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Abstract
Hyalella cajasi sp. n. is described from high altitude shallow water lakes in southern Ecuador. This is the 
second representative of the genus recorded in the country after H. meinerti. The new species shares with 
nine South American species of the genus the display of a smooth, non-processiferous body, a male first 
uropod with a modified curved robust seta on the endopod, and six pairs of sternal gills. The new taxon 
can be distinguished from these species based on the presence/absence of eyes; relative length of antenna 
1 with respect to antenna 2; presence/absence of short pointed robust seta distally on palp of maxilla 
1; number of pappose setae proximally on medial margin of inner lobe of maxilla 2; elongation and 
curvature of the modified robust seta of endopod of male uropod 1; relative length of ramus of uropod 
3 with respect to protopod; and armature and outline of telson, among other features. It seems to be a 
high-altitude endemic to the Cajas Massif in Azuay Province, being replaced in the same area at lower 
altitudes by H. meinerti.
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Introduction

Hyalella Smith, 1874 is the only genus of epigean freshwater amphipod known to occur in 
South America. The genus is the single member of the family Hyalellidae Bulyčeva, 1957, 
endemic to the Nearctic and Neotropical regions, where it is broadly distributed and 
diversified, to a current total of about 70 species (Horton and Lowry 2013). The highest 
diversity is attained in Brazil, which harbours 22 species, although Lake Titicaca with 17 
species –15 of which are endemic– concentrates the highest number relative to a restricted 
area. Here we describe Hyalella cajasi sp. n., a high altitude species found at Cajas National 
Park, near the city of Cuenca (southern Ecuador). It represents the second taxonomi-
cally substantiated record for the country after H. meinerti Stebbing, 1899, recorded by 
González and Watling (2003) at 1,500 m above sea level (a.s.l.) on the road between 
Guayaquil and Cuenca, thus close to the location of the new species. Other species records 
from Ecuador are not adequately substantiated and should not be considered in faunistic 
or biogeographic analyses. These include those of H. inermis S. I. Smith, 1875, a species 
known only from Colorado, U.S.A., reported by Whymper (1892), and H. cf. dentata 
reported by Gunkel and Beulker (2009), a taxon currently considered to be a junior syno-
nym of the North American H. azteca (Saussure, 1858) (see Horton and Lowry 2013).

Materials and methods

Sampling was carried out during limnological surveys of 202 water bodies (lakes, la-
goons and ponds) located between 3,150 and 4,460 m a.s.l. at Cajas National Park 
(Southern Ecuadorian Andes), in the framework of the project “Limnological Charac-
terization of the lakes and lagoons of Cajas National Park”, funded by the University 
of Cuenca (Ecuador) and by Empresa Pública Municipal de Telecomunicaciones, Agua 
Potable, Alcantarillado y Saneamiento (ETAPA), of the municipality of Cuenca.

Samples were collected in 2015 in the littoral zone directly with a hand-held 
plankton net and fixed, in situ, in 95% ethanol. Once in the laboratory, specimens 
were dissected in lactic acid under the stereomicroscope, and appendages illustrated 
using a Leica DM2500 microscope equipped with Nomarski differential interference 
contrast and a drawing tube. Body measurements were derived from the sum of the 
maximum dorsal dimensions of body somites and exclude telson length. Type material 
is deposited in the Museo Ecuatoriano de Ciencias Naturales del Instituto Nacional de 
Biodiversidad, Quito, Ecuador [MECN].

The new species is known only from high-altitude (3,859 to 4,103 m a.s.l.) lacus-
trine water bodies at Cajas National Park, in the southern Ecuadorian Andes, where 
it is apparently endemic. It occurs both in the littoral zone of lakes and in shallow 
lagoons and temporary ponds. These water bodies are oligotrophic and low mineral-
ized (Conductivity: 9.84-91.50 µS/cm), although they carry a significant amount of 
dissolved organic carbon (DOC) derived from adjacent terrestrial ecosystems, mainly 
Páramo grassland (“Pajonal”).
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Taxonomy

Order Amphipoda Latreille, 1816
Family Hyalellidae Bulyčeva, 1957
Genus Hyalella S. I. Smith, 1874

Hyalella cajasi sp. n.
http://zoobank.org/7C4E336D-2489-45DF-8056-407428866AEE
Figs 1–5

Material examined. All collected by Henrietta Hampel at Cajas National Park (Az-
uay Province; southern Ecuador), 5th May 2015. Laguna Togliacocha (S2°47'55.90"; 
W79°15'02.13"); 3,859 m a.s.l. HOLOTYPE: male 9.0 mm, preserved in formaldehyde 
vial. PARATYPES: Five males and 5 females in formaldehyde vial. Holotype and para-
types registered under same registration number [MECN-SI-Cal-0003]. Laguna Card-
enillo (S2°46'54.32"; W79°14'50.48"); 4,103 m a.s.l. Four males and 6 females. Small 
laguna between Laguna Cardenillo and La Negra (S2°47'04.21"; W79°14'50.90"); 
4,076 m a.s.l. Nine males and 8 females. Laguna Azul (S2°47'17.81"; W79°14'46.19"); 
4,043 m a.s.l. Five males and 5 females. Small laguna close to La Larga (S2°47'35.70"; 
W79°14'44.08"); 3,954 m a.s.l. Ten males and 9 females. Pool close to Laguna Luspa 
(S2°47'54.04"; W79°15'46.94"); 3,868 m a.s.l. Ten males and 10 females. Laguna Il-
lincocha (S2°46'46.59"; W79°13'51.33"); 3,986 m a.s.l. One male and 4 females.

Diagnosis. Body smooth, non-processiferous. Eyes normal. Antenna 1 much 
shorter than antenna 2. Incisor of mandibles multi-denticulate. Palp of maxilla 1 short, 
reaching to less than half distance between its insertion and distal margin of outer lobe, 
crowned with short robust seta. Inner lobe of maxilla 2 with two pappose setae proxi-
mally on medial margin. Coxal plate IV deeply excavated posteriorly. Six pairs of ster-
nal gills, on pereionites II to VII. Uropod 1 sexually dimorphic, with male exhibiting a 
modified robust seta (“copulatory spine” sensu Bousfield 1996) on endopod; modified 
robust seta hardly curved and only just surpassing tip of endopod. Ramus of uropod 3 
shorter than protopod. Telson broader than long, with distal margin evenly rounded; 
distal armature arranged as a single row of robust setae.

Etymology. Species name refers to Cajas National Park (Azuay Province; southern 
Ecuador), the type locality.

Description of male. Body (not figured) up to 9.0 mm long, strongly pigmented, 
virtually black, smooth. Head (Fig. 1A) shorter than pereionites I and II combined; 
rostrum wanting; lateral lobes truncate; postantennal sinus shallow and broad. Eyes 
small, round, located behind insertion of antenna 1. Epimeral plates (Fig. 1C) each 
with unarmed distal margin; plates II–III posterodistally acuminate with posterodistal 
angle strongly produced, subacute; posterior margin of plates with several tiny tooth-
like projections each provided with short setule.

Antenna 1 (Fig. 1A) much shorter than antenna 2 although longer than peduncle 
of latter; peduncle longer than head, segments 1–3 relative length as: 1: 1: 0.8; main 
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flagellum longer than peduncle; accessory flagellum absent. Pair of aesthetascs present 
on distomedial angle of posterior margin of middle articles of flagellum (Fig. 1B).

Antenna 2 (Fig. 1A) peduncle segments 4–5 relative length as: 0.7: 1.
Labrum (not figured) ordinary. Paragnaths (= lower lip; not figured) inner lobes absent.
Mandibles each with well-developed, triturative columnar molar; molar seta 

equally developed in both mandibles; palp lacking. Left mandible (Fig. 2A) incisor 
7-denticulate; lacinia 5-denticulate. Right mandible (Fig. 2B) incisor 6-denticulate; 
lacinia complex, with 5 main cusps and multiple denticles, and with patch of short 
setules proximally on medial surface.

Maxilla 1 (Fig. 2C) inner lobe finger-like, crowned with two pappose setae; outer 
lobe with nine serrated stout robust setae distally; palp reduced, unsegmented, reach-
ing to less than half distance between its insertion and distal margin of inner lobe, 
tapering with tiny conical robust seta on tip.

Maxilla 2 (Fig. 2D) inner lobe with two unequal pappose setae proximally on in-
ner margin, proximal-most seta largest, hyperthophied.

Maxilliped ordinary; basal endite (= inner plate) (Fig. 2E) subrectangular with 
three flattened triangular short cuspidate robust setae distally and row of pappose setae 
along medial margin.

Coxal gills (Figs 3E; 4A–D) on gnathopod 2 to pereiopod 6, smooth, unstalked, 
sac-like. Sternal gills on pereionites II to VII, finger-like (Fig. 4F), placed antero-later-
ally at each side on corresponding sternite.

Gnathopod 1 (Fig. 3A–D) subchelate. Carpus longer than propodus. Propodus 1.5 
times as long as broad, with concave posterior margin; palm margin evenly convex; palm 
angle with two short flagellate robust setae subequal in length on medial side (Fig. 3C). 
Dactylus with single triangular denticle subdistally on medial margin (Fig. 3D).

Gnathopod 2 (Fig. 3E–G) subchelate. Propodus massive, broadly expanded, 1.3 
times as long as broad with palm length longer than carpal lobe; palm margin longer 
than posterior margin of segment, convex but sinuous, with continuous row of densely 
set robust setae along both sides of margin (only row on medial side shown in Fig. 
3G); palm angle with two short, reduced flagellate robust setae on medial side. Unguis 
completely incorporated into dactylus (Fig. 3G).

Pereiopods 3–4 (Fig. 4A, B) similar except for coxal plates. Pereiopod 4 slightly 
shorter than pereiopod 3, with coxa deeply excavated posteriorly.

Pereiopods 5–7 (Fig. 4C–E) progressively longer towards posterior. Basis of perei-
opod 7 broadest, 1.2 times as long as broad; basis of pereiopod 5 1.3 times as long as 
broad; basis of pereiopod 6 more slender, 1.5 times as long as broad. All limbs with 
propodus distinctly longer than their respective carpus.

Pleopods (Fig. 1D) all similar, biramous, rami multi-annulated and provided with 
long plumose setae; integument of posterior face of protopod (= peduncle) and proxi-
momedial margin of proximal article of endopod, setulose, as figured.

Uropod 1 (Fig. 1E) protopod longer than rami. Armature of protopod consisting 
of series of 3-4 flagellate robust setae proximally along posterolateral margin, and single 
flagellate robust seta at each posterodistal and posteromedial angle of segment; postero-
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Figure 1. Hyalella cajasi sp. n., male. A head with left antenna 1 and antenna 2 attached, lateral B inset 
of distomedial armature on posterior margin of articles 3-6 of antenna 1 C right epimeral plates D right 
pleopod 3, posterior. Scale bars: 0.2 mm (A, D); 0.1 mm (B); 0.5 mm (C, E, G–I); 0.05 mm (F).

medial margin of segment unarmed. Exopod with series of five flagellate robust setae 
along lateral margin and three robust setae on tip, none of which flagellate; medial mar-
gin of segment unarmed. Endopod with four flagellate robust setae along medial margin 
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Figure 2. Hyalella cajasi sp. n., male. A left mandible B distal portion of right mandible C maxilla 1 
D maxilla 2 E inset of basal endite (= inner plate) of left maxilliped, anterior view. Scale bars: 0.1 mm.

and three robust setae on tip, none of which flagellate; lateral margin of segment with 
series of four flagellate robust setae disposed subdistally on margin, of which proximal-
most modified, longer than rest, slightly surpassing tip of endopod, slightly curved and 
complexly denticulate on tip (“copulatory spine” sensu Bousfield 1986; Fig. 1F).
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Figure 3. Hyalella cajasi sp. n., male. A left gnathopod 1, medial (armature on palm margin of propo-
dus and on dactylus omitted) B inset of carpal lobe, medial C inset of palm margin and palm angle of 
propodus, medial D inset of dactylus, medial E right gnathopod 2, medial (armature on palm margin of 
propodus and on dactlylus omitted) F inset of carpal lobe, medial G detail of palm margin and palm angle 
of propodus, and of dactylus, medial (submarginal armature along lateral side of palm margin omitted). 
Scale bars: 0.2 mm (A, G); 0.1 mm (B–D, F); 0.5 mm (E).

Uropod 2 (Fig. 1G) protopod about as long as rami. Protopod with three flagellate 
robust setae along posterolateral margin; robust seta present on each posterodistal and 
posteromedial angle of segment, of which that on posteromedial angle non-flagellate 
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Figure 4. Hyalella cajasi sp. n., male. A right pereiopod 3, lateral B right pereiopod 4, lateral C right 
pereiopod 5, lateral, coxal gill omitted D right pereiopod 6, lateral, coxal gill omitted E left pereiopod 7, 
medial F left sternal gill on sternite of pereionite VII. Scale bars: 0.5 mm.

and more slender than counterpart; posteromedial margin of segment unarmed. Exopod 
with five flagellate robust setae along lateral margin and three robust setae on tip; medial 
margin unarmed. Endopod with 3-4 flagellate robust setae along medial margin, three 
robust setae on tip, and three flagellate robust setae disposed subdistally on lateral margin.
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Figure 5. Hyalella cajasi sp. n., female. A left gnathopod 2, medial B inset of marginal setae on oöstegite 
C inset of distal margin of propodus plus dactylus, medial D right uropod 1, posterior. Scale bars: 0.2 mm 
(A); 0.05 mm (B); 0.1 mm (C, D).
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Uropod 3 (Fig. 1H) ramus about as long as protopod. Protopod with transverse 
comb of 3-6 flagellate robust setae on distolateral angle, simple seta on distomedial an-
gle, and isolated reduced simple seta on medial margin. Ramus 2.2 times longer than 
broad, with short robust seta and a bunch of long simple setae on tip.

Telson (Fig. 1I) broader than long, with distal margin evenly rounded. Armature 
consisting of continuous marginal series of 4–7 (exceptionally only three) flagellate 
robust setae distally plus three tiny plumose setae disposed distolaterally at each side.

Description of brooding female. Differing from male in smaller size (body up 
to 6.5 mm long); presence of oöstegites on pereionites II-V (Fig. 5A, B); aspect of 
gnathopod 2 (Fig. 5A), which is similar to male gnathopod 1 but with a more slender 
propodus (1.7 times as long as broad and attaining 95% length of carpus; versus 1.5 
times as long as broad and attaining 89% length of carpus in male gnathopod 1); 
unequal length of robust setae on palm angle of gnathopod 2 (Fig. 5C); and endopod 
of uropod 1 with two flagellate robust setae along distolateral margin (versus four in 
male), of which none modified (Fig. 5D).

Discussion

Of the approximately 70 species of Hyalella currently recognized (Horton and Lowry 
2013), only nine (listed below) share a smooth, non-processiferous body, a male uro-
pod 1 with a modified curved robust seta on endopod, and six pairs of sternal gills 
with H. cajasi sp. n. Nevertheless, the new taxon can be differentiated from each of 
them based on the presence/absence of eyes; relative length of antenna 1 with respect 
to antenna 2; presence/absence of a short pointed robust seta distally on palp of maxilla 
1; number of pappose setae proximally on medial margin of inner lobe of maxilla 2; 
elongation and curvature of the modified robust seta on endopod of male uropod 1; 
relative length of ramus of uropod 3 with respect to protopod; and armature and out-
line of telson, among other features.

Thus, Hyalella cajasi sp. n. differs from H. bonariensis Bond-Buckup, Araujo & 
Santos, 2008, described in Santos et al. (2008) and known only from the province of 
Buenos Aires in Argentina, by the telson outline, which is broader than long and with 
the distal margin evenly rounded (versus telson as long as broad, subquadrate); by the 
telson marginal armature, arranged as a single row of robust setae (versus a cluster of 
robust setae distolaterally at each side); the sparsely setulose condition of the palp of 
maxilla 1 (versus palp densely setulose); and by the condition of the modified robust 
seta on the endopod of male uropod 1, which is hardly curved and only just surpasses 
the tip of endopod (versus seta elongate and strongly bowed).

Diagnostic differences between H. cajasi sp. n. and H. brasiliensis Bousfield, 1996, 
from Paraná State (Brazil), include the short ramus of uropod 3, which is shorter than 
the corresponding protopod (versus ramus longer than protopod); the comparatively 
shorter propodus of male gnathopod 1, which is shorter than carpus (versus propodus 
about as long as carpus); and the male gnathopod 2 propodus with palm margin longer 
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than the posterior margin (versus palm margin about as long as posterior margin) (see 
Bousfield 1996).

The new species differs from H. carstica Bastos-Pereira & Bueno, 2012, a taxon 
known from Minas Gerais (Brazil), by the relative length of antenna 1, which is much 
shorter than antenna 2 (versus antenna 1 and antenna 2 about equal in length in H. 
carstica); by the presence of two pappose setae proximally on the medial margin of 
inner lobe of maxilla 2 (versus only one seta); by the broader than long telson (versus 
telson longer than broad); by the marginal armature of robust setae on telson, compris-
ing a distal continuous series (versus single robust seta subdistally at each side); and by 
the much stouter male gnathopod 2 propodus, about 1.3 times as long as broad (versus 
1.6 times, with palm margin much shorter than posterior margin) (see Bastos-Pereira 
and Bueno 2012).

Hyalella cajasi sp. n. differs from H. castroi González, Bond-Buckup & Araujo, 2006, 
a species from Rio Grande do Sul (Brazil), in the distal robust seta present on palp of 
maxilla 1 (versus palp pointed but devoid of armature in H. castroi); in the display of 
two pappose setae proximally on the medial margin of inner lobe of maxilla 2 (versus 
only one seta); in the condition of the modified robust seta on male uropod 1 endopod, 
which is hardly curved and only just surpasses the tip of endopod (versus seta elongate 
and strongly bowed); and in the stouter condition of male gnathopod 2 propodus, which 
is about 1.24 times as long as broad (versus 1.32 times) (see González et al. 2006).

Hyalella curvispina Shoemaker, 1942, known from Montevideo (Uruguay) and 
Rio Grande do Sul (Brazil), differs from the new species in the longer-than-broad 
telson, which in addition displays only 1+1 robust setae on distal margin, and the 
unarmed but pointed palp of maxilla 1. Furthermore, the modified setae on male uro-
pod 1 endopod (sometimes it displays two instead of only one) are more elongate and 
curved than in H. cajasi sp. n. (see Shoemaker 1942).

Hyalella formosa Cardoso & Araujo, 2014 (described in Cardoso et al. 2014), from 
a cave in Paraná State (Brazil), differs from the new species in being eyeless; in the elon-
gation of antenna 1, which is longer than antenna 2; in the telson armature, reduced to 
two terminal simple setae; and in the large size of one of the two robust setae present 
on palm angle of propodus of gnathopod 1.

The new species differs from H. paramoensis Andres, 1988, a species known from a 
high altitude lake near Bogotá (Colombia), in the armature of the telson, which con-
sists of a distal series of marginal robust setae (versus armature reduced to two long and 
slender robust setae in H. paramoensis); the presence of a robust seta on tip of the palp 
of maxilla 1 (versus palp unarmed); and in the relative length of the modified robust 
seta present on the endopod of male uropod 1 (versus seta extremely elongated in H. 
paramoensis) (see Andres 1988).

Hyalella cajasi sp. n. differs from H. xakriaba Bueno & Araujo, 2013 (described 
in Bueno et al. 2013) from Minas Gerais (Brazil), by the palp of maxilla 1 provided 
with a terminal robust seta (versus seta absent); by the armature of telson (reduced to 
2+2 robust setae in H. xakriaba); and by the stouter male gnathopod 2 propodus (1.24 
times as long as broad; versus 1.59 times in H. xakriaba).
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Finally, H. cajasi sp. n. differs from H. veredae Cardoso & Bueno, 2014 (described 
in Cardoso et al. 2014), known from a cave in Minas Gerais (Brazil), by the non-re-
gressed, ordinary eyes (versus eyes reduced or absent); by the relative length of antenna 
1 (shorter than antenna 2; versus antenna 1 and antenna 2 about equal in length); and 
by the armature and outline of telson, subquadrate and with only 1+1 robust setae in 
H. veredae.

With regards to H. meinerti, the only representative of the genus confidently 
known to occur in Ecuador until now, it differs from H. cajasi sp. n. in the display of a 
non-sexually dimorphic uropod 1, a 1+1 armature arrangement on distal margin of the 
telson, and in the presence of only one pappose seta proximally on the medial margin 
of the inner lobe of maxilla 2.
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Abstract
Since the publication of the ground-breaking “Catalogue of the scorpions of the world (1758–1998)” 
(Fet et al. 2000) the number of species in the scorpion genus Buthus Leach, 1815 has increased 10-fold, 
and this genus is now the fourth largest within the Buthidae, with 52 valid named species. Here we revise 
and update the available information regarding Buthus. A new combination is proposed: Buthus halius 
(C. L. Koch, 1839), comb. n. from Portugal and Spain. B. halius is removed from junior synonymy with 
Buthus occitanus (Amoreux, 1789), and proposed as a senior synonym of B. ibericus Lourenço & Vachon, 
2004, syn. n. Moreover, following I.C.Z.N. article 23.9.2 we propose to maintain as valid B.  ibericus 
(nomen protectum) and to consider the disued B. halius as a nomen oblitum. Buthus europaeus tridentatus 
Franganillo, 1918 is proposed as a junior synonym of B. occitanus (Amoreux, 1789), syn. n. Buthus 
sabulicola Touloun, 2012 is proposed as a junior synonym of Buthus bonito Lourenço & Geniez, 2005, 
syn. n. Buthus occitanus tunetanus neeli Gysin, 1969 is proposed as an informal senior synonym of Buthus 
tassili Lourenço, 2002, informal syn. n. Two taxa are rised to species rank, Buthus nigrovesiculosus Hirst, 
1925, stat. n. and Buthus parroti Vachon, 1949, stat. n.. We further confirm the restricted distribution of 
B. occitanus that is confined to southeastern France and northwestern Iberian Peninsula and does not occur 
in North Africa. Additionally, Androctonus barbouri (Werner, 1932), comb. n. from the Agadir region of 
Morocco, is hereby transferred to the genus Androctonus. We summarize and provide a critical appraisal 
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of the diagnostic characters currently in use for the genus. The catalogue section considers the names 
for species, subspecies and varieties that have been used for Buthus scorpions. Information about types, 
including collection numbers and localities are included when available. Finally, an annotated listing of 
synonymies and an updated bibliography are given.

Keywords
Taxonomy, new synonymy, new combination, new status, Geographic distribution, Africa, Asia, Europe, 
diagnostic characters

Introduction

Members of the genus Buthus Leach, 1815 are medium-sized scorpions, usually yel-
lowish in colour, with a robust metasoma that ends in a telson with a globular vesicle 
and a curved aculeus (Fig. 1). Buthus rest during the day in burrows under stones or 
shrubs and are active from dusk till dawn, although their activity typically peaks at the 
beginning of the night (Cloudsley-Thompson 1956). They are successful scorpions 
that, when present, tend to be the most abundant scorpion in their habitat, as for 
example in the Iberian Peninsula and Morocco. Buthus are usually described as sit-and-
wait predators, although they can also actively search for prey (Skutelsky 1995, Piñero 
et al. 2013). Buthus is among the most venomous of all scorpion genera (Chippaux 
and Goyffon 2008). Buthus venom toxicity is considered much lower in Europe than 
in North Africa, which can be empirically corroborated by the few severe cases of scor-
pionism reported for Western Europe when compared to the North African countries 
(Chippaux and Goyffon 2008).

Buthus exhibits a wide distribution range, spanning over two biogeographic realms, 
the Palearctic (Western) and the Afrotropical (Udvardy 1975, Olson et al. 2001). Inter-
estingly, none of the chorotypes proposed by Vigna Taglianti et al. (1999) satisfactorily 
describes Buthus distribution. The genus extends from the temperate Mediterranean ar-
eas of south-western Europe to the tropical and sub-tropical grasslands south of the Sahel 
and into the Horn of Africa, including the semi-arid and arid regions of North Africa and 
the Middle East (Fig. 2). Although first considered of European origin (Vachon 1952a), 
current data support the hypothesis that the centre of origin of the genus is North Africa 
(Lourenço 2002). North Africa harbours a disproportionate number of species (Fig. 2) as 
well as four of the five main genetic clades found in Buthus, as defined by mitochondrial 
DNA sequence variation (Sousa et al. 2012, Pedroso et al. 2013) (Fig. 7).

Buthus species are known from 17 countries in Africa: Algeria, Cameroon, Central 
African Republic, Chad, Egypt, Eritrea, Ethiopia, Guinea, Libya, Mauritania, Moroc-
co, Niger, Senegal, Somalia, South Sudan, Sudan, and Tunisia; five countries in Asia: 
Cyprus, Egypt (Sinai), Israel, Jordan, and Yemen; and four European countries: France, 
Italy (Sicily), Portugal, and Spain (Fig. 2). Unidentified Buthus species have also been 
reported from Burkina Faso, Djibouti, Gambia, Ghana, Guinea-Bissau, Ivory Coast, 
Nigeria, Iraq, and Lebanon (Fig. 2). No records exist for Saudi Arabia or Syria, however 
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Figure 1. Buthus mariefranceae, from south of Morocco. Photo by Arie van der Meijden.

the first might have been confused in the past with citations for the Arabian Penin-
sula (e.g. Vachon 1952a), although the existence of Buthus in either of these countries 
cannot be excluded. The frequently cited occurrence of Buthus in Iraq is based on a 
single specimen, deposited in the Czech National Museum of Natural History (Tábor-
ský 1934, Kovařík 1992). As such the actual distribution of the genus remains poorly 
delimited. Old records from mainland Greece and Turkey are highly doubtful, as these 
are well-studied areas with no recent Buthus collections (Ersen Yağmur pers. comm. for 
Turkey) (Fig. 2). The former records most likely refer to the genus Mesobuthus Vachon, 
1949. As for the record for Malta, it was considered dubious by Fet and Lowe (2000), 
although other Buthus reported on islands that were previously regarded as doubtful 
have turned out to be correct, namely B. kunti Yağmur, Koc & Lourenço, 2011, from 
Cyprus, described from freshly collected material and B. trinacrius Lourenço & Rossi, 
2013, from Sicily, based on 130-year-old material. Other island records include B. oc-
citanus in the Columbrete islands (Castilla and Pons 2007) and B. tunetanus (Herbst, 
1800) in the Tunisian islands of Djerba, Kerkena, and Zembra (Vachon 1952a).
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Figure 2. Map of Buthus species distribution, and the known number of species by country. Also de-
picted are the species’ type localities (numbers according to the species’ Catalogue and Table 2) where 
known or the best possible approximation. Actual distribution within each country can be much smaller, 
but detailed distribution information is unknown for the majority of species.

Buthus is the type genus of the Buthidae C. L. Koch, 1837 (Koch 1837, 1850), the 
most diverse family within Scorpiones, with almost half of all known extant scorpion 
species (1101 of the 2311 known species) (Rein 2016). The Buthidae also includes 
most of the species venomous to humans (Chippaux and Goyffon 2008). The genus 
Buthus is the second oldest valid genus of the order Scorpiones C. L. Koch, 1837, only 
surpassed by the single genus created by Linnaeus in 1758, Scorpio, to accommodate 
all the scorpion species he described.

Buthus was first proposed by Leach (1815), with Scorpio occitanus Amoreux, 1789 as 
its type species (Fig. 3). The only diagnostic character for the genus proposed by Leach 
was the presence of eight eyes “Oculi octo.” (Leach 1815, page 391), apparently referring 
to the pair of central eyes and three pairs of lateral eyes. This character was mentioned 
as diagnostic for different scorpions early during Scorpiones taxonomy (De Geer 1778, 
Fabricius 1781). The same diagnostic character was used by Ehrenberg (in Hemprich 
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and Ehrenberg 1828, 1829) for defining several genera and subgenera of scorpions with 
a varying number of eyes, ranging from six to 12. A more detailed explanation on the 
usage of the number of eyes in the classification of scorpions is given in Thorell (1876).

The poor description of Leach (1815) led to a rapid increase in the number of 
species included in the genus, which lacked any internal coherence. This taxonomic 
conundrum arose through the misidentification of the number of lateral eyes of B. 
occitanus (Amoreux, 1789), originally stated by Amoreux as three pairs. Several tax-
onomists of that century realised that there were actually four pairs of lateral eyes (e.g. 
Gervais 1844b; Simon 1879), but this information was not appreciated by some later 
authors. It has recently been shown that most Buthidae species (including Buthus) have 
five pairs of lateral eyes, although in many species two pairs of lateral eyes are much 
smaller in size and require extreme care and the help of UV light to be recognised 
(Yang et al. 2013; Loria and Prendini 2014). Ehrenberg (in Hemprich and Ehrenberg 
1828) modified the original meaning of the genus to include the species that are now 
part of Heterometrus Ehrenberg in Hemprich and Ehrenberg 1828 (Family Scorpioni-
dae Latreille, 1802), all with five pairs of lateral eyes. Ehrenberg described several other 
genera that were soon synonymized with Buthus, at least by some taxonomists, which 
further exacerbated the taxonomic confusion within Buthus.

Figure 3. Original illustration of Scorpio occitanus (Amoreux 1789a). The work was retrieved from the 
Biodiversity Heritage Library and images were rearranged for compactness without re-scaling.
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Figure 4. The two key morphological diagnostic characters of the genus Buthus. A- Prosoma carapace 
with lyra-shaped keels (Hjelle 1990); B - Tip of pedipalp movable finger highlighting the three distal 
granules (distal denticle not included) (Lourenço 2002).

Figure 5. Cumulative number of valid named Buthus species. Only current valid species' names were 
plotted; in the year they were first described.
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Because of the poor definition of the genus, many members (≈100 species) of 
the Buthidae family with no close relationship to the type species, were included in 
the genus Buthus up to the mid-20th century (Vachon 1952a, Levy and Amitai 1980, 
Lourenço 2002). Unfortunately, this obsolete taxonomy is still in use, for example 
in many toxicology and venom related papers on scorpions (e.g. Gopalakrishnakone 
et al. 2015). From 1948 to 1951, Vachon conducted a major taxonomic revision of 
the genus (compiled in Vachon 1952a), providing a more informative and exclusive 
definition, retaining only the species that were morphologically similar to the type 
species and hence restricting also the distribution range of the genus. He proposed 
two main morphological characters that in combination separate Buthus from all other 
known Buthidae genera: the central-lateral and posterior-median prosomal keels fused 
in a lyra shape (character shared with Cicileiurus Teruel, 2007, Leiurus Ehrenberg in 
Hemprich and Ehrenberg 1828, Mesobuthus Vachon, 1950, and Odontobuthus Va-
chon, 1950, Fig. 4A), and the presence of only three granules on the tip of the movable 
finger (or tarsus) of the pedipalp chela (character shared with Androctonus Ehrenberg in 
Hemprich & Ehrenberg, 1828, Fig. 4B).

While studying specimens from northwest Africa, Vachon recognized that the ge-
nus included a large amount of undescribed diversity. Vachon took a very conserva-
tive approach to Buthus taxonomy, recognizing only four species, further split in 12 
subspecies, ten of which under B. occitanus, and naming four different varieties, along 
with other forms with no formal rank, all within B. occitanus. This was partly justi-
fied by Vachon’s view that Buthus species exhibited a large morphological plasticity, at 
least in the characters he used to diagnose the different taxa (Vachon 1952a). Stahnke 
(1972), in his key to Buthidae genera, recognized 21 species and subspecies in Bu-
thus, without further explanation, although this is probably an error resulting from an 
outdated interpretation of the genus taxonomy. In accordance with the ICZN article 
45, none of Vachon’s infra- subspecific varieties were included in the Catalogue of the 
Scorpions of the World (Fet et al. 2000). The Buthus Catalogue recognized as good 
five species and 12 subspecies, although the authors recognized that some taxa were 
probably not taxonomically good (Fet and Lowe 2000) Subsequently, Rossi (2015) 
transferred Buthus insolitus Borelli, 1925 to the recently erected genus Gint Kovařík et 
al., 2013. Lourenço (2003) marked a renewed interest in the taxonomy and diversity 
of the genus, describing six new species, some of which corresponding to Vachon’s 
infra-subspecific varieties.

During the last 15 years, the rate of description of new Buthus species has increased 
exponentially (Fig. 5). At present, the genus is composed of 52 species, three of which 
were described in 2016, making it the fourth most diverse genus of Buthidae, only 
surpassed by the megadiverse scorpion genera Tityus C. L. Koch, 1836, Centruroides 
Marx, 1890 and Ananteris Thorell, 1891 (Rein 2016). Thirty authors have been in-
volved in the description of recent Buthus species, and most species (21) have been 
described in collaborative studies. Wilson Lourenço is by far the most prolific author, 
having authored or co-authored 29 Buthus species, 55% of the total.
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Materials and methods

Nomenclature and measurements follow Stahnke (1970), except for trichobothriotaxy 
(Vachon 1974, Fet et al. 2005). All diagnostic morphological characters mentioned in 
the text refer to adults (or large sub adults) of both sexes, unless otherwise noted.

Most references prior to 1998 cited by Fet and Lowe (2000) are confirmed, but 
not all original literature could be obtained, and we made some corrections following 
comparisons with additional sources (Vachon 1952a, Lamoral 1979, Polis 1990, Hen-
drixson 2006, Dupré 2013). The criteria applied by Fet and Lowe (2000) citing both 
taxonomic and faunistic works are broadly followed. To the best of our knowledge we 
cited all works that follow these criteria up to November 2016. Fet and Lowe (2000) 
cited approximately 180 articles pertaining to the genus Buthus, we added approxi-
mately 80 new articles, ten of which were published before 1998.

Whenever possible, coordinates for the type localities are provided, using informa-
tion available in articles or, if not available, finding approximate coordinates with the 
help of Google Maps (maps.google.com) and the GEOnet Names Server (geonames.
nga.mil/gns/html). All coordinates are in WGS 1984 datum, in Latitude/Longitude 
format, in decimal degrees.

Collections abbreviation codes are listed below. Abbreviation codes follow Sabaj 
(2016), except for those marked with an asterisk that are not presented there.

ARPC* Andrea Rossi Private Collection, Massa, Italy
CBGP* Centre de Biologie pour la Gestion des Populations (UMR INRA, Cirad, 

IRD, Montpellier SupAgro), Montferrier-sur-Lez France, France
FKPC* František Kovařík Private Collection, Prague, Czech Republic
MCSNB Museo Civico di Scienze Naturali “Enrico Caffi”, Bergamo, Italy (formerly 

MSNB)
CRBA Centre de Recursos de Biodiversitat Animal of the Universitat de Barcelona, 

Barcelona, Spain
MCVR Museo Civico di Storia Naturale di Verona, Verona, Italy
MCZ Museum of Comparative Zoology, Harvard University, Cambridge, U.S.A.
MHNG Muséum d'histoire naturelle de Genève, Geneva, Switzerland
MNCN Museo Nacional de Ciencias Naturales (CSIC), Madrid, Spain
MNHN Muséum national d’Histoire naturelle, Paris, France
MRSN Museo Regionale di Scienze Naturali di Torino, Turin, Italy
MTAS* Museum of the Turkish Arachnology Society, Ankara, Turkey
MZUF Museo di Storia naturale dell’Università di Firenze, sezione di Zoologia 

“La Specola”, Florence, Italy
NHMUK Natural History Museum, London; England, UK (formerly BMNH, Brit-

ish Museum of Natural History)
UCAM* Université Cadi Ayyad, Faculte des Sciences Semlalia, “Laboratoire Ecolo-

gie et Environnement”, Marrakech, Morocco (formerly Universite Cadi 
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Ayyad, Faculte des Sciences, Semlalia, Depart. BioI., Lab. Ecol. Anim. 
Terrestre, Marrakech, Marocco)

UGA* University of Ghardaïa, Ghardaïa, Algeria
ZIN Zoological Institute, Russian Academy of Sciences, St. Petersburg, Russia 

(formerly ZISP)
ZMB Museum für Naturkunde - Leibniz-Institut für Evolutions und Biodiver-

sitätsforschung, Berlin, Germany (formerly ZMBH)
ZMH Biozentrum Grindel und Zoologisches Museum, Hamburg, Germany

Additional abbreviations used in the text:

a.s.l. above sea level
ICZN International Code of Zoological Nomenclature
IOS incorrect original spelling
ISS incorrect subsequent spelling
juv. juvenile or juveniles
M male
F female
MIS misidentification

The type species of the genus Buthus

It is worth mentioning here the taxonomic confusion that surrounded the first Buthus 
species. Leach first named the genus with Scorpio occitanus Amoreux, 1789 as the type 
species (Figs 3; 6B). Amoreux (Amoreux 1789b) described this species to accommo-
date a scorpion from Souvignargues, Occitanie, France. Amoreux also called the same 
species Scorpio rufus, although he, as the first reviewer, chose the name S. occitanus to 
be the correct name for the newly described species (Amoreux 1789a). Amoreux also 
referred to this species as Malpertius’ scorpion and, in his second paper where he gave a 
full description of the species, included drawings from this author (Maupertuis 1731) 
(Fig. 6B). It is clear from observing Fig. 6A that Amoreux was well aware of the differ-
ences between Scorpio occitanus and S. europaeus Linnaeus, 1758, which he considered 
a member of the genus Euscorpius Thorell, 1876. Unfortunately, the name S. europaeus 
Linnaeus, 1758 was subsequently used to refer to three different taxa: (1) S. maculatus 
De Geer, 1778 (now part of the genus Isometrus Ehrenberg, 1828) (Lönnberg 1898), 
(2) S. occitanus Amoreux, 1789 (Thorell 1876b), and (3) a Euscorpius species (Fet & 
Sissom, 2000). This taxonomical confusion was solved by ICZN decision 60 (ICZN 
1957), article 1b that suppressed the name europaeus, Linnaeus, 1758 when used in 
combination with Scorpio, and article 4, that placed Scorpio europaeus Linnaeus, 1758 
on the Official Index of Rejected and Invalid Specific Names in Zoology with the 
number 381. As such, the first author to use the name Buthus europaeus was Thorell in 
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Figure 6. Original drawings of the habits of Scorpio europaeus Linnaeus, 1758 (A) and S. occitanus (B), 
according to Amoreux (1789b) reproduced from plate I of that work. These images are unfortunately rare-
ly cited, as they are very informative regarding the reasoning of Amoreux while describing the new species.

1876, now a junior synonym of B. occitanus (Amoreux, 1789) (for further details see 
Braunwalder 1997, Fet et al. 2002).

Finally, although Buthus is considered the nominal genus of Buthidae, Koch 
(1837) used for the typification of the family, the species Buthus spinnifer Ehrenberg, 
1828, which is currently the type species of the genus Heterometrus Ehrenberg, 1828 
(Scorpionidae Latreille, 1802), and as such according to ICZN Article 65.2.1. [“type 
genus was misidentified (that is, interpreted in a sense other than that defined by its 
type species)] when the family-group name was established”) we will submit to the 
ICZN a petition to fix the type species of the Buthidae. This was not done by Fet et al. 
(2000) as the authors probably interpret it as ICZN Article 65.2.3. (“type genus was, 
when established, based on a type species then misidentified”), which does not neces-
sarily require a ruling by the Commission.

Buthus taxonomy

The revised classification of Sharma et al. (2015) is followed, based on the first phylog-
enomics study on extant scorpions, which resolved most relationships between scor-
pion families.

Class Arachnida Lamarck, 1801
Order Scorpiones C. L. Koch, 1850
Suborder Neoscorpiones Thorell & Lindström, 1885
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Infraorder Orthosterni Pocock, 1911
Parvoder Buthida Soleglad & Fet, 2003
Superfamily Buthoidea C. L. Koch, 1837
Family Buthidae C. L. Koch, 1837

There are no subfamilies in use within the Buthidae, although many have been 
proposed and rejected (Fet et al. 2000, 2005). Fet et al. (2005) defined six groups 
within the Buthidae, and placed Buthus in the Buthus group along with 38 additional 
genera. The phylogenomic study of Sharma et al. (2015) provided strong support for 
most groups (although generic level sampling was limited), including the sister group 
relationship of the Buthus group with the remaining members of the familiy.

Vachon (1952a) considered Androctonus to be the sister taxa to Buthus. However, 
the only molecular phylogenetic study addressing the relationships between Buthidae 
genera that includes both genera (Fet et al. 2003), recovered Buthus as the sister taxa to 
a clade formed by Androctonus and Leiurus, albeit with low support.

There are no taxonomically distinct groups within the genus Buthus, although two 
“species complexes” are generally recognised. Vachon (1952a, p. 251) suggested that “la 
«lignée» atlantis se sépare avec facilité de l’ensemble des autres Buthus par la forme élancée des 
appendices de la queue, de la vésicule et divers autres caractères que nos tableaux de détermi-
nation préciseront.” This distinction was retained by Lourenço (2002, 2003) who referred 
to B. occitanus as a “«complexe de forms»”, and subsequently also adopted it in most sub-
sequent taxonomic works describing new Buthus species. According to Lourenço and 
Geniez (2005), the two complexes are distinguished by the level of keel development, 
weaker in the atlantis group. However, Lourenço (2005a) subsequently wrote that B. 
occitanus from Europe has a weak keel development in contradiction with the previ-
ous morphological definition. This statement has been used by subsequent authors. For 
example, Rossi (2012) described B. elongatus Rossi, 2012 as belonging to the occitanus 
complex, but if the author had applied Vachon’s definition it should have included it in 
the atlantis complex because of the slender metasoma (at least its fifth segment) when 
compared to B. occitanus. None of the published molecular phylogenies of Buthus sup-
ports the existence of the atlantis complex. The results of Gantenbein and Largiadèr 
(2003) grouped B. atlantis within the species included in the occitanus complex. Al-
though Lourenço and Vachon (2004) acknowledged the work of Gantenbein and Largi-
adèr (2003), they rejected the phylogenetic position of B. atlantis presented in this study.

Recently, based on the information provided by a cox1 mtDNA tree, Sousa et al. 
(2012) and Pedroso et al. (2013) have defined a series of groups, (see Table 1). These 
groups have been renamed to facilitate communication and have been expanded to 
include all available molecular data with reliable species identifications.

In Fig. 7 the current distribution of these five groups in the Maghreb, the Iberian 
Peninsula, and southern France is presented, based exclusively on specimens with avail-
able molecular data. The group assignment does not necessarily correspond to the spe-
cies assignment in the original publications.
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Table 1. Current composition of the groups proposed by Sousa et al. (2012) and Pedroso et al. (2013) 
based on cox1. To date, only 19 out of the 52 valid named Buthus species (37%) have been analysed. *, 
assignment based on Sousa (2017).

Group Species Group Species Group Species

boumalenii B. boumalenii

occitanus

B. atlantis

rochati

B. bonito
B. elongatus B. draa

mardochei

B. elmoutaouakili B. ibericus B. mariefranceae
B. lienhardi B. malhommei B. rochati*
B. mardochei B. maroccanus

tunetanus
B. chambiensis*

B. parroti
B. montanus B. pusillus*
B. occitanus B. tunetatus

Figure 7. Map representing the five phylogenetic Buthus cox1 groups in the Maghreb. Groups as defined by 
Sousa et al. (2012) and Pedroso et al. (2013), also including cox1 sequences from Gantenbein and Largiadèr 
(2003), Habel et al. (2012) and Husemann et al. (2012) (redrawing of Figure 1 from Pedroso et al. 2013).

Diagnostic characters used in Buthus taxonomy

Several morphological traits have been used by recent authors as diagnostic characters 
(in the sense of Winston 1999) for Buthus species.

Colour is of limited utility in Buthus taxonomy, as the underlying colour varies in 
tones of yellow, orange, reddish or light brown within and between species. Only one 
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species has a fully dark body, Buthus maroccanus Birula, 1903, in some cases even black. 
Other species also have the mesosoma of a darker colour than the rest of the body. Of 
greater taxonomic use are colour patterns, such as darker marks, over a lighter back-
ground colour, that can be present on the carapace, the mesosoma or the metasoma; 
the latter being the more informative.

Adult size may also be diagnostic (Fig. 8). Buthus adult body sizes range from 38 to 
90 mm (telson included) (the maximum size of 110 mm reported by Vachon (1952a) 
is presumably a mistake). Most species have a maximum size between 60 and 70 mm 
in females, and 55 to 70 mm for males (Fig. 8). On the 5% percentiles we have the 
smaller species of Buthus (less than 45 mm long), and the larger species of Buthus 
(more than 85 mm for females and 80 mm long for males).

Two additional meristic traits have been used as diagnostic characters, namely the 
number of rows of granules on the cutting edge of the movable finger of the pedipalp 
chela, and the number of pectinal teeth, a sexual dimorphic trait. Variation in the 
number of rows of granules is not very informative because species show an incremen-
tal overlap in the numbers of rows, which range from 8 to 14 (Fig. 9). Pectinal teeth 
number, although carrying a potentially greater amount of information as they have a 
wider range to vary from, is actually of limited usefulness because of the interspecific 
overlap (Fig. 10); female counts range from 18–34 and males from 24–37. Pectinal 
teeth number is also of limited use due to the lack of any information for several species 
and the unknown range of variability for many other Buthus species (Fig. 10). It should 
be noted, however, that Buthus elizabethae Lourenço, 2005 is unique in having male 
pectines that do not overlap in their proximal portion (Lourenço 2005a).

Trichobothria number and position are not useful for Buthus species diagnosis, as 
their location shows little variation and have as much intraspecific as interspecific vari-
ability (P. Sousa pers. obs.). Conversely, body chaetotaxy (other than trichobothria) is 
very useful for taxonomy. Vachon (1952a) defined three, albeit diffuse, states in Buthus 
body chaetotaxy: low (“oligotriche”), high (“polytriche”) and medium (“mésotriche”), 
and used the number of setae on the fifth segment of the metasoma as example of the 
ranges: low has three or fewer setae, high more than 5–6 setae and medium four setae, 
although this latter category was fluid. Confusion can further arise from the fact that 
these categories apply to the metasoma and the pedipalp, and in the same species these 
two body parts can have different ranges of chaetotaxy. Nevertheless, this is a useful 
trait, and one that needs to be explicitly stated in species descriptions to avoid mis-
interpretations. The chaetotaxy of the leg tarsi and mesosoma terguites is also useful.

Most other diagnostic traits in use for Buthus species are found in the metasoma 
and the pedipalp chela.

The length/width ratio of the first metasomal segment, which is typically square 
in most species but can be elongated or sturdy in certain species, is informative. This 
ratio is also applied to the fifth metasomal segment, and Vachon (1952a) further 
compared the ratios of the first and second segment, and sometimes even the third seg-
ment. The number of keel rows in the metasoma segments is also useful, with special 
attention paid to the presence, and in some cases the relative length (Vachon 1952a), 
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Figure 8. Chart and boxplot summary of Buthus species maximum sizes. Only the known maximum size 
per species is represented. Size information is only available for males from 44 species and females from 
43 species. Some individual data might correspond to subadult specimens since this information is not 
always explicit in species descriptions.

of the median lateral keel in the second, third and fourth segments. Both the degree 
of development of the inferior median keels of the five segments (except perhaps the 
forth), and the existence of larger granules may also be used for taxonomic purposes. 
The number of lateral lobes in the anal arch, either two or three (the latter only in B. 
atlantis Pocock, 1889 and B. lourencoi Rossi, Tropea & Yagmur, 2013) may be mis-
leading because in some species, or even specimens (Vachon 1952a), a third smaller 
lobe may be present between the two larger lobes, which has been interpreted as a 
third state (e.g. Sadine et al. 2015). For instance, Lourenço and Qi (2006) state that 
in Buthus mariefranceae Lourenço, 2003 the anal arch may sometimes have 3 lobes but 
this is mentioned neither in the original description nor in Vachon's descriptions. The 
relationship between the length of the aculeus and the length of the vesicle that form 
the Telson are also used in Buthus taxonomy. In most species, the aculeus is shorter 
than the vesicle, or as long as the vesicle at most. For a few species the aculeus is clearly 
shorter than the vesicle and for another handful of species, the aculeus is clearly longer. 
The states are defined here using a 10% difference threshold, but other authors have 
used a 5% difference. This ratio is correlated with the shape of the aculeus, also in use, 
which can be more or less curved.
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species range 08 09 10 11 12 13 14 species range 08 09 10 11 12 13 14
B. mariefranceae  8-9 B. albengai  11-12
B. amri  9-10 B. aures  11-12
B. brignolii  9-10 B. awashensis  11-12
B. adrianae 10 B. centroafricanus  11-12
B. egyptiensis 10 B. chambiensis  11-12
B. intumescens 10* B. draa  11-12
B. orientalis 10 B. elhennawyi  11-12
B. trinacrius 10 B. hassanini  11-12
B. yemenensis 10 B. lienhardi  11-12
B. bonito  10-11 B. prudenti  11-12
B. elmoutaouak ili  10-11 B. pusillus  11-12
B. jianxinae  10-11 B. tunetatus  11-12
B. mardochei  10-11 B. ibericusª  11-13
B. parroti  10-11 B. israelis  11-13
B. rochati  10-11 B. parisª  11-13
B. tassili  10-11 B. barcaeus 12
B. atlantis  10-12 B. boumalenii 12
B. malhommei  10-12 B. confluens 12
B. tunetatusª  10-12 B. dunlopi 12
B. berberensis 11* B. elizabethae 12
B. duprei 11 B. elongatus 12
B. intermedius 11* B. kunti 12
B. karoraensis 11 B. labuschagnei 12
B. lourencoi 11 B. occitanus 12
B. montanus 11 B. ibericusª  12-13
B. nigrovesiculosus 11* B. maroccanus  12-13
B. occidentalis 11 B. parisª  12-14
B. saharicus 11 B. tunetatusª  12-14

species range 08 09 10 11 12 13 14 species range 08 09 10 11 12 13 14

Figure 9. Graphical representation of the variation in the number of rows in the movable finger of all 
Buthus species. ª Species for which the bibliographic ranges are conflicting. * Number of rows in species 
identified by us from images of the type specimens may be underestimated. 

The shape of the pedipalp chelae in Buthus taxonomy has gained increased us-
age in recent years. The shape can be approximated by using the length to width ratio 
of the chela, which reflects its specific robustness or slenderness. However, in many 
Buthus species the chela shape is sexually dimorphic, a trait that was first used in a 
species key by Kovařík (2006), although its use goes back at least to Vachon (1952a). 
As a measure of sexual dimorphism the pedipalp chelae has three possible states: 1) 
no sexual dimorphism (male = female); 2) slender chela in male (male > female); 3) 
chela of male more robust (male < female). There is data available for 29 species (56% 
of the known species), and from these we can estimate that 38% do not have sexual 
dimorphism (+/- 10% threshold as a cut-off point), 52% of species have males with 
slender chelae and only 3 species (10%) show males with more robust chelae (Fig. 11). 
Interestingly, although chelae play a role in mating, defense, and as a sensory organ 
(van der Meijden et al. 2012), their prime importance in prey capture and handling 
(Polis 1990) may limit the slendering of female chelae, as these may be more prone to 
breakage (van der Meijden et al. 2012). For three of the 39 species, the available chelae 
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females range 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 males range 24 25 26 27 28 29 30 31 32 33 34 35 36 37

 B. amri 21–23  B. amri 27–29
 B. israelis 22–28  B. kunti 27–29
 B. adrianae 23–24  B. adrianae 27–31
 B. kunti 24–25  B. orientalis 28–31
 B. orientalis 24–27  B. israelis 28–33
 B. barcaeus 25  B. barcaeus 29–32
 B. egyptiensis 26–27  B. egyptiensis -
 B. yemenensis 26–27  B. intermedius -
 B. intermedius -  B. yemenensis -

 B. lienhardi 18–24  B. mariefranceae 24–31
 B. mariefranceae 20–27  B. lienhardi 26–29
 B. parisª 21–25  B. malhommei 26–30
 B. malhommei 21–26  B. pusillus 27–28
 B. rochatiª 22–23  B. elmoutaouak ili 27–30
 B. elmoutaouak ili 23–24  B. parisª 27–30
 B. maroccanus 23–26  B. rochatiª 27–30
 B. parisª 23–28  B. draa 27–32
 B. parroti 24–25  B. aures 28–31
 B. tunetanus 24–30  B. maroccanus 28–32
 B. atlantis 25–28  B. confluens 29–30
 B. draa 25–28  B. albengai 29–33
 B. mardochei 25–29  B. chambiensis 29–33
 B. chambiensis 26–28  B. parisª 29–34
 B. dunlopi 26–28  B. mardochei 29–35
 B. rochatiª 26–29  B. rochatiª 29–35
 B. albengai 26–30  B. tunetanus 29–35
 B. confluens 27  B. saharicus 31
 B. boumalenii 27–29  B. boumalenii 31–33
 B. saharicus 27–29  B. dunlopi 31–33
 B. bonito 27–34  B. atlantis 31–35
 B. lourencoi 30  B. bonito 33–37
 B. aures -  B. lourencoi -
 B. pusillus -  B. parroti -

 B. karoraensis 23–27  B. centroafricanus 27
 B. tassili 23–27  B. prudenti 27–29
 B. awashensis 23–28  B. elizabethae 28–31
 B. labuschagnei 24–25  B. elhennawyi 30–31
 B. occidentalis 24–27  B. duprei 30–32
 B. prudenti 25–29  B. tassili 30–32
 B. berberensis 26  B. awashensis 30–35
 B. hassanini 26  B. occidentalis 31–33
 B. elizabethae 26–27  B. karoraensis 31–34
 B. brignolii 28–29  B. berberensis 32–33
 B. centroafricanus -  B. jianxinae 33–34
 B. duprei -  B. nigrovesiculosus 36
 B. elhennawyi -  B. brignolii -
 B. intumescens -  B. hassanini -
 B. jianxinae -  B. intumescens -
 B. nigrovesiculosus -  B. labuschagnei -

 B. ibericusª 22–24  B. ibericusª 25–29
 B. ibericusª 23–27  B. montanus 28–29
 B. montanus 23–27  B. trinacrius 29–30
 B. trinacrius 25  B. ibericusª 30–31
 B. elongatus 26–28  B. occitanus 31–35
 B. occitanus 27–30  B. elongatus 31–36

females range 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 males range 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Western Europe Western Europe

unknown unknown

South of the Sahara South of the Sahara

unknown
unknown

East North Africa & Middle East East North Africa & Middle East

unknown
unknown

Maghreb Maghreb

Figure 10. Graphical representation of the variation in pectinal teeth number of Buthus species arranged 
by geographical areas to facilitate comparison. All known Buthus species are represented, although female 
and male are ordered independently, from smaller to largest. ª Species for which the bibliographic ranges 
are conflicting.

data was contradictory, and they are further discussed below. Another useful pedipalp 
trait is the interrupted dorso-median keel of the patella in Buthus rochati Lourenço, 
2003 (Vachon 1952a).

Several partial keys have been published over the years to assist Buthus species 
identification. However, due to the high rate of new species description (Fig. 5), they 
have become incomplete and even outdated in their taxonomy (Birula 1903, Vachon 
1952a, Lourenço 2003, Lourenço and Vachon 2004, Kovařík 2006, Rossi 2012, Rossi 
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Figure 11. Graphical representation of the relation between female and male pedipalp chela aspect ratio in 
Buthus species. Only those species with available data from both sexes were plotted. The grey area represents 
species without perceived sexual dimorphism. Species with males above that area have slender pedipalp 
chela than females, while species with males plotted below have more robust pedipalp chela than females.

et al. 2013, Teruel and Melic 2015). There are keys available for Morocco and the 
Maghreb by Birula (1903, only four species), Vachon (1952a, ten species in the Mo-
roccan Buthus key), Lourenço (2003, 10+1 species), and Kovařík (2006, Tunisia, four 
species); for North Africa (excluding Morocco) by Rossi et al. (2013, 13 species), and 
for the Iberian Peninsula by Lourenço and Vachon (2004), Rossi (2012), and Teruel 
and Melic (2015).

Unfortunately, the identification of the majority of Buthus species remains dif-
ficult, in part because of the limited number of diagnostic characters and the in-
complete knowledge regarding their intraspecific variation. Sexual dimorphism of 
pedipalp chelae is a promising trait, but for many species the male or female is still 
undescribed, which limits its applicability. Authors are urged to mention the variation 
on all the traits mentioned here (see Rossi et al. 2013 for a nice example) in future 
Buthus species descriptions.

Confirming the fast pace of new Buthus species descriptions, a new species, Buthus 
danyii Rossi, 2017 was published from Ghana (Rossi 2017) while this study was under 
revision. As such we were unable to include this species in the present update.

It is hoped that the present catalogue will facilitate a more precise, informative and 
comparative description of future species. Buthus are an important component of the 
scorpions’ fauna of North Africa and Western Europe, but it is only now becoming 
apparent that they are also diverse in the southern Sahara Desert, an area that should 
be prioritized in future surveys of Buthus scorpions.
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Catalogue

Genus Buthus Leach, 1815

Buthus: Leach 1815: 391; Latreille 1817: 310; Gervais 1844b: 203; Peters 1861 (part): 
513; Thorell 1876a (part): 82; Thorell 1876b: 7; Simon 1879: 95–96; Karsch 1886 
(part): 77; Pocock 1890 (part): 122; Karsch 1891: 18; Kraepelin 1891 (part): 35–
42; Pocock 1893 (part): 312; Kraepelin 1895 (part): 79–80; Laurie 1896b: 131; 
Lönnberg 1897b (part): 194; Kraepelin 1899 (part): 9; Pocock 1900a (part): 13; 
Simon 1910: 67–68; Birula 1917a (part): 20–24, 164; Birula 1917b (part): 55; 
Pavlovsky 1924 (part): 77; Kastner 1941 (part): 230; Vachon 1948a: 206–208; 
Vachon 1949a: 155–162; Vachon 1952a: 155, 241–246, fig. 579; Vachon 1963b: 
164, fig. 10; Bücherl 1964: 57; Stahnke 1972: 132, fig. 20; Vachon 1974: 906; Levy 
and Amitai 1980: 14–15; Francke 1985: 6, 15; Sissom 1990: 101; Nenilin and Fet 
1992: 17; Kovařík 1998: 106; Fet and Lowe 2000: 91; Lourenço 2016b: 3–4.

Type species (by original designation). Scorpio occitanus Amoreux, 1789 [=Buthus oc-
citanus (Amoreux, 1789)].

Etymology. Leach did not provide an explanation for his selection of the genus 
name. A search on the original usage of the word may shed some light on the intended 
meaning. Buthus is the Latin form of the Greek name βοῦθος (Bouthos), an unusual 
name of a winning athlete of the ancient Pythian Games, mentioned by Hesychius 
and Aristotle (Müller 1848, Christesen 2007). The name was more familiar in antiq-
uity when used in the adage “Βοῦθος περιφοιτᾷ”, translated to the Latin as “Buthus 
obambulat”, which translates into “Buthus who wanders”, which apparently was ap-
plied to stupid and simple people (Müller 1848, Christesen 2007). In Hofmann et 
al. (1698) the entry for Buthus reads “athleta nobilis, qui bovem integrum unô die 
devorare solebat; unde natum proverbium in edaces, Buthus obambulat” which roughly 
translates to “a noble athlete, who used to devour a great ox in a day, and who gave 
rise to the proverb, Buthus obambulat”. Noël (1824) entry for Buthus also refers to 
an athlete that devoured an ox in a single day, and that this voracity was the origin 
of the proverb “Buthus obambulat”, which according to the author refers to gluttony. 
Interestingly Noël also states that Buthus, in combination with “βῦς, θúιεν (thuein)”, 
also refers to sacrifice. This opinion shares roots with the meaning of two other words 
with similar etymology, būthysĭa (used by Nero) that translates to “sacrifice of an ox” 
and būthytēs (used by Pliny the Elder), that translates to a “sacrificed ox”, according to 
the Gaffiot Latin-French dictionary (Various 2016). Recently Dupré (2016) reached a 
similar conclusion, although he states that Buthus originates from the composition of 
the Greek word “Gr. bous, ox; - thouéin [Greek suffix?], killer”. Potentially therefore, 
Buthus refers to a stupid or voracious animal, an ox killer or to a sacrifice of an ox, 
from the latter two we can interpret it as a powerful and dangerous animal. In our 
opinion the later makes more sense and agrees well with what was known at the time 
about the potent venom of Buthus scorpions. As such, it is our opinion that Buthus is 
a singular masculine Latin word (of Greek origin), which Leach intended as homage 
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to an ancient hero (a trend at that time), and that refers to an animal so venomous 
that it could kill an ox.

Distribution. AFRICA: Algeria, Cameroon, Chad, Egypt, Eritrea, Ethiopia, 
Guinea, Ivory Coast, Libya, Mali, Mauritania, Morocco (including Western Sahara), 
Niger, Senegal, Somalia, South Sudan, Sudan, Tunisia. ?Guinea-Bissau, Nigeria, Bur-
kina Faso, ?Gambia, Ghana, ?Djibouti. ASIA: Cyprus, Israel, Jordan, Yemen. ?Iraq, 
?Lebanon, ?Saudi Arabia, ?Turkey. EUROPE: France, Italy (Sicily), Spain, Portugal. 
?Malta, ?Greece (Corfu, Thessaly). All currently valid records of Buthus species per 
country are presented in Table 2. Figure 10 offers an additional zoom to the most di-
verse region of Buthus species diversity, the Maghreb.

Remarks. There are several old records of Buthus, marked with a question mark 
above, which have never been found again (independently of the material in which they 
were based being lost or not). As such, many have not been checked since the genus was 
reduced in scope by Vachon (1949), or those localities remain doubtful because no Bu-
thus has been collected there since. This is of special significance in countries like Greece 
and Turkey that have been in recent years reasonably well prospected. Type specimens for 
several Buthus species described early on were not designated or have since become lost, 
but this does not necessarily represent a taxonomic problem. For example B. occitanus 
has no type specimen (Fet and Lowe 2000), but its type locality is well established and 
no other Buthus species occurs nearby. In this case the designation of a neotype is not 
justified under the ICZN (article 75.2). However, this is not the case for other species 
that have neither type specimens nor localities, and that we will further discuss below.

1. Buthus adrianae Rossi, 2013

Buthus adrianae: Rossi 2013: 188–191, fig. 1–2; Rossi, Tropea and Yağmur 2013: 3; 5, 8.

Type material. 1 adult M holotype (MCSNB N° 14011), El-Hamam (30.8300°, 
29.3150°), Alexandria, Egypt. Paratypes: 1 adult M and 1 adult F (ARPC), same locality.

Distribution. known only from the type locality.

2. Buthus albengai Lourenço, 2003

Buthus albengai: Lourenço 2003: 902–904, fig. 70–74; Lourenço and Geniez 2005: 5; 
Aboumaâd et al. 2014: 6; Touloun et al. 2014: 76; Lourenço 2016b: fig. 3.

Type material. 1 F holotype (MHNG), Ito Plateau (approx. 33.51°, -5.3°), Ifrane, 
Morocco. Paratypes: 3 F, same locality; 2 juv., Ifrane (Cedars woods); 1 M, 1 F juv., 
region north of Kenifra (all in MHNG).

Distribution. known from an area in Morocco that extends from ifrane to Kenifra.
Remarks. It is one of the largest known Buthus species. Records by Habel et al. 

(2012) south of the High-Atlas are most likely misidentifications.
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Figure 12. Map of North Africa Maghrebian Buthus species’ type localities (numbers according to the 
Catalogue and Table 2) whenever known or the best possible approximation at present.

3. Buthus amri Lourenço, Yağmur & Duhem, 2010

Buthus amri: Lourenço, Yağmur and Duhem 2010: 96–99, fig. 1–5; Lourenço 2013: 
65; Lourenço and Rossi 2013: 9; Amr 2015: 186.

Type material. 1 M holotype (MNHN), Wadi Rum Desert (29.5363°, 35.4136°), 
Aqaba, Jordan. Paratypes: 1 adult F (MNHN), 2 adult F, 1 subadult F, 2 subadult M, 
3 juv. (MTAS), all from the same locality.

Distribution. known only from the type locality.

4. Buthus atlantis Pocock, 1889

= Tityus tenuimanus Banks 1910: 189 (synonymized by Lourenço and Francke 1984: 
428). 1 F holotype (MCZ), Buena Vista Lake, California, USA (incorrect locality).

Buthus atlantis: Pocock 1889b: 340–341, pl. XV, fig. 4; Birula 1896: 244; Kraepelin 
1891: 197, 199; Birula 1903: 107–108; Werner 1932: 300–305; Vachon 1949a: 
162–169,fig. 345, 347, 349, 351, 354, 355, 357–362; Vachon 1952a: 254–255, 
fig. 345, 347, 349, 351, 354, 355, 357–362; Malhomme 1954: 25; Bücherl 1964: 
57; Pérez 1974: 22; Levy and Amitai 1980: 15; EI-Hennawy 1992: 98, 119; Kovařík 
1998: 106; Fet and Lowe 2000: 91; Lourenço 2005a: 233–234; Lourenço and Ge-
niez 2005: 5; Stockmann and Ythier 2010: 360–361; Stockmann 2015: fig. 5.
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Buthus Atlantis (sic): Aboumaâd et al. 2014: 5.
Buthus atlantis atlantis: Vachon 1949a: 166–168; Vachon 1952a: 252, 254; Le Cor-

roller 1967: 63; Kovařík 1995: 20; Fet and Lowe 2000: 91; Lourenço 2003: 883–
885, fig. 18–22; Touloun et al. 2001: 2; Gantenbein and Largiadèr 2003: 120, 
122; Touloun 2012: 43, fig. 9A.

Buthus occitanus atlantis: Kraepelin 1899: 26–27; Werner 1934b: 86–87, fig. 5; Schen-
kel 1949: 186–187.

Buthus (Buthus) atlantis: Birula 1910: 145; Birula 1917a: 213, 223.
Tityus tenuimanus: Cox 1921: 12; Ewing 1928: 22; Mello-Leitão 1931: 121, 140; 

Mello-Leitão 1939: 60, 64, 71; Comstock 1940: 27; Mello-Leitão 1945: 308; 
Gertsch and Soleglad 1966: 2; Hjelle 1972: 28; Lourenço and Francke 1984: 427, 
fig. 10–12.

Type material. 1 F holotype (NHMUK), Essaouira (formerly Mogador) (approx. 
31.49°, -9.76°), Morocco.

Distribution. known to occur only in sandy dune habitats close to the Atlantic 
Ocean in Morocco, between Essaouira and Agadir.

Remarks. It is the largest known Buthus species.

5. Buthus aures Lourenço & Sadine, 2016

Buthus aures Lourenço and Sadine 2016: 14–17, fig. 4–13.

Type material. 1 M holotype (MNHN), Batna region (35.5319°, 5.9194°), Aurès 
Mountains, Algeria. 1 M paratype (UGA), same locality.

Distribution. known only from the type locality.

6. Buthus awashensis Kovařík, 2011

Buthus awashensis: Kovařík 2011: 1–3, 5–8, fig. 5–16.
Buthus occitanus (MIS): Kovařík and Whitman 2005 (part): 106.

Type material. 1 M holotype (FKCP), Metahara (approx. 8.900°, 39.900°), Oromia, 
Ethiopia. Paratypes: 34 M, 34 F, 36 juv. (FKCP), all from the same locality; 1 M 
(FKCP), Dire Dawa, Ethiopia.

Distribution. know only from two Ethiopian localities, more than 200 km apart.
Remarks. The pedipalp chela length-to-width ratio given by the author for the 

type material suggest that some animals exhibit sexual dimorphism while others do 
not. If this is true, the utility of this ratio as a diagnostic character in Buthus would be 
compromised. Alternatively, it may be due simply to the use of immature specimens.
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7. Buthus barcaeus Birula, 1909

Buthus occitanus barcaeus: Birula 1909: 508–511. fig. A, C; Borelli 1914a: 155–156; 
Borelli 1924: 5–7; Borelli 1928: 351; Caporiacco 1932: 395; Borelli 1934: 169; 
Caporiacco 1937: 345; Pérez 1974: 23; Levy and Amitai 1980: 16; El-Hennawy 
1992: 98, 120; Kovařík 1998: 106; Fet and Lowe 2000: 95; Kovařík 2002: 5.

Buthus (Buthus) occitanus barcaeus: Birula 1910: 156; Birula 1917a: 223.
Buthus barcaeus: Kovařík 2006: 3, fig. 6; Kaltsas et al. 2008: 215; Lourenço and 

Cloudsley-Thompson 2012: 15; Lourenço and Simon 2012: 11; Rossi, Tropea 
and Yağmur 2013: 3–5, 7.

Type material. 4 M, 1 F juv., syntypes (ZIN), Barca (approx. 32.48°, 20.83°), 5 km E 
from Benghazi (Cyrenaica), Libya.

Distribution. know from several localities along the Mediterranean coast of Libya.
Remarks. The specimens present in the MNHN (F n° 4896), captured in Barca and 

identified by Vachon in 1974, have no intermediary keel on the fourth metasomal seg-
ment, which casts doubts about the use of the character in the diagnosis of B. barcaeus.

8. Buthus berberensis Pocock, 1900

= Buthus occitanus zeylensis Pocock 1900b: 56–57 (synonymized by Levy and Amitai 
1980: 16). 1 F holotype (NHMUK), Zeyla (northwestern Somaliland), Somalia.

Buthus occitanus berberensis: Birula 1903: 106–107; Birula 1909: 510; Birula 1910: 
118; Kraepelin 1903: 558; Borelli 1904:·2–3; Giltay 1929: 196; Moriggi 1941: 
84; Lamoral and Reynders 1975: 505; Levy and Amitai 1980: 16; EI-Hen-
nawy: 1992: 98, 120; Kovařík 1998: 106; Fet and Lowe 2000: 95; Kovařík 2003 
(part): 138.

Buthus occitanus zeylensis: Kraepelin 1903: 558–559; Borelli 1919: 363; Borelli 1931: 
218; Caporiacco 1936: 137; Moriggi 1941: 84; Lamoral and Reynders 1975: 505–
506; EI-Hennawy 1992: 98, 121–122; Kovařík 1998: 106.

Buthus berberensis: Lourenço 2008: 46; Kovařík 2011: 4–6.
Buthus (Buthus) occitanus berberensis: Birula 1917a: 123.

Type material. 1 M holotype (NHMUK), Somaliland, Somalia.
Distribution. know from Djibouti, Eritrea, Ethiopia and Somalia, although Bi-

rula (1903) recorded toponyms that are old and difficult to map.
Remarks. Lourenço (2008) stated that B. o. zeylensis might be a distinct species 

from B. berberensis, but that further material was required to confirm this possibility. 
Kovařík (2011) considered B. o. zeylensis a colour morph of B. berberensis present in 
juveniles and some males.
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9. Buthus bonito Lourenço & Geniez, 2005
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8669
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8670

= Buthus sabulicola Touloun 2012: 46, 48–58, fig.10, 13, 14 (Syn. n.). 1 F holotype 
(MNHN), Khnifiss lagoon, Tan-Tan Province, Morocco.

Buthus bonito: Lourenço and Geniez 2005: 1–5, fig. 1–8, 10; Touloun et al. 2008: 3–4, 
fig.1; Stockmann and Ythier 2010: 362–363; Pedroso et al. 2013: 300; Aboumaâd 
et al. 2014: 6; Touloun et al. 2016: 880, fig. 2D.

Type material. 1 M holotype (MNHN N° RS8669), Khnifiss lagoon (approx. 27.93°, 
-12.34°), Tarfaya, Morocco. Paratypes: 2 F (MNHN N° RS8670), from the same locality.

Distribution. known from the Atlantic coast of Morocco south of Tan-Tan ex-
tending almost to Dakhla in the Western Sahara (Touloun et al. 2016).

Remarks. Although the type material of B. sabulicola was collected in 2002 by 
Touloun, Stockmann and Slimani, the species was not formally described until the 
publication of the PhD thesis of Oulaid Touloun in 2012. The type specimens of B. 
bonito and B. sabulicola are from the exact same locality, the Khnifiss lagoon, and both 
descriptions are almost identical. Touloun et al. (2016), probably by mistake, indicated 
that the fifth metasomal segment and telson are darkened in B. bonito, but the trait 
does not appear in the accompanying figure.

10. Buthus boumalenii Touloun & Boumezzough, 2011
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8891

Buthus boumalenii: Touloun and Boumezzough 2011a: 183–186, fig. 2–7; Pedroso et 
al. 2013: 300; Aboumaâd et al. 2014: 6; El Hidan et al. 2016: 4.

Type material. 1 F holotype (UCAM), Tineghir (approx. 31.366°, -5.905°), Bou-
malene, Morocco. Paratypes: 1 M (UCAM), 1 M, 1 F (MNHN, N° RS8891), all from 
the same locality.

Distribution. known only from the Boumalne region of Morocco (El Hidan et 
al. 2016).

Remarks. This species is the only known representative of a phylogenetic lineage 
present east of the High Atlas Mountains of Morocco. Because of its phylogenetic 
uniqueness, the conservation of this species should have top priority.

11. Buthus brignolii Lourenço, 2003

Buthus brignolii: Lourenço 2003: 905–907, fig. 75–79; Rossi and Tropea 2016a: 4.
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Type material. 1 F holotype (MHNG), Djebel Meidob (approx. 15.21°, 26.44°), Dar-
fur, Sudan.

Distribution. known only from the type locality.
Remarks. it is one of the four known “inland island” species of Buthus that have 

been found in the Mountainous regions in the heart of the Sahara Desert.

12. Buthus centroafricanus Lourenço, 2016
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs9069

Buthus centroafricanus: Lourenço 2016a: 73–77, fig. 1–11.

Type material. 1 M holotype (MNHN), Between Bria and Yalinga (as Jalinga) (ap-
prox. 6.52°, 22.62°), Province Haute-Kotto, Central African Republic.

Distribution. known only from the type locality.

13. Buthus chambiensis Kovařík, 2006

Buthus chambiensis: Kovařík 2006: 1–3, fig. 2–5; Rossi, Tropea and Yağmur 2013: 3, 7.

Type material. 1 M holotype (FKCP), Djebel Chambi Mountain (approx. 35.17°, 8.56°), 
Kasserine Province, Tunisia. Paratypes: 1 M juv., 2 F, 1 juv., all from the same locality.

Distribution. known only from the type locality.

14. Buthus confluens Lourenço, Touloun & Boumezzough, 2012
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8919
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8920

Buthus confluens: Lourenço, Touloun and Boumezzough 2012: 22–24, fig. 1–11; Tou-
loun et al. 2014: 76–77.

Type material. 1 M holotype (MNHN N° RS8919), Alhamra (35.39529°, -05.37181°), 
Tétouan, Morocco. Paratypes: 1 F (MNHN N° RS8920), 1 M (UCAM), all from the 
same locality.

Distribution. known from several localities in the Tingitana Pensinsula of Mo-
rocco, but also further to the south.

Remarks. Based on the colour pattern and pigmentation, the original authors sug-
gested that B. confluens was the closest phylogenetic relative in Morocco to B. ibericus, 
from the Iberian Peninsula. However, because the presence of three dark bands on the 
metasoma is shared among several Buthus species, this claim should be further con-
firmed with additional data.
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15. Buthus draa Lourenço & Slimani, 2004
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8694

Buthus draa: Lourenço and Slimani 2004: 166–169, fig. 1–7; Lourenço, Sun and 
Zhu 2009: p. 72, fig. 2–6; Stockmann and Ythier 2010: 362–363; Touloun and 
Boumezzough 2011b: 186; Habel et al. 2012: 2, 4; Sousa et al. 2012: 68–69; Pe-
droso et al. 2013: 300; Yang et al. 2013: 2; Aboumaâd et al. 2014: 6; El Hidan et 
al. 2016: 4.

Buthus occitanus tunetanus neeli (MIS): Touloun et al. 1999: 1–2.
Buthus tassili (MIS): Touloun 2012: 37, 40–41, fig.7.

Type material. 1 M holotype (UCAM), Taznakht (30.51853°, -7.02595°), Ouarzaz-
ate, Morocco. Paratypes: 1 M, 2 F (UCAM), 1 M, 1 F (ZMH), 2 M, 1 F (MNHN), all 
from the same locality; 1 M (ZMH), Aït Bassou; 2 F juv. (ZMH), Aït Ounzar Oulad 
Aissa; 1 M (ZMH), near Agdez; 1 M (ZMH), Oulad Hlal. The ZMH accession num-
ber for all paratypes is A7/03.

Distribution. B. draa can be found in the upper part of the Draa River, probably 
at elevations below 1500 m a.s.l.

Remarks. B. draa shares with B. tassili and B. nigrovesiculosus the presence of a 
darkened fifth metasoma segment and telson.

16. Buthus dunlopi Kovařík, 2006

Buthus dunlopi: Kovařík 2006: 2–3, 6, fig. 7–8; Rossi, Tropea and Yağmur 2013: 5, 7.

Type material. 1 M holotype (FKCP), Remada (approx. 32.31°, 10.39°), Tataouine, 
Tunisia. Paratypes: 1 M, 3 F (FKCP), same locality.

Distribution. known only from the type locality.

17. Buthus duprei Rossi & Tropea, 2016
http://zoobank.org/86EDFE2D-B287-4DCD-BD37-8B99FC58915C

Buthus duprei Rossi and Tropea 2016b: 25–28, fig. 1–12.

Type material. 1 M holotype (MCVR), Port Sudan (approx. 19.59°, 37.19°), Sudan. 
Paratype: 1 M juv. (ARPC N° 0809), same locality.

Distribution. known only from the type locality.
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18. Buthus egyptiensis Lourenço, 2012

Buthus egyptiensis: Lourenço and Cloudsley-Thompson 2012: 12–16, fig. 1–7; Lourenço 
and Simon 2012: 12; Rossi 2013: 191–192; Rossi, Tropea and Yağmur 2013: 4, 7.

Type material. 1 F holotype (ZMH N° A20/12), Siwa (approx. 29.17°, 25.46°), Egypt.
Distribution. known only from the type locality.
Remarks. One of the four known “inland island” species of Buthus that have been 

found within the Sahara Desert, although in this case from an Oasis. It is also one of 
the largest known Buthus species.

19. Buthus elhennawyi Lourenço, 2005
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8637

Buthus elhennawyi: Lourenço 2005b: 246–249, fig. 1–7; Lourenço and Leguin 2012: 8.

Type material. 1 M holotype (ZMH N° A42/05), Fété-Olé (as Félé-Olé) (16.233°, 
-15.099°), Ferlo, Senegal. Paratype: 1 M (MNHN N° RS8637), Rosi (as Rossi), Niger.

Distribution. this species is known from Niger and Senegal, from a single locality 
in each country, which are almost 2,000 Km apart.

Remarks. We used the location of Fété-Olé given in Vincke et al. (2010), a locality 
that has been part of long term ecological studies, to map this locality, instead of the 
original spelling “Félé-Olé”.

20. Buthus elizabethae Lourenço, 2005
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8638

Buthus elizabethae: Lourenço 2005a: 230–235, fig. 1–12, Lourenço 2005b: 249.

Type material. 1 M holotype (ZMH N° A36/05), S.W. of Gaoual (approx. 11.71°, 
-13.22°), Boké, Guinea. Paratypes: 1 F (ZMH N° A37/05), same locality; 1 M, 1 F 
(MNHN), Niokolo-Koba National Park, Senegal.

Distribution. this species is known from Guinea and Senegal,
Remarks. Given the geographical proximity, it is possible that the Buthus material 

reported to have been found in Guinea-Bissau might very well correspond to this spe-
cies. Unfortunately the Guinea-Bissau material was lost in a fire, and hence only newly 
collected material could confirm this possibility.
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21. Buthus elmoutaouakili Lourenço & Qi, 2006

Buthus elmoutaouakili: Lourenço and Qi 2006: 288–291, fig. 1–11; Habel et al. 2012 
(part): 2, 3; Husemann et al. 2012 (part): 2, 4–5; Touloun and Boumezzough 
2011b: 11–12, fig. 2C; Aboumaâd et al. 2014: 6.

Buthus occitanus mardochei alluaudi: Vachon 1949c: 363–367, fig. 409–416; Vachon 
1952a: 291–295, fig. 409–416; Le Corroller 1967: 63; Pérez 1974: 23; Touloun 
2012: 39, 57.

Type material. 1 M holotype (ZMH N° A18/06), Ait Baha (approx. 30.07°, -9.15°), 
Chtouka Aït Baha, Morocco.

Distribution. this species seems to be widely distributed across the western portion of 
the Anti-Atlas, although some misidentifications with Buthus parroti cannot be excluded.

Remarks. According to ICZN article 45.5, Vachon’s (1949) infrasubspecific name 
is unavailable. Although the name was published before 1961, it was only used as in-
frasubspecific by all subsequent authors.

22. Buthus elongatus Rossi, 2012

Buthus elongatus: Rossi 2012: 273–278, fig. 1–6; Teruel and Melic 2015: 5–9.

Type material. 1 adult M holotype (MZUF N° 1432), Sierra Blanca (36.533°, 
-4.900°), Marbella, Malaga Province, Spain. Paratypes: 1 adult F (ARPC), same local-
ity; 1 M, 1 F (MZUF N° 875), Playa del Alicate (36.499°, -4.818), Marbella, Malaga 
Province, Spain.

Distribution. this species is known from the southern Iberian Mediterranean 
coast, close to Marbella.

Remarks. The second locality given by Rossi as Alicante (sic), had a typographic 
error, as the coordinates given by the author, together with their map in Fig. 7, provide 
sufficient evidence for the correct mapping of this locality. Both localities are under 
severe anthropomorphic pressure.

23. Buthus hassanini Lourenço, Duhem & Cloudsley-Thompson, 2012
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8927

Buthus hassanini: Lourenço et al. 2012: 319–321, 323, fig. 35–42.

Type material. 1 F (MNHN N° RS8927), Biti Tehëc (approx. 17.187°, 22.288°), 
Ennedi Plateau, Chad.

Distribution. known only from the type locality.
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Remarks. Another of the four known “inland island” species of Buthus that have 
been found in a Mountainous region in the heart of the Sahara Desert. The type local-
ity was pinpointed following the map provided by the authors (fig. 90).

24. Buthus ibericus Lourenço & Vachon, 2004, nomen protectum
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8605

= Buthus halius (C. L. Koch, 1839) (nomen oblitum) (comb. n., syn. n.). Holotype 
lost according to Fet and Lowe (2000), Portugal.

Buthus ibericus Lourenço & Vachon, 2004: 88–91, fig. 31–42, Fernández 2004: 222; 
Teruel and Pérez-Bote 2005: 273–276, fig. 1; Armas and González-Moliné 2009: 
553–554; Fet 2010: 4; Sousa et al. 2010: 207; Rossi 2012: 274–275, 277–278; 
Pedroso et al. 2013: 300; Teruel and Melic 2015: 6–9.

Androctonus halius C. L. Koch 1839a: 69–70, pl.CLXIII, fig. 383; Gervais 1844a: 43; 
C. L. Koch 1850: 90; Simon 1879: 96.

Buthus occitanus (MIS): Berejano and Pérez-Bote 2002: 59.

Type material. 1 M holotype (MNHN N° RS8605), San José del Valle (36.6247°, 
-5.6646°), Cádiz, Spain. Paratypes: 2 F (MNHN, N° RS8654), 1 M, 2 F (CRBA, N° 
CRBA-21826), and 2 F (MNCN N° 20.02/14857), all from the same locality.

Distribution. this species seems to have a wide distribution range in the western part 
of the Iberian Peninsula, although the limits of its distribution remain poorly defined.

Remarks. B. ibericus was first described from Spain and subsequently reported for 
Portugal (e.g. Sousa et al. 2010, Rossi 2012). Simon (1879) synonymized Androctonus 
halius with B. occitanus based on its type locality, which was wrongly stated to be Spain 
(page 98), because Simon considered B. occitanus (as B. europaeus) to be the only good 
species in Spain. Koch’s original description is not by itself enough to synonymize both 
species. However, Koch’s fig. 383 illustration of Androctonus halius includes a basal lobe 
in the movable finger (Fig. 13a and B), which is the key diagnostic character for B. iberi-
cus (Lourenço and Vachon 2004, Rossi 2012), together with its type locality (Portugal), 
supports this synonymy. Nonetheless, according to the I.C.Z.N. article 23.9, the junior 
synonym can remain valid to maintain taxonomic stability. To our knowledge the name 
B. halius has not been used since 1879 (article 23.9.1.1), and more than 25 works have 
been published in the past 12 years by more than 10 authors using the name B. ibericus 
(article 23.9.1.2). Not all works are cited here because they are neither taxonomic nor 
faunistic. As such we propose to maintain as valid the junior synonym B. ibericus (no-
men protectum) according to prevailing usage (article 23.9.1), and to consider the senior 
synonym B. halius a nomen oblitum. Rossi, 2012 (page 278), for B. ibericus, states erro-
neously “Sexual dimorphism is not noticeable in the chela manus”, which is in contrast 
to the original descriptions of both Koch (1839) and Lourenço and Vachon (2004) and 
to the complementary description in Teruel and Pérez-Bote (2005). In both works it 
can be observed that the male manus is more bulbous than the female’s, which results 
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Figure 13. Reproduction of C. L. Koch’s 1839 B. halius figure 382 (plate CLXIII). Right pedipalp che-
lae detail from three Buthus species published in the same work: A B. paris (as Androctonus clytoneus), fig. 
384 (same plate) B B. halius with an arrow pinpointing the basal lobe C B. paris, fig. 352 (pl. CLI). All 
images were taken as provided by the pdf copy available in the BHL, which was made available by the 
Ernst Mayr Library of the Museum of Comparative Zoology, Harvard University.

in the males having a smaller length to width ratio. The type locality of B. ibericus was 
precisely located following the indications of Iñigo Sánchez, the original collector.

25. Buthus intermedius (Ehrenberg in Hemprich & Ehrenberg, 1829)
http://www.systax.org/en/details/spm/88132

Androctonus (Leirus) tunetanus intermedius: Ehrenberg in Hemprich & Ehrenberg, 
1829: 354; Braunwalder and Fet 1998: 33–34.

Androctonus (Leiurus) tunetanus intumescens (MIS): Kovařík 2006: 10.
Androctonus (Liurus) tunetanus intermedius: Ehrenberg in Hemprich & Ehrenberg, 

1831: (pages not numbered).
Androctonus occitanus intermedius: Gervais 1844a: 42.
Buthus (Buthus) occitanus intermedius: Birula 1917a: 228.
Buthus occitanus intermedius: Peréz 1974: 23.
Buthus intermedius (Ehrenberg): Lourenço 2008: 46–47.

Type material. 1 F (in bad conditions) (ZMB N° 146), Al Luhayyah (as Lohaie), 
Yemen.

Distribution. Known only from the type locality.
Remarks. Fet and Lowe (2000) considered the locality as probably wrong since 

at that time no other Buthus had been collected again in Yemen. However, Lourenço's 
(2008) Buthus yemenensis revalidated Ehrenberg species’ by providing concrete proof 
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for the existence of Buthus species in this country. Doubst about B. intermedius type 
locality were the only evidence given by Kovařík (2006) for its synonimization with 
Buthus intumescens (Ehrenberg in Hemprich & Ehrenberg, 1829).

26. Buthus intumescens (Ehrenberg in Hemprich & Ehrenberg, 1829)
http://www.systax.org/en/details/spm/88133

Androctonus (Leiurus) tunetanus intumescens: Ehrenberg in Hemprich and Ehrenberg 
1829: 354; Braunwalder and Fet 1998: 33.

Androctonus (Liurus) tunetanus intumescens: Ehrenberg in Hemprich and Ehrenberg 
1831 (pages not numbered); Moritz and Fischer 1980: 316.

Androctonus occitanus intumescens: Gervais 1844a: 42.
Buthus intumescens: Kovařík 2006 (part): 10–11, 15, fig. 20; Kaltsas et al. 2008 (part): 

215; Rossi 2013: 191–192; Rossi, Tropea and Yağmur 2013: 3, 6–8.

Type material. 1 (sex unknown) (in bad conditions) (ZMB N° 145), Egypt.
Remarks. known only from a single specimen.

27. Buthus israelis Shulov & Amitai, 1959

Buthus occitanus mardochei israelis: Shulov and Amitai 1959: 219–225, fig. 1–3.
Buthus occitanus israelis: Pérez 1974: 23; Vachon and Kinzelbach 1987: 101; Fet and 

Lowe 2000: 95; Skutelsky 1995: 46; Skutelsky 1996: 50
Buthus occitanus israelis (Shulov & Amitai, 1959): Levy and Amitai 1980: 16–21, fig. 

25–29; EI-Hennawy 1992: 101, 120; Kovařík 2006: 10; Lourenço, Yağmur and 
Duhem 2010: 96.

Buthus intumescens (MIS): Kovařík 2006 (part): 10–11.
Buthus israelis: Lourenço, Yağmur and Duhem 2010: 96–97; Yağmur, Koç and Louren-

ço 2011: 29.
Buthus israelis (Shulov & Amitai, 1959): Rossi 2013: 191–192; Rossi, Tropea and 

Yağmur 2013: 2–3, 6–7.
Buthus occitanus mardochei israelis: Vachon 1966: 211; Kovařík 2006: 10; Lourenço, 

Yağmur and Duhem 2010: 95.
Buthus occitanus typicus: Bodenheimer 1937: 235.

Type material. holotype lost (sex unknown), Mash’abbe Sade (as Mashavei Sadé) (ap-
prox. 31°, 34.78°), Negev desert, Israel.

Distribution. This species has been recorded in Egypt (the Sinai Peninsula) and 
Israel. Notwithstanding, Kovařík (2006) considered this species to be a junior syno-
nym of B. intumescens.
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Remarks. Levy and Amitai (1980) did not designate any neotype when they re-de-
scribed the species. In contrast to the several infrasubspecific taxa described by Vachon 
that are unavailable according to the ICZN, B. o. israelis is an available name according 
to the ICZN article 45.6.4.1 (“a name that is infrasubspecific under Article 45.6.4 is 
nevertheless deemed to be subspecific from its original publication if, before 1985, it 
was either adopted as the valid name of a species or subspecies or was treated as a senior 
homonym”), which is the present case as Levy and Amitai redescribed this taxon before 
1985, and thus articles 45.5 and 45.5.1 do not apply. Several authors wrongly report 
the original authors of the species in parenthesis. The use of parenthesis is only to be 
made when a species is changed from one genus to another (ICZN article 51.3), which 
is clearly not the case with B. israelis.

28. Buthus jianxinae Lourenço, 2005
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8175

Buthus jianxinae: Lourenço 2005c: 22–23, fig. 1–12.

Type material. 1 M holotype (MNHN N° RS8175), Loka (approx. 4.21°, 30.91°), 
Equatoria, South Sudan.

Distribution. known only from the type locality.

29. Buthus karoraensis Rossi & Tropea, 2016
http://zoobank.org/9EA2BC5A-9E0B-4457-8E32-EA3C3FAA0A74

Buthus karoraensis: Rossi and Tropea 2016a: 4–7, fig. 1–13; Rossi and Tropea 2016b: 25.
Buthus occitanus berberensis (MIS): Kovařík 2003 (part): 138.
Buthus occitanus (MIS): Kovařík and Whitman 2005 (part): 106.

Type material. 1 M holotype (MZUF N° 610), Karora (17.703°, 38.365°) (small en-
clave in the Eritrean-Sudan border), Eritrea. Paratypes: 1 M, 4 F (MZUF N° 610); 1 
M (MCSNB: N° 12749), 1 F (MCSNB: N° 12748), all from the same locality.

Distribution. known only from the type locality.

30. Buthus kunti Yağmur, Koç & Lourenço, 2011
http://zoobank.org/96DA8302-0891-4EF8-8D5B-DA8275325908
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8892

Buthus kunti: Yağmur, Koç and Lourenço 2011: 29–33, fig. 1–12.
Buthus europaeus (MIS): Simon 1879: 97.
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Buthus occitanus (MIS): Kraepelin 1891 (part): 199.
Buthus sp.: Levy and Amitai 1980: 21.

Type material. 1 F holotype (MTAS), Rizokarpaso (Dipkarpaz) (35.58472°, 
34.42306°), Karpaz Region, Cyprus. Paratypes: 1 M juv. (MTAS), Zafer. 1 M juv. 
(MNHN N° RS8892), Güzelyurt.

Distribution. the species is only known from the northern portion of Cyprus.
Remarks. according to Yağmur, Koç and Lourenço (2011), this species is rare in 

the island.

31. Buthus labuschagnei Lourenço, 2015
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8992

Buthus labuschagnei Lourenço 2015: 22–24, fig. 13–22.

Type material. 1 F holotype (MNHN N° RS8992), Zakouma (Zakouma National 
Park) (approx. 10.89°, 19.82°), Salamat Region, Chad.

Distribution. known only from the type locality.

32. Buthus lienhardi Lourenço, 2003

Buthus lienhardi: Lourenço 2003: 899–902, fig. 62–69; Stockmann and Ythier 2010: 
362–363; Touloun and Boumezzough 2011a: 186; Touloun 2012: 37, fig.5C; 
Aboumaâd et al. 2014: 6.

Buthus occitanus tunetatus Lepineyi: Vachon 1949: 353–359, fig. 393–400; Vachon 
1952a: 281–286, fig. 393–400;

Buthus occitanus tunetatus lepineyi: Malhomme 1954: 29–30; Le Corroller 1967: 63; 
Peréz 1974: 22; Touloun et al. 1999: 1; Touloun et al. 2001: 2; Touloun 2012: 37.

Buthus occitanus tunetatus (MIS): Touloun 2012: 104, 108.

Type material. 1 M holotype (MHNG), Oukaimeden (approx. 31.201°, -7.861°), 
Marrakech, Morocco. Paratypes: 1 F, 2 juv. (MHNG), same locality.

Distribution. the species is known from a wide range across the High-Atlas 
Mountains.

Remarks. Vachon (1949) infrasubspecific name is not available as explained previously.

33. Buthus lourencoi Rossi, Tropea & Yağmur, 2013
http://zoobank.org/82B4235D-820E-4FE2-8AFC-6E0B4E28334D

Buthus lourencoi: Rossi et al. 2013: 2–3, fig. 3–10.
Buthus occitanus (MIS): Kovařík and Whitman 2005 (part): 106.
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Type material. 1 adult F holotype (MZUF N° 783), Mellaha (approx. 32.896°, 
13.285°), Tripoli, Libya

Distribution. known only from the type locality.
Remarks. The type locality is now part of the large city of Tripoli. It is fairly un-

likely that the species still occur within the boundaries of the city given the level of 
urban development. However, Mellaha, which was originally a military airport, is now 
the Mitiga International Airport, where large patches of unconstructed ground that 
may be suitable fot the species still exist.

34. Buthus malhommei Vachon, 1949

Buthus occitanus malhommei Vachon 1949: 376; Vachon 1952a: 304–308, fig. 433–444; 
Fet and Lowe 2000: 95; Touloun et al. 2001: 2; Touloun 2012: 35, 104, 108, fig. 5A.

Buthus malhommei: Lourenço 2003: 887–889, fig. 33–38; Stockmann and Ythier 
2010: 364–365 (MIS); Sousa et al. 2012: 68–69; Aboumaâd et al. 2014: 5.

Type material. 3 M, 3 F, 7 juv., syntypes (MNHN), Mechra ben Abbou (approx. 
32.646°, -7.800°), Settat, Morocco.

Distribution. Toulon (2012) greatly expanded the known distribution of this spe-
cies along the basin of the Oum er Rbia River.

35. Buthus mardochei Simon, 1878

Buthus mardoche (IOS): Simon 1878: 159–160; Simon 1879: 100; Kraepelin 1891: 
199; Birula, 1896: 244

Buthus (Buthus) mardoche (IOS): Birula 1910: 145–146; Birula 1917a: 223 (“dubious 
species”); Werner 1932: 300–305.

Buthus occitanus mardochei: Vachon 1949c (part): 358–363, fig. 400–408; Vachon 
1952a (part): 286–295, fig. 401–408; Malhomme 1954: 28–29; Pérez 1974: 22; 
Levy and Amitai 1980: 16; El-Hennawy 1992: 98, 120; Kovařík 1995: 20; Gan-
tenbein et al. 1998a: 51; Gantenbein et al. 1998b: 33–39; Kovařík 1998: 106; 
Fet and Lowe 2000: 96; Touloun et al. 2001: 2; Gantenbein and Largiadèr 2003 
(part): 120, 122.

Buthus occitanus mardochei mardochei: Le Corroller, 1967. 63; Touloun 2012: 39, 104, 
108, fig.5D.

Buthus mardochei: Lourenço 2003: 889, fig. 39; Stockmann and Ythier 2010: 364–
365; Aboumaâd et al. 2014: 5.

Type material. 1 F (MNHN N° RS1771, damaged), southern Morocco.
Distribution. this species appears to have a distribution parallel to that of B. at-

lantis, between Essaouira and Agadir, but is found further inland and away from the 
Atlantic coast.
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Remarks. Vachon (1949d: 358) corrected what he considered Simon's incorrect 
original spelling of “mardoche” to “mardochei”, since the form was named as a patro-
nym after its collector, Rabbi Mardoché. Nevertheless, it is our understanding that this 
was an unjustified emendation, because the ICZN article 31.1 admit the use of a noun 
in apposition as was the case with “mardoche”, however the ICZN article 33.2.3.1 ad-
mits the prevalence of this emendation as it continues to be attributed to “the original 
author and date” and is “in prevailing usage” and as such we refrain from any change 
to the name. Vachon (1949, 1952) also established that the species occurs roughly 
between Essaouira and Agadir, but not near the coast where it is replaced by B. atlantis.

36. Buthus mariefranceae Lourenço, 2003

Buthus mariefranceae: Lourenço 2003: 889–893, fig. 40–46; Lourenço and Qi 2006: 
291; Stockmann and Ythier 2010: 364–365; Sousa et al. 2012: 68–69; Touloun 
2012: 40; Pedroso et al. 2013: 300; Aboumaâd et al. 2014: 6.

Buthus occitanus mardochei mimeuri: Vachon 1949c: 367–373, fig. 417–425; Vachon 
1952a: 295–301, fig. 417–425; Le Corroller 1967: 63; Pérez 1974: 23; Touloun 
2012: 40, 57.

Type material. 1 F holotype (MHNG), Tan-Tan (approx. 28.43°, -11.1°), Guelmim 
Region, Morocco. Paratypes: 5 M, 4 F, 2 F juv. (MHNG), Goulimine.

Distribution. this species has a large distribution in Morocco, east and south of 
the Anti-Atlas Mountain.

Remarks. Vachon (1949) infrasubspecific name is not available as explained above.

37. Buthus maroccanus Birula, 1903

= Prionurus tingitanus: Pallary 1928a: 350–351, fig. 4 (synonymized by Vachon 1949b: 
281). Syntype, sex unknown (MNHN), Rabat, Morocco (Vachon, 1949, 1952).

Buthus occitanus maroccanus: Birula 1903: 106.
Buthus europaeus (MIS): Hirst 1925 (part): 416.
Buthus (Buthus) occitanus maroccanus: Birula 1910: 145; Birula 1917a: 223.
Buthus occitanus maroccanus: Giltay 1929: 196; Werner 1929: 31–32.
Buthus maroccanus: Werner 1932: 299; Werner 1934b: 84; Vachon 1949b: 281–287, 

fig. 364–371; Vachon 1952a: 255–261, fig. 364–371; Foley 1951: 33; Bücherl 
1964: 57; Pérez 1974: 22: l.evy and Amitai 1980: 15; El-Hennawy 1992: 98, 119; 
Kovařík 1995: 20; Kovařík 1998: 106; Fet and Lowe 2000: 92; Sousa et al. 2012: 
68–69; Stockmann and Ythier 2010: 366–367; Aboumaâd et al. 2014: 6..

Buthus marocanus (ISS): Le Corroller 1967: 63.
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Type material. 3 M, F, syntypes (ZIN), Morocco; 1 specimen syntype (ZIN), locality 
unknown (Fet and Lowe 2000).

Distribution. all known specimens have been captured in the Rabat Region (ap-
prox. 28.43°, -11.10°).

Remarks. it remains the only known Buthus species with a uniformly darkened body.

38. Buthus montanus Lourenço & Vachon, 2004
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8604
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8653

Buthus montanus Lourenço and Vachon 2004:84, 86–87, 91, fig. 16–30; Fernández 
2004: 222; Fet 2010: 4; Rossi 2012: 274, 277–278; Teruel and Melic 2015: 5–9.

Type material. 1 M holotype (MNHN N° RS8604), Sierra Nevada (between Puerto 
de la Ragua and Cerro Pelado) (approx. 37.11°, -3.14°), Granada Region, Spain. Para-
types: 1 M, 3 F (MNHN N° RS8653), same locality.

Distribution. known only from the type locality.

39. Buthus nigrovesiculosus Hirst, 1925, stat. n.

Buthus europaeus nigrovesiculosus: Hirst 1925: 416.
Buthus occitanus nigrovesiculosus: Pérez 1974: 22; Fet and Lowe 2000: 96.

Type material. 1 M (adult?), 1 juv., syntypes (NHMUK), Boste (approx. 23.79°, 
-15.68°), Rio de Oro (Western Sahara), now Morocco.

Distribution. known only from the type locality.
Remarks. Hirst identified this North African species as a subspecies of B. occitanus, 

but as currently circumscribed, B. occitanus does not occur in North Africa (Ganten-
bein and Largiadèr 2003, Sousa et al. 2012). The original description of B. nigrovesicu-
losus suggests morphological similarities to B. draa and B. tassili Lourenço, 2002. These 
three species have a dark, almost black, fifth segment of the metasoma (Fig. 14 and 
15A, less clear in the male type, obvious in the juvenile, syntypes in the NHMUK). 
Males of these three species also show slender pedipalp chelae. The type series of B. 
nigrovesiculosus includes only two animals, and more material is necessary to correctly 
evaluate the relationship between these three species. Nevertheless the males of B. ni-
grovesiculosus can be distinguished from males of the other two species by a higher 
pectinal tooth count (Fig. 10 and 15B, 36 versus <32 in the other two species), and 
from B. tassili by having a squared first metasomal segment.
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Figure 14. Photo of the syntypes of B. nigrovesiculosus (NHMUK). Photo by Sérgio Henriques.

Figure 15. Detailed morphology of the larger syntype of B. nigrovesiculosus (NHMUK) A Lateral view of the 
telson and two terminal segments of the metasoma B Ventral view of the mesosoma, with pectines clearly vis-
ible C External lateral view of the terminal half of the right pedipalp che-la. All photos by Sérgio Henriques.
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40. Buthus occidentalis Lourenço, Sun & Zhu, 2009
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8844
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8845

Buthus occidentalis: Lourenço et al. 2009: 72–74, fig. 7–19; Yang et al. 2013: 2.

Type material. 1 F holotype (MNHN N° RS8844), Dakhlet Nouadhibou Region, 
in the coastal area (approx. 20.28°, -16.24°), Mauritania. Paratypes: 1 M, 1 F juv. 
(MNHN N° 8845); 1 F, 1 M juv. (MHBU), all from the same locality.

Distribution. known only from the type locality.

41. Buthus occitanus (Amoreux, 1789), restricted distribution

= Scorpio rufus: Amoreux 1789a: 42–43 (synonymized by Amoreux 1789b, as the first 
revisor, ICZN article 24.2.2).

= Androctonus ajax: C. L. Koch 1839b: 53, pl. CXCIII, fig. 467 (synonymized by Si-
mon 1879: 96). Type lost: Spain.

= Androctonus eurialus: C. L. Koch 1839b: 25–27, pl. CLXXXVII (not pl. CXXXVIl, 
as listed in the text), fig. 448 (synonymized by Simon 1879: 96). Type lost, France.

= Androctonus eurilochus: C. L. Koch 1839b: 27–28, pl. CLXXXVII, fig. 449 (syn-
onymized by Kraepelin 1891: 196). Type lost, locality unknown.

= Buthus europaeus: Thorell 1876b: 7. Type is the lost Linnaeus (1748, 1754), speci-
men, purportedly from Italy (see the above “type species of Buthus“ section and 
Fet et al. 2002).

= Buthus europaeus tridentatus: Franganillo 1918: 122–123 (syn. n.). Type unknown, 
Janvier, Navarre, Spain.

Scorpio occitanus: Amoreux 1789a: 42–43, pl. I, fig. 2; Amoreux 1789b: 10–16, pl. 
I. fig. 3; Herbst 1800: 73–82: Latreille 1804: 122; Latreille 1806: 132; Maccary 
1810: 5–48; Audouin 1826: 172–173, pl. VIII, fig. 1; Audouin 1827: 410–411, 
pl. VIII, fig. 1; Dufour 1856 (part): 570.

Androctonus ajax: C. L. Koch 1850: 90.
Androctonus euryalus (ISS): C. L. Koch 1850: 90.
Androctonus eurylochus (ISS): C. L. Koch 1850: 90; Kraepelin 1891: 196.
Androctonus (Prionurus) occitanus: Lankester 1885: 380.
Buthus europaeus: Karsch 1879a: 18; Simon 1879: 96–98; Pavesi 1880: 312–313; Si-

mon 1880c: 29; Pavesi 1884: 450; Pavesi 1885: 197, 199; Simon 1885: 51; Po-
cock 1889a: 116; Thorell 1893: 358–359; Birula 1896: 241–243; Birula 1900c: 
9; Hirst 1925 (part): 415–416; Gadeau de Kerville 1926: 71; Bacelar 1928: 191; 
Hugues 1933: 487–488.

Buthus occitanicus (ISS): Dalla Torre 1905: 3; Táborský 1934: 40.
Buthus occitanus: Leach 1815: 391; Risso 1826: 156–157; Peters 1861b: 513; Karsch 

1881a: 89; Kraepelin 1891 (part): 196–199 (part), pl. I, fig. 5, plI., fig. 18; 
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Kraepelin 1895: 80; Kraepelin 1899: 26; Kraepelin 1901a (part): 266; Werner 
1902 (part): 598; Birula 1910: 118–120; Masi 1912: 101; Borelli 1914b: 460; 
Lampe 1917: 191; Pavlovsky 1924: 77; Pavlovsky 1925: 140; Werner 1925: 209; 
Werner 1936: 173; Schenkel 1938: 4; Feytaud 1940: 38–39; Vachon 1940: 242–
247, 254–258, fig. 1–9, 29, 33, 61–64; Käsmer 1941: 231; Denis 1948: 155–156; 
Vachon 1948c: 61, fig. 5; Vachon 1949a: 156–160, fig. 331–344, 348, 372–380; 
Vachon 1950b: fig. 591; Vachon 1951a: fig. 641, 657, 663, 679, 687, 696; Vachon 
1951b: 621–623; Vachon 1952a: 264; Vachon 1952b: 274–279; Vachon 1961: 
31–32; Bücherl 1964: 57; Pérez 1974: 22; Vachon 1974: 873; Goulliart 1979: 2; 
Levy and Amitai 1980 (part): 15–16; Kinzelbach 1982: 53; Prost 1982: 5; Mari 
et al. 1987; Sissom 1990: 92, fig. 3.17C, L; Kovařík 1992a (part): 183; Reich-
holf and Steinbach 1992: 33, fig. 4–5; Crucitti 1993: 51; Crucitti et al. 1994: 
57–66; Vincent 1994: 6; Crucitti and Chinè 1995: 15–26; Braunwalder 1997b: 
3; Crucitti and Chinè 1997: 195–200; Cloudsley-Thompson and Lourenço 1998: 
1–2; Kovařík 1998: 106; Kovařík 1999 (part): 39, 42, fig. 3; Fet and Lowe 2000 
(part): 92–94; Lourenço 2003 (part): 884, 886–887, fig. 27–32; Lourenço and 
Vachon 2004: 83–85, fig. 1–15; Kovařík and Whitman 2005 (part): 106; Teruel 
and Pérez-Bote 2005: 276; Castilla and Pons 2007: 258; Dupré et al. 2008: (pages 
unnumbered); Sousa et al. 2010: 207; Colombo 2011: 1; Rossi 2012: 274–278; 
Pedroso et al. 2013: 300; Rossi, Tropea and Yağmur 2013: 3; Martin-Eauclaire et 
al. 2014: 56; Teruel and Melic 2015: 6–9; Lourenço 2016b: fig. 2.

Buthus occitanus occitanus: Birula 1910: 118; Hadži 1929: 31; Vachon 1949a: 156–
160, fig. 331–344; Vachon 1949c: 336; Vachon 1952a (part): 264; Le Corroller 
1967: 63; Fet and Lowe 2000 (part): 94–95; Gantenbein and Largiadèr 2003 
(part): 120, 122.

Buthus occitanus tridentatus: Fet and Lowe 2000: 97; Kovařík 2001: 79;
Buthus (Buthus) occitanus: Birula 1909b: 507; Birula 1910: 143; Birula 1914b: 644–

664; Birula 1917a: 22, 38–39, 199, 213.
Buthus (Buthus) occitanus occitanus: Roewer 1943: 206.
Buthus cf. occitanus: Piñero et al. 2013: 88.
Scorpio australis (MIS): Asso 1784: 146, Tab. I, fig. 2.
Scorpio (Androctonus) occitanus: Gervais 1844a: 42–44; pl. XXIII, fig. 4.
Scorpio occitanicus (ISS): Serres 1822: 65.
Scorpion Occitanus (ISS): Latreille 1817: 105–106.

Type material. type unknown, Souvignargues, Occitanie Region, France.
Distribution. Traditionally, the distribution of B. occitanus was considered to span 

from the Moroccan Atlantic shores in North Africa to the Middle East in Asia and to 
Southern-Western Europe. However, following the description of new species in the 
genus, the present distribution of B. occitanus has been restricted to NE Spain and SW 
France. Several molecular phylogenetic studies have demonstrated that the species range 
does not extend beyond Western Europe (Gantenbein and Largiadèr 2003, Sousa et 
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al. 2010, 2012, Pedroso et al. 2013). Lourenço and Vachon (2004) and Rossi (2012) 
include redescriptions of B. occitanus that include only European animals, but Vachon 
(1952a) also included material from Morocco, which was most likely not conspecific.

Remarks. All material collected outside of the range here proposed should be con-
sidered as Buthus sp. Only the re-examination of those specimens could reveal their 
appropriate identity. Vachon (1952a) included animals from the west (Atlantic) coast 
of Morocco, from Kenitra to El Jadida, within his definition of B. o. occitanus. As ex-
plained above this material is now considered not to be part of B. occitanus and thus 
remains unnamed. We opted to leave Androctonus eurilochus in synonymy with B. oc-
citanus, despite the uncertain about the species provenance, to help to stabilise the ge-
nus’ taxonomy. To further bring stability to Buthus taxonomy we propose Franganillo’s 
subspecies, B. o. tridentatus, as a junior synonym of B. occitanus. Although the type 
specimen is not known (if it ever existed as such), its type locality is clearly stated as 
Javier, in Navarre, Spain. Extensive sampling on the left bank of the Ebro River (Sousa 
2017) indicates that only B. occitanus occurs in this part of Spain and hence we here 
propose this new synonymy.

42. Buthus orientalis Lourenço & Simon, 2012
http://zoobank.org/E408579C-9287-4EE7-9C32-E754EC925B92
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8910
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs6623

Buthus orientalis: Lourenço and Simon 2012: 10–14, fig. 1–12; Rossi 2013: 191–192; 
Rossi, Tropea and Yağmur 2013: 5, 7.

Type material. 1 F holotype (MNHN N° RS8910), Alexandria (approx. 31.17°, 
29.91°), Egypt. Paratypes: 7 M, 13 F (MNHN, N° RS6623), same locality.

Distribution. known only from the type locality.

43. Buthus paris (C. L. Koch, 1839)

= Androctonus clytoneus: C. L. Koch 1839a: 70–72, pl. CLXIII, fig. 384 (synonymized 
by Vachon 1949c: 380–381). Types lost; Africa.

Androctonus paris: C. L. Koch 1839a: 25–28, pl. CLI, fig. 352; C. L. Koch 1850: 90.
Androctonus clytonicus (ISS): Gervais 1844a: 43.
Androctonus clytoneus: C. L. Koch 1850: 90.
Buthus occitanus paris: Birula 1903: 107; Birula 1910: 118, 155; Giltay 1929: 196; 

Werner 1932: 300–305; Vachon 1949c: 380–388, fig. 356, 400, 445–455; Va-
chon 1951b: 621; Vachon 1952a: 308–316, fig. 356, 400 445–455; Malhomme 
1954: 29; Arroyo 1961: 186–189; Le Corroller 1967: 63; Peréz 1974: 23; Levy 
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and Amitai 1980: 16; El-Hennawy 1992: 98, 121; Kovařík 1995: 20; Ganten-
bein et al. 1998a: 51; Kovařík 1998: 106; Fet and Lowe 2000: 96; Touloun et 
al. 2001: 2; Gantenbein and Largiadèr 2003: 120, 122; Touloun 2012: 35, 104, 
108, fig.5B.

Buthus (Buthus) occitanus paris: Birula 1910. 145, 155; Birula 1917a: 223.
Buthus paris: Lourenço 2003: 896–897, fig. 52–56; Kovařík 2006: 2, 6, 8, 15, fig. 10–

11; Lourenço 2013: 65–66; Rossi, Tropea and Yağmur 2013: 3, 5, 7; Aboumaâd 
et al. 2014: 6; Touloun et al. 2014: 77–78; Lourenço and Sadine 2016: 14–15.

Type material. Holotype lost according to Fet and Lowe (2000), Algeria. Vachon 
(1949c, 1952a) wrote that the types came from Alger without further explanation.

Distribution. the species is currently distributed across Algeria, Morocco and Tunisia.
Remarks. Because of the description of new species from Algeria, and the lack of 

both type specimen and locality (beyond the country), a neotype for B. paris is neces-
sary to stabilize the taxonomy of Algerian Buthus, which may challenge the status of 
some newly described species. This is further complicated by recent diagnoses of B. 
paris (at least in part: Lourenço 2003, Kovařík 2006, Lourenço and Sadine 2016) that 
differ from those offered by Vachon (1952a). The differences between the different 
diagnoses include the number of rows in the movable finger, the aspect ratio of the 
first metasomal segment, the body chaetotaxie, the aculeus to vesicle length and the 
type of sexual dimorphism of the pedipalp chelae. Vachon (1952a) studied a large 
number of specimens from the entire Maghreb region, unrivalled by any subsequent 
study, which leads us to consider Vachon’s description as the “gold standard”. Vachon 
himself stated that most of the specimens used in his redescriptions were stored at 
the MNHN. If this material is ever located, it should have priority in the designa-
tion of a neotype. Although Vachon (1952a) did not formally describe any varieties 
within B. paris, he split the specimens that compose the species into three regions: 1) 
The typical region (from Algiers to northern Tunisia); 2) Specimens from the Oujda 
region (Morocco); 3) Those from northern Morocco and the Middle Atlas flanks. 
Interestingly the split of B. paris into these three regions corresponds well with the 
distribution of the genetic variability in the cox1 gene (Gantenbein and Largiadèr 
2003, Sousa et al. 2012, Pedroso et al. 2013), placing B. paris in two different groups: 
in occitanus which include all B. paris specimens from regions two and three, and tu-
netanus, which include B. paris specimens from the typical region one, along the split 
of the two cox1 groups in the middle of Algeria (Fig. 7). If confirmed, this will mean 
that B. paris does not occur in Morocco. It is unclear if the variety from the third 
region above might correspond to B. confluens Lourenço, Touloun & Boumezzough, 
2012, although these authors (page 22) refrained from suggesting this possibility 
because they could not find any of the material used by Vachon, purportedly to be in 
the MNHN, to describe this variety.
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44. Buthus parroti Vachon, 1949, stat. n.

Buthus atlantis parroti: Vachon 1949a: 168–169, fig. 346, 350, 352–354, 356, 363; 
Vachon 1952a: 254–255, fig. 346, 350, 352, 353, 354, 356, 363; Le Corroller 
1967: 63; Pérez, 1974 1974: 22; El-Hennawy 1992: 98, 119; Kovařík 1995: 20; 
Kovařík 1998: 106; Lourenço 2003: 883–885, fig. 23–26; Fet and Lowe 2000: 
91–92; Touloun 2012: 43, fig. 9B; Pedroso et al. 2013: 300.

Type material. 1 F (MNHN N° RS1870), 1F, 12 juv., syntypes (MNHN), Forest 
house (approx. 30.31°, -9.33°), Ademine Forest, 40 Km S.W. of Agadir, Morocco; 2 
M, 1 F juv., syntypes (MNHN), Taroudant (approx. 30.46°, -8.87°), Morocco.

Distribution. Known only from the Sous River Valley. Type localities in Fet and 
Lowe (2000) were mixed up.

Remarks. B. parroti was first described as a subspecies of B. atlantis. The two spe-
cies occupy different habitats in Western Morocco; B. parroti is a forest species and B. 
atlantis is a sand dune dweller (Vachon 1952a). Furthermore, B. atlantis is clearly larger 
than B. parroti. Additionaly, the first metasomal segment of B. parroti is wider than 
long, the aculeus is shorter than the vesicle and the anal arch has only two lobes (Va-
chon 1952a), while in B. atlantis this segment is longer than wide, the aculeus is as long 
as or longer than the vesicle and the anal arch has three lobes (Vachon 1952a). Three 
additional Buthus species occur in the same area of Morocco as B. parroti, namely B. 
elmoutaouakili Lourenço & Qi, 2006, B. mardochei Simon, 1878 and B. mariefranceae. 
B. parroti can be distinguished from all three species by the presence of macrosetae in 
the terguites (Vachon 1952a). Moreover, it can be distinguished from B. mariefranceae 
by its larger size and absence of a dark fifth metasomal segment. Mesosoma colour pat-
tern is not clear for B. parroti; the examined specimen at the MNHN (RS1870) (Fig. 
16) appears to have two very faint darker stripes, while B. mariefranceae has two very 
well marked mesosomal dark stripes. B. parroti males show slender pedipalp chelae 
than females, while there is little if any sexual dimorphism in B. mardochei.

45. Buthus prudenti Lourenço & Leguin, 2012
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8913
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8915
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8914

Buthus prudenti: Lourenço and Leguin 2012: 2–6, 8, fig. 1–14; Lourenço 2016a: 76.

Type material. 1 M holotype (MNHN N° RS8913), Ouro Labaré (9.38715°, 
13.83447°), Bénoué, Cameroon. Paratypes: 7 M, 8 F, same locality; 11 paratypes 
(MNHN N° RS8914, RS8915), 4 paratypes (CBGP).

Distribution. known only from the type locality.
Remarks. type locality toponym derived from the coordinates given in the original 

description, as the type locality given was only Region of Sanguéré-Djoi, Cameroon.
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Figure 16. Photo of a B. parroti female syntype (MNHN Nº RS1870), from the Ademine Forest, 04-
1939, S.W. of Agadir, Morocco (Vachon 1952b).

46. Buthus pusillus Lourenço, 2013

Buthus pusillus: Lourenço 2013: 64–67, fig. 1–9; Lourenço and Sadine 2016: 14; Ros-
si, Tropea and Yağmur 2013: 5, 7.

Type material. 1 M holotype (ZMH N° A11/13), Tizi Oumalou (36.5102°, 4.3390°), 
Tizi Ouzou Province, Djurdjura Mountains, Algeria. Paratype: 1 M juv. (ZMH N° 
A12/13), same location.

Distribution. known only from the type locality.
Remarks. The locality we present here corresponds to the coordinates given in the 

paper, although these do not agree with the elevation also reported in the paper: 2150 
m a.s.l. This is very close to the maximum altitude of the highest peaks of the Djurd-
jura Mountains, and much higher than the 935 m a.s.l. of Tizi Oumalou.

47. Buthus rochati Lourenço, 2003

Buthus rochati: Lourenço 2003: 893–896, fig. 47–51;Aboumaâd et al. 2014: 6.
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Buthus occitanus mardochei panousei: Vachon 1949c: 373–376, fig. 426–432; Vachon 
1952a: 301–304, fig. 426–432; Le Corroller 1967: 63; Pérez 1974: 23; Touloun 
2012: 57.

Type material. 1 M holotype (MHNG), Tafnidilt Region (as Tafnidit) (approx. 
28.56°, -11.03°), Guelmim Region, Morocco. Paratypes: 1 M, 1 F (MHNG); same lo-
cality; 6 F (MHNG), west of Tafnidilt Region, Draa River valley; 3 M, 1 F (MHNG), 
unknown locality.

Distribution. known distribution confined to the Tafnidilt region of Morocco.
Remarks. Lourenço (2003) does not mention the most remarkable diagnostic 

character given by Vachon (1952a), the interrupted dorso-median keel of the pedipalp 
patella. However Lourenço's Figure 49 illustrates this character, as it is a copy of Va-
chon's original drawings, and thus we consider it as part of the species diagnose and the 
most reliable diagnostic character for B. rochati. Vachon (1949) infrasubspecific name 
is not available as is explained above.

48. Buthus saharicus Saddine, Bissati & Lourenço, 2015

Buthus saharicus: Saddine et al. 2015: 47–49, fig. 6–8; Lourenço 2016b: fig. 4.

Type material. 1 F holotype (MNHN), Ghardaïa Region (approx. 32.300°, 3.833°), 
in Wadi bed, Algeria. Paratypes: 1 M (UGA), 1 F juv. (MNHN), same locality.

Distribution. known only from the type locality.
Remarks. Saddine et al. (2015) claimed that B. saharicus was the “first true deser-

ticolous species found in Algeria”, a bold claim given that B. tunetanus (sensu Vachon 
1949, part) had already been recorded for Beni Abbés by Vachon (1949, 1952), also a 
desert location in central west Algeria, and albeit neither localities are Erg Desert areas, 
Beni Abbés is in the border of the Grand Erg Occidental.

49. Buthus tassili Lourenço, 2002
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8501
https://science.mnhn.fr/institution/mnhn/collection/rs/item/rs8622

Buthus tassili: Lourenço 2002: 113–115, fig. 10, 12, 14; Lourenço 2003: 906–909, fig. 
80–86; Rossi, Tropea and Yağmur 2013: 3–5, 7.

Buthus occitanus (MIS): Pallary 1929: 134, 140; Pallary 1934: 98–99.
Buthus occitanus tunetanus neeli: Gysin 1969: 65–71, fig. 1–5; Peréz 1974: 22; Touloun 

2012: 37, 40.
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Buthus occitanus tunetatus, “Spécimens des régions montagneuses centrales du Sahara”: 
Vachon 1952a: 279.

Type material. 1 M holotype (MNHN N° RS8501), Tin Tazarif (approx. 24.466°, 
10.466°), Illizi, Algeria. Paratype: 1 F (MNHN N° RS8622), same locality.

Distribution. This species is known from a wide area around the Hoggar and 
Tassili N’Ajjer Mountains, including at least one locality in Libya.

Remarks. The Tin Tazarif coordinates given here, standing at 880 m a.s.l., do not 
match the altitude given for the point by Lourenço (2002), of 1.800 m a.s.l., but cor-
respond well to the map location given by the author in Figure 6 of the same article. 
Nevertheless there are several locations in the Tassili N’Ajjer Mountains at or above 
1.800 m a.s.l., located closer to Jebel Azao, its highest peak. The species ranges from 
the Hoggar Mountains to the Tassili N’Ajjer Mountains, including Ghat in Libya. 
Gysin’s name, B. o. t. neeli, is not available under the ICZN article 10.2 and 45.5, as 
already stated by Fet and Lowe (2000). Therefore, it cannot enter formal synonymy. 
Nevertheless, because Gysin’s description (1969) brings relevant taxonomic informa-
tion (figures and new localities) for B. tassili, we have decided to clearly state this new 
informal synonymy. The specimens studied of both species come from the Algerian 
Hoggar Mountains and share a typical darkened fifth segment of the metasoma (see B. 
nigrovesiculosus above).

50. Buthus trinacrius Lourenço & Rossi, 2013

Buthus trinacrius: Lourenço and Rossi 2013: 10–12, fig. 1–9.
Buthus europaeus (MIS): Simon 1879: 97; Simon 1910 (part): 69.
Buthus occitanus (MIS): Kraepelin (1901): 266.

Type material. 1 M holotype, Palermo Province? (approx. 38.05°, 13.32°), Sicily. 
Paratypes: 1 M, 1 F. All type material in bad conditions (MNHN N° RS3247).

Distribution. Recorded from Sicily.
Remarks. Although Lourenço and Rossi (2013) report that the collector is not 

mentioned in Simon's notes, Kraepelin (1901), in his list of all the scorpion material 
present in the MNHN Paris, writes that Letourneur collected the Buthus material from 
Sicily and Corfu (Greece), which causes doubts regarding the correct collection locality 
of the specimens used to describe this species. Simon (1879) had doubts about the ac-
tual existence of Buthus in Sicily (when examining the specimens that would eventually 
be designated as type material for B. trinacrius): “il habite probablement aussi le midi de 
l’Italie et la Sicile”, and Buthus has never been found in mainland Italy. Furthermore, 
the authors also claimed that Simon (1910) “referred to the almost impossibility to dis-
tinguish Buthus populations from North of Africa with those from Spain and Sicily”, 
which is only partially correct. Simon (1910) solely refered to the distinction of Buthus 
populations of Algeria and Spain from those of Egypt, although in a subsequent paper, 
Simon does state that Buthus exist in Sicily without any further comments.
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51. Buthus tunetatus (Herbst, 1800)

Scorpio tunetanus Herbst 1800: 68–69, pl. III, fig. 3 (not pl. II, fig. 2, as listed in the 
text); Latreille 1804: 122–124.

Androctonus (Leiurus) tunetanus: Ehrenberg in Hemprich and Ehrenberg 1829: 354.
Androctonus (Leiurus) tunetanus genuinus: Ehrenberg in Hemprich and Ehrenberg 

1829: 354.
Androctonus (Liurus) tunetanus: Ehrenberg in Hemprich and Ehrenberg 1831 (pages 

unnumbered)
Androctonus (Liurus) tunetanus genuinus: Ehrenberg in Hemprich and Ehrenberg 1831 

(pages unnumbered).
Androctonus tunetanus: C. L. Koch 1845: 15–19, pl. CCCCI (sic), fig. 968; C. L. Koch 

1850: 90.
Buthus occitanus (MIS): Kovařík and Whitman 2005 (part): 106.
Buthus occitanus tunetanus: Birula 1903: 107; Birula 1910: 118; Borelli 1914a: 154–155; 

Borelli 1914b: 461; Borelli 1924: 4–5; Borelli 1928: 351; Giltay 1929: 196–197; 
Werner 1929: 30–31; Caporiacco 1932: 395–396; Schenkel 1932: 379–380; Wer-
ner 1932: 300–305; Pallary 1934: 99; Borelli 1934: 169; Werner 1934b: 84–85, fig. 
4; Werner 1936: 173; Caporiacco 1937: 345; Schenkel 1949: 186; Vachon 1949c: 
344–353, fig. 381–393; Vachon 1951a: fig. 670; Vachon 1952a: 272–281, fig. 
381–393, 670; Vachon 1966: 211; Peréz 1974: 22; Levy and Amitai 1980: 16; El-
Hennawy 1992: 98, 121; Kovařík 1995: 20; Kovařík 1997: 179; Gantenbein et al. 
1998a: 51; Gantenbein et al. 1998b: 33–39; Kovařík 1998: 106; Fet and Lowe 2000: 
97; Lourenço 2002, p. 113, 115, fig. 8–9, 11, 13; Kovařík 2002: 6; Gantenbein and 
Largiadèr 2003: 120, 122; Ben Othmen et al. 2004: 257; Touloun 2012: 37, 41.

Buthus (Buthus) occitanus tunetanus: Birula 1908: 123–124; Birula 1909: 507–508, fig. 
B; Birula 1910: 156–157; Birula 1917a: 223; Roewer 1943: 206.

Buthus tunetanus: Simon 1872: 251–252; Lourenço 2003: 897–899, fig. 57–61; 
Kovařík 2006: 2, 8, 10, 15, fig. 16–19.; Sadine et al. 2011: 6; Lourenço and Cloud-
sley-Thompson 2012: 13–16, fig. 8; Lourenço and Simon 2012: 12; Lourenço 
2013: 65–66; Rossi, Tropea and Yağmur 2013: 4–5, 7

Scorpion Tunetanus (ISS): Latreille 1817: 106.

Type material. Types lost according to Fet and Lowe (2000), Tunisia.
Distribution. The species is currently distributed across Algeria, Libya, Morocco 

and Tunisia, and doubtfully in the island of Malta.
Remarks. Because of the description of new species from Tunisia, and the lack 

of both type specimen and locality (beyond the country), a neotype for B. tunetanus 
is necessary to stabilize the taxonomy of Tunisian Buthus. As explained for B. paris, 
this is further complicated by recent diagnoses of B. tunetanus that differ from those 
offered by Vachon (1952a), and as such if Vachon’s B. tuntetanus material is found in 
the MNHN it should be given priority in the future designation of a neotype. Vachon 
(1952a) did not formally described any variety of B. tunetanus, but he again split 
the specimens that compose the species into four regions: 1) the typical region, cor-
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responding to north and central Tunisia; 2) the southern montane region of Algeria, 
specimens from which have subsequently been described as B. tassili; 3) the Algerian 
Saharan Atlas and the southern region of the High Plateau; and 4) the disjunct desert 
regions of southern Tunisia, western central Algeria and eastern central Morocco. It is 
unclear whether region 3 or 4 might either correspond to B. dunlopi or B. saharicus. 
As explained in Fet and Lowe (2000), the name A. (Leiurus) t. genuinus refers to the 
nominotypical form of the species and as such the adjective “genuinus” is not an avail-
able subspecific name.

52. Buthus yemenensis Lourenço, 2008

Buthus yemenensis: Lourenço 2008: 47–50, fig. 1–7.

Type material. 1 F holotype (ZMH N° A33/08), Ma'bar (approx. 14.8°, 44.3°), 
Dhamar, Yemen.

Distribution. Known only from the type locality.

53. Buthus sp.

Buthus albengai (MIS): Habel et al. 2012: 3–4.
Buthus europaeus (MIS): Simon 1899: 85; Simon 1910 (part): 68–70, fig. 5, 8.
Buthus malhommei (MIS): Habel et al. 2012: 3–4.
Buthus occitanus (MIS): Karsch 1881b: 8 (Libya); Pocock 1899: 834 (Africa); Kraepe-

lin 1901a (part): 266; Werner 1902 (part): 598; Chaignon 1904: 83–84 (Tuni-
sia); Tullgren 1909: 2–3 (Egypt); Borelli 1924 (Libya): 4; King 1925: 81 (Sudan); 
Gough and Hirs 1927: 5, fig. 9 (Egypt); Pallary 1934: 98–99; Werner 1934a: 
269, fig. 330 (Morocco); Pallary 1938: 281–282; Sergent 1938: 519–520, pl. 49; 
Monard 1939: 82–83 (Guinea-Bissau); Moriggi 1941: 84; Sergent 1941a: 355, 
fig. 1E, 2.7, pl. 35, fig. 7; Sergent 1941b: 447, plate 37; Vachon 1941: 52; Frade 
1947: 268 (Guinea-Bissau); Vachon 1952a (part): 262–271, fig. 331–344, 348, 
372–380, 591, 641, 657, 663, 679, 687, 696; Vachon 1953: 1021–1024, fig. 
12 (Mauritania); Malhomme 1954: 28 (Morocco); Belfield 1956: 44; Kinzelbach 
1975: 14, fig. 1; Lamoral and Reynders 1975: 505 (Africa); Levy and Amitai 1980 
(part): 15–16; Kinzelbach 1984: 100 (Asia); Kinzelbach 1985: map II (Asia); El-
Hennawy 1987: 17 (Egypt); Amr et al. 1988: 374 (Jordan); Michalis and Dolkeras 
1989: 265–266 (Greece); El-Hennawy 1992: 98, 101, 119–120 (Arabia); Kovařík 
1992a (part): 183; Kovařík 1992b: 90 (Iraq); Amr and EI-Oran 1994: 181 (Jor-
dan); Kovařík 1997: 179 (Maghreb); Fet and Lowe 2000 (part): 92–94; Kovařík 
2002: 5; Lourenço 2003: 884 (Morocco) Soleglad and Fet 2003: 7 (Morocco); 
Kaltsas et al. 2008: 215–216 (Libya); Sadine et al. 2012: 33; El-Hennawy 2013: 
260; Aboumaâd et al. 2014: 5.
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Buthus occitanus occitanus (MIS): Pocock 1895: 299 (Egypt); Vachon 1952a (part): 
262–271, fig. 331–344, 372–379, 400, 554; Levy and Amitai 1980: 16 (Afri-
ca); Kovařík 1995: 20 (Morocco); Kovařík 1997: 179 (Ghana); Gantenbein et al. 
1998a: 51, Fet and Lowe 2000 (part): 94–95; Gantenbein and Largiadèr 2003 
(part): 120, 122.

Buthus occitanus occitanus, “Afrique occidentale française”: Vachon 1952a: 270.
Buthus occitanus occitanus, “Cote Occidentale du Maroc”: Vachon 1952a: 268–269, fig. 

373–378.
Scorpio occitanus: Dufour 1856 (part): 570.
not Buthus: Vachon 1955: 372 (El Fâcher, Djebel Meidob, Darfur, Sudan) (Vachon 

said that this material was close to but not part of the genus Buthus).

Note. We futher propose to transfer a species from the genus Buthus to the genus 
Androctonus.

Androctonus barbouri (Werner, 1932), comb. n.

Buthus barbouri: Werner 1932: 300, fig. 141; Vachon 1949b: 287–288, fig. 371; Vachon 
1952a: 261–262; Perez 1974: 22; El-Hennawy 1992: 98, 119; Kovařík 1995: 20; 
Kovařík 1998: 106; Fet and Lowe 2000: 92.

Type material. 1 M (type probably lost), Agadir (approx. 30.43°, -9.60°), Morocco.
Distribution. known only from the type locality, Agadir, just north of the Sous 

River mouth, in southern Morocco.
Remarks. The species B. barbouri was described by Werner from Agadir, Morocco. 

However, this species cannot be linked to any of the Buthus species known from the 
reported type locality. This problem was already recognized by Vachon (1952a) that 
considered this species to have been “imperfectly described”, but then failed to make 
any taxonomic or nomenclatural act to fix it. Buthus barbouri and B. marrocanus are 
the only fully dark Buthus species known from Morocco. B. marrocanus was described 
from the Rabat region, 500 km distant from Agadir, and is distinguished from the 
former species by the shape of the inferior lateral keels of the fifth segment of the meta-
soma and by the number of pectinal teeth (Vachon, 1952a). Because of the chaetotaxy 
of the pedipalps Vachon (1952a) considered B. barbouri to be closer to Androctonus 
mauritanicus (Pocock, 1902). In agreement with these diagnostic characters, and Va-
chon’s (1952) opinion, we transfer B. barbouri to the genus Androctonus, with the 
new combination Androctonus barbouri (Werner, 1932). The relationship between A. 
barbouri and A. mauritanicus bourdoni Vachon, 1948, a subspecies of A. mauritanicus 
(Pocock, 1902), another black Androctonus species that also occurs in the Sous River 
valley, should be investigated.
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Abstract
The Tullbergiidae of Tibet is studied for the first time and the genus Metaphorura Bagnall, 1936 is firstly 
recorded in China. Metaphorura motuoensis sp. n. from southeastern Tibet is described and illustrated. It 
is characterized by the presence of 1+1 pseudocelli on thoracic segment I, few vesicles (14 -16) on PAO, 
pseudocellar formula as 11/111/11111, all pseudocelli of type II, setae p4 on abdominal segment V as 
microsetae, weakly differentiated sensory seta p3 on abdominal segment V, absence of median process on 
Abd VI. In addition, Mesaphorura yosii (Rusek, 1967), Mesaphorura hylophila Rusek, 1982, and Prabhergia 
imadatei Tamura & Zhao, 1996 are recorded in Tibet for the first time. The type specimens of P. imadatei 
are re-examined and errors in the original description of chaetotaxy are corrected.

Keywords
chaetotaxy, Motuo, postantennal organ, pseudocelli

Introduction

The knowledge of the taxonomy of Tullbergiidae from China is quite insufficient and 
only five species have been recorded to date (Rusek 1967; Tamura and Zhao 1996; Gao 
2007; Bu et al. 2013; Bu and Gao 2015).There are no records of Tullbergiidae from 
Tibet. During an investigation of soil arthropods in southeast Tibet in November 2015, 
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nearly 200 specimens belonging to the family Tullbergiidae were obtained. They were 
identified as four species including one new species of the genus Metaphorura Bagnall, 
1936. The new species is illustrated and described in the present paper.

Materials and methods

Specimens were collected by Berlese-Tullgren funnels and preserved in 80% ethanol. The 
material was mounted on slides in Hoyer’s solution and dried in an oven at 60 °C for 
identification. Observations were done with a phase contrast microscope. Photos were 
taken by a digital camera installed on the microscope. The type specimens are deposited in 
Shanghai Natural History Museum (SNHM), Shanghai, China. In the description we use 
the nomenclature for morphological features following Dunger and Schlitt (2011). Pseu-
docellar types after Weiner and Najt (1991). Antennal chaetae notation is made following 
the notation of Rusek (1971). Formula of tibiotarsal chaetotaxy follows Fjellberg (1991).

Abbreviations used in the descriptions:

Th. thoracic segment,
Abd. abdominal segment,
Ant. antennal segment,
Asp. anal spine,
s sensillum,
PAO postantennal organ,
a anterior setae,
m medial setae,
p posterior setae,
pl pleural setae,
pso pseudocelli.

Results

Taxonomy

Genus Metaphorura Bagnall, 1936

Diagnosis. Habitus more or less slender. Granulation of the integument moderately 
fine, with stronger granulation only on head and areas of Abd VI. Usually no crescentic 
ridges. A median process usually present ventrally between Asp. Antennal segment III 
with two large sensory clubs, bent towards one another, two small sensory rods and 
three protecting papillae. Postantennal organ with 14–28 vesicles in two rows. Pseu-
docelli clearly delimited, with two rows of parallel stripes in the centre (type II). Asp 
strong, distinctly longer than the claw of leg III.
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Distribution. The genus Metaphorura includes nine species found in Holarctic 
regions (Dunger and Schlitt 2011; Bellinger et al. 1996–2017). It is newly recorded 
from China in this paper.

Metaphorura motuoensis sp. n.
http://zoobank.org/A71C4114-150F-4A47-9F13-85C7D712B1B8
Figs 1–24, Table 1

Material examined. Holotype, female (slide no. XZ-C2015014) (SNHM), China, Ti-
bet, Motuo county, Dexing town, extracted from soil samples in broad-leaved forest, 
Alt. 1100 m, 29°40'N, 95°26'E, 3-XI-2015, coll. Y. Bu & G. Yang. Paratypes, 8 females 
(slides nos. XZ-C2015008–XZ-C2015013, XZ-C2015015, XZ-C2015037) (SNHM), 
10 males (slides nos. XZ-C2015016 –XZ-C2015025), same data as holotype. Other 
material: 1 male (slide no. XZ-C2015095) (SNHM), China, Tibet, Linzhi, Sejila Mt., 
extracted from soil samples under bushes, Alt. 3500 m, 29°67'N, 95°70'E, 1-XI-2015, 
coll. Y. Bu & G. Yang; 17 juveniles (slides nos. XZ-C2015026, XZ-C2015027, XZ-
C2015106–XZ-C2015112) (SNHM), 45 adults in alcohol, same data as holotype.

Diagnosis. Metaphorura motuoensis sp. n. is characterized by the presence of pseu-
docelli on thoracic segment I, few simple vesicles (14–16) on PAO, pseudocellar for-
mula as 11/111/11111, all pseudocelli of type II, p4 on abdominal segment V as 
microsetae, less differentiated sensory setae p3 on abdominal segment V, absence of 
median process on Abd VI. Bisexual.

Description. Adult body 0.86 mm long in average (0.72–0.95 mm, n = 19), holo-
type 0.93 mm (Fig. 1). Both female and male were present. Setae well differentiated into 
micro- and macrosetae. Granulation of integument moderately fine (2.5–3.0 µm), with 
stronger granulation only on head and Abd. VI (4–5 µm). (Figs 1, 2, 23). Pseudocel-
lar formula: 11/111/11111. All pseudocelli composed by two rows of parallel stripes in 
the center (type II, Figs 7–14), 7–8 µm in diameter, on Th. I between seta m2 and m3, 
close to hind margin; on Th. II and III between setae p3/p4, close to p3; on Abd. I–III 
posterior to seta p3; on Abd. IV parallel to seta p3; on Abd. V on the border of Abd. VI.

Head seta a0 present (18–20 µm), c1 absent, oc2 as macroseta (23–25 µm), sd5 
as mesoseta (18–21 µm) (Fig. 2). Postantennal organ 23–26 µm long, 7–8 µm wide, 
composed of 14–16 elliptical vesicles arranged in two rows (Figs 2, 3), situated in a 

Table 1. Dorsal Chaetotaxy of Metaphorura motuoensis sp. n.

Row Thorax Abdomen
I II III I II III IV V

a - 10 10 10 10 10 83 105

m 8 8 8 21 42 42 42 -
p - 8 8 10 10 10 84 86

pl 2 3 3 2 3 3 6 1
1 seta m4 present; 2 seta m3 and m4 present; 3 seta a5 absent; 4 seta p4 absent; 5 seta a2 and p4 as microseta; 
6 sensory seta p3 slightly differentiated, seta p4 as microseta.
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Figures 1–16. Metaphorura motuoensis sp. n. (Holotype) 1 Habitus, dorsal view 2 head, dorsal view 3 
Left postantennal organ 4 Right postantennal organ (paratype XZ-C2015016) 5 Labium 6 Antenna, 
segments II–IV, dorsal view 7 Pseudocellus on anterior of head 8 Pseudocellus on Th. I 9 Pseudocellus on 
Th. II 10 Pseudocellus on Th. III 11 Pseudocellus on Abd. I 12 Pseudocellus on Abd. II 13 Pseudocellus 
on Abd. IV 14 Pseudocellus on Abd. V 15 Female genital plate 16 Male genital plate (paratype XZ-
C2015021). Arrows in figs 7–14 indicate the pseudocelli.
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deep furrow (Fig. 7). Labrum with 4/4/2 setae. Labium with five papillae, six api-
cal guard setae, six proximal setae, four basomedian setae, and five basolateral setae 
(Fig. 5). Ventral head with 3+3 axial setae.

Antenna (100–115 µm) shorter than head (130–135 µm). Ant. I and II with seven 
and eleven setae respectively (Figs 17, 18). Ant. segment IV with five slightly thickened 
sensilla a–e, sensilla a, c, e long and slightly curved toward inside, b and d slightly short 
(Fig. 17). Small microsensillum, subapical organite and one large apical vesicle present 
(Fig. 17). Antennal organ III with two small sensory rods between two thick sensory 
clubs bent toward each other, concealed behind three papillae and four guard setae 
(Figs 6, 17, 18).

Legs without clavate tenant hairs (Fig. 19). Subcoxa, coxa, trochanter, femur, and 
tibiotarsus with 0/3/3; 3/7/7; 5/5/4; 8/8/8; 10/10/10 setae on leg I, II and III, respec-
tively (Fig. 19), tibiotarsi each with 6+4 setae (A1 to A6, B4 to B7, and M absent). 
Anal lobes with setae 12’ and l3’ (Fig. 24). Claw 20–23 µm long, untoothed, with 
short empodial appendage (3–4 µm).

Adult chaetotaxy given in Figs 21–24 and Table 1. Setae on Th. I length as 10–13 
µm for m1 and m3, 20–26 µm for m2 and m4 (Fig. 20). Microsensilla present on Th. 
II-III, and lateral sensory setae s 23–26 µm long (Fig. 20). Thorax with 0, 2, 2 ventral 
setae. Abd. I–III each with 2+2 axial setae dorsally, setae m4 present on Abd. I, setae 
m3 and m4 present on Abd. II–III. Abd. IV without seta px, setae m3 and m4 present. 
Abd. V with sensory seta p3 (24 µm) slightly differentiated; seta a2 as mesoseta (20–22 
µm) and p4 as microsetae (Fig. 23). Crescentic ridges on Abd. VI present. Abd. VI 
with distinct dorsal secondary granulations, without median process between the anal 
spines (Fig. 23). Anal spines 28–32 µm long (Fig. 23).

Number of ventral setae on Abd. II, III and IV variable, with 18–20, 19–23, and 
22–26 setae respectively (Fig. 24). Ventral tube with 4+4 apical setae and 2+2 basal 
setae (Fig. 24). Female genital plate with 3 pairs of pregenital setae, 2–3 pairs of cir-
cumgenital and one pair of eugenital setae (Fig. 15). Male genital plate with 3 pairs of 
pregenital setae, 6–9 pairs circumgenital setae and 1+1 eugenital setae (Fig. 16).

Etymology. The species is named after the Motuo county where the type speci-
mens were collected.

Distribution. Known only from the type locality.
Remarks. There are two genera of Tullbergiidae with two anal spines, three protecting 

papillae, three thick sensory clubs on antennal segment III, and an elongate PAO and 
body longer than 0.7 mm: Delamarephorura and Metaphorura. The new species better 
fits Delamarephorura in the presence of crescent ridges on Abd. VI, which are absent in 
Metaphorura, and the presence of a “median process” on Abd. VI which is present in 
Metaphorura (present or absent in Delamarephorura). However, according to Janion et al 
(2013): “the discrimination between Delamarephorura and Metaphorura needs to be re-
evaluated” for uncertainties about the state of some diagnostic characters. The new species 
is therefore provisionally assigned to the genus Metaphorura, awaiting the validation of 
Delamarephorura. Biogeographically, Tibet is part of the Holarctic region where the genus 
Metaphorura is distributed, while Delamarephorura is only known in Africa and in Vietnam.
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Figures 17–19. Metaphorura motuoensis sp. n. (Holotype) 17 Antenna, dorsal view, a, b, c, d, e–large 
sensilla, ms–microsensillum, or–subapical organite, vs– apical vesicles, sc–sensory clubs, sr–sensory rods 
18 Antenna, ventral view, vsc–ventral sensory club 19 Leg III. Scale bars 20 µm.
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Metaphorura motuoensis sp. n. has few simple vesicles (14–16) on PAO and lacks 
the median process on Abd. VI which clearly separate it from other congeners. It is 
similar to M. affinis (Börner, 1902) in the presence of simple vesicles on PAO and the 
pseudocellar formula on the body, but differs in the presence of a crescentic ridge on 
Abd. VI, fewer vesicles on PAO (20–25 vesicles in M. affinis), two pairs of m-setae m3 
and m4 on Abd IV (three pairs of m-setae in M. affinis: m2, m3, m4), and absence of 
median process on Abd. VI (presence of a pointed projection in M. affinis) and less 
differentiated sensory seta p3 on abdominal segment V (flame-like p3 in M. affinis). It 
is even more similar to Delamarephorura capensis Janion, Deharveng & Weiner, 2013, 
from which it differs by seta p1 on head much longer than p2 (versus of same size in 
D. capensis).

Mesaphorura yosii (Rusek, 1967)

Material examined. 2 female, 1 juvenile (slides nos. XZ-C2015064, XZ-C2015065) 
(SNHM), China, Tibet, Linzhi, Sejila Mt., extracted from soil samples under bushes, 
Alt. 3500 m, 29°67'N, 95°70'E, 1-XI-2015, coll. Y. Bu & G. Yang; 7 females (slides 
nos. XZ-C2015007, XZ-C2015028, XZ-C2015029, XZ-C2015038, XZ-C2015073, 
XZ-C2015105, XZ-C2015134), 4 juvenile (slides no. XZ-C2015030, XZ-C2015073, 
XZ-C2015113) (SNHM), China, Tibet, Motuo county, Dexing town, extracted 
from soil samples in broad-leaved forest, Alt. 1100 m, 29°40'N, 95°26'E, 3-XI-2015, 
coll. Y. Bu & G. Yang. 32 females (slides nos. XZ-C2015039–XZ-C2015049, XZ-
C2015075–XZ-C2015077, XZ-C2015142, XZ-C2015143), 3 juveniles (slides no. 
XZ-C2015050, XZ-C2015076) (SNHM) and 20 adults in alcohol, China, Tibet, 
Motuo county, Beibeng town, extracted from soil samples in broad-leaved forest, Alt. 
1500 m, 29°30'N, 95°38'E, 5-XI-2015, coll. Y. Bu & G. Yang. 18 females (slides nos. 
XZ-C2015051, XZ-C2015052, XZ-C2015054, XZ-C2015085, XZ-C2015168–XZ-
C2015172), 1 juvenile (No. XZ-C2015053) (SNHM), China, Tibet, Linzhi City, 
Bomi county, Songzong town, extracted from soil samples in broad-leaved forest, Alt. 
3000 m, 29°76'N, 95°96'E, 7-XI-2015, coll. Y. Bu & G. Yang. 32 females (slides nos. 
XZ-C2015178–XZ-C2015184) (SNHM), China, Tibet, Linzhi City, Lulang forest 
farm, extracted from soil samples in coniferous forest, Alt. 2459 m, 29°98'N, 95°33'E, 
9-XI-2015, coll. Y. Bu & G. Yang.

Distribution. Cosmopolitan. In China the species was recorded in Fujian, Guang-
dong, Hunan, Shandong, Shanghai, Yunnan, Zhejiang, and for the first time in Tibet 
in this paper.

Mesaphorura hylophila Rusek, 1982

Material examined. 11 females (slides nos. XZ-C2015083, XZ-C2015153, XZ-
C2015154, XZ-C2015171, XZ-C2015172), 1 juvenile (No. XZ-C2015053) 
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Figures 20–24. Metaphorura motuoensis sp. n. (Holotype) 20 Th. I–III, dorsal view, s–sensillum, 
ms–microsensillum 21 Abd. I–II, dorsal view 22 Abd. III–IV, dorsal view 23 Abd. V–VI, dorsal view 
24 Abdomen, ventral view.
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(SNHM), China, Tibet, Linzhi City, Bomi county, Songzong town, extracted from 
soil samples on broad-leaved forest, Alt. 3000 m, 29°76'N, 95°96'E, 7-XI-2015, coll. 
Y. Bu & G. Yang.

Distribution. Widely distributed in Palaearctic region. In China the species was 
recorded in Hebei (Bu and Gao 2017) and for the first time in Tibet in this paper.

Prabhergia imadatei Tamura & Zhao, 1996

Material examined. 1 female (slide no. XZ-C2015071) (SNHM), China, Tibet, Motuo 
county, Dexing town, extracted from soil samples in broad-leaved forest, sample 4, Alt. 
1480 m, 29°45'N, 95°28'E, 3-XI-2015, coll. Y. Bu & G. Yang. Holotype (SEM). fe-
male, China, Yunnan, Mengla county, Menglun town, Xishuangbanna Tropical Botanic 
Garden, Alt. 550 m, 28-X-1992. Paratypes (SEM), 4 females, same data as for holotype.

Distribution. The species was only known from its type locality in Yunnan Prov-
ince, southeast China. It is here recorded for the first time in Tibet.

Remarks. The description of dorsal chaetotaxy of Prabhergia imadatei in the origi-
nal paper contains some errors, such as nominations and numbers of anterior and me-
dial setae on Th. II and III, Abd. I–V. The type specimens were examined and a revised 
dorsal chaetotaxy of the species is given below in Table 2.

Table 2. Dorsal Chaetotaxy of Prabhergia imadatei (revised).

Row
Thorax Abdomen

I II III I II III IV V
a - 10 10 10 10 10 83 105

m 8 61 61 22 22 22 24 -
p - 8 8 10 10 10 10 66

pl 2 3 3 2 2 2 6 1
1 seta m1, m4, m5 present; 2 seta m3 present; 3 seta a5 absent; 4 seta m4 present; 5 seta a2 and a4 as macro-
seta; 6 setae p2 and p4 absent, sensory seta p3 slightly differentiated.
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Introduction

Leaf-mining moths, small and large (Liu and Yan 2017), are poorly investigated in 
China and those in the family Heliozelidae are no exception. Unlike the situation in 
Europe and North America, Chinese leaf-mining moths are generally known only from 
their capture at light and a more comprehensive investigation by rearing is required.

The family Heliozelidae comprises 125 described species in 12 genera, with the 
largest diversity in North America and Australia (van Nieukerken et al. 2011, 2012, 
2015). Although an unidentified Heliozela sp. from Taiwan is listed in a checklist 
(Heppner and Kuroko 1992) and seven DNA barcode records of Heliozelidae from 
Taiwan, including Antispila species, are present in the BOLD database (BOLD: www.
boldsystems.org), no Heliozelidae species has yet been recorded from mainland China.

The genus Antispila Hübner, [1825], comprising some 40 species, is widely distrib-
uted worldwide, but most diverse and best studied in the Palaearctic and the Nearctic 
regions (Kuroko 1961, 1987, Lee et al. 2006a, Lee et al. 2006b, van Nieukerken et al. 
2012). Nevertheless, it has not been recorded in mainland China until the present. 
Vitaceae and Cornaceae comprise the major host plant families (van Nieukerken et al. 
2012, Regier et al. 2015).

During collecting trips targeting leaf-mining moths, an abundant population of A. 
sinensis sp. n. was found in Mt. Fohui Park in Jinan City, Shandong Province, where it 
damaged its host plant Cornus walteri Wangerin (Cornaceae). Cornus walteri is native 
and is frequently planted in Mt. Fohui Park, and plays an important role as a shade 
tree along footpaths. Another population of A. sinensis sp. n. was found on Mt. Baxian, 
Tianjin City, where less damage to its host plant was observed.

In the present paper, the new species A. sinensis sp. n. is described and the moth’s 
morphology, life-history, hostplant, and DNA barcode is reported upon. The potential 
for this moth to damage its host plant Cornus walteri is described.

Material and methods

Leaves with active mines were placed in small plastic bags for rearing. After the shields 
had been exscinded and the larvae had left the mines, the larval shields were trans-
ferred into closed containers and leaves with vacant leaf-mines were dried in a plant 
press. The larval shields, the corresponding adults, and the vacant leaf-mines were 
identically coded.

Genitalia and wings were dissected and mounted according to the methods introduced 
by Li (2002), but stained with Eosin Y and/or Chlorazol Black. Illustrations were prepared 
by using a Leica DM750 microscope. Line drawings were refined in Photoshop® CS4 
software. Adult photographs were taken with a Leica M205A stereo microscope and a 
Leica S6D stereo microscope. Photographs of host plant and leaf-mines were taken in 
the field using a Canon EOS camera. The larva was macerated in 10% KOH, boiling 
for 10 min, rinsed in water and alcohol, then stained with Chlorazol Black, and kept in 
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glycerin prior to examination. Measurements of shields were carried out using an ocular 
micrometer on an Olympus SZ11 stereo microscope.

DNA was extracted from adult specimens preserved in 95% ethanol in Shan-
dong Normal University, Jinan, China (SDNU), with genitalia and wings preserved 
as vouchers (Knölke et al. 2005). Total DNA was extracted using the TIANamp Mi-
cro DNA Kit (Code: DP316, Tiangen, China). Fragments of the mitochondrial COI 
gene were amplified using the primer pair LEPF1/R1 and the protocol introduced by 
Hebert et al. (2003). The sequence data used in this study have been deposited in the 
public Dataset “DS-ANTISIN” in the BOLD database. Sequences were aligned using 
MUSCLE model and genetic distance estimation was analyzed using Kimura 2-Pa-
rameter model in the BOLD.

Terminology of adult follows van Nieukerken et al. (2012), and that of larva fol-
lows Lee et al. (2006) and Low (2008) with some modifications. Thoracic segments 
I–III and abdominal segments 1–10 are abbreviated as TI–TIII and A1–A10, respec-
tively. The classification of the host plant is based on APG (2016).

The holotype of the new species is deposited in the Insect Collection of Nankai Uni-
versity (NKU), and paratypes are distributed in NKU and SDNU as stated in the text.

Taxonomy

Antispila sinensis sp. n.
http://zoobank.org/2529442C-31AC-41AE-AB57-5093C72EFFC1
Figs 1–23

Diagnosis. This species can be easily separated from the two European Cornus feeding 
species, A. treitschkiella (Fischer von Röslerstamm, 1843) and A. metallella (Denis & 
Schiffermüller, 1775), by the forewing with the opposite basal spots separated and thus 
not forming a fascia, and by the vein Rs3+4 reaching costa near apex and the absence of the 
stem of vein M. Antispila treitschkiella has a basal fascia in the forewing, and A. metallella 
has the vein Rs3+4 reaching termen and has an M stem in the forewing. Specimens with 
the inner spots joined into a fascia, A. sinensis could be separated from A. treitschkiella 
reliably by genitalia. Although DNA Barcode distance analysis suggests A. tateshinensis 
Kuroko, 1987 and A. purplella Kuroko, 1961 to be the closest relatives (Fig. 23), mor-
phologically, A. sinensis most closely resembles A. purplella, which feeds on Cornus con-
troversa and C. brachypoda. These two species are similar in terms of the hooked structure 
of the phallus, the cusps of the ovipositor and wing venation but can be distinguished by 
the thin ventral tube in the distal part of the phallus, which is bifurcated in A. purplella. 
In addition, the region of the vinculum adjacent to the triangular median protrusion is 
almost flat in A. sinensis, while it is apparently concave in A. purplella.

Type material. China: Holotype ♂, Mt. Baxian, 40.18°N, 117.55°E, 300–600 m, 
Ji County, Tianjin, larva coll. 5.ix.2013, emerged 9.iii.2014 (indoors), leaf-mine on 
Cornus walteri, leg. Tengteng Liu, genitalia slide No. LIU12870 (deposited in NKU).
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Paratypes. Tianjin: 2♂, 1♀, larva coll. 5.ix.2013, emerged 8, 9.iii.2014, 1♂, 
1♀, larva coll. 6.ix.2013, emerged 6, 12.iii.2014, 3♂, 1♀, larva coll. 9.viii.2013, 
20, 25.x.2013, 10, 11.iii.2014, 5♂, 5♀, larva coll. 24.vi.2014, emerged vii-2014, 
other data same as holotype, genitalia slide Nos. LTT12559♀, LTT12613–4♂, 
LTT12866♀, LTT12867–9♂, LTT12871–3♂, LTT12874–5♀, wing slide Nos. 
LTT12613–4W, LTT12874W (deposited in NKU); 12♂, 12♀, Mt. Baxian, 
40.194°N, 117.557°E, 300 m, Ji County, Tianjin, larva coll. 29, 30.vi, 23.vii.2015, 
shield made 2, 3, 5, 25, 27.vii.2015, emerged 27, 29, 31.vii, 2, 13, 20.viii.2015, leaf-
mine on Cornus walteri, leg. Tengteng Liu, registered Nos. SDNU_BXS150601–05, 
BXS150607, BXS150608–12, BXS150615, BXS150617–19, BXS150625–27, 
BXS150630–31, BXS150633, BXS150701–03, BXS150704–05 (deposited in 
SDNU); Shandong: 7♂, 6♀, Mt. Fohui, Jinan, 36.633°N, 117.050°E, 260 m, leaf-
mine on Cornus walteri, larva coll. 7.ix.2015, shield made 7, 10, 11, 13.ix.2015, 
emerged 26, 30.x.2015, 31.iii, 15, 19, 23, 24.vi.2016, leg. Tengteng Liu, genita-
lia slide No. LIU15003♂, registered Nos. SDNU_JN150903–04, JN150909, 
JN150911–14, JN150918–19, JN150926, JN150928–9, JN150939, JN150944, 
JN150947 (deposited in SDNU).

Adult (Figs 1, 2). Forewing length 2.4–3.0 mm. Head deep silvery gray, smooth. 
Base of proboscis covered with larger scales. Labial palpus dark gray. Antennae blackish 
fuscous, distal two segments grayish white. Thorax and tegula dark gray, with purplish-
blue metallic reflection. Legs silvery gray to deep silvery gray, tarsi dark gray dorso-dis-
tally except last segment. Forewing black, with purplish-blue reflection; two more or 
less triangular silvery white spots on costa at 1/3 and 2/3; two similar spots on dorsum 
opposite costal spots, inner pair sometimes joined into a fascia, especially in female 
(Fig. 2); cilia black basally, dark gray distally. Hindwing dark gray. Abdomen dark gray 
dorsally, silvery gray ventrally; vestiture on external genitalia dark gray.

Venation (Fig. 3). Forewing with Sc reaching before middle on costa; R1 from 2/5 
on upper margin of cell to costal 3/5, Rs1 from 1/7 on upper margin of cell to costal 
3/4, Rs2 from distal end of cell, Rs3+4 reaching costa before apex; cell triangular distally; 
M1 stalked with Rs3+4, to termen near apex, M2+3 from near distal end of cell; Cu from 
distal 1/7 of lower margin of cell; A1+2 to beyond middle of dorsum. Hindwing with 
Sc to costal 3/5, R+M ending in 4 branches: Rs to costa near apex, M1, M2 and M3 to 
dorsum; Cu ending in 2 branches; A1+2 weak. Male with one frenulum, female bearing 
two frenular bristles and several hairscales.

Male genitalia (Figs 4, 5, 5a). Uncus setose on posterior margin, with two setose 
sacs ventrally. Vinculum slightly shorter than phallus, anteriorly rounded, posterior-
ly almost even besides triangular median protrusion. Valva more or less rectangular 
on basal half, digitally extended distally, pecten on pedicel, with 10–14 comb teeth 
(Fig. 5a); transtilla almost uniform in width, sublateral processes relatively short. Juxta 
about half as long as phallus, densely covered with teeth on basal 2/5, anteriorly spade-
shaped. Phallus long, strongly expanded at base laterally; distal part beyond base of 
juxta complex, curved, with small hooks distally and medio-ventrally, an incision be-
fore middle dorsally, a thin tube extruded near base ventrally.
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Figures 1–3. Adult and wing venation of Antispila sinensis sp. n. 1 Adult, paratype, male, BXS130941 
2 Adult, paratype, female, SDNU_JN150947 3 Wing venation, female, slide No. LTT12874W, paratype.
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Figures 4–6. Genitalia of Antispila sinensis sp. n. 4 Male genitalia in situ, slide No. LTT12873, paratype 
5 Male genitalia unrolled, slide No. LTT12872, paratype, red arrow referring to the region of the vinculum 
adjacent to the triangular median protrusion 5a Close-up of comb teeth on pecten, slide No. LIU15003 
6 Female genitalia, slide No. LTT12875, paratype 6a Close-up of ovipositor tip, same slide as in Fig. 6.

Female genitalia (Fig. 6, 6a). Ovipositor with 3 cusps at either side (Fig. 6a). Eighth 
sternum medially indented posteriorly, with many papillate setal sockets, triangularly pro-
truded on posterior margin ventrally. Vestibulum oval, covered with spines anteriorly, inner 
with paired wrinkled sclerotization, each with a long spine. Corpus bursae membranous.
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Final instar larva in mine (Figs 7–12). Body length about 5.0 mm. Two stemmata 
visible. Prothorax (TI) with sternum and tergum strongly sclerotized (Fig. 7). T2–3 
and A5–9 with terga strongly sclerotized, covered with granules; eighth tergum with a 
weakly sclerotized oval zone medially, a row of sclerotized pointed bumps along pos-
terior margin (Fig. 7). A5–9 with sternum strongly sclerotized, covered with granules, 
A5 and A6 with weak sclerotized zones medially (Fig. 7). Tenth tergum more or less 
oval, lateral and ventral plate sclerotized. Thorax legs and prolegs absent (Fig. 7).

Head (Figs 8–9). Three long setae on A-group, A1 internal to stemmata, A3 pos-
terior to stemmata I, A2 internal to A3; Fa internal and dorsal to F1; P-group close to 
adfrontal area, with P1 longer than P2, two short setae lateral and ventral to P1 which 
might be real P setae, while P setae here designated might be AF setae; L1 posterior 
to A3; V-group with 2 micro-setae; O1 ventral to stemmata II, O2 and O3 ventral to 
stemmata I; SO1 below antennae, SO2 dorsal to SO1; G-group with three setae, G1, 
MG1, and MG2.

Thorax (Fig. 10). TI with D1 anterior and slightly ventral to D2, XD1 anterior and 
ventral to D1, near anterior margin prothoracic shield, MXD1close to posterior margin 
of prothoracic shield; SD1 and SD2 on lateral margin and posterior margin respectively, 
SD1 longer than SD2; L-group with 3 setae, L2 ventral to SD1, L3 close to spiracle, 
L2 between L1 and L3; SV-group with two setae, same in length; two micro-setae on 
concave of lateral margin of sternum; sternum with 4 MV setae. TII similar to TI, one 
MD setae anterior to D1; SD2 close to SD1, with two MSD setae anteriorly; SV-group 
with only one seta; two MV setae exist. TIII similar to TII, except with SD2 missed.

Abdomen (Figs 11, 12). A1 with D-group and SD-group setae very short, SD1 dor-
sal and posterior to spiracle, SD2 next to spiracle; L-group and SV-group setae long, 
L1 posterior to spiracle, L2 ventral to L1, L3 posterior and ventral to L2, SV1 anterior 
and slightly ventral to L3. A2 similar to A1. A3 similar to A1, but with L3 shorter, SV1 
moved ventrally, MV1 absent. A4–7 similar to A3, except with L3 longer on A7. A8 
with D1 anterior and dorsal to D2, L-group more or less same in length, arranged in 

Figures 7. Final instar larva in leaf-mine, showing sclerotized plate and granules on the body, registered 
No. SDNU_JN150907.



Tengteng Liu & Shuxia Wang  /  ZooKeys 686: 95–107 (2017)102

Figures 8–12. Larval chaetotary of Antispila sinensis sp. n. 8 Head lateral view 9 Head front view 
10 Thorax 11 Abdomen 12 A10 dorsal and ventral view.
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Figures 13–14. Pupa of Antispila sinensis sp. n. 13 a white early stage pupa 14 pupa just before emer-
gence in ventral, lateral, and dorsal view.
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Figures 15–22. Leaf mine, host plant and shield of Antispila sinensis sp. n. 15 Leaf mines on Cornus 
walteri 16 A large blotch mine occupied by two larvae one of which has made a cut-out 17 piercing scar 
on the disc of a leaf indicated by a red arrow 18 piercing scar (red arrow) near margin of a leaf where callus 
also occurs (blue arrow) 19 Early linear mine with an active larva 20 Larva in freshly made shield, search-
ing for a pupation site on the ground 21 Shield without spines along margin, pupal exuviae and exuviae 
of prepupa (red arrow) 22 Shield with several spines along margin, pupal exuviae.
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Figure 23. Neighbor-joining tree estimated from DNA barcode sequences under dataset “DS-ANTISIN”, 
performed by using Kimura 2-Parameter model. Clades representing A. sinensis sp. n. are marked blue.

line. A9 similar to A8, but with L3 absent. A10 apparently sclerotized on both sternum 
and tergum, with a single plate dorsally and two paired plates ventrally (Fig. 12).

Pupa and shield (Figs 13–14, 20–22). Shield 4.3 ± 0.3 mm in longitudinal di-
ameter, 2.4 ± 0.2 mm in latitudinal diameter, with 13.2 ± 3.3 spines (n = 23), but also 
some extremes without spines (Fig. 21). Pupa changing from white to dark fuscous 
during maturity (Figs 13–14).

DNA barcode. Four DNA barcodes from individuals from each of the collecting 
sites have been submitted to BOLD under the public Dataset “DS-ANTISIN” (doi: 
10.5883/DS-ANTISIN). The Barcode Identification Number is BOLD:ADG5043. 
A neighbor joining tree with barcodes of other Antispila species, particularly Cornus 
feeding species and Japanese species, is given in Fig. 23.

Host plant. Cornus walteri Wangerin (Cornaceae).
Distribution. China (Shandong, Tianjin).
Biology. Egg is laid on the lower side of a leaf, usually close to leaf margin and 

occasionally near main vein, where a darker area of callus (piercing scar) caused by 
piercing of the ovipositor is invariably seen (Figs 17, 18). The leaf-mine begins as a line 
and extends along veins if it cannot go through (Fig. 19). The mine soon enlarges to a 
blotch, incorporates most or all of the earlier linear mine and finally, ends in a cut-out 
(Fig. 16). Several mines can be found on the same leaf (Figs 15, 16). Frass primarily 
occupies the opposite side of the cut-out in the mine, with a small amount extending 
adjacent to the cut-out (Fig. 16). The newly made larval shield often falls onto the 
ground, after which the larva searches for a place to pupate (Fig. 20). The larva molts 
once in the shield before pupation and the final larval exuviae are often protruding at 
one end of the shield, opposite to the end where the pupal exuviae protrude (Fig. 21). 
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This species overwinters as a prepupa in the shield and pupates during early spring to 
emerge later as an adult. At least three generations occur annually.

Etymology. The specific name is derived from the country where the new species 
represents the first formally named Heliozelidae species.
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Abstract
We describe a distinctive new subspecies of sea snake from the occasionally anoxic inner-basin waters of 
Golfo Dulce, Costa Rica, based on combined data garnered between 2010 and 2017 for 154 specimens, 
123 free-ranging and 31 museum-held. The yellow sea snake, Hydrophis platurus xanthos Bessesen & 
Galbreath, subsp. n., is diagnosed by a notably smaller body size and nearly uniform yellow coloration, 
which contrasts with the black and yellow striae and tail spots or bands typical of the species. Within the 
modest geographic range (circa 320 km2), nearly all specimens possess both diagnostic character states. 
Bathymetrics appear to restrict genetic flow between this allopatric population and conspecifics in the 
broader Eastern Pacific. In perspicuous contrast to typical H. platurus, H. p. xanthos shows no association 
with drift lines, and feeds at night in turbulent waters, assuming a sinusoidal ambush posture never previ-
ously reported for the species. This evolutionarily significant unit (ESU) warrants taxonomic recognition 
and active protection.
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Introduction

Hydrophis platurus (Linnaeus, 1766; as Anguis platura) is an elapid sea snake wide-
spread in the Indo-Pacific region. The species was long classified in the monotypic 
genus Pelamis, but given molecular studies on its phylogenetic relationships (e.g. Lu-
koschek and Keogh 2006), it is most appropriately placed in the large genus Hydrophis 
(Sanders et al. 2013). At the ocean surface, this venomous piscivore is often associated 
with smooth-water drift lines (Kropach 1971a, 1975), where it opportunistically feeds 
on a variety of small fish from an open floating posture. Considered diurnal, it does 
not appear to spend time at the sea surface at night (Rubinoff et al. 1986; see our con-
trasting data below), preferring high light levels, which may suggest some reliance on 
visual cues for predation (Brischoux and Lillywhite 2011). The species has generally 
been found to actively avoid turbulent waters (Dunson and Ehlert 1971, Rubinoff et 
al. 1986, Cook and Brischoux 2014). Like many snakes, Hydrophis platurus is sexually 
dimorphic in size, with females larger on average. Individuals can reach at least 113 
cm in total length (TL; Pickwell and Culotta 1980). Published population averages 
for adult TL include 70 cm (Cogger 1975), perhaps 60 cm (roughly extrapolated from 
Fig. 2A of Pfaller et al. 2012), and 72 cm for males/ 80 cm for females (Leviton et al. 
2006). Weight averages in ecological studies have included 91 g (Graham et al. 1971) 
and 140 g (Rubinoff et al. 1986).

Hydrophis platurus is the only sea snake found off Costa Rican shores (Solórzano 
2004). While variable, the majority of individuals exhibit black dorsal coloration con-
trasting with a yellow ventrum, and have dark spots or bands on the paddle-shaped 
tail (Bolaños et at. 1974; Tu 1976). Smith’s (1926) seven recognized color forms of 
the species did not include the yellow variety and Kropach (1971b) was the first to 
describe yellow individuals along the Central American coast. Later, Solórzano (2011) 
and Bessesen (2012) reported a population in the northern waters of Golfo Dulce to 
be exclusively composed of xanthic (all-yellow or primarily yellow) sea snakes. A bi-
seasonal distributional study across all areas of the Golfo Dulce revealed a geographi-
cally bound aquatic habitat (circa 320 km2) in which 100% of sea snakes (N = 68) 
possessed the diagnostic character state. See Supplementary file 1. The findings were 
corroborated in interviews with 82 fishermen and tour boat guides, who reported see-
ing only yellow sea snakes in the upper Gulf. GIS maps show the xanthic population 
to be spatially separated from the oceanic yellow-bellied population by a gap of about 
22 km (Bessesen 2012, 2015, Fig. 1).

This distinct population of yellow sea snakes exploits warm, periodically anoxic 
inner-basin waters of a curved tropical embayment with tectonic origins (Hebbeln 
and Cortés 2001) and fjord-like features (Wolff et al. 1996). Golfo Dulce, located on 
the South Pacific coastline of Costa Rica, is approximately 50 km long and 10-15 km 
wide, and supplied with fresh water drainage from several rivers and tributaries. The 
bathymetry is characterized by a 215 m deep inner basin, which is held by an effec-
tive 60 m sill and a shallow valley, ≤ 80 m deep, extending southward to the mouth 
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Figure 1. GPS sighting points for all sea snakes observed in Golfo Dulce during the 2010 and 2011 dis-
tribution study show Hydrophis platurus xanthos to reside in the inner basin, geographically divided from 
the broader Eastern Pacific population (Bessesen 2012, 2015).

of the Gulf. Such topography prevents free exchange between the deeper waters of 
the inner basin and adjacent coastal water masses (Svendsen et al. 2006). Graham 
(1974) showed H. platurus body temperature remained at or slightly above surround-
ing water, and found the serpent avoided surfacing when water temperatures were 
elevated (Graham et al. 1971). Since Dunson and Ehlert (1971) reported the spe-
cies’ upper lethal temperature at 33°C, and sea surface temperatures in Golfo Dulce 
can reach 32.5°C (Bessesen 2012), higher than other areas within the range of H. 
platurus (Hecht et al. 1974), light dorsal coloring plausibly plays a role in thermal 
regulation (Solórzano 2011, Bessesen 2012). Bessesen (2012) and Lillywhite et al. 
(2015) observed behavioral differences in the xanthic population that appeared to 
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have adaptive significance. Yellow sea snakes show no association with drift lines, are 
commonly seen in turbulent water, and most frequently surface at night, when they 
commonly assume a sinusoidal posture. The function of that sinusoidal posture was 
recently illuminated, as was smaller body size, during an investigation of morphology 
and behavior of the yellow sea snakes in Golfo Dulce, Costa Rica. The data from that 
study are reported here.

Material and methods

In January 2017, 55 free-ranging yellow sea snakes were documented in the inner-
basin region of Golfo Dulce. Time and Beaufort Wind Force (BWF) were recorded 
at each sighting, as was the behavior of the snake: resting (floating at the surface), 
swimming, knotting, feeding, breeding and/or avoidance (diving). The posture of 
each snake was also recorded; open (elongated) versus sinusoidal. Forty-three of the 
specimens were captured by dip net for collection of morphological data, including 
total length (TL), tail length, paddle height, weight and high‐resolution photos of 
key physical characteristics. Each snake was given an effective calming mask using 
1-inch Vetrap wrapped around the head, and allowed to quiet. While resting still, 
TL was obtained by laying string along the mid-dorsal surface from tip of snout 
to tip of tail, and then measuring the string against a meter stick, taking just two 
measurements if the results matched exactly, or if not, averaging three measurements 
diverging by no more than 0.5 cm. Tail length was measured against a meter stick to 
nearest 0.5 cm. Paddle height was measured in 34 specimens with calipers to 0.5 mm. 
Weight was measured on an AWS Blade-1KG digital scale; if boat movement created 
a swing in readout, care was taken to wait until a proper estimate could be acquired. 
An additional behavioral note was made if a snake gaped its mouth or attempted to 
bite during handling. On-water work periods began no later than 16:30, lasting an 
average of 6 hr, 10 min. Sea surface temperature was measured with a floating water 
thermometer once per evening.

Following field work, 31 preserved specimens of Hydrophis platurus were examined 
at the Zoological Museum of University of Costa Rica; all had been captured in the 
upper Golfo Dulce between 2009 and 2016, and all exhibited xanthic coloration. 
Five particularly small specimens (<38 cm TL) were excluded from measurement to 
avoid possible age-related statistical bias; however, morphological data were collected 
for the remaining 26 specimens using the same techniques as applied in the field. TL 
was measured by string, although merely one precise effort was required. Tail length, 
paddle height, weight and photos were also collected. No additional morphological 
counts, such as scalation, could be practicably obtained owing to limited access to the 
preserved specimens.

During the research period, opportunity also arose to measure three adult yellow-
bellied specimens, two preserved and one living, found along the Osa Peninsula. The 
same tools and techniques were applied.
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Results

A total of 69 yellow sea snakes collected from the inner basin of Golfo Dulce was 
measured and weighed. TL ranged from 40–59 cm, with a mean of 49.1 cm. Tail 
length ranged from 4.3–7 cm and averaged 5.4 cm, significantly shorter than the typi-
cal 8–9 cm described by Leviton et al. (2003); Cook and Brischoux (2014) estimated 
mean proportionate tail length at 11.2% of TL, which held true for our samples. 
Weight ranged from 22–95 gm, with a mean of 46.6 g (Table 1). In comparison, the 
three measured yellow-bellied specimens had a TL ranging from 69–70.5 cm, with a 
weight average of 95 g; such findings are in accord with published size descriptions for 
H. platurus (Fig. 2A). While comparative data for paddle height is limited, we found 
xanthic specimens to have an average height of 9.8 mm, while the yellow-bellied speci-
mens averaged 11.8 mm.

Several free-ranging yellow sea snakes were seen swimming (N = 13) and a few 
knotting (N = 3), but the most commonly observed surface behavior was resting. 
Recorded evening sea surface temperatures in the inner basin averaged 28.5°C, con-
siderably cooler than the average 30.5°C previously recorded near the Puerto Jiménez 
marina in the dry season of 2010 (Bessesen 2012). BWF was documented at every 
sighting to provide specific insight into turbulence associated with xanthic snakes at 
the sea surface. Of the 55 live yellow sea snakes recorded, none were seen in glassy or 
rippled water. Only one was found in BWF2 (small wavelets), whereas the majority 
were recorded in BWF3 (N = 33; smooth wavelets) or BWF4 (N = 21; small wave-
caps). On two nights when sea conditions calmed from BWF3 to BWF2, snakes could 
no longer be located. This association with rough water is in direct contrast to the 
behavior of typical yellow-bellied sea snakes, which strongly favor calm smooth water 
for surfacing. Furthermore, data reconfirmed that yellow sea snakes most commonly 
surface at night, at which time they often assume a tight sinusoidal posture that has 
never been observed during daylight hours (Fig. 2A). The first yellow sea snake sighted 
post-sunset was always sinusoidal, a posture observed in 80% of nocturnal sightings. 
Perhaps the most unexpected finding was that the sinusoidal body position appears 
to represent the typical ambush posture of yellow sea snakes (Fig. 2B). Six yellow sea 
snakes were observed in this feeding position with small prey around them, and one 
was captured with a larval fish in its mouth. Bunching up the body appears to create a 
stable buoy in turbulent water conditions while the head extends below, mouth agape. 
In hand, the yellow sea snakes were not overly aggressive; of the 43 brought aboard our 
research panga for examination, only 33% (N = 14) gaped their mouth at any point. 
Avoidance behavior prevented us from measuring 12 living specimens, which were 
seen and recorded, but not caught, before diving.

During the 2017 field work, three yellow-bellied H. platurus were unexpected-
ly found in the inner basin of Golfo Dulce. All were within close proximity (two 
within 400 m and another 2 km to the south). Two were juveniles, weighing only 
12–22 grams. The third was an adult, which appeared to be dying, limp in the water 
with head drooping. Its body was emaciated, with ribs palpable, and slimy grey plaques 
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Table 1. Body measurements for 69 individual Hydrophis platurus xanthos from the inner basin of Golfo 
Dulce.

Specimen TL (cm) Tail length (cm) Paddle height (mm) Weight (g)
F1 49 5.5 - 28
F2 46 5.5 - 22
F3 52.5 4.5 - 50
F4 50 5 - 47
F5 48 4.5 9 35
F6 48 4.5 9.5 30
F7 46.5 5 9.5 28
F8 52 5 9 44
F9 48 4.5 9 29
F10 47 4.5 9.5 37
F11 50.5 5 9.5 42
F12 55.8 6 9.5 38
F13 47 4.5 - 32
F14 48.5 5.5 8 33
F15 47.6 4.5 9.5 39
F16 46.8 4.5 9 33
F17 55 5.5 10 52
F18 48.3 4.5 10 43
F19 46 4.5 9.5 38
F20 46 4.5 - 35
F21 49 6 9 34
F22 45.5 5.5 - 37
F23 50 5 10 52
F24 47.8 5 9.5 46
F25 45.8 5 9.5 32
F26 51.5 6 10 53
F27 45.2 5 9.5 32
F28 46.8 5 9 34
F29 48.7 5.5 9.5 41
F30 46.5 5.5 9 32
F31 54.3 6 10.5 61
F32 49.8 5.5 9.5 42
F33 49.5 6 - 38
F34 50.5 6 - 48
F35 48 5.5 8.5 40
F36 41 5 8.5 26
F37 45.3 5 9 40
F38 46 5.5 9.5 38
F39 47.7 5.5 11.5 45
F40 44 5 9.5 37
F41 48.3 5.5 9 43
F42 43 4.5 9.5 32
F43 50.8 6 10.5 48
M1 57.5 6.5 10.5 59
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Specimen TL (cm) Tail length (cm) Paddle height (mm) Weight (g)
M2** 52 6 10 55
M3 59 7 11 72
M4 56 6 14 95
M5 51.5 6.5 14 73
M6 50 6.5 12 71
M7 51 6 9.5 54
M8 51 6 10 73
M9 51.5 6.5 10.5 94
M10 45 5.5 9 35

 M11* 51 6 10 55
M12 42 4.5 9 26
M13 52 5 9.5 65
M14 55 6 11 78
M15 51 6 10 74
M16 55 5.5 11 94
M17 45.5 6 9.5 38
M18 54.5 5.5 10.5 80
M19 40 4.5 9.5 35
M20 50.5 5 9.5 79
M21 54 6 10 46
M22 46 5 8 35
M23 44.5 5 10 38
M24 50.5 6 9.5 40
M25 48 5 10 47
M26 50 4.5 8 36

Mean: 49.1 5.4 9.8 46.6

Notes: F specimens were free-ranging, captured during field studies, while M specimens were examined at 
the Zoological Museum of University of Costa Rica; **holotype; *paratype.

covered the head and speckled the skin. Strings reminiscent of thread algae also pro-
truded along its length (Fig. 2A). Local fishermen were flummoxed by news of our 
finding and reiterated their experience, as reported in the 2010–2011 study: None had 
ever seen a yellow-bellied snake in upper Golfo Dulce.

Description of a new taxon

Hydrophis platurus xanthos subsp. n.
http://zoobank.org/291A79DC-C871-4AE3-9628-A60AE9CF9445

Type specimens. Holotype female from COSTA RICA: Golfo Dulce: inner basin, 
08°35.76'N; 083°13.25'W; collected 13 February 2009 by A. Solórzano, and de-
posited in the Zoological Museum of University of Costa Rica, San Jose, Costa Rica 
(MZUCR:HERP:20614); body yellow with 4 black specks (<1 mm) and 5 black dots 
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Figure 2. Hydrophis platurus xanthos sharply contrasts typical H. platurus in color, body size and behavior. 
A Scaled size comparison of yellow sea snake, TL 43 cm (left), and yellow-bellied sea snake, TL 69 cm 
(right; note the use of Vetrap as a calming mask and sickly condition of the specimen) B ambush posture of 
H. p. xanthos; floating at the sea surface at night in a sinusoidal shape, head below, mouth agape C although 
predominantly yellow, xanthic individuals often possess black spots along the dorsum.

(2–4 mm) along the dorsum, no tail markings; TL 52 cm, tail length 6 cm, paddle 
height 11 mm, weight 55 g. Paratype female from COSTA RICA: Golfo Dulce: inner 
basin, 08°35.76'N; 083°13.25'W; collected 2 September 2009 by A. Solórzano, and 
deposited in the Zoological Museum of University of Costa Rica, San Jose, Costa Rica 
(MZUCR:HERP:20836); body yellow with 4 dark-brown dorsal blotches (2–3 mm) 
on or just caudal to the head, 2 black specks (< 1 mm) and 2 dots (3–4 mm) farther 
down the dorsum, no tail markings; TL 51 cm, tail length 6 cm, paddle height 10 mm, 
weight 55 cm.

Diagnosis. Here we describe a new, allopatric subspecies, Hydrophis platurus xan-
thos subsp. n., or yellow sea snake, from the inner basin of Costa Rica’s Golfo Dulce. 
The new subspecies is diagnosed based on a dramatic color character state, as well as by 
a marked difference in body size. Aspects of behavior also appear to be unique.
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Hydrophis platurus xanthos is diagnosed as differing from other H. platurus by its 
predominantly yellow coloration and smaller size. Apparent additional behavioral di-
agnostic traits include a sinusoidal ambush posture, and a preference for surfacing in 
rough rather than smooth waters, lacking an association with drift lines. No specimens 
unambiguously assignable to this taxon have shown full lateral striation on head and 
body or prominent spots or bands on the tail. The appearance of H. p. xanthos starkly 
contrasts with the coloration of most conspecifics found in the broader Eastern Pa-
cific, or even in the adjacent mouth of the Golfo Dulce, which evince nearly solid 
black pigmentation along the dorsum, breaking into spots or bands at the caudal end 
(Fig. 2A). H. platurus xanthos is also shorter in length, with an average adult TL of 49 
cm, compared to about 60–75 cm for other H. platurus populations. Comparing our 
TL data for H. p. xanthos with those of Rubinoff et al. (1986) for H. platurus in the 
Gulf of Panama, note that the two samples do not even overlap, despite good sample 
sizes. The difference between the underlying distributions is significant with P < .01 
(Wilcoxin Rank Sum Test, N1 = 15, N2 = 69, T1 = 1155). Behavioral differences are 
equally pronounced between H. platurus xanthos and its yellow-bellied conspecifics. 
Drift lines, which play a critical role in the natural history of the species, supporting 
aggregations for feeding, reproduction and transport, are not used by H. platurus xan-
thos. Furthermore, while H. platurus feeds diurnally, stretched out in smooth water, 
H. platurus xanthos feeds at night, in turbulent water, assuming a sinusoidal ambush 
posture never previously reported for the species.

Coloration detail. Head, body and tail are bright canary-yellow. Although ap-
pearing entirely yellow at a glance, most individuals possess at least one dark, black or 
brown, dorsal speck or dot (Fig. 2C); such markings lack any fixed pattern, but fre-
quently present caudal-medial to the supraocular scales. A few specimens retain larger 
black spots along the dorsal ridge; of the yellow sea snakes photographed by an author 
(BLB; N = 120), less than 13% (N = 15) exhibited a black mark longer than 2 cm.

Etymology. From Greek xanthos, “yellow,” to highlight a diagnostic feature of this 
subspecies.

Geographic distribution. The breeding population of Hydrophis platurus xanthos 
appears confined to approximately 320 km2 in the northern half of the Golfo Dulce, 
Costa Rica, from 08°32'N to 08°44'N and 083°11'W to 083°28'W. A spatial gap up 
to 22 km separates the yellow sea snakes from the usually bi- or tricolored oceanic 
population, and appears to restrict genetic exchange (Bessesen 2012, Fig. 1).

Discussion

Hydrophis platurus xanthos constitutes a geographic isolate in which most or all speci-
mens conform in possessing the diagnostic color state, otherwise known in very few in-
dividuals of other populations of this wide-ranging species. Sheehy et al. (2012) com-
pared mitochondrial DNA from two Costa Rica populations, the xanthic population 
in Golfo Dulce, and a yellow-bellied population in Golfo de Papagayo. Four statistical 
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tests for difference were utilized. Two of them, Ks* and Z*, found significant difference 
at P < .05; two others, X2 and Hs*, did not. That no shared cytochrome-b haplotypes 
were found is intriguing, but the sample sizes were small. We concur with Sheehy et al. 
that any real difference in mtDNA between these populations is itself probably small 
and implies shallow phyletic divergence. This is not in conflict with taxonomic differ-
entiation of the Golfo Dulce snakes, since subspecific or even specific differentiation 
can occur rapidly under circumstances of intense selection and/or genetic drift.

The yellow sea snake, H. p. xanthos, is also notably smaller in size than the yellow-
bellied variety. At an adult TL of about 49 cm, weighing approximately 47 g, it meas-
ures around 10–25 cm shorter and 33–50% lighter in weight than published averages 
for H. platurus. A portion of that difference could relate to measuring technique: string 
versus stretching (Fitch 1987, Rivas et al. 2008). However, while typical female mem-
bers of the species found in the Eastern Pacific may not commence reproductive activ-
ity until they reach a TL of 64.5–76.5 cm (Kropach 1975), no recorded individuals 
of the xanthic taxon even encroach into that size range. Behavioral differences suggest 
that the unique habitat of H. p. xanthos has imposed adaptive change. In Golfo Dulce, 
H. platurus has not only made a dramatic shift in tolerance—indeed, preference—for 
turbidity, correlated with a sinusoidal ambush posture, but appears to have shifted 
from diurnal to nocturnal predation. If insulated bathymetrics and restricted water 
currents within Golfo Dulce interrupted transit and reproductive flow with the wider 
oceanic population in the past, the need to avoid overheating may have selected for all-
yellow coloration to reduce absorption of solar energy while surface feeding. Perhaps 
that same environmental pressure led to a nocturnal feeding strategy and may also 
explain why H. p. xanthos concentrate in the cooler deepest waters of the inner basin 
(Fig. 1).

Hydrophis platurus is very widely distributed, yet has remained largely geographi-
cally undifferentiated in morphology. That fact makes the singular xanthic population 
particularly intriguing. Several interesting questions are raised. For example, does the 
yellow color morph represent a small but normal percentage of the oceanic population 
in the Eastern Pacific? When 102 sea snakes were collected from five locations along 
the northern Pacific coastline of Costa Rica, only one (1%) was described as “yellow 
with a few black dorsal dots” (Bolaños et al. 1974). Of 3,077 specimens collected near 
Bahia de las Culebras, four (0.1%) were yellow (Tu 1976). Yet Kropach (1971b) found 
the variant in 9 of 278 specimens (3%) near the mouth of the Golfo Dulce. That 
xanthic specimens increase closer to our described population suggests the possibility 
that xanthic individuals in the Eastern Pacific have washed out from the inner basin 
of Golfo Dulce. To that point, all but one of the 154 yellow sea snake documented by 
an author (BLB) occurred well within habitat boundaries. However, a single xanthic 
specimen was observed in the outer basin in 2011 when rainy season storms and higher 
waves prevailed. This finding indicates that individuals of the subspecific colony occa-
sionally cross the sill line, and might ultimately emigrate into the broader Pacific popu-
lation (Fig. 1). More intriguing is our discovery of yellow-bellied specimens above the 
sill line; to our knowledge, no others have ever been sighted in the upper Gulf. While 
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cause of disease in the emaciated, algae-coated adult found dying remains unknown, 
sea snakes are quite sensitive to rises in water temperatures (Gillett 2015). How did the 
yellow-bellied snakes come to be in the inner basin? It may be relevant that their ap-
pearance occurred about seven weeks after the severe weather event of Hurricane Otto, 
which caused record-breaking precipitation on the Osa Peninsula. How frequently 
yellow-bellied snakes may be washed into the embayment or whether they can or do 
produce viable progeny with resident yellow sea snakes is unknown.

How do Golfo Dulce’s periodically anoxic conditions impact the health, metabolic 
rate and/or behavior of the yellow sea snake? Despite being an air-breathing reptile, 
the species is reported to spend up to 99.9% of its time at 20–50 m depth, remaining 
submerged for up to 213 minutes per dive (Rubinoff et al. 1986). Below the water 
surface, H. platurus can absorb 12–33% of oxygen through skin respiration (Graham 
1974). How might those physiological and behavioral characteristics be altered when 
the surrounding seawater lacks normal levels of dissolved oxygen? And, if H. platurus 
uses visual cues for predation, how does a nocturnal feeding schedule influence detec-
tion of prey?

An important unknown is the population size of H. p. xanthos in Golfo Dulce. 
Although the taxon is not at imminent risk of extirpation, it constitutes a very 
geographically limited population (inhabiting only circa 320 km2 of aquatic habitat). 
This ESU is deserving of in situ conservation. Whether endemic to an island, mountain, 
lake, or gulf, any population confined to such a narrow habitat that is affected by 
human activity is at risk of decline and potential extirpation. Reading et al. (2010) 
observed that snake populations appear in global decline, and noted that populations 
living in unprotected habitats with increasing human influence are at greatest general 
risk of collapse. Golfo Dulce is not yet a Marine Protected Area, and anthropogenic 
impacts are already negatively affecting the marine environment (Spongberg 2004, 
Quesada-Alpízar and Cortés 2006, Bessesen 2015). Since the presence of yellow sea 
snakes in Gulfo Dulce was first recognized, they appear to have become an attraction 
for visitors. In 2009, only one photo of a yellow sea snake was found online by an 
author (BLB); in 2016, there were multiple online sightings, Facebook posts, and 
YouTube videos. While fascination with H. p. xanthos is in some ways positive, it 
also potentially endangers the population. We note with concern, for instance, that 
collectors have reportedly begun removing xanthic specimens from Golfo Dulce. 
Conservation measures related to regulating collection of this newly recognized taxon 
may prove necessary. We add that, living at the upper edge of the species’ temperature 
tolerance, there is also potential for population destruction from climate change. 
While it is important to recognize H. p. xanthos taxonomically, we have concern that 
taxonomic recognition without protection could lead to yet greater interest from global 
collectors, and urge that immediate preservation measures be considered in response to 
our subspecific designation.

This population has experienced genetic isolation sufficiently long to transition to 
an essentially monochromatic organism of notably smaller than usual stature. Major 
coloration and size changes evinced by H. p. xanthos are almost surely genetic, though 
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of course we cannot identify the nuclear genes involved, and these are phenotypic traits 
for which such major changes would presumably involve notable changes in absolute 
individual fitness. Adaptive aspects of the taxon’s behavioral ecology may be partly or 
wholly a result of past natural selection on behavior; however, we do not know the 
relative roles of selection and drift, nor the degree of phenotypic plasticity involved.

Hopefully this globally unique population can continue to offer both scientists and 
conservation-conscious tourists a worthy subject of observation and study.

Conclusions

Hydrophis platurus xanthos is a well-defined evolutionary subspecies inhabiting a small 
area of unusual geography. Given unique aspects of its behavioral ecology, it could well 
represent an intrinsically genetically isolated taxon of recent origin, in which case a spe-
cies designation would be appropriate. We have been appropriately conservative here, 
in defining it at a subspecific level. This provides footing for protective strategies, while 
allowing future research to refine its taxonomic rank.
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Abstract
Paper presents the first description of the so far unknown sexual generation of Pterocomma tremulae 
(Aphididae, Aphidinae): oviparous female and alate male. It also provides detailed description of the male 
reproductive system. Discussion focuses on comparative analysis of male reproductive system with other 
aphid groups and possible importance of its structure in resolving phylogenetic interrelationships within 
the genus Pterocomma. A key is provided to the known males of European Pterocomma species.

Keywords
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Introduction

Pterocommatinae have long been a somewhat problematic group within Aphididae, having 
been placed in most systems in close relationship with Aphidinae. The detailed history 
of classification has been presented in revision of Palaearctic species of Pterocommatinae 
made by Wojciechowski (2003). This taxon bears a set of distinct morphological traits, 
giving base to distinguish it from the subfamily Aphidinae. However, recent studies 
with application of molecular markers, both mitochondrial and nuclear, indicated the 
strong relationship of what was so far regarded as a subfamily Pterocommatinae, with 
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aphid genera belonging to the “Liosomaphidine” branch of Aphidinae, within the tribe 
Macrosiphini (Tang et al. 2015) or close to Macrosiphini (Papasotiropoulos et al. 2013). 
The current concept of systematic position of “Pterocommatines” sensu stricto, is that it 
is part of tribe Macrosiphini (Blackman and Eastop 2017).

However, within the genus Pterocomma itself, there are also some problems concerning 
the very variable morphology of a few species, making it difficult to distinguish closely re-
lated species e. g. Pterocomma pilosum Buckton, 1879; P. konoi Takahashi, 1939; P. dubium 
Börner, 1950; P. ringdahli Wahlgren, 1940; or various subspecies, of uncertain taxonomi-
cal status e.g. P. pilosum sarmaticum Szelegiewicz, 1967 (Wojciechowski 2003, Mróz and 
Depa 2014, Blackman and Eastop 2017). Resolution of these doubts definitely requires 
detailed morphological and molecular studies, but this is possible only after proper recog-
nition of crucial morphs of each form and species, especially the sexual generation (Wiec-
zorek et al. 2011, Wieczorek et al. 2013, Kanturski et al. 2017). Application of anatomical 
studies of the reproductive system, especially the male reproductive system may also shed 
new light on species identity and systematic relationship (Wieczorek 2006).

Pterocomma tremulae, Börner 1940 is relatively well defined in terms of its mor-
phological characteristics. There are some accounts of its intraspecific variation, but 
the species as whole may be well recognized as the only Populus-feeding species bearing 
few to many secondary rhinaria on antennal segment III, a trait occurring also only in 
Pterocomma kozhuchovae, most probably an eastern Palearctic vicariant species. Here 
we present the first description of the sexual morphs and also provide the first descrip-
tion of the male reproductive system of this species.

Material and methods

Collection data of specimens applied for taxonomical description:
17.10.2014, Katowice; Populus tremula; leg. A. Nowińska, det. Ł. Depa, 2 ovipa-

rous females.
17.10.2014, Katowice; Populus tremula; leg. A. Nowińska, det. Ł. Depa, 2 alate males.

Also 29 specimens of alate males were collected from the same collection site to 
anatomical studies. The provisional key to males of European representatives of the 
genus Pterocomma was prepared on the basis of morphological descriptions and meas-
urements given by Wojciechowski (2003).

Anatomical studies

Histological preparations

In order to analyse the anatomical structure of the male reproductive system of 
P. tremulae, the paraffin method was applied. The material was collected into Eppendorf 
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microtubes containing 70% ethanol for keeping and preserving collected specimens. 
Next, insects were dehydrated in increasing concentration of ethanol (90%, 96%, 
100%). In order to ensure transparency, specimens were kept in methyl benzoate for 
one night. Then, material was consecutively transferred to benzene, benzene with 
paraffin (in proportions 2:3 and 1:2), paraffin I (melting point: 56°C) and finally to 
paraffin II (melting point: 60°C), where it was kept for the night. After this process, 
material was immersed in paraffin II. The bars obtained were sectioned into 5 µm 
strips, which were stuck on slides in a 0.5% gelatine solution at temperature 50–52°C. 
Then, the slides were dried in 37°C.

Slides were next deparaffined in xylene and treated with a series of ethanol solutions 
(100–60%). They were rinsed in distilled water, stained with Ehrlich’s acid hematoxy-
lin for about 20 minutes, rinsed again and differentiated with xylidine ponceau. After 
this process, preparations were treated with series of ethanol solutions (60–100%), 
rinsed twice in xylene and embedded in Canadian balm or DPX.

This process was applied to 17 individuals of P. tremulae. The following histological 
preparations were prepared: cross-sections from 9 individuals and longitudinal sections 
from 8 individuals. In total 171 microscopic slides were made, including 84 prepara-
tion of cross-section and 87 of longitudinal section.

Mounting of the whole tract

The specimens of P. tremulae were put into a droplet of 30% ethanol, on the micro-
scopic glass, and with the mounting needles the whole reproductive system was ex-
tracted from the body. The extracted organs were preserved in glycerol and mounted, 
to make all the anatomical structures visible with the stereomicroscope. A total number 
of 12 preparations were made using this technique.

The documentation was prepared using Nikon Eclipse E6000, with measurements 
made by Lucia net program. The pictures of translucent specimens were taken with a 
stereomicroscope equipped with monochromatic camera Axio Cam programmed with 
Axio Vision.

Results

Description of sexual morphs of P. tremulae, Börner, 1940

Oviparous female. Body oval, 3.66–4.03 mm long (Fig. 1), grey to brightly brown, 
significantly convex. Head and pronotum dark and sclerotised; mesonotum with 
marginal sclerites, and spinal sclerites broken into smaller scleroites in the middle; 
metanotum with weak marginal sclerites only. Mesothoracic furca separated, but with 
band of dark sclerotisation between them, giving the impression of being joined. 
Antenna 6-segmented, brownish, with base of antennal segment III paler (Fig. 2A), 
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Figure 1. Oviparous female of P. tremulae.

1.72–1.92 mm long, 0.47–0.48 of body length. Antennal segment III 0.64–0.71, IV 
0.26–0.29, V 0.26–0.31, VI 0.37–0.41 mm long; length of antennal segment III: 
2.39–2.50 of the length of antennal segment IV, 2.29–2.44 of antennal segment V; 
processus terminalis 0.23–0.26 mm long, 1.60–1.90 of VIa. Antenna covered with 
long, erect hairs, 0.11–0.13 mm long. Number of secondary rhinaria on III antennal 
segment: 13–20 (Fig. 2), on IV antennal segment 0. Base of antennal segment VI 
with 6–8 erect hairs. Rostrum 0.90–1.10 mm long, 0.25–0.27 of body length, with 
ultimate rostral segment 0.22–0.23 mm long, 1.27–1.30 of second segment of hind 
tarsus, 0.33–0.34 of III antennal segment, 0.72–0.77 of siphunculus, with 12–13 
accessory hairs (Fig. 1). Legs dark, with brighter bases of femora and coxae, second 
segment of hind tarsus 0.17–0.18 mm long; legs covered with erect hairs, their length 
on tibia 0.10–0.12 mm. Hind tibia swollen with ca. 150–200 scent plaques (Fig. 2B).

Abdomen membranous, covered with dense pubescence. Length of hairs on ab-
dominal tergite V 0.17–0.19 mm. Spinal sclerites only on VI and VII segment: on 
VI weakly developed, broken into minute scleroites. Intersegmental sclerotic insertions 
dark. Marginal slerites present on abdominal tergites I and V, sometimes also on VI but 
broken into smaller scleroites. Marginal tubercles present always on abdominal tergites 
I-IV, sometimes also on V-VII, their diameter at most as the diameter of spiracles, always 
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Figure 2. Morphological features of the oviparous female: A antennal segment III with secondary rhi-
naria B hind tibia with numerous scent plaques C posterior part of the abdomen, with siphunculi, cauda 
and genital plate.
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dark pigmented. Number of hairs on abdominal tergite VIII ca. 50, their length 0.16–
0.17 mm. Cauda rounded, dark pigmented, covered with many hairs (Fig. 2C). Geni-
tal plate semicircular, dark pigmented, 0.47–0.50 mm wide, covered with many hairs. 
Siphunculi pale, cylindrical, but may be slightly swollen in the distal half (Fig. 2C), 
0.28–0.32 mm long, slightly darker at the apex, with very delicate flange, 0.44–0.45 of 
the length of antennal segment III.

Alate male. Body dark, brownish, 2.87–3.03 mm long (Fig. 3); head sclerotized, 
with ocelli well developed and big, multifaceted eyes with triommatidium. Antennae 6 
segmented (Fig. 4A), 1.74–1.92 mm long, 0.61–0.65 of body length, brownish, only 
slightly paler than legs. Antennal segment III 0.63–0.71, IV 0.29–0.33, V 0.29–0.33, 
VI 0.38–0.44 mm long; length of antennal segment III: 1.62–1.63 of the length of an-
tennal segment IV, 2.12–2.13 of antennal segment V; processus terminalis 0.22–0.27 
mm long, 1.43–1.74 of VIa. Antenna covered with long, erect hairs, 0.09–0.11 mm 
long. Number of secondary rhinaria on antennal segment III: 73–105 (Fig. 4A), on 
antennal segment IV: 27–43, V: 20–26, VI: 0–2. Base of antennal segment VI with 
8–10 erect hairs. Rostrum 1.15–1.22 mm long, 0.38–0.42 of body length, with ulti-
mate rostral segment 0.19–0.21 mm long, 1.17–1.25 of second segment of hind tar-
sus, 0.29–0.31 of III antennal segment, 0.94–1.00 of siphunculus, with 11–13 acces-
sory hairs. Thorax heavily sclerotized, winged. Forewings with veins weakly sclerotized, 
medial vein branched twice. Legs uniformly brownish, only bases of femora slightly 
paler, covered with erect hairs 0.12–0.13 mm long. Second segment of hind tarsus 
0.15–0.17 mm long.

Abdomen membranous, covered with hairs 0.010–0.015 mm long, with spino-
pleural sclerites on abdominal segments I-VII often divided in the middle, and on 
segment V broken into smaller slceroits. Marginal sclerites present on all abdominal 

Figure 3. Alate male of P. tremulae.
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segments, with spiracles in the anterior margins of the sclerites and with conspicuous 
marginal tubercles (Fig. 4B), dark pigmented, on segments I-IV and VI-VII, occasion-
ally also on V. Siphunculi pale, 0.19–0.22 mm long, 0.30–0.32 of antennal segment 
III, tapering, with weakly swollen apical part and small flange (Fig. 4C). Cauda small, 
pigmented, semicircular, sparsely covered with hairs. Genital apparatus sclerotized, 
parmeres conspicuous, dark, densely covered by relatively short hairs; base of the mem-
branous aedeagus less sclerotized, sparsely covered by very short hairs (Fig. 4D).

Figure 4. Morphological features of the male: A antenna with multiple secondary rhinaria B marginal 
plates and stigmal pores C siphunculus D genital apparatus with parameres and membranous aedeagus.
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Description of the male reproductive system of Pterocomma tremulae

The male reproductive system of Pterocomma tremulae extends parallel to the longitudi-
nal axis of the body. It consists of two testes, located in the area of abdominal segments II 
and III, and a pair of accessory glands (Figs 5A, B, 6A). The total length of the system is 
1.12–1.36 mm. One testis is 0.34–0.82 mm long and 0.26–0.44 mm wide. Each testis 

Figure 5. Morphology of the male reproductive system of P. tremulae: A young specimen B mature 
specimen; ag – accessory gland, tf – testicular follicles, vd – vas deferens.

Figure 6. Male reproductive system of P. tremulae: A, B cross sections through testes; tf – testicular fol-
licles, tfc – testicular follicle cysts.
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consists of four elongated follicles with rounded tips, having a diameter of 0.03–0.2 mm 
each. Each follicle contains cysts with differentiating male germ cells (Fig. 6A, B). Fol-
licles connect to each other only at the base. They are located at the top of vas deferens, 
which they are connected to by short efferent ducts. Follicles of both testes can be also 
connected to each other. The length of one vas deferens is 0.68–1.12 mm, while its diam-
eter 0.03–0.07 mm. Over the entire length it is more or less the same width.

Accessory glands, of ectodermal origin, are 0.6–1.06 mm long. In examined spe-
cies they are club-shaped or elongated. At the widest point their diameter is 0.05–0.12 
mm, while at the narrowest point the diameter is 0.04–0.07 mm. Glandular wall is 
built of cuboidal epithelium (Fig. 7A, B). The height and width of the cells is 0.01 mm.

Depending on the age of the individual, testes and glands change their size. In 
younger individuals we observed testes several times larger than glands(Fig. 5A), while 
in older ones, testes are reduced and glands are enlarged (Fig. 5B). The vas deferens and 
the terminal sections of accessory glands extend next to each other independently and 
at the end they open to the ejaculatory duct (Fig. 7C, D).

Key to known males of European species of the genus Pterocomma:

1 Male apterous ..............................................................................P. jacksoni
– Male alate ...................................................................................................2
2 Siphunculi strongly swollen medially ...............................................P. salicis
– Siphunculi cylindrical, at most slightly swollen distally ...............................3
3 Antenna 0.6 of body length or longer  ........................................................4
– Antenna less than 0.6 of body length  .........................................................6
4 Less than 50 secondary rhinaria on antennal segment III, on Salix spp. .......

 ........................................................................................................P. konoi
– More than 70 secondary rhinaria on antennal segment III, on Populus spp. ....5
5 Less than 20 secondary rhinaria on antennal segment V .............. P. dubium
– 20 or more secondary rhinaria on antennal segment V................P. tremulae
6 Up to 15 secondary rhinaria on antennal segment IV .................... P. rufipes
– 18 or more secondary rhinaria on antennal segment IV ..............................7
7 80 or less secondary rhinaria on antennal segment III .................. P. pilosum
– 80 or more secondary rhinaria on abdominal segment III ......... P. populeum

Discussion

The male reproductive system of around 80 aphid species has been studied so far 
(Wieczorek et al. 2011). Compared to other insects, the characteristic features of aphids 
are the lack of seminal vesicles and the disordered arrangement of spermatids in the 
testicular follicles. The accessory glands are usually even in number, like in Pterocomma 
tremulae (Fig. 5A, B). They enter the ejaculatory duct independently of the vasa 
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Figure 7. Male reproductive system of P. tremulae: A longitudinal section through testicles B, C, D cross 
sections through testicles; ag – accessory gland, cec – cuboidal epithelial cells, tf – testicular follicles, vd 
– vas deferens.

deferentia (Fig. 7B, C, D). The exception is in the Lachninae subfamily, which does not 
have accessory glands (Wieczorek and Świątek 2008, Wojciechowski 1977). However, 
in all the other studied species, accessory glands were present, entering the ejaculatory 
duct independently of vasa deferentia (Wieczorek 2006, Wieczorek and Świątek 2007 
and 2008, Vitale et al. 2009). The ejaculatory duct is relatively short in most species, 
something that was also observed in Pterocomma tremulae. Its extremity is connected to 
the copulatory organ (Wieczorek and Świątek 2008).

In Aphidoidea, the number of testicular follicles varies between 2 and 7 (Szelegie-
wicz and Wojciechowski 1985). The number of follicles is not a feature characteristic 
of any one family, but has evolutionary significance. It allows the determination of 
the phylogenetic position of the aphid species. The smaller the number of follicles it 
has, the phylogenetically younger is the species (Wojciechowski 1977). The reduction 
of the number of testicular follicles is also related to the transfer of spermatogenesis 
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to early larval stages, or in some species, to the termination of that process already in 
embryonic development (Blackman 1987). The initial number of testicular follicles is 
7, as it is the number of pregenital segments. The number of follicles is reduced dur-
ing oligomerization processes that proceed independently in each family (Mróz 2007). 
This number can also increase during the polymerization process. In such cases, the 
number of testicular follicles is 8 (Mróz and Wojciechowski 2011).

There are four testicular follicles in each testicle in Pterocomma tremulae 
(Figs 5, 6A). The male reproductive system of two other species of the genus Ptero-
comma has also been studied. It has been shown that Pterocomma populeum has 6 
testicular follicles (Wieczorek and Mróz 2006), whereas Pterocomma salicis (Linnaeus, 
1758) has 5 (Szelegiewcz and Wojciechowski 1985). That could indicate that P. trem-
ulae belongs to the youngest evolutionary line within the genus Pterocomma. How-
ever, due to lack of data regarding the male reproductive system of many species from 
this genus, it is difficult to make a more precise analysis of this theory. It is not known 
whether there are two developmental lines involved in the adaptation to two host 
genera: Populus and Salix. P. tremulae is associated with Populus, as well as P. populeum, 
which has up to 6 testicular follicles. However P. salicis, which has 5 follicles, feeds 
on Salix. This incongruence requires explanation by studies on the male reproductive 
system of more species, including Plocamaphis spp. as an outgroup, supported by 
results of molecular studies.
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Abstract
A new Longicoeletes species is described from Jiangxi Province, China: L. geei sp. n. (♂♀). In addition, 
the male of L. kulianganus (Chamberlin, 1924) is described for the first time. DNA barcodes of the two 
species are documented for future use and as proof of molecular differences between these species.

Keywords
East Asia, description, Coelotinae, taxonomy

Introduction

The Longicoelotes was described by Wang (2002), with L. karschi Wang, 2002 from Chi-
na as the type species. Wang (2003) transferred Coelotes kulianganus Chamberlin, 1924 
from China and C. senkakuensis Shimojana, 2000 from Ryukyu Islands to Longicoelotes. 
Three species of Longicoelotes were known before the current study (World Spider Cata-
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log 2017), two of which are restricted to China. This paper provides the description of 
a new species based on newly collected material from Jiangxi Province, China. It also 
redescribes L. kulianganus based on specimens collected from the type locality.

Material and methods

Specimens were examined and measured with a Leica M205C stereomicroscope. Im-
ages were captured with an Olympus C7070 wide zoom digital camera mounted on 
an Olympus SZX12 dissecting microscope. Epigynes and male palps were examined 
after dissection. Epigynes were cleared by boiling in 10% KOH solution before taking 
photos. All measurements are given in millimeters. Leg measurements are given as: 
total length (femur, patella + tibia, metatarsus, tarsus). Only structures (palp and legs) 
of the left side of the body are described and measured.

Terminology used for parts of copulatory organs in the text and figures follows 
Wang (2002) with some modifications. Abbreviations used in the text and figures 
are: ALE = anterior lateral eye; AME = anterior median eye; AME-ALE = distance 
between AME and ALE; AME-AME = distance between AME and AME; ALE-PLE 
= distance between ALE and PLE; d = dorsal; Fe = femur; Mt = metatarsus; p = prolat-
eral; Pa = patella; PLE = posterior lateral eye; PME = posterior median eye; PME-PLE 
= distance between PME and PLE; PME-PME = distance between PME and PME; 
r = retrolateral; Ta = tarsus; Ti = tibia; v = ventral. References to figures in the cited 
papers are listed in lowercase (fig. or figs); figures from the present paper are noted 
with an initial capital (Fig. or Figs).

DNA barcodes were obtained for future use: a partial fragment of the mitochon-
drial gene cytochrome oxidase subunit I (COI) was amplified and sequenced for two 
species using Primers LCO1490-oono (5’-CWACAAAYCATARRGATATTGG-3’) 
(Folmer et al. 1994; Miller et al. 2010) and HCO2198-zz (5’-TAAACTTCCAG-
GTGACCAAAAAATCA-3’) (Folmer et al. 1994; Zhao and Li 2016). For additional 
information on extraction, amplification, and sequencing procedures, see Zhao et al. 
(2013). All sequences were blasted in GenBank; accession numbers are provided in 
Table 1.

All specimens (including molecular vouchers) are deposited in the Institute of Zoology, 
Chinese Academy of Sciences in Beijing (IZCAS).

Table 1. Voucher specimen infromation.

Species GenBank accession number Sequence length Collection localities
L. geei sp. n. MF347606 543bp China: Jiangxi: Wuyuan
L. kulianganus MF347607 630bp China: Fujian: Fuzhou: Guling
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Taxonomy

Genus Longicoelotes Wang, 2002

Longicoelotes Wang, 2002: 109. Type species Longicoelotes karschi Wang, 2002 from 
Jiangsu Province, China.

Composition. Four species of Longicoelotes in total: they are L. geei sp. n. (♂♀), L. 
karschi (♂♀), L. kulianganus (♂♀) from China, and L. senkakuensis (Shimojana, 2000) 
(♀) from Ryukyu Islands.

Note. Longicolotes karschi is very similar to L. kulianganus and could be its junior 
synonym.

Longicoelotes geei, sp. n.
http://zoobank.org/AD46BF47-3AB3-42AD-97D9-7E4E39D83D28
Figs 1–2, 5–6

Type material. Holotype ♂: China: Jiangxi Province: Wuyuan County, Lianhua Cave, 
N29°29'02", E117°36'53", 350 m, 4.XII.2016, X. Zhang; Paratypes: 3♀ 2♂, same 
data as holotype; 3♀, the same locality, N29°29'02", E117°36'53", 352 m, 20.V.2013, 
Y. Luo and J. Liu.

Etymology. The species is named after Mr. Nathaniel Gist Gee. Mr. Gee was an 
American biologist who lived in China about 35 years. He contributed greatly to the 
development of biological research and education in China, including the establish-
ment of the first biology department in the history of university education in China 
(Fu 2016). He collected the holotype of L. kulianganus.

Diagnosis. The male can be distinguished from all other Longicoelotes species by 
its long cymbial furrow, about 1/3 length of cymbium (vs 1/4 or 1/5 in other spe-
cies) (Figs 1, 3; Wang 2002: figs 312–314). The female differ from all other Longicoe-
lotes species by the nearly heart-shaped atrium and large anterior parts of copulatory 
ducts, subequal to receptacles (vs nearly triangular atrium and small anterior parts in L. 
kulianganus, about 1/2 diameter of receptacles; nearly rounded atrium and extremely 
small anterior parts in L. senkakuensis, about 1/4 diameter of receptacles) (Figs 2, 4–5; 
Shimojana 2000: figs 46–49).

Description. Male (holotype): Total length 6.00. Carapace 2.50 long, 2.00 
wide. Abdomen 3.50 long, 1.75 wide. Eye sizes and interdistances: AME 0.15, ALE 
0.13, PME 0.15, PLE 0.10; AME-AME 0.05, AME-ALE 0.04, PME-PME 0.05, 
PME-PLE 0.06. Leg measurements: I: 12.45 (3.30, 4.00, 3.00, 2.15); II: 11.30 
(3.25, 3.30, 2.75, 2.00); III: 10.65 (3.00, 3.25, 2.75, 1.65); IV: 14.65 (4.00, 4.25, 
4.15, 2.25). Carapace greenish, with black lateral margins, the radial grooves dis-
tinct. Abdomen yellow, with blackish herringbone patterns. Palp as in Fig. 1: patellar 
apophysis long, about 2 times longer than tibia; tibia short, about 1/5 length of cym-
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Figure 1. Palp of Longicoelotes geei sp. n., holotype male. A Prolateral view B Ventral view C Retrolateral 
view. CAT = anterior tip of conductor, CF = cymbial furrow, CO = conductor, CPT = posterior tip of 
conductor, E = embolus, EB = embolic base, MA = median apophysis, PA = patellar apophysis, ST = sub-
tegulum, T = tegulum, TS = tegular sclerite, VTA = ventral tibial apophysis. Scale bar: equal for A, B, C.

bium; cymbial furrow long, about 1/3 length of cymbium; ventral tibial apophysis as 
long as tibia, without pointed tip, extending beyond the tibia; conductor slender and 
bifurcated; posterior tip of conductor bifurcated; anterior tip of conductor bifur-
cated, ventral part sharp, dorsal part lamellate; median apophysis reduced; embolus 
beginning at 5:30 o’clock position.

Leg spination in male:

Fe Pa Ti Mt Ta
I 3d 2p 1r - 1p 3-3v 2p 3-3v -
II 3d 3p 2r 1d 1p 2p 3-3v 1p 3-3v -
III 3d 2p 2r 2d 1p 1r 2d 2p 3r 3-3v 2d 5p 5r 3-3v 1p 1r
IV 3d 2p 1r 2d 1p 1r 2d 2p 2r 3-3v 5p 5r 3-3v 2p 1r
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Figure 2. Longicoelotes geei sp. n., female paratype and male holotype. A Epigyne, ventral view B Vulva, 
dorsal view C Male habitus, dorsal view D Female habitus, dorsal view E Female habitus, ventral view. 
A = epigynal atrium, CD = copulatory duct, FD = fertilization duct, PM = posterior margin of atrium, 
R = receptacle. Scale bars: equal for D, E.
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Female (paratype): Total length 8.65. Carapace 4.10 long, 3.00 wide. Abdomen 
4.55 long, 2.55 wide. Eye sizes and interdistances: AME 0.20, ALE 0.18, PME 0.18, 
PLE 0.15; AME-AME 0.08, AME-ALE 0.05, PME-PME 0.10, PME-PLE 0.10. Leg 
measurements: I: 14.25 (4.00, 5.00, 3.25, 2.00); II: 12.20 (3.50, 4.00, 3.00, 1.70); 
III: 11.35 (3.25, 3.75, 2.75, 1.60); IV: 15.95 (4.50, 5.10, 4.25, 2.10). Carapace red-
dish, with black lateral margins, the radial grooves distinct; sternum with light stripes. 
Abdomen black, with yellow spots and herringbone patterns. Epigyne as in Fig. 2: 
atrium nearly heart-shaped, length subequal to width; copulatory openings indistinct; 
copulatory ducts long, about 1.5 times longer than diameter of receptacles, touching 
each other; receptacles separated, about 1/2 diameter of receptacles; hoods indistinct.

Leg spination in female:

Fe Pa Ti Mt Ta
I 3d 2p 1r - 1p 3-3v 1p 3-3v -
II 3d 2p 2r - 2p 3-3v 3p 1r 3-3v -
III 3d 2p 2r 1d 1p 2d 2p 2r 3-3v 5p 5r 3-3v 1r
IV 3d 1p 1r 1d 1r 2d 2p 2r 3-3v 1d 5p 5r 3-3v 1p 1r

Distribution. Known only from Jiangxi Province of China (Fig. 6).

Longicoelotes kulianganus (Chamberlin, 1924)
Figs 3–6

Coelotes kulianganus Chamberlin, 1924: 24, pl. 5, fig. 40 (♀).
Longicoelotes kulianganus: Wang 2003: 560 (transferred from Coelotes).

Material examined. 2♀ 3♂, China: Fujian Province: Fuzhou Prefecture: Guling (new 
name for Kuliang), Liushanwang Park, N26°05'34", E119°23'32", 725 m, 1.XII.2016, 
X. Zhang; 2♀ 8♂, the same locality, Yixia Villa, N26°05'32", E119°23'32", 718 m, 
1.XII.2016, X. Zhang; 5♀ 3♂, the same locality, swimming pool, N26°05'33", 
E119°23'30", 684 m, 2.XII.2016, X. Zhang.

Diagnosis. The male can be distinguished from other Longicoelotes species by 
indistinct median apophysis and short cymbial furrow, about 1/5 length of cym-
bium (vs 1/3 in L. geei sp. n.) (Figs 1, 3; Wang 2002: figs 312–314). The female 
can be separated from other congeners by its nearly triangular atrium and rounded 
anterior parts of copulatory ducts (vs nearly rounded atrium and extremely small 
anterior parts of copulatory ducts in L. senkakuensis) (Figs 4–5; Shimojana 2000: 
figs 46–49).

Description. Male: Total length 8.00. Carapace 3.50 long, 2.75 wide. Abdomen 
4.50 long, 2.50 wide. Eye sizes and interdistances: AME 0.20, ALE 0.18, PME 0.19, 
PLE 0.15; AME-AME 0.05, AME-ALE 0.05, PME-PME 0.08, PME-PLE 0.08. Leg 
measurements: I: 14.75 (4.25, 4.75, 3.50, 2.25); II: 12.35 (3.50, 4.00, 3.00, 1.85); III: 
11.80 (3.30, 3.50, 3.25, 1.75); IV: 16.25 (4.50, 5.00, 4.50, 2.25). Carapace greenish, 
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Figure 3. Palp of Longicoelotes kulianganus, specimen from Guling. A Prolateral view B Ventral view 
C Retrolateral view. CAT = anterior tip of conductor, CF = cymbial furrow, CO = conductor, CPT = 
posterior tip of conductor, E = embolus, EB = embolic base, MA = median apophysis, PA = patellar apo-
physis, ST = subtegulum, T = tegulum, TS = tegular sclerite, VTA = ventral tibial apophysis. Scale bar: 
equal for A, B, C.

the radial grooves indistinct. Abdomen grayish, with blackish herringbone patterns. 
Palp as in Fig. 3: patellar apophysis long, about 2 times longer than tibia; tibia short, 
about 1/4 length of cymbium; cymbial furrow short, about 1/5 length of cymbium; 
ventral tibial apophysis subequal to the tibial length, without pointed tip; conductor 
broad and bifurcated; posterior tip of conductor bifurcated; anterior tip of conductor 
bifurcated, ventral part nearly spine-shaped, dorsal part lamellate; median apophysis 
indistinct; embolus beginning at 6:00 o’clock position.

Leg spination in male:

Fe Pa Ti Mt Ta
I 3d 2p 1r - 3-3v 1p 3-3v -
II 3d 1p 1r - 2p 3-3v 3p 3-3v -
III 3d 2p 2r 1d 1p 1r 2d 2p 2r 3-3v 5p 5r 3-3v 2p 1r
IV 3d 2p 1r 1d 1p 1r 2d 2p 2r 3-3v 5p 5r 3-3v 2p 1r
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Figure 4. Longicoelotes kulianganus, specimen from Guling. A Epigyne, ventral view B Vulva, dorsal view 
C Male habitus, dorsal view D Female habitus, dorsal view E Female habitus, ventral view. A = epigynal 
atrium, CD = copulatory duct, FD = fertilization duct, H = epigynal hood, PM = posterior margin of 
atrium, R = receptacle. Scale bars: equal for D, E.
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Figure 5. Longicoelotes geei sp. n. (A–F, M–R) and L. kulianganus (G–L, S–X), variations in shape of 
epigynal atrium and size of copulatory ducts. A–L Epigyne, ventral view M–X Vulva, dorsal view.

Female: Total length 6.75. Carapace 2.75 long, 2.15 wide. Abdomen 4.00 long, 
2.25 wide. Eye sizes and interdistances: AME 0.15, ALE 0.15, PME 0.16, PLE 0.13; 
AME-AME 0.06, AME-ALE 0.05, PME-PME 0.10, PME-PLE 0.10. Leg measure-
ments: I: 10.50 (3.00, 3.50, 2.50, 1.50); II: 9.20 (2.75, 3.00, 2.25, 1.20); III: 8.70 
(2.50, 2.70, 2.25, 1.25); IV: 12.00 (3.50, 3.75, 3.25, 1.50). Carapace greenish, with 
black lateral margins, the radial grooves distinct; sternum with light stripes. Abdo-
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Figure 6. Collecting localities of two Longicoelotes species from China. 1. L. geei sp. n., 2. L. kulianganus.

men black, with yellow spots and herringbone patterns. Epigyne as in Fig. 4: atrium 
with well delimited posterior margin, length subequal to width; copulatory openings 
indistinct, hidden by posterior margin of atrium; copulatory ducts long, about 2 times 
longer than diameter of receptacles; receptacles widely separated, subequal to diameter 
receptacles; hoods distinct.

Leg spination in female:

Fe Pa Ti Mt Ta
I 3d 2p 1r - 1p 3-3v 3-3v -
II 3d 2p 2r 2d 1p 2p 3-3v 3p 1r 3-3v -
III 3d 2p 2r 2d 1p 1r 2p 3r 3-3v 5p 5r 3-3v 1p 1r
IV 3d 1p 1r 1d 1p 1r 2d 2p 2r 3-3v 5p 5r 3-3v 1p 1r

Distribution. Known only from Fujian Province of China (Fig. 6).
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