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A new species of cave-dwelling pseudoscorpions of the genus Neobisium
Chamberlin, 1930 (Pseudoscorpiones: Neobisiidae) from Morocco
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ABSTRACT. A new species of pseudoscorpions,
Neobisium (Neobisium) berberorum sp.n., from Ain
Danu Cave located in the Rif Mountains (Morocco) is
described with a detailed diagnosis and illustrations.
Diagnostic characters and ecological traits of this species
are presented and discussed; the new species is compared
with related species of this genus living in caves of the
Atlas Mountains in North Africa. A distribution map of all
known cave-dwelling species of the family Neobisiidae
Chamberlin, 1930 in the Rif Mountains and the Atlas
Mountains is presented.
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PE3IOME. OnucesiBaeTcsi HOBbIH BUJ JIO)KHOCKOP-
nonoB, Neobisium (Neobisium) berberorum sp.n., u3
rremeps! AiH [lany pacnonokeHHO# B Topax Pud (Ma-
POKKO), C TIOAPOOHBIM THATHO3OM M MILTIOCTPAIIHSIMH.

[puBoasTCS U 00CYKAAIOTCS TUarHOCTUYESCKUE TPU3HA-
KH M 9KOJIOTHYECKHE 0COOCHHOCTH 3TOTO BHAA, U TAKKE
HOBBIN BHJI CPaBHUBAETCS C ONU3KUMU BHJAMHU 3TOTO
poza, oOHTaOMKMHU B nemepax rop Ariac B CeBepHoi
Adpuke. IIpencrasneHa kapra paclpoCTpaHEHHUsS! BCEX
M3BECTHBIX TEUIEPHBIX BUIOB ceMmeiictBa Neobisiidae
Chamberlin, 1930 mms rop Pud u Atnac.

Introduction

The genus Neobisium Chamberlin, 1930 of the family
Neobisiidae Chamberlin, 1930 is the most species-rich
among the pseudoscorpions, with 257 extant species
found in the Euro-Mediterranean region, extending east
to Iran, Turkmenistan and Kazakhstan, as well as to
Socotra Island (Yemen). There are records of this genus
from other parts of the World (viz., India and Kenya),
representing introduced species from their native ranges.
Many representatives of the genus are hypogean species
living in caves, including specialised troglomorphic spe-
cies [WPC, 2023]. Until recently, the genus Neobisium
comprised six subgenera: Neobisium Chamberlin, 1930,
Blothrus Schiddte, 1847, Ommatoblothrus Beier, 1956,
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Fig. 1. The habitat of Neobisium (Neobisium) berberorum sp.n.: A — a dry limestone canyon surrounded by mediterranean forest in which
the entrance to Ain Danou Cave is located; B — external view of the horisontal passage of Ain Danou Cave where the holotype was collected.
Photographs by Andrey Przhiboro.

Puc. 1. Bremnnii Bux 6uoronos Neobisium (Neobisium) berberorum sp.n.: A — cyxoii U3BeCTHSKOBBIiI KAaHBOH, OKPYKCHHBINH CPEIH3eM-
HOMOPCKHUM JIECOM, B KOTOPOM HAaXOIMTCs BXOJ B remepy AiiH Jlany; B — BHelIHUI Bua ropu3oHTanbHOIO Xoaa neuiepbl AitH [lany, rie Obut
co6Opan ronorun. dotorpaduu Auapes IIpxudopo.
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Heoblothrus Browning, 1965, Neoccitanobisium Callaini,
1981 and Pennobisium Curéié, 1988. However, Gardini
[2023] synonymised Neobisium (Ommatoblothrus), N.
(Heoblothrus), and N. (Pennobisium) to the nominate
subgenus.

The pseudoscorpion fauna of Morocco includes 35
recorded species from 10 families. The genus Neobisium
is represented by three species [WPC, 2023], of which
one species is known from subterranean habitats, N. (N.)
atlasense Leclerc, 1989 from the caves of the Middle At-
las Range [Leclerc, 1989]. The following troglomorphic
and troglophilic species of this genus are known from
the Atlas Mountains with the exception of Morocco:
N. (N.) algericum (Ellingsen, 1912), N. (N.) dumitrescoae
Heurtault, 1990, and N. (Blothrus) peyerimhoffi Heurtault,
1990, all from the caves of Algeria [Ellingsen, 1912;
Heurtault, 1990].

A new troglomorphic species of Neobisium was dis-
covered during the surveys of karst caves in Morocco in
2019, and it is described in the present paper.

Material and methods

The only known specimen (holotype) of the new species de-
scribed here has been collected from the wall of a wet horisontal
passage being about 3—6 m high and situated at a distance ca.
150 m of the entrance into the cave, at a depth ca. 40 m below
the surface (Fig. 1B). The entrance of the cave is situated near
the bottom of mostly dry limestone canyon surrounded by a
mediterranean forest (Fig. 1A). No other pseudoscorpion speci-
mens were found in different parts of the same cave, as well as
in the Kef d’Ensough ou d’Asough Cave situated in several km
from this one. The locality (Ain Danou Cave) is situated in the
Ouestiyine massif of the Rif Mountains, Morocco. The collected
specimen of the new species was missing right legs I and II.

For morphological examination using light microscopy, the
holotype of the new species was cleared in 100% lactic acid
and temporarily mounted on a slide in glycerol. The holotype
was examined and dissected for a more detailed study of the
chelicerae, pedipalps and legs I and IV using a Biomed MC-2
binocular stereo microscope and measured using an ocular
micrometer installed on a Biomed 6 (variant 3) microscope.
The photographs of habitus were taken with a Leica MC170
HD (12MPs) digital microscope camera using the extended
focus technology; the final image was compiled from multiple
layers using Helicon Focus 7.7.4. Morphological drawings were
processed using Adobe Photoshop CS6 (ver. 13.0.1.3) based on
the images of these structures obtained using an Euromex Color
HD-Ultra (5SMPs) digital microscope camera connected to a Bi-
optic C-400 microscope. After examination, the holotype and its
dissected body parts were preserved in a vial with 96% ethanol.

The distribution map (Fig. 5) was created using Google
Earth Pro (ver. 7.3.4.8248) and Adobe Photoshop CS6.

The holotype is deposited at the Zoological Institute of the
Russian Academy of Sciences, Saint Petersburg, Russia (ZISP).

The measurements were made with an ocular micrometer
using the reference points proposed by Chamberlin [1931] and
are given in millimeters (mm). All measurements are presented
either as length/width ratios (carapace, chelicera and pedipalp)
or as length/depth ratios (legs).

Morphological terminology follows Chamberlin [1931],
with amendments proposed by Harvey [1992], Harvey & Ed-
ward [2007], Judson [2007; 2017], Kolesnikov et al. [2022]
and Gardini [2023].
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Results

Class Arachnida Lamarck, 1801
Order Pseudoscorpiones de Geer, 1778
Family Neobisiidae Chamberlin, 1930

Genus Neobisium Chamberlin, 1930
Subgenus Neobisium Chamberlin, 1930

Neobisium (Neobisium) berberorum sp.n.
Figs 2-4.

HOLOTYPE: Q@ (ZISPARA_PSE _0000031), Morocco, Chefcha-
ouen Province, between villages Azilane and Imizzare, Ain Danou Cave,
entrance ca. 35.186234°N 5.181615°W (ca. 1000 m a.s.l.), 27.111.2019,
A. Boukhajjou, A. Przhiboro & M.Y.E. Ouahabi leg.

ETYMOLOGY. The new species is named after the Berbers,
indigenous people of North Africa now living from the western
borders of Egypt in the east to the Atlantic Ocean in the west and
from the Niger River in the south to the Mediterranean Sea in the
north. Berbers is an English word derived via the Arabic word
—_%_s" (barbariyy) from the ancient Greek word BépBapoc.
Bereberorum is a latinised noun in the plural genitive case.

DIAGNOSIS Adult (9, & unknown).

A subterranean, troglomorphic species that differs in the
following combination of characters: carapace trapezoidal,
with four eyes without tapetum, anterior ones with convex lens,
posterior ones reduced, with weak lens; sternites V-XI with
uniseriate setae; chelicera 2.0 times as long as broad; palm of
chelicera with 5 acuminate setae; large medial tooth on movable
finger of chelicera absent; rallum with 7 blades; manducatory
process with 4 acuminate setae; pedipalpal femur 1.87 mm long
(5.34 times as long as broad), patella 1.40 mm long (3.78 times
as long as broad); chela with pedicel 5.77 times as long as broad,
fixed chelal finger with 78 large pointed erected teeth, more
or less rounded in proximal quarter of finger; nodus ramosus
subterminal; movable chelal finger with 85 teeth, pointed and
erected in distal half, rounded and contiguous in proximal part
of the teeth; all teeth with dental canals; sensillum closer to
trichobothrium sb than to st; trichobothrium ist distal to st but
proximal to t; trichobothrium isb proximal to sb; ratio between
movable finger and hand of chela with pedicel 1.62; ratio be-
tween pedipalpal femur and movable finger 1.35; ratio between
pedipalpal femur and carapace 1.87; ratio between pedipalpal
femur and patella 1.33; legs I and IV with small dorsal acces-
sory tooth (dat).

DESCRIPTION. Adult (?, & unknown).

Carapace, chelicerae, trochanter and femur of pedipalp light
brown, remainder of body golden yellow (Fig. 2); pedipalps
smooth, pleural membrane granular.

Carapace (Fig. 3A) trapezoidal, width and length equal,
with four eyes without tapetum, anterior ones with convex lens
(diameter 0.07 mm), posterior ones reduced, with weak lens
(diameter 0.05 mm); distance from anterior eyes to anterior
margin of carapace 0.17 mm, distance from anterior to posterior
eyes 0.05 mm; carapace with 29 macrosetae, its anterior margin
with 5 (2 left and 3 right) macrosetae, 1 preocular macroseta on
each side, 13 central macrosetae of carapace arranged in 3 rows,
posterior margin with 7 (3 left and 4 right) macrosetae, chaeto-
taxy of carapace: 5:4:13:7; epistome prominent (triangular) (Fig.
4D); anterolateral corners with two small protuberances located
below carapace surface; carapace with 5 microlyrifissures: 3
situated (1 left and 2 right) in ocular zone, close to anterior eyes,
and one pair located at posterior margin.

Tergites weakly sclerotised; all setae simple; chaetotaxy of
tergites [-X11: 9:9:12:13:13:12:12:13:12:15:10:2.
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Fig. 2. Habitus of Neobisium (Neobisium) berberorum sp.n., ¢ holotype.
Puc. 2. O6umii Bux Neobisium (Neobisium) berberorum sp.n., ronorun Q.

Sternites entirely smooth, weakly sclerotised; sternite II of
female with 7 (3 left and 4 right) anterior and 22 posterior setae
(Fig. 4H). All setae simple; those on sternites V—XI uniseriate;
chaetotaxy of sternites II-XI: 7+22:(3)16(3):(3)13(3):13:15:1
5:13:13:14:4:2.

Chelicera (Figs 3B, 4C): 2.0 times as long as broad; palm 5
with acuminate setae; galea knob-like, with poorly developed
hyaline convexity; palm smooth with pointed corners; small
tooth (tis) under interior seta (is) present, triangular (Fig. 4C);
fixed finger with 19 teeth reaching its distal part; movable finger
with 10 teeth reaching distal to middle of segment, large medial
tooth absent; spinneret largely prominent and rounded; serrula
interior with 32 blades, serrula exterior with 35 blades; rallum
with 7 blades: 2 distal ones denticulate and 5 posterior ones
simple, smooth and acuminate, of which 3 proximal blades
smallest (Fig. 3F).

Manducatory process with 4 acuminate setae. Coxal setae:
pedipalp 13-13, T 11-11, II 11-12, 1IT 9-10, IV 13-13; an-
teromedial process broadly rounded, with denticles (Fig. 4G).
Each coxa of legs with one lyrifissure; pedipalpal coxa with one
maxillary lyrifissure.

Pedipalp (Figs 3C-E, H, I; 4A, B): trochanter with small
dorsal tubercle 2.15 times as long as broad; femur with short

pedicel, 5.34 times as long as broad, weakly enlarged distally;
patella distinctly shorter than femur, patella 3.78 times as long
as broad, club gradually enlarged distally, with 3 lyrifissures
basally; chela with pedicel 5.77 times as long as broad; hand
of chela with pedicel 2.30 times as long as broad, with long
oval profile, just widened towards base, with greatest width in
proximal quarter (dorsal view); retrolateral surface of hand with
2 glandular pores located near trichobothrium eb; fixed finger
with one lyrifissure located near trichobothrium ib; movable fin-
ger with 3 lyrifissures; fixed chelal finger with 78 large pointed
erected teeth, these teeth more or less rounded in proximal
quarter of finger; nodus ramosus subterminal; movable chelal
finger with 85 teeth, teeth pointed and erected in distal half of
finger, rounded and contiguous in its basal half; all teeth with
dental canals; sensillum closer to trichobothrium sb than to st;
trichobothrium ist distal to st but proximal to t; trichobothrium
ish proximal to sb; ratio between movable finger and hand of
chela with pedicel 1.62; ratio between pedipalpal femur and
movable finger 1.35; ratio between pedipalpal femur and patella
1.33; ratio between pedipalpal femur and carapace 1.87.

Legs I and IV with small dorsal accessory tooth (dat), all
claws of legs arolia simple and shorter than claws (Fig 4E, F).
Leg I femur 5.58 and patella 4.11 times as long as deep, femur
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Fig. 3. Neobisium (Neobisium) berberorum sp.n., € holotype: A — carapace, dorsal view; B — right chelicera, dorsal view; C — right femur
and patella of pedipalp, dorsal view; D — left chela, dorsal view; E — right chela, lateral view; F — rallum, ventral view; G — subterminal setae
of the telotarsi of legs I (on the left) and IV (on the right); H — distal part of movable chelal finger, lateral view; I — teeth of chelal fingers (no
scale). Scale bars: 0.25 mm.

Puc. 3. Neobisium (Neobisium) berberorum sp.n., rosorumn 9: A — kapamnakc, Buz cBepxy; B — mpasas xenuiiepa, Buz cBepxy; C — npasbie
(bemyp u maresia HeANNAIBIIBI, BUI CBepXy; D — neBas xena, Bua cBepxy; E — mpaBas xena, Bun c6oky; F — pamtym, Bun cumsy; G — cy0-
TEepMUHAIIBHBIE ETHHKH TesoTtapcoB | (ciesa) u [V (cmpasa) wor; H — mucTanbHas 9acTh MOABMKHOTO MANbIA XeJbl, BUI COOKY; | — 3yObI
XenanbHbIX nanbles (0e3 macuradba). Macmirab: 0,25 M.
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Fig. 4. Neobisium (Neobisium) berberorum sp.n., @ holotype: A — distal part of fixed chelal finger, lateral view; B — distal part of movable
chelal finger, medial view; C — cheliceral fingers, dorsal view; D — epistome, dorsal view; E — distal part of left pedal tarsus I, dorsal view;
F — distal part of left pedal tarsus IV, dorsal view; G — anterolateral processes on coxae of leg I, ventral view; H — sternite I (arrows mark the

anterior row of setae), ventral view. Scale bars: 0.25 mm.

Puc. 4. Neobisium (Neobisium) berberorum sp.n., ronorun 9: A — qucranbHas 4acTh (GUKCHPOBAHHOTO TAIbLA XeJbl, BUJ COOKY; B — nuc-
TaJIbHAsI YaCTh IIOJBIKHOTO MBI XeJIbl, BUA N3HYTpH; C — XelunepabHble Nablbl, BU cBepxy; D — smucTom, Bux cBepxy; E — nucranbhas
YacTh IPeIIIIOCHBI JIeBOii HorH I, BUJ cBepXy; F — nucTanpHas 4yacTh nperocHsl JeBoii Horu 1V, Bug cepxy; G — nepeiHe-60KOBbIe OTPOCTKH
Ha Ta3ukax Hord I, Buy can3y; H — creprur II (cTpenxamu oTMedeH nepefHuil psj IMEeTHHOK), BUx cHu3y. Macmra6: 0,25 Mm.

1.35 times as long as patella, tibia 6.25, metatarsus 4.16 and
tarsus 5.16 times as long as deep, tarsus 1.24 times as long as
metatarsus; leg [V femur 2.16, patella 3.06, tibia 8.52, metatar-
sus 4.11 (TS = 0.12) and tarsus 4.82 (TS = 0.40) times as long
as deep, tarsus 1.17 times as long as metatarsus; subterminal
setae furcate (Fig. 3G).

Measurements (mm) and ratios. Body length 3.00. Carapace
1.00 x 1.00 anteriorly. Chelicera 0.72 x 0.36; movable finger
length 0.43. Pedipalp: femur 1.87 x 0.35; patella 1.40 x 0.37;
chela with pedicel 2.77; hand with pedicel length 1.20; hand
width 0.48; hand deep 0.46; movable finger length 1.62. Leg
I: femur 0.95 x 0.17, patella 0.70 x 0.17, tibia 0.75 x 0.12,
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@ Neobisium (Neobisium) berberorum sp.n.|
| Neobisium (N.) atlasense
2 Neobisium (N.) algericum ]
Neobisium (N.) dumitrescoae
£\ Neobisium (Blothrus) peyerimhoffi
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g Roncus comasi

Fig. 5. Distribution map of cave-dwelling Neobisiidae in the Rif Mountains and the Atlas Mountains, North Africa.
Puc. 5. Kapra pacnpocrpanenus nemepusix Neobisiidae B ropax Pu¢ u Armac, CeBepras Adpuxa.

metatarsus 0.50 x 0.12, tarsus 0.62 x 0.12. Leg I'V: femur 0.65
% 0.30, patella 0.92 x 0.3, femur+patella 1.57, tibia 1.45 x 0.17,
metatarsus 0.70 x 0.17, tarsus 0.82 x 0.17.

DISTRIBUTION. Currently known only from the type
locality.

COMPARISON. Due to the limited range of most cave-
dwelling Neobisium (e.g., Gardini [2023]; Hlebec et al. [2023]),
it is advisable to compare the new species only with other
troglomorphic and troglophilic species of this genus known
from North Africa.

From Neobisium (N.) atlasense known from the caves
Morocco [Leclerc, 1989], the new species is distinguished
by the following characters: epistome present (VS. epistome
absent in N. (N.) atlasense); anterior eyes ones with convex
lens, posterior ones reduced, with weak lens (vs. two pairs of
well-developed eyes, in N. (N.) atlasense); cheliceral fixed
finger with 19 teeth, movable finger with 10 teeth (vs. 15-16
and 13 teeth, respectively, in N. (N.) atlasense); rallum with 7
blades (vs. 8-9 blades in N. (N.) atlasense); pedipalpal femur
5.34 times as long as broad (vs. 7.58-8.22 in N. (N.) atlasense);
fixed chelal finger with 78 and movable chelal finger with 85
teeth (vs. 51 teeth in both sexes and 3032 teeth in males and
44 in females, respectively, in N. (N.) atlasense); trichobothrium
it at same level with et (vs. trichobothrium et proximal to it in
N. (N.) atlasense); chelal hand tapering only basal quarter of
chelal hand (vs. tapering noticeably in basal half in lateral aspect
in N. (N.) atlasense).

From Neobisium (N.) algericum known from the caves of
Algeria [Ellingsen, 1912; Heurtault, 1990], the new species is
distinguished by the following characters: chaetotaxy of cara-
pace 5:4:13:7 (vs. 4:6:6:6 in N. (N.) algericum); anterior eyes
ones with convex lens, posterior ones reduced, with weak lens
(vs. two pairs of eyes of with weak lens, in N. (N.) algericum);
palm of chelicera with 5 acuminate setae (vS. 6 acuminate setae
in N. (N.) algericum); trichobothrium it at same level with et (vs.
trichobothrium et proximal to it in N. (N.) algericum).

From Neobisium (N.) dumitrescoae known from the caves
of Algeria [Heurtault, 1990], the new species is distinguished
by the following characters: chaetotaxy of carapace 5:4:13:7
(vs. 4:6:6:6 in N. (N.) dumitrescoae); fixed chelal finger with 78
teeth and movable chelal finger with 85 teeth (78 and 90 teeth,

respectively, in N. (N.) dumitrescoae); chela with pedicel 5.77
times as long as broad (vs. 4.30 times in N. (N.) dumitrescoae);
leg IV femur 2.16 times as long as deep (vs. 3.86 times in N.
(N.) dumitrescoae).

From Neobisium (Blothrus) peyerimhoffi known from the
caves of Algeria [Heurtault, 1990], the new species is distin-
guished by the following characters: chaetotaxy of carapace
5:4:13:7 (vS. 4:6:6:6 in N. (B.) peyerimhoffi); anterior eyes ones
with convex lens, posterior ones reduced, with weak lens (vs.
eyes absent in N. (B.) peyerimhoffi); fixed chelal finger with 78
teeth and movable chelal finger with 85 teeth (vs. 133 and 137
teeth, respectively in N. (B.) peyerimhoffi); trichobothrium t
distal to ist (vs. trichobothrium t at same level with istin N. (B.)
peyerimhoffi); chelal hand tapering only basal quarter of chelal
hand (vs. tapering noticeably in basal half in lateral aspect in
N. (B.) peyerimhoffi).

Discussion

The Rif Mountains and the neighbouring Atlas Moun-
tains are a part of the Mediterranean zoogeographical
region with a typical climate for the region; through
the Strait of Gibraltar, they are closely connected with
European Mediterranean floristic and faunal complexes,
with common elements at the genus and species levels
[Ketenchiev, 2013]. This also applies to a greater extent
to the fauna of pseudoscorpions: for example, the ge-
nera known from both the Rif Mountains and the Atlas
Mountains and the entire Euro-Mediterranean region are
Ephippiochthonius Beier, 1930 and Occidenchthonius
Zaragoza, 2017 (Chthoniidae Daday, 1889), Mesochelifer
Vachon, 1940 (Cheliferidae Risso, 1827), Microcreagrina
Beier, 1961 (Syarinidae Chamberlin, 1930), Roncus
L. Koch, 1873 and Neobisium (Neobisiidae), etc. [WPC,
2023]. This was partly noticed by Heurtault [1990], who
showed that cave-dwelling pseudoscorpions of the family
Neobisiidae known from the Atlas Mountains are similar
to those in the Mediterranean fauna.
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The distribution of the known species of cave-dwell-
ing Neobisiidae in the Rif Mountains and Atlas Mountains
is extremely uneven (see Fig. 5): Neobisium (Neobisium)
berberorum sp.n. is described from the Rif Mountains in
Morocco (this study); N. (N.) algericum is described from
the Middle Atlas Range in Morocco [Leclerc, 1989]; N.
(N.) atlasense, N. (N.) dumitrescoae and N. (Blothrus)
peyerimhoffi are described from the Tell Atlas Range in
Algeria [Ellingsen, 1912; Heurtault, 1990]. Also, two
troglomorphic neobisiid species of the genus Roncus are
known from the caves of the Atlas Mountains: R. gardinii
Heurtault, 1990 is described from the Tell Atlas Range in
Algeria [Heurtault, 1990] and R. comasi Mahnert, 1985
is described from the southern spurs of the Tunisian Tell
Range in Tunisia [Mahnert, 1985].

As can be seen from the above, studies of the cave-
dwelling Neobisiidae of the region have always been
fragmentary, in contrast to the neighbouring regions
of the Mediterranean, from where many species of this
family have been described [WPC, 2023]. Therefore, the
description of Neobisium (Neobisium) berberorum sp.n.
from the caves of Morocco adds to our knowledge of the
pseudoscorpion fauna of the Rif Mountains as a region
of the Mediterranean.
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