aciniform gland spigots, ALS = anterior lateral spinnerets, Cr = cribellum, MAP = major ampullate gland
spigot, mAP = minor ampullate gland spigot, PC = paracribellar gland spigot, Pi = piriform gland spigot,
PLS = posterior lateral spinnerets, PMS = posterior median spinnerets. Scale bars: 0.02 mm (A-B),
0.01 mm (C-D, F), 0.05 mm (E).
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Figure | 1. Misionella carajas sp. n., male and female from Cave N5S_0059, Flona Carajds, Parauapebas,
Pard (IBSP 161040) (A—C) Misionella aikewara sp. n., male from Sio Geraldo do Araguaia, Pard (IBSP
191196) (E), female from Xambiod, Tocantins (IBSP 191194) (F). Misionella pallida sp. n. , male and
female from Bairro Sao Joaquim, Teresina, Piaui (MPEG 22756) (G-l). A-B male palp. A prolateral
view B retrolateral view € spermathecae, dorsal view D—E male palp, prolateral view E retrolateral view
F spermathecae, dorsal view G=H male palp G prolateral view H retrolateral view | spermathecae, dorsal
view. Scale bars: 0.1 mm(A=B, D=E, G=H), 0.02 mm (C, F, I).



92 Antonio D. Brescovit et al. / ZooKeys 589: 71-96 (2016)

Figure 12. Spermathecae, dorsal view, latic acid cleared. A Misionella carajas sp. n., female from Cave
N4E_0079, Flona Carajds, Parauapebas, Pard (IBSP 166200) B Misionella pallida sp. n., female from
Parque Nacional das Sete Cidades, Piracuruca, Piaui (MPEG 22752) C-D same species, variation, female
from Magnesita, Brumado, Bahia (UFMG 15513). Scale bars: 0.05 mm (A, D), 0.1 mm (B-C).

measurements: I: femur 1.8, patella 0.5, tibia 2.1, metatarsus 1.4, tarsus 1.0, total 6.8;
II: 1.4, 0.5, 1.2, 1.0, 0.6, 4.7; 11I: 1.2, 0.4, 0.9, 1.0, 0.5, 4.0; [V: 1.7, 0.5, 1.5, 1.3,
0.6, 5.6. Abdomen 2.4 long. Cribellum as in male, but more numerous spigots (Fig.
10B-C). Spinnerets: ALS as in male, PMS with one minor ampullate gland spigot, at
least one aciniform gland spigots and one elongated paracribellar gland spigot, PLS
with one paracribellar gland spigot and four aciniform gland spigots (Fig. 10A, D-F).
Spermathecae curved at tip with elongated ducts (Figs 8A-D, 111).

Variation. 103 total length 1.9-2.8; carapace 1-1.3; femur I 1.4-2.6; 10%: total
length 3.8-4.2; carapace 1.6-1.8; femur I 1.8-2.1.

Natural history. This species has been collected several times in both natural and
synanthropic habitats in northeastern Brazil. The species seems to naturally occur in
Caatinga vegetation, a type of seasonally dry tropical forest. In synanthropic condi-
tions, females can be found in their webs in the corners and cracks of windows and
doors (L.S. Carvalho, pers. comm.). Males have been collected in pitfall traps in Caxi-
as, in the state of Maranhio.

Distribution. Known from Northeastern Brazil (Fig. 14).
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Figure 13. Misionella carajas sp. n. (A=D), A capturing a Tineidae (Lepidoptera) B male, dorsal view
C soil web in bat guano D female living in nests of wasps (Hymenoptera); M. aikewara sp. n. E refuge
formed the web in the wall of cave F M. pallida sp. n., female, dorsal view.
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& M. aikewara Lot ® M, pallida

M. carajas

Parauapebas

FLONA CARAJAS

Canzd dos Carajds

Figure 14. Map showing records of the three new Misionella species in Brazil. Green diamond = M.
carajas sp. n., yellow diamond = M. aikewara sp. n., red diamond = M. pallida sp. n.
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Discussion

Phylogenetic placement. The three new species herein described superficially resem-
ble Filistatoides EO. Pickard-Cambridge due to the elongate palps and bulbs, and by
the female genitalia with a single pair of spermathecae (see Gray 1995; Ramirez and
Grismado 1997). However, they share two derived states with the South American
genera Pikelinia and Misionella: the cymbium fused to the tegulum (Fig. 6C, D) and
the second metatarsus of males modified and bearing retrolateral macrosetae (Figs 1G—
I, 2A, 4C-D, 5D-F, 7). Currently, Misionella is defined by the presence of a modi-
fied metatarsus II combined with the absence of a tibial apophysis in the male palp
(Ramirez and Grismado 1997), both characters being present in the three new species.
However, several undescribed filistatid species not treated here have intermediate mor-
phologies between Misionella and Pikelinia (Magalhaes, unpublished data), blurring
the limits between the two genera. The three species newly described apparently form a
monophyletic group, supported by the unilobulate spermathecae, long bulbs, and the
absence of pigment rings in the legs. Their placement in Misionella is not satisfactory,
and a new genus could be proposed. However, as stressed above, the limits between
South American filistatid genera are currently somewhat dubious, and several genus-
defining characters are apparently homoplastic. A new phylogenetic analysis of the
Filistatidae is in progress by the second author, and we think it is more prudent not to
erect a new genus at the moment.

Biogeography. Filistatids are known to occur mainly in arid and semi-arid en-
vironments. To date, Misionella have been an exception as they seem to prefer more
humid habits: M. mendensis occurs in the Cerrado (a savannah) and the Atlantic For-
est, and M. jaminawa is Amazonian (Ramirez and Grismado 1997; Grismado and
Ramirez 2000). On the other hand, Misionella pallida sp. n. seems to be restricted to
the western border of the Caatinga, a seasonally dry tropical forest with a semi-arid cli-
mate (Pennington et al. 2000). Misionella carajas sp. n. and M. aikewara sp. n. occur in
the humid Amazon, but they are restricted to caves. Caves often have different micro-
climatic conditions than the surroundings, and sometimes harbor relict species (e.g
Malek-Hosseini et al. 2015). It has been hypothesized that the limits of the seasonally
dry tropical forests of Brazil have changed in response to recent climatic fluctuations
(Pennington et al. 2000; Magalhaes et al. 2014). Thus, it can be hypothesized that the
ancestors of M. carajas sp. n. and M. aikewara sp. n. also lived in dry conditions, and
that they reached their current distribution during an event of expansion of the dry
forests, being subsequently ‘trapped’ in the caves as the dry forests receded. A dated
phylogeny of South American prithine would help shed some light on these questions.
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Abstract

Myrmecophilus americanus and M. albicinctus are typical myrmecophilous insects living inside ant nests.
These species are ecologically important due to the obligate association with tramp ant species, includ-
ing harmful invasive ant species. However, the taxonomy of these “white-banded ant crickets” is quite
confused owing to a scarcity of useful external morphological characteristics. Recently, M. albicinctus was
synonymized with M. americanus regardless of the apparent host use difference. To clarify taxonomical
relationship between M. albicinctus and M. albicinctus, we reexamined morphological characteristics of
both species mainly in the viewpoint of anatomy. Observation of genitalia parts, together with a few
external body parts, revealed that M. albicinctus showed different tendency from them of M. americanus.
Therefore, we recover M. albicinctus as a distinct species on the basis of the morphology.
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Introduction

Myrmecophilus (Myrmophilina) americanus Saussure, 1877 (Orthoptera: Myrmecophi-
lidae) (Figs 1a, 2a) is a typical example of an ant guest that lives inside ant nests. This
species, similar to its congeners, eats food found inside the ant nest, either by itself or via
mouth-to-mouth feeding by the ants (Wetterer and Hugel 2008). Its body color is to-
tally black except for a single white band on the mesonotum. Myrmecophilus americanus
was first described on the basis of a single female specimen collected in Colombia (Saus-
sure 1877). The species is currently known to be distributed across tropical Asia, includ-
ing on small islands, northern Africa, and the Neotropics (Wetterer and Hugel 2008).
Its host-ant-species specificity is quite high; it has been collected exclusively (Wetterer
and Hugel 2008) from nests of the longhorn crazy ant, Paratrechina longicornis (La-
treille 1802). Because of its broad distribution, however, specimens of M. americanus
from several localities have been given different species names. For example, Wasmann
(1905) described M. prenolepidis from India, and Gorochov (1994) described M. (Eu-
myrmecophilus) microscopicus from Seychelles, but both these species have since been
synonymized with M. americanus, the former by Schimmer (1909) and the latter by
Hugel (2006). On the other hands, Ebner (1956) described M. robustus from Egypt
though it has been also synonymized with M. americanus by Chopard (1968).
Myrmecophilus albicinctus (Chopard 1924) (Figs 1b, 2b) was first described on
the basis of four females (the holotype and three paratypes) collected from India, but
Ingrisch (2010) considered this species to be indistinguishable from M. americanus due

Figure 1. Specimens of the two Myrmecaphilus species in dorsal view: M. americanus (a) and M. albicinc-
tus (b).
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Figure 2. Specimens (same as those shown in Fig. 1) of the two Myrmecophilus species in lateral view:
M. americanus (@) and M. albicinctus (b).
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Table 1. Past literatures including host ant record of Myrmecophilus americanus and M. albicinctus. For
records of M. americanus, Wetterer and Hugel (2008) have written up in detail.

Recorded species Host ant species Author
Myrmecophilus prenolepidis Prenolepis (= Paratrechina) longicornis Wasmann (1905)
Myrmecophilus albicincta (=albicinctus) Camponotus mitis Chopard (1924)
Myrmecophilus robustus Camponotus sp. Ebner (1956)
Myrmecophilus albicinctus Anoplolepis gracilipes Ichikawa et al. 2000
Myrmecophilus microscopicus Paratrechina longicornis Hugel and Blard (2005)

Anoplolepis gracilipes, Pheidole spp. (the
latter is quite rare case)
Paratrechina longicornis, Camponotus sp.
(the latter is only single record)

Myrmecophilus albicinctus Maruyama (2006)

Myrmecophilus americanus Wetterer and Hugel (2008)

Myrmecophilus albicinctus Anoplolepis gracilipes Komatsu et al. (2009)
Myrmecophilus albicinctus Anoplolepis gracilipes Murai and Ito (2011)
Myrmecophilus americanus Paratrechina longicornis Wetterer and Hugel 2014

to the similarity of their morphological characteristics. In contrast to M. americanus,
however, M. albicinctus is known from only tropical Asia, including small islands
(Maruyama 2006, Murai and Ito 2011). Moreover, recent studies have indicated that
it is exclusively found in nests of the yellow crazy ant, Anoplolepis gracilipes (Maruyama
2006, Komatsu et al. 2009, Murai and Ito 2011), although the holotype specimen
was collected from a Camponotus mitis nest (Chopard 1924). Laboratory experiments
have shown that, from the perspective of behavioral ecology, M. albicinctus is closely
dependent on A. gracilipes (Komatsu et al. 2009). With regard to the taxonomy of
this species, Ichikawa (2001), independently of Hugel and Blard (2005) and Hugel
(2006), synonymized M. microscopicus with M. albicinctus. Thus, the taxonomic status
of M. americanus and M. albicinctus is quite confused (Ingrisch 2010). The host ant
species of both M. americanus and M. albicinctus are well-known tramp ants, and A.
gracilipes in particular is known to be a highly destructive invasive species. From the
viewpoint of pest control, therefore, the taxonomy of parasites and myrmecophilous
insects associated with this invasive ant species is of fundamental interest.

Recently, Ingrisch (2010) synonymized M. albicinctus with M. americanus because
no morphological characteristic except body size was found to clearly distinguish them.
However, we have previously suggested, following Wetterer and Hugel (2008), that
each of these two species depends strictly on a different host ant species, and, moreover,
we showed by a preliminary molecular phylogenetic analysis that they can be genetically
differentiated (Komatsu et al. 2009, Komatsu et al. unpublished). In addition, we have
found clear morphological differences between these two Myrmecophilus species.

For recovery of ”Myrmecophilus albicinctus”, there is problem of validity to use the
name toward the species. As above mentioned, M. albicinctus have once synonymized
with M. americanus. In addition, there is an older synonym of M. americanus; that is, M.
prenolepidis. Under normal circumstances, it should be used the name of M. prenolepidis
toward the recovered species. However, M. prenolepidis was described on the basis of
specimens collected from nest of Prenolepis longicornis (Roger, 1863) that is synonymized
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as Paratrechina longicornis (Emery 1925). The host specificity of M. albicinctus toward A.
gracilipes is strong in principle so it is unlikely that it is collected from nests of P. longi-
cornis. Given this, the specimens that formerly regards as M. prenolepidis can be regarded
as not M. albicinctus but M. americanus which we call in present paper. Therefore, we
apply the name of M. albicinctus for the recovered species. A series of old and recent host
ant species records for M. americanus and M. albicinctus are listed in Table 1.

Methods

Sampling

Field sampling of Myrmecophilus americanus and M. albicinctus in the Ryukyu Islands
and in southeast Asia was conducted from 2005 to 2015. Ant crickets were collected
from nests of Anoplolepis gracilipes and Paratrechina longicornis by locating nest entranc-
es, turning over stones, or breaking up decayed logs and stumps. Whenever ant crickets
were found, as many as possible were collected and preserved in absolute alcohol.

Examination of samples

One of us (TK) examined specimens that he collected or were collected by colleagues.
In addition, he visited the Muséum national d’'Histoire naturelle (MNHN) to examine
both type specimens (M. americanus and M. albicinctus).

The collected ethanol-preserved specimens were used for morphological observation.
Specimens were dissected to observe their genitalia (abdominal terminalia). Each specimen
was softened before dissection by warming (60 °C for 30—60 min) it in a small ceramic
bowl (2.5 cm in diameter) with a small amount of water. Then, the specimen was dissected
in water at high magnification under a stereomicroscope (Olympus SZ-40, x6.7-80). The
abdominal apex was removed from each specimen and dissected. Body parts were soaked in
awarm 5-8% solution of potassium chloride (60 °C, 20~60 min), cleaned in 30% ethanol
(5 min), and dehydrated in 99% ethanol (5 min). The dehydrated materials were mounted
in Euparal (Chroma-Gesellschaft) on glass slides for detailed observation.

Results

Taxonomy
Myrmecophilus (Myrmophilina) americanus Saussure, 1877

Material examined. 33 and 19, collected from 50 Ngamwongwan Rd. ChatuChak
Bangkok, Thailand, 6-X-2007, Komatsu T.; 19, Plot 256, Tingkat Perusahaan 5, Ka-
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Db.

Figure 3. Type specimens: M. americanus (a) and M. albicinctus (b).

wasan Perindustrian Perai 2, Perai, Penang, Malaysia, 28-1-2011, Sumino T;; 19, An-
dalas University, JI. Limau Manis, Kecamatan Pauh, Padang, Sumatera Barat 25163,
Indonesia, 27-X1-2013, Komatsu T; 15, Lembaga Ilmu Pengetahuan Indonesia, JL.
Raya Jakarta Bogor km 46, Cibinong 16911, Indonesia, 20 VI 2013, Komatsu T.

Type material. Syntype 19: Barkuda Id., Chilka Lake, Ganjam dist., Madras
Pres. 4-19-1919. F. H. Gravery, Zool. Surv. Ind. (MNHN) (Fig. 3a)

Diagnosis. Hind tarsus is relatively short (less than 1 mm, Fig. 4a); male phallic
complex with pseudepiphallic ancorae short and roughly rounded with no dorsal
branch. Ventral appendage of pseudepiphallic ancora somewhat predominant with
both ends roughly square (Fig. 4b); male tenth abdominal tergite bituberculate, with
scarce hair but without long strong spines (Fig. 4c); female ovipositor notably short and
spoon-shaped in lateral view. Apical valves on both dorsal and ventral margins rounded,
more than in other Myrmecophilus species (both M. americanus and M. albicinctus have
rounded valves, with those of latter being more rounded) (Fig. 4d, ).

Myrmecophilus albicinctus Chopard, 1924, sp. rev.

Material examined. 12, collected from Koshidake, Theya-jima, Okinawa, Japan, 5-IV-
1996, Inada S.; 28, Gusukube-sunagawa, Miyakojima-shi, Miyako-jima, Okinawa, Ja-
pan, 8-VI-1996, Inada S.; 13 and 19, collected from Urasoe, Okinawa-jima, Okinawa,
Japan, 24-VI1-2007, Komatsu T.; 33 and 19, Yona, Kunigami-son, Okinawa-jima, Ok-
inawa, Japan, 6-VIII-2007, Komatsu T.; 2%, Field Studies Centre of the University of
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Figure 4. Myrmecophilus americanus. Hind tibia and tarsus, male inferior view (a); male pseudepiphallic
ancora (b); male abdominal apex showing tubercles of the last abdominal tergite (c); female ovipositor,

lateral view, dorsal margin (d); female ovipositor, lateral view, ventral margin (e).

Malaya, Ulu Gombak, Selangor, Malaysia, 25-X-2012, Komatsu T.; 39, Bogor Botanical
Gardens, Jalan Ir. Haji Juanda No.13, 16122, Indonesia, 22-XI-2013, Komatsu M.; 13,
Andalas University, J1. Limau Manis, Kecamatan Pauh, Padang, Sumatera Barat 25163,
Indonesia, 1-XI1-2013, Komatsu M; 1&, 16 km Point, Kaeng Krachan National Park,
Phetchaburi, Thailand, 28-VI-2014, Komatsu T.; 43 and 29, Jalan Universiti, 50603
Kuala Lumpur, Wilayah Persekutuan Kuala Lumpur, Malaysia, 28-X1-2005, Komatsu
T.;28 and 19, Daruma-yama, Kume-jima, Okinawa, Japan, 9-XII-2014, Komatsu T.

Type material. Paratype 2329: Pattambi, Molabas Dist., F. H. Gravely V. 30
and Anoplolepis longipes. (Fig. 3b).
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Figure 5. M. albicinctus. Hind tibia and tarsus, male inferior view (a); male pseudepiphallic ancora (b);
male abdominal apex showing tubercles of the last abdominal tergite (c); female ovipositor, side view,
dorsal margin (d); female ovipositor, side view, ventral margin (e).

Diagnosis. Hind tarsus is relatively long (more than 1 mm, Fig. 5a); male phallic
complex with pseudepiphallic ancorae straightly elongate with no dorsal branch. Ven-
tral appendage of pseudepiphallic ancora considerably reduced with both ends angular
(Fig. 5b); male tenth abdominal tergite bituberculate, with rich hair and long strong
spines (Fig. 5¢); female ovipositor closely resembles that of M. americanus, except the
apical valve on the dorsal margin is more rounded in lateral view (Fig. 5d, ).
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Remark. This species can be clearly discriminated from M. americanus on the basis
of the described diagnostic characteristics. Therefore, we recognize M. albicinctus as a
distinct species.

Discussion

With regard to the taxonomy of Myrmecophilus ant crickets, Ingrisch (2010) has stated
that better characteristics than host specificity are needed to differentiate species. In
fact, some species of Myrmecophilus are host-generalists and do not show any apparent
host specificity (Komatsu et al. 2009) whereas other Myrmecophilus species, including
M. americanus and M. albicinctus, are characterized by strict host-species specificity
(Wetterer and Hugel 2008; Komatsu et al. 2009). It has been suggested that host-
species differentiation is one cause of speciation (Schénrogge et al. 2002, Ugelvig et al.
2011). Given the similarities of M. americanus and M. albicinctus, they may represent
a transitional phase of speciation via host switching.
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Abstract

Three new species of Osmylus Latreille are described from China: Osmylus maoershanicola sp. n., Osmylus
shaanxiensis sp. n. and Osmylus angustimarginatus sp. n. These new species are distinguishable from other
related species by the shape of the 9 tergite of both sexes, as well as the shape of gonarcus, mediuncus and

spermatheca. A key is given to differentiate Palacarctic and Oriental species of Osmylus.

Keywords
New species, Oriental region, Osmylidae, Osmylus, Palacarctic region

Introduction

The genus Osmylus Latreille (Osmylidae: Osmylinae) contains 21 species distributed
in the Palaearctic and Oriental regions, 20 species of which are distributed in Asia
and only one, O. fulvicephalus, which is widespread in Europe (Banks 1947, Canbulat
2013, Iwata 1928, Kozhanchikov 1951, Kriiger 1912, 1913, Makarkin 1985, McLa-
chlan 1870, 1875, Nakahara 1914, New 1991, Yang 1987, 1988, 1997, 1999). The

first Osmylus species of the Chinese fauna, Osmylus (Lysmus) oberthurinus, was described

Copyright Han Xu et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Figure 1. Distribution of Osmylus in China. ¢=0. angustimarginatus sp. n.; A = O. biangulus; ¥V =
O. bipapillatus; = O. conanus; * = O. fuberosus; @ = O. lucalatus; A = O. maoershanicola sp. n.; &
= O. megistus; O = O. minisculus; O = O. shaanxiensis sp. n.; QO = O. taiwanensis; ® = O. wuyishanus; >

= O. xizangensis.

by Navis (1910) and then 12 species described successively by Banks (1947), Yang
(1987, 1988, 1997, 1999) and Wang and Liu (2010), with higher diversity in Tibet
(four species) and Shaanxi Province (four species) (Fig. 1).

The biology of osmylids is still poorly known. Osmylus is known to be univoltine
and adults feed as generalists on fungal spores, pollen, algae, mites and insects; they
sit temporarily on foliage of plants along streams or river banks in daytime (Devetak
2007, Gepp 1976, Withycombe 1923). The biology of larvae remains controversial.
Latreille (1805) and Stein (1838) deduced that the larvae of Osmylus are aquatic. How-
ever, Stitz (1936) and Eisner (1989) reported correctly that the larvae simply live in the
water margin (the riparian interface) but cannot survive submersion. Accordingly, the
larvae should definitely be regarded as terrestrial.

Materials and methods

The specimens in this study were examined under an Optec SZ760 stereomicroscope
with direct light. The terminal of abdomens were removed and soaked in the 10%
NaOH for boiling water bath and stored in a glycerin-filled micro-vial mounted on
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the pin beneath specimen. The terminology for wing venation and genitalia follows
New (1983), Adams (1969) and New (1983). All type specimens are deposited in the
Entomological Museum of China Agricultural University (CAU), Beijing,.

Taxonomy

Genus Osmylus Latreille

Osmylus Latreille, 1802: 289. Type species: Hemerobius fulvicephalus Scopoli, 1763: 270.
Dictyosmylus Navis, 1910: 189. Type species: Dictyosmylus lunatus Navds, 1910: 189,
by monotypy.

Diagnosis. Moderate to large body size (body length 15-20 mm); forewing generally
large and broad (length 20-30 mm), with numerous fragmentary marks; two nygmata
present at the center and the proximal base of wing between MP and Rs; veins dark
brown; costal cross-veins generally bifurcate distally, without interlinking veinlets; cross-
veins among branches of Rs forming at least two series of gradates; MP forked close to
the base, MP, with many branches. The hindwing resembles the forewing in shape,
but with fewer spots. The 9" tergite has variably-shaped dorsal process. Genitalia are
composed of a gonarcus and a mediuncus; the gonarcus is variable in shape, consisting
of a sclerotized and pilose external section posteriorly with a lightly sclerotized anterior-
lateral section, the latter laterally with an anterior rod shaped process (i.e., baculum of
some authors) which is sometimes articulated. The mediuncus (i.e., parameres of some
authors) is curved with a fused base (although the shape is variable in O. pachycaundatus).
The mediuncus is subtended laterally by the rod-shaped, paired parameres (i.e., subar-
cus of other authors) that are not fused anteriorly. The female 9™ tergite occasionally has
a ventral process, the gonapophysis lateralis is generally finger-like and articulated with
stylus distally, and the spermatheca is either oval or cylindrical in shape.

Included species. Osmylus angustimarginatus sp. n., O. biangulus Wang & Liu,
O. bipapillatus Wang & Liu, O. cilicicus Krtiger, O. conanus Yang, O. decoratus Naka-
hara, O. fuberosus Yang, O. fulvicephalus (Scopoli), O. gussakovskii Kozhanchikov, O.
hyalinatus McLachlan, O. kisoensis Iwata, O. lucalatus Wang, O. maoershanicola sp. n.,
O. megistus Yang, O. minisculus Yang, O. multiguttatus McLachlan, O. pachycaudatus
Wang, O. posticatus Banks, O. pryeri McLachlan, O. shaanxiensis sp. n., O. taiwanensis
New, O. tessellatus McLachlan, O. wuyishanus Yang, O. xizangensis Yang.

Comments. Osmylus has been often confused with three other genera, Grandos-
mylus Makarkin, 1985, Parosmylus Needham, 1909 and Plethosmylus Kriiger, 1913.
Banks (1913) advanced that Parosmylus should be a junior synonym of Osmylus be-
cause the spur on the coxa in Parosmylus is also present in some species of Osmylus.
Kriiger (1913) erected the genus Plethosmylus based on venation characters (presence
of interlink veinlets between costal cross-veins). Nakahara (1914) considered the opin-
ion of Kriiger subjective and synonymized the latter genus. Kuwayama (1953, 1962)
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again separated Plethosmylus, differentiating it from Osmylus by the presence of inter-
linking veinlets among the costal and two basal Rs-Mp cross-veins before the proximal
nygma. However, Makarkin (1985) revised the status of Plethosmylus, synonymizing
it with Osmylus and establishing a new subgenus Plesiosmylus within Osmylus. He also
established a new genus Grandosmylus, separated from Osmylus by the irregular gra-
date cross-veins and the shape of 9* sternite in males and 8" sternite in females; this
opinion was accepted by Sekimoto (2011) in his revision of Japanese Osmylus. The
relationship among Grandosmylus, Parosmylus and Plethosmylus remains unclear. Wang
and Liu (2009) clarified the generic status of Parosmylus, after reviewing specimens
from mainland China, and they concluded that both genera could be valid due to dif-
ferences in the number of gradate series, the configuration of gonarcus and the shape
of spermatheca (Wang and Liu 2009). Furthermore, after re-examining the specimens
of Plethosmylus from mainland China, we observed that Osmylus and Plethosmylus pos-
sessed significant differences in male genitalia (the configuration of gonarcus) and in
female genitalia. Moreover, the interlink veinlets among costal cross-veins could con-
veniently divide them. Considering the vague relationships among these genera, we
consider is suitable to maintain them as separate genera until a robust phylogenetic
work can be conducted in the future. In this paper, three new species of Osmylus are
described from China: O. maoershanicola sp. n. O. shaanxiensis sp. n. and O. angusti-
marginatus sp. n., primarily based on genital characters.

Key to Osmylus species in the Palaearctic and Oriental regions

(Note: Osmylus kisoensis is not included as it is only known from the larval stage, while
O. cilicicius and O. posticatus are poorly known and could not be included in the key.)

1 The structure of spermatheca complicated (Fig. 2a) ........cc......... O. megistus
- The structure of spermatheca simple (Fig. 2b—h).........cccccoeovviniiiiiinnnies 2
2 The 7™ sternite in female with a median preapical protuberance.................. 3
- The 7™ sternite in female without any protuberance..........cccovvieiiinnninee 4
3 Spermatheca cylindrical and bent; anterior third of pronotum with median

STIIPC ettt ettt ettt ettt sr e ere et sre s et O. taiwanensis
- Spermatheca oval; frons with dark brown X-shaped marking; pronotum with

yellow and median Stripe ......c..ccocevevieiiniincniinincciecee, O. decoratus
4 The gonapophyses lateralis cone-shaped, spermatheca pyriform ... O. minisculus
- The gonapophyses lateralis finger-like or fusiform...........ccccoovvieiinnnnnes 5
5 9™ tergite in male with a distinct dorsal process (Figs 3a—d, 5a, 9a)............. 6
- 9™ tergite in male without distinct dorsal processes (Figs 3e, 7a) ............... 14
6 Gonarcus with a sharpened process along dorsal margin in lateral view.........

...................................................................................................... O. pryeri
- Gonarcus without processes along dorsal margin in lateral view.................. 7
7 Forewing relatively narrow, membrane hyaline with slight metallic luster.....

................................................................................................. O. lucalatus
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0.2mm

Figure 2. Spermathecae. a O. megistus b O. lucalatus ¢ O. angustimarginatus sp. n. d O. maoershanicola
sp. n. € O. biangulus £ O. fuberosus g O. shaanxiensis sp. n. h O. wuyishanus.

Figure 3. Male terminalia, lateral view. a O. lucalatusb O. biangulus ¢ O. pachycaudatus d O. bipapillatus
e O. fuberosus. Abbreviation: dp, dorsal process.

- Forewing broad, membrane dull hyaline...........ccococooeiiinniiin. 8
8 The length of process of 9" tergite in male slightly longer than width (Figs 3b,
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The length of process of 9" tergite in male significantly longer than width

(Fig. 36d) oo eeeee e 13
The process of 9 tergite in male cone-shaped...........cccccoeunevee O. hyalinatus
The process of 9 tergite in male bar-shaped.........ccccccceeiinninnnnnne. 10
Gonarcus with one or two lateral posteroventral protuberances ................ 11
Gonarcus without any lateral posteroventral protuberance..........c.cccevcuce. 12
Gonarcus with only one lateral posteroventral protuberance in lateral view
(Fig. 5B O. maoershanicola sp. n.
Gonarcus with two lateral posteroventral protuberances in lateral view (Fig.
BD) s O. biangulus
Mediuncus apically hook-shaped .......c..cccoveinicnnicnnnnn. O. fulvicephalus

Mediuncus apically slender and straight (Fig. 5d)...O. angustimarginatus sp. n.
The process of 9* tergite in male cylindrical (Fig. 3¢), mediuncus arch-like in
lateral view, anterior arm of gonarcus with a distal right-angle bend .............
........................................................................................ O. pachycaudatus
The process of 9* tergite in male subulate (Fig. 3d), mediuncus C-shaped in
Jateral VIEW.....c.ooveuiriiiiiniciinccc e O. bipapillatus
Distal part of gonarcus flat and quadrate, with a posteroventral protuberance
(FIg. 3€) ettt O. fuberosus
Distal part of gonarcus approximately triangular............ccccccovvviiciinnne. 15
Distal part of gonarcus with one or more conspicuous protuberances....... 16
Distal part of gonarcus with an inconspicuous protuberance..................... 20
8" sternite in female with two ventral protuberances; distal part of gonarcus
with a ventral and rod-like protuberance...........ccccccceeunennnen. O. gussakovskii
8™ sternite in female without any protuberance .........coceceeininnnccccnnn. 17
Distal part of gonarcus with two protuberances in later view; pronotum with
slender yellow marking on anterior half and yellow spot over posterior mar-
I o O. tessellatus
Distal part of gonarcus with only one protuberance.........cccccoevvuecuiuinnnnne. 18
Cross-veins among branches of Rs forming 3 series of gradates; forewing and
hindwing with approximately rounded spots ..................... O. multiguttatus
Cross-veins among branches of Rs forming 2 series of gradates................. 19
9™ tergite in female with a median narrowing in lateral view (Fig. 7¢); meso-
and metanotum dark brown, some sclerites brown .... O. shaanxiensis sp. n.
9" tergite in female slightly tapered medially in lateral view; meso- and

metanotum yellowish brown with black streaks ..................... O. xizangensis
Distal part of gonarcus forming a large triangular sclerite; outer gradates of
forewing with brown marks .........ccccoviiiiiinniiiin, O. wuyishanus

Distal part of gonarcus forming a narrow and small sclerite; inner gradates of
forewing with brown marks .........cccccovniiiiiiin O. conacus
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Osmylus maoershanicola sp. n.
http://zoobank.org/515687EC-B4FF-489C-A12D-4B41 DEC81A34
Figs 4, 5

Material examined. Holotype Male, CHINA: Guangxi (Province): Maoershan (Na-
ture Reserve), [25°48'N, 110°24'E], 9.viii.2005, leg. Ping Zhao. Verbatim label data
(translated from Chinese): CHINA: Guangxi Prov., Maoershan/ 9.viii.2005/ Ping
Zhao/ CAU. Condition: Antennal flagellum missing. Abdomen terminalia cleared in
KOH, and stored in the micro-vial pinned below the specimen. Paratype. 1 female (left
antenna damaged), same data as holotype (CAU).

Diagnosis. Male: 9" tergite with a short finger-like dorsal process; ectoproct cone-
shaped. Gonarcus distally triangular with a ventral, triangular, membranous protu-
berance in lateral view. Female: gonapophysis lateralis approximately fusiform; sper-
matheca oval.

Description. Head. Vertex yellowish-brown with brown setae; eye dark gray, ocel-
li yellow, area within ocelli black. Antennal flagellum missing, scape and pedicel dark
brown; frons yellow. 7horax. Pronotum dark brown, posterior margin slightly wider,

Figure 4. Wings of Osmylus maoershanicola sp. n., forewing (upper) and hindwing (lower). Abbreviations:
ng, nygmata; pt, pterostigma; og, outer gradates.
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8th tergite

>‘-\;\\S(\ gonapophysis lateralis g
0.5mm . f

Figure 5. Osmylus maoershanicola sp. n. a~e Male: a apex of the abdomen and genitalia, lateral view
b genitalia, lateral view ¢ genitalia, ventral view d mediuncus, lateral view e mediuncus, dorsal view
f-g Female: f apex of the abdomen and genitalia g spermatheca, lateral view (spiracula omitted). Abbre-

viation: dp, dorsal process; aag, anterior arm of gonarcus.

with black brown setae; meso- and metanotum black with brown setae. Legs yellow
with brown setae; pretarsal claws dark brown.

Wing (Fig. 4). Forewing length 27-28 mm, width 9-10 mm. Membrane hyaline,
with many sparse, fuscous spots; pterostigma brown; nygmata light brown; veins dark
brown; Rs with 13—14 branches, outer gradate cross-veins edged with fuscous stains;
R1-Rs cross-veins edged with brown marks; short cross-veins are present among the
branches of CuP. Hindwing length 23-24 mm, width 7-8 mm. Membrane hyaline;
pterostigma light yellow.

Male terminalia (Fig. 5a—e). Scent glands slender. 9" tergite long and narrow with
a short, dorsal finger-like process (Fig. 5a), ventral margin slightly tapered. 9" sternite
trapezoidal in lateral view. Ectoproct triangular in lateral view, callus cerci round. Dis-
tal part of gonarcus well sclerotized and approximately triangular, ventral part mem-
branous with a triangular protuberance in lateral view (Fig. 5b); anterior arm of gonar-
cus slender; mediuncus dilated basally with a sharp backward end, slender apically and
coated by a membrane in lateral view; rod-shaped paramere beneath the mediuncus
slightly bent in lateral view, posterior end sharp.
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Female terminalia (Fig. 5f-g). 8" sternite approximately trapezoidal; 9" tergite long
and narrow with a ventral hemispherical tubercle in lateral view; ectoproct triangular
in lateral view, callus cerci round, presenting in middle; gonapophysis lateralis approxi-
mately fusiform, stylus cylindrical; spermatheca simple, approximately spherical.

Distribution. Presently known only from Guangxi Province, China.

Etymology. The specific name ‘maoershanicola’ refers to ‘Maoershan Mountain’,
the type locality.

Remarks. The dorsal finger-like process of 9* tergite of Osmylus maoershanicola
sp. n. is similar to O. pryeri and O. biangulus, but this new species can be identified by
the distinctive shape of the gonarcus. There are two prominent ventral protuberances
in the distal part of gonarcus of O. pryeri and O. biangulus (Fig. 3b) but only one in
O. maovershanicola sp. n. (Fig. 5b). Furthermore, the distal gonarcus is cone-shaped
in O. biangulus but triangular in O. maoershanicola and the spermatheca is short and
bent rod-like in O. biangulus (Fig. 2¢) but approximately spherical in O. maoershani-
cola (Fig. 5g).

Osmylus shaanxiensis sp. n.

http://zoobank.org/0815CDFE-15C7-4C26-AC13-46F03D535A44
Figs 6, 7

Material examined. Holotype Male. CHINA: Shaanxi (Province): Houzhenzi (town),
[33°51'N, 107°50'E] 12.viii.2007, leg. Yang Shi. Verbatim label data (translated from
Chinese): CHINA: Shaanxi, Houzhenzi/ 12.viii.2007/ Yang Shi/ CAU. Condition:
Antennal flagellum missing. Terminalia cleared in KOH, and stored in the micro-
vial pinned below the specimen. Paratype. 1 female, same data as holotype (CAU).
1 female, CHINA: Gansu (Province): Diebu (county), Lazikou. 1700m, [34°03'N,
103°54'E] 12.viii.1980, Chikun Yang (CAU).

Diagnosis. Wing broad, with numerous dark brown spots on the margin. Male:
9" tergite with a median narrowing, with a small tuberous dorsal process in lateral
view; protuberance of posteroventral gonarcus papillary. Base of mediuncus knife-
shaped in lateral view. Female: gonapophysis lateralis basally fused with a triangular
sclerite, spermatheca bent, cylindrical.

Description. Head. Vertex dark brown. Ocelli yellow, area comprised among
ocelli dark brown, eye dark brown; frons brown. 7horax. Pronotum dark brown with
yellow long setae; meso- and metanotum dark brown. Legs yellow with dark yellow
setae, pretarsal claws dark brown.

Wings (Fig. 6). Forewing length 22-25 mm, width 8-9 mm. Membrane hyaline,
with numerous dark brown spots on the margin; pterostigma and nygmata brown;
veins dark brown, some edged with dark brown spots; Rs with 12—13 branches, gra-
dates cross-veins with brown marks. Hindwing length 20-22 mm, width 7-8 mm.
Membrane hyaline; pterostigma light brown.
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Figure 6. Wings of Osmylus shaanxiensis sp. n., forewing (upper) and hindwing (lower).

Male Terminalia (Fig. 7a—d). Scent glands stout; 9* tergite with a median nar-
rowing in lateral view, with a small hemispheric dorsal process; ectoproct triangular in
lateral view, callus cerci oval; gonarcus sclerotized distally and posteroventrally ending
into a papilla in lateral view; anterior arm of gonarcus slender, basally dilated; medi-
uncus basally dilated, knife-shaped, more slender apically in lateral view; rod-shaped
paramere slender and bent in lateral view, dilating from base to end.

Female Terminalia (Fig. 7e—f). 8" sternite reduced; 9" tergite narrow; ectoproct
approximately conical, callus cerci round; gonapophysis lateralis fusiform, apex with a
long finger-like stylus; spermatheca cylindrical, bent and slightly dilated basally.

Distribution. China (Shaanxi, Gansu).

Etymology. The specific name ‘shaanxiensis’ refers to ‘Shaanxi Province’, the type
locality.

Remarks. The new species can be distinguished from other species by the small
hemispheric dorsal process of the 9" tergite in male (Fig. 7a). Although O. shaanxiensis
sp. n. is similar to O. conanus, they can be easily separated by the differences of gonar-
cus and gonapophysis lateralis. The distal part of gonarcus in O. conanus protrudes
slightly but the same part in O. shaanxiensis sp. n. protrudes significantly in lateral view
(Fig. 7b). Also compared with O. conanus, the spermatheca in O. shaanxiensis sp. n. is
longer and more bent (Fig. 7f).
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Figures 7. Osmylus shaanxiensis sp. n. a=d Male: a apex of the abdomen and genitalia b genitalia, lateral
view ¢ genitalia, ventral view d mediuncus, lateral view e~f Female: e apex of the abdomen and genitalia

f spermatheca, lateral view. Abbreviation: dp, dorsal process.

Osmylus angustimarginatus sp. n.
http://zoobank.org/8018E2FE-CCBB-4BD5-8D9D-B567A84A097A

Figs 8,9

Material examined. Holotype Male. CHINA: Chongqing: Jiangjin (District): Simi-
anshan (mountain), [28°38'N, 106°24'E] 17.vi.20006, leg. Weiwei Zhang. Verbatim
label data (translated from Chinese): CHINA: Chongging, Jiangjin, Simianshan/
17.vi.2006/ Weiwei Zhang/ PC. Terminalia cleared in KOH, and stored in a micro-
vial pinned below the specimen. Paratype. 1 female, same data as holotype; 1 male, 1
female, same locality as holotype. 21-23.ix.2007, leg. Weiwei Zhang.
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Figure 8. Wings of Osmylus angustimarginatus sp. n., forewing (upper) and hindwing (lower).

Diagnosis. Male: 9* with a finger-like dorsal process. Gonarcus distally triangular
in lateral view, ventral margin well sclerotized; base of mediuncus slightly protuber-
ant distally in lateral view. Female: gonapophysis lateralis finger-like; spermatheca ap-
proximately spherical.

Description. Head. Vertex yellow brown, with dark brown setae; ocelli light yel-
low, area comprised among ocelli dark brown; eyes gray with metallic reflection; frons
black. 7horax. Pronotum dark brown, with yellow setae; meso- and metanotum fus-
cous, with black stripes. Legs yellow, with short setae, pretarsal claws dark brown.

Wings (Fig. 8). Forewing length 27-29 mm, width 8-9 mm. Wings elongated;
membrane hyaline, with numerous brown spots; pterostigma brown, nygmata light
brown; veins dark brown, some edged with dark brown spots; Rs with 13—14 branches;
cross-veins are present among branches of CuP. Hindwing length 25-26 mm, width
7—-8 mm; membrane hyaline; pterostigma light brown.

Male Terminalia (Fig. 9a—e). Scent glands stout. 9" tergite wide, with a finger-
like process; 9™ sternite approximately rectangular in lateral view; ectoproct small,
callus cerci round; gonarcus distally well sclerotized and triangular in lateral view,
ventral margin well sclerotized; anterior arm of gonarcus slender and basally dilated;
mediuncus slightly finger-like at base, more slender apically in lateral view; rod-shaped
paramere beneath the mediuncus slightly bent in lateral view.

Female Terminalia (Fig. 9f-h). 8" sternite approximately square in lateral view. 9®
tergite narrow; ectoproct conical, callus cerci round; gonapophysis lateralis long and
finger-like, with a long conical stylus; spermatheca approximately spherical.
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Figure 9. Osmylus angustimarginatus sp. n. a—e Male: a apex of the abdomen and genitalia b genitalia,
lateral view ¢ genitalia, dorsal view d mediuncus, lateral view € mediuncus, dorsal view f~h Female: f apex
of the abdomen and genitalia g subgenital plate, ventral view h spermatheca, lateral view. Abbreviations:

dp, dorsal process; vm, ventral margin.

Distribution. Known only from Chongqing, China.

Etymology. The specific name ‘angustimarginatus’ the compound of Latin deriba-
tion, from angusti- (narrow) and marginatus- (margin), refers to the well sclerotized
ventral margin of the gonarcus in lateral view.

Remarks. The dorsal process of 9" tergite in the male of O. angustimarginatus sp. n.
is finger-like (Fig. 9a), closely resembling the condition observed in O. maoershanicola
sp. n. However, the ventral margin of the gonarcus of O. angustimarginatus sp. n. is well
sclerotized (Fig. 9b), clearly differentiating it from O. mavershanicola sp. n. Moreover, fe-
male gonapophysis lateralis of O. angustimarginatus sp. n. is more slender in comparison
with the fusiform gonapophysis lateralis of O. maoershanicola sp. n. (Fig. 5f).
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Abstract

Last instar larva and pupa of Metadonus vuillefroyanus (Capiomont, 1868) (Curculionidae: Hyperini) are
described and compared with known larvae of the other 43 hyperine taxa. The thorn-like setae located
on distinct black protuberances on the larval body are characteristic features of the genus Mesmdonus and
the subgenus Eririnomorphus of the genus Hypera. The biological singularity of this species was studied
and described. The variable colouration of larvae has been confirmed in association with the variability of
the host plant’s colouration at the studied localities. This species’ reported inability to spin cocoons has
been disproven. A different type of cocoon with two layers, where the inner layer consists of proteins from
Malpighian tubules while the outer layer contains soil particles, is described. This type of cocoon is unique
compared with those known from other hyperines, which usually pupate on or above the ground and do
not use substrate particles in building their cocoons.
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Introduction

The phylogeny and taxonomy of hyperines is still unresolved. Recently, hyperines to-
gether with Bagoini and Gonipterini have been considered unclassifiable tribes in Cur-
culionidae (Oberprieler et al. 2014). However, the hyperines have been also treated as
other groups; e.g. a subfamily Hyperinae (e.g., Thompson 1992; Zimmerman 1992;
Alonso-Zarazaga and Lyal 1999; Anderson 2002; Marvaldi et al. 2002; Marvaldi
and Lanteri 2005; Bouchard et al. 2011); within a subfamily Brachycerinae (Kuschel
1995); as a tribe of Curculioninae (Oberprieler et al. 2007; McKenna et al. 2009);
as a tribe of Entiminae (Legalov 2011a, b); and finally, in a clade that also included
Entiminae, Cyclominae and Gonipterini (Hunt et al. 2007; Hundsdoerfer et al. 2009;
McKenna et al. 2009; Gunter et al. 2015).

Hyperines have characteristic shapes, but the genera recently included in the tribe
have so far shown no distinct diagnostic or synapomorphic characters that would per-
mit a satisfactory concept of Hyperini (Oberprieler et al. 2014) to be drawn up. Their
only unique feature appears to be the peculiar meshed cocoon spun by the larvae
from strands of protein secreted by the Malpighian tubules (Scherf 1964; Kenching-
ton 1983). The latest attempt to define this group was conducted by Petri (1901),
who defined them using ten features. However, of these, only the characters of the
trochanters, claws and pygidium hold true, and none of these are unique to Hyperini
(Oberprieler et al. 2014). Petri (1901) divided the Hyperini into two subtribes, Hy-
perina and Cepurina, based on the shape of the mesepimera and the length of the me-
tanepisterna and the relative width and angle of their junction with the mesepimera.
Legalov (2007, 2010, 2011) classified this tribe into five subtribes: Cepurina, Hype-
rina, Coniatina, Macrotarrhusina and Phaeopholina, based on several morphological
characters, but such a distinction requires a more comprehensive study of the whole
tribe and is equally unlikely to yield meaningful synapomorphies to identify family
group taxa within the group (Oberprieler et al. 2014). Oberprieler et al. (2014) and
Skuhrovec (unpublished data) recently divided this tribe into three “operating” groups
with different distributions: (1) the Palaearctic region (Hyperina), (2) the circumtropi-
cal region (Cepurina), and (3) the Australian/Pacific region (Australian Hyperini and
Phaeopholus Roelofs, 1873).

Several recent taxonomic studies deal with the Palaearctic fauna of Hyperini.
Skuhrovec (2005a, 2005b, 2006a, 2006b, 2007) studied the larvae of Donus Jekel,
1865 and Hypera Germar, 1817, he clarified (2008) the complex nomenclature of
the large and important genera Brachypera Capiomont, 1868, Donus and Hypera, and
revised (2012) the genus Metadonus Capiomont, 1868. Alonso-Zarazaga and Lyal
(2002) transferred the monotypic genus Herpes Bedel, 1874, previously classified in
Brachycerinae or Rhythirrinini but in Thecesternini by Alonso-Zarazaga and Lyal
(1999), to Hyperini. Legalov (2011a) recently resurrected a number of subgenera of
Coniatus Germar, 1817, Hypera and Macrotarrhus Bedel, 1906 to generic status, but
these taxonomic acts were published without detailed justification, and this is the main
reason why Skuhrovec (2013a) and Oberprieler et al. (2014) did not accept these
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taxonomic changes. A detailed comparative study of hyperine immature stages is also
necessary in this context because most larval and pupal characters are only known from
the relatively well-studied genera Brachypera, Donus, Hypera and Phelypera Jekel, 1865
(Oberprieler et al. 2014), and the larvae of only a few other genera have been described
(e.g., Fronto Petri, 1901, Metadonus and Macrotarrhus) (Zaslavskij 1959).

The genus Metadonus has been revised recently (Skuhrovec 2012) and now includes
10 species, all of which are known to be native to the Palacarctic region. They occur
primarily in Asia, but exceptions include Metadonus vuillefroyanus, which is found in
Spain, Morocco and Algeria, and Metadonus anceps (Boheman, 1842) and Metadonus
distinguendus (Boheman, 1842), which occur in Ukraine, Moldavia, Romania, Turkey
and Russia (Skuhrovec 2012, 2013b). Species of this genus live in extreme conditions
(such as cold steppes, salinas and semi-deserts) (Skuhrovec 2012). Biological notes
about host plants are known only for Metadonus vuillefroyanus, M. distinguendus and
M. anceps (Skuhrovec 2008, 2012; Korotyaev et al. 2016). Veldzquez de Castro et al.
(2000) listed the first biological data about Metadonus vuillefroyanus, which occurs
in salt wetlands; its host plant is Swaeda vera (synonym S. fruticosa) (Amaranthaceae)
(Skuhrovec 2012).

The immature stages of Metadonus vuillefroyanus are here described for the first
time. Knowledge of the immature stages and the life history of a species are important
for both taxonomic and applied use and can help protect this species more effectively.
Taking into account the information gathered by the first author about the biology
of immature stages and adults of Metadonus vuillefroyanus, the second author under-
took a study trip to Spain. In the present paper we provide biological data based on
Bogusch’s observations obtained during his field work in Spain, and we describe the
immature stages of this species.

Materials and methods

The material used to describe the immature stages was collected, and field observations
were conducted in the following localities: SPAIN: Almeria: Cabo de Gata National
Park, Cabo de Gata, Salinas, surroundings of salt marshes (36°46'48"N, 2°13'44"W,
2 m), 29-111-2014, 1 & and 15 larvae swept from Suaeda vera; 31-111-2014, 5 larvae
swept from Suaeda vera; Tabernas env., river valley (37°02'57"N, 2°24'28"W/, 339 m),
1-1V-2014, 2 mature larvae swept from Suaeda vera, all P. Bogusch and A. Astapenkovd
leg., P. Bogusch det., revised by J. Skuhrovec, in the collections of P. Bogusch and J.
Skuhrovec. Descriptions of immature stages were done on four larvae and two pupae.

Part of the larval and pupal material was preserved in Pampel fixation liquid (4
parts glacial acetic acid, 6 parts 4% formaldehyde, 15 parts 95% ethyl alcohol and 30
parts distilled water) and used for the morphological descriptions. These specimens
are now deposited in the Group Function of Invertebrate and Plant Biodiversity in
Agrosystems of the Crop Research Institute (Prague, Czech Republic). Plants were
identified by the collectors. To prepare the slides we followed May (1994). The head
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of the larva was separated and cleared in a 10% potassium hydroxide (KOH) solution
and then rinsed in distilled water. After clearing, the mouth parts were separated from
the head capsule. The head capsule and all mouth parts were mounted on permanent
microscope slides in Euparal. All other body parts were mounted on temporary micro-
scope slides in 10% glycerine.

The observations and measurements were made using a light microscope with cali-
brated oculars (Olympus BX 40 and Nikon Eclipse 80i). The following measurements
were taken for each larva: head width, length of the body (larvae fixed in a C-shape
were measured along segments), width of the body in the widest place (metathorax or
abdominal segments I-IV), and these for each pupa: length and width at the widest
place. The thorax and abdomen were not sclerotised, and it is unlikely that the fixa-
tion process altered the weevils’ proportions; measurements of these parts are given for
comparison purposes only.

Drawings were made with a drawing tube on a light microscope and processed
using a computer program (Adobe Photoshop, Corel Photo-Paint 11, GIMP 2). The
thoracic spiracle is placed on the prothorax near the boundary of the prothorax and
mesothorax, as shown in the drawing (see Fig. 8), but it is of mesothoracic origin
(Marvaldi et al. 2002; Marvaldi 2003). The drawings show the thoracic and abdominal
spiracles (see Figs 8-10). The numbers of setae of the bilateral structures are given for
one side.

We used the terms and abbreviations for the setae of the mature larva and pupa

studied following Scherf (1964), May (1977, 1994) and Marvaldi (1998a, 1999).

Results

Metadonus vuillefroyanus (Capiomont, 1868)

Phytonomus vuillefroyanus Capiomont, 1868: 135

Description of mature larva. Measurements (in mm). Body length: 10.0-14.0 (mean
12.0). The widest place in the body (abdominal segments II-VI) measures up to 2.5.
Head width: 0.9-1.1 (mean 1.0).

Colouration. Dark brown to black head (Fig. 7). All thoracic and abdominal seg-
ments greenish with white longitudinal stripes on both sides of body, but this larva also
has a thick longitudinal yellow stripe and parallel longitudinal pink to violet stripes in
its dorsal part with small black short stripes inside; all setae are thorn-like, located on
distinct black protuberances in very thin white transversal lines (Figs 7-10, 16).

Vestiture. Body elongated, slightly curved, rounded in cross section (Fig. 7). Setae
on body thin, different in length (short to relatively long), black thorn-like, located on
distinct black protuberances.

Head capsule (Fig. 1). Head suboval, flattened laterally, endocarinal line absent.
Frontal sutures on head distinct, extended to antennae. Two stemmata (st), in the form
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Figure . Metadonus vuillefroyanus mature larva head, dorsal view. Scale bar: 1 mm.

of a dark pigmented spot with convex cornea, both located on each side anterolaterally,
close to each other. DesI and des2 located in upper part of the central part of epicra-
nium, des] near to the middle part of epicranium, and des2 near to side of epicranium,
des3 located anteriorly on epicranium near to frontal suture, des4 located in the central
part of epicranium, des5 located anterolaterally; all des very long, des3 and des5 slightly
longer than remaining three setae (Fig. 1). 5/ and 53 placed medially, /52 absent, f54 lo-
cated anterolaterally, and /55 located laterally, close to the epistoma; all setae long to very
long, fs5 distinctly longer than the remaining four setae (Fig. 1). LesI—2 as long as desI;
ves]-2 short. Epicranial area with four postepicranial setae (pes/—4) and two sensilla.
Antennae located at the end of the frontal suture on each side, membranous and
slightly convex basal article bearing one conical triangular sensorium, relatively long;
basal membranous article with three sensilla different in both shape and length (Fig. 5).
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Figures 2-3. Metadonus vuillefroyanus mature larva. 2 Labrum and clypeus 3 Epipharynx. Scale bar:
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Figures 4-5. Metadonus vuillefroyanus mature larva head. 4 Right mandible 5 Antenna. Scales bars:
0.2 mm (4) and 0.1 mm (5).

Clypeus (Fig. 2) approx. 3 times as wide as long with two relatively long ¢/s, almost
equal in length, localized posterolaterally, and one sensillum; anterior margin rounded
to the inside; median part covered by thorn-shaped cuticular processes.

Mouth parss. Labrum (Fig. 2) approximately 3.2 times as wide as long, with three
pairs of piliform /ms, of different lengths; /ms3 distinctly shorter than longer /sl and
Ims2; Ims1 placed close to the margin with clypeus, /ms2 located anteromedially and
Ims3 located anterolaterally; anterior margin double sinuate. Epipharynx (Fig. 3) with
three very short, piliform /s, almost equal in length; one very short piliform ams;
mes not distinct (but apparently there are two setal bases that may correspond to two
small setae, not drawn); labral rods (Ir) slightly elongated, sub-oval, apical part more
sclerotised. Mandibles (Fig. 4) distinctly broad, trifid, tooth of unequal height; slightly
truncate; both mds relatively long, piliform, located in distinct holes. Maxilla (Fig. 6)
stipes with one szps, two pfs and one mbs, stps and pfs1—2 very long, pfsI distinctly short-
er than pfs2, mbs very short; mala with six bacilliform dms; five very short to minute
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Figure 6. Metadonus vuillefroyanus mature larva head, maxillo-labial complex, ventral view. Scale bar:
0.5 mm.

vms, almost equal in length; vms distinctly shorter than dms. Maxillary palpi with two
palpomeres; basal palpomere with one very short mxps and two sensilla; length ratio of
basal and distal palpomeres: 1:0.8; distal palpomere with one sensillum and a group of
conical, cuticular apical processes. Praclabium (Fig. 6) oval-shaped and distinctly elon-
gated, with one relatively long prms; ligula with sinuate margin and two piliform very
short to minute /gs, unequal in length; premental sclerite well visible. Labial palpi with
two palpomeres; length ratio of basal and distal palpomeres: 1:0.9; distal palpomere
with one sensillum and short, cuticular apical processes; basal palpomere with one dor-
sal sensillum. Postlabium (Fig. 6) with three pms, pmsI located anteriorly, remaining
two pairs laterally; pmsl and pms3 relatively long, pms2 distinctly longer than others;
surface of postlabium partly covered by cuticular processes.

Thorax. Prothorax distinctly smaller than meso- and metathorax. Spiracle bicam-
eral, placed between the pro- and mesothorax (see Material and methods). Prothorax
(Fig. 8) with 11 short to minute przs unequal in length, only 3 of them on small weak-
ly pigmented dorsal sclerite, this sclerite subdivided in two triangular plates medially;
two short ps and one short exs. Mesothorax (Fig. 8) with one short and one minute prs;
four short pds; two short as; two very short ss; one short ¢ps; one short and one minute
ps; and one short and one minute exs. Chaetotaxy of metathorax (Fig. 8) almost iden-
tical to that of mesothorax. Each pedal area of thoracic segments well separated, with
five short to minute pda, three of them on pigmented pedal area, unequal in length.
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Ab10

Figure 7. Metadonus vuillefroyanus mature larva habitus, lateral view. Scale bar: 3 mm.

Abdomen. Abdominal segments I-VI of almost equal length, next abdominal seg-
ments decreasing gradually to the terminal parts of the body. Abdominal segment X
reduced to four anal lobes of unequal size, the dorsal being distinctly the largest, the
lateral pair equal in size, and the ventral lobe very small. Anus located terminally;
ambulatory ampullae bilobate to circular. Spiracles bicameral, the eight abdominal
spiracles located laterally, close to the anterior margin of abdominal segments I-VIIL.
Abdominal segments I-VII (Figs 9-10) with one short and one minute prs; five short
pds; one short ss; two short to very short eps of almost equal length; one short and one
minute ps; one short /szs; one short and one minute ews. Abdominal segment VIII (Fig.
10) with one very short and one minute prs; five very short pds, pds2 and pds4 not in
line; one very short s5; two very short eps of almost equal length; one very short and
one minute ps; one very short /szs; and one very short and one minute exs. Abdominal
segment IX (Fig. 10) with four ds (two ds very short, two ds minute); two very short ps;
and one very short and one minute szs. Abdominal segment X (Fig. 10) without setae.

Description of pupa. Measurements (in mm). Body length: 7.0-8.0 (& 8.0; @
7.0); at the widest region: 4.5-5.0. The widest place in the body is commonly between
the apex of the meso- or metafemora. Unfortunately, both pupae were damaged and
the measurements are not precise.

Colouration. Body yellowish with greenish abdomen (Figs 17, 19).

Morphology (Figs 11-13). Body stocky, cuticle smooth. Rostrum relatively long,
approximately 2.5 times as long as wide, extended to metacoxae. Antennae relatively
long and stout. Pronotum from 1.7 to 1.8 times as wide as long. Mesonotum and
metanotum of almost equal length. Abdominal segments I-IV of almost equal length;
abdominal segment V semi-circular, next abdominal segments diminish gradually to
the end of the body. Abdominal segments VI-IX distinctly smaller than other abdomi-
nal segments. Gonotheca (abdominal segment IX) in females (one specimen) divided.
Sexual dimorphism in weevil pupae is visible mainly in the length of rostrum and in
the structure of abdominal segment IX: gonotheca of & undivided and divided in 9.
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Figures 8-10. Metadonus vuillefroyanus mature larva habitus. 8 Lateral view of thoracic segments 9 Lateral
view of abdominal segment II. 10 Lateral view of abdominal segments VII-X. Scale bar: 1 mm.

Chaeroraxy (Figs 11-13). Setae short to very short, unequal in length, light yellow,
orange up to black. Setae well visible. Unfortunately, both pupae were damaged and it
was not possible to observe chaetotaxy on some parts of body. Head capsule includes
only three sos, one os and one pas. Rostrum with two 7s. Setae on head capsule straight,
as short as the remaining setae on thoracic and abdominal segments. Pronotum with
two as, two /s and three pls, ds not observed. Dorsal parts of mesothorax with one seta
located posteromedially, one seta posterolaterally and one seta located along its anterior



132 Jirt Skuhrovec & Petr Bogusch | ZooKeys 589: 123—142 (2016)

Figures |1-13. Metadonus vuillefroyanus pupa habitus. 'l Ventral view 12 Dorsal view 13 Lateral
view. Scale bar: 3 mm.

margin. Dorsal parts of metathorax with one seta located along its anterior margin.
Coxa with one very short seta (cs). Each apex of femora with groups of two fes. Abdomi-
nal segments I-V damaged, and it was not possible to observe setae. Dorsal parts of
abdominal segments VI-VIII each with one seta located posteriorly (47) and five pairs
(d2—6) located along their anterior margins; setae short, hair-like. Abdominal segments
V-VIII with groups of two lateral setae and one (or two) ventral setae. Abdominal seg-
ment IX with two ventral microsetae and two short, thin setae. Pseudocerci absent.
Biological notes. Habitats. Metadonus vuillefroyanus occurs only at saline sites in
the presence of its host plant. This species has been observed both at saline sites near
the sea (locality Cabo de Gata less than 1 km from the seashore, Fig. 14) and at in-
land saline sites (Tabernas is approximately 50 km inland from the sea, Fig. 15). The
population density of the host plant was not high at these localities; at Cabo de Gata
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Figures 14-17. Habitat and immature stages of Metadonus vuillefroyanus. 14 Locality Cabo de Gata
I5 Locality Tabernas 16 Mature larva on host plant, 17 Pupa on ground. Photos: Bogusch P (13, 14),
Pelikdn J (16, 17).

it was much less numerous than the dominant Salicornia maritima, and in Tabernas
only several plants were observed. The ruderal sites containing the host plant have also
been controlled but without any observations of M. vuillefroyanus.

Adult behaviour. Adults are only occasionally present on host plants during the
day; most of them are hidden under the plant and are active at night.

Host plant. Both adults and larvae were observed feeding exclusively on Suaeda
vera (Fig. 16). The larvae were found directly on the plants during the day, usually near
the growth terminals. Adults and larvae feed on the leaves of the host plant. Larvae,
with their cryptic pattern, resemble the colouration of the leaves (Fig. 16). The larvae
were found on larger (more than 30 cm high) bunches of the host plant and they usu-
ally settled on those with thick, old, dry branches. The adults probably do not migrate
long distances and remain under the plant or group of plants at their site.

Life cycle. At the beginning of April, 15 mature larvae and five younger larval
instars were swept from host plants. At that time, the host plants had quite young
fresh leaves, so the development of these individuals probably began a few days or
weeks earlier in the spring so larvae would emerge on the young leaves of the host
plant. We suppose the whole larval development to be short-lasting, approximately
three weeks at most. The larvae were kept in small plastic containers (height 12 c¢m,
width 4 cm) with small holes for air circulation and exchange. Four to five larvae
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Figures 18-21. Cocoon, pupa and parasitoids of Mezadonus vuillefroyanus. 18 Cocoon with two layers

19 Pupa in cocoon 20 Detail of parasitoid’s cocoon 21 Cocoons of parasitoids. Photos: Bogusch P (18-21).

were kept in each container and no aggressive behaviour was observed, as is known
in some Hyperini, e.g., Brachypera vidua (Gené, 1837) (Skuhrovec et al. 2015b).
The larvae started pupation early, usually within 2—3 days. The bottom of each con-
tainer included a 5 cm high level of substrate (collected directly at the locality under
the host plants). The majority of the larvae spun their cocoons on the bottom of
the container; therefore, they probably generally pupate less than 5 cm into the
ground in natural conditions. However, several larvae made the cocoons just below
the substrate level, so there seem to exist differences in the pupation preferences (Fig.
18). These cocoons were usually under dead chunks of Suaeda provided for feeding.
None of the larvae pupated on or above the ground. The process of creating the
cocoon took approximately 1-3 days. Subsequently, larva stayed in the cocoon until
pupation, which occurred after 2-4 more days. Most of the larvae moulted into pu-
pae within 5-7 days after entering the substrate. Adults began to emerge 12—18 days
later. Altogether, seven adults emerged (five males and two females) by biting a hole
in the cocoon. The new adults stayed on the ground surface or remained between
a few millimetres and 3 cm above the ground. They were light and smooth at first,
but soon acquired the general appearance of normal mature insects, even though it
took 3-5 days for them to fully sclerotize. The adults fed on thawed host plant mate-
rial brought from Spain, but the plants were damaged and did not supply sufficient
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food. Due to the absence of these host plants in the Czech Republic, we did not try
to breed the insects and obtain eggs for a new generation.

The pupae have a green colouration that changes to a brownish colour approxi-
mately five days after the start of pupation (Fig. 19). The colouration changes over the
entire body; only the eyes are slightly darker. The adults are dark brown (in contrast
to the sandy light brown of newly emerged imagines) by 10 days after pupation and
are ready to emerge. The emerging adults usually stay in the cocoon for 1-2 days until
they are partly sclerotized and then come out and feed on the host plant. The cocoon
has two silk layers. The inner layer protects the pupa and is made only of silk. The outer
layer includes ground particles.

Biotic interactions. Several of the larvae did not pupate, but larvae of parasitoids
emerged and formed typical dark-brown puparia with a whitish band (Figs 20-21).

Discussion

Comparison with immature stages of other Hyperini

The larvae of 43 hyperine taxa have already been described (Anderson 1948; Baccetti
1957, 1958, 1959; Zaslavskij 1959, 1965, 1967; Scherf 1964; Lee and Morimoto
1988; May 1993; Nazarenko 2000a, b; Marvaldi 2003; Skuhrovec 2005a, 20006a,
2007; Vanin et al. 2012). The detailed description of the pupa is similar for nine hy-
perine taxa (Baccetti 1957, 1958, 1959; Scherf 1964; Gosik 2008; Vanin et al. 2012).

The comparison of the larvae and pupae of Metadonus vuillefroyanus with those
described by Scherf (1964) was somewhat difficult due to the use of different termi-
nology for morphology and chaetotaxy and/or the absence of good-quality drawings.
The larvae were compared with the majority of species described and/or drawn by An-
derson (1948), Zaslavskij (1959, 1965, 1967), Scherf (1964), and Nazarenko (2000a,
b) which are of high or good-enough quality and very useful; however, the described
characteristics are useful only for differential diagnosis. Detailed descriptions of these
hyperine taxa are missing.

Only one brief description of Metadonus distinguendus were done by Zaslavskij
(1959), being the only previously known in the genus Metadonus. Unfortunately, the
description includes only drawings of the dorsal view of the prothorax, mesothorax
and abdominal segment II. Despite these challenges, we were able to compare the
morphology of these two taxa. Metadonus vuillefroyanus has one more minute prn,
one more minute prs on mesothorax (see Fig. 8 for both) and two more prs (one
normal size and one minute, see Fig. 9) on abdominal segment II than larvae of M.
distinguendus. Both species have a unique characteristic in that all setae on the larval
body are thorn-like and located on distinct black protuberances. This feature is also
known in hyperines in all four species of the subgenus Eririnomorphus Capiomont,
1868, for which larvae are known (Anderson 1948; Skuhrovec 2006a, b) as well as
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in Hypera arator (Linnaeus, 1758) of the subgenus Kippenbergia Alonso-Zarazaga,
2005 (Skuhrovec 2005a). Species of the subgenus Eririnomorphus have more points
of similarity with species of the genus Metadonus than just these specific setae with
protuberances (Skuhrovec, unpubl. data). The adults of these two groups have very
similar body-scale shapes (see Skuhrovec 2008, 2009) and also share particularly harsh
or extreme habitats (Skuhrovec 2009, 2012). The species of subgenus Eririnomorphus
are more similar in these characteristics to Metadonus than to any other species of the
genus Hypera (Skuhrovec, unpubl. data). This is suggestive of a close phylogenetic re-
lationship between these taxa, a hypothesis that remains to be tested via phylogenetic
analyses of the hyperines.

Various morphological characteristics of larvae of the tribe Hyperini were pub-
lished by Lee and Morimoto (1988), May (1993), and Marvaldi (2003), including
epipharynx and maxilla with simple setae, the third dorsal seta (des3) on the epicra-
nium, the fifth frontal seta (fs5) longer than the fourth one (f4), labial palpus one-
segmented, mandible with sharp teeth, labral rods indistinct, postoccipital condyles
present, pedal areas swollen to form prolegs or large lobes, head maculate and pigment-
ed body. Vanin et al. (2012) published a detailed description of the immature stages
of Phelypera schuppeli (Boheman, 1834) and found that the larvae have 2-segmented
labial palpi unlike “typical” hyperines, but identical to Metadonus vuillefroyanus. A
comparative summary of all recent data was provided by Oberprieler et al. (2014).
Later, Nazarenko (2014) described and discussed the epipharyngeal morphology of
seven hyperines. His final main epipharyngeal composition, with three pairs of a/s, one
(or two) pairs of ams and two pairs of mes, completely fit the morphology of Metado-
nus vuillefroyanus (Fig. 3). The precise count of some of the setae on the epipharynx
(especially ams and mes) in weevils is not completely resolved. According to Marvaldi
(1998a, 1999), the standard for epipharynx setae in weevils is two ams and three mes,
but when the positions of the distal 7es are very close to the anterior margin they ap-
pear as ams (see different solutions within the same groups, e.g., Tychiini: Skuhrovec
et al. 2014 vs. 2015b).

Knowledge of the immature stages and life histories of species can help to protect
endangered species more effectively. The detailed description of larvae and pupae and
their comparisons with known descriptions as reported here demonstrates that it is
possible to identify this species in its immature stages, as has been accomplished for
other groups (i.e., Entiminae: Gosik and Sprick (2012a, b, 2013); Gosik et al. (in
press); Curculioninae, Tychiini: Skuhrovec et al. (2014, 2015b); Lixinae: Gosik and
Skuhrovec 2011; Gosik and Wanat 2014; Stejskal et al. 2014; Skuhrovec and Volovnik
2015; Trnka et al. 2015). This process is particularly valuable for rare and endangered
species because finding larvae is typically much simpler than finding adults. Additional
detailed descriptions for hyperines, precise keys, detailed generic studies and compari-
sons of all groups could help in future to undertake the phylogenetic analysis of this
group. It could also be very useful in different entomological fields, such as agriculture,
biological control, and protection of endangered species.
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Biological singularity

Hyperines are mainly known for two typical but biologically unusual features: ec-
tophytic larvae with cryptic colouration and the ability to spin mesh cocoons. Both
these features have been confirmed in Metadonus vuillefroyanus with specific details.
Veldzquez de Castro et al. (2000) presented the first biological data for Metadonus spe-
cies, particularly for Metadonus vuillefroyanus, stating that this weevil occurred in salty
wetlands, and that its host plant was Suaeda vera, which is a common plant in salty
wetlands on Mediterranean seacoasts. All these data correspond with our observations.

Skuhrovec (2012) described J. Krdtky’s and J. Pelikdn’s observations of this weevil
in salt wetlands in southeastern Spain. They described the colouration of larvae as simi-
lar to other Hyperini larvae — greenish with white stripes; however, these larvae have a
thick yellow stripe and parallel pink to violet stripes on their dorsal parts (see Descrip-
tion and Fig. 16). Our observations about larval colouration are similar to previous
descriptions, but the observations differ in the intensity and extent of purple stripes on
the dorsum of the larvae. Some larvae were more green than purple, but some larvae
were completely purple on the dorsal and lateral parts of their bodies. The colouration
of the purple stripes varied from dark red to dark violet, almost black in some cases.
The width of the dorsal yellowish stripes was also quite variable. A similar variation was
observed in the plants, the shrubs of Suaeda vera: some were completely green, most
were green and reddish, and some had completely reddish or violet-coloured leaves.
We think that the variable colouration of the larvae corresponds with the colouration
of the leaves of the host plant on which they fed, but we did not study this topic in
detail (for example, whether the larvae are redder on reddish plants than on green
ones). Cryptic colouration is one of the most common defensive strategies among
insects and their larvae (Alcock 2009). Hyperine larvae are among the few in weevils
that feed externally on the surface of their host plants, which may explain why they
have evolved this protective colouration. The cryptic coloration, among other features
like reduced body setae, and ambulatory ampullae, is also found in other weevil groups
with ectophytic larval feeding, like Gonipterus and Listroderes (May 1993, 1994; Mar-
valdi 1998b).

Skuhrovec (2012) claimed that his colleagues observed that larvae of this species do
not create cocoons; instead, they dig into the soil. Our observations are unambiguously
different and we can rectify the previous mistake. According to the observations of the
second author of this paper, the cocoon has two layers (Fig. 18). The inner layer pro-
tects the pupa and is made only of silk spun from Malpighian tubules. The outer layer
is similar to the inner layer but the surface is covered with soil particles. This is different
from cocoons of other similar and related European genera and species (Skuhrovec, un-
published data), which usually pupate on or above the ground and do not use substrate
particles to build cocoons. The function of the outer part of the cocoon is probably a
defensive tactic against parasitoids as camouflage or more likely, against very dry and/
or very wet site weather conditions. The outer layer was also observed earlier by Kratky
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and Pelikdn (Skuhrovec 2012), but the inner layer was overlooked. Some of the larvae
collected for this study were parasitized by still-unidentified braconids (they formed
typical dark brown puparia with whitish bands, see Fig. 20); this observation lends
more support to the hypothesis that the outer cocoon layer’s function is for protection
against unstable weather conditions.
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Abstract
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Riverén, sp. n., S. #zotzil Martinez & Zalidivar-Riverdn, sp. n.) from temperate forests of Mexico and
Cuba. Similar to many other doryctine taxa, the new genus has a considerably elongated, petiolate basal
sternal plate of the first metasomal tergite, although it can be distinguished from these by having the
mesoscutum sharply declivous anteriorly with sharp anterolateral edges. The described species have been
characterised molecularly based on two mitochondrial (COI, cyt ) and one nuclear (28S) gene markers.
Based on the mitochondrial gene genealogies reconstructed, the evidence suggests the existence of incom-
plete lineage sorting or hybridization in the populations from Chiapas and Oaxaca assigned to S. rzeltal
sp. n.
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Introduction

The braconid wasp subfamily Doryctinae is a highly diverse, cosmopolitan group that
currently comprises 198 genera and about 1,700 species (Braet 2016; Yu et al. 2012).
This group gathers a wide array of genera with distinct morphologies and biologies,
though most of its species appear to be idiobiont ectoparasitoids of bark-boring or
xylophagous beetle larvae (Belokobylskij 1992; Marsh 1997). Previous attempts trying
to elucidate the phylogenetic relationships among doryctine genera based on morpho-
logical evidence yielded poorly resolved hypotheses (Belokobylskij 1993; Belokobylskij
et al. 2004). Subsequent molecular phylogenetic studies carried out for the subfamily
(Zaldivar-Riverén et al. 2007, 2008) refuted most of the previously proposed tribes
and subtribes (Belokobylskij 1993; Fischer 1981). These molecular phylogenies have
served as a base to start building a stable higher-level classification for the group (Zaldi-
var-Riverén et al. 2007, 2008, 2014; Samaca-Sdenz et al. 2016).

One of the main external morphological features that was traditionally used to
group genera within the Doryctinae is the relative length of the basal sternal plate
of the first metasomal tergite (acrosternite sensu Belokobylskij 1995). This struc-
ture can be petiolate, tubular and long or sessile and short (Belokobylskij 1995;
Marsh 1997). Within the Doryctinae, a long and tubular basal sternal plate has
been shown to have independently evolved in various unrelated genera. Two of
these genera are among the most speciose within the subfamily, the cosmopolitan,
mainly Old World Spathius Nees, and the exclusively Neotropical Notiospathius
Mathews & Marsh.

In a recent molecular phylogenetic study of Notiospathius, various species origi-
nally assigned to this genus were nested in two distantly related clades (Ceccarelli
and Zaldivar-Riverén 2013). Members of these two clades have consistent external
morphological features that distinguish them from each other and from the re-
maining doryctine genera. Species of one of these clades were placed in the newly
described genus Bolivar Zaldivar-Riverén & Rodriguez-Jimenez (Zaldivar-Riverén
et al. 2013).

In this work, a new doryctine genus, Sergey gen. n., is erected to include the spe-
cies of the second clade, and four new species are described. Three of these species
were collected in cloud forests from México and Cuba, whereas the remaining one
was collected in a submontane forest in Coahuila, northeast Mexico. Members of the
new genus are morphologically distinct from other doryctine genera with petiolate
first metasomal tergite by having the anterolateral corners of mesoscutum sharply
pointed and a different pattern of ornamentation in the propodeum, with two di-
vergent carinae that sometimes enclose a more or less distinguishable areola. The
phylogenetic relationships within the new genus have been assessed based on separate
analyses of one nuclear and two mitochondrial (mt) markers, and provide evidence
that suggests the existence of incomplete lineage sorting between two populations of
one of the described species.
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Material and methods

Specimens and terminology

Specimens were collected in four different localities in Mexico and Cuba, preserved
in 100% ethanol, kept at 20°C until they were processed for DNA sequencing, and
subsequently dried, labelled and mounted. The examined specimens are deposited in
the Coleccién Nacional de Insectos, Instituto de Biologfa, Universidad Nacional Au-
ténoma de México (IB-UNAM), Mexico City, Mexico, and the Museo Argentino de
Ciencias Naturales “Bernardino Rivadavia” (MACN), Buenos Aires, Argentina.

The morphological terminology follows Sharkey and Wharton (1997), except for
the sculpture characters, which follow Harris (1979), and the term precoxal sulcus,
which replaces the term sternaulus according to Wharton (2006). Digital colour im-
ages were taken with a Leica® Z16 APO-A stereoscopic microscope, a Leica® DFC295/
DFC290 HD camera, and the Leica Application Suite” program. Digital SEM im-
ages were taken with a FEI* INSPECT (Oregon, USA) and a Hitachi® SU1510 SEM
microscopes in low vacuum at the Museo Nacional de Ciencias Naturales (CSIC,
Madrid, Spain) and the IB-UNAM, respectively.

Gene genealogies

Sequences of three gene markers have been examined for specimens belonging to the new
genus. These included 34 and 26 sequences that were previously published in Ceccarelli
and Zaldivar-Riverén’s (2013) phylogenetic study of Notiospathius belonging to the cy-
tochrome oxidase I (COI; 531 bp) mt and the second and third domain regions of the
28S nuclear ribosomal (r) (-617 bp;) DNA genes, respectively. Moreover, COI and 28S
sequences were generated of additional specimens of this genus, as well as sequences of a
371 bp fragment of the cytochrome & mt DNA gene for a subset of the examined speci-
mens. Sequences of Heterospilus tauricus Telenga (DNA voucher number CNIN884;
GenBank accession nos. KC822008, 36, 72 for COI, 28S and cyt &, respectively) were
also included to root the trees. Heterospilus was closely related to the newly described
genus in the above molecular phylogenetic study. The sequenced ingroup specimens,
their localities and GenBank accession numbers are provided in the description section.

Corrected pairwise genetic distances for the three gene markers were calculated
using the K2P model with MEGA version 6 (Kimura 1980; Tamura et al. 2013).
Separate gene genealogies were carried out with the program MrBayes version 3.2.6
(Ronquist et al. 2012) in the Cipres Science Gateway (Miller et al. 2010). Each analy-
sis consisted of two independent runs of 20 million generations each, used uniform
priors and sampled trees every 1000 generations. The following evolutionary models
selected for each partition were obtained using the Bayesian criterion with JMOD-
ELTEST2 (Darriba et al. 2012): 28S.- K2; CytB.- 1* pos, TtN + G, 2™ pos, HKY



146 Juan José Martinez et al. | ZooKeys 589: 143—164 (2016)

+ L, 3" pos, GTR + G; COL- 1* pos, F81, 2™ pos F81, 3" pos HKY. Burn-in was
determined assessing convergence between runs verifying the potential scale reduction
factors (PSRF) and the estimated sample size (ESS) for all tested parameters. The burn-
in fraction was set to 0.25, which corresponded to 5,000 trees (5 x 10° generations)
in all analyses. The remaining trees from the two independent runs were employed to
reconstruct a majority rule consensus tree using the ‘halfcompat’ option implemented
in MrBayes. Clades were regarded as significantly supported if they had a posterior
probability 0.95 (Ronquist et al. 2012).

Results and discussion

Sergey gen. n.
http://zoobank.org/0C1D768E-779F-42A9-BC6A-520BA2447E06
Figs 1-2

Diagnosis. Species of this new genus can be distinguished from members of the re-
maining doryctine genera with long, petiolate first metasomal tergite (e.g. Bolivar, No-
tiospathius, Pecnobracon Kieffer et Joergensen, Spathius, Trigonophasmus Enderlein) by
having the mesoscutum sharply declivous anteriorly with sharp anterolateral corners.
Sergey could be included in the key to dorcytine genera of the New World (Marsh
1997) as follows:

69 (65) First subdiscal cell of fore wing open at apex, 2cu-a absent, occasionally an
infuscate spot or short line present between 2—1A and 2CUa but no distinct
vein present (Fig. 28) .....ccccoiviiiiiiiiiiiiiiiiiic 70
- First subdiscal cell closed at apex, 2cu-a present and distinctly meeting 2—1A

70 (69) Anterolateral corners of mesoscutum sharply pointed into two flanges, meta-
soma petiolated.........ccoiiiiiiiiiiiiii Sergey gen. n.
- Anterolateral corners of mesoscutum not sharply pointed anteriorly, the mes-
oscutum may be sharply raised anteriorly with respect to the pronotum, but
flanges are not present, metasoma variable ...........ccccoovviiiiiniiniicnn 70’
70’(70) Most of mesosoma smooth and shining, mesonotum occasionally coriaceous,
propodeum occasionally rugose ..........cceiviiiiiiiiiiiiiiiii 71
- Most of mesosoma sculptured, rugose or coriaceous, at most mesopleuron
smooth below sternaulus (precoxal sulcus) .......ccecevvreineiininciincicnncces 73

Description. Head: not depressed. Ocelli arranged in almost equilateral triangle.
Frons not distinctly excavated, without a median keel between antennal sockets. Oc-
cipital carina complete, fused with hypostomal carina before mandible. Malar suture
absent. Clypeus not high, delineated from face by distinct furrow, with fine lower
flange. Hypoclypeal depression wide, round. Postgenal bridge narrow. Maxillary palpi



Sergey gen. n., a new doryctine genus from temperate forests of Mexico and Cuba... 147

Figures 1-2. SEM images of Sergey izeltal sp. n.; | head and mesosoma in dorsal view 2 head and

mesosoma in lateral view. Arrows indicate anterolateral sharp edges/flanges on mesoscutum and divergent

carinae on propodeum.

5-segmented, apical segment longer than fourth segment; labial palpi short, 4-seg-
mented, third segment not shortened. Scape of antenna wide and rather short, without
flange apically and ventroapical lobe, without basal constriction; ventral margin of
scape shorter than dorsal margin in lateral view. First flagellar segment about the same
length as second segment, usually several apical or subapical segments whithish. Apical
segment more or less pointed apically, without “spine”.

Mesosoma: not depressed. Neck of prothorax short but visible in dorsal view. Pro-
notum dorsally weakly convex (lateral view), with a transverse carina and a scrobicu-
late pronotal sulcus. Pronope absent. Propleural dorsoposterior flange rather short.
Mesonotum distinctly elevated above pronotum. Anterolateral corners of mesoscu-
tum projected in two flanges (Figs 1-2). Notauli present and complete, scrobiculate,
obscured in rugose median area of mesoscutum. Scuto-scutellar (transscutal) suture
distinct and complete. Prescutellar depression, with 3-5 high carinae. Scutellum
slightly convex, subtriangular in dorsal view, about as long as wide, without lateral
carinae. Subalar depression distinct. Mesopleuron with subalar sulcus, sternaulus
and posterior mesopleural sulcus coarsely sculptured, otherwise smooth and pol-
ished. Mesopleural pit distinct. Precoxal sulcus (sternaulus) rather deep, wide, and
scrobiculate, extended at least two thirds length of mesopleuron. Prepectal carina
distinct and complete, laterally reaching anterior margin of subalar depression. Pro-
podeum with two dorsolateral areas delimited by distinct carinae; sometimes these
divergent carinae suggest an areola enclosing a rugose area (Fig. 1), in other cases the
propodeum is uniformly rugose-areolate beyond the dorsolateral areas. Propodeal
bridge absent. Propodeal spiracles small and round. Metapleuron slightly convex,
entirely sculptured, rugose-areolate.

Wings: veins RS and r-m present, thus first and second submarginal cells entirely
closed. Second submarginal cell rather long and narrow. First subdiscal cell open pos-
tero-apically, vein 2cu-a absent. Veins 1a and 2a absent. Hind wing with vein C+Sc+R
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longer than vein SC+R. Vein RS arising from vein R far from vein r-m. Marginal cell
more or less distinctly narrowed towards apex, without vein r. Vein cu-a present. Vein
M+CU about 0.6-0.7 times as long as 1M; vein m-cu straight. Male hind wing with-
out stigma-like swelling of basal veins.

Legs: Fore tibia on inner surface with several long and slender spines arranged
along its anterior margin in almost single vertical line. Hind coxa long and narrow,
with basoventral tubercle. Claws simple.

Metasoma: first tergite petiolate, long and narrow, usually striate-coriaceous, with
some transverse carinae basally, these carinae sometimes reduced. Basal sternal plate
(acrosternite) of first tergite long, 0.6-0.7 times as long as first tergite, extended dis-
tinctly beyond level of spiracles. Dorsope of first tergite small and shallow; spiracular
tubercles indistinct, situated in basal 0.3 of tergite. Second tergite without distinct
furrows and areas. Second suture considerably shallow, complete, almost straight in
females and distinctly curved in males. Third tergite without transverse furrow and ba-
sal area. Tergites behind second with a single transverse line of sparse long erect setae.
Ovipositor distinctly darkened apically, with two distinct subapical nodes. Ovipositor
sheaths long, about as long as metasoma or slightly longer.

Etymology. We are very pleased to name this genus after our dear friend and col-
league Dr. Sergey A. Belokobylskij, for his great contribution to the taxonomic knowl-
edge of the braconid subfamily Doryctinae. Gender is to be considered masculine.

Type species. Sergey tzeltal sp. n.

Key to species of Sergey

1 Eyes small, their height about as long as malar space (Fig. 4); first metaso-
mal tergite 1.5 times longer than its apical width (Fig. 8) (state of Coahuila,
MEXICO) vttt S. coahuilensis sp. n.

- Eyes big, their height distinctly longer than malar space (Figs 21, 31); first
metasomal tergite slender, at least two times longer than its apical width....2
2 Head and mesoscutum distinctly sculptured, transversally striate (Figs 13,
17; fore wing with vein m-cu reaching vein RS+M basally to 2RS, thus vein
(RS+M)b present and distinct (Fig. 18) (Cuba) ............... S. cubaensis sp. n.
- Head and mesoscutum mostly smooth and polished (Figs 9, 22, 32, 33); fore
wing with vein m-cu reaching vein RS+M, interstitial with respect to vein
2RS, thus vein (RS+M)b absent (Figs 7, 28) (Mexico) ......ceceueueirvrerrnuennne 3
3 Antenna with a white apical or subapical band composed of 3-7 (rarely two)
flagellomeres in females (Figs 24, 26); males either with two apical flagellom-
eres whithish (Fig. 25), or with antenna entirely brown (Fig. 27) (states of
Oaxaca and Chiapas) ........cccovueireineennicineececceee S. tzeltal sp. n.
- Antenna of females with a subapical band only composed of the articulation
between the 19* and 20* flagellomeres, five apical flagellomeres brown (Fig.
34), males with antenna entirely brown (state of Chiapas) ....S. #zozzil sp. n.
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Sergey coahuilensis Zaldivar-Riverén & Martinez, sp. n.
http://zoobank.org/A27FD56A-EB2D-42B1-A918-EA9F9CF1ADSA
Figs 3-10

Diagnosis. This is the most distinctive species of the genus. It can be distinguished
from the remaining members of Sergey by having the eyes considerably smaller, their
height about as long as malar space (distinctly longer than malar space in the remain-
ing species); and the first metasomal tergite broad, 1.5 times longer than its apical
width (slender, at least 2.1 times longer than its apical width in the remaining species).

Description. Body length 2.1mm (Fig. 3), fore wing 1.5mm; ovipositor sheaths
1.1lmm. Colour: head excluding antennae, mesoscutum and mesopleuron brown,
otherwise uniformly honey yellow. Head: about as high as wide (anterior view) (Fig. 4),
0.7 times as long as wide (dorsal view). Clypeus, face, frons and vertex largely smooth
and shining (Fig. 5), with a few shallow rugae near the mandible insertion and antennal
sockets; temple smooth. Eye small 1.5 times higher than wide. Malar space height/eye
height ratio 1.1 (Fig. 4). Temple/eye length ratio (dorsal view) 0.6. Antenna incomplete,
only with nine basal flagellomeres; first flagellomere about four times longer than wide
and as long as second.

Mesosoma: 2.0 times longer than wide and 1.9 times longer than high (Fig. 6).
Pronotal groove wide, and scrobiculate, pronotal carina distinct. Propleuron rugose
on median third. Mesoscutum transverse, 0.6 times as long as wide. Mesoscutal lobes
smooth, notauli deep and scrobiculate, obscured in an irregularly rugose median area
before reaching the scuto-scutellar suture (Fig. 9). Prescutellar sulcus with three cari-
nae, the median one straight, and the lateral ones irregular. Scutellar disc smooth and
triangular. Mesopleuron smooth. Precoxal sulcus, deep, wide and scrobiculate-rugose,
running along the entire length of mesopleuron. Subalar sulcus deep and rugose.
Metanotum with a median carina but without a distinct projection. Metapleuron en-
tirely areolate rugose. Propodeum with two divergent carinae running from median
anterior edge delimiting two smooth dorsolateral areas, beyond these carinae it is al-
most uniformly areolate rugose.

Wings: fore wing (Fig. 7) length 3.0 mm, length/width ratio 3.85; vein 1cu-a postfurcal
to vein 1M; veins 2RS/2M ratio 0.5.

Legs: fore tibia with a row of spines. Hind coxa slightly striate dorsally, smooth
ventrally, with a small but distinct basoventral tubercule.

Metasoma: basal sternal plate/length of first tergum 0.6. First metasomal tergite
2.8 times longer than apically wide (Figs 8, 10). Second median tergite longitudinally
striate on basal one fifth, smooth apically. Suture between second and third median
tergites slightly sinuate. Remaining terga smooth and polished. Ovipositor length
1.2mm, 1.1 times as long as metasoma.

Male. Unknown.

Distribution. Known only from a submontane forest at the type locality in Coa-
huila, Mexico.
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Figures 3-8. Sergey coahuilensis sp. n.; 3 habitus of female in lateral view 4 head in anterior view 5 head

in lateral view 6 head and mesosoma in lateral view 7 forewing 8 metasoma in dorsal view.

Biology. Unknown.

Etymology. The specific epithet refers to Coahuila, the Mexican state where the
type locality of this species is located.

Material examined. Holotype: female (CNIN), Mexico, Coahuila, Mpio. Tor-
redn, Sierra de Jumillo, Arroyo Palos, 09-11/X/2009, 25.13 N - 103.27 O, 2006
msnm, DNA voucher no. IB-CNIN-637, GenBank accession nos. JN870454 (COI),
JN870613 (cyt b), KC822013 (EF-lalpha; not included in this work), JN870735

(wingless, not included in this work).
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Figures 9-10. SEM images of Sergey coahuilensis sp. n.; 9 head and mesosoma in dorsal view 10 meta-
soma in dosolateral view.

Sergey cubaensis Zaldivar-River6n & Martinez, sp. n.
http://zoobank.org/4EB92C3F-9FE0-477A-BB34-A838A602D43B
Figs 11-19

Diagnosis. This distinctive species can be distinguished from the remaining species
of Sergey by having: 1) a mostly yellow body colour (brown to black in the remaining
species); 2) head and mesoscutum distinctly sculptured, transversally striate (entirely
smooth and polished in the remaining species); and 3) fore wing with vein m-cu reach-
ing vein RS+M basally to 2RS, thus vein (RS+M)b present and distinct (m-cu reach-
ing vein RS+M interstitial with respect to vein 2RS, thus vein (RS+M)b absent in the
remaining species).

Description. Body length 3.1mm (Fig. 11), fore wing 2,5 mm; ovipositor sheaths
3.5 mm. Colour: most part of the body yellow; apical third of propodeum and first
metasomal tergite dark brown, second metasomal tergite yellow with lateral areas
brown; antennae honey yellow, gradually darkening toward apex, subapical 20" to
23 segments white (Fig. 15), apical three segments dark brown; fore and middle
coxae pale yellow; fore and middle tibiae brown to dark brown; trochanter and tro-
chantellus pale yellow; tarsi brown to dark brown; hind coxa pale yellow basally, dark
brown apically; hind femur and tibia with four alternate yellow and dark brown trans-
versal bands. Wings hyaline; pterostigma and veins brown. Ovipositor sheaths yellow
to honey yellow.

Head: 0.7 times as high as wide in anterior view (Fig. 12), 0.6 times as long as
wide in dorsal view (Fig. 13). Vertex and frons distinctly striate; face, temple and gena
smooth (Fig. 14); clypeus transversally striate. Eye 1.2 times higher than wide. Malar
space height/eye height ratio 0.3 (Fig. 12). Temple/eye length ratio (dorsal view) 0.4.
Antenna with 26 flagellomeres, first flagellomere about four times longer than wide
and as long as second.
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Figures 11-17. Sergey cubaensis sp. n.; 11 habitus of female in lateral view 12 head in anterior view
I3 head in dorsal view 14 head in lateral view 15 female apical flagellomeres 16 mesosma in lateral view

17 mesosoma in dorsal view.

Mesosoma: about 1.9 times longer than wide and 2.0 times longer than high (Figs
16-17). Pronotal groove wide, deep, and scrobiculate, pronotal carina distinct. Pro-
pleuron smooth to slightly rugose. Mesoscutum slightly transverse, 0.7 times as long
as wide. Mesoscutal lobes transversally striate with coriaceous microsculpture, notauli
deep, complete and scrobiculate (Fig. 17), not joining, reaching the end of mesoscu-
tum, obscuring in an irregular longitudinal rugose median area before reaching the
scuto-scutellar suture. Prescutellar sulcus with four distinct carinae. Scutellar disc
smooth and triangular. Mesopleuron smooth. Precoxal sulcus, deep and scrobiculate,
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Figures 18-19. Sergey cubaensis sp. n.; 18 fore wing 19 metasoma in dorsal view.

running along the entire length of mesopleuron. Subalar sulcus deep and scrobicu-
late. Metanotum with a distinct median carina-like projection. Metapleuron entirely
areolate-rugose. Propodeum uniformly areolate-rugose, with two longitudinal carinae
joined basally and that immediately diverge forming an areola-like structure.

Wings: fore wing length 3.6 mm, length/width ratio 3.7; vein 1cu-a slightly post-
furcal to vein 1M, thus vein (RS+M)b present (Fig. 18); veins 2RS/2M ratio 0.5.

Legs: fore tibia with a row of spines. Hind coxa transversally striate-rugose, with a
small but distinct basoventral tubercle..

Metasoma: Basal sternal plate/length of first tergum 0.6. First metasomal tergite
2.5 times longer than apically wide (Fig. 19). Second median tergite longitudinally
costate on basal three fourths, smooth on apical fourth. Suture between second and
third median tergites sinuate laterally. Remaining terga smooth and polished. Oviposi-
tor length 3.5 mm, 1.8 times longer than metasoma.

Variation. Body length 3.4—4.3 mm. Temple/eye length ratio in dorsal view 0.4—
0.5. Antenna with 26-28 flagellomeres. Prescutellar sulcus with four or five carinae.
Fore wing length 3.5-3.6 mm, length/width ratio 3.7-3.8 times its maximum width.
Ovipositor length 3.5-4.3 mm, 1.8-2.0 times longer than metasoma.

Males. Unknown.

Distribution. Known only from the type locality in southern Cuba.

Biology. Unknown.

Etymology. This species is named after the Caribbean country where it occurs, Cuba.
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Material examined. Holotype (CNIN): Female, Cuba, Santiago, Gran Piedra Isa-
bélica, 06-14/V11/1995, FIT, Cloud Forest, 1100m, S.B. Peck, DNA voucher num-
ber CNIN413, GenBank accession numbers JN870310 (COI), JN870491 (cyt ),
KC822012 (EF-1alpha; not included in this work), KC822095 (wingless; not included
in this work). Paratype (CNIN): one female, same data as holotype; DNA voucher
number CNIN414, GenBank accession numbers JN870311 (COI), JN870492 (cyt
b), JN870651 (wingless; not included in this work).

Sergey tzeltal Martinez & Zaldivar-Riverén, sp. n.
http://zoobank.org/7ECECEFC-2CB3-44C2-B544-D5A5FBB18FBF
Figs 20-29

Diagnosis. This species is similar to S. zzozzil, but it can be distinguished from the latter
species by the colour pattern of the white band on the female antenna. In S. #zelzal, the
white band is either apical or subapical and is composed of at least two entire whitish
flagellomeres, usually more, with at most three apical flagellomeres brown. In S. zzo#zil,
the white band is subapical and consists only of the lighter color on the articulation
between the 19" and 20* flagellomeres, and with the five apical flagellomeres brown.

Description. Body length 3.1 mm (Fig. 20), fore wing 2.7 mmj; ovipositor sheaths
1.5mm. Colour: head uniformly brown, antenna brown, gradually darkening towards apex,
except for a subapical white band composed of 2—4 flagellomeres (apical in Oaxaca popula-
tion composed of 6-8 flagellomeres, see below) (Figs 24, 26). Mesosoma uniformly dark
brown, except for a slightly lighter area on the median area of mesoscutum. Metasoma
brown. Legs light brown, except fore and middle coxae, trochanters and trochantelli and
hind trochantellus, which are pale yellow; hind coxa and apical three fourths of hind femur
dark brown. Wings hyaline; pterostigma and veins brown. Ovipositor sheaths brown.

Head: 0.8 times as high as wide in anterior view (Fig. 21), and 0.7 times as long
as wide in dorsal view (Fig. 22). Clypeus, face, frons and vertex smooth and polished;
temple smooth. Eye 1.3 times higher than wide. Malar space height/eye height ratio
0.3. Temple/eye length ratio (dorsal view) 0.6. Antenna with 24 flagellomeres, first
flagellomere about 4.0 times longer than wide, as long as second one.

Mesosoma: 2.0 times longer than wide (Fig. 22), 2.1 times longer than high (Fig. 23).
Pronotal groove wide, deep and scrobiculate, pronotal carina distinct. Propleuron smooth.
Mesoscutum slightly transverse, 0.7 times as long as wide. Mesoscutal lobes smooth, no-
tauli deep and scrobiculate, obscured in an irregularly rugose median area before reaching
the scuto-scutellar suture. Prescutellar sulcus with three distinct carinae. Scutellar disc
smooth and triangular. Mesopleuron smooth. Precoxal sulcus deep and scrobiculate, run-
ning along basal two-thirds of mesopleuron. Subalar sulcus deep and rugose. Metanotum
with a distinct median carina-like projection. Metapleuron entirely areolate-rugose. Pro-
podeum with two divergent carinae running from median anterior edge delimiting two
smooth dorsolateral areas; area beyond these carinae almost uniformly areolate-rugose.
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Figures 20-23. Sergey zeltal sp. n.; 20 habitus of female in lateral view 21 head in anterior view

22 head and mesosoma in dorsal view 23 head an mesosoma in lateral view.
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Wings: fore wing (Fig. 28) length 3.0 mm, length/width ratio 3.85; vein lcu-a
postfurcal to vein 1M; veins 2RS/2M ratio 0.5.

Legs: fore tibia with a row of spines. Hind coxa transversally striate dorsally, smooth
ventrally, with a distinct basoventral tubercule.

Metasoma: Basal sternal plate/length of first tergum 0.6. First metasomal tergite
2.2 times longer than apically wide (Fig. 29). Second median tergite longitudinally
costate on basal three fourths, smooth apically. Suture between second and third medi-
an tergites slightly sinuate. Remaining tergites smooth and polished. Ovipositor length
1.4 mm, 0.9 times as long as metasoma.

Variation. Body length 2.6-3.8 mm. Temple/eye length ratio in dorsal view
0.16-0.33. Antenna with 22-27 flagellomeres, white subapical band composed of two
to four flagellomeres. In smaller specimens, rugose median area of mesoscutum re-
duced, though notauli never clearly distinguishable at posterior edge of mesoscutum,
obscured among rugosities. Prescutellar sulcus sometimes with para-median carinae
reduced, thus only the median carina is clearly distinguishable. Fore wing length 2.2—
2.9 mm, length/width ratio 2.9-3.9 times its maximum width. Veins 2RS/2M ratio
0.5-0.55. Basal sternal plate 0.53-0.68 times length of first metasomal tergum. Ovi-
positor length 2.0-2.1 mm.

Males. Body length 2.5-3.5 mm. Malar space 0.28. Temple/eye length ratio (dor-
sal view) 0.29-0.39. Flagellomeres 21-26 either entirely brown (Chiapas) (Fig. 27) or
with two apical flagellomeres whitish (Oaxaca) (Fig. 25). Median apex of mesoscutum
slightly coriaceous. Venter of mesosoma coriaceous to slightly coriaceous. Metapleu-
ron coriaceous, coriaceous to slightly rugose distally. Fore wing lcu-a vein slightly
postfurcal to vein1M.2RS/2Mratio 0.47-0.51. Basal sternal plate 0.54 times length of
first metasomal tergite.

Distribution. This species is known from cloud forests located in the Reserva el
Triunfo, Chiapas, and Santiago Comaltepec, Oaxaca, in southeast Mexico.

Biology. Unknown.

Comments. This species has a considerable variation in the antennal color pattern.
We had originally grouped the specimens assigned to this taxon in two morphospecies,
each represented by the specimens from Chiapas and Oaxaca, respectively. Females
from Oaxaca have a distinct apical white band composed of 6-8 flagellomeres (Fig.
24), whereas in males this apical band is smaller (Fig. 25). On the other hand, most fe-
males from Chiapas have a white antennal band that is subapical and is only composed
of 2-4 flagellomeres (Fig. 26). However, one female that could not be sequenced has
an apical band similar to the specimens from Oaxaca. Other external morphological
features (e.g. sculpture of propodeum and first metasomal tergite) also varied but we
could not find any correlation with the geographical provenance of the specimens.

There was no concordance between the corrected COI distances and the geo-
graphic provenance and morphological variation for the above specimens. Some of the
specimens from Oaxaca had lower COI distances with those from Chiapas than with
the remaining specimens from the same locality (0.38-0.76 and 1.7-1.9%, respec-
tively). This incongruence suggests that the existence of incomplete lineage sorting or
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Figures 24-29. Sergey tzeltal sp. n.; 24 antenna of female (Oaxaca) 25 antenna of male (Oaxaca) 26 antenna
of female (Chiapas) 27 antenna of males (Chiapas) 28 fore and hind wings 29 metasoma in dorsal view.

hybridization between two recently diverged, sympatric species (see below). We have
followed a conservative approach and consider the members of the populations from
Chiapas and Oaxaca as a single species. One of the specimens from Oaxaca (DNA
voucher number CNIN573) has considerably higher COI distances compared with
the remaining conspecific specimens (3.6-4.7%). However, it is morphologically un-
distinguishable and we thus placed it within S. zzelzal.

Etymology. The name of this species refers to the Tzeltal ethnic group, descendant
from the Mayans that inhabits Los Altos, a mountain region located in central Chiapas
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Material examined. Holotype (CNIN): female, Mexico, Chiapas, Mpo. Albino
Corzo, Reserva el Triunfo, 15°39.428N, 92°48.67W, YPT, 16/X1/2001, Kovarik col.,
DNA voucher number CNIN-711, GenBank accession numbers KC821997 (COI),
KC822257 (cyt b), KC822078 (EF-lalpha; not included in this work), KC822122
(wingless; not included in this work). Paratypes (CNIN, MACN): one female, five males,
same data as holotype, DNA voucher numbers CNIN712-15, 18, GenBank accession
numbers KX074181-84, 87 (COI), KX074190-93 (cyt b), KX074195-97, 200 (28S);
two females, same data as holotype except 15°39.447N, 92°48.40W, 17-20/X1/2001,
DNA voucher numbers CNIN720-21, GenBank accession numbers KX074188-
89 (COI); two females, five males, Mexico, Oaxaca, Mpio. Santiago Comaltepec,
17.62836 -96.4672; 6-8/V1/2009, YPT, 1495m, A. Zaldivar, H.Clebsch, DNA vouch-
er numbers CNIN457-59, 461-64, GenBank accession numbers JN870332-34, 36-39
(COI), JN870515, 17-19 (cyt b), JN870673-74, 76-79 (wingless; not included in this
work); one female, four males, Mexico, Oaxaca, Mpio. Santiago Comaltepec, 17.59056
-96.39902; 8/V1/2009, bosque meséfilo, 1998-2141m, A. Zaldivar, H.Clebsch, DNA
voucher numbers CNIN468-71, GenBank accession numbers JN870343-46 (COI),
JN870524 (cyt b), ]N870681-84 (wingless; not included in this work); one male,
Mexico, Oaxaca, Mpio. Santiago Comaltepec, La Esperanza, 17.62661 -96.36950;
8/V1/2009, cloud forest, 1600m, A. Lépez, DNA voucher number CNIN479, Gen-
Bank accession number JN870352 (COI), KX074194 (cyt b), N870689 (wingless;
not included in this work); two females, five males, Mexico, Oaxaca, Mpio. Santiago
Comaltepec, 17.62334 -96.34669; 6/V/2009, bosque meséfilo, 1460m, A. Zaldivar,
DNA voucher numbers CNIN379-80, 446-48, 452-53, GenBank accession number
JN870324-26, 295-96 (COI), JN870509-11, 466 (cyt b), IN870630-31, 64-65 (wing-
less; not included in this work), KC822056-57 (EF-1alpha; not included in this work).

Sergey tzotzil Martinez & Zaldivar-Riverén, sp. n.
http://zoobank.org/7910978A-AFB7-41D2-B064-BBE99700B5ES

Figs 30-37

Diagnosis. See diagnosis of S. zzeltal.

Description. Body length 3.7mm (Fig. 30), fore wing 3.2mm; ovipositor sheaths
2.3mm. Colour: head uniformly brown, antenna brown, gradually darkening towards
apex, except for a light band composed of most of the 19" and the basal half of the 20*
flagellomeres (Fig. 34). Mesosoma uniformly dark brown, except for a slightly lighter
area on median area of mesoscutum. Metasoma brown. Legs light brown, except fore
and middle coxae, trochanters and trochantelli and hind trochantellus which are pale
yellow; hind coxa and apical three fourths of hind femur dark brown. Wings hyaline;
pterostigma and veins brown. Ovipositor sheaths brown.

Head: in anterior view 0.9 times as high as wide (Fig. 31), and 0.6 times as long as
wide in dorsal view (Fig. 32). Clypeus, face, frons and vertex smooth and shining; tem-
ple smooth (Fig. 33). Eye 1.3 times higher than wide. Malar space height/eye height
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Figures 30-35. Sergey rzorzil sp. n.; 30 habitus of female in dorsal view 31 head in anterior view

32 head in dorsal view 33 head in lateral view 34 female apical flagellomeres 35 mesosoma in dorsal view.

ratio 0.4. Temple/eye length ratio (dorsal view) 0.6. Antenna with 25 flagellomeres,
first flagellomere five times longer than wide and about as long as the second one.
Mesosoma: 2.1 times longer than wide (Fig. 35) and 2.0 times longer than high
(Fig. 36). Pronotal groove wide, deep, and scrobiculate, pronotal carina distinct. Pro-
pleuron smooth. Mesoscutum slightly transverse, 0.7 times as long as wide. Mesoscutal
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lobes smooth, notauli deep and scrobiculate, obscured in an irregularly rugose median
area before reaching the scuto-scutellar suture. Prescutellar sulcus with three distinct
carinae. Scutellar disc smooth and triangular. Mesopleuron smooth. Precoxal sulcus,
deep and scrobiculate, running along basal two-thirds of mesopleuron. Subalar sulcus
deep and scrobiculate-rugose. Metanotum with a distinct median projection. Meta-
pleuron entirely areolate rugose. Propodeum with two divergent carinae running fron
median anterior edge delimiting two dorsolateral areas, these areas are mostly smooth,
but turn rugose areolate near carinae; beyond these carinae the propodeum almost
uniformly areolate-rugose.

Wings: Fore wing length 2.9 mm, length/width ratio 3.3; vein 1cu-a slightly post-
furcal to vein 1M; veins 2RS/2M ratio 0.5.

Legs: Fore tibia with a row of spines. Hind coxa transversally striate dorsally,
smooth ventrally, with a distinct basoventral tubercle.

Metasoma: Basal sternal plate/length of first tergum 0.6. First metasomal tergite
2.1 times longer than apically wide (Fig. 37). Second median tergite longitudinally
costate on basal three fourths, smooth apically. Suture between second and third me-
dian tergites almost straight. Remaining terga smooth and polished. Ovipositor length
2.4 mm, 1.1 times as long as metasoma.

Males. Similar to female, slightly smaller and with antenna uniformly brown.

Distribution. Known only from the type locality in El Triunfo, Chiapas, Mexico.

Biology. Unknown.

Comments. This species and S. zzeltal were collected in the same locality in Chiapas.

Etymology. The name of this species refers to the Tzotzil ethnic group, descend-
ant from the Mayans, who inhabits the Altos, a mountain region located in central
Chiapas.

Material examined. Holotype (CNIN): female, Mexico, Chiapas, Mpo. Albino
Corzo, Reserva el Triunfo, 15°39.428N, 92°48.67W, YPT, 16/X1/2001, Kovarik
col., DNA voucher number CNIN717, GenBank accession nos. KC821999 (COI),
KC822259 (cyt 6), KX074199 (28S), KC822124 (wingless, not included in this
work), KC822080 (EF-1alpha; not included in this work). Paratype (CNIN): one
male, same data as holotype; DNA voucher number, CNIN716, DNA voucher nos.
KC821998 (COI), KC822258 (cyt 4), KX074198 (28S), KC822123 (wingless, not
included in this work), KC822079 (EF-1alpha; not included in this work).

Gene genealogies. Intraspecific corrected genetic divergences varied from 0 to
2.1 (excluding CNIN573), 0.27 to 3.18 and 0 to 0.33% for COI, cyt & and 288, re-
spectively. Interspecific distances within Sergey on the other hand ranged from 7.99 to
15.28, 12.64 to 13.6 and 0.17 to 0.5% for COI, cyt & and 28S, respectively.

The Bayesian phylograms derived from the separate COI and cyt & analyses are
included in the Figure 38. The COI bayesian phylogram significantly supported the
monophyly of the three described species. Sergey coahuilensis was recovered as sister
to Heterospilus but without statistical support (PP = 0.5). A clade with the remaining
species of Sergey (PP = 0.5) recovered S. cubaensis from Cuba (PP = 0.5) as sister to a S.
tzotzil (Chiapas) + S. tzeltal (Chiapas and Oaxaca) clade (PP = 1.0). Within S. zzelzal,
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Figures 36-37. Sergey tzotzil sp. n.; 36 mesosoma in lateral view 37 metasoma in dorsal view.

there were three non-significantly supported, subclades, two of which were composed
of specimens from Comaltepec, Oaxaca, but with one of them being more closely re-
lated to the subclade containing the specimens from El Triunfo, Chiapas.

The bayesian phylogram derived from the cyt 4 sequences yielded similar rela-
tionships with the COI topology. Again, some of the specimens of S. #zeltal from
Comaltepec, Oaxaca were more closely related to the ones from El Triunfo, Chiapas
(PP = 0.6) than with the remaining specimens from the same locality. The 28S tree
was largely unresolved (phylogram not shown), with the sequenced specimens S.
tzeltal and . tzorzil grouped together (PP = 1.0). The reconstructed mt gene gene-
alogies, together with the geographic provenance and morphological variation found
in the specimens of S. #zeltal from Oaxaca and Chiapas suggests that this taxon could
consist of two sympatric, recently derived lineages in which there is incomplete line-
age sorting or hybridization. Further morphological and genetic studies will help
to confirm the taxonomic status of the populations of S. #zeltal from the latter two
Mexican regions.
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Figure 38. Bayesian phylograms showing the relationships recovered by the separate COI and cyt &
analyses. Black circles near branches indicate clades supported by posterior probabilities > 95%; hollow
circles near branches indicate clades supported by posterior probabilities = 90 and < 94%.
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