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Micro-endemic and vicariant populations of Opisthacanthus
Peters, 1861 (Scorpiones: Hormuridae) in Madagascar,
with descriptions of two new species
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ABSTRACT. Two new scorpion species, Opist-
hacanthus antsiranana sp.n. and O. ambanja sp.n., are
described from the North of Madagascar. The new
species clearly suggest cases of micro-endemic and
vicariant populations within the island. The total num-
ber of species of the genus in Madagascar is now
elevated to 10 and its known geographical distribution
within the island is expanded.

PE3IOME. C ceBepa Manarackapa omucaHbl JBa
HOBBIX BHJIa CKOPITUOHOB, Opisthacanthus antsiranana
sp.n. u O. ambanja sp.n. HoBele BUIBI OTIPEACTICHHO
NPEIoIaraloT Ciiy4al MUKPOIHJEMHYHBIX W BUKapH-
AHTHBIX MOMYJISIMKA Ha ocTpoBe. OO0IIee Ynucio BUIOB
poza Ha Mapnarackape Bo3pocio 1o 10, a ero u3Becr-
HBII apeaj Ha OCTPOBE PACIIUPEH.

Introduction

As outlined recently [Lourengo, 2014a, b; Lourenco,
Goodman, 2008], Madagascar represents one of the
globe’s hotspots of biodiversity [see Vachon, 1953;
Paulian, 1961; Lourengo, 1996; Goodman, Benstead,
2003]. Studies on the island’s scorpions started in the
first half of the 19" century and advanced rapidly since
1890 [see Lourengo, Goodman, 2008]. However, it
was only by the mid-1990’s that the study of the Mala-
gasy scorpion fauna showed substantial progress asso-
ciated with the description of several new taxa [e.g.
Lourenco, 1996, 2003]. Since the early 1990s, inten-
sive field inventory programmes have resulted in ex-
tensive new collections covering diverse ecosystems of
the island and using a variety of field collecting tech-
niques (e.g. pit-fall traps, Winkler extraction or detec-

tion with ultra-violet light). These new specimens have
allowed for studies on the distribution patterns, taxon-
omy, diversity and endemicity of Malagasy scorpions
to be evaluated in a new light, Starting from 1995, the
number of recognized scorpion taxa on Madagascar
has increased by more than 400% [Lourenco, 2003,
2014a, b].

Certain areas in Madagascar show particularly high
levels of diversity and endemism, such as the extreme
North of the Island. This is presumably correlated with
the presence of unique habitats and a complex geologi-
cal history, with numerous cases of vicariant events
associated with climatic change, volcanism, etc.
[Brenon, 1972; Wilmé et al., 2006].

The present study of further collections of hormu-
rid scorpions of the genus Opisthacanthus Peters, 1861,
subgenus Monodopisthacanthus Lourengo, 2001, from
Madagascar has resulted in the discovery of two new
species. These were collected from the extreme North
and North-West of Madagascar, and are related to oth-
er species known from the North-East or even the
extreme South of the island. This pattern of distribu-
tion clearly suggests cases of micro-endemism and vi-
cariance among the populations of Malagasy Opist-
hacanthus.

Material and methods

The holotypes and four paratypes are deposited in
the Muséum National d’Histoire Naturelle, Paris. Three
paratypes are donated to the Zoological Museum, Mos-
cow State University, Russia. Scorpions were collected
during the night with the help of ultra-violet light.
[lustrations and measurements were made with the aid
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Figs 1-2. Opisthacanthus antsiranana sp.n., ' holotype, dorsal and ventral aspects, respectively.
Puc. 1-2. Opisthacanthus antsiranana sp.n., ronotun C', COOTBETCTBEHHO CBEPXY H CHH3Y.

of a Wild M5 stereo-microscope equipped with a draw-
ing tube (camera lucida) and an ocular micrometer.
Measurements follow Stahnke [1970] and are given in
mm. Trichobothrial notations follow Vachon [1974]
and the morphological terminology mostly follows Va-
chon [1952] and Hjelle [1990].

The composition of the genus Opisthacan-
thus Peters, 1861

The classification given below takes into account
the most recent taxonomic modifications proposed for
the genus [Lourenco, 2014b]. Since most of the histor-
ical aspects concerning Malagasy species of Opist-
hacanthus have already been presented elsewhere
[Lourenco, Goodman, 2006, 2008], they will not be
further discussed here.

Family Hormuridae Laurie, 1896
Genus Opisthacanthus Peters, 1861

Subgenus Opisthacanthus Peters, 1861, with 3 spe-
cies groups:

I. The cayaporum group, distributed in tropical
South America.

II. The lepturus group, distributed in tropical South
and Central America and on the Greater Antilles.

III. The lecomtei group, distributed in western
Africa.

Subgenus Nepabellus Francke, 1974, with 5 spe-
cies groups:

L. The africanus group, distributed in southern, west-
ern and eastern Africa.

II. The asper group, distributed in southern and
eastern Africa.

1. The laevipes group, distributed in southern Africa

IV. The rugulosus group, distributed in southern
Africa.

V. The validus group, distributed in southern Africa.

Subgenus Monodopisthacanthus Lourengo, 2001,
with one species group:

1. The madagascariensis group, distributed in Mada-
gascar, with 10 species.

Opisthacanthus madagascariensis Kraepelin, 1894
. lucienneae Lourengo et Goodman, 2006
. maculatus Lourenco et Goodman, 2006
. darainensis Lourengo et Goodman, 2006
piceus Lourenco et Goodman, 2006
. milloti Lourengo et Goodman, 2008
pauliani Lourenco et Goodman, 2008
andohahela Lourengo, 2014
antsiranana sp.n.
. ambanja sp.n.

QA0

Opisthacanthus antsiranana sp.n.
Figs 1-12.

HOLOTYPE &' (MNHN), Madagascar, Antsiranana Province,
Montagne des Frangais, tropical dry forest/anthropic savannahs
formation, under dry log, 1X.2001, leg. W.R. Lourenco.

PARATYPES: 1 & (MNHN), 1 & (ZMUM Tb-549). same
data as for holotype. All material was collected using ultra-violet
light.

NAME: The specific name is a noun in apposition
to the generic name and refers to the region where the
new species was found.

DIAGNOSIS. Medium- to small-sized scorpions:
38 to 42 mm in total length (7). Coloration from pale
yellow to reddish yellow, with some dark variegated
zones on metasomal segments. Pectines with 78 teeth
(d"); mode 7. Hemispermatophore with distal lamina
shorter and less strongly enlarged than in O. madagas-
cariensis. G genital operculum large and slightly oval
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Figs 3-7. Opisthacanthus antsiranana sp.n., 0" holotype, trichobothrial pattern. 3 — chela, dorso-external aspect; 4-6 — patella,
dorsal, external and ventral aspects, respectively; 7 — femur, dorsal aspect. Scale bar: 2.0 mm.

Puc. 3-7. Opisthacanthus antsiranana sp.n., ronotun O, XapakTep TPUXOOOTPHOTAKCHH. 3 — Xella, OJHOBPEMEHHO CBEPXY U
cHapyxH; 4-6 — mnaresia, COOTBETCTBEHHO CBEpXY, CHApYXU U cHH3Y; 7 — Oeapo, cBepxy. Macmra6: 2,0 MM.

in shape. Trichobothrial pattern of type C, orthobothri-
otaxy. Female unknown.

RELATIONSHIPS. The new species can be distin-
guished from O. lucienneae by the following charac-
ters: (i) distinct morphometric values, (ii) a paler color-
ation, (iii) granulations on carapace and metasoma less
marked. In addition, both these species show a totally
disjunct distribution and appear as vicariant elements.

DESCRIPTION. Based on T holotype and para-
types. Morphometric measurements are listed after the
description.

Coloration. Basically pale yellow to reddish yellow
with some dark variegated zones on metasomal seg-
ments. Carapace yellow; median and lateral eyes sur-
rounded by black pigment. Tergites yellow to pale
yellow without spots. Metasomal segments yellow, with
dark intense variegated spots; vesicle pale yellow; ac-
uleus dark reddish. Chelicerae yellow; base of fingers
slightly darker; entire surface with diffuse variegated
spots; fingers reddish brown with reddish teeth. Pedi-
palps reddish yellow; most carinae blackish. Venter
and sternites yellow to pale yellow; pectines and geni-

tal operculum paler than sternum and coxapophysis;
legs yellowish with some internal carinae reddish.
Morphology. Carapace almost without granulations,
but with punctation; smooth; furrows shallow. Anterior
margin with a strong concavity reaching as far as level of
2" Jateral eye. Median ocular tubercle flattened and
lying almost in the centre of carapace; median eyes
moderate, separated by one ocular diameter; three pairs
of large lateral eyes. Sternum pentagonal, wider than
long. Genital operculum formed by two semi-oval plates
(). Tergites with only a vestigial median carina, smooth
and with punctations. Pectinal tooth count 7-7 in O
holotype and 7-7 or 8-8 in & paratypes. Sternites smooth
and shiny; VII acarinate, with a few punctations. Meta-
somal segments I to V longer than wide, with some thin
and inconspicuous granulations. All carinae weakly
marked in segments I-IV; segment V rounded, with
some weakly marked spinoid granules on ventral sur-
face. All segments with moderate chaetotaxy. Telson
pyriform, smooth and covered with moderate chaetot-
axy. Pedipalps: femur with strong and tuberculate dorsal
internal, dorsal external, ventral internal and ventral
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Figs 8-12. Opisthacanthus antsiranana sp.n., G holotype. 8 — chelicera, dorsal aspect; 9 — cutting edge of movable chelal finger;
10 — metasomal segment V and telson, lateral aspect; 11 — ventral aspect, showing sternum, shape of genital operculum plates and
pectines; 12 — hemispermatophore, external aspect. Scale bars 1.0 mm.

Puc. 8-12. Opisthacanthus antsiranana sp.n., ronotun J'. 8§ — Xenuuepa, cBepxy; 9 — pexyluil Kpail TOJBUKHOTO Nablia Xebl;
10 — cermaHT V MeTacOMBI W TEIbCOH, COOKy; 11 — BHA CHH3Y, MOKa3bIBAIOIIHN CTEPHUT, (GOPMY HOJIEH TeHHTATLHOH KPBINEYKH U

nektuH; 12 — remucnepmarodop, cHapyxu. Macmra6 1,0 mm.

external carinae; dorsal face with very fine granulations;
ventral face with a few granulations; internal face mod-
erately to strongly granulate. Patella with internal and
external faces moderately granulate; dorsal and ventral
faces smooth and lustrous; dorsal internal, ventral inter-
nal, ventral external and external carinae strong; other
carinae weaker. Chela moderately to strongly granular,
including its internal face; dorsal marginal, external sec-
ondary, ventro-internal and ventral median carinae strong;
other carinaec weaker. Chelicerae typical of Scorpion-
oidea [Vachon, 1963]; teeth sharp. Trichobothriotaxy
type C; orthobothriotaxic [Vachon, 1974]. Legs: tarsi
with two lateral rows of spines, surrounded by a few
long setae. Spurs moderate. Hemispermatophore as in
Fig. 12, with distal lamina short and weakly enlarged.

Morphometric values (in mm) of " holotype. Total
length (including telson) 38.7. Carapace: length 6.4;
anterior width 4.1; posterior width 6.2. Mesosoma length
13.5. Metasomal segment I: length 2.2, width 1.4; 1I:
length 2.4, width 1.3; III: length 2.6, width 1.2; IV:
length 2.8, width 1.2; V: length 3.8, width 1.1, depth
1.4. Telson length 5.0. Vesicle: width 1.6, depth 1.8.
Pedipalp: femur length 6.4, width 2.6; patella length
6.6, width 2.9; chela length 11.4, width 3.2, depth 2.4;
movable finger length 5.1.

Opisthacanthus ambanja sp.n.
Figs 13-26.

HOLOTYPE ' (MNHN). Madagascar, Antsiranana Province,
N of Ambanja, road between Ambanja and Ambilobe, rainforest,
under log, 1X.2001, leg. W.R. Lourengo.

PARATYPES: 2 99 (MNHN), 2 99 (ZMUM Tb-548), same
data as for holotype. All material was collected using ultra-violet
light.

NAME: The specific name is a noun in apposition
to the generic name and refers to the locality where the
new species was found.

DIAGNOSIS. Medium- to small-sized scorpions:
" 43.2 mm in total length, vs 34.1 mm in subadult ¢
paratype. Coloration reddish brown to dark brown,
with some blackish zones. Pectines with 6 teeth in &
and 5-6 in $9; mode 6 in J" and $9. Hemispermato-
phore slender and thin; distal lamina weakly enlarged
and less complex than in the other species. ¢ genital
operculum broader than long, almost oval in shape,
with an incision at base. Trichobothrial pattern of type
C, orthobothriotaxy.

RELATIONSHIPS. The new species can be distin-
guished, in particular from O. darainensis, by the fol-
lowing characters: (i) a darker overall coloration, (ii) ¢
genital operculum plate with an incision at base, (iii)
hemispermatophore slender and thin, with distal lami-
na weakly enlarged. In addition, this new species was
found in a rainforest formation while O. darainensis
inhabits a much drier forest type.

DESCRIPTION. Based on O holotype and ¢
paratypes. Morphometric measurements are listed after
the description.

Coloration. Basically reddish brown to dark brown
with some blackish zones on pedipalp carinae. Cara-
pace reddish brown, median and lateral eyes surround-
ed by black pigment. Tergites reddish brown, with
posterior edges yellowish. Metasomal segments red-
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Figs 13-16. Opisthacanthus ambanja sp.n., 0" holotype and ¢ paratype, dorsal and ventral aspects, respectively.
Puc. 13-16. Opisthacanthus ambanja sp.n., ronotun G' U napaThn £, COOTBETCTBEHHHO CBEPXY M CHHU3Y.

dish to reddish brown; vesicle yellow, with one lateral
reddish band; aculeus dark reddish. Chelicerae red-
dish yellow to reddish brown; base of fingers black-
ish; entire surface with diffuse variegated dark spots;
fingers blackish with reddish teeth. Pedipalps reddish
brown. Venter and sternites reddish yellow; sternite

VII reddish brown; pectines and genital operculum
yellow; legs yellow, with diffuse variegated dark spots
in

Morphology. Carapace smooth, with intense puncta-
tion; furrows shallow. Anterior margin with a strong
concavity reaching as far as level of 2" lateral eye.
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Figs 17-21. Opisthacanthus ambanja sp.n., " holotype, trichobothrial pattern. 17 — chela, dorso-external aspect; 18-20 — patella,
dorsal, external and ventral aspects, respectively; 21 — femur, dorsal aspect. Scale bar 2.0 mm.

Puc. 17-21. Opisthacanthus ambanja sp.n., ronotun C', XapakTep TPUX0OOTpUOTAaKCHH. 17 — Xesa, OJHOBPEMEHHO CBEPXY U
cHapyxu; 18-20 — mareia, COOTBETCTBEHHO CBEPXY, CHApyKH M CHU3y; 21 — Genpo, cBepxy. Macmrad 2,0 Mm.

Median ocular tubercle flattened and lying almost in the
centre of carapace; median eyes moderate, separated
by less than one ocular diameter; three pairs of large
lateral eyes. Sternum pentagonal, wider than long. Gen-
ital operculum formed by two semi-oval plates (J') or
by one single, almost oval plate (%), with an incision at
base. Tergites with one vestigial median carina and
with intense punctation. Pectinal tooth count 6-6 in &
holotype and 5-6 in ¢ paratypes. Sternites smooth and
shiny, with punctations; VII acarinate. Metasomal seg-
ments I to V longer than wide, almost smooth, except
for some sparse granulations. All carinae weakly marked
in segments I-IV; segment V slightly rounded with
spinoid granules on latero-ventral and ventral carinae.
All segments with strong chaetotaxy. Telson globular
in shape, larger in J'; smooth and covered with strong
chetotaxy. Pedipalps: femur with strong and tubercu-
late dorsal internal, dorsal external, ventral internal
and ventral external carinae; dorsal face with very fine
granulations; ventral face with minute granulations, al-
most smooth, but with punctations; internal face mod-

erately granular. Patella with internal and external fac-
es moderately granulate; dorsal and ventral faces smooth
and lustrous, with punctations; dorsal internal, ventral
internal, ventral external and external carinae strong;
other carinae weaker. Chela strongly granular on dor-
so-internal and external faces; ventral face punctate;
dorsal marginal, external secondary, ventro-internal and
ventral median carinae moderate to strong; other cari-
nae weaker. Chelicerae typical of Scorpionoidea [Va-
chon, 1963]; teeth sharp. Trichobothriotaxy type C;
orthobothriotaxic [Vachon, 1974]. Legs: tarsi with two
lateral rows of spines, surrounded by a few long setae.
Spurs moderate. Hemispermatophore slender and thin,
as in Fig. 26, with distal lamina weakly enlarged and
less complex than in the other species.

Morphometric values (in mm) of J" holotype. Total
length (including telson) 43.2. Carapace: length 6.4;
anterior width 4.3; posterior width 6.4. Mesosoma length
16.8. Metasomal segment I: length 2.2, width 2.0; II:
length 2.4, width 1.8; III: length 2.6, width 1.8; IV:
length 3.0, width 1.5; V: length 4.4, width 1.4, depth
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Figs 22-26. Opisthacanthus ambanja sp.n., S holotype (22-24, 26) and © paratype (25). 22 — chelicera, dorsal aspect; 23 — cutting
edge of movable chelal finger; 24 — metasomal segment V and telson, lateral aspect; 25 — ventral aspect, showing sternum, shape of
genital operculum plate and pectines; 26 — hemispermatophore, external aspect. Scale bars 1.0 mm.

Puc. 22-26. Opisthacanthus ambanja sp.n., ronotun ' (22-24, 26) u napatun ¢ (25). 22 — xenuuepa, cBepxy; 23 — pexyImii Kpait
MO/IBIKHOTO TAlblia XeNbl; 24 — CErMEHT V METacOMBI U TENbCOH; 25 — BHJ CHHU3Y, MOKA3BIBAIOMINN CTEPHUT, POPMy /10/ICH TeHUTab-
HO¥1 KPBIIIEYKN M NMEKTHH; 26 — remucnepMarodop, cHapyxu. Macmrab 1,0 Mm.

Fig. 27. Typical vegetation of the Montagne des Frangais region, the type locality of Opisthacanthus antsiranana sp.n.
Puc. 27. Tunu4nast pacTUTENBHOCTD B paifone ropsl Montagne des Fransais, TumoBom nokanurere Opisthacanthus antsiranana sp.n.
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Fig. 28. Map of Madagascar with the known distributions of
Opisthacanthus lucienneae (1), O. antsiranana sp.n. (2), O. darain-
ensis (3) and O. ambanja sp.n. (4).

Puc. 28. Kapra Manarackapa ¢ M3BECTHBIMH apeajaMH
Opisthacanthus lucienneae (1), O. antsiranana sp.n. (2), O.
darainensis (3) u O. ambanja sp.n. (4).

1.5. Telson length 5.4. Vesicle: width 2.1, depth 2.0.
Pedipalp: femur length 6.4, width 2.6; patella length
6.8, width 3.4; chela length 11.8, width 4.4, depth 2.4;
movable finger length 5.5.

Biogeographic remarks

As recently outlined by Lourenco [2013], the gen-
eral patterns of distribution observed for a given ani-
mal group largely depend on the historical factors which
took place in more or less recent periods of time. The
previous general idea was that environments remained
stable for long time periods. That old idea has been
gradually replaced by a more accurate view, based on
data from ecological, palacoclimatological and palyno-
logical studies (see Prance, 1982a). These new results
clearly show that this supposed ‘stability’ must have
been interrupted by periods of climatic change during
several dry/wet/dry episodes of the late Cenozoic, es-
pecially during the Pleistocene and Holocene. During

W.R. Lourengo

the (earlier) Quaternary, temperate regions were glaci-
ated; while cooler, drier conditions prevailed in the
tropical zones of today. These reduced the rainforest to
savannas or dry forest except in regions where local-
ized conditions of temperature and humidity allowed
rainforest to persist. This historical reduction of rain-
forest to patchy refugia is supported by the existing
biogeographical patterns of distribution and differenti-
ation of several taxa, as well as by palynological and
geomorphological evidence from many regions of the
world. Several authors also postulate that the reduction
of forest to small patches stimulated many changes in
plant and animal populations in the refugia. These
ranged from extinction to an increased rate of specia-
tion [Van der Hammen, 1974, 1982; Prance, 1982a, b].

Scorpion biogeographical studies in tropical South
America brought further evidence for the refuge theory
[Lourengo, 1986, 1987, 1991, 1994, 2001]. These in-
vestigations led to the postulation of about 25 refugia,
or areas of high endemism. The number, size and loca-
tion of these sites correlate well with those described
by other authors [Prance, 1982b], and correspond to
regions of high endemism.

In the case of Madagascar, these theories have re-
ceived less attention than elsewhere, as stated by Bur-
ney [1996, 1997], “There has been an understandable
tendency for biogeographers working in Madagascar
to focus on historical factors operating on two quite
different time scales. The island’s isolation represents
a profound influence on a scale of millions of years.
Today, however, one sees everywhere in Madagascar
the consequences of factors that have operated in a
much more recent time frame. What of those events
influencing the biogeography of Madagascar that func-
tion on intermediate temporal scales? Specifically, what
roles have Quaternary climate change and other pre-
human ecological variation played in Madagascar?
Studies throughout the world have demonstrated the
importance of glacial-interglacial climate cycles on
scales of thousands, to hundreds of thousands of years.”

Biogeographers have not discussed these factors
much in the context of Madagascar because so little is
known about their role there. “Paleoecological research
has in recent years dispelled some mysteries regarding
Madagascar’s past, only to reveal others. Thinking
about Madagascar as a dynamic biotic phenomenon
that may always be changing on several temporal
scales, can have profound impact on how we interpret
the island’s paleobiogeography,...what significance
any observed trends of change might have for under-
standing the biogeographic patterns we observe to-
day” [Burney, 1996].

The patterns of distribution observed for some Opist-
hacanthus populations such as O. lucianneae and O.
antsiranana sp.n. in the arid formations of south-west-
ern and extreme North regions of the island, respective-
ly, can tentatively be explained as the result of a past
continuous distribution over arid formations which
changed subsequently during recent Quaternary vicissi-
tudes in a vicariance process [Bernardi, 1986]. Alterna-
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tively, the populations represented by O. darainensis
and O. ambanja sp.n. in the extreme North of the island,
distributed in dry and wet forest formations, respective-
ly, clearly suggests one more case of micro-endemism
in that great island [Brenon, 1972; Wilmé et al., 2006].
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