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Abstract

A new species of the genus Laubieriopsis Petersen, 2000 is described based on 28 specimens collected in
the north-east part of the North Sea. It is characterized by fixed number of chaetigers (22), paired genital
papillae, bidentate neurochaeta of chaetigers 1-4, the absence of acicular chaetae on chaetigers 5-21 and,
on the last chaetiger, one acicular and three capillary chaetae enlarged and directed backward. The present
study brings the number of known species of Laubieriopsis to five and the number of Northeast Atlantic
species of this genus to two.
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Introduction

The Fauveliopsidae are a small (about 20 species) family of detritus-feeding poly-
chaetes. They are small benthic animals, mainly found on deep bottoms down to 6000
m (Levenstein 1970), although a few species can be found above 100 m deep (Katz-
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mann and Laubier 1974, Riser 1987, Nunez et al. 1997). Members of the family are
either free-living or inhabit dead shells of scaphopods, gastropods or foraminiferans
(Blake and Petersen 2000, Petersen 2000).

The family Fauveliopsidae was erected by Hartman (1971) and initially con-
sisted of one genus, Fauveliopsis McIntosh, 1922; later Petersen (2000) divided
this genus into two — Fauveliopsis and Laubieriopsis Petersen, 2000. Fauveliopsidae
are usually grouped together with Flabelligeridae, based on the presence of a re-
tractable anterior region of the body, but differ from Flabelligeridae by the lack of
a cephalic cage, retractile oral branchiae and palps. The presence of an interramal
papilla is the characteristic feature for the family, though Fauchald and Rouse
(1997) considered it to be the same as the interramal papillae of Flabelligeridae
and thus found no evidence for monophyly of the family. Genital papilla (single
or paired) could be another characteristic feature for the family Fauveliopsidae
(Petersen 2000).

The internal morphology and ultrastructure of fauveliopsids have been poor-
ly studied. Riser (1987) described some features for Laubieriopsis arenicola Riser,
1987, L. brevis (Hartman, 1965) and Fauveliopsis glabra (Hartman, 1960). Pur-
schke (2011) gave a detailed description of the anterior end of Fauveliopsis cf. adri-
atica, its brain and sensory structures. Thiel et al. (2011) described some anatomical
features of Fauveliopsis confusa Thiel, Purschke and Boggemann, 2011. Common
characters of all the studied species are a thick cuticle, a brain with four posterior
lobes, longitudinal muscles forming four muscle bands, strong prostomium pro-
tractors, muscular dissepiments, two ventral mesenteries, and epidermal glands as-
sociated with parapodia.

Zhadan and Atroshchenko (2010) described the inner organization of Laubierio-
psis sp. They examined the morphology of the body wall, introvert, and body cavities
as well as the digestive, reproductive, and nervous systems. In the present work we
formally describe this species.

Material and methods

Specimens of Laubieriopsis sp. were collected in the North Sea (60°34'N, 03°41'E;
03°26'E, 60°54'N) (Fig. 1) by the company Akvaplan-niva in May 1998 (collector
Andrey Sikorski). All specimens were fixed in a 4% formaldehyde seawater solution
and later transferred to 70% ethanol. The material is stored in the Zoological Museum
of M.V. Lomonosov Moscow State University (ZMMU).

Twenty-one specimens were examined under a stereomicroscope after dehydration
in a glycerin series. Additional data were obtained using scanning electron microscopy:
seven specimens were critical point-dried after dehydration in an ethanol series and
acetone, and then coated with gold prior to examination with a Scanning Electron

Microscope HITACHI S-405 A and Camscan-S2.
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Figure |. Map of stations of Akvapla-niva, 1998, showing findings of Laubieriopsis norvegica sp.n.

Results

Genus Laubieriopsis Petersen, 2000
htep://species-id.net/wiki/Laubieriopsis

Diagnosis. Body cylindrical, weakly divided into two regions by segment shape and
type of chaetae. Fixed number of segments. Cuticle smooth, without papillae or papil-
lae minute and inconspicuous. Chaetae include capillaries and acicular types, some
might be bidentate. Interramal papillae small, mostly sessile. Last segment similar in
size to preceding ones, often bilobed, pygidium retracted inside it.

Laubieriopsis norvegica sp. n.
urn:lsid:zoobank.org:act:5D46C0C3-6974-4683-81BF-C09964602392
htep://species-id.net/wiki/Laubieriopsis_norvegica

Figs 2, 3, 4

Laubieriopsis sp. Zhadan and Atroshchenko 2010: 876-885, Figs 1-4

Type locality. Norway, North Sea, 60°52.69'N, 03°40.48'E, 340 m, mud. Akvaplan-
niva, Troll C stn. 21—4; 14.05.1998. coll. A. Sikorski.
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Figure 2. Laubieriopsis norvegica sp.n. A dorsal view of female with oocytes B parapodia of chaetiger 3
C parapodia of chaetiger 14 D anterolateral view of anterior end (prostomium visible) E dorsolateral view

of posterior end. Scale (um): A — 400, B, D, E - 100, C — 30.
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Type material. Holotype female with 32 oocytes, 6.8 mm long; width in dorsal
view on chaetiger 4400 pum, stored in 70% alcohol. Original label: “Spec.: Polychaeta
indet., stn.: 21-4, Date: 14.05. Troll C 1998. Akvaplan-niva A.Sikorski”. ZMMU Ne
W141 HOLOTYPE, Laubieriopsis norvegica (printed label).

Paratypes: Akvaplan-niva Troll C stn. 21-4, 60°52.69'N, 03°40.48'E, 14.05.1998,
340 m, mud, one specimen without visible gametes, ZMMU Ne W142. Akvaplan-niva
Troll C stn. 19-3, 60°48.54'N, 03°38.03'E, 14.05.1998, 334 m, three specimens, two
without visible gametes, one female with 39 oocytes, ZMMU Ne W143. Akvaplan-ni-
va Troll C stn 1-5, 60°54.65'N, 03°33.95'E, 15.05.1998, 341 m, two specimens with-
out visible gametes, ZMMU Ne W144. Akvaplan-niva TOGI stn.10-4, 60°34.58'N,
03°39.34'E, 10.05.1998, 304 m, four specimens, three without visible gametes, one
male with sperm, ZMMU Ne W144. Akvaplan-niva TOGI stn.1-4, 60°34.59'N,
03°39.45'E, 9.05.1998, 305 m, three specimens with small oocytes, ZMMU Ne
W146. Akvaplan-niva TOGI stn. 2—4, 60°34.72'N, 03°39.46' E, 9.05.1998, 305 m,
one specimen, male with sperm, ZMMU Ne W147. Akvaplan-niva Troll B, stn.32-3,
60°49.37'N, 03°27.98'E, 14.05.1998, 335 m, three specimens, two females with oo-
cytes, one without visible gametes, ZMMU Ne W148. Akvaplan-niva Troll B, stn. 21—
3, 60°46.40'N, 03°26.51'E, 14.05.1998, 322 m, two specimens without visible gam-
etes, ZMMU Ne W149. Akvaplan-niva Troll B, stn.44-4, 60°42.68'N, 03°30.74'E,
14.05.1998, 319 m, one specimen without visible gametes, ZMMU Ne W150.

Diagnosis. Adult specimens with 22 chaetigers. First four chaetigers with sigmoi-
dal acicular chaetae, neurochaetae often bidentate. Chaetigers 5-21 without acicular
chaetae, with one thin capillary chaeta and one very small and thin additional chaeta
in each ramus. Chaetiger 22 with one thick acicular notochaetae and three capillary
neurochaetae. Two weltlike genital papillae present at posterior edge of segment 8.

Description. Adult specimens 6-8 mm long and 0.35-0.4 mm wide with 22
chaetigers. Only one specimen has 23 chaetigers. Body slender, often c—shaped or s-
shaped by fixation, colorless in preserved material. Four anteriormost chaetigers swol-
len, following segments cylindrical, without clear borders (Figs 2A, 3A, B).

Cuticle thick (about 8 pm), smooth, with very thin ring wrinkles, bearing scattered
minute inconspicuous micropapillae (Figs 3D, 4C), visible under higher magnification
and in SEM. Relatively larger micropapillae surrounding inverted parts — prostomium
and pygidium (Fig. 4B).

Ventral nerve cord visible by transparency. Ganglia longitudinally elongated and
indistinctly separated from each other.

Prostomium small, from round to triangular, lacking appendages, with ciliary nuchal
organs, without eyes (Figs 2D, 3B). In most specimens prostomium completely retracted
into peristomium (Fig. 4A). Peristomium forms complete ring; it bears micropapillae.

Parapodia biramous, best developed on chaetigers 1-4 and hardly distinct on pos-
teriormost segments except last one (22). Interramal papillae short—stalked, pyriform,
situated midway between noto- and neuropodia (Figs 3C, 4 A, B, C, E, F). Two epi-
dermal glands visible in each parapodium.
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Figure 3. Laubieriopsis norvegica sp.n., A entire view from the dorsal side B anterior end, ventral view

C posterior end, ventral view D micropapillac E area of chaetigers 7-9, genital papillae. Scale (pm):
A - 500; B-200; C, E - 100; D- 50.

Chaetigers 1—4 bear thick sigmoidal hirsute chaetae. Two chaetae in notopodia
and four (2 long and 2 shorter ones) in neuropodia (Figs 2B, 4C). Some specimens
possess five instead of four neurochaetae in anterior segments. Neurochaetae mostly bi-
dentate (Fig. 4D), notochaetae usually unidentate, sometimes slightly bidentate. Some
specimens possess 3—4 bidentate neurochaetae whereas others have only 1-2 bidentate
neurochaetae. Both short and long neurochaetae can be bidentate or unidentate. Two
specimens have transitional fifth segment with chaetae more similar to acicular chaetae
of anterior four segments than to thin capillary chaetae of rest of the body.
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Figure 4. Laubieriopsis norvegica sp.n. A anterior end, lateral view B posterior end, ventro-lateral view C

parapodia of chaetigers 2-3 D tip of neurochaeta enlarged E parapodia of chaetiger 12 F genital papilla
and parapodia of chaetiger 9; neurochaetae are broken G, H sperm cell. Scale (pm): A, B — 100, C-30,
D -3,E,F-30, G- 10, H - 2. Abbreviation: cc accessory chaeta, chl—ch4 chaetigers 1-4, ch8 chaeti-
ger 8, ch9 chaetiger 9, gp genital papilla, ip interramal papilla, mp micropapilla, neu neurochaeta, nc
notochaeta, oc oocyte, pe peristomium, pr prostomium

Chaetigers 5-21 bear one thin capillary chaeta and one accessory very short, thin
and barely distinct capillary chaeta per ramus (Figs 2C, 4E, F). Notopodial chaetae
thinner and shorter than neuropodial ones; accessory chaetae in notopodia often absent.

Chaetiger 22 bears one thick acicular chaeta in notopodia and three capillary chae-
tae in neuropodia (Figs 2E, 3C, 4B).
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Paired genital papillae (Figs 3 E, 4 F) situated at posterior edge of chaetiger 8 in all
studied individuals with gametes as well as in specimens without recognizable gametes,
except for one specimen with unpaired genital papilla.

Pygidium retracted within last chaetiger, anus terminal. Boundary between distal
part of last segment and pygidium indistinct. Inverted part (distal to chaetae) with a
number of conical papillae, which are larger than in rest of body (Figs 2E, 3C, 4B).

Oocytes up to 90 pm in diameter, arranged in two ovisacs, extend through chaeti-
gers 6-15, each contains 20—40 oocytes (Figs 2A, 3A, E).

Sperm cells hardly visible through body wall, but observed in SEM in body cavity
of dissected specimen. They have rounded heads about 3 pm in diameter, an acrosome
with elongated distal part and free flagellum at least 10 um long (Fig. 4G, H).

Etymology. The species name refers to its type locality.

Distribution. Northeast part of the North Sea.

Ecology. Inhabits muddy sediments with small admixture (0.8 — 7.7 %) of fine
and medium sand, in depth of 300-350 m.

Discussion. L. norvegica sp. n. differs from all previously described species of the
family Fauveliopsidae by the highly reduced chaetal bunds in median and posterior
parapodia. Whereas all fauveliopsid species have one, rarely two acicular spines in each
parapodial ramus, noto- and neuropodia of chaetigers 5-21 in L. norvegica sp. n bear
one fine, slender capillary and one even smaller chaeta which may be absent.

Species of the genus Laubieriopsis are characterized by a fixed number of chaetigers;
previously described species have 16, 21 and 25 chaetigers (Petersen 2000). L. norvegi-
ca sp.n. is most similar to L. cabiochi (Amoureux, 1982) in the number of chaetigers
(22 and 21, respectively) but it has significant differences. Laubieriopsis norvegica have
paired genital papillae while in L. cabiochi the genital papilla is unpaired. Paired genital
papillae were observed in some other species of the genus, for example L. arenicola.
Parapodia of the last chaetiger in L. norvegica differ from the other parapodia, bearing
one thick acicular chaeta and three capillary chaetae. Enlarged and backward-directed
chaetae of the terminal chaetiger — “pygidial cage” — were described also for other
Laubieriopsis species (L. brevis, L. arenicola) (Riser 1987, Petersen 2000). Laubieriopsis
arenicola differs from L. norvegica by having 25 thoracic chaetigers and in the location
of genital papillae on chaetiger 7.

Our study confirms Petersen’s (2000) statement on characters useful for distin-
guishing species in the genus Laubieriopsis: number of chaetigers, number of anterior
chaetigers with acicular chaetae, presence of bidentate anterior neurochaetae, enlarged
and directed backward chaetae of the last chaetiger, and paired/unpaired genital pa-
pilla. Interestingly, one of 28 specimens studied here has 23 instead 22 thoracic chaeti-
gers and another one has an unpaired genital papilla. As intraspecific variability was
noted for all characters (present work, Petersen 2000), description of new as well as
redescription of existing taxa should be based on examination of several specimens and
the whole complex of characters.
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There was only one species of the genus Laubieriopsis previously known from the
Northeast Adlantic, L. cabiochi. The present study increases the number of known species
of Laubieriopsis to five and the number of Northeast Atlantic species of this genus to two.
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Abstract

The Sternocoelis marseulii species group is proposed based on antennal and prosternal characters. Five
species are included in the group: S. marseulii (Brisout de Barneville, 1866) (Spain), S. viaticus Lewis,
1892 (Algeria), S. vaucheri Lewis, 1896 (Morocco), S. berberus Lackner & Yélamos, 2001 (Morocco) and
S. yelamosi sp. n. (Morocco). The external morphology of Sternocoelis yelamosi sp. n. is described and il-
lustrated, the illustrations of genitalia of all species of the group (except for S. vaucheri) are provided and
a key to the species of the group is given.

Keywords
Coleoptera, Histeridae, Haeteriinae, Sternocoelis, new species, Morocco, Spain, Algeria

Introduction

The genus Sternocoelis Lewis, 1888 is a small genus of myrmecophilous histerids with
27 described species distributed in the Mediterranean area with most species described
from Morocco and Algeria (Yélamos 1995, Mazur 1997). The genus has been recently
revised by Yélamos (1995). Since then only one further species has been described,

Copyright Tomds Lackner, Peter Hlavdc. This is an open access article distributed under the terms of the Creative Commons Attribution License
3.0 (CC-BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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from the Moroccan High Atlas (Lackner and Yélamos 2001). Recently, mainly Slo-
vak and Czech coleopterists have carried out numerous expeditions with focus on the
myrmecophilous beetles of Morocco. The newly described species from the Moroccan
Middle Atlas results from one such expedition and shows that our knowledge of the
Moroccan fauna of Sternocoelis is still incomplete.

Material and methods

Beetles, after being removed from original cards, were side-mounted on triangular
points and examined under Nikon 102 binocular microscope with diffuse light. Male
genitalia were first macerated in 10% KOH solution for about 15 minutes, cleared in
80% alcohol and macerated in lactic acid with fuchsine heated up to 60°C for another
two hours. After that, they were treated with aceto-salycilate heated up to 60°C for
15 minutes and cleared in xylene. They were subsequently examined in o-terpineol
in a small dish. Digital photographs were taken by a Nikon 4500 Coolpix camera
and edited in Adobe Photoshop CS3. Based on the photographs, observing the actual
genitalia, pencil art was drawn; pen art followed, re-tracing the pencil art and making
minor corrections. SEM photographs were taken by Hitachi S-2250N camera.

The following acronyms of museums and private collections are used throughout
the text:

BMNH The Natural History Museum, London, United Kingdom (R. Booth);
CTLA Tomis Lackner collection, Leiden, The Netherlands;

CTYB Tomis Yélamos collection, Barcelona, Spain;

MNHN Muséum National d’Histoire Naturelle, Paris, France (A. Taghavian).

Abbreviations

Abbreviations of morphological measurements follow Ohara (1994) and are used
throughout the text as follows:

APW  width between anterior angles of pronotum

EL length of elytron along elytral suture
EwW maximum width between outer margins of elytra
PEL length between anterior angles of pronotum and apices of elytra

PPW  width between posterior angles of pronotum.

Separate lines of the same label are marked by slash (/); separate labels are marked
by double slash (//). Morphological conventions and terminology and methods of il-
lustration preparation follow Lackner (2010).
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Taxonomy

Sternocoelis marseulii species group

All members of the group can easily be distinguished from all other Szernocoelis by the
combination of the following character states:

1. prosternal lobe at the same level or slightly below the level of prosternal keel;
2. prosternal lobe not divided medially and without deep emargination;

3. prosternal keel with carinal prosternal striae distinct and (almost) joined anteriorly;
4. elytra with first dorsal elytral stria complete;

5. antennal scape with a ‘hook’ (except for S. viaticus).

Yélamos (1995), in his revision of the genus placed species S. marseulii (Brisout de
Barneville, 1866), S. vaucheri Lewis, 1896 and S. viaticus Lewis, 1892 in a small clade clos-
est to the out-group (Haeterius ferrugineus (Olivier, 1789)). Sternocoelis berberus Lackner
& Yélamos, 2001 and S. yelamosi (described here) share with the three afore-mentioned
species identical character states, so we believe that these two species also belong in this
plesiotypic clade, which we define as ‘Sternocoelis marseulii species group’. Although the
monophyly of this group is highly likely, it requires testing by a phylogenetic analysis in
the future. A phylogenetic analysis of Sternocoelis would be, however, outside of the scope
of this paper. We are aware of the fact that proposing new taxonomic structure without a
real phylogenetic analysis to support it should not be a standard measure. In the present
work we therefore designate this species-group mostly on pragmatic grounds as an infor-
mal taxonomic unit that should serve as a pointer for the future studies of this difficult
genus. We believe that male terminalia should be examined in all extant species with the
special focus on the male terminalia and spiculum gastrale in particular (see Discussion).
All five species included in the group are externally rather similar and, for secure identifi-
cation, the examination of the male terminalia, especially spiculum gastrale, is necessary.

Key to the species of the S. marseulii group:

1(8)  Antennal scape with a ‘hook’ (Fig. 20)

2 (3) Prosternum, especially apically, weakly punctate (Fig. 4) ........cccccevvvrinnnnne
.............................................. S. yelamosi sp. n. (Morocco: Jebel Tazzeka)

3(2)  Prosternum apically very coarsely and densely punctate, rugose (Fig. 17)

4 (5) Pronotal sides strongly explanate (see Lackner and Yélamos 2001: fig. 1),
well-separated from disc, body size 1.40—1.60 mm .......ccovveuerireinccninieennen
.................. S. berberus Lackner & Yélamos, 2001 (Morocco: High Atlas)

5(4)  Pronotal sides weakly explanate, not well separated from the disc (Fig. 30),
body size 1.30—-1.40 mm.
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6 (7)  Anterior pronotal angles strongly produced, elytra along widest point rather
narrow, ratio width: length 1.14 (Fig. 18), meso-metaventral excavation deep
(Fig. 19)cccciiiiiinnne S. marseulii (Brisout de Barneville, 1866) (Spain)
7 (6)  Anterior pronotal angles weakly produced, elytra along widest point rather
broad, ratio width : length 1.20 (Fig. 30), meso-metaventral excavation shal-
low (Fig. 31) c.ccovviviiiiiinne S. vaucheri Lewis, 1896 (Morocco: Tangier)
8 (1)  Antennal scape without a ‘hook’.............. S. viaticus Lewis, 1892 (Algeria)

Sternocoelis yelamosi sp. n.
urn:lsid:zoobank.org:act:6E3C4ACC-F2D0-44F6-8BA0-303324D266A7
htep://species-id.net/wiki/Sternocoelis_yelamosi

Figs 1-16

Type locality. Morocco, Jebel Tazzeka.

Type material examined. Holotype, ¢: MOROCCO: Moyen Atlas / Taza:
Jebel Tazzeka / N34°12.226', W04°03.908' / 11.V.2009 / Hlava¢ lgt., under stone
with ants, 1360 m (printed); // HOST ANT: Aphaenogaster mauritanicus Emery / H.
Cagniant, det. 2009 (printed); // HOLOTYPE Sternocoelis yelamosi Lackner & Hla-
vé¢, det. 2010 (red label, printed); CTLA. Note. One specimen of minor worker ant
is pinned together with the holotype.

Description. PEL:1.425; APW:0.625; PPW:1.075; EL:0.875; EW:1.20. Body
(Fig. 1) colour reddish-brown, shiny, weakly convex, oval, dorsal surface with sparse
setation, ventral surface lacking setae.

Frons wide, almost rugulose-lacunose, coarsely punctate, punctures with sparse se-
tae; eyes well-visible from above; frontal stria carinate, prolonged onto clypeus; anten-
nal scape thickened, apically with a ‘hook’, antennal club cylindrical, truncate at apex.

Pronotum with dense fine punctulation anteriorly and evanescent punctulation
laterally and basally, with sparse setae (many setae probably worn off); pronotal sides
weakly separated from disc by shallow marginal depression; marginal pronotal stria
present on basal three-quarters; anterior pronotal angles produced, truncate; posterior
angles of pronotum acute, not produced.

Elytra weakly convex, with long but sparse setae; disc densely punctate, punctures
separated by several times their diameter; marginal elytral stria complete, carinate,
briefly continued as apical elytral stria; first dorsal elytral stria complete, second dorsal
elytral stria reaching approximately two-thirds of elytral length apically, third elytral
stria the shortest, fine, reaching approximately mid elytral length apically, other elytral
striae absent.

Propygidium about 2.5 times as long as pygidium, both with sparse punctulation
and sparse long setae.

Prosternal process (Fig. 4) at slightly higher level than prosternal lobe; carinal pros-
ternal striae bisinuate, joined anteriorly, interspace between them rugose; prosternal
lobe roughly punctulate.
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Figures 1-7. Sternocoelis yelamosi sp. n. | habitus dorsal view 2 protibia dorsal view 3 ditto, ventral view
4 prosternum 5 meso-metaventrite 6 mesotibia, dorsal view 7 ditto, ventral view.

Mesoventrite smooth, shiny, asetose; meso-metaventral depression shallow; me-
soventral foveae incipient (Fig. 5); three lateral mesoventral striae present; inner one
middle of mesoventrite posteriorly. Metaventrite with sparse and fine punctulation
present mainly in anterior part, shiny.
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0.25 mm

Figures 8-16. Sternocoelis yelamosi sp. n. male terminalia. 8 Eighth sternite and tergite, ventral view
9 ditto, dorsal view 10 ditto, lateral view Il ninth and tenth tergites, ventral view 12 ditto, lateral view
I3 spiculum gastrale, ventral view 14 ditto, lateral view 15 aedeagus, dorsal view 16 ditto, lateral view.

All visible abdominal sternites smooth, asetose, second visible abdominal sternite
medially about twice as long as sternite I and III.

Legs (Figs 2-3, 6-7) relatively short, with sparse but strong setae, all tibiae expan-
ded from base to apex, with strong setae, mainly on outer margins.

Male genitalia. Eighth sternite (Figs 8-9) longitudinally divided medially, apical-
ly without velae, each half of divided eighth sternite apically with round sclerotized
‘ring’; eighth tergite much larger than sternite, longitudinally almost divided medially,
its halves widely separated; eighth sternite and tergite completely separated laterally
(Fig. 10). Ninth tergite (Figs 11-12) widely separated by tooth-shaped tenth tergite.
Spiculum gastrale (Figs 13—14) dilated on both ends, apical end dilated, with medio-
-apical notch. Aedeagus (Figs 15-16) typical for the genus (see Yélamos 1995: 147,
Figs 69-83 for comparison), truncated apically; apical third with pseudopores, latera-
lly barely curved; ratio of basal piece of aedeagus to the parameres approximately 1:2.

Differential diagnosis. S. yelamosi sp. n. closely resembles other species included
in the S. marseulii species group, but it can be differentiated from all of them as fol-
lows: from S. viaticus by presence of ‘hook’ on antennal scape [lacking only in S. viazi-
cusl; from S. marseulii by weaker punctation of the prosternum and coarser punctation
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Figures 17-20. Sternocoelis marseulii (Brisout de Barneville, 1866). 17 prosternum 18 habitus, dorsal
view 19 meso-metaventrite 20 head, dorsal view.

of dorsum [prosternum of S. marseulii is rugose and densely punctate; dorsum with
weaker punctation]; from S. vaucheri by weaker punctation of the prosternum and
coarser punctation of elytra [prosternum of S. vaucheri is rugose, coarsely punctate and
elytra are almost impunctate]: from S. berberus by smaller body size [1.425 vs. 1.60
mm in S. berberus] as well as by weakly explanate pronotal sides [pronotal disc of .
berberus is clearly separated from strongly explanate pronotal sides].

Etymology. Patronymic, named after and dedicated to our friend Tomds Yélamos
(Barcelona, Spain), who revised the genus Szernocoelis and confirmed this to be a new
species.

Distribution. So far known only from the type locality, Jebel Tazzeka in Middle
Atlas, northeast Morocco.

Host ant. Aphaenogaster mauritanicus Dalla Torre, 1893.

Other material studied. Sternocoelis berberus Lackner &Yélamos, 2001: 26 exs (sex
undetermined): Morocco, Oikameden, 2646m - 2656m (N31°11.605", W07°51.172'
— N31°11.609', W07°51.168"), 20.V. 2009, P. Koniar & M. Svarc lgt., under rocks
on open slope.

Sternocoelis viaticus Lewis, 1892: Paralectotype, <, side-mounted on a triangular
point with dismembered genitalia glued to the same triangular point as specimen,
with another mounting card bearing an ant, with written label: ,,Meskoutin / G. Lewis
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0.25 mm

Figures 21-29. Sternocoelis marseulii (Brisout de Barneville, 1866) male terminalia. 21 Eighth sternite
and tergite, ventral view 22 ditto, dorsal view 23 ditto, lateral view 24 ninth and tenth tergites, ventral
view 25 ditto, lateral view 26 spiculum gastrale, ventral view 27 ditto, lateral view 28 aedeagus, dorsal
view 29 ditto, lateral view.

Figures 30-3 1. Sternocoelis vaucheri Lewis, 1896. 30 habitus, dorsal view 31 meso-metaventrite.
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/ 22.4.[18]92%, followed by another written label ,Sternocoelis | viaticus | Co-Type
Lewis®, followed by round, yellow-margined label ,,Co- / type“ and by another printed
label ,,G. Lewis Coll. / B.M. 1926-369%, followed by another red label, printed ,,Para-
lectotypus / T. Yélamos / Des. 1993

Sternocoelis marseulii (Brisout de Barneville, 1866): 2 99 & 2 &3 Spain, Escorial
(MNHN).

Sternocoelis vaucheri Lewis, 1896: Paralectotype, &, side-mounted on a triangu-
lar point with dismembered genitalia glued to the same triangular point as specimen
(spiculum gastrale missing), with another mounting card bearing an ant, with written
label: ,, Tanger / 1896 / Vaucher®, followed by another written label: ,Much more
| convex than / Marseulii Bris., followed by printed label: ,G. Lewis Coll. / B.M.
1926-369¢, followed by another printed label: ,Sternocoelis | vaucheri | Lewis, 1896 /
T. Yélamos Det., followed by another red label, printed ,,Paralectotypus / T. Yélamos
/ Des. 1993 (BHMN).

Discussion

S. yelamosi shares numerous character states with another four species (S. vaucheri, S.
berberus, S. viaticus and S. marseulii) that are found in Morocco, Algeria and Spain,
respectively. Most of these character states, according to the phylogenetic analy-
sis performed by Yélamos (1995), are presumed to be symplesiomorphies (Yélamos
1995:168). Yélamos (1995) determined polarities of character states using the Palae-
arctic genus Haeterius Dejean, 1833 for the out-group. Yélamos (1995) did not study
male terminalia in detail; he only mentioned that “...male genitalia are very constant,
with an almost imperceptible intraspecific variability” (Yélamos 1995: 168). Accord-
ing to our study of the male terminalia of members of the ‘Sternocoelis marseulii species
group’ the most reliable character for distinguishing species of this group is the shape
of spiculum gastrale, especially its apical and basal ends (compare Figs 13, 26, 37 and
45). S. marseulii is the only species of S. marseulii species group that already had its
spiculum gastrale illustrated (Yélamos 1995: 147, Fig. 84). However, our study of
the male terminalia of S. marseulii indicates that the spiculum gastrale of this species
(Fig. 26) is rather different from that illustrated by Yélamos (1995). The rest of the
male terminalia (Figs 8-12, 14-16; 21-25, 27-29; 32-36, 38-39; 40—44, 46-48)
show more uniformity and are less valuable tools for the intra-specific recognition. The
spiculum gastrale of S. vaucheri could not have been examined; therefore the validity
of this taxon remains dubious. S. vaucheri is known only from two males and two
specimens of unidentified sex, all collected more than hundred years ago in Tangier
(northern Morocco). Two males of this species belonging to the type series housed
in BMNH have been examined, unfortunately their male terminalia (except for the
aedeagus already drawn by Yélamos 1995) are damaged and unsuitable for drawing.
According to Yélamos (1995), there should be another two specimens of unidentified
sex housed in MNHN; these two specimens, however, have not been found in the col-
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0.25 mm

Figures 32-39. Sternocoelis berberus Lackner & Yélamos, 2001, male terminalia. 32 Eighth sternite and
tergite, ventral view 33 ditto, dorsal view 34 ditto, lateral view 35 ninth and tenth tergites, ventral view
36 ditto, lateral view 37 spiculum gastrale, ventral view 38 aedeagus, dorsal view 39 ditto, lateral view.

0.25 mm

Figures 40-48. Sternocoelis viaticus Lewis, 1892, male terminalia. 40 Eighth sternite and tergite, ventral
view 41 ditto, dorsal view 42 ditto, lateral view 43 ninth and tenth tergites, ventral view 44 ditto, lateral
view 45 spiculum gastrale, ventral view 46 ditto, lateral view 47 aedeagus, dorsal view 48 ditto, lateral view.
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lections (Taghavian pers. comm., 2011). A lot of effort was devoted to find this rare
species in the surroundings of Tangier, Morocco, but without success. According to
Yélamos (pers. comm. 2011), S. vaucheri might be a junior synonymy of S. marseulii.
S. marseulii occurs predominantly in the mountains of central and eastern Spain, with
few findings also in southern Spain (Yélamos 1995). One locality, Sierra de Cérdoba
is approximately 300 km from the type locality of S. vaucheri (Tangier, Morocco).
However, without the examination of the male terminalia of S. vaucheri it would be
premature to synonymize the two species and therefore both species are kept in their
current taxonomic status. We believe that a newly performed phylogenetic analysis in-
cluding the male terminalia, with desired molecular characters would help to elucidate
the relationships among the Sternocoelis species.
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Abstract

Nearly one third of the described species of Cypholoba Chaudoir (Coleoptera: Carabidae) are known to
inhabit the Republic of South Africa. A key and diagnostic notes are provided for their identification, as
well as notes about way of life for some of the species based on observations in the Kruger National Park.
Fifteen species and subspecies of the genus are recorded from the Republic of South Africa; adult speci-
mens of each species and subspecies are illustrated and information about the distribution of each species
in the Republic of South Africa is summarized and mapped: C. alstoni (Péringuey), C. alveolata (Bréme),
C. amatonga Péringuey, C. fritschi (Chaudoir), C. gracilis gracilis (Dejean), C. gracilis scrobiculata (Bertolo-
ni), C. gracilis zuluana Basilewsky, C. graphipteroides graphipteroides (Guérin-Méneville), C. leucospilota
semilaevis (Chaudoir), C. macilenta (Olivier), C. notata (Perroud), C. oberthueri seruana Strohmeyer, C.
opulenta (Boheman), C. rutata (Péringuey), and C. tenuicollis aenigma (Dohrn).
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Introduction

The genus Gypholoba Chaudoir is one of the most diverse lineages within the tribe An-
thiini of the beetle family Carabidae, with 156 described species and subspecies (Lorenz
2005) distributed throughout southern and eastern Africa. These beetles are conspicuous
elements of savanna and woodland ecosystems, where they are typically found running
in bright sunshine over bare ground, or in short grasses (Fig. 1; Marshall and Poulton
1902). Like most other members of the tribe Anthiini, species of Cypholoba have the abil-
ity to excrete formic acid from their pygidial glands as a defensive behavior (Péringuey
1896). Most species in this genus are black and many species have white setal patches or
setal tufts (Fig. 1) that are thought to have evolved through mimicry of Mutillidae, For-
micidae, and other stinging Hymenoptera (Marshall and Poulton 1902). These beetles
are of potential interest to entomologists and evolutionary biologists studying phenom-
ena such as mimicry, aposematic coloration, and the evolution of chemical defenses. Spe-
cies of Gypholoba, like many other Anthiini, also show close associations with particular
ecosystems or vegetation communities and their activity patterns are closely tied with en-
vironmental variables such as temperature and rainfall, and overall climate patterns such
as seasonal monsoons (Schmidt 2001; Mawdsley et al. 2011). Given the relatively large
adult body size of most Cypholoba species (length 15-33 mm), their diagnostic color and
setal patterns (Strohmeyer 1928) and their conspicuous activity patterns and behaviors
(Schmidt 2001), these beetles could easily be incorporated into environmental monitor-
ing programs which track overall ecosystem condition, status, and trends.

As with other Anthiini, the taxonomic history of Cypholoba is rather convoluted.
Chaudoir (1850) initially established two genera, Cypholoba on p. 43 for the single spe-
cies Anthia alveolata Bréme and a second, Polyhirma, on p. 44 for the group of species
that included Anthia macilenta Olivier, A. gracilis Dejean, A. intermedia Boheman, A.
ferretti Reiche, A. tetrastigma Chaudoir, A. leucospilota Bertoloni, A. caillaudi Gory, and
A. polioloma Chaudoir. Péringuey (1896) combined these two genera in his revision of
southern African Carabidae, treating Cypholoba as a synonym of Polyhirma and recogniz-
ing 27 species-level taxa, ten of which were recorded from what is now the Republic of
South Africa. Further descriptive work by other workers, primarily in the east African
fauna, led to the recognition of 102 species in the genus by the time of Csiki’s (1929)
comprehensive catalogue. In the “Coleopterorum Catalogus,” Csiki (1929) followed Pé-
ringuey in placing Cypholoba in synonymy with Polyhirma. Strohmeyer (1928) was the
first to recognize the page priority of Gypholoba and also the first to attempt a compre-
hensive revision of this group. His revision radically altered the taxonomy of the genus,
recognizing just 16 species and relegating most of the former species to subspecies status.
This approach came under criticism from Basilewsky (1948, 1955) who pointed out a
number of errors in Strohmeyer’s revision and argued that many of the so-called “sub-
species” of Strohmeyer were separated by characteristics that suggested they were in fact
perfectly good species. Basilewsky published a series of studies in which he argued against
Strohmeyer’s reductionist approach while at the same time continuing to describe new

species and subspecies of Cypholoba (Basilewsky 1948; 1955; 1963; 1967; 1980; 1983).
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Figure 1. Adult female of Gypholoba graphipteroides graphipteroides (Guérin-Méneville), photographed in
a dry sandy streambed adjacent to the Sabie River in the Kruger National Park, RSA.

This paper is intended to provide an overview of the species of Cypholoba currently
known from the Republic of South Africa (RSA). This is a fauna very much in need of
good diagnostic materials, particularly keys and illustrations that can be used by non-
specialists. Most of the Cypholoba species in RSA have never been illustrated and none
of the published keys include all of the taxa now known to occur in RSA. The govern-
ment of RSA has taken recent positive steps towards protecting certain carabid beetles
under the South African Biodiversity Act of 2004 (Harrison and Miiller, pers. comm.)
and carabid beetles are increasingly being incorporated into ecosystem and agricultural
monitoring programs in southern Africa (Kotze 2000; Magagula 2003). Both types of
conservation approaches (carabid beetles as the subject of direct conservation efforts,
and carabid beetles as environmental monitoring targets and ecological indicators) are
clearly contingent on the availability of high-quality identification materials for the
carabid fauna of interest. Fortunately, development of these identification materials is
relatively straightforward. The species of Cypholoba from RSA are well represented in
museum collections, as a result of large-scale survey activities that began in the 1950s
and have continued more or less until the present day. The species-level taxonomy of
the RSA fauna is also reasonably well known; there have been only modest changes
in the taxonomy of the RSA species of Cypholoba since the first revision by Péringuey
(1896), despite the major changes introduced by Strohmeyer (1928) in other parts of
the genus. In the synopsis that follows, we follow the classification of this genus pre-
sented by Lorenz (2005) in the most recent catalogue of world Carabidae. It is hoped
that this short communication will help to inspire further interest and field studies of
these remarkable beetles.
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Materials and methods

We examined collections of adult Cypholoba Chaudoir and allied genera in the following
institutional collections: Field Museum of Natural History, Chicago, Illinois (FMNH);
Kruger National Park Museum (Scientific Services), Skukuza, South Africa (KNPC);
South African National Collection of Insects, Pretoria, South Africa (SANC); National
Museum of Natural History, Smithsonian Institution, Washington, D.C. (NMNH);
Transvaal Museum, Pretoria, South Africa (TMSA). In the case of NMNH and TMSA,
the specimens examined were authoritatively identified by the late P. Basilewsky, who
studied this genus for many years (Basilewsky 1948; 1955; 1963; 1967; 1980; 1983).
Museum collections were augmented by a series of field visits in 2007, 2008, 2009,
2010, and 2011 to the Kruger National Park in northeastern South Africa, where adults
of three species (C. alveolara, C. graphipteroides, and C. notata) were collected. Survey
methods for Gypholoba species and other Anthiini involved systematic walking along
roads, dry river washes, or sandy areas adjacent to major rivers. Surveys in the main park
area were conducted from dawn until dusk and under all available weather conditions.
Head-lamping surveys were conducted at night for Anthiini and other Carabidae in
the N'waswitshaka Research Camp at Skukuza. Pitfall traps were also widely deployed
throughout the Skukuza Ranger District of the Kruger National Park, to study the dis-
tribution of species of Carabidae across different vegetation communities and to record
the responses of carabid assemblages to common landscape-scale disturbances such as
mammalian grazing and ground fire. Driving surveys (Mawdsley et al. 2011) were also
employed as a survey technique for larger Anthiini, as well as species of 7efflus Leach
(Coleoptera: Carabidae: Panagacini); adults of larger species of Cypholoba such as C.
graphipteroides can be detected during driving surveys. When encountered during diur-
nal surveys, the individual beetles were highly conspicuous and could be easily captured
by hand. Further information about our survey methods is available in papers by Mawd-
sley and Sithole (2008; 2009), Mawdsley (2009; 2011), and Mawdsley et al. (2011).
Methods and species concepts follow those previously described (Erwin and Ka-
vanaugh, 1981; 1991). The species validation and diagnosis format follows as closely as
possible that suggested in Erwin and Johnson (2000). Measurements of length (ABL)
and width (T'W) follow those of Ball (1972) and Kavanaugh (1979): ABL (apparent

body length), measured from apex of labrum to apex of longer elytron.

Gypholoba Chaudoir, 1850
htep://species-id.net/wiki/Cypholoba

Cypholoba Chaudoir, 1850:43, type species C. alveolata Bréme, 1844:293
Polyhirma Chaudoir, 1850:44; synonymy by Strohmeyer (1928:298)
Diabatus Gistel, 1857:36; synonymy by Csiki (1929:381)

Diagnosis. Medium to large Anthiini (length 15-33 mm) with the following combina-
tion of adult attributes: head with distinct basal constriction or “neck;” second labial pal-
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pomere distinctly longer than third; pronotum rectangular or cordiform (heart-shaped),
not at all markedly elevated or swollen, lacking lateral or basal flanges; elytron with rows
of elevated costae which alternate with rows of large, deep punctures (in most species);
elytral punctures with brown, yellow, or orange setae at bottom in many species; rows
of punctures and setae not extending to apex of elytron in most species; apex of elytron
flat or planate in most species; elytron often with patterned setae and/or pubescence;
posterior margin of elytron usually obliquely truncate; elytron lacking an apical spine.

Distribution. Southern and eastern Africa.

Included species in the Republic of South Africa. The species list below and the
arrangement of descriptions that follow are ordered alphabetically.

Cypholoba alstoni (Péringuey), Botswana, Namibia, Republic of South Africa (RSA)

Cypholoba alveolata (Bréme), Botswana, RSA, Zimbabwe

Cypholoba amatonga Péringuey, Mozambique, RSA

Cypholoba fritschi (Chaudoir), Botswana, Namibia, RSA, Zambia

Cypholoba gracilis gracilis (Dejean), Botswana, Mozambique, Namibia, RSA

Cypholoba gracilis scrobiculara (Bertoloni), Mozambique, RSA

Cypholoba gracilis zuluana Basilewsky, RSA

Cypholoba graphipteroides graphipteroides (Guérin-Méneville), Mozambique, RSA,
Zimbabwe

Cypholoba leucospilota semilaevis (Chaudoir), Mozambique, RSA

Cypholoba macilenta (Olivier), Lesotho, RSA, Zimbabwe

Cypholoba notata (Perroud), RSA, Swaziland

Cypholoba oberthueri seruana Strohmeyer, Botswana, RSA

Cypholoba opulenta (Boheman), Namibia, RSA

Cypholoba rutara (Péringuey), Mozambique, RSA, Zimbabwe

Cypholoba tenuicollis aenigma (Dohrn), Botswana, RSA, Zambia, Zimbabwe

Key to adults of Gypholoba Chaudoir species from the Republic of South Africa.

1 Elytron without white or yellow patches or linear bands of setae in apical half;
basal half of elytron along suture at base with at most a narrow white or yel-
low patch or band of setac......c.coucevieiriniciniiniiccc e 2
- Elytron with distinct white or yellow patches or linear bands of setae in apical
half; basal half of elytron typically also with basal patches of white or yellow

SETAC .eevvvruruunenaeeeeeeeeesrresssssnnneaaeaeeeeesssssssssnnnnnnaeeeeessssssssssnnnnnaaeaeeseesssssssrnnnn 10
2 Pronotum elongate, slender, spindle-shaped.............cccccoovvniiiinnnan. 3
Pronotum broader, either rounded, rectangular, or heart-shaped................. 5
3 Pronotum with well-defined longitudinal median impression; elytral punc-
tures round ... C. gracilis gracilis (Dejean)

- Pronotum with median line feebly impressed at base and otherwise not at all
impressed along most of length, sometimes with a narrow raised ridge; elytral
PUNCEULES OVAL..ivtiiiiiiiiiciiiiiicce et 4
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Pronotum median line with a round impression at base and becoming obso-

lete 0n diSCuuennneeeeeieeeeeeeeeeeeeeeeeeeeene C. gracilis scrobiculata (Bertoloni)
Pronotum median line with a narrow impression at base and a narrow, slight-
ly raised ridge on disc........ccevveeriicinininnnee C. gracilis zuluana Basilewsky
Elytral punctures large, those on disc with orange-red setae deep within each
PULLCTULC .ottt sttt et s sae st bt e st essessesnesaesaeeaeessesnesnesaesueeneennennennens 6
Elytral punctures small, those on disc without orange-red setae deep within
CACH PUNCIUTE ..ttt 7

Apparent body length (ABL) 24-28 mm; pronotum elongate and somewhat
heart-shaped, width of pronotum less than width of eyes; elytra with six cos-
tae and large alveolate punctures...........ccccceevinnnnne C. amatonga Péringuey
Apparent body length (ABL) 31-33 mm; pronotum broader and distinctly
heart-shaped, width of pronotum distinctly greater than width of eyes; elytra
with six costae, fifth costa as measured from lateral margin short, only reach-
ing to basal sixth of elytra; elytral punctures large, alveolate..........................
................................................................................... C. alveolata (Bréme)
Elytra and pronotum without patterned pubescence or setae of any kind; ely-
tral costae and rows of punctures continuing to apex... C. alstoni (Péringuey)
Elytra and often pronotum with small setal tufts or patches at base; elytral
costae and rows of punctures usually becoming obsolete on disc, apex of
elytra SMOOTh . ..o 8
Pronotal base, scutellum and base of elytra each with a small white or yel-
low setal tuft, barely noticeable; elytral costae broad, smooth, and shining,
becoming obsolete at apical third; apical third of elytra shining ....................
.................................................................................. C. fritschi (Chaudoir)

Pronotum and/or elytra with more extensive setal patches; elytral costae nar-

row; apical third of elytra matte, not shining............ccccccoevviiiiinnncnn. 9
Elytral surface markedly rugose, each elytron with a narrow linear band of
yellow setae along suture on basal third...................... C. rutata (Péringuey)

Elytral punctures very small, costae present but not markedly elevated, elytral
surface largely smooth; each elytron with an ovate or rectangular patch of yel-
low setae adjacent to suture on basal fifth................ C. opulenta (Boheman)
Elytra with patches of grey or white setae on disc at apical third or apical
FOUITR L. 11
Elytra with patches of pale setae at base and/or apex of elytra only, adjacent to
The SUTUIE ...t 13
Apparent body length (ABL) 15-17 mm; pronotum elongate, slender, spin-
dle-shaped; each elytron with a second transverse band of white setae at mid-
ClyTron ..o C. tenuicollis aenigma (Dohrn)
Apparent body length (ABL) 24-28 mm; pronotum broader, heart-shaped;
each elytron with a patch of setae at apical third and a narrow line of white
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setae along the suture on the basal third of elytra; no second band of white
setae at MId-lytron c.o..coveciiiriiiiiiiiciec e 12
12 Pronotal and elytral setae uniformly greyish-white; a narrow linear band of
setae along midline of pronotum, a narrow linear band of setae along ely-
tral suture on basal two-fifths, and a pair of arcuate patches located at apical
third ..ocoovveiene C. graphipteroides graphipteroides (Guérin-Méneville)
- Pronotal setae and the setal band at the base of the elytra yellowish orange;
elytral setal patch placement similar to above, except for coloration, discal
patches bright white.........c.ccccccceee. C. leucospilota semilaevis (Chaudoir)
13 Elytra with apical third smooth, shining, except for apical patch of white se-
tae; basal two-thirds of elytra with rows of costae and large punctures, which
lack reddish-orange pubescence .........ccoceeucuiininnnnnee C. notata (Perroud)
- Elytra with apical fourth or fifth smooth, shining, except for apical patch of
white setae; basal three-quarters of elytra with rows of costae and large punc-
tures, reddish-orange pubescence present deep inside each puncture......... 14
14 Elytra with apical fourth smooth, shining, except for apical patch of white
setae; each elytron with seven costae, of which the sixth is very short............
................................................................................. C. macilenta (Olivier)
- Elytra with apical fifth smooth, shining, except for apical patch of white setae;
each elytron with seven costae subequal in size........cceoevirciniiinncinccnnne.
.............................................................. C. oberthueri seruana Strohmeyer

CGypholoba alstoni (Péringuey, 1892a)
htep://species-id.net/wiki/Cypholoba_alstoni
Figs 2, 29

Polyhirma alstoni Péringuey (1892a:14; type locality “British Bechuanaland,” syntype
series in South African Museum, Cape Town)
Cypholoba alstoni (Péringuey) Lorenz (2005:513)

Diagnosis. Apparent body length (ABL) 23-24 mm; easily separated from all other
species of Cypholoba in RSA by the lack of patterned pubescence on the elytra and the
continuation of the rows of elytral punctures and costae until the elytral apices. The
sympatric species C. fritschi is similar but is larger in ABL (25-31 mm in length) and its
elytral costae become obsolete on the disc shortly after mid-elytron, leaving the apical
third of the elytra almost entirely smooth.

Materials examined. 107 specimens from the following localities: RSA: North-
ern Cape Province: Farm Brulpan, Marydale, Mata Mata, Niekerk’s Hope in Gri-
qualand West, 30 km E Pofadder, 46 km N Pofadder, Tswalu Nature Reserve, Twee

Rivieren.
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9 10 13 14 15

Figures 2—15. Adult specimens of Cypholoba species, from the TMSA collection unless otherwise in-
dicated. 2 C. alstoni (Péringuey), male, Niekerk's Hope in Griqualand West, Northern Cape Province,
RSA 3 C. alveolata (Bréme), male, Warmbath, Limpopo Province, RSA 4 C. amatonga Péringuey, male,
Soutpansberg, Limpopo Province, RSA 5 C. fritschi (Chaudoir), male, Twee Rivieren, Northern Cape
Province, RSA 6 C. gracilis gracilis (Dejean), male, Zoutpan, Gauteng Province, RSA 7 C. gracilis gra-
cilis (Dejean), female, Vanwyksfontein Farm, Northern Cape Province, RSA 8 C. gracilis scrobiculata
(Bertoloni), male, Zoutpansberg, Limpopo Province, RSA 9 C. gracilis scrobiculata (Bertoloni), female,
Inhambane, Mozambique 10 C. gracilis zuluana Basilewsky, male, “E. Zululand,” KwaZulu/Natal Pro-
vince, RSA || C. graphipteroides graphipteroides (Guérin-Méneville), male, 20-26 km NE of Pietersburg,
Limpopo Province, RSA 1215 C. graphipteroides graphipteroides collected at sites along the Sabie River
west of Paul Kruger Gate in the Kruger National Park, showing intrapopulational variation in elytral setal
patterns (NMNH collection).

Gypholoba alveolata (Bréme, 1844)
http://species-id.net/wiki/Cypholoba_alveolata

Figs 3, 25, 29, 34

Anthia alveolata Bréme (1844:293, pl. 7 . 5, type locality “Port-Natal,” holotype in
Museum National d’Histoire Naturelle, Paris)

Polyhirma alveolata (Bréme) Péringuey (1896:351)

Cypholoba caillaudi alveolata (Bréme) Strohmeyer (1928:322)

Cypholoba alveolata (Bréme) Strohmeyer (1928:448)

Diagnosis. Apparent body length (ABL) 31-33 mm; one of the largest species of
Cypholoba in RSA and the largest species that has the distinctive alveolate elytral
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punctures with reddish-orange pubescence at the bottom of the punctures (see Fig.
3). It can be separated from C. macilenta, C. notata, and C. oberthueri seruana by
the lack of a white patch of setae across both elytral apices and from C. amaronga
by its larger ABL (24-28 mm length in C. amatonga) and the differences in elytral
surface sculpture mentioned in the key above. Some specimens have a patch of
white setae on each elytron immediately adjacent to the scutellum, while others also
have a patch of white setae on the scutellum and/or a line of white setae along the
midline of the pronotum.

Materials examined. 159 specimens from the following localities: RSA: Gaut-
eng Province: Johannesburg, Moloto, Pienaars River Dam, Pretoria, Rosslyn, Zout-
pan. KwaZulu/Natal Province: Duku duku, Durban, Ndumu, Pongola River, St.
Lucia Bay, Umfolozi, Waterval, “E Zululand.” Limpopo Province: Bandelierkop,
25 km NE Ellisras, Farm Scrutton, Haenertsburg, Klein Letaba, 18 miles W Letaba
Rest Camp, Letaba Rest Camp in Kruger National Park, Marblehall, Messina, Mo-
keetse, Pietersburg, 22 miles E Pietersburg, 20-26 km N Pietersburg, Potgietersrus,
Sedula near Leydsdorp, Shilouvane, Warmbath, Woodbush. Mpumalanga Prov-
ince: Barberton, 3 km N'W Barberton, Grootdraai, Lydenburg, Nelspruit, Nkuhlu
Plots in Kruger National Park, Sabie River road west of Paul Kruger Gate, Skukuza.
North West Province: Marico River, Rustenburg, Vryberg. Province not specified:
“Transvaal.”

Notes on biology. During our surveys (see Materials and Methods above), adults
of this species were found in riverine and upland areas of the Kruger National Park.
Specific vegetation communities (Gertenbach 1983) where adults were collected in-
cluded riverine gallery forest and upland Acacia nigrescens Olivier - Combretum api-
culatum Sonder savanna. Adults were collected diurnally, in pitfall traps, and with
headlamps at night.

Cypholoba amatonga Péringuey, 1892b
http://species-id.net/wiki/Cypholoba_amatonga
Figs 4, 29

Cypholoba amatonga Péringuey (1892:102b, type locality “Amatongaland, Delagoa
Bay,” syntype series in South African Museum, Cape Town)

Polyhirma amatonga (Péringuey) Péringuey (1896:350)

Cypholoba chaudoiri amatonga (Péringuey) Strohmeyer (1928:321)

Cypholoba amatonga (Péringuey) Strohmeyer (1928:448)

Diagnosis. Apparent body length (ABL) 24-28 mm; similar to C. alveolata but sepa-
rated from that species by the smaller ABL (31-33 mm in C. alveolata) and by the dif-
ferences in elytral surface sculpture mentioned in the key above.

Materials examined. 2 specimens from the following locality: RSA: Limpopo
Province: Soutpansberg.
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Cypholoba fritschi (Chaudoir, 1883)
htep://species-id.net/wiki/Cypholoba_fritschi

Figs 5, 29

Polyhirma fritschi Chaudoir (1883:27, type locality “Kuruman,” holotype in Museum
National d’Histoire Naturelle, Paris)

Cypholoba opulenta fritschi (Chaudoir) Strohmeyer (1928:368)

Cypholoba fritschi (Chaudoir) Strohmeyer (1928:450)

Diagnosis. Apparent body length (ABL) 25-31 mm; distinctive for its large body
size and for the lack of patterned pubescence or setae on the elytra, although some
specimens may have a small patch of yellow setae adjacent to the scutellum. As noted
by Péringuey (1896), there is also a tuft of pubescence on the scutellum. The elytral
surface sculpture is also diagnostic, with the rows of costae becoming obsolete shortly
after mid-elytron and the apical third smooth and strongly shining.

Materials examined. 11 specimens from the following localities: RSA: Northern
Cape Province: Niekerk’s Hope in Griqualand West, Twee Rivieren.

Notes on taxonomy. Strohmeyer (1928) had placed this species as a subspecies
of C. opulenta but as pointed out by Basilewsky (1948) this is clearly an error as the
two species are quite distinct and have different proportions, vestiture, and surface
sculpture.

Gypholoba gracilis gracilis (Dejean, 1831)
http://species-id.net/wiki/Cypholoba_gracilis_gracilis
Figs 6, 7, 30

Anthia gracilis Dejean (1831:468, type locality “cap de Bonne-Espérance,” holotype in
Museum National d’Histoire Naturelle, Paris).

Polyhirma gracilis (Dejean) Péringuey (1896:342-343)

Cypholoba gracilis gracilis (Dejean) Strohmeyer (1928:303)

Diagnosis. Apparent body length (ABL) 17-20 mm; easily recognized by its slender
body form, spindle-shaped pronotum, and lack of white setae or pubescence on the
elytra. The shape and size of the elytral punctures (described in the key) will separate
this subspecies from both C. g. scrobiculata and C. g. zuluana. In both C. g. gracilis and
C. g. scrobiculata the shape of the elytra is sexually dimorphic and thus both forms are
illustrated here.

Materials examined. 35 specimens from the following localities: RSA: Eastern
Cape Province: Aliwal North, Dorset. Free State Province: Bothaville. Gauteng Prov-
ince: 11 km SE Bronkhorstspruit, Bronkhorstspruit, Brooklyn, Florida, Pretoria, Rood-
eplaat, Rosslyn, Welgedacht, Zoutpan, Zusterstroom. KwaZulu/Natal Province: Wa-
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terval. Limpopo Province: Messina, Moordrift, Naboomspruit, Nylsvley, Pietersburg,
Rhenosterpoort, Smith Farm. Mpumalanga Province: Argent, 14 miles E Middelburg,
Middelburg, Moloto, Waterval Onder. Northern Cape Province: Niekerk’s Hope in Gri-
qualand West, Vanwyksfontein Farm. North West Province: Lichtenburg, Rustenburg.

Cypholoba gracilis scrobiculata (Bertoloni, 1847)
http://species-id.net/wiki/Cypholoba_gracilis_scrobiculata

Figs 8, 9, 30

Anthia scrobiculata Bertoloni (1847:90, type locality “in provincia Inhambanensi
Monzambici,” holotype in Accademia della Scienze dell'Istituto Bologna, Italy)

Polyhirma scrobiculata (Bertoloni) Péringuey (1896:342)

Cypholoba gracilis scrobiculata (Bertoloni) Strohmeyer (1928:315)

Diagnosis. Apparent body length (ABL) 19-20 mm; similar in general body form and
appearance to C. g. gracilis but differing from that subspecies in having the median
line of the pronotum not markedly impressed and in having the elytral punctures oval
rather than round.

Materials examined. 1 specimen from the following locality: RSA: Limpopo
Province: Zoutpansberg.

Notes on taxonomy. Based on the rather significant differences in the pronotal
and elytral surface sculpture, C. g scrobiculata may ultimately prove to represent a
species distinct from C. gracilis. A thorough review of the C. gracilis species complex
with a rigorous evaluation of the 41 subspecific taxa proposed by Strohmeyer (1928)
is needed.

Gypholoba gracilis zuluana Basilewsky, 1948
http://species-id.net/wiki/Cypholoba_gracilis_zuluana

Figs 10, 30

Cypholoba gracilis zuluana Basilewsky (1948:111, type locality “Zululand,” syntype
series in Naturhistoriska Riksmuseet, Stockholm)

Diagnosis. Apparent body length (ABL) 19-20 mm; similar in general body form and
appearance to C. g. gracilis and C. g. scrobiculara but differing from those two subspe-
cies in the pronotal surface sculpturing, as noted in the key. There are also subtle dif-
ferences in the arrangement and size of the elytral punctures and elytral costae between
all three subspecies (see Figs 6-10).

Materials examined. 6 specimens from the following localities: RSA: KwaZulu/
Natal Province: “E. Zululand,” “Zululand.”
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Cypholoba graphipteroides graphipteroides (Guérin-Méneville, 1845)
http://species-id.net/wiki/Cypholoba_graphipteroides_graphipteroides
Figs 1, 11, 12, 13, 14, 15, 26, 31, 33

Anthia graphipteroides Guérin-Méneville (1845:285, type locality “in regione Massili-
catzi,” holotype in Museum National d’Histoire Naturelle, Paris)

Polyhirma graphipteroides (Guérin-Méneville) Péringuey (1896:346)

Cypholoba graphipteroides graphipteroides (Guérin-Méneville) Strohmeyer (1928:343)

Diagnosis. Apparent body length (ABL) 24-27 mm; this species is easily separated
from most of the other sympatric species of Cypholoba by the distinctive pattern of
pubescence and setae on the elytra (Fig. 11). Adults could potentially be confused with
C. leucospilora, but in that species the pubescence on the pronotum and elytral suture
is yellowish and the patches of setae at apical third are brilliant white (Fig. 16).

Materials examined. 77 specimens from the following localities: RSA: Gauteng
Province: Pretoria, Rosslyn. KwaZulu/Natal Province: Hluhluwe, Mkuze Game Re-
serve, Ndumu, St. Lucia Bay. Limpopo Province: Alma, Koedoesrivier, Letaba Rest
Camp in the Kruger National Park, 9-14 miles E Louis Trichardt, 75 km W Messina,
Nylstroom, Nylsvley, Pietersburg, 9 miles N Pietersburg, 20-26 miles NE Pieters-
burg, Potgietersrus, Punda Maria Rest Camp in the Kruger National Park, Rust de
Winter, Shilouvane, Thabina, Warmbath. Mpumalanga Province: Kaapmuiden, 20
km SW Kaapmuiden, Louws Creek, Lydenburg, N’waswitshaka Research Camp, Pre-
toriuskop, Sabie river banks west of Paul Kruger Gate, Skukuza. Province uncertain:
Lebombo Mountains.

Notes on biology. This is easily the most abundant and frequently encountered
species of Anthiini in the Kruger National Park, RSA. Adults (Fig. 1) emerge in the ear-
ly rainy season (November-December) and can be locally abundant. Adults are active
both nocturnally and diurnally and are typically found in riverine or riparian areas near
flowing water. The charactistic behavior observed in this species, as with most Anthiini,
is a rapid walking behavior which appears to be associated primarily with foraging but
also is likely involved in searching for conspecifics and prospective larval habitats. We
have observed adults of this species in several distinct vegetation communities (riverine
gallery forest, open Combretum apiculatum — Acacia nigrescens savanna, Phragmites reed
beds) and microhabitats (sand or dirt roads adjacent to riverine communities, dry sand
wash, and riverine sand bars). This species also occasionally enters human-inhabited
areas; we have found individuals in the N'waswitshaka Research Camp at Skukuza
and also in the main tourist areas at the Skukuza tourist camp. Marshall and Poulton
(1902) suggest that this species may be a mimic of Mutillidae and other stinging Hy-
menoptera. Our observations suggest that, while there are certainly similarities in color
pattern and behavior between adults of C. graphipteroides and sympatric Mutillidae,
adults of C. graphipteroides are actually significantly larger in size than most of the sym-
patric black-and-white mutillid wasps, rendering the resemblance less than exact. We
infer from these observations that selection pressures may not be operating as intensely
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on this species as on other Carabidae (for examples of carabid beetles which are much
more convincing mimics of Mutillidae, see Marshall and Poulton 1902).

Notes on taxonomy. Strohmeyer (1928) recognized 20 subspecies in C. graphi-
pteroides, many of which were separated on the basis of differences in the setal patterns
of the elytra. Many of these taxa are doubtfully distinct from the nominate form and
the whole group is in need of a careful revision. Such a revision should include exami-
nation of extensive series in order to determine the extent of intrapopulational varia-
tion in the elytral setal patterns. Figures 1215 illustrate the variation in elytral setal
patterns within a single population of this species, located west of Paul Kruger Gate
along the Sabie River in the Kruger National Park.

Gypholoba leucospilota semilaevis (Chaudoir, 1861)
htep://species-id.net/wiki/Cypholoba_leucospilota_semilaevis
Figs 16, 31

Polyhirma semilaevis Chaudoir (1861:571-572, type locality “de la baie Delagoa,” syn-
type series in Museum National d’Histoire Naturelle, Paris)

Polyhirma semilevis Péringuey (1896:344—345), unjustified emendation

Cypholoba leucospilota semilaevis (Chaudoir) Strohmeyer (1928:351)

Diagnosis. Apparent body length (ABL) 22-28 mm; similar in general appearance to
C. graphipteroides but distinguished from that species by the color of the pronotal and
elytral pubescence and setae. The bands of pubescence on the pronotum and elytral
base are yellow in C. leucospilora (white or grey in C. graphipteroides), and the bands of
pubescence on the apical third of the elytra are a much brighter white in C. leucospilora
than in C. graphipteroides.

Materials examined. 5 specimens from the following localities: RSA: KwaZulu/
Natal Province: “E. Zululand,” “Zululand.”

Cypholoba macilenta (Olivier, 1795)
http://species-id.net/wiki/Cypholoba_macilenta

Figs 17, 32

Carabus macilentus Olivier (1795:26, pl. 11 f. 130, type locality “Cap de Bonne-Espé-
rance,” holotype in Museum National d’Histoire Naturelle, Paris)

Polyhirma macilenta (Olivier) Péringuey (1896:348)

Cypholoba macilenta (Olivier) Strohmeyer (1928:335)

Diagnosis. Apparent body length (ABL) 20-23 mm; similar to C. notata and C.
oberthueri but differing from both species in the length of the elytral costae. The elytral
costae are roughly equal in length in C. macilenta (see Fig. 17) while the lateral costae
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Figures 16-28. Adult specimens and diagnostic features of Cypholoba species, from the TMSA collection
unless otherwise indicated 16 C. leucospilota semilaevis (Chaudoir), male, “E. Zululand,” KwaZulu/Natal
Province, RSA |7 C. macilenta (Olivier), male, Groenkloof, Gauteng Province, RSA 18 C. notata (Per-
roud), male, Shilouvane, Limpopo Province, RSA 19 C. notata (Perroud), male, Empangeni, KwaZulu/
Natal Province, RSA (NMNH collection) 20 C. notata (Perroud), male, Pongola River, KwaZulu/Natal
Province, RSA 21 C. oberthueri seruana Strohmeyer, male, Allemanskraal, Free State Province, RSA 22 C.
opulenta (Boheman), male, Us Pass, Khomas Hochland, Namibia 23 C. rutata (Péringuey), male, Pafuri,
Kruger National Park, Limpopo Province, RSA 24 C. tenuicollis aenigma (Dohrn), Zimbabwe 25 base of
elytra showing punctures, C. alveolata 26 base of elytra showing punctures, C. graphipteroides graphipter-
oides 27 base of elytra showing punctures, C. notata 28 base of elytra showing punctures, C. opulenta.

are distinctly longer than those on the disc in C. nozata and C. oberthueri (see Figs
18-21). Adults could potentially also be confused with C. amatonga but that species
lacks the patch of white pubescence at the apex of the elytra and the apical portion of
the elytra is more rugosely punctate, not flat and strongly shining as in C. macilenta.

Materials examined. 127 specimens from the following localities: RSA: Eastern
Cape Province: De la Rey. Free State Province: Boshof, Bothaville, H. E Verwoerd
Dam, Krugersdrift Dam. Gauteng Province: Bronkhorstspruit, Groenkloof, Johan-
nesburg, Moloto, Muldersdrift, Pretoria, Randfontein, Rosslyn, Valhalla, Zoutpan.
KwaZulu/Natal Province: Waterval. Limpopo Province: Messina, Moordrift, Pienaars
River, Pietersburg, 20-26 km NE Pietersburg, Shilouvane, Woodbush. Mpumalanga
Province: Lydenburg, Middelburg, 14 miles E Middelburg, Waterval Onder. North-
ern Cape Province: Kimberley, Niekerk’s Hope in Griqualand West, Vanwyksfontein
Farm. North West Province: Lichtenburg, Marico, Rustenburg,.
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Figures 29-32. Maps showing distributions of Cypholoba species in RSA 29 black squares for C. alstoni,
black circles for C. alveolata, white star for C. amatonga, white triangles for C. fritschi 30 white circles for
C. gracilis gracilis, black star for C. gracilis scrobiculata, question marks (indeterminate localities) for C.
gracilis zuluana, white squares for C. tenuicollis aenigma 31 black triangles for C. graphipteroides graphi-
pteroides, question marks (indeterminate localities) for C. leucospilota semilaevis, black diamond for C.
oberthueri seruana, white arrow for C. apulenta, white X for C. rutata 32 white diamonds for C. macilenta,
black arrows for C. notata.

CGypholoba notata (Perroud, 1846)
http://species-id.net/wiki/Cypholoba_notata
Figs 18, 19, 20, 27, 32

Anthia notata Perroud (1846:50-56, type locality “de I intérieur de Natal,” syntypes in
Museum National d’Histoire Naturelle, Paris)

Polyhirma notata (Perroud) Péringuey (1896:348)

Cypholoba semisuturata notata (Perroud) Strohmeyer (1928:337)

Cypholoba notata (Perroud) Strohmeyer (1928:452)

Diagnosis. Apparent body length (ABL) 21-23 mm; elytral surface sculpture distinc-
tive with the entire apical third lacking the rows of punctures and costae found on the
more basal portions of the elytra. The lateral elytral costae are longer than the costae on
mid-disc or the suture. The patterns of pubescence vary in this species; some specimens
possess white linear bands of setae on the head, pronotum, and base of the elytra while
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Figure 33. Riverine/riparian area along the south bank of the Sabie River west of Paul Kruger Gate in the
Kruger National Park, RSA. A collecting site for Cypholoba graphipteroides graphipteroides.

other specimens lack these bands (Figs 14, 15). We have also examined highly abraded
specimens that lack all of the elytral and pronotal setae but in these specimens the ely-
tral surface sculpturing is still diagnostic.

Materials examined. 96 specimens from the following localities: RSA: Gauteng
Province: Malvern, Pretoria. KwaZulu/Natal Province: Empangeni, 30 miles N of
Empangeni, Hluhluwe, Maritzburg, Mkuze, “Natal,” Ntambanana, Pinetown, Pon-
gola, Pongola River, St. Lucia Bay, Thorny Bush, Ubombo Mountains, Weenen, “Zu-
luland,” “E. Zululand.” Limpopo Province: Koedoes Rivier, Sedula near Leydsdorp,
Shilouvane, Thabina, Zoutpansberg. Mpumalanga Province: Barberton, Grootdraai,
Lydenburg, Nelspruit, Sabie River bank west of Paul Kruger Gate, Waterval River Pass.
Northern Cape Province: Kimberley. North West Province: Marico River, Vryburg.

Notes on biology. We observed adults of this species running along dirt roads in
bright sunshine through open Combretum apiculatum — Acacia nigrescens savanna in
close proximity to the Sabie River in the Kruger National Park, RSA.

Gypholoba oberthueri seruana Strohmeyer, 1928
htep://species-id.net/wiki/Cypholoba_oberthueri_seruana
Figs 21, 31

Cypholoba semisuturata seruana Strohmeyer (1928:337, type locality “Ost-Betschuana-
land,” one syntype from “Sogosse” the other syntype from “Serue” in Museum fiir
Naturkunde, Berlin)
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Figure 34. Upland Acacia nigrescens — Combretum apiculatum savanna near Skukuza in the Kruger Na-
tional Park, RSA. A collecting site for Cypholoba alveolata.

Diagnosis. Apparent body length (ABL) 21-24 mm; similar in appearance to C. maci-
lenta and C. notata but differing from both species in the length of the elytral costae (as
noted in the key) and the elytral proportions which are somewhat longer and narrower
in C. o. seruana than in the other two species. This is apparently a rare form, at least in
collections; it is known at present from two localities in Botswana and the nominate
subspecies is known only from Zimbabwe (Strohmeyer 1928).

Materials examined. 1 specimen from the following locality: RSA: Free State,
Allemanskraal.

CGypholoba opulenta (Boheman, 1860)
htep://species-id.net/wiki/Cypholoba_opulenta
Figs 22, 28, 31

Polyhirma opulenta Boheman (1860:9, type locality “juxta fluvium Svakop,” holotype
in Naturhistoriska Riksmuseet, Stockholm)
Cypholoba opulenta (Boheman) Strohmeyer (1928:367)

Diagnosis. Apparent body length (ABL) 18-24 mm; easily recognized by the golden-
yellow pubescence on the head, pronotum, and base of elytra adjacent to the suture (Fig.
22). The elytral surface sculpturing is also diagnostic, with small narrow costae separated
by flat intervals with a single row of minute punctures in each interval (Fig. 28).
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Materials examined. 45 specimens from the following localities: Eastern Cape Prov-
ince: Nduma, Willowmore. KwaZulu/Natal Province: Maritzburg, Melmoth, Mkuze,
St. Lucia, “E. Zululand.” North West Province: Lichtenburg, 30 km W Vryberg,.

Gypholoba rutata (Péringuey, 1892b)
http://species-id.net/wiki/Cypholoba_rutata

Figs 23, 31

Polyhirma rutata Péringuey (1892b:101, type locality “Zambeze,” syntype series in
South African Museum, Cape Town)

Cypholoba divisa rutata (Péringuey) Strohmeyer (1928:359-360)

Cypholoba rutata (Peringuey) Strohmeyer (1928:453)

Diagnosis. Apparent body length (ABL) 22-27 mm; similar in body proportions and
surface sculpturing to C. graphipteroides and C. leucospilota but lacking the oblique
bands of white setae and pubescence that are found at the apical third of the elytra in
those species (see Figs 11-16).

Materials examined. 1 specimen from the following locality: RSA: Limpopo
Provice: Pafuri in Kruger National Park.

Cypholoba tenuicollis aenigma (Dohrn, 1881)
http://species-id.net/wiki/Cypholoba_tenuicollis_aenigma
Figs 24, 30

Anthia aenigma Dohrn (1881:326, type locality not indicated, type material originally
in Natural History Museum, Stettin, and apparently destroyed in World War II)

Polyhirma aenigma (Dohrn) Péringuey (1896:343-344, pl. 4 f. 6)

Cypholoba gracilis aenigma (Dohrn) Strohmeyer (1928:303)

Cypholoba aenigma (Dohrn) Strohmeyer (1928:447)

Diagnosis. Apparent body length (ABL) 15-17 mm; similar in size, body propor-
tions, and surface sculpturing to smaller individuals of C. gracilis but easily separated
from that species by its patterned elytral pubescence (Fig. 19) and smaller body size
(adults of all subspecies of C. gracilis are 17-22 mm in ABL). Adults are also superfi-
cially similar to those of species in the genus Eccoptoptera Chaudoir but in species of
that genus the pronotum is broadly rounded and markedly convex (Péringuey 1896;
Strohmeyer 1928).

Materials examined. 84 specimens from the following localities: RSA: KwaZulu/
Natal Province: Entabeni. Limpopo Province: Haenertsburg, Moddernek, Pietersburg,
Shilouvane, Woodbush, Wylie’s Poort.
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Abstract

Melittobia acasta and M. australica are newly recorded from Sicily, Italy, and the second species is reported
in Europe for the first time. A short historical background about Melittobia parasitoid wasps, their hosts,
and distribution, with emphasis in those two species is presented together with illustrations to facilitate
their identification. Brief discussion about the presence and possible distribution of the species in Sicily
is also included.

Keywords
Parasitoid wasp, Sceliphron spirifex, Osmia sp., Sicily, Europe

Introduction

Melittobia Westwood is a cosmopolitan genus of gregarious ectoparasitoids that pri-
marily attack prepupae of aculeate Hymenoptera, but are also able to parasitize a wide
range of hosts from the orders Coleoptera, Diptera and Lepidoptera (Dahms 1984b;
Gonzélez et al. 2004; Matthews et al. 2009). They are frequently associated with mud-
dauber wasps (Sceliphron spp. and Trypoxylon spp.) but some species are frequently
found parasitizing several bee species (i.e. Anthidium, Anthophora, Apis, Bombus, Cer-
atina, Chalicodoma, Heriades, Megachile, Osmia, Psythirus, Stelis) (Gonzélez and Terdn
1996; Gonzilez et al. 2004; Maeta 1978; Matthews et al. 2009).

Copyright Antonino Cusumano et al. This is an open access article distributed under the terms of the Creative Commons Attribution License 3.0
(CC-BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Twelve species are known in the genus (Matthews and Gonzalez 2008; Matthews
et al. 2009). All Melittobia species exhibit extreme intrasexual and intersexual poly-
morphism, where males are blind, and brachypterous, and have highly modified anten-
nae. Females are either brachypterous, and emerge from the pupae containing a large
batch of eggs and are ready to mate, or macropterous, and capable of greater dispersal
(Cusumano et al. 2010; Gonzéilez and Matthews 2008; Matthews and Gonzilez 2008;
Matthews et al. 2009; Schmieder 1933). Of these, Melittobia acasta (Walker), has been
known as the only Eurasian species of Melittobia but it occurs widely in other regions
of the world (Summarized by Gonzélez et al. 2004). It has been reported as a danger-
ous threat to honeybees and/or solitary bees used as crop pollinators (See Gonzdlez and
Matthews 2005).

Melittobia australica Girault, was described on the basis of three males and ten females
that emerged from Pison spinolae Shuckard (Hymenoptera: Sphecidae) (Girault 1912).
This parasitoid is a nearly cosmopolitan species that has been reported from Australia and
New Zealand, several countries of Africa, Asia, North, Central and South America, in-
cluding a few Caribbean islands/countries (Assem et al. 1982; Dahms 1984a; Gonzalez
and Matthews 2005; Gonzilez and Teran 1996; Gonzilez et al. 2008; Maeta 1978).

Here we confirm the presence of two Melittobia species (M. australica and M.
acasta) in Italy and provide the first record of M. australica from Europe.

Materials and methods

Collections of trap nests and mud dauber nests were carried out during 2010 in western
Sicily. Trap nests were built by pooling together about 10 pieces (D=2-3 cm; length=20
cm) of reed (Arundo donax L.) that were hung on trees located both in cultivated and
uncultivated fields. Nests of mud dauber wasps were collected mainly from external
walls of buildings especially in areas close to water sources.

A number of Melittobia wasps emerged from trap nests colonized by Osmia bees
originally placed in the Palermo University campus (38°06'26”N,13°21°07”E). The
collected parasitoids were mounted and later identified.

One of several mud dauber nests constructed by Sceliphron spirifex L. (Hymenop-
tera: Sphecidae) collected in the town of Contessa Entellina (province of Palermo)
(37°44'23"N, 13°08'27"E), had a cell containing a prepupae of its host parasitized
with Melittobia wasps. Some were collected and placed on calliphorid pupae (Cal-
liphora sp., Diptera: Calliphoridae) to be reared, while the rest were studied and iden-
tified. The parasitoids that emerged from these cultures were studied, identified and
counted (Table 1).

A thorough review of literature was done in order to corroborate that the identi-
fied species indeed constituted a new record for the country. We were unable to review
other insect collections besides the one at Universitd degli Studi di Palermo, and that
of an amateur entomologist in Palermo. Voucher specimens of both parasitoid species
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Table 1. Melittobia australica Girault emerged from six pupae of Calliphora sp., under laboratory con-
ditions (25°C; 75% RH) at Dipartimento DEMETRA, Universitd degli Studi di Palermo, Sicily, Italy

Host number Males Brachypterous Macropterous Larvae/Pupae*
females females

1 3 1 60 20

2 2 3 45 28

3 2 1 11 82

4 1 0 5 89

5 4 0 12 68

6 3 1 68 18

Total 15 6 201 305

Mean 2.5 1 33.5 50.83

* These larvae/pupae died during development.

and the hosts are deposited at the TAMU insect collection, College Station, Texas,
USA and at Palermo University, Palermo, Sicily, Italy.

Results and discussion

Four males and 63 macropterous females of Melittobia acasta were collected (and
mounted) from a cell of Osmia sp. inside a trap nest.

A total of one male and 376 females of M. australica emerged from a Sceliphron
spirifex prepupa. It is worth noting that the factitious host Calliphora pupae appear
to be highly nutritious and large allowing the development of brachypterous females
(Table 1). From six cultures established using Calliphora pupae (four females/fly pu-
pae) as hosts, fifteen males of M. australica, as well as six brachypterous females, 201
macropterous females and 305 pupae/larvae emerged (see Table 1).

The easiest way to separate Melittobia acasta and M. australica is by examining male
specimens under a magnifying glass (10x—20x) or a microscope. Males of M. acasta are
1.3-1.5 mm long, light brown or amber in color (Figure 1a); antennal scape has a cup-
shaped depression, the distal region of the scape is strongly oblique with a broad excava-
tion (Figure 2a) (Dahms 1984a; Gonzélez and Terdn 1996). Males of M. australica are
1.1-1.3 mm long, light amber in color and have an antennal scape with a deep ventral
longitudinal groove (Figures 1b, 2b) (Dahms 1984a; Gonzdlez and Terdn 1996). In order
to identify species using females we recommend following Dahms (1984a).

Even though the North American species Melittobia chalybii Ashmead was once
mentioned in an European country (Denmark) by Holm (1960), it was later clarified
that the species was actually M. acasta (Holm and Skou 1972; Gonzilez and Matthews,
2005). Otherwise, all reports we had been able to find of the presence of Melittobia
in European countries, indicate that the species found was always M. acasta (Gonzdlez
and Matthews 2005; Gonzélez et al. 2004). Thus it was not surprising that the first
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Figure 1. Males of Melittobia parasitoid wasps: @ M. acasta b M. australica. Scale: 0.5 mm

Melittobia we encountered in Sicily was M. acasta. Since the species was encountered
in Palermo, a major port-city in the island, we might suspect that the species found its
way to Sicily through the many ships that come from many lands to this place. Since
M. acasta is widely distributed in Europe and Asia, we might even speculate that its
invasion of Sicily could have occurred centuries ago.

Even though Melittobia australica is a nearly cosmopolitan species, it has never
been reported from Europe until now. The finding of this species in the town of
Contessa Entellina, located about 80-90 km from the port of Palermo raises an in-
teresting question: how long has it been in Sicily? Since the place where we found M.
australica in Sicily is in the interior of the island, we might suspect that the species
is widely distributed on the island. It is important to note that several species of bees
and wasps known from Sicily (Incalterra et al. 2003; Rasmont et al. 2008; Schmid-
Egger 2003) are suitable hosts for both Melittobia wasps found, helping them to
easily establish on the island.
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Figure 2. Male antennae of Melittobia acasta a and M. australica b. Scale: 0.25 mm.
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Abstract

A new species of the corophiid gammaridean amphipod belonging to the genus Sinocorophium Bousfield
& Hoover was collected from the lower reaches of the Han River in Gyeonggi-do, Korea. A relatively large
body size and morphology of the uropods 1 and 3 are the major characteristics which serve to distinguish
the new species from its congeners. The new species is fully illustrated and extensively compared with
related species. A key to the species of Sinocorophium is also provided.

Keywords
Amphipoda, Corophiidae, Sinocoraphium, new species, Korea, key

Introduction

The genus Sinocorgphium is usually found free-burrowing, in intertidal muddy substrata,
from marine to brackish waters. To date, sinocorophiid amphipods are comprised of 10 spe-
cies (Shen 1955, Bousfield and Hoover 1997) and almost all species reported are endemic
to warm temperate and subtropical shallows of the Far East region such as China, Japan,
Vietnam and Korea. Only one species, S. alienense Chapman, 1988 occurs in the northeast

Copyright Young-Hyo Kim. This is an open access article distributed under the terms of the Creative Commons Attribution License 3.0 (CC-BY),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Pacific (delta of San Francisco Bay). According to Chapman (1988), S. alienense was intro-
duced from Vietnam through widespread ballast water traffic during the Vietnam War. The
genus Sinocorophium is morphologically characterized by having uncoalesced urosomites,
uropod 1 laterally inserted, peduncular article 2 of antenna 2 with a large gland cone,
palp article 2 of maxilliped elongated and a rounded posteroventral corner of epimeron
3. 'This genus is divided into two groups, a relatively ancestral and more derived subgroup
based on characteristics of antenna 2, gnathopod 1, pereopods 3—4 and uropods (Bousfield
and Hoover 1997). The derived subgroup is comprised of 6 species: S. homoceratum (Yu,
1938), S. monospinum (Shen, 1955), S. intermedium (Dang, 1965), S. triangulopedarum
(Hirayama, 1990) from China Sea, S. japonicum (Hirayama, 1984) from Japan, and S.
alienense (Chapman, 1988) from California. In this paper I add one new Korean species S.
hangangense sp. 1., which is placed into the derived subgroup. Hitherto, only one species of
the genus, S. sinense (Zhang, 1974) has been previously recorded in Korea, from intertidal
oyster beds (Jung and Kim 2007). A key to the world Sinocoraphium species is also given.

Material and methods

Specimens were collected with a hand-net from the mud substratum of Gongreung
stream, Paju-si, Korea, where the brackish water region is influenced by the inter-
tidal zone (Fig. 1). The specimens were fixed with 80% ethyl alcohol and dissected
in glycerol on Cobb’s aluminum hollow slide. Permanent mounts were made using
polyvinyl lactophenol with lignin pink added. Drawings and measurements were per-
formed with the aid of a drawing tube, mounted on an Olympus SZX 12 stereomi-
croscope and Olympus BX 51 interference contrast compound microscope. The body
length was measured from the tip of rostrum to the end of the telson, along the dor-
sal parabolic line of the body. Type specimens are deposited at the National Institute
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Figure 1. Distribution of world Sinocorophium species. | S. minutum, S. intermedium 2 S. triangulope-
darum 3 S. monospinum 4 S. sinense S S. heteroceratum, S. homoceratum 6 S. hangangense sp. n. T S. sinense
8 S. japonicum, S. lamellatum 9 S. sinense 10 S. alienense.
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of Biological Resources (NIBR), Incheon, Korea, Department of Biological Science,
Dankook University (DKU), Cheonan, Korea and the Canadian Museum of Nature
(CMN), Ottawa, Canada.

Taxonomy

Genus Sinocorophium Bousfield & Hoover, 1997
htep://species-id.net/wiki/Sinocorophium

Type species. Corophium sinensis Zhang, 1974

Diagnosis. Body cylindrical. Rostrum vestigial to distinct. Antenna 2 strongly
pediform, gland cone of peduncular article 2 large, prominent, peduncular article 4
with ventrodistal tooth. Maxilliped, palp article 2 elongate. Gnathopod 1, palm of
propodus distinct and transverse, dactylus rather short. Pereopods 3—4, carpus not
shortened, slightly shorter than merus. Pleonal epimeron 3 subquadrate or weakly
pointed posteroventrally. Urosomites separate. Uropod 1 laterally inserted. Uropod 3
uniramous, ramus linear to subovate. Telson short and subtriangular.

Species composition. Sinocorophium alienense (Chapman, 1988), S. hangangense
sp. 0., S. heteroceratum (Yu, 1938), S. homoceratum (Yu, 1938), S. intermedium (Dang,
1965), S. japonicum (Hirayama, 1984), S. lamellatum (Hirayama, 1984), S. minutum
(Dang, 1965), S. monospinum (Shen, 1955), S. sinense (Zhang, 1974), and S. mriangu-
lopedarum (Hirayama, 1990).

Sinocorophium hangangense sp. n.
urn:lsid:zoobank.org:act:F79F7494-083C-4E1E-96C7-324B1F712E43
http://species-id.net/wiki/Sinocorophium_hangangense

Korean name: Han-gang-baem-yeop-sae-u, new

Figs 2-5

Material examined. Holotype, adult male, 12.2 mm, NIBRIV0000245089, Gongre-
ung stream, Songchon-ri, Gyoha-eup, Paju-si, Gyeonggi-do, Korea, 37°45'10"N,
126°42'20"E, C.M. Lee and Y.H. Kim, 2 November 2002. Paratype, adult female,
11.0 mm, NIBRIV0000245090, same station data; one male, 11.5 mm and one fe-
male, 10.5 mm, CMNC 2012-0002, same station data; three females, 8.7—10.2 mm,
DKU 201203, same station data.

Additional material examined. 2 males, same locality as holotype, C.M. Lee, 30
September 2006; 2 males, 3 females, same locality as holotype, C.M. Lee, 4 November
2006; 5 males, 4 females, same locality as holotype, C.M. Lee, 3 May 2008.

Coloration in alcohol. Body yellowish grey; antennae to urosomites with light
brownish reticulate pattern dorsally, especially pereonites with 2 longitudinal rows of
light brown lines dorsally (Fig. 2).
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Figure 2. Sinocorophium hangangense sp. n., male, 11.5 mm, Gongreung stream, Songchon-ri, Gyoha-
eup, Paju-si, Korea. A lateral view B dorsal view; female, 8.5 mm, Gongreung stream, Songchon-ri,
Gyoha-eup, Paju-si, Korea. C lateral view D dorsal view.

Description. Holotype, adult male, NIBRIV0000245089.

Body (Fig. 3A) 12.2 mm long, head longer than pereonite 1, rostrum (Fig. 3B)
pointed distally, triangular in dorsal view. Eye invisible in alcohol. Cephalic lobe
sharply produced. Pereonites 1-2 subequal in length, shorter than pereonite 3. Coxae
flat dorsoventrally, except coxa 1, much shallower than pereonites. Urosomites 1-3
separate.

Antenna 1 (Figs. 3B, 3C) weakly setose, subequal in length to head and pereonites
1-4 combined; peduncular article 1 rectangular, distinctly narrowed distally, medial
margin irregularly serrated when viewed dorsally, ventrodistal corner with 1 small ro-
bust seta and 1 penicillate seta, distal half of ventral margin with 8 setae; length ratio
of peduncular articles 1-3 = 1.00 : 0.41 : 0.31; flagellum 13-articulate, shorter than
peduncle, several articles bearing club-shaped, small aesthetascs ventrodistally.

Antenna 2 (Figs. 3A, 3D) massive, nearly twice as long as antenna 1; peduncular arti-
cle 2 with large curved and sharply pointed gland cone; peduncular article 3 longer than
wide; peduncular article 4 1.23 x article 5, with a row of tubercles ventromedially and a
ventrodistal large tooth; peduncular article 5 rectangular, with a row of tubercles ventro-
medially; flagellum biarticulate, proximal one with a row of tubercles, 0.56 x peduncular
article 5, distal one short, about 0.2 x proximal one, with 2 unequal setae apically.
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Figure 3. Sinocorophium hangangense sp. n., holotype, male, 12.2 mm, Gongreung stream, Songchon-
ri, Gyoha-eup, Paju-si, Korea. A habitus, lateral B head, dorsal C antenna 1 D antenna 2 E lower lip
F mandible G maxilla 1 H maxilla 2 | maxilliped. Scale bars: 1.0 mm (A-D), 0.2 mm (E-T).

Lower lip (Fig. 3E) inner lobe subovate, coalescent proximally, rounded apically;
mandibular process small and blunt; both lobes covered with patch of pubescence

medially.
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Left mandible (Fig. 3F) well developed, incisor and lacinia mobilis produced in-
ward, bluntly tridentate; accessory setal row with 2 curved, finely pectinate blades; mo-
lar well developed, massive, truncate; palp biarticulate, proximal segment shorter than
distal, with 1 simple seta apically and 1 sparse plumose seta subapically, distal segment
slender, with pubescence medially and long plumose seta apically.

Maxilla 1 (Fig. 3G) inner plate unknown; outer plate armed with 7 setal-teeth
(simple or serrulate) apically; palp biarticulate, proximal segment short, wider than
long, distal one extending beyond end of outer lobe, with row of 7 simple setae and 2
unequal robust setae apically, with row of 7 setae subapically.

Maxilla 2 (Fig. 3H) inner plate with longitudinal row of pinnate setae on inner
margin, apical margin with 2 rows of simple or pectinate setae; outer plate extending
beyond end of inner one, inner distal and apical margins with simple or plumose setae.

Maxilliped (Fig. 3I) inner plate slender and elongate, inner surface covered by pu-
bescence, basal portion with transverse row of about 22 plumose setae, apical margin
with 3 unequal robust setae, 1 pinnate and 2 simple setae, respectively; outer plate not
reaching distal end of article 2 of palp, inner margin straight, densely setose, with 1
long pinnate seta distally, outer margin pubescent, curved convexly; palp 4-articulate,
proximal article with 2 long plumose setaec on outer margin, article 2 elongate, more
than twice length of proximal one, inner margin densely setose, outer margin with 4
simple setae distally, article 3 subrectangular, with rounded distal corner, surrounded
by setae distally, 0.34 x article 2, distal article short, 0.33 x article 3, with apical setae.

Gnathopod 1 (Fig. 4A) subchelate; coxa elongate-ovate, much longer than wide,
ventral margin rounded with 3 long plumose setae, anterior margin with 6 setules;
basis as long as carpus, anterior margin straight, unarmed, posterodistal corner with
unequal setae; ischium quadrate, with long pinnate setae ventrodistally; merus short,
subtriangular, with long pinnate setae ventrodistally; carpus slightly narrowing dis-
tally, anterior margin with 5 simple setae, distomedial corner with transverse row of 6
simple setae, posterior margin with 2 rows of pinnate setae; propodus subrectangular,
posterior margin concave, 0.74 x carpus, anterior and medial portions with pectinate
setae, posterior margin with pinnate and simple setae, palm transverse, slightly convex,
lined with row of bifid spinules; dactylus falcate, almost fitting palm.

Gnathopod 2 (Fig. 4B) simple; coxa small, wider than long; basis subrectangular,
posterodistal margin with cluster of simple setae; ischium flat, depressed; merus con-
vexly curved posteriorly, with 2 rows of long pinnate setae along posterior margin and
medial portion; carpus isosceles triangle in shape, strongly widening distally, with sev-
eral pinnate setae posterodistally; propodus weakly narrowing distally, 1.57 x carpus,
both margins with unequal simple setae, proximal half of medial portion with oblique
row of pinnate setae; dactylus long and falcate, curved concavely, inner margin with
row of setules.

Pereopod 3 (Fig. 4C) coxa small, wider than long; basis weakly expanded medially,
anterior margin with 5 setules, distal half of posterior margin with simple setae; merus
slightly widening distally, 1.24 x propodus; carpus rather elongated, 0.69 x merus;
dactylus simple, 0.52 x propodus.
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Figure 4. Sinocorophium hangangense sp. n., holotype, male, 12.2 mm, Gongreung stream, Songchon-ri,
Gyoha-eup, Paju-si, Korea. A gnathopod 1 B gnathopod 2 € pereopod 3 D pereopod 4 E pereopod 5 F
pereopod 6 G pereopod 7. Scale bars: 0.4 mm (A-G).

Pereopod 4 (Fig. 4D) similar to pereopod 3.
Pereopod 5 (Fig. 4E) coxa depressed, much wider than long, slightly concave mid-
ventrally, narrowing distally; basis slightly widened medially, anteromarginally with
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row of setules, posteromarginally with sparse setae; merus widening distally, both mar-
gins with unequal simple setae; carpus with 2 oblique rows of 5 proximal and 8 distal
robust setae respectively, subequal in length to propodus; dactylus short.

Pereopod 6 (Fig. 4F) similar to pereopod 5, but about 1.3 x longer; basis more
greatly expanded posteriorly, with a row of setules and plumose setae; merus slightly
widening distally, both margins with simple setae, posterodistally with 1 plumose seta;
propodus slender, rectangular, 1.13 x carpus; dactylus about 0.5 x propodus.

Pereopod 7 (Fig. 4G) elongate, much longer than either pereopod 5 or 6; coxa
small, ventral margin convexly rounded, with 4 setules; basis elongate-ovate, moder-
ately expanded anteroposteriorly, densely setose along both margins with long plu-
mose setae; ischium to propodus linear and rectangular; length ratio of articles 2—7 =
1.00: 0.31:0.67 : 0.48 : 0.75 : 0.36.

Urosomites 1-3 (Fig. 5A) separate; urosomite 1 longest, widest in middle when
viewed dorsally, urosomite 2 longer than 3, nearly rectangular, posterodistal margins
rounded in dorsal view; uropods 1-3 arising laterally.

Uropod 1 (Fig. 5A) slightly extending beyond end of uropod 2; peduncle rec-
tangular, 1.84 x outer ramus, ventrodistal process present, triangular, blunt, lateral
margin with row of simple setae, medial one with 3 robust setae; outer ramus slightly
longer than inner, lateral margin with 6 robust setae, medial one with 5 robust setae,
including 2 subdistal robust setae; inner ramus slightly curved medially.

Uropod 2 (Fig. 5A) peduncle slightly longer than rami, with triangular ventrodis-
tal process, apicodistal robust setae and cluster of setae; rami subequal in length, with
robust setae marginally.

Uropod 3 (Fig. 5A) uniramous, peduncle short, broader than long, 0.78 x ramus;
ramus subelliptical, narrowing distally, margins with unequal simple setae, with apical
setae.

Telson (Fig. 5A) fleshy, thickened, grooved centrally, subtriangular, with truncate
corners, broadest in middle, dorsolaterally with 2 penicillate setae and 1 setule.

Paratype, female (sexually dimorphic characters), 11.0 mm, NIBRIV0000245090.

Body (Fig. 5B) similar to male including antenna 2, but rostrum (Fig. 5C) weaker;
antenna 1 (Fig. 5D) peduncular article 1 without medial serrations, article 3 rather
short; antenna 2 (Fig. 5E) subsimilar to that of male, but less robust and shorter, pe-
duncular article 4 with 1 ventromedial robust seta.

Remarks. Bousfield and Hoover (1997) divided Sinocorophium into two groups,
a relatively ancestral and a more derived subgroup through a numerical taxonomic
analysis. According to this classification, the new species belongs to the derived sub-
group. Some characteristics which relate to this group include non sexual dimorphic
antenna 2, convex palm of the gnathopod 1, short carpi of pereopods 3—4 and short
ramus of the uropod 3 (Table 1). However, the new species shows more similarity
with the ancestral subgroup in having an elongate-ovate ramus of uropod 3 which
is longer than the peduncle. The new species is distinguished from its congeners
by having a row of slender setac and not robust setae on the lateral margin of the
peduncle of uropod 1. These are unique morphological systematic statuses among
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Figure 5. Sinocorophium hangangense sp. n., holotype, male, 12.2 mm, Gongreung stream, Songchon-
ti, Gyoha-eup, Paju-si, Korea. A urosomites, uropods and telson, dorsal; paratype, female, 11.0 mm,
Gongreung stream, Songchon-ri, Gyoha-eup, Paju-si, Korea. B habitus, lateral C head, dorsal D antenna 1
E antenna 2. Scale bars: 1.0 mm (B-E), 0.4 mm (A).

the more derived subgroup which is sexually subsimilar in antenna 2. Ecologically
the new species inhabits lower stream regions with lowered salinity, while related
congeners except S. intermedium and S. minutum in North Vietnam are mainly
abundant in shallow subtidal and intertidal mudflats. Among the derived subgroup
species, the new species is more similar to S. alienense of the northeast Pacific than to
the geographically closer sinocorophiid amphipods in the Far East. These two spe-
cies have several characteristics in common: 1) prominent ventromedial teeth row
on peduncular articles 4-5 and first flagellum of male antenna 2; 2) inner ramus of
uropod 1 curved medially and shorter than outer one; 3) antenna 2, posterodistal
tooth of peduncular article 4 unidentate; 4) basis of pereopod 5 bearing posteromar-
ginal setae. However, the new species is distinguished from S. alienense (different
characters of S. alienense in brackets) by the combination of the following features:
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1) peduncular article 1 of male antenna 1 with ventral simple setae (with pinnate
setae); 2) peduncular article 1 of antenna 1 about 2.3 x article 2 (peduncular article
1 subequal in length to article 2); 3) peduncular article 1 of antenna 1 with serrated
medial margin (with smooth margin); 4) each lobe of telson with mid-lateral 1 sim-
ple and 2 penicillate setae, respectively (unornamented).

Etymology. Named for the type locality, Gongreung stream, which is a small
tributary on the lower reaches of the Han River in Gyeonggi-do, Korea. The Korean
word “Gang” means river.

Habitat. The new species is found in brackish water regions, but it may inhabit
intertidal regions, are downstream of the type locality.

Distribution. Songchon-ri, Gyoha-eup, Paju-si, Gyeonggi-do, Korea.

Key to the species of Sinocorophium

1 Antenna 2 sexually dimorphic; gnathopod 1, palm steeply oblique to trans-
verse; pereopods 3—4, merus subequal to carpus.......cccceeevecireniiciiineniene. 2
- Antenna 2 sexually subsimilar; gnathopod 1, palm gently convex; pereopods
3—4, merus longer than carpus.........cccceevvereciininiecciiccee 5
2 Body medium sized, more than 5 mm; mandibular palp, terminal article
short, much shorter than proximal article .........cccceveveniiininicinice, 3
- Body small sized, less than 5 mm; mandibular palp, terminal article normal,
subequal to proximal article .........occoeiiininiinini 4
3 Antenna 2(?), peduncular article 4 with 2 ventral robust setae; gnathopod

2(3), basis with dentiform process anterodistally ....S. sinense (Zhang, 1974)
- Antenna 2(?), peduncular article 4 without ventral robust seta; gnathopod
2(3), basis straight, without dentiform process anterodistally .............ccoceene.
....................................................................... S. heteroceratum (Yu, 1938)

4 Rostrum minute, vestigial............ccccc.c..... S. lamellatum (Hirayama, 1984)
Rostrum rather prominent........occcveeevvenveveuennene. S. minutum (Dang, 1965)
5 Rostrum short, vestigial; uropod 1, rami subequal in length .........cccccoce..e.
................................................................. S. japonicum (Hirayama, 1984)
— Rostrum elongate; uropod 1, inner ramus shorter than outer..................... 6
6 Antenna 2, peduncular article 4 with 2 ventrodistal large teeth.....................
........................................................................ S. homoceratum (Yu, 1938)
- Antenna 2, peduncular article 4 with 1 ventrodistal large tooth .................. 7
7 Antenna 2, peduncular article 4 stubby, more than 0.5 x as wide as long......

..................................................................... S. intermedium (Dang, 1965)
Antenna 2, peduncular article 4 elongate, less than 0.5 x as wide as long....8
8 Body large sized, more than 10 mm; uropod 1, lateral margin of peduncle
with setae; uropod 3, ramus longer than peduncle ......S. hangangense sp. n.
- Body small sized, less than 7 mm; uropod 1, lateral margin of peduncle with
robust setae; uropod 3, ramus subequal or shorter than peduncle ............... 9
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9 Antenna 1, peduncular article 1 subequal in length to article 2.....................

.................................................................... S. alienense (Chapman, 1988)
- Antenna 1, peduncular article 1 longer than article 2..........cccccccceinnnines 10
10 Uropod 3, ramus semi-circular, shorter than peduncle.........ccoccccviiininnnne

..................................................... S. triangulopedarum (Hirayama, 1990)
- Uropod 3, ramus ovate, subequal in length to peduncle..........ccccccceiinnnie,

...................................................................... S. monospinum (Shen, 1955)
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Abstract
Holo- and paratypes of the root-knot nematodes Meloidogyne mayaguensis Rammah & Hirschmann, 1988
and M. enterolobii Yang & Eisenback, 1983 were morphometrically and morphologically compared. All
observed female, male and second-stage juvenile morphometrical and morphological characters are identi-
cal for the two studied species. Additionally, contradictions between the original species descriptions were
unravelled.

The present study of holo- and paratypes confirms the taxonomical status of Meloidogyne mayaguensis
as a junior synonym for M. enterolobii.

Keywords
Junior synonym, Meloidogyne, M. enterolobii, M. mayaguensis, Nematoda, root-knot nematode, sy-
nonymisation

Introduction

In 1983 Yang and Eisenback described the root-knot nematode Meloidogyne enterolobii
from roots of pacara earpod trees (Enterolobium contortisiliquum (Vell.) Morong), on
Hainan Island in China. The authors reported severe damage on these pacara earpod
trees. In 1988 Rammah and Hirschmann described the root-knot nematode M. maya-

Copyright Gerrit Karssen et al. This is an open access article distributed under the terms of the Creative Commons Attribution License 3.0
(CC-BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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guensis from eggplant (Solanum melongena L.) roots, from Puerto Rico. Meloidogyne
mayaguensis was described by the authors as: “superficially resembles M. enterolobii”,
and reported at the same time “several distinct morphologically features and a unique
malate dehydrogenase pattern (N3c)”.

It was Fargette and Braaksma (1990) and Fargette et al. (1996) who reported for
the first time on the resistance-breaking behaviour of M. mayaguensis in Africa and
concluded that it is present in both continents of Africa and America. The authors
reported (1996) on M. enterolobii: “M. enterolobii from China has been described
as having the same esterase phenotype as M. mayaguensis. However it is not known
whether their DNA are closely related”. In 2000 Carneiro et al. published esterase and
malate dehydrogenase patterns for a Brazilian population of M. mayaguensis, and de-
tected a different (N1a) malate dehydrogenase pattern. Additionally Blok et al. (2002)
published mtDNA results from different M. mayaguensis populations, including type
material from Puerto Rico.

In their comprehensive studies on the characterisation of Meloidogyne species from
China, with isozymes and mtDNA, Meng et al. (2004) and Xu et al. (2004) included
two M. enterolobii populations from Hainan Island, isolated from the fruit tree Guava
(Psidium guajava L.). They proved for the first time that M. enterolobii esterase (VS1-
S1) and malate dehydrogenase (N1a) patterns and mtDNA results are identical to re-
ported M. mayaguensis data, and concluded carefully: “the mtDNA sequence evidence
presented here, suggests that M. mayaguensis could be conspecific with M. enterolobii”.

In 2005-2006 we compared the available holo- and paratypes of M. enterolobii
and M. mayaguensis. Meanwhile our Chinese co-authors collected live M. enterolobii
material on Hainan Island at the type locality from the type host and we kindly re-
ceived live M. mayaguensis type material from Dr. V. Blok (originating from Dr. M.
Fargette). The preliminary isozyme and morphological results were presented by the
first author during a Pest Risk Analysis meeting on M. enterolobii at EPPO in Paris
(Anonymous, 2008). Additionally this type material of both species was compared at
DNA level to Meloidogyne sp. from Switzerland and we identified the Swiss population
as M. enterolobii (Kiewnick et al. 2008).

Finally, as again at DNA level no differences were found, the two species were
synonymised: “The species M. enterolobii (syn. M. mayaguensis)” and “...of M. maya-
guensis (junior synonym of M. enterolobii)” (Kiewnick et al. 2009).

Although taxonomical not strictly necessary, we present herein a morphological
and morphometrical comparison between the holo- and paratype slides of M. maya-
guensis and M. enterolobii. Additionally we discuss anomalies between the descriptions
of M. mayaguensis and M. enterolobii.

Material and methods

Holo- and paratype slides (Table 1) originating from USDA Nematode Collection
(USDANC), Beltsville, USA were kindly provided by Dr. Z. Handoo. The type slides
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Table 1. Meloidogyne mayaguensis and M. enterolobii holo-, allo- and paratype slides studied, including
USDANC codes.

M. mayaguensis M. enterolobii
Holotype 1 female T-428t 1 female T-360t
Allotype* 1 male T-429t 1 male T-361t
Paratype 10 perineal patterns T-3849p 8 perineal patterns T-3147p
Paratype 6 males T-3843p 10 males T-3149p
Paratypes 25]2’s T-3846/7p 25]2’s T-3152p

*According to the ICZN rules (4" edition) the allotype concept is no longer valid, and treated herein as
a paratype.

are in good condition and includes female holotypes, male allotypes, perineal patterns
and second-stage juvenile paratypes. These slides were observed by compound light
microscopy (Olympus BH-2 and Zeiss Axio Imager), including Differential Interfer-
ence Contrast and photographed by Leica DMC-50 digital camera. For the overall
morphological and morphometrical comparison between the types we focussed on
the most differential and supplementary Meloidogyne characters, as described by Jep-
son (1987) and as previously applied by Karssen (2002). Live type material of both
species was propagated and maintained on tomato at the greenhouse of the PPS the
Netherlands. This material was studied morphologically (females, males and second-
stage juveniles) and used for isozyme electrophoresis (Mdh; EC 1.1.1.37 and Est; EC
3.1.1.1). For details on the preparation of slides and applied electrophoresis method
we respectively refer to Karssen (1996) and Karssen et al. (1995).

Results and discussion

See Figure 1 and 2 for LM photographs of female and second-stage juvenile morpho-
logical characteristics.

See Table 2-5 for respectively female, male and second-stage juvenile morphologi-
cal and morphometrical observations.

Females

The important morphological characters, like female stylet knob and perineal pattern
shape do not differ between the species, as can already be observed by comparing the
original illustrations between M. mayaguensis and M. enterolobii (see original descrip-
tions respectively Fig. 2 A-D & Fig. 3 A-D). This perineal pattern type is not species
specific within the genus Meloidogyne and can best be marked as typical for many spe-
cies within the M. incognita-group, including the observed variation within the dorsal
part. Additionally we observed a relatively large tail remnant area, free of any striae, just
above the covered anus (Fig. 1 A-D). Also the observed stylet knob position variation,
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Figure |. LM photographs of perineal patterns of M. mayaguensis (A, B) and M. enterolobii (C, D).

Bar = 25 pm.

slightly sloping backward to set off from the shaft, is a common Meloidogyne feature.
Strangely this variation is also clearly visible in the SEM photographs of excised female
stylets of M. mayaguensis (see original description, Fig. 3 A-C), but not described. With
the light microscope one can observe a weak longitudinal indention, for both species,
in the female stylet knobs at the anterior side. The reported differences “not divided so
conspicuously as those of M. enterolobii” as mentioned in the M. mayaguensis descrip-



On the species status of the root-knot nemarode Meloidogyne mayaguensis... 71

Figure 2. LM photographs of second-stage juvenile tails of M. mayaguensis (A) and M. enterolobii (B).

Bar =5 pm.

tion (see diagnosis original description), was not confirmed by our observations. Also
the described position of one of the M. mayaguensis stylet knobs “the dorsal knob is
slightly sloping posteriad in lateral view” was not observed by us.

Males

The male head shape for M. mayaguensis is described as “not set off”, while a slightly set
off head region was observed as described for M. enterolobii. Comparing the original
SEM pictures of the head for M. mayaguensis and M. enterolobii (see original descrip-
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Table 2. Morphological observations of primary female, male and second-stage juvenile characters of

Meloidogyne mayaguensis and M. enterolobii holo- and paratypes compared to described data.

Species M. mayaguensis ‘ M. enterolobii
Character described observed
Female
Stylet knobs reniform or knobs set off from shaft, oval, anteriorly often
knobs transversely elongated, and divided longitudinally | indented, slightly sloping
distinctly indented, merging | by groove so that each knob | backward to set off
gradually with shaft appears as two
Perineal round to dorso-ventrally oval shaped, with coarse oval shaped, striae mostly
pattern ovoid, dorsal arch rounded, |and smooth striae, dorsal fine, dorsal arch rounded to
striae fine, single lateral line | arch moderately high to square, weak lateral line(s)
may occur high, often rounded, nearly |sometimes present
square in some, lateral lines
not distinct
Male
Head shape | head not set off, shallowly | head cap high and rounded, | head cap high and rounded,
rounded to truncate, head region only slightly set | head region slightly set off,
head region high without | off from body not annulated
annulations
Stylet knobs large, set off from knobs large, rounded, knobs large, ovoid to
knobs shaft, rounded, sloping distinctly set off, in some rounded, slightly sloping
backward, dorsal knob base | specimens each knob backwards
concave divided longitudinally
Second-stage juvenile
Stylet knobs small, rounded, set knobs large, rounded, set off | knobs ovoid to rounded,
knobs off from shaft, distinctly from shaft slightly sloping backwards
sloping backward
Tail shape |slender, gradually tapering | very thin, tip broad, bluntly |slender, posterior part
to bluntly rounded tip rounded nearly straight and parallel,
tapering to rounded tip
Hyaline tail | distinctly set off, often clearly defined, a few fat anterior part not clearly
part containing small fat droplet | droplets may occur in delimitated
at tip terminus

tions respectively Fig. 6 A-D & 5 A,B) shows clearly not any differences in head mor-
phology. Also the male stylet knobs have been SEM studied for the original descrip-
tions (Fig. 3 E, F & Fig. 6 B) of both species. Large oval to rounded shaped knobs,
slightly sloping backwards are clearly visible. This was also observed by LM for both
species, however described as “rounded and set off” for M. enterolobii and “set off from
the shaft, rounded, sloping backward” for M. mayaguensis. The later description of the
knobs is rather odd, i.e. set off and sloping backward at the same time! The same results
were described and observed for the second-stage juvenile knobs for both species.

Second-stage juveniles

The second-stage juvenile stylet knob size is described as small for M. mayaguensis and
large for M. enterolobii. We indeed observed a larger size variation for M. enterolobii
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Table 3. Morphometrical (in um) observations (mean, SD & range) of female Meloidogyne mayaguensis
and M. enterolobii holo- (single female) and paratypes (perineal patterns) compared to described data.

Species M. mayaguensis M. enterolobii
Character description observed description observed
Holotype (N) 1 1 1 1
Body length 720 674 667 693
Body width 570 576 415 462
Neck length 190 168 265 262
Neck width 160 169 - --
DGO 6.2 6.4 3.7 4.8
Excretory pore to
P 46.4 45.8 44.8 64.0
Stylet length 15.1 15.7 13.4 14.7
Stylet knob height 2.2 2.0 2.7 2.3
Stylet knob width 4.4 4.5 4.3 4.5
Paratypes (N) 35 10 20 8
Interphasmidial dist. 232+25 28.8 +3.7 30.7 + 4.8 33.5+7.6

(18.1-29.6) (24.3-33.3) (22.2-42.0) (22.4-41.9)
Vulval slit length 26.1£1.9 27.0+ 1.4 28.7+2.0 28.0£1.0

(20.9-30.4) (25.0-29.4) (25.3-32.4) (25.9-29.1)
Vulva-anus distance 184+ 1.5 214 +3.1 222+1.8 234+ 1.6

(12.7-21.1) (17.0-27.1) (19.7-26.6) (21.1-26.2)
DGO 48+0.8 49+0.8

(3.5-6.7) B (3.7-6.2) B

Excretory pore to 48.2+13.6 62.9 +10.5
head end (25.9-86.6) (42.3-80.6)
Stylet length 15.8+0.8 151+ 1.4

(13.8-16.8) (13.2-18.0)

stylet knob width (2.5 — 4.0 pm) compared to M. mayaguensis (2.2 — 2.9 pm). How-
ever when observing live second-stage juveniles, the same large stylet knob width vari-
ation was observed for both species.

As for the males, the published SEM second-stage juvenile head shape is absolute
identical for M. mayaguensis and M. enterolobii (see original descriptions respectively Fig.
7 A-D & Fig. 8 A, B). The tail is distinctly tapering and in the posterior tail (roughly
the hyaline tail part) nearly straight and running parallel for both second-stage juvenile
paratypes. Also, for both species the hyaline tail part is described as “distinctly set off” or
“clearly defined”. We observed for both species however not a clearly anterior delimitated
hyaline tail part, in fact the body content runs deep into the hyaline tail part (Fig 2 A, B),
as comparable to M. hapla (Karssen, 2002). The second-stage juvenile drawings for both
species descriptions (Fig. 4 E, F & Fig. 7 E-F) show a clearly delimitated anterior hyaline
tail part, while the original photographs (Fig. 5 E, G & Fig. 9 B) do not show this at all.
The fact that both descriptions did not include the hyaline tail measurements (a standard
procedure), suggest strongly that the hyaline tail part is not clearly defined. Also in live
second-stage juveniles we did not observe a clearly defined hyaline tail part (Table 2).
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Table 4. Morphometrical (in pm) observations (mean, SD & range) of male Meloidogyne mayaguensis
and M. enterolobii paratypes compared to described data.

Species M. mayaguensis M. enterolobii
Character description observed description observed
N 30 7 20 11
Body length 1503 + 142 1431 £ 63 1600 + 160 1230 + 316
(1175-1742) (1337-1496) (1349-1913) (865-1667)
Greatest body width 37.8 3.1 345+1.9 42.3+£3.6 32.0 6.0
(32.2-44.4) (32.0-37.4) (37.0-48.3) (23.7-39.2)
Stylet length 22.9+0.8 22.1+0.7 23.4+1.0 215+ 1.7
(20.7-24.6) (20.8-23.0) (21.2-25.5) (19.2-23.4)
Stylet knob height 3.0£0.3 32+03 33+03 25+03
(2.4-3.7) (2.6-3.4) (2.6-3.9) (2.1-3.2)
Stylet knob width 5.0+0.3 53+0.5 54+03 45+0.6
(4.3-5.6) (4.5-5.8) (4.5-5.8) (3.5-5.0)
DGO 4104 41+0.7 47 +0.4 4.7 +0.6
(3.3-5.0) (3.2-5.1) (3.7-5.3) (3.7-5.8)
Excretory pore to 166.4 + 8.8 158.6 + 14.9 178.2+11.2 155.8£22.3
head end (147.2-180.8) (132.5-177.9) (159.7-206.2) (129.9-199.7)
Spicule length 28315 29.0+24 30.4+1.2 28.0 1.1
(24.4-31.3) (25.6-32.3) (27.3-32.1) (26.2-29.4)
Gubernaculum 7.1+0.6 7.5+1.0 62+1.0 6.5+0.8
length (6.1-9.3) (6.4-9.0) (4.8-8.0) (6.1-8.0)
Tail length 143+ 1.1 13.0+1.1 12.5+2.2 11.9+1.2
(11.3-16.3) (10.9-14.7) (8.6-20.2) (10.2-13.4)
A 39.9+3.9 41.6+29 37.9+3.2 38.1+4.0
(31.1-49.6) (37.2-44.7) (34.1-45.5) (30.0-43.4)
C 105.7 £ 10.0 110.5 £ 10.8 131.6 £ 24.2 103.2 £ 23.7
(85.8-124.3) (98.5-133.7) (72.0-173.4) (71.4-135.9)
Morphometrics

The morphometrical characters between the types of M. mayaguensis and M. enterolobii
(Table 3-5), are comparable for the described and observed data, i.e. all mean data are the
same or at least within the calculated range. Body length and body width data are gener-
ally slightly smaller when comparing observed to described data, this is a well known effect
due to a slight shrinking of the nematode body within permanent slides. For M. enterolobii
males we noticed however an unusual difference in greatest body width between the de-
scribed 42.3 pm (37-48 pm) and observed 32.0 pm (24-39) pum data. The differences can
not only be explained due to a shrinking effect, particularly as the observed greatest body
width data agrees with the observed data for M. mayaguensis. Also for the M. enterolobii
female holotype unexplainable differences were noticed between described and observed
data for the DGO (3.7 pm versus 4.8 pm) and stylet length (13.4 um versus 14.7 pm).
The described and discussed M. mayaguensis differences (see diagnosis original de-
scription) within the female perineal pattern for the interphasmidial distance, vulval
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Table 5. Morphometrical (in pm) observations (mean, SD & range) of second-stage juvenile Meloidogyne
mayaguensis and M. enterolobii paratypes compared to described data.

Species M. mayaguensis M. enterolobii
Character description observed description observed
N 35 25 30 25
Body length 454 + 28 420 + 21 437 + 17 408 + 18
(390-528) (386-456) (405-473) (380-442)
Greatest body width 14.7 £ 0.5 13.9+0.7 15.3+0.9 14.8 £2.1
(13.8-15.8) (13.1-15.4) (13.9-17.8) (11.0-18.0)
Body width at anus 10.9+0.5 9.8+0.6 - 9.8+0.9
(10.2-12.2) 9.0-11.2) (8.0-11.0)
Stylet length 11.6+0.3 115+ 0.4 11.7£0.5 11.3+0.7
(11.1-12.2) (10.9-12.1) (10.8-13.0) (10.5-13.0)
Stylet base to head end 152+0.3 15.4+0.3 - 15.0+0.7
(14.8-15.8) (14.7-16.0) (14.0-16.0)
Stylet knob height - 1.5+0.1 1.6 £0.1 1.8+0.3
(1.2-1.7) (1.3-1.8) (1.5-2.0)
Stylet knob width - 25£0.2 29+£0.3 3.0+04
(2.2-2.9) (2.4-3.4) (2.5-4.0)
DGO 39+0.2 3.7+04 34+0.3 3.8+0.3
(3.3-4.3) (3.2-4.2) (2.8-4.3) (3.0-4.5)
Excretory pore to head end 87.6+3.3 88.3+3.0 91.7+3.3 80.8 +4.4
(79.9-97.9) (83.5-95.3) (84.0-98.6) (70.0-88.0)
Tail length 54.4 +3.6 54.2+2.7 56.4 + 4.5 52.1+3.4
(49.2-62.9) (48.7-58.5) (41.5-63.4) (45.0-57.0)
a 309+1.9 30.1£1.6 28.6+1.9 28.0 + 3.7
(26.4-34.7) (26.9-32.8) (24.0-32.5) (23.3-34.6)
c 83+0.4 7.8+0.3 7.8+0.7 7.9+0.6
(7.0-9.2) (7.1-8.4) (6.8-10.1) (7.0-9.0)
Excretory pore (%) 19.4 £ 1.0 21.1+0.9 - 19.8+1.1
(17.8-22.3) (19.2-22.7) (17.6-21.9)

slit length and vulva-anus distance is not confirmed by our observations. All these
measurements are within the observed range. Perineal pattern measurements are gener-
ally highly variable and a logical reason for Jepson (1987) not to list this type of data
when discussing differential characters for the genus Meloidogyne.

Reproduction and cytogenetics

The two species descriptions report also on the mode of reproduction and number of
chromosomes, both reproduce by mitotic parthenogenesis (= apomixes) and have a
somatic chromosome number of 2n = 4445 for M. mayaguensis and 2n = 44—46 for
M. enterolobii. In conclusion, both species have the same mode of reproduction and
somatic chromosome number.
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Host plants

Additionally, both species descriptions report in their introduction part some hosts, i.e.
they both previously applied the North Carolina differential host test (Hartman and
Sasser, 1985). Both species showed the same positive host response for tobacco, pepper,
watermelon and tomato and no host response on peanut. Beside this, M. mayaguensis
did not infest cotton, while M. enterolobii moderately infested cotton. As the details of
the previously applied host tests have not been described in the material and method
part of the species descriptions, we can not explain the reported host response differ-
ences on cotton for M. mayaguensis and M. enterolobii. Interesting is the M. mayaguen-
sis study by Brito et al. (2004) with four isolates from Florida (USA). All four isolates,
maintained on tomato, reproduced also on cotton, tobacco, pepper and watermelon
but not on peanut, i.e. identical to the published results for M. enterolobii.

Isozymes

The observed esterase (VS1-S1 type) and malate dehydrogenase (N1a type) isozyme
patters are identical for both species and agrees with previous results (Carneiro et al.
2000; Xu et al. 2004).

Conclusion

In conclusion, the holo- and paratype material of Meloidogyne mayaguensis and M. en-
terolobii is morphological and morphometrical identical and it confirms the taxonomi-
cal status of M. mayaguensis as a junior synonym for M. enterolobii.
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Abstract

A new sexannulate species of the genus Orobdella Oka, 1895, Orobdella mononoke sp. n., is described
on the basis of five specimens collected from Yakushima Island, Japan. Orobdella mononoke sp. n. differs
from other sexannulate Orobdella species in its possessing the following combination of characters: dorsal
surface bicolor in life, I-XIII, XXVII and caudal sucker grayish purple, XIV-XXVI amber, male gonopore
at XI c11/c12, female gonopore at XIII b2, 8 + 1/2 between gonopores, tubular but bulbous at junction
with crop gastroporal duct, epididymides in XV-XIX, and atrial cornua ovate. Phylogenetic analyses using
nuclear 18S rDNA and histone H3, and mitochondrial COI, tRNA®*, tRNAMet 12S rDNA, tRNAY and
16S rDNA markers show that O. mononoke sp. n. is closely related to Orobdella esulcata Nakano, 2010
from Kyushu, Japan, and two species, Orobdella dolichopharynx Nakano, 2011 and Orobdella shimadae
Nakano, 2011, from the Ryukyu Archipelago, Japan.

Keywords
Hirudinida, Hirudinea, Orobdellidae, Orobdella, new species, molecular phylogeny, Japan

Introduction

The genus Orobdella Oka, 1895 consists of nine terrestrial gastroporous leeches de-
scribed from Japan (Nakano 2010, 2011a,b, 2012; Oka 1895; Richardson 1975).
The genus Orobdella was formerly a member of the family Gastrostomobdellidae

Copyright Takafumi Nakano. This is an open access article distributed under the terms of the Creative Commons Attribution License 3.0
(CC-BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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(Oceguera-Figueroa et al. 2011; Richardson 1971, 1975; Sawyer 1986), but a recent
molecular phylogenetic study indicated that this genus belongs to the monotypic fam-
ily Orobdellidae under Erpobdelliformes (Nakano et al. 2012).

The nine Orobdella species are split into three groups based on their mid-body
somite annulation (Nakano 2012, Nakano et al. 2012): 1) the quadrannulate group
containing five species; 2) the sexannulate containing three species; and 3) one octan-
nulate species. Among these groups, the sexannulate Orobdella species consist of O.
ijimai Oka, 1895 from Honshu, Japan, and two species, O. dolichopharynx Nakano,
2011 and O. shimadae Nakano, 2011, from the Ryukyu Archipelago, Japan. Recently,
sexannulate Orobdella specimens were collected from Yakushima Island. These speci-
mens are clearly distinguishable from the other three sexannulate species. Orobdella
leeches from Yakushima Island are thus described as a new species herein. In addi-
tion, its phylogenetic position is estimated using nuclear 18S rDNA and histone H3,
and mitochondrial COI and tRNA®*, (RNAMe 12S rDNA, tRNAY* and 16S rDNA
(tRNA“*-16S) sequence data.

Material and methods

Leeches were collected from Yakushima Island, Japan (Fig. 1), under rocks along
mountain or forest trails. Altitude and coordinates for localities were obtained using a
Garmin eTrex GPS unit.

Botryoidal tissue was taken from every specimen for DNA extraction, and the rest
of the bodies were fixed in 10% formalin and preserved in 70% ethanol. Two measure-
ments were made: body length (BL) from the anterior margin of the oral sucker to the
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posterior margin of the caudal sucker, and maximum body width (BW). Examination,
dissection, and drawings of the specimens were accomplished under a stereoscopic mi-
croscope with a drawing tube (Leica M125). Specimens used in this study have been
deposited in the Zoological Collection of Kyoto University (KUZ).

The numbering convention is based on Moore (1927): body somites are denoted
by Roman numerals, and annuli in each somite are given alphanumeric designations.

PCR and DNA sequencing

The extraction of genomic DNA followed Nakano (2012). Primer sets used in this
study are listed in Table 1: for 18S, A and L, C and Y, and O and B (Apakupakul et al.
1999); for histone H3, H3aF and H3bR (Colgan et al. 1998); for COI, LCO1490 and
HCO2198 (Folmer et al. 1994), and LCO-in (Nakano 2012) and HCO-outout; for
tRNAY:, tRNAM, 128, tRNAY* and 16S (t(RNA®*—16S), 12SA-out and 12SB-in, and
12SA-in and 12SB-out (Nakano 2012). All amplification reactions were performed using
a GeneAmp PCR System 2700 (Applied Biosystems) or a MyCycler (Bi-Rad Laborato-
ries) using an Ex 7ag Polymerase Kit (Takara Bio Inc.). Only for primer set O and B of
18S, 10% DMSO was included in mixtures. Reaction mixtures were heated to 94°C for
5 min, followed by 35 cycles of 94°C (10 s), 42.5°C for 18S, COI and tRNA“*-16S or
53°C for histone H3 (20 s), and 72°C (42 s for 18S, 21 s for histone H3, 1 min 13 s for
COJI, and 1 min for tRNA“*~16S) and a final extension at 72°C for 6 min. The amplified
DNA fragments were purified using polyethylene glycol (20% PEG 6000) precipitation.

Table 1. PCR and cycle sequencing (CS) primers used in this study.

Gene | Primer name | Reaction Primer sequence (5° — 3°) Source

18S

1 A PRC & CS | AACCTGGTTGATCCTGCCAGT Apakupakul et al. (1999)
L PRC & CS | CCAACTACGAGCTTTTTAACTG Apakupakul et al. (1999)

2 C PRC & CS | CGGTAATTCCAGCTCCAATAG Apakupakul et al. (1999)
Y PRC & CS | CAGACAAATCGCTCCACCAAC Apakupakul et al. (1999)

3 O PRC & CS | AAGGGCACCACCAGGAGTGGAG Apakupakul et al. (1999)
B PRC & CS | TGATCCTTCCGCAGGTTCACCT Apakupakul et al. (1999)

Histone H3
H3aF PRC & CS | ATGGCTCGTACCAAGCAGACVGC Colgan et al. (1998)
H3bR PRC & CS | ATATCCTTRGGCATRATRGTGAC Colgan et al. (1998)

COI

1 LCO1490 PRC & CS | GGTCAACAAATCATAAAGATATTGG Folmer et al. (1994)
HCO2198 CS TAAACTTCAGGGTGACCAAAAAATCA | Folmer et al. (1994)

2 LCO-in CS TCCAGAACGTATTCCATTATTTG Nakano (2012)
HCO-outout | PCR & CS | TACACATCTGGATAGTCTGAAT 'This study

tRNA*-16S

1 12SA-out PCR & CS | TTGATGAACAACATTAAATTGC Nakano (2012)
12SB-in CS TAAGCTGCACTTTGACCTGA Nakano (2012)

2 128A-in CS AATTAAAACAAGGATTAGATACCC Nakano (2012)
12SB-out PCR & CS | AACCCATAATGCAAAAGGTAC Nakano (2012)




82 Takafumi Nakano | ZooKeys 181: 79-93 (2012)

All samples were sequenced in both directions. Sequencing reactions were performed
using a BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). Each se-
quencing reaction mixture was incubated at 96°C for 2 min, followed by 40 cycles of 96°C
(10's), 50°C (5 s), and 60°C (42 s for 18S, 21 s for Histone H3, 45 s for COI, and 40 s
for tRNA“*-16S). The products were collected by ethanol precipitation and sequenced
on an ABI 3130x] Genetic Analyzer (Applied Biosystems). The obtained sequences were
edited using DNA BASER (Heracle Biosoft S.R.L.). In this study, the following DNA
sequences were newly obtained and deposited in GenBank (Table 2): 1) 18S sequences
from the holotype (KUZ Z224) of the new species, the holotype (KUZ Z156) of O.
koikei Nakano, 2012 and the topotype (KUZ Z181) of O. octonaria Oka, 1895; 2) his-
tone H3 sequences from ten Orobdella species, Erpobdella japonica Pawtowski, 1962 (Er-
pobdellidae), Gastrostomobdella monticola Moore, 1929 (Gastrostomobdellidae) and M-
mobdella japonica Blanchard, 1897 (Salifidae); 3) COI and tRNA“*~16S sequences from
the holotype (KUZ Z224) and two of the paratypes (KUZ Z221, 223) of the new species.
Among the new species, DNA sequences of the holotype (KUZ Z224) were analyzed in
the present study. The other DNA sequences were taken from GenBank (Table 2).

Table 2. Samples used for the phylogenetic analyses. The information on voucher, collection locality, and
GenBank accession numbers is indicated. Acronym: UNIMAS, the Universiti Malaysia Sarawak. Sources:
“Nakano (2012), ®Nakano et al. (2012).

Species Voucher 18S Histone H3 COI tRNA*-16S
Orobdella esulcata KUZ 729 Holotype |AB663655° |AB698873  |AB679664" |AB679665
Orobdella dolichopharynx  |KUZ Z120 Holotype |AB663665° |AB698876  |AB679680° |AB679681*
Orobdella ijimai KUZ Z110 Topotype |AB663659" |AB698877  |AB679672" |AB679673
Orobdella kawakatsuorum |KUZ Z167 Topotype |AB663661° |AB698878  |AB679704* |AB679705
Orobdella koikei KUZ 7156 Holotype |AB698883 |ABG698882 |AB679688* |AB679689*
Orobdella mononoke sp. n. |KUZ 7221 AB698862 |AB698863
Orobdella mononoke sp. n. | KUZ 7223 ABG698864 |AB698865
Orobdella mononoke sp. n. | KUZ 7224 Holotype |AB698868 |AB698869  |ABG98866 |AB698867
Orobdella octonaria KUZ 7181 Topotype |AB698870 |AB698871 |AB679708* |AB679709*
Orobdella shimadae KUZ Z128 Holotype |AB663663" |AB698875  |AB679676" |AB679677°
Orobdella tsushimensis KUZ 7134 Holotype |AB663653" |AB698872 |AB679662° |AB679663¢
Orobdella whitmani KUZ 745 Topotype  |AB663657" |AB698874  |AB679668* |AB679669*
Erpobdella japonica KUZ 7178 ABGG63648" |AB698879 | AB679654* | AB679655°
Gustrostomobdele UNIMASIAST | AB663649° | ABG98880 | AB679656 | ABG79657:
monticola BHO01/10
Mimobdella japonica KUZ 7179 ABG663650° |AB698881  |AB679658" |AB679659°
Phylogenetic analyses

Histone H3 and COI sequences were aligned by eye since there were no indels. Nuclear
18S and mitochondrial tRNA“*~16S sequences were aligned using MAFFT X-INS-i
(Hofacker et al. 2002; Katoh and Toh 2008; McCaskill 1990; Tabei et al. 2008) taking
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into account RNA secondary structure information, and then refined with GBLOCKS
(Castresana 2000). The length of aligned sequences of 18S was 1787 bp, that of his-
tone H3 was 327 bp, that of COI was 1266 bp, and that of tRNA“*~16S was 787 bp.
The concatenated sequences thus yielded a total of 4167 bp positions.

Phylogenetic trees were constructed using maximum likelihood (ML) and Bayesian
inference (BI). ML phylogenies were calculated using TREEFINDER v October 2008
(Jobb et al. 2004) with the tool package PHYLOGEARS v 2.0 (Tanabe 2008), and
then non-parametric bootstrapping (Felsenstein 1985) was conducted with 500 repli-
cates. The best-fit models for each partition were selected using the Akaike Informa-
tion Criterion (Akaike 1974) by using KAKUSAN4 (Tanabe 2011): for 18S, the Jobb
2008 model (J2) with gamma distribution (+G) and proportion of invariant sites (+I)
was selected; for the 1st position of histone H3, the Tamura-Nei model (TN93); for
the 2nd position of histone H3, the Jukes-Cantor model (JC69); for the 3rd position
of histone H3, J2+G; for the st position of COI, TN93+G+I; for the 2nd position
of COJI, the transversion model (TVM)+]; for the 3rd position of COI, the transition
model (TIM)+G; and the general time reversal model (GTR)+G was selected for tRNA-
©»-16S. BI and Bayesian posterior probabilities (BPPs) were estimated using the MPI
version of MRBAYES v 3.1.2 (Altekar et al. 2004; Huelsenbeck et al. 2001; Ronquist
and Huelsenbeck 2003). The best-fit models for each partition were identified using the
Bayesian Information Criterion (Schwarz 1978) also by using KAKUSAN4: for 18S, the
Kimura 1980 model (K80)+I; for histone H3 1st and 2nd position, JC69; for histone
H3 3rd position, the Hasegawa-Kishino-Yano model (HKY85)+G; for COI st posi-
tion, GTR+; for COI 2nd position, the Felsenstein 1981 model (F81)+I; for COI 3rd
position, HKY85+G; and for tRNA“*-16S, GTR+G. Two independent runs for four
Markov chains were conducted for 7 million generations and the tree was sampled eve-
ry 100 generations. Based on checking the parameter estimates and convergence using
TRACER v 1.5 (Rambaut and Drummond 2009), the first 15,001 trees were discarded.

The nodes with bootstrap value (BS) higher than 70% were regarded as sufficiently
resolved (Hillis and Bull 1993). Nodes with BPP higher than 95% were considered
statistically significant (Leaché and Reeder 2002).

Systematics

Genus Orobdella Oka, 1895
urn:lsid:zoobank.org:act:FA8333ED-8C17-41FD-AFC1-62A4F98D4AC1

Orobdella mononoke sp. n.
urn:lsid:zoobank.org:act:8B4ED1DA-E1B9-49A8-8B58-014A0921695C
htep://species-id.net/wiki/Orobdella_mononoke

Figs 2-5

Diagnosis. In life, dorsal surface of somites I-XIII, XXVII and caudal sucker gray-
ish purple and of somites XIV-XXVI amber, ventral surface grayish white. Somite VI
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Figure 3. Orobdella mononoke sp. n., holotype, KUZ Z224. A Dorsal and B ventral views. Scale bar, 1 cm.

quadrannulate on dorsal, bl = b2 < a2 = a3, and triannulate on venter, al = a2 = a3.
Somite VII quadrannulate, somites VIII-XXV sexannulate, somite XXVI quinquannu-
late. Pharynx reaching to XIV. Gastropore conspicucous at XIII b2 (slightly anterior to
middle of annulus). Gastroporal duct, winding at junction with gastropore, tubular but
slightly bulbous at junction with crop. Male gonopore at XI ¢11/c12, female gonopore
at XIII b2, behind gastropore, gonopores separated by 8 + 1/2 annuli. Paired epididy-
mides in XV-XIX (approximately four somites). Atrial cornua developed, ovate.

Type materials. KUZ 7224, holotype, dissected, collected from under a rock
along a mountain trail at Shiratani—unsuikyo, Yakushima, Kagoshima Pref. (Yakush-
ima Island), Japan (30°22.78'N, 130°34.49'E; Alt. 648 m), by Takafumi Nakano on
29 October, 2011.

Four paratypes collected from under rocks along mountain trails in Yakushima,
Kagoshima Pref. (Yakushima Island), Japan, by Takafumi Nakano. Two specimens
from the type locality: KUZ Z221 (30°22.87'N, 130° 34.68'E; Alt. 649 m), dissected,
on 28 October, 2011, and KUZ Z225 (30°22.75'N, 130°34.49'E; Alt. 646 m), on 29
October, 2011. Two specimens from Kusugawa on 28 October, 2011: KUZ 7222
(30°23.76'N, 130°35.25'E; Alt. 363 m), and KUZ Z223 (30°23.75'N, 130°35.25'E;
Alt. 363 m), dissected.

Etymology. The specific name is from the Japanese animation movie title ‘Mononoke-
hime (Princess Mononoke)’. The type locality of this new species is the origin of an epic
forest in that movie. The specific name is a Japanese word, not a Latin or latinized word.

Description of holotype. Body firm, muscular, elongated, gaining regularly in
width in caudal direction, dorso-ventral depressed, sides nearly parallel from mid
length to point just anterior to caudal sucker, BL 139.3 mm, BW 9.2 mm (Figs 2, 3).



A new sexannulate species of Orobdella (Hirudinida, Arbynchobdellida, Orobdellidae)... 85

Figure 4. Orobdella mononoke sp. n., holotype, KUZ Z224. A Dorsal view of somites I-VIII B ventral
view of somites [-VIII € dorsal view of somites XXV—-XXVII and caudal sucker D ventral view of somites
XXV-XXVII and caudal sucker E ventral view of somites XI-XIII F ventral view of gastroporal duct; and
G ventral view of gastropore and female gonopore. Scale bars, 2 mm (A-F) and 0.5 mm (G). Abbrevia-
tions: an, anus; cp, crop; fp, female gonopore; gd, gastroporal duct; gp, gastropore; mp, male gonopore;

np, nephridiopore; and ph, pharynx.

Caudal sucker ventral, oval, its diameter smaller than BW (Figs 3B, 4D). In life, dorsal
surface of somites I-XIII, XXVII and caudal sucker grayish purple, and of somites
XIV-XXVI amber (Fig. 2), ventral surface grayish white. Color faded in preservative,
without any dark lines (Fig. 3).



86

4

Ja
l

)

(U

i

i

®

ON

&

QY

QY

G

‘\?(‘

SEian
AL
'—'«'b@

Takafumi Nakano | ZooKeys 181: 79-93 (2012)

=

e
ol x | o

f——

Xl

ed
A\

/MM_;_.M
| I o

XV

ts

2 xvin

R () XIX

B

(Xi
ac

A B-E

Figure 5. Orobdella mononoke sp. n., holotype, KUZ Z224. A Dorsal view of reproductive system includ-
ing ventral nervous system B dorsal view of male atrium including position of ganglion XI C lateral view of
male atrium D ventral view of male atrium; and E dorsal view of female reproductive system including posi-
tion of ganglion XIII. Scale bars, 5 mm (A) and 1 mm (B-E). Abbreviations: ac, atrial cornu; at, atrium; cod,

common oviduct; ed, ejaculatory duct; ep, epididymis; gp, gastropore; o, ovisac; od, oviduct; and ts, testisac.
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Somite I completely merged with prostomium (Fig. 4A). Somites II and III unian-
nulate (Fig. 4A). Somites IV and V biannulate, (al+a2) = a3 (Fig. 4A), V a3 forming
posterior margin of oral sucker (Fig. 4B). Somite VI quadrannulate on dorsal, bl = b2
< a2 = a3, triannulate on venter, al = a2 = a3 (Fig. 4A-B). Somite VII quadrannulate,
al = a2 = b5 = b6 (Fig. 4A-B). Somites VIII-XXV sexannulate. bl = b2 = a2 = b5 =
cll = c12 (Fig. 4A-E). Somite XXVI quinquannulate, bl = b2 = a2 < b5 = b6, b5 and
b6 with slight furrows on dorsal (Fig. 4C-D), XXVI b5 being last complete annulus
on venter (Fig. 4D). Somite XXVII comprising a few furrows; anus behind it with no
post-anal annulus (Fig. 4C).

Anterior ganglionic mass in VI a2 and a3. Ganglion VII in al and a2. Ganglia
VIII-XV, XXII and XXIII in a2 of each somite (Fig. 5A). Ganglia XVI-XXI and
XXIV in b2 and a2 of each somite (Fig. 5A). Ganglion XXV in b2. Ganglion XXVT in
XXV ¢12 and XXVI b1. Posterior ganglionic mass in XXVI a2 and b5.

Eyes three pairs, first pair dorsally on posterior margin of II (Fig. 4A), second
pair dorsolaterally on middle of V (al + a2). Nephridiopores in 17 pairs, ventrally at
posterior margin of al of each somite of VIII-XXIV (Fig. 4B, E). Papillae numerous,
minute, hardly visible, one row on every annulus.

Pharynx agnathous, euthylaematous, reaching to XIV/XV (Fig. 4F). Crop tubular,
acaecate, in XIV/XV to XXI b2/a2. Gastropore conspicuous, ventral, located slightly
anterior to middle of XIII b2 (Fig. 4E, G). Gastroporal duct, winding at junction with
gastropore, tubular but slightly bulbous at junction with crop, joining with crop in
XIV c11 (Fig. 4F). Intestine tubular, acaecate, in XXI b2/a2 to XXIV b2/a2. Rectum,
tubular, thin-walled.

Male gonopore in the furrow of XI ¢11/c12 (Fig. 4E). Female gonopore located
slightly anterior to middle of XIII b2, inconspicuous, located behind gastropore (Fig.
4E, G). Gonopores separated by 8 + 1/2 annuli (Fig. 4E). Testisacs multiple, one or two
testisacs on each side in each annulus, in XIX c11 to XXV b5 (Fig. 5A). Paired epididy-
mides in XVI b2 to XIX b5 (Fig. 5A). Ejaculatory bulbs absent. Ejaculatory ducts in XI
b5 to XVI b2, loosely coiled, each winding from each junction with epididymis, nar-
rowing at junction with atrial cornu, then turning sharply inward toward atrial cornu
without pre-atrial loop (Fig. 5A-D). Pair of atrial cornua in XI b5 and c11, muscular,
ovate (Fig. 5A-B, D). Atrium short, muscular, globular in XI ¢11 and ¢12 (Fig. 5B-D).
Penis sheath and penis absent. Ovisacs one pair, thin-walled, globular, in XIII a2 and
b5 (Fig. 5A, E). Oviducts thin-walled, right oviduct crossing ventrally beneath nerve
cord, both oviducts converging into common oviduct in XIII b2 (Fig. 5A, E). Common
oviduct thin-walled, short, directly ascending to female gonopore (Fig. S5E).

Variation. In life, color generally same as holotype (Fig. 2). Somites III and IV
uniannulate. Pharynx reaching to XIV b5/c11-XIV c11/c12. Crop reaching to XXI
b2/a2-XXI a2. Gastroporal duct joining with crop in XIV b5; immature specimen
(KUZ Z223), simple tubular. Intestine reaching to XXIV b1-XXIV b5. Testisacs in
XIX bl to XXIV cl11. Epididymides in XV a2 to XVIII cl1. Immature specimen
(KUZ Z223), pair of atrial cornua in XI ¢11, fusiform. Left oviduct crossing ventrally
beneath nerve cord.
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Distribution. Known from mountainous regions of Yakushima Island, Japan
(Fig. 1).

Phylogenetic position. The ML tree with In L = -14306.80 (Fig. 6) was nearly
identical to the obtained BI tree (not shown). Monophyly of the genus Orobdella was
confirmed (BS = 99 %, BPP = 100 %). The genus Orobdella then divided into two
clades: clade A (BS =99 %, BPP = 100 %) consisted of two species from Hokkaido, Ja-
pan, O. kawakatsuorum Richardson, 1975 and O. koikei; and clade B (BS = 98 %, BPP
=100 %) included all the other Orobdella species. Clade B comprised two subclades:
subclade B1 was Orobdella tsushimensis Nakano, 2011 from Tsushima Island, Japan;
and subclade B2 (BS = 70 %, BPP = 100 %) was further divided into two subclades.
Subclade B2a (BS = 92 %, BPP = 100 %) included Orobdella mononoke sp. n., Orob-
della esulcata Nakano, 2010 from Kyushu, and two Orobdella species from the Ryukyu
Archipelago, O. dolichopharynx and O. shimadae. Subclade B2b (BS = 73 %, BPP =
100 %) consisted of three species from Honshu, Japan, O. whitmani Oka, 1895, O.
ijimai and O. octonaria.

In subclade B2a, monophyly of Orobdella dolichopharynx and O. shimadae was
well supported (BS = 93 %, BPP = 100 %). However, the precise phylogenetic posi-
tion of O. mononoke sp. n. in the sublcade could not be determined. In the ML analy-
sis, Orobdella mononoke sp. n. and O. esulcata formed a monophyletic clade, but this
clade was not supported well (BS = 30 %). In the BI analysis, Orobdella mononoke sp.
n. and two Ryukyu Archipelago species formed a monophyletic clade, but this rela-
tionship was not also supported (BPP = 77 %).

Remarks. Orobdella mononoke sp. n. differs from the three other sexannulate con-
generic species, O. imai, O. dolichopharynx, and O. shimadae, in the following char-
acteristics (Table 3): 1) dorsal surface bicolor, I-XIII, XXVII and caudal sucker grayish
purple, XIV-XXVI amber; 2) VI quadrannulate on dorsal; 3) VII quadrannulate; 4)
VIII sexannulate; 5) gonopores separated by 8 + 1/2 annuli; 6) pharynx reaching to
XIV; 7) gastroporal duct tubular but bulbous at junction with crop; 8) epididymides in
XV-XIX (approximately four somites); and 9) atrial cornua ovate. Orobdella mononoke
sp. n. is clearly distinguished from O. esulcata, O. kawakatsuorum, O. koikei, O. tsushi-
mensis, O. octonaria and O. whitmani, in having mid-body somites that are sexannu-
late; they are quadrannulate in O. esulcata, O. kawakatsuorum, O. koike, O. tsushimensis
and O. whitmani, and octannulate in O. octonaria.

The trees obtained in this study are nearly identical to those obtained in other phy-
logenetic analyses of the genus Orobdella (Nakano 2012; Nakano et al. 2012). How-
ever, the phylogenetic position of O. mononoke sp. n. still remains uncertain. Further
taxon samplings will be needed to obtain robust phylogeny of the genus Orobdella.

Orobdella mononoke sp. n. inhabits Yakushima Island, which is located in the
northern part of the Ryukyu Archipelago (Fig. 1). In the Ryukyu Archipelago, two
sexannulate Orobdella species have been described: 1) O. dolichopharynx from Amami-
oshima Island; and 2) O. shimadae from Okinawajima Island. These two species have
the following characteristics in common: 1) long pharynx, reaching to somite XVI; 2)
rudimentary gastroporal duct and absence of gastropore; 3) absence of epididymides;
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Erpobdelia japonica KUZ Z178
—I Gastrostomobdella monticola
UNIMAS/A3/BH01/10
Mimobdelia japonica KUZ Z179
Orobdella kawakatsuorum KUZ Z167 (Hokkaido) Q
99/100[ 3
Orobdella koikel KUZ Z156 (Hokkaido) ;
Orobdella tsushimensis KUZ Z134 (Tsushima Isl., Kyushu) I 1
Orobdella Orobdella esulcata KUZ Z29 (Kumamoto, Kyushu)
Orobdella mononoke sp. n. KUZ Z224 (Yakushima Isl.)
a
Orobdella shimadae KUZ Z128 (Okinawajima Isl.) g—’
Q
. - @
Orobdeila dolichopharynx KUZ Z120 (Amamioshima Isl.) 2 @
Orobdella whitmani KUZ Z45 (Gifu, Honshu)
Orobdella ijimai KUZ Z110 (Nikko, Honshu) b
0.5 substitutions/site Orobdella octonaria KUZ Z181 (Hakone, Honshu)

Figure 6. The ML tree of 4167 bp of nuclear 18S rDNA and histone H3 and mitochondrial COI, (RNA-
G, (RNAM=, 12S rDNA, tRNA™ and 16S rDNA. A species name in green indicates a quadrannulate
species; in red, sexannulate; and in blue, octannulate. The numbers associated with the nodes represent
the bootstrap values for ML (BS)/ and Baysian posterior probabilities (BPPs). BS higher than 70% and/
or BPP higher than 95% are indicated.

Table 3. Comparisons of morphological characters between Orobdella mononoke sp. n. and three sexan-

nulate congeneric species.

Character O. mononoke sp. n. | O. dolichopharynx 0. ijimai O. shimadae

bicolor, I-XIII, XXVII

Color of dorsal and caudal sucker llowish ereen llowish llowish

surface orayish purple, XIV— yellowish gree yellowish green yellowish green
XXVI amber

Annulation of VI quadrannulace on triannulate triannulate triannulate
dorsal

Annulation of VI | quadrannulate quadrannulate quadrannulate triannulate

Annulation of VIII | sexannulate quinquannulate sexannulate quinquannulate

Number of annuli g ) 8 1247 +1/2 9

between gonopores

Pharynx reaching to XIV reaching to XVI reaching to XIV reaching to XVI
tubular, but bulbous at | tubular, reaching tubular reaching

Gastroporal duct junctions with crop to XVI bulbous to XV

Epididymides n XV?X.IX (about absent in XVI-XIX (abO}l ¢ absent
four somites) two and half somites)

Atrial cornua ovate absent ellipsoid absent

and 4) absence of male atrial cornua. Although Orobdella mononoke sp. n. is a sexan-
nulate species, this species does not share such morphological characteristics. Orobdella
mononoke sp. n. possesses 1) normal length pharynx for the genus Orobdella, 2) devel-
oped gastroporal duct and conspicuous gastropore, 3) epididymides in XV-XIX, 4)
ovate atrial cornua. Molecular phylogenetic analyses in this study also could not show
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monophyly of the three species in the Ryukyu Archipelago, O. mononoke sp. n., O.
dolichopharynx and O. shimadae. These differences of morphological characteristics and
molecular phylogenetic analyses suggest that Orobdella mononoke sp. n. is not closely
related to O. dolichoharynx and O. shimadae. In vertebrates, the fauna of the Osumi
Islands, in which Yaushima Island is included, is related to that of Kyushu (Toda et
al. 2003). In the case of leeches, Haemadipsa japonica Whitman, 1886, which inhab-
its Honshu, Shikoku and Kyushu, Japan, is distributed in Yakushima Island (Itoh
2003). In islands of the Ryukyu Archipelago south of Yakushima Island, however,
another species, Haemadipsa rjukjuana Oka, 1910, is distributed (Lai et al. 2011). A
recent molecular phylogenetic study revealed that H. japonica and H. rjukjuana are not
closely related species (Borda and Siddall 2011). These facts are collateral evidence that
O. mononoke sp. n. is not very closely related to O. dolichopharynx and O. shimadae.
Whether or not this is true, additional inventory surveys and molecular phylogenetic
studies are needed to reveal the phylogenetic relationships within and the biogeograph-
ical history of the genus Orobdella.
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