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Abstract. — Some new taxonomic considerations are proposed for Zityobuthus Pocock, 1890, a Malagasy genus of
the Ananterinae subfamily (sensu Pocock). Tityobuthus elements are only present in Madagascar, but the group
does belong to a lineage representing a typical Gondwanian distribution. The number of known Tityobuthus species
rose considerably in the last 25 years but most are rarely collected and only known from very few or even a single
individual. The reanalysis of certain morphological traits of Tityobuthus species suggests the existence of two possible
taxonomic groups within the genus, one comprising species with short chelae and another with long chelae. One
new species, Tityobuthus orangea n. sp., is also described from a cave located in the reserve of Orangea in the
North of Madagascar. The new species is a possible endemic element to this cave in Orangea.

Résumé. — Nouvelles considérations taxonomiques pour le genre Zityobuthus Pocock, 1890, et description d’une
nouvelle espéce (Scorpiones, Buthidae). De nouvelles considérations taxonomiques sont proposées pour Zityobuthus
Pocock, 1890, genre malgache de la sous-famille des Ananterinae (sensu Pocock). Les éléments appartenant a
Tityobuthus ne sont rencontrés qu’a Madagascar, mais le groupe appartient a une lignée montrant typiquement
une distribution gondwanienne. Le nombre connu d’espéces de Tityobuthus a considérablement augmenté au
cours des 25 derniéres années, mais la plupart sont rarement collectées et ne sont connues que de trés peu ou
méme d’un seul individu. La réanalyse de certains traits morphologiques des espéces de Tityobuthus suggere
I’existence de deux groupes taxonomiques possibles au sein du genre, I’'un comprenant des espéces a pinces
courtes et un autre a pinces longues. Une nouvelle espéce, Tityobuthus orangea n. sp., est également décrite d’une
grotte située dans la réserve d’Orangea au nord de Madagascar. La nouvelle espéce est un ¢lément endémique
possible de cette grotte d’Orangea.
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As already outlined in previous publications (Lourenco et al., 2016, 2018), the genus
Tityobuthus appears as a particular element among the scorpion groups found in Madagascar.
As most of the Malagasy scorpion genera, it is an endemic element to the island. Nevertheless,
Tityobuthus has a close relationship with other genera of the Ananterinae subfamily sensu
Pocock (Lourenco, 2011), which are present in quite distinct geographical regions of the world,
such as the genera Ananteris Thorell, 1891, a typical element of the Neotropical scorpion fauna,
Lychasioides Vachon, 1974, distributed in Western Africa or Himalayotityobuthus Lourenco,
1997, only known from the Himalayan mountains of Nepal and India (LoureNco et al., 2016).
In all cases, these Ananterinae elements appear as peculiar among the other buthid groups also
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present in these distinct regions. It is also noticeable to remark that some Ananterinae elements
have also been recorded and described from Cenozoic fossil amber, found in Samland Peninsula,
Baltic Coast (Lourenco, 2009).

The genus Tityobuthus was established by Pocock (1893) for Rhoptrurus baroni Pocock,
1890. Rhoptrurus Karsch, 1886, was introduced as a new replacement name for Odonturus
Karsch, 1879, which was believed to be a homonym of Odontura Rambur, 1841 (Orthoptera).
These two names are not however homonyms. Subsequently, Pocock (1893) synonymized
Rhoptrurus Karsch, 1886, with Odonturus Karsch, 1879. In the following publications (e.g.
FAGE, 1946: 256), the species baroni was cited both under Tityobuthus and Odonturus, and this
confusion remained until the revision by Vacnon (1980), who finally included only two species
in the genus Tityobuthus: Tityobuthus baroni (Pocock, 1890) and 7. gracilis (Fage, 1946). The
latter was originally described in the genus Babycurus Karsch, 1886. T. gracilis was finally
accommodated in its own genus by Lourenco (2000) as Troglotityobuthus gracilis. Subsequently,
several other species of Tityobuthus have been described from the island (Lourenco et al.,
2016, 2018).

In this study, we bring new insights about some morphological characteristics presented
by the species of the genus Tityobuthus. We further describe one new species from a cave
located in the region of Orangea in the North of Madagascar, attesting to the high levels of
diversity presented by this genus on the island. For further details on the taxonomy and biogeo-
graphy of Ananterinae elements readers can refer to LourReNGO et al. (2016).

METHODS

[lustrations and measurements were produced using a Wild M5 stereomicroscope with a
drawing tube and an ocular micrometre. Measurements follow StauNkE (1970) and are given
in mm. Trichobothrial notations follow VacHon (1974) and morphological terminology mostly
follows VacnHon (1952) and HieLLE (1990).

RESuLTS

CHELAE MORPHOMETRIC VALUES IN TITYOBUTHUS SPECIES
AND DEFINITION OF TWO POSSIBLE INFORMAL TAXONOMIC GROUPS WITHIN THE GENUS

Until the middle of the 1990s, the genus Tityobuthus was represented by only two species,
T. baroni and T. gracilis. Starting with the contribution by Lourengo (1995), the total number
of species knew a major growing to reach 20 species at present. Meanwhile, 7. gracilis was
transferred to a distinct genus Troglotityobuthus (Lourengo, 2000). Although the number of
contributions to the genus Tityobuthus was significant, no previous attention was paid to the
possible existence of species-groups within the genus. A recent analysis of all described species
of Tityobuthus suggested the possible existence of two distinct species-groups: one composed
by species with short chelae and the other by species with long chelae. The ratio of chela length
vs chela width indicates species with values inferior to 6.0 and others with values superior to
6.0 (fig. 1). Naturally, the samples used in the analysis, composed mainly of the type material
of the known species, are in many cases weak, since most species are rarely collected and only
known by very few individuals and in some cases by a single sex. Nevertheless, the observed
existence of two possible species-groups seems to be clear. Moreover, the totality of the species
belonging to the group with long chelae are distributed in the northern range of the island
(fig. 2). The analysis of more important samples should confirm the existence of the two suggested
species-groups, and identify the limit between the two groups.
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Species-groups within several buthid genera are not uncommon. Several characters have
been used to define these groups. In the case of variation of chela dimensions, this can be
observed in genera such as Androctonus Ehrenberg, 1828, Isometrus Ehrenberg, 1828, or Lychas
Koch, 1845. Nevertheless, the most expressive variation for this character is found in the genus
Tityus Koch, 1836. For this extremely speciose genus with more than 220 known species, an
impressive number of species-groups was suggested (MELLO-LEITA0, 1945; LoureNco, 2006).
Several of these groups were finally assumed in a more formal way and defined as subgenera
(Lourenco, 2006). This should not be the case for Tityobuthus and the possible defined species-
groups should remain informal.

The evolutionary meaning of this variation is not always clear. Size and length of chelae
should normally be associated with foraging behaviour, but in a number of cases, it is observed
as a typical sexual dimorphism strongly expressed in some species of Tityus such as Tityus
vaissadei Lourengo, 2002, from Colombia (Lourenco, 2002). Adaptation to cave life also implies
elongation of appendages. The new species described here was found in a cave and belongs
to the species-group with long chelae. However, 7Tityobuthus ivohibe was also found in a cave
(Lourenco & WiLME, 2019), but this species is to be placed in the species-group with short
chelae. T’ lokobe found in the rain forest of the north-western satellite island Nosy Be shows
the greatest value of the ratio length/width of chela, followed by the two species located on
the extreme north of the island 7. rakotondravonyi, and the cave dwelling 7. orangea n. sp.
(fig. 1-2).

Tityobuthus lokobe
Troglotityobuthus gracilis
Tityobuthus rakotondravonyi
Tityobuthus orangea sp. n.
Tityobuthus darainensis

Tityobuthus guillaumeti
Tityobuthus pallidus
Tityobuthus monodi
Tityobuthus baroni
Tityobuthus griswoldi
Tityobuthus parrilloi

S Tityobuthus ivohibe

Tityobuthus betschi

Tityobuthus petrae
Tityobuthus chelbergorum
Tityobuthus judsoni
Tityobuthus pococki
Tityobuthus dastychi

2.00 4.00 6.00 8.00 10.00 12.00
Length/width of chela

Fig. 1. — Distribution of the two groups of Zityobuthus according to the ratio of length/width of their chela, and the
position of Troglotityobuthus gracilis in the Northern group.
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CHECKLIST FOR SPECIES OF TITYOBUTHUS KNOWN FROM MADAGASCAR

For details on geographical distribution, refer to LourReNnco ef al. (2016).

Family Buthidae Koch, 1837
Subfamily Ananterinae Pocock, 1900
Genus Tityobuthus Pocock, 1890

Tityobuthus baroni (Pocock, 1890) T. monodi Lourengo, 2000

T. pococki Lourenco, 1995 T. darainensis Lourenco & Goodman, 2002

T. guillaumeti Lourenco, 1995 T. rakotondravonyi Lourengo & Goodman, 2003
T. judsoni Lourencgo, 1996 T. pallidus Lourengo, 2004

T. parrilloi Lourengo, 1996 T. mccarteri Lourengo, Qi & Goodman, 2008

T. petrae Lourengo, 1996 T. betschi Lourenco, Qi & Goodman, 2008

T. dastychi Lourengo, 1997 T. chelbergorum Lourenco, Qi & Goodman, 2008
T. ivohibe Lourengo & Goodman, 1999 T. lokobe Lourengo, Waeber & Wilmé, 2016

T. manonae Lourengo, 2000 T. mariejeanneae Lourenco, Waeber & Wilmé, 2018
T. griswoldi Lourenco, 2000 T. orangea n. sp.

TAXONOMIC TREATMENT

Tityobuthus orangea n. sp. (fig. 3-11)
http://zoobank.org/A3644248-500D-4322-9E93-B2129408B868

Hororyee: @, Madagascar, Orangea, Grotte des Pintades, XI1.1946, J. Millot leg., deep
inside the cave (MNHN-RS-1430).
Pararypes: 1 & and 11 first instar juveniles, idem holotype (MNHN-RS-1430).

Type locality. — The cave’s entrance is located at 49°22°00”E 12°14°18”S, at an altitude
of ~30 m.

Diagnosis. — Scorpion of moderate size, with respect to the genus, and with 37.1 and
32.5 mm in total length for female and male respectively. General colouration pale yellow
throughout, both the body and the appendages with some marbled zones on the carapace and
tergites of male. Carapace with a moderate to strong concavity. Pectines large and less separate
than in other species with 16 or 17 teeth in both sexes; fulcra moderately marked. Telson
moderately elongated, with a short and curved aculeus; subaculear tooth strong and slightly
spinoid, with two subaculear granules; presence of an important setation all over the telson.
Internal face of patella with 12 - 13 spinoid granules. Tibial spurs moderate to strong on leg
IV, reduced on leg III. Pedipalp fixed and movable fingers with 8-8 slightly oblique rows of
granules. Trichobothrial pattern of type A-a (alpha) — orthobothriotaxic.

Description. — Colouration. Ground colour yellow throughout the body and appendages. Carapace
yellowish without spots; only some vestigial marbled zones are present; eyes surrounded by black pigment.
Mesosoma yellow, with tergites slightly marbled on male. Metasomal segments I to V yellow; all segments
without spots; telson yellow with the aculeus slightly reddish. Venter yellow to pale yellow; pectines and
genital operculum whitish. Chelicerae pale yellow without any pigmentation; fingers pale yellow with
reddish teeth. Pedipalps pale yellow, without any spots; series of granulations on fingers slightly reddish.
Legs pale yellow without spots.

Carapace weakly to moderately granular; anterior margin with a moderately to strongly pronounced
median concavity. Anterior median and posterior median carinae weak to obsolete; furrows moderate to
weak. Median ocular tubercle distinctly anterior to the centre of the carapace; median eyes large, separated
by about one ocular diameter. Three pairs of lateral eyes. Sternum subtriangular.
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Mesosoma. Tergites moderately granular. Median carina moderate to weak on all tergites; absence
of other carinae. Tergite VII pentacarinate.

Venter. Genital operculum divided longitudinally, each half being semi-oval in shape. Pectines
large; pectinal tooth count 16-16 for female holotype and male paratype (variation on juvenile paratypes
16(19) and 17(3); basal middle lamellae not dilated; fulcra present and conspicuous. Sternites smooth,
excepted for VII, which shows some minute granulations; spiracles small and elongate.

Cap d’Ambre
49°E
12°S

Tityobuthus
orangea n.sp.

_ 3 . Tityobuthus
Tityobuthus ___% * darainensis

Montagne
d’Ambre

ityobuthus @i
mccqrten /

a3

Tityobuthus
rakotondravonyi Tltyobuthus ’/

guillaumeti

Troglotityobuthus gracilis

Tityobuthus monodi
Tityobuthus pococki

Tityobuthus judsoni Tityobuthus baroni
Tityobuthus Tityobuthus griswoldi
chelbergorum
Tityobuthus parrilloi
Tityobuthus ivohibe

Tityobuthus petrae

[l Quaternary volcanism
W OId volcanism
Tityobuthus betschi [ Sedimentary

[T Other

Tityobuthus Tityobuthus manonae

mariejeanneae

Tityobuthus sp. aff. petrae‘ 2

Fig. 2. — Distribution the Tityobuthus species and Troglotityobuthus gracilis according to lithology and volcanism.
(The localities of the species belonging to the northern group are detailed on the insets on the right).
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Metasomal segments 1 to 111 with 10 carinae, crenulate; segment IV with eight carinae, crenulate.
Intercarinal spaces weakly granular. Segment V rounded, with five weak carinae and weakly granular.

Telson with a pear-like shape and completely smooth; presence of a strong setation; aculeus moderately
curved; subaculear tooth strong and mainly spinoid with two basal granules. Cheliceral dentition characteristic

Fig. 3-6. — Tityobuthus orangea n. sp. — 3-5, Female holotype: 3, chelicera, dorsal aspect; 4, metasomal segment V and
telson, lateral aspect; 5, cutting edge of movable finger, with rows of granules. — 6, Male paratype, sternite V showing
the presence of the conspicuous white zone. Scale bars = 1 mm.
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of the family Buthidae (Vachon, 1963); basal teeth of movable fingers not reduced but fused; ventral
surfaces of finger and manus with long setae.

Pedipalps. Femur pentacarinate and crenulate; patella with some carinae, weakly crenulate; chela
rounded and smooth; internal face of patella with 12-13 spinoid granules; all faces weakly granular; fixed
and movable fingers with 8-8 almost linear rows of granules.

Trichobothriotaxy. Orthobothriotaxy A-a (alpha) (VacHoN, 1974, 1975). Legs: tarsus with numerous
fine median setae ventrally. Pedal spurs moderate; tibial spurs moderate on leg IV, reduced on leg II1.

Morphometric values (in mm) of female holotype and male paratype. — Total length (including telson)
37.10/32.50. Carapace: length 4.20/3.80; anterior width 2.90/2.60; posterior width 4.30/4.10. Meso-
soma length 11.40/8.60. Metasomal segment I: length 2.50/2.40, width 2.10/2.00; II: length 3.00/2.80,
width 1.90/1.80; III: length 3.30/3.10, width 1.80/1.70; I'V: length 3.80/3.50, width 1.70/1.60; V: length
4.90/4.50, width 1.70/1.50, depth 1.80/1.60. Telson length 4.00/3.80. Vesicle: width 1.10/1.10, depth

Fig. 7-11. — Tityobuthus orangea n. sp., female holotype, trichobothrial pattern. — 7-8, Chela dorso-external and ven-
tral aspects. — 9-10, Patella, dorsal and external aspects. — 11, Femur, dorsal aspect. Scale bar =2 mm.
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1.20/1.20. Pedipalps: femur length 4.20/3.90, width 1.10/1.00; patella length 5.00/4.70, width 1.60/1.40;
chela length 8.00/7.30, width 1.05/1.00, depth 1.00/1.00; movable finger length 5.60/5.40 (average size
of juveniles 13 to 14 mm).

Etymology. — The specific epithet is a noun in apposition to the generic name and refers to the locality
where the new species was collected.

Relationships. — The general morphology of the new species recalls that of Tityobuthus
lokobe described from the rainforest of Lokobe, Nosy-Be Island. To be noticed is that the original
sites where the two species were found are located in the extreme north of Madagascar. The
two species can however be distinguished by a number of features:

— both species show distinct morphometric values and the ratio chela length vs width is
different (fig. 1);

— the new species shows a paler general pattern of coloration almost without any pigments;

— the new species has much more conspicuous fulcra in the pectines, whereas in 7. lokobe
these are vestigial;

— in the new species, tibial spurs are moderate to strong, whereas these are reduced on
T. lokobe;

— in the new species, the anterior margin of carapace shows a strong concavity;

— in the new species, the internal face of patella has 12-13 spinoid granules, whereas in
T. lokobe these are only 9-10;

— setation in telson is markedly important in the new species.

Moreover, the microhabitat of both species is distinct since the new species was collected
inside a cave, whereas T. lokobe was collected in a dense rainforest.

D1SCUSSION AND CONCLUSION

Tityobuthus orangea n. sp. is encountered in one of the most arid regions of Madagascar.
The region is known to experience the “climat local de Diégo-Suarez” which is a local climate
characterized by high mean annual temperatures (> 20°C) and high climatic hydric deficit
(> 1200 mm per year) —mean annual precipitations minus potential evapotranspiration (CORNET,
1974). The Grotte des Pintades is situated some 500 meters from the shoreline of the Indian
Ocean with its entrance at 30 m.a.s.l. (fig. 2). It is a deep cave with an exit at the shoreline
(L. J. Razafitsalama, pers. comm.). This cave is part of the karstic system of northern Madagascar,
with stable temperatures as compared to the daily variable temperatures outside, and high
hygrometry given the presence of a perennial stream going through the cave (fig. 12). Renaud
Paulian collected invertebrates and bats in March 1948 from the Grotte des Pintades. The
cave is currently encompassed in the Oronjia Park, a protected area of category IUCN V, and
is managed by the Missouri Botanical Garden (http://mobot.mg/conservation/oronjia/). The
vegetation of the park —growing mainly on sand— constitutes a dry forest of low stature.
The type specimens of 7ityobuthus orangea n. sp. have been collected deep into the Grotte
des Pintades.

The geomorphology of the extreme north of the island is characterized by sedimentary
series shaped in limestone layers, partially covered by the Montagne d’ Ambre volcanism since
the Miocene (12.1-0.83 Ma) and more recently during the Pleistocene (EMERICK & DuNcCAN,
1982; CucciNIELLO ef al., 2011). The volcanic activity continued during the upper Quaternary,
making one of the most tectonically unstable regions of the island during recent geological
times. The Orangea Peninsula lies to the northeast of the Montagne d’Ambre (fig. 2). While
Madagascar is considered tectonically stable —due to its very slow migration eastwards relative
to Africa— coastal rims in the southwest and extreme north show recent dynamic topography,



Bulletin de la Société entomologique de France, 125 (4), 2020 : 371-381 379

.. G ! i -

Fig. 12. — Grotte des Pintades : a, degraded dry deciduous forest in the vicinity of the cave entrance; b, small perennial
stream near the entrance; ¢, inside the cave, shortly after the entrance with vegetation debris; d, deep in the cave, which
probably is the habitat of the new species. (Photos by J. L. Veny, T. Hafany, D. Randriamahazomanana, N. S. Amady).

with uplifted margins (BaTTisTiNi, 1965a, b; STEPHENSON et al., 2019). The Orangea Peninsula
exhibits an upper terrace along the coastline of coarse sandstone and corals at an altitude of 6.6
m of LIG age —Last Inter-Glacial, commonly understood as an interval with climate as warm
or warmer than today, 128,000-116,000 years ago (Kukra ef al., 2002)— i.e., the land has been
uplifted by 6.6 meters over some 100,000 years —maximum of 9.3 m at Cap d’ Ambre (fig. 2).
An upper terrace, 600 m to the north-north-east of the entrance of the Grotte des Pintades, at
Cap Ming, has an elevation of 29.5 m and is followed inland by a peneplaine, where the entrance
of the Grotte des Pintades is situated. The peneplaine has been proposed as representing Middle
Pliocene sea level —3.6 Ma. The top 5-10 m of this deposit have been altered to red laterite
(STEPHENSON et al., 2019).

TITYOBUTHUS RANGE

The majority of the members of the genus 7ityobuthus are encountered in lowland humid
forests, with an elevation range from sea level to 900 m a.s.l. where there is no hydric deficit and
mean annual precipitation can be up to 4,000 mm. Few species of 7ityobuthus are encountered
in the subarid bioclimate of southern and south-western Madagascar (fig. 2). In the subarid
southwest with its spiny forests and thickets, a single species has been collected in a region of
spiny forest on red sand, Tityobuthus mariejeanneae Lourengo, Waeber & Wilmé, 2018. The
only other spiny forest hosting the genus is in the small reserve of Cap Sainte-Marie, a hotspot
of diversity for scorpions both at species and generic levels (LoURENGO ef al., 2020). Scorpions
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usually show patchy distributions, a common feature encountered in Madagascar for the group
and already shown for the species in the genus Tityobuthus. Tityobuthus orangea n. sp. is assumed
to be endemic from Grotte des Pintades, Orangea, given:

— the characteristics of the type locality;

— the stable micro-climate in a subarid region of extreme northern Madagascar;

— the dramatic changes through which the Orangea peninsula together with its cave system
have gone through over the last three to four million years, and also more recently since the
last inter-glacial age.

The species of Tityobuthus encountered in extreme northern Madagascar exhibit long chela
and have patchy distributions in humid or subhumid forests, and caves in drier bioclimates.
New discoveries of species in the genus Tityobuthus are needed to better define the Northern
group, and to assess the cave dwelling of some of the species, and its possible relation with
the chelae size.
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