Arthropoda Selecta 24(2): 189—-195

© ARTHROPODA SELECTA, 2015

Micro-endemic populations of Palaeocheloctonus Lourengo, 1996
(Scorpiones: Hormuridae) in Madagascar:
A new case of vicariance among Malagasy scorpions

Muxposupemuunsie nonyassunn Palaeocheloctonus Lourengo, 1996
(Scorpiones: Hormuridae) na Maaarackape:
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ABSTRACT. A new scorpion species, Palaecoche-
loctonus septentrionalis sp.n., is described from the
North of Madagascar. The new species clearly sug-
gests a new case of micro-endemic and vicariant popu-
lation within the island. The number of Palaeocheloc-
tonus species in Madagascar is now increased to two
and the known geographical distribution of the genus is
extended within that great island, but remains strongly
disrupted.

PE3IOME. C ceBepa Magarackapa onucaH HOBBII
BUJI CKOPIUOHOB: Palaeocheloctonus septentrionalis
Sp.n. DTOT HOBBIM BUJ IPEAIOJaraeT eme OAnH CIy-
Yyall MUKPOHJIEMUYHON U BUKAPUAHTHON MOMYJISALUU
B mipenenax octposa. Yucno BunoB Palaeocheloctonus
TEeTepb JOCTHUIIIO NBYX, & XOTs reorpaduueckoe pac-
MIPOCTPAaHEHHE poJia Ha 3TOM OTPOMHOM OCTpPOBE U
PacIINPUIIOCh, HO OCTAETCSA CUIBHO PA30PBAHHBIM.

Introduction

As outlined in recent papers [Lourengo, 2014a, b],
Madagascar is one of the most biologically diverse
regions on Earth and presents a significant number of
micro-endemic populations [Lourengo, 2014a]. One of
the first regions to be characterized as presenting a
high level of micro-endemic populations was ‘Cap
Sainte Marie’ in the extreme South of the island
[Lourenco, 1996, 2014a].

Over a period of more than 20 years a continuous
exploration of most habitats in Madagascar has made it

possible to examine in a new light the patterns of
geographical distribution, taxonomy, diversity, and en-
demicity of Malagasy scorpions. It can be estimated
that from 1995 to 2014, the number of recognized
scorpion taxa on Madagascar has risen by more than
400% [Lourengo, 1996, 2003, 2014a, b].

Besides the South and Southwestern regions of
Madagascar, other areas have proven to show particu-
larly high levels of scorpion diversity and endemism,
such as the extreme North of the Island. Up to now, a
considerable number of endemics have also been de-
scribed from the region of the ‘Montagne des Frangais’
in the extreme North of the island [Lourengo, 2014b;
Lourengo, Goodman, 2006; Lourengo et al., 2006].
This was presumably correlated with a combination of
unique habitats and a complex geological history with
numerous cases of vicariant events associated with pa-
leoclimate oscillations, refugia, and volcanism [Brenon,
1972; Wilmé et al., 2006].

The present study of some further specimens of hor-
murid scorpions belonging to the genus Palaeochelocto-
nus Lourengo, 1996, has resulted in the discovery of one
new species. The type material has been collected from
the ‘Montagne des Frangais’ in the extreme North of
Madagascar, and is related to the only other known,
and type, species of this genus, P. pauliani Lourengo,
1996, which has a range of distribution limited to the
region of Toliara in Southwestern Madagascar. This
new case of disrupted distribution clearly illustrates
one more example of micro-endemism and vicariance
among the populations of Malagasy scorpions.
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Figs 1-4. Palaeocheloctonus septentrionalis sp.n., O holotype (1, 2) and ? paratype (3, 4), dorsal and ventral aspects, respectively.
Puc. 1-4. Palaeocheloctonus septentrionalis sp.n., ronotun O (1, 2) n mapatun ¢ (3, 4), COOTBETCTBEHHO CBEPXY U CHH3Y.

Material and methods

The holotype is deposited in the Muséum National
d’Histoire Naturelle, Paris. One paratype is deposited
in the Zoological Museum, State University of Mos-
cow, Russia (ZMUM). Scorpions were collected dur-
ing day-light and found under rocks. Illustrations and
measurements were made with the aid of a Wild M5
stereo-microscope equipped with a drawing tube (cam-
era lucida) and an ocular micrometer. Measurements
follow Stahnke [1970] and are given in mm. Trichobo-
thrial notations follow Vachon [1974] and morpholog-
ical terminology mostly follows Vachon [1952] and
Hjelle [1990].

Taxonomic part

Family Hormuridae Laurie, 1896
Genus Palaeocheloctonus Lourengo, 1996

Palaeocheloctonus septentrionalis sp.n.
Figs 1-14, 16, 18.

HOLOTYPE " (MNHN), Madagascar, DIANA Region, Mon-
tagne des Frangais, Madagascar western dry forest/wooded grass-
land-bushland, anthropic grasslands, under rocks, 1X.2001, leg. W.
R. Lourengo. PARATYPE: 1 ¢ (ZMUM Tb-550), same data as for
holotype. Scorpions collected during day-light.

NAME. The specific name refers to the northern

distribution of the species in the island.
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Figs 5-7. Palaeocheloctonus septentrionalis sp.n., S holotype. 5 — metasomal segment V and telson, lateral aspect; 6 — chelicera,
dorsal aspect; 7 — cutting edge of movable chelal finger with rows of granules. Scale bar: 1 mm.

Puc. 5-7. Palaeocheloctonus septentrionalis sp.n., ronotun C'. 5 — cerMeHT V MeTacoMbl M TEbCOH, COOKY; 6 — XeJHuIepa, CBEPXY;
7 — pexyImui Kpail MoABMKHOTO Majblia Xelbl ¢ PIaaMH rpaHyir. Macmrab 1 M.

DIAGNOSIS. Medium-size scorpions: J' and 9
56.4 and 62.9 mm in total length, respectively. Colora-
tion from pale yellow to reddish yellow; G without any
dark to blackish zones on pedipalp carinae and chelal
fingers (Figs 1-2). Pectines with 6-6 and 6-7 teeth in &
and 9, respectively. Hemispermatophore with distal
lamina more enlarged than in P. pauliani (Figs 17-18).
J" genital operculum large and slightly oval in shape. ¢
genital operculum a slightly cordiform plate without
any incision at base (Figs 15-16). Trichobothrial pat-
tern of type C, orthobothriotaxy (Figs 8—14).

RELATIONSHIPS. The new species can be distin-
guished from P. pauliani by a number of characters: (i)
distinct morphometric values, (ii) a paler coloration
with the absence in the J" of any dark or blackish spots
on pedipalp carinae and chela fingers, (iii) granulations
on metasomal segments and tergite VII slightly better
marked, (iv) ¢ without any incision at base of genital
operculum plate. Moreover, both species show a total-
ly disrupted distribution (> 1,300 km) and appear to be
vicariant elements.

DESCRIPTION. Based on the J" holotype and the
¢ paratype. Morphometric measurements are listed af-
ter the description.

Coloration. Basically pale yellow to reddish yel-
low; O without any dark zones on body and appendag-
es. Carapace yellow; median and lateral eyes surround-
ed by black pigment. Tergites yellow to pale yellow
without spots. Metasomal segments yellow, without
any spot; vesicle pale yellow; aculeus dark reddish.

Chelicerae yellow; entire surface without any variegat-
ed spots; fingers yellow with reddish teeth. Pedipalps
reddish yellow; carinae slightly darker in . Venter and
sternites yellow to pale yellow; pectines and genital
operculum paler than sternum and coxapophysis; legs
yellow.

Morphology. Carapace without granulations, but
with punctation; smooth; furrows shallow. Anterior
margin with a strong concavity reaching as far as level
of 2nd lateral eye. Median ocular tubercle flattened,
located in the centre of carapace; median eyes moder-
ate, separated by one ocular diameter; three pairs of
large lateral eyes. Sternum pentagonal, slightly longer
than wide. J" genital operculum large and slightly oval
in shape. § genital operculum a slightly cordiform plate
without any incision at base. Tergites with only a vesti-
gial median carina, smooth and with punctations; VII
with minute granulation. Pectinal tooth count 6-6 in
holotype and 6-7 in paratype. Sternites smooth and
shining; VII acarinate with a few punctations. Metaso-
mal segments I to V longer than wide, with some thin
granulations. All carinae weakly marked in segments
[-1V; segment V rounded with some minute spinoid
granules on ventral surface. All segments with moder-
ate chaetotaxy. Telson pear-like in shape; smooth and
covered with moderate to strong chaetotaxy. Pedipalps:
femur with dorsal internal, dorsal external, ventral in-
ternal and ventral external carinae strong, tuberculate;
dorsal face with very thin granulation; ventral face with
a few granulations; internal face moderately granulat-
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Figs 8-14. Palaeocheloctonus septentrionalis sp.n., ' holotype, trichobothrial pattern. 810 — chela, dorso-external, external and
ventral aspects, respectively; 11-13 — patella, dorsal, external and ventral aspects, respectively; 14 — femur, dorsal aspect. Scale bars: 1

12

mm.

cBepxy. Macmrad 1 mMwm.

ed; external face more strongly granular. Patella with
internal and external faces moderately granulated; dor-
sal and ventral faces smooth and lustrous; dorsal inter-
nal, ventral internal, ventral external and external cari-
nae strong; other carinae less well marked. Chela mod-
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Puc. 8-14. Palaeocheloctonus septentrionalis sp.n., ronotun O, XxapaKkTep pa3MelIeHus TpuxoO0TpHil. 810 — Xxesa, COOTBETCTBEH-
HO OJTHOBPEMEHHO CBEpPXY M CHapy»H, CHapykH M cHu3y; 11-13 — mareiuia, COOTBETCTBEHHO CBEpXY, CHapyXu M cHuU3y; 14 — Genpo,

erately to strongly granular including on internal face;
dorsal marginal, external secondary, ventro-internal and
ventral median carina strong; other carinae less well
marked. Dentate margins on movable and fixed fingers
with a median row of granules composed of 5—6 groups
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Figs 15-18. Palaeocheloctonus pauliani Lourengo, 1996 (15, 17) and P. septentrionalis sp.n. (16, 18), J" holotypes and § paratypes.
15-16 — ventral aspect, showing sternum, the shape of the genital operculum plates and pectines; 17-18 — hemispermatophore, external

aspect. Scale bars: 1 mm.

Puc. 15-18. Palaeocheloctonus pauliani Lourengo, 1996 (15, 17) u P. septentrionalis sp.n. (16, 18), ronotunst G'C" u mapatumns $5.
15-16 — BuJ CHU3Y, NOKa3bIBAIOIINK CTEPHHT, (OPMy IUIACTUH TEHUTAIBHOW KPBIIEYKH M TeKTHHBI; 17—18 — remucnepmarodop,

cHapyxu. Macmtab 1 mm.

of small sub-granules separated by larger accessory
granules. Chelicerae typical of Scorpionoidea [Vachon,
1963]; teeth sharp. Trichobothriotaxy type C; orthobo-
thriotaxic [Vachon, 1974]. Legs: tarsi with two lateral
rows of spines, surrounded by a few long setae. Spurs
moderate. Hemispermatophore as in Fig. 18, with dis-
tal lamina short and moderately enlarged.

Morphometric values (in mm) of holotype and
paratype of P. pauliani and P. septentrionalis sp.n.
Total length (including telson) 48.8/52.8/56.4/62.9.
Carapace: length 7.4/8.1/8.2/9.7; anterior width 4.9/
5.2/5.3/6.4; posterior width 7.6/8.6/8.0/9.4. Mesosoma
length 19.1/21.3/24.4/24.9. Metasomal segment I: length
2.4/2.4/2.7/3.2, width 1.8/1.9/1.8/2.2; II: length 2.8/
3.2/3.1/3.6, width 1.6/1.7/1.6/1.9; 1II: length 3.1/3.2/
3.2/4.1, width 1.5/1.6/1.6/1.7; 1V: length 3.7/3.8/3.8/
4.4, width 1.4/1.6/1.5/1.6; V: length 4.8/5.2/5.2/6.2,
width 1.4/1.5/1.5/1.6, depth 1.6/1.6/1.8/1.9. Telson
length 5.5/5.6/5.8/6.8. Vesicle: width 1.7/1.6/1.8/1.8,
depth 1.8/1.9/2.1/2.3. Pedipalp: femur length 6.9/6.6/
7.5/7.6, width 3.0/3.2/3.5/3.8; patella length 7.8/7.5/
8.3/8.6, width 3.5/3.6/3.8/4.2; chela length 12.8/13.3/
13.8/15.8, width 4.4/4.7/4.6/6.2, depth 5.3/6.0/5.6/7.2;
movable finger length 6.2/6.6/6.6/8.2.

Biogeographic comments

In some recent papers, Lourenco [2013, 2014a, b]
outlined that the global patterns of distribution ob-

served for a given zoological group have largely been
driven by historical factors which took place in more or
less recent periods of time. Recent times, e.g., the
Pleistocene and Holocene epochs, were characterized
by paleoclimate oscillations, variable in time and space,
with alternating warm and cold periods at higher lati-
tudes, and wet and dry periods at lower latitudes. For
instance, during the Last Glacial Maximum, ca. 20,000
my BP, more water was stored as ice, the sea-level was
lower, and there was less water in circulation. During
these dry periods, forests receded, together with forest-
dwelling fauna and flora, except in some refugia where
forests persisted [Mercier, Wilmé, 2013]. This histori-
cal reduction of rainforests to patch refugia is support-
ed by the existing biogeographical patterns of distribu-
tion and differentiation of several taxa, as well as by
palynological and geomorphological evidence from
many regions of the world. A number of authors also
postulate that the reduction of forest to small patches
stimulated many changes in plant and animal popula-
tions in the refugia. These ranged from extinction to an
increased rate of speciation [Van der Hammen, 1974,
1982; Prance 1982a, b; Bennet, Provan, 2008]. In the
case of Madagascar, however, as stated by Burney
[1996, 1997] these theories have received less atten-
tion than elsewhere. For further details on these pro-
cesses the readers may refer to Lourenco [2014b].

As already suggested for the species belonging to
the genus Opisthacanthus [Lourenco, 2014b], the dis-
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Fig. 19. The typical vegeta-
tion of the Montagne des
Frangais region, type locality of
Palaeocheloctonus septentrio-
nalis sp.n.

Puc. 19. Tunuunast pactu-
TEJIbHOCTh paiioHa Montagne
des Fransais, TUIOBO# MeCTHO-
ctu must Palaeocheloctonus
septentrionalis sp.n.
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Fig. 20. Map of Madagascar with the known collection sites of Palaeocheloctonus pauliani Lourengo, 1996, in the south (bottom
right) and of P. septentrionalis sp.n. in the north (top right).

Puc. 20. Kapra Majarackapa ¢ u3BeCTHBIMU MecTaMu c6opoB Palaeocheloctonus pauliani Lourengo, 1996, Ha rore (BHH3Y cripaBa) U
P. septentrionalis sp.n. Ha ceBepe (HaBepxy CIpaBa).
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tribution pattern observed for the two known species of
Palaeocheloctonus, P. pauliani and P. septentrionalis
sp.n., confined to the arid formations of Southwestern
and extreme North regions of the island, respectively
(Fig. 20), can tentatively be explained as the result of a
past continuous distribution over arid formations which
might have changed subsequently during recent Qua-
ternary vicissitudes in a vicariant process [Bernardi,
1986]. Some dry forest areas lying above similar sedi-
mentary formations in western Madagascar, as the one
encountered at Montagne des Frangais, have been iden-
tified as centres of endemism for mammals and birds
[Wilmé et al., 2012]. Amongst these areas, some have
been intensely inventoried, including the central Mena-
be, the tsingys of Bemaraha or Namoroka, Ankarafan-
tsika, or Ankarana, amongst others, but have not yield-
ed any Palaeocheloctonus. On another hand, only the
region towards the extreme North of the island shows
arid conditions similar to the ones encountered in South-
western Madagascar [Cornet, 1974; Moat, Smith, 2007],
but recent bioclimates are certainly not explaining the
entire ‘story’ and the Madagascar scorpions still have
many secrets to reveal. The Northern band of humid
forests is spanning from the Northeast coast to the
Northwest into the Sambirano region (Fig. 20) where
these humid and subhumid forests may have acted as a
barrier for the dispersal of Palaeocheloctonus, once
the monsoon system prevailed in Northern Madagascar
during the late Miocene or early Pliocene [Wells, 2003].
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