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Abstract

Ecuador harbors one of the most diverse Neotropical scorpion faunas, hereby updated to 47 species contained within
eight genera and five families, which inhabits the “Costa” (n = 17), “Sierra” (n = 34), “Oriente” (n = 16) and “Insular” (n = 2)
biogeographical regions, corresponding to the western coastal, Andean, Amazonian, and the Galdpagos archipelago
regions, respectively. The genus Tityus Koch, in the family Buthidae, responsible for severe/fatal accidents elsewhere in
northern South America and the Amazonia, is represented in Ecuador by 16 species, including T. asthenes, which has
caused fatalities in Colombia and Panama, and now in the Ecuadorian provinces of Morona Santiago and Sucumbios.
Underestimation of the medical significance of scorpion envenoming in Ecuador arises from the fact that Centruroides
margaritatus (Gervais) (family Buthidae) and Teuthraustes atramentarius Simon (family Chactidae), whose venoms show
low toxicity towards vertebrates, frequently envenom humans in the highly populated Guayas and Pichincha
provinces. This work also updates the local scorpion faunal endemicity (74.5 %) and its geographical distribution,
and reviews available medical/biochemical information on each species in the light of the increasing problem of
scorpionism in the country. A proposal is hereby put forward to classify the Ecuadorian scorpions based on their

potential medical importance.
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Introduction

Ecuador, despite its small size (only 250,000 km* or 1.5 %
of South America), ranks 17t among the nations of the
world in biodiversity [1, 2]. This is attributable to, among
other factors, the confluence of several biogeographic
regions: Chocé and Tumbez (encompassing the “Costa”
region), northern and south-central Andes (Sierra”
region), the northern and southwestern Amazon (Oriente”
region) and the insular region of Galdpagos (Fig. 2).
Ecuador harbors one of the richest arachnid faunas of the
Neotropics [3]; specifically, its scorpion fauna ranks high
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amongst South American countries in terms of diversity,
with 12.70 species per 100,000 km?* [4].

Pioneering work by Eugéne Simon, Reginald I. Pocock,
Alfredo Borelli, Karl Kraepelin, and Candido de Mello-
Leitao initiated the cataloguing of Ecuadorian scorpions
[5-13]. Although less known, the work of the Ecuadorian
taxonomist Francisco Campos [14, 15], together with
Behr-Castillo and Correa [16], also contributed to the
knowledge of local scorpions, particularly in the prov-
ince of Guayas. The work of Wilson R. Lourengo has
allowed recognition of Ecuador as part of a region
exhibiting the highest alpha-diversity for scorpions in
the world, also encompassing Southern Colombia, the
Northeast region of Peru, and the Upper Amazon
region of Brazil [17].

Particularly, the genera Tityus C. L. Koch (in the
family Buthidae) and Teuthraustes Simon (in the family
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Chactidae) show a high concentration of species in
Ecuador [18, 19]. A center of endemism in Ecuador for
Teuthraustes has been proposed based on its extreme
local diversity [20]. Despite such diversity, little is
known about the toxicity of local scorpions, particularly
within the speciose genus Tityus, which contains all
medically important species in South America, and
exhibits a phylogenetic divergence paralleled by func-
tional, structural, and immunological differences among
their toxins [21, 22].

Mostly dating from records obtained at the turn of
the 19™ century and from the 1900-1920 period, type
localities for a number of Ecuadorian species are ob-
scure. An example of this situation shown recently is
the chactid Chactas rubrolineatus Simon, described by
Eugéne Simon from Rio I¢a in 1880, which was wrongly
assigned to Ecuador by Mello-Leitdo [10] when in fact
its location lies in Brazil [23].

The goal of this work is therefore to update the list of
species and review the literature on scorpion Ecuadorian
fauna from geographical and toxicological standpoints
whenever the information is available. This idea arises, on
one hand, from the increasing clinical relevance of some
species in the country, with several fatal and severe infant
cases reported from the provinces of Sucumbios and
Morona Santiago in 2012-2014 ([24]; Dr. Jorge Blanco,
Fundacién Herpetoldgica Gustavo Orcés, personal com-
munication). Comprehension of the basis underlying the
extreme diversity of the Ecuadorian scorpion fauna, par-
ticularly in the case of those species toxic to humans, ne-
cessarily relies on the correct assignment of collection
localities.

Here follows a list of the taxa currently recognized to in-
habit Ecuador, including comments on their distribution
and type localities, after confronting published collection
sites with contemporary geographical names. We used
various search engines for placing type localities (Google
Earth, GeoNames). Taxa are organized in alphabetical
order. Figure 1 summarizes the occurrence of individual
species per province; the map in Fig. 2 identifies provinces
in the contemporary political map of Ecuador. Informa-
tion on the location of holotypes and syntypes for Ecua-
dorian species is available from the cited literature [17,
25-32]. We also review the potential medical importance
of scorpion genera and species prevalent in Ecuador.

Annotated list of Ecuadorian scorpion species

Family Bothriuridae Simon, 1880
Genus Brachistosternus Pocock, 1893
Brachistosternus (Brachistosternus) pegnai
Cekalovic, 1969
Brachistosternus (Brachistosternus) ehrenbergii
(Gervais, 1841)
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Family Buthidae Simon, 1880

Genus Ananteris Thorell, 1891

— Ananteris ashmolei Lourenco, 1981

— Ananteris festae Borelli, 1899

— Ananteris mariaelenae Lourengo, 1999

Genus Centruroides Marx, 1889

— Centruroides exsul (Meise, 1933)

— Centruroides gracilis (Latreille, 1804)

— Centruroides margaritatus (Gervais, 1841)

Genus Tityus C. L. Koch, 1836
Tityus (Atreus) asthenes Pocock, 1893
Tityus (Archaeotityus) bastosi Lourengo, 1984
Tityus (Atreus) crassicauda Lourengo & Ythier, 2013
Tityus (Tityus) demangei Lourengo, 1981
Tityus (Tityus) ecuadorensis Kraepelin, 1896
Tityus (Atreus) forcipula (Gervais, 1844)
Tityus (Tityus) gasci Lourengo, 1981
Tityus (Archaeotityus) intermedius Borelli, 1899
Tityus (Archaeotityus) julianae Lourenco, 2005
Tityus (Tityus) jussarae Lourencgo, 1988
Tityus (Atreus) pugilator Pocock, 1898
Tityus (Tityus) roigi Maury & Lourengo, 1987
Tityus (Tityus) simonsi Pocock, 1900
Tityus (Archaeotityus) silvestris Pocock, 1897
Tityus (Atreus) timendus Pocock, 1898
Tityus (Atreus) ythieri Lourengo, 2007

Family Caraboctonidae Kraepelin, 1905

Genus Hadruroides Pocock, 1893
Hadruroides (Hadruroides) charcasus (Karsch, 1879)
Hadruroides (Lourencoides) doriai Rossi, 2014
Hadruroides (Lourencoides) elenae Rossi, 2014
Hadruroides (Lourencoides) galapagoensis Maury, 1974
Hadruroides (Lourencoides) maculatus (Thorell, 1876)
Hadruroides (Lourencoides) moreti Rossi, 2014
Hadruroides (Lourencoides) udvardyi Lourengo, 1995

Family Chactidae Laurie, 1896
Genus Chactas Gervais, 1844

— Chactas mahnerti Lourengo, 1995
— Chactas moreti Lourenco, 2014

— Chactas yaupi Lourengo, 2014

Genus Teuthraustes Simon, 1878
Teuthraustes atramentarius Simon, 1878
Teuthraustes camposi (Mello-Leitdo, 1939)
Teuthraustes dubius (Borelli, 1899)
Teuthraustes festae (Borelli, 1899)
Teuthraustes gervaisii (Pocock, 1893)
Teuthraustes lojanus (Pocock, 1900)
Teuthraustes oculatus Pocock, 1900
Teuthraustes ohausi Kraepelin, 1912
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Tityus (A.) silvestris Pocock, 1897
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Tityus (A.) ythieri Lourengo, 2007 (endemic)

Caraboctonidae

Hadruroides (H.) charcasus (Karsch, 1879)
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Hadruroides (L.) doriai Rossi, 2014 (endemic)

Hadruroides (L.) elenae Rossi, 2014 (endemic)
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Chactidae

Chactas mahnerti Lourengo, 1995 (endenmic)

Chactas moreti Lourengo, 2014 (endemic)

Chactas yaupi Lourengo, 2014 (endemic)

Teuthraustes atramentarius Simon, 1878 (endemic)

Teuthraustes camposi (Mello-Leitdo, 1939) (endemic)

Teuthraustes dubius (Borelli, 1899) (endemic)

Teuthraustes festae (Borelli, 1899) (endemic)

Teuthraustes gervaisii (Pocock, 1893) (endemic)

Teuthraustes lojanus (Pocock, 1900) (endemic)

Teuthraustes oculatus Pocock, 1900 (endemic)

Teuthraustes ohausi Kraepelin, 1912 (endemic)

Teuthraustes rosenbergi (Pocock, 1898) (endemic)

Teuthraustes simonsi (Pocock, 1900) (endemic)

Teuthraustes whymperi (Pocock, 1893) (endemic)

Teuthraustes wittii (Kraepelin, 1896) (endemic)

Troglotayosicus vachoni Lourengo, 1981 (endemic) | | | | |

SPECIES NUMBER PER PROVINCE 4 2 2 3 5 3 3

with question marks

Fig. 1 Distribution of scorpion species per political province and biogeographical area in Ecuador. Collection localities not yet defined are marked
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Teuthraustes rosenbergi (Pocock, 1898)
Teuthraustes simonsi (Pocock, 1900)
Teuthraustes whymperi (Pocock, 1893)
Teuthraustes wittii (Kraepelin, 1896)

Family Troglotayosicidae Lourengo, 1998
Genus Troglotayosicus Lourengo, 1981
Troglotayosicus vachoni Lourengo, 1981

Family Bothriuridae

Genus Brachistosternus

This genus is amply distributed in the coastal region of
Peru and northern Chile, and comprises 41 species con-
tained within two subgenera, Brachistosternus Pocock and

Ministernus Francke [33]. Records for Ecuador include
only two species, Brachistosternus (Brachistosternus) peg-
nai Cekalovic, from the province of Carchi, and Brachis-
tosternus (Brachistosternus) ehrenbergii (Gervais), whose
current distribution in the country is not known.
Although the sting by some species, including B. (B.)
ehrenbergii, can be painful to humans, there are no reports
of fatal envenoming by taxa in this genus. In Peru, B. (B.)
ehrenbergii is a highly abundant synanthropic scorpion
along the coastline [34].

A 6.7 kDa toxin denominated Bel has been isolated
from the venom of B. (B.) ehrenbergii which produces
salivary secretion and spastic paralysis in mice at a dose of
3 mg/kg upon intraperitoneal injection and is lethal after
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Fig. 2 Political provinces of Ecuador and biogeographical regions encompassing such provinces. “Costa” region: (1) Esmeraldas, (2) Manabi, (3)
Los Rios, (4) Guayas, (5) Santa Elena, (6) El Oro. “Sierra” region: (7) Carchi, (8) Imbabura, (9) Pichincha, (10) Santo Domingo de los Tséchilas, (11)
Cotopaxi, (12) Tungurahua, (13) Bolivar, (14) Chimborazo, (15) Cafar, (16) Azuay, (17) Loja. “Oriente” regién: (18) Sucumbios, (19) Napo, (20)
Francisco de Orellana, (21) Pastaza, (22) Morona Santiago, (23) Zamora Chinchipe. “Insular” region: Galdlapagos islands

two hours [35]. Bel only comprises 7 % (w/w) of the total
venom protein content, in comparison with the typical
20-30 % content of low-molecular-weight neurotoxins in
the venom from Tityus species [36], which probably
explains the low lethal dose in mice of B. (B.) ehrenbergii
crude venom (subcutaneous injection), which is around
20 mg/kg [34]. According to its molecular mass and
physiological effects, Bel may belong to the sodium
channel-active family of scorpion toxins (NaScTx).

It is not known whether other Brachistosternus spp., in-
cluding those prevalent in Ecuador, are of equally low tox-
icity to mice, but their medical importance requires
evaluation considering the higher sensitivity of humans
(five-fold more susceptible than mice) to scorpion venom
[37]. As venom of another bothriurid from Australia,
Cercophonius squama (Gervais), contains only primitive
homologs of NaScTxs (lipolytic-like peptides), South
American representatives of the family Bothriuridae (in-
cluding those inhabiting Ecuador) might have diverged

toxinologically from those genera prevalent in Southeast
Asia [38].

1. Brachistosternus (Brachistosternus) pegnai Cekalovic,
1969:163-168.
This species is reported in San Gabriel, “Carcha,”
which actually corresponds to the province of
Carchi, northern Ecuador [39]. In his original
description, Cekalovic [25] does not specify the
province of origin but provided a map that places
the type locality roughly within Carchi. San Gabriel
is at an altitude of 2,980 m (0.59318 N,
77.83078 W), well above the arid and semi-arid
habitats of species within this genus prevalent in
central Peru and northern Chile but related to
Andean congenerics from Argentina, Chile,
Bolivia, and Peru [40]. B. (B.) pegnai type locality
is at the northernmost limit of the genus
distribution range [33].
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2. Brachistosternus (Brachistosternus) ehrenbergii
(Gervais, 1841:285).
B. (B.) ehrenbergii has been reported as present in
Ecuador [41], although Ochoa and Ojanguren
Affilastro [42] have verified its presence only from
northern Chile to central Peru. Lourenco [18] places
B. (B.) ehrenbergii Ecuadorian populations in the
province of Santa Elena without providing precise
locations and thus the species has been assigned to
this province (Fig. 1), pending new findings in
Ecuador.

Family Buthidae

Genus Ananteris

This genus comprises one of the smallest Neotropical
buthids, between 15 and 41 mm of total body length in the
case of Ecuadorian species. They are clearly recognizable by
their densely spotted pigmentation, elongated telson, and
pectines without fulcra [41]. No venoms from this genus
have ever been analyzed, although toxins from Ananteris
spp. are predicted to be ancestral to toxins produced by
Tityus spp. given the Gondwanian distribution of Ananteris,
since extant species are found both in Africa and Central/
South America [43].

1. Ananteris ashmolei Lourengo, 1981:644—648
Collected from Cueva de los Tayos (“Cave of the
Oilbirds”) (1.9333S, 77.7928 W), a natural cave
located on the eastern slopes of the Andes, in the
province of Morona Santiago [44].

2. Ananteris festae Borelli, 1899:1-4.
Collected from Rio Peripa by Enrico Festa during his
1895-1898 trip to Ecuador [7]. Assigning a precise
location to Festa’s site of collection is not possible
since the provinces of Guayas, Manabi, Santo
Domingo de los Tsachilas, and Pichincha currently
share this river. A. festae is reported from the
provinces of Los Rios (near Quevedo) and
Pichincha, confirming its prevalence in the Inter-
Andean valley region of Ecuador [19, 26, 45].

3. Ananteris mariaelenae Lourengo, 1999:97-99.
Type material from 75-80 km northeast of Chone,
northern section of the province of Manabi [26].

Genus Centruroides

This genus contains three species in Ecuador. Venom
from Centruroides margaritatus Gervais, the most com-
mon scorpion in the coastal region of Ecuador, is richer in
toxins active against potassium channels and also anti-
microbial peptides in comparison with the higher content
of sodium channel-active toxins typically found in venoms
of toxic Centruroides species inhabiting Mexico and the
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southern United States [46, 47], explaining the lower
toxicity of C. margaritatus to vertebrates.

1. Centruroides exsul (Meise, 1933:27).
This species is endemic to the Galdpagos islands,
the type material having been collected at Floreana
Island (1.1751S, 90.263 W) [48]. Distribution:
Islands of Espafiola, Fernandina, Floreana,
Marchena, Pinta, San Cristébal, San Salvador, Santa
Cruz, and Santiago. This species seems to be
confined to the low dry arid zone, except for Pinta
where it is found in evergreen forests [49].

2. Centruroides gracilis (Latreille, 1804:127).
Lourengo [18] reports this species roughly within
the province of Santa Elena but no specific locations
are provided. Identity of true Ecuadorian C. gracilis
populations is pending since records of this species
in South America have been questioned [50].

3. Centruroides margaritatus (Gervais, 1841:281-282).
This species (Fig. 3) is by far the most abundant
scorpion along the Ecuadorian coast and responsible
for the majority of envenoming cases in the
metropolitan area of Guayaquil, province of Guayas,
the most populated city of Ecuador [14,16,]. It is a
large species (65—-100 mm), with carapace and tergites
dark yellow-brown and metasomal segments I-IV
yellow-brown, darker on IV; V and telson dark reddish
brown [50].

The type locality of this species is Isla Pung, at the
entrance of the Gulf of Guayaquil, currently belonging
to the province of Guayas [50]. This species has been
reported from the coastal provinces of Los Rios and
Santa Elena, and the “Sierra” province of Loja (Fig. 1),
but no data are available on its presence in the coastal
provinces of Esmeraldas and El Oro [50]. The records
for the “Sierra” provinces of Pichincha and Chimborazo
date from 1901-1907 and have not been confirmed
since [51]. This species has been the subject of contro-
versy for more than a century in relation to its real
range of distribution as has been frequently misidenti-
fied with its allied species, Centruroides gracilis
(Latreille), and Centruroides edwardsii (Gervais). The
matter was settled by Armas et al. [50] who differenti-
ated C. margaritatus from its congeners based on its
geographical distribution in South America and the
Caribbean, and morphology (the lower hairiness of its
pedipalps, which are more oval in shape, and the pres-
ence of only eight rows of denticles in the pedipalp
fixed finger) [50].

The difficulties associated with the identification of true
populations of C. margaritatus are probably the origin of
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Fig. 3 Distribution in Ecuador of synanthropic species Teuthraustes atramentarius Simon and Centruroides margaritatus (Gervais). Geographical
ranges are taken from Fig. 1. C. margaritatus specimen is from Mapasingue County, Guayaquil (picture by Xavier Cornejo, Facultad de Ciencias
Naturales, Universidad de Guayaquil). 7. atramentarius specimen (collected in Quito, Pichincha Province) is from the collection of the Invertebrate

Museum, Pontificia Universidad Catdlica del Ecuador (photograph by Tatiana Torres)

the conflicting reports of its venom lethality towards ver-
tebrates. Marinkelle and Stahnke [52] reported a median
lethal dose (LD50) in mice of 59.9 mg/kg (intraperitone-
ally) from a C. margaritatus Colombian population,
whereas Gomez et al. [53] has reported a lethal titer in
mice of 5.19 mg/kg for the same species but from a Costa
Rican population. Central American C. margaritatus
populations now belong to C. edwardsii [50]. As to the
Ecuadorian populations of C. margaritatus, venom from
specimens collected in Guayaquil has been shown to
decrease significantly the cardiac frequency when injected
subcutaneously into rabbits [54]. Campos [14] also reports
on severe manifestations on a human adult envenomed
by C. margaritatus in Playas, province of Guayas, who
experienced vomiting, intense dyspnea, shivering, and
numbness of the tongue [14]. Despite these observa-
tions, no modern reports have been published on enve-
noming by C. margaritatus in Ecuador. One recent
adult case of C. margaritatus envenoming in Guayaquil

presented with paresthesia and erythema at the sting
site (Dr. Miguel Delgado, Postgraduate Program in
Intensive Care, Universidad Espiritu Santo, Guayaquil,
personal communication).

Material collected

In peridomiciliary areas in the cities of Portoviejo (1.316S,
80.2716 W) (n=7; 329, 49d) and Chone (0.4153S,
80.537 W) (n=10; 622, 433), both in the lowland area
of the province of Manabi (14.X11.2014, A. Borges coll).
These findings extend C. margaritatus distribution range
to this province; mild envenomings by this species are
common in both cities. Specimens of C. margaritatus
have also been collected in the metropolitan areas of
Quevedo (1.02863S, 79.46352 W) (n=10, 229, 83J;
5.VIIL2014, T. Escobar coll.), and Babahoyo (1.80217S,
79.53443 W) (n=10, 39, 7J4; 20.VIIL.2014, T. Escobar
coll.), both in the province of Los Rios.
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Genus Tityus

Tityus is unquestionably the most complex genus of scor-
pions from a taxonomical standpoint (over 200 described
species), accountable for the majority of severe and lethal
scorpionism cases in Central and South America and the
Caribbean, including Ecuador, due to the high lethality of
their venoms towards vertebrates (intraperitoneal LD50
for mice ranging from 0.7 to 12 mg/kg) [22, 47, 55-57].
The genus has been divided into the subgenera Archaeoti-
tyus Lourenco, Atreus Gervais, Brazilotityus Lourenco,
and Tityus Koch to accommodate taxa previously assigned
to the morphological groups “androcottoides,” “asthenes,”
“bahiensis,” “bolivianus,” “clathratus,” “ 7

)« ” o«

crassimanus,” “for-
cipula,” “melanostictus” and “quisqueyanus” [58].

In Ecuador, the majority of Tityus species (n=16) be-
long to subgenera Atreus (n=5) and Tityus (n="7), with
four taxa corresponding to the subgenus Archaeotityus.
Species within Atreus belong to either the morphological
groups “Tityus forcipula” (n =2), “Tityus asthenes” (n=2),
or “Tityus androcottoides” (n=1) whereas all species
within the subgenus Tityus belong to the “Tityus boli-
vianus” complex. Described Ecuadorian Tityus spp. are
mostly from the “Sierra” (n =9) and “Oriente” provinces
(n=7), with only one record — Tityus (Atreus) asthenes
Pocock — from the coastal province of Esmeraldas
(Fig. 1). Some representatives of the Ecuadorian Tityus
fauna are depicted in Fig. 4. We have excluded Tityus
(Atreus) spinatus Pocock from the list of Ecuadorian
species since this was synonymized with Tityus (At-
reus) forcipula Pocock by Lourengo [59] and was not
included by Fet et al. [41] in their catalog of world
scorpions. Lourenco and Ythier [17] indicated, how-
ever, that T. (A.) spinatus is a species associated with
the “Tityus forcipula” group but provided no details
regarding its validity [17].

1. Tityus (Atreus) asthenes Pocock, 1893:313.
This species (Fig. 4 — f) was described from a
specimen collected in “Pororu,” Peru, by Pocock
[60], but no contemporary locality with this name
exists in this country. It has been suggested that
the correct locality is Paruro, in the department of
Puno, southern Peru [61], although no modern
records of T. (A.) asthenes exist for this region,
where Tityus (Tityus) soratensis Kraepelin is the
only Tityus species reported thus far [62]. More
recent Peruvian records for T. (A.) asthenes are
supplied by Teruel [63], from Capahuari, province
of Loreto, on the border with Ecuador. T. (A.)
asthenes presents a disjointed distribution in Ecuador
(cis- and trans-Andean), since it inhabits the western
and eastern versants of the Andes range, having been
reported from the western province of Esmeraldas
and the eastern province of Napo [18].
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Considering its abundance in the areas where
accidents have taken place, T. (A.) asthenes is
probably the species associated with the severe and
fatal accidents in children from the provinces of
Sucumbios and Morona Santiago (A.B., unpublished
observations). T. (A.) asthenes has been found from
Peru to Panama, having produced severe envenoming
cases and fatalities in Colombia [64] and Panama [47,
65]. T. (A.) asthenes neurotoxins from the
Panamanian populations are only weakly
recognized by the anti-Tityus (Tityus) serrulatus
(Brazil) and anti-Tityus (Atreus) discrepans
(Venezuela) antivenoms [66]. A test of the
immunological reactivity of venom from
Ecuadorian populations of T. (A.) asthenes towards
available antivenoms is pending.

Material collected

Shushufindi, province of Sucumbios (1 =5, 299, 33J;
31/VI1/2014, inside rural housing, T. Escobar coll.),
thereby extending 7. asthenes distribution range to this
province in Ecuador.

2. Tityus (Archaeotityus) bastosi Lourengo, 1984:358—359.
This species (Fig. 4 - a) belongs to the subgenus
Archaeotityus, which comprises highly pigmented
scorpions (formerly in the “Tityus clathratus”
morphological group), the smallest (18—40 mm)
and most ancient group of species in this genus, in
which the subaculear tooth is always rhomboidal.
Type material of T. bastosi is from Los Tayos,
province of Morona Santiago; also reported from
Coca (Puerto Francisco de Orellana, 0.46289S,
76.9868 W), province of Napo, amply distributed in
the Amazonian regions of Brazil (Sao Paulo de
Olivenca, state of Amazonas) and Peru (Iquitos,
department of Loreto) [67].

3. Tityus (Atreus) crassicauda Lourengo & Ythier,
2013:2-9.
Type material from Tandayapa (0.01667S,
78.76667 W), Pichincha Province [17]. T. crassicauda
belongs to the “Tityus forcipula” morphological group
(in the subgenus Atreus), which comprises medium-
to large-sized (above 50 mm), reddish-brown (in
adults) species, characterized by the presence of strong
spinoid granules at the end of dorsal metasomal
carinae [59]. The group encompasses several Tityus
spp. such as Tityus (Atreus) fuhrmanni Kraepelin,
Tityus (Atreus) metuendus Pocock, Tityus (Atreus)
pachyurus Pocock, Tityus (Atreus) macrochirus
Pocock, and Tityus (Atreus) festae Borelli, all [with the
exception of T. (A.) macrochirus] known to be
responsible for high morbidity and pediatric mortality
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Fig. 4 Tityus and Hadruroides species inhabiting Ecuador. a Tityus (A.) bastosi — subgenus Archaeotityus (male, picture taken by Richard C. West); b
Tityus (T.) ecuadorensis - “Tityus bolivianus” group (female, picture taken by Michiel Cozijn); ¢ Tityus (A.) ythieri — “Tityus androcottoides” group (male,
picture taken by Eric Ythier); d Tityus (T.) pugilator — “Tityus bolivianus” group (male, picture by Jan Ove Rein); e Tityus (T.) roigi — “Tityus bolivianus”
group (male from Bafos de Agua Santa, Tungurahua province, picture by Radomir Jirsak), f Tityus (A.) asthenes — "Tityus asthenes” group (male
from Shushufindi, province of Sucumbios, picture by A. Borges; g Tityus (A.) forcipula — “Tityus forcipula” group (female, picture taken by Michiel
Cozijn); h Hadruroides (L.) charcasus (Karsch) (from Macard, El Oro province, Ecuador; picture by Radomir Jirsak)

across their distribution range in Panama, Colombia,
and Peru [22, 47, 56]. The epidemiological status of
the Ecuadorian species in the “Tityus forcipula” group
has not yet been determined.

. Tityus (Tityus) demangei Lourenco, 1981:640—644.
Holotype from Cueva de los Tayos, province of
Morona Santiago. This species belongs to the “Tityus
bolivianus” morphological group (in the subgenus
Tityus), which includes medium to large-sized (40—

70 mm), yellowish/chestnut brown species, distributed

along the foothills of the Andes, from Ecuador to
northern Argentina and Uruguay [68].

. Tityus (Tityus) ecuadorensis Kraepelin, 1896:127-129.

Fet et al. [41] reported Piscobamba, in the province of
Loja, Ecuador, as the type locality for this species.
There is no such locality in Ecuador but rather in the
Peruvian province of Ancash. Instead, the river
Piscobamba (4.1447S, 79.1756 W), may be the site of
type collection in Ecuador, located east of Malacatos,
southern section of the province of Loja. Also
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reported from Landangui (4.20521S, 79.22455 W)
(Loja province) and Zaruma (El Oro province)
(3.69132S, 79.61174 W). This species (Fig. 4 - b) also
belongs to the “Tityus bolivianus” complex and is a
shared species with Peru, where has been collected in
the departments of Cajamarca and Cuzco [68].

6. Tityus (Atreus) forcipula (Gervais, 1844:130)
Type material from an unknown locality in Colombia
[41]. This species (Fig. 4) is distributed from
southwestern Colombia (department of Cauca) to
northwestern Ecuador (provinces of Pichincha, Santo
Domingo de Tsachilas, and Cotopaxi) [18, 69]. T. (A.)
forcipula is the type species of the “Tityus forcipula”
morphological group.

7. Tityus (Tityus) gasci Lourengo, 1981:841—-845.
Holotype from southern French Guyana [70]. The
species is reported from Cuyabeno, in the province
of Napo, a locality that currently lies in the
province of Sucumbios (0.259118S, 75.89398 W/).
The species is amply distributed in the Amazon
Basin, from French Guyana and Brazil to Ecuador
and Peru.

8. Tityus (Archaeotityus) intermedius Borelli, 1899:8—-10.
Type material from the city of Ibarra, province of
Imbabura, northern Ecuador. This species has been
reported from Colombia but it has not been included
on recent lists of Colombian Tityus species and is
hereby considered endemic in Ecuador [10, 69, 71].

9. Tityus (Archaeotityus) julianae Lourencgo, 2005:
222-224.
Holotype from the Valley of river Cayapas, west of
San Miguel, province of Esmeraldas (0.7436S,
78.91506 W) [27].

10. Tityus (Tityus) jussarae Lourengo, 1988:686—688.
Holotype from Cueva del Lagarto, near Mondayacu
(0.4936S, 77.4617 W), province of Napo, and also
from Cueva San Bernardo, in the same province.
The species belongs to the “Tityus bolivianus” group
of species.

11. Tityus (Tityus) pugilator Pocock, 1898:413—-414.
Holotype from “Cachavi,” Ecuador. The correct
locality is actually San Javier de Cachavi, northwestern
section of the Esmeraldas province (1.0358 N,
78.4638 W). Also collected from near the cave of
Rumichaca de la Paz (“La Gruta de la Paz,”

0.301797 N, 77.50481 W), 18 km north of San
Gabriel, in the province of Carchi, Cumbaya (valley of
Tumbaco) (province of Pichincha), river
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Guayllabamba, near Quito (province of Pichincha),
and from Ibarra (province of Imbabura) [18, 19]
(Fig. 4). It belongs to the “Tityus bolivianus” species
complex.

12. Tityus (Tityus) roigi Maury & Lourenco, 1987:80—84.
Holotype collected in Bafios (currently Banos de
Agua Santa, 1.39639S, 78.42472 W), province of
Tungurahua [72, 73]. The species belongs to the
“Tityus bolivianus” complex.

13. Tityus (Archaeotityus) silvestris Pocock, 1897:363—364.
The original description of this species was based on
a specimen collected in Santarém, state of Par4,
Brazil [74]. It is distributed along the Amazon basin
from French Guyana, and has been reported in
Ecuador although no precise collection localities
have been mentioned [17, 75]. In the maps
published by Lourenco et al. [17, 27], T. silvestris is
roughly assigned to the eastern section of the
province of Orellana.

14. Tityus (Tityus) simonsi Pocock, 1900:469—470.
Type material is from the city of Loja, province of
Loja [6]; the species has also been reported in
Vilcabamba, province of Loja (4.26233S,

79.22287 W) [76]. This species is shared with
northern Peru [68]. It is a very close taxon to T (7.)
ecuadorensis to the point that hybridization
experiments have been suggested to determine
whether T. simonsi could be a morph of the latter
species [68].

15.Tityus (Atreus) timendus Pocock, 1898:414.
Type material from San Javier de Cachavi,
Esmeraldas province. Although restored by
Lourenco [77], T. (A.) timendus was not included in
a recent revision of the Ecuadorian Tityus fauna
[17]. Thus, the species is included on the list of
current species from Ecuador (Fig. 2). T. (A.)
timendus has been placed in the “Tityus asthenes”
species complex in the subgeneus Atreus, but has
also been cited as an allied species of 7. (A.)
pachyurus [77], which is responsible for severe
envenomings in Colombia and Panama [47, 78].

16.Tityus (Atreus) ythieri Lourengo, 2007:377—-380.
Holotype from south of Yaupi (2.85444S, 77.936 W),
province of Morona Santiago (Fig. 4). It is the only
Tityus species thus far described from Ecuador that
belongs to the “Tityus androcottoides” morphological
group, which comprises scorpions with ventral keels
of metasomal segments II to IV partly or largely
fused [28]. Species within this group are generally
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restricted to the east of the Colombian Eastern
Cordillera and mainly inhabit the Venezuelan
mountainous range [79] and a few have been
described from the Brazilian Amazonia [Tityus
(Atreus) elizabethae Lourengo & Ramos, Tityus
(Atreus) neblina Lourengo] and eastern Colombia
[Tityus (Atreus) rebierei Lourenco] [28, 71].

Most species within this group produce highly toxic
venoms and are accountable for severe/lethal scorpionism,
mainly in Venezuela [22]. Kovarik et al [76] synonymized
T. (A.) ythieri to Tityus (Atreus) magnimanus Pocock,
based on a genetic and morphological comparison, but
the species was later reinstated by Ythier [80] on the basis
of a misidentification of the T. (A.) ythieri specimens stud-
ied by Kovarik et al. [76].

Family Caraboctonidae

Genus Hadruroides

Species of Hadruroides (n = 22) are restricted to Ecuador,
Peru, northern Chile, and several offshore islands (includ-
ing the Galdpagos), where they inhabit inter-Andean
valleys, Pacific deserts, and dry forest habitats [32, 81]. In
Ecuador the genus is represented by seven species, re-
cently split into two subgenera by Rossi [32]. The nominal
subgenus, Hadruroides, now includes only one species,
Hadruroides (Hadruroides) charcasus (Karsch), whereas
the subgenus Lourencoides Rossi includes all other known
species. The total number of Hadruroides species inhabit-
ing mainland Ecuador is now raised to six [32].

Ecuadorians records of Hadruroides (Lourencoides)
lunatus (Koch) [82] are suggested to be probable mis-
identifications of other Hadruroides species, which is
also the case in reports of this species from northern
Chile [81]. Records of Hadruroides (Lourencoides)
leopardus Pocock from the city of Loja, province of
Loja [18], are probably referencing Hadruroides (Lour-
encoides) udvardyi Lourengo [81].

Species in this genus appear to be weakly toxic to verte-
brates upon peripheral venom injection, as shown in the
case of H. (L.) lunatus (from Lima, Peru) based on the
low lethality (LD50=22 mg/kg) of its venom when
injected intraperitoneally in mice. H. (L.) [unatus venom
is, however, highly toxic upon central injection (LD50 =
0.1 mg/kg) [83]. Although Hadruroides venoms are not
lethal to mammals, at least peripherally, they probably
contain components able to elicit heart muscle disruption
in vertebrates.

Serum levels of total creatine kinase (CK) and its
isoenzyme MB (CK-MB), two widely accepted markers
for heart injury or myocardial infarction, have been
found significantly elevated in rats envenomed intraperi-
toneally with a sublethal dose of H. (L.) lunatus venom
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(5.8 mg/kg) [83]. Venom from another species, H. (H.)
charcasus (Karsch) (from northern Peru), produces in
the heart of Bufo spinulosus (Amphibia, Bufonidae)
cellular necrosis, leukocyte infiltration, and endothelial
lesions without significantly altering the cardiac force or
frequency [84]. The actual clinical implications of these
results are not yet clear, but these activities are probably
due to the presence in venoms from Hadruroides spp. of
low-molecular-weight neurotoxins and/or phospholipase
components [83].

1. Hadruroides (Hadruorides) charcasus (Karsch,
1879:135)
Holotype from Bolivia, from an unknown locality
[41]. The species was redescribed by Maury [82]
using material collected in the province of
Cajamarca, northern Peru [82]. Rossi [32] reports
this species from Macard, province of Loja
(4.38181S, 79.9437 W) (Fig. 4).

2. Hadruroides (Lourencoides) doriai Rossi, 2014:206—207.
Type material from San Pedro, county of Arenillas,
El Oro province, in the border with Peru (3.66671S,
80.10142 W).

3. Hadruroides (Lourencoides) elenae Rossi, 2014:
198-202.
Holotype from La Puntilla, near Salinas (2.18973S,
81.01074 W), province of Santa Elena.

4. Hadruroides (Lourencoides) galapagoensis Maury,
1974:19.
Endemic to the Galdpagos islands [81]. Reported from
the islands of Esparfiola, Fernandina, Floreana, Isabela,
Pinzon, Santa Cruz, Santa Fé, Santiago, and San
Salvador [85, 86]. H. (L.) galapagoensis is found from
the coastal arid zone up to the arid top zone of the
Isabela volcanoes [49].

5. Hadruroides (Lourencoides) maculatus (Thorell,
1876:186).
Distributed in Ecuador on its central coastline,
provinces of Manabi and Guayas, and shared with
Peru (holotype from El Callao), H. (L.) maculatus
seems to be the most common species of the genus in
Ecuador [32, 81, 87]. It has been reported from
Manta, and “Machalillo” [correct location is
Machalilla (1.2824S, 80.4551 W)], both in the
province of Manabf; La Puntilla, province of Santa
Elena, and also from the city of Guayaquil, in the
Estero del Salado (2.2533S, 80.210 W) [82]. Playas del
Morro was mentioned by Campos [14] as a locality
where he collected this species in the province of
Guayas.
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6. Hadruroides (Lourencoides) moreti Rossi, 2014:202—
205.
Type material from San Vicente, province of Bolivar
(1.90818S, 79.24859 W)).

7. Hadruroides (Lourencoides) udvardyi Lourenco,
1995:76-78.
Holotype from the province of Azuay, 90 km in the
road from Cuenca to Loja. Endemic to inter-Andean
valleys at altitudes above 2,000 m in southern Ecuador,
in the provinces of Azuay and Loja [32, 81].

Family Chactidae

Genus Chactas

This exclusively Neotropical genus is distributed from
Costa Rica to northern Peru, with Colombia as a possible
center of dispersion since most known Chactas species
are from this country. A number of species have been de-
scribed in Venezuela and isolated taxa are reported in
Brazil and Peru. Species are also known from Costa Rica,
Panama and the Island of Trinidad [29]. There are no spe-
cies within this genus analyzed from either toxinological
or clinical standpoints. The venom from the Neotropical
chactid Brotheas amazonicus Lourenco possesses an
LD50 in mice (intraperitoneally) of 90 mg/kg, two orders
of magnitude above the lethality of venoms from Tityus
spp. and twice the lethality of venoms from species in gen-
era Brachistosternus and Hadruroides [57].

1. Chactas mahnerti Lourengo, 1995:70-71.
Known from La Florida (0.220S, 78.300 W) and San
Antonio (0.023S, 78.2648 W), province of Pichincha,
and also from Coca, province of Napo [18].

2. Chactas moreti Lourengo, 2014:19-23.
Type material collected at San Pablo de Kantesiya
(0.1515S, 76.2535 W), near the Aguarico River,
province of “Sucumbius” [sic] (Sucumbios, northern
Ecuador) [29].

3. Chactas yaupi Lourengo, 2014:173-177.
Collected north of the town of Yaupi (2.51168,
77.569 W), between Yaupi and Morona, province of
Morona Santiago [31].

Genus Teuthraustes

All the species of Teuthraustes so far described (n=24)
have been collected in the Andean mountains of Ecuador,
Peru and Colombia, and in the Amazonian highlands of
Venezuela and Brazil, with the highest species diversity
corresponding to Ecuador. Even though the taxonomic
validity of some of these taxa will probably be the subject
of further scrutiny, the outstanding concentration of
species in Ecuador is realistic [20]. In their transferring of
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Chactas camposi Mello-Leitéo to the genus Teuthraustes,
Ochoa and Pinto da Rocha [30] presented a list of the 11
Ecuadorian species thus far reported, together with their
provinces of origin. The following account clarifies the
origin of some of these species and their geographical
distribution.

1. Teuthraustes atramentarius Simon, 1878:400.
This species is widespread in the provinces of
Cotopaxi, Ibarra, and Pichincha (Fig. 3), and is
certainly the most abundant scorpion in the
metropolitan area of Quito [88]. Together with C.
margaritatus from the coastal region, the
abundance of these two species in the most
industrialized and populated areas of Ecuador (i.e.
Pichincha and Guayas provinces) suggests their
responsibility for most scorpion envenomings in
these regions. The fact that their venoms are not
significantly toxic to vertebrates [52, 89] has been
taken to indicate that scorpions are not of medical
significance in the country, a situation reminiscent
of the weakly toxic, widespread Venezuelan species,
Rhopalurus laticauda (Thorell) [79]. In fact, T.
atramentarius envenoming in humans only produces
local symptomatology, resembling a bee sting [90].

2. Teuthraustes camposi (Mello-Leitdo, 1939:147—-148).
The type locality for this species has been assigned
by Ochoa and Pinto da Rocha [30] to the province
of Canar, northern Ecuador, but the precise location is
not known. The type material of T. camposi was
donated by the Ecuadorian entomologist Francisco
Campos to C. de Mello-Leitao, at the Rio de Janeiro
National Museum (MNR]), who identified it as
belonging to the genus Chactas [10]. Ochoa and Pinto
da Rocha [30] later assigned the specimen to the
genus Teuthraustes and stated that the type
material at the MNR] was originally labeled “Chactas
rosenbergi Pocock.” In his 1931 account of Ecuadorian
scorpions, Campos reports that the material classified
as Chactas rosenbergi Pocock was collected in
Bucay and Chimbo, in the provinces of Guayas and
Bolivar, respectively, and that samples of “Chactas
sp.” were obtained at Gualea (0.11677 N,

78.7476 W), in the province of Pichincha. There is
no mention in his review of collection sites in the
province of Canar [14]. A further search for this
species in the provinces of Canar, Bolivar, Guayas,
and Pichincha is pending to determine its true
distribution range.

3. Teuthraustes dubius (Borelli, 1899:14).
The type locality (“Valle de Santiago”) for this
species was placed by Borelli [7] in “eastern
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Ecuador” without further details on its location.
Borelli’s locality most probably refers to the channel
of river Santiago, which originates in Ecuador from
the union of two rivers, the Namangoza and the
Upano, in the province of Morona Santiago,
Ecuadorian Amazonia, where it flows 55 km before
reaching the current border with Peru. The
collector, Italian zoologist Enrico Festa, commented
that the places where he collected in the Valle del
Santiago were not far from the Marandén River, now
belonging to Peru [90]. Back in the 1890s the area
between the two rivers was under the jurisdiction of
Ecuador. The species range of distribution includes
the Cueva de los Tayos, also in Morona Santiago [44].

4. Teuthraustes festae (Borelli, 1899:11).
This species was also collected by Enrico Festa in
Valle del Santiago, province of Morona Santiago.

5. Teuthraustes gervaisii (Pocock, 1893:82).
Type material from the city of Cuenca, the capital of
the Azuay province [41, 60]. Also collected in the
ruins of Ingapirca (2.54435S, 78.87741 W), between
Canar and El Tambo, province of Canar, at 2,800 m
altitude [91].

6. Teuthraustes lojanus (Pocock, 1900:472-473).
Holotype collected from Loja, capital city of the
province of Loja.

7. Teuthraustes oculatus Pocock, 1900:473.
Type material collected from Sinche and Riobamba
(6, 41]. Several towns named “Insinche” in Ecuador
from the province of Cotopaxi, north of the
province of Chimborazo (where the second locality,
Riobamba, is placed), are candidates for the first
locality. To the best of our knowledge, no records of
this species exist from the Tungurahua province, as
reported by Ochoa and Pinto da Rocha [30].

8. Teuthraustes ohausi Kraepelin, 1912:73,77-78.
In his description of the species, Kraepelin [8], and
also Fet et al. [41], refer to “Calamayo,” as its type
locality, but the correct location is Catamayo
(3.59118, 79.2132 W), 36 km west of Loja, province
of Loja.

9. Teuthraustes rosenbergi (Pocock, 1898:419-420).
Holotype from Chimbo, near Guayaquil. Pocock
[5] refers “Chimbo” as the type locality for this
species, which actually corresponds to San José de
Chimbo (1.410S, 79.133 W), province of Bolivar,
16 km south of Guaranda, the provincial capital.
Campos [14] also reports this species from Bucay
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(2.1008S, 79.600 W), province of Guayas, 100 km
west of Guayaquil. He reports that 7. rosenbergi
is very abundant under the bark of fallen logs,
together with insects from the order Dermaptera.

10.Teuthraustes simonsi (Pocock, 1900:471-472).
Holotype from “Rio Amboque,” Ecuador. This
locality, given by Pocock [6] without further details,
has no contemporary counterpart in Ecuadorian
geography. Ochoa and Pinto da Rocha [30]
assigned this species to the province of Carchi
but an exhaustive search of current towns and
rivers in this province has not rendered any
similarities to this name.

11.Teuthraustes whymperi (Pocock, 1893:90).
The type locality, “Millegalli,” is in fact the town of
Nanegalito (0.356 N, 78.4048 W), in the
northwestern section of the province of Pichincha.
According to Lourengo [18], T. whymperi is a highly
abundant scorpion in Las Pampas, northern section
of the province of Cotopaxi. Also reported from the
province of Pichincha [18, 30] and from Santo
Domingo de los Tsachilas and Tungurahua
provinces [18].

12.Teuthraustes wittii (Kraepelin, 1896:141-144).
As in the case of Tityus (T.) ecuadorensis,
“Piscobamba” is referenced as the type locality for
this species, but instead the river Piscobamba is the
probable site of collection in the province of Loja.
This species has also been reported from the cities
of Loja and Vilcabamba, also in the Loja province,
and from Zaruma (3.4128S, 79.3642 W), province of
El Oro [18].

Family Troglotayosicidae

Genus Troglotayosicus

The genus includes two troglomorphic species (i.e.,
with morphological adaptations to life in cavernicolous
habitats, e.g., the absence of median eyes), one de-
scribed from Ecuador and a second from the neighbor-
ing Colombian department of Narifo, Troglotayosicus
humiculum Botero-Trujillo & Francke, 2009 [92]. Med-
ical significance of species in this genus is probably
poor given their restricted cavernicolous distribution.

1. Troglotayosicus vachoni Lourengo, 1981:651-656.
Holotype found in Cueva de los Tayos, province of
Morona Santiago [44].

Concluding remarks
Surrounded by areas where scorpion stings are frequent
and usually inflicted by noxious species, such as southern
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Colombia and the Brazilian Amazonia, there was a need
to update the list of the scorpion fauna from Ecuador, and
establish their geographic distribution and potential med-
ical significance in light of recent accidents in children,
some of them fatal [93, 56]. As noted before, insufficient
efforts have been made, particularly in the case of the
genus Tityus, to correlate human incidents and the precise
geographical distribution of the species involved [94].
Preparation of a risk map for scorpionism in Ecuador and
the possible manufacturing of a scorpion antivenom ef-
fective in the country would be facilitated by establishing
such a correlation.

This work updates the number of Ecuadorian scor-
pion species to 47 and clarifies their distribution by
biogeographic area and political provinces upon a thor-
ough revision of individual collection localities based
on contemporary records, summarized in Fig. 1. Such
clarification should be helpful in future re-collections
of specimens. This work also raises the number of
endemic taxa to 35 (74.5 % of endemism), a rate com-
parable to that of Colombia (75.6 %) and only surpassed
in northern South America by Venezuela (91.3 %) [79,
95]. For instance, Ecuador has been recognized as the
probable center of dispersion for the scorpion genus
Teuthraustes, in the family Chactidae, with half of the
described species (7 = 12) being endemic to the country
[20]. Such dynamic speciation of Ecuadorian scorpions
has been attributed to an evolutionary mode involving
genetic drift in small founder populations, as the plant
genera Gasteranthus (Gesneriaceae) and Anthurium (Ara-
ceae), with 25 and 50 %, respectively, of their world total
species endemic to the environs of Ecuador [17, 96-98].

The incidence of scorpion stings in endemic areas is
the result, among other factors, of the distribution areas
of noxious species, their local abundance and ecology.
The most speciose scorpion genera in Ecuador are Tityus
(16 spp.), Teuthraustes (12 spp.), and Hadruroides (7
spp.), followed by Ananteris (3 spp.), Brachistosternus (2
spp.) and Centruroides (2 spp.), notwithstanding differ-
ences in their relative abundance among the biogeo-
graphical areas of “Costa,” “Sierra” and “Oriente”
(Fig. 2). Scorpions in the genus Hadruroides are very
abundant along the hyperxerophitic coastal areas (in
provinces of El Oro, Guayas, and Santa Elena) and can
be found under stones and dry manure [14]. There are
no reports on the abundance of Ecuadorian Brachistos-
ternus spp. but they are common in dunes of the
Peruvian central and northern coast and should present
a similar ecology in Ecuador, at least in the case of B.
(B.) ehremnbergii [34]. Species in the genus Teuthraustes
in Ecuador are mostly forest-dwelling taxa, native to the
inter-Andean valleys, and are not hazardous to humans
as shown in the case of T. atramentarius, a synanthro-
pic, abundant species in the area of Quito, province of
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Pichincha [88, 89]. As stated above, C. margaritatus is
the most common species found in domiciliary environ-
ments along the Ecuadorian coast and in populated
areas such as Guayaquil and Milagro (province of
Guayas), Babahoyo and Quevedo (province of Los Rios),
Portoviejo, Manta, and Chone (province of Manabi).
Ananteris spp. are mostly sylvatic species. Specimens of
Tityus spp. are abundant in domiciliary and peridomiciliary
habitats of rural communities located in tropical and
subtropical rain forest areas of Sucumbios and Morona
Santiago (“Oriente” area) and also in the province of
Esmeraldas (“Costa” area), where they have been respon-
sible for severe and lethal cases of scorpionism.

Traditionally, scorpions were not considered danger-
ous in Ecuador and their sting was supposedly fiercer
if specimens from the coastal areas were involved,
based on the notion that species from drier places
produce venoms with higher toxicity [99]. Regardless
of the species, envenoming manifestations in humans,
which were claimed to be predominantly local, were
reported to resemble those derived from wasp or bee
stings [99]. Such an assumption, which has prevailed
in modern times, is a consequence of the low toxicity
towards vertebrates of the venoms produced by C.
margaritatus and T. atramentarius, which are the
most common urban species in the country. It is
clear from the above account that noxious scorpion
species inhabit Ecuador and are capable of producing
significant morbidity and pediatric mortality.

According to the species involved, their areas of
distribution and the available knowledge of the venom
action and composition of allied taxa, as presented in
this annotated checklist, we propose a classification of
the Ecuadorian scorpion fauna as follows:

1. Species in genera Hadruroides, which are mainly
coastal (Fig. 4), would produce severe accidents only if
envenoming occurs by a central pathway. Local
manifestations such as intense pain, edema and
ulceration are expected [100]. Venoms of Hadruroides
spp. contain cytotoxic components that may produce
heart muscle disruption. Sting by Brachistosternus spp.,
also a coastal species in Ecuador [with the exception of
B. (B.) pegnai, restricted to Carchi], and recognized by
their generally clear and yellowish coloration, produces
intense pain in humans without further complications,
although some venoms contain neurotoxins that can
produce autonomic effects [35].

2. Species in genera Centruroides and Teuthraustes
inhabiting Ecuador, particularly C. margaritatus and
T. atramentarius (Fig. 3) appear not to produce
venoms significantly toxic to humans. For instance,
envenoming by the C. margaritatus population
inhabiting the surroundings of Cali, Colombia —
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morphologically related to the populations prevalent
in the coastal regions of Ecuador [101] — produce
intense pain, some discoloration at the sting site,
and fever (average 39 °C) 3 to 4 h after the accident,
without further complications [52]. T. atramentarius
appears to be weakly ly toxic to humans [89].

3. Species in the genus Tityus differ in their venom
toxicity towards humans depending on the
morphological group to which they pertain:

(a) Species belonging to the subgenus Archaeotityus
(encompassing the “Tityus clathratus” group)
comprise small (18—40 mm), highly pigmented
scorpions capable of producing toxins with a
fingerprint structurally similar to noxious Tityus spp.
le.g. Tityus (Archaeotityus) clathratus Koch] but
they are not considered medically significant due to
the low amount of venom injected [102]. In Ecuador
these species are T. (A.) julianae, T. (A.) intermedius,
T. (A.) bastosi, T. (A.) pugilator, and T. (A.) silvestris.

(b)Species in the subgenus Atreus in Ecuador belong
either to the morphological groups “Tityus forcipula”
[T. (A.) forcipula, T. (A.) crassicauda, and T. (A.)
timendus), “Tityus androcottoides” [T. (A.) ythieri],
or “Tityus asthenes” [T. (A.) asthenes]. These species
seem to be restricted to lowland rain forests of the
piedmont east and west of the Andes. Most severe/
lethal envenoming cases in northern South America,
the Amazonian region, and Central America are due
to species in this subgenus [47, 55, 56]. The
medically significant Ecuadorian species are most
probably all contained within this subgenus.

(c) Species in the subgenus Tityus in Ecuador mainly
belong to the “Tityus bolivianus” complex [T. (T.)
demangei, T. (T.) ecuadorensis, T. (T.) roigi, T. (T.)
simonsi, and T. (T.) jussarae), with the exception of
T. (T.) gasci. This complex contains species mostly
inhabiting the inter-Andean valleys in the “Sierra”
region [18]. In contrast to the “Tityus asthenes” and
“Tityus forcipula” complexes, no species within the
“Tityus bolivianus” group have yet been reported to
present medical significance in Ecuador or the
countries where this complex is also prevalent (Peru,
Bolivia, Argentina).

4. Species of the genera Centruroides (C. exsul) and
Hadruroides [H. (L.) galapagoensis] inhabiting the
Galdpagos archipelago are not considered
dangerous to humans although their sting is
painful [103].

As severe envenoming cases have been recorded from
east of the Ecuadorian Andes, a study of the immuno-
logical reactivity of venoms from medically significant
species towards available scorpion antivenoms is required
to establish their neutralization capacity or whether new

Page 14 of 17

antibodies are needed [24]. In this sense, only three anti-
Tityus antivenoms are available: anti-Tityus (Atreus) discre-
pans (Venezuela), anti-Tityus (Tityus) serrulatus (Brazil),
and anti-Tityus (Tityus) trivitattus (Argentina) [21, 55].
More collection work is necessary in regions still poorly
sampled, such as the provinces of Pastaza and Zamora
Chinchipe where no species have been reported thus far
(Fig. 1). In this context, it seems reasonable to assume that
a significant part of the Ecuadorian scorpion fauna (and
their molecules) is still undiscovered, as pointed out
recently in relation to other arachnid groups [104].

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

GB gathered data compiled in Fig. 1, contributed with bibliography and
revised the final draft. AB wrote the manuscript and prepared Figs. 2, 3 and
4. Both authors read and approved the final manuscript.

Acknowledgments

The Secretaria Nacional de Educacion Superior, Ciencia, Tecnologia e
Innovacion (Ecuador) is gratefully acknowledged for its financial support
through the program Prometeo (to AB.). We would also like to thank
Dr. Carmen Bonifaz de Elao, Faculty of Natural Sciences, Universidad de
Guayaquil, for her constant support and help with logistics during
collection work. Thanks are conveyed to Dr. Jorge Blanco, from
Fundacion Herpetoldgica Gustavo Orcés, Quito, Ecuador, for informing us
on the severe and fatal scorpion stings in children he witnessed in the
province of Morona Santiago. We are grateful to Xavier Cornejo, Michiel
Cozijn, Radomir Jirsak, Jan Ove Rein, Tatiana Torres, David Reyes, Richard
C. West, and Eric Ythier for allowing us to use their photographs. Dr.
Clifford Keil, Director, Invertebrate Museum, Pontificia Universidad
Catolica del Ecuador, Quito, kindly allowed us to examine and
photograph the specimen of Teuthraustes atramentarius appearing in this
publication. We thank Dr. Andrea Rossi for confirming the identity of the
H. charcasus specimen appearing in Fig. 4. Dr. Telmo Ariel Escobar, Biol.
Jaime Santos, and Biol. José David Villalta, from the Faculty of Natural
Sciences, Universidad de Guayaquil, are acknowledged for their support
during collections and data gathering. We are extremely thankful to Dr.
Miguel Delgado, for his persistent support, great spirit and humor, and
for sharing with us his unpublished observations on envenoming by
Centruroides margaritatus in Guayaquil.

Author details

"Laboratory of Biotechnology, Faculty of Natural Sciences, University of
Guayaquil, Guayaquil, Ecuador. “Laboratorio de Biologfa Molecular de Toxinas
y Receptores, Instituto de Medicina Experimental, Facultad de Medicina,
Universidad Central de Venezuela, CaracasApartado Postal 50587Venezuela.
3National Secretariat for Higher Education, Sciences, Technology and
Innovation of Ecuador (Senescyt), Quito, Ecuador.

Received: 25 January 2015 Accepted: 20 July 2015
Published online: 30 July 2015

References

1. Mittermeier RA, Mittermeier CG, Gil PR, Garcia-Urtiaga MJ, Flores De
Clavé L, Bolivar A. Megadiversidad: los paises biolégicamente més ricos
del mundo. México: Cemex, Conservation International and Agrupacion
Sierra Madre; 2009.

2. Sierra R, Campos F, Chamberlin J. Assessing biodiversity conservation
priorities: ecosystem risk and representativeness in continental Ecuador.
Landscape Urban Plan. 2002;59(2):95-110.

3. Dupérré N. Arachnids of Ecuador. 2014. http://aracnidos.otonga.org.

4. Sissom WD, Hendrixson BE. Scorpion biodiversity and patterns of
endemism in northern Mexico. In: Cartron J-LE, Ceballos G, Felger RS,
editors. Biodiversity, ecosystems, and conservation in northern Mexico.
Oxford: Oxford University Press; 2005. p. 122-37.


http://aracnidos.otonga.org/

Brito and Borges Journal of Venomous Animals and Toxins including Tropical Diseases (2015) 21:23

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Pocock RI. Descriptions of some new scorpions from Ecuador. Ann Mag
Nat Hist, Sér 7. 1898,6(1):413-22.

Pocock RI. Some new or little-known Neotropical scorpions in the British
Museum. Ann Mag Nat Hist, Sér 7. 1900;5:469-78.

Borelli A. Viaggio del Dr. Enrico Festa nell'Ecuador e regioni vicine. XVIIl:
Scorpioni. Boll Mus Zool Anat comp R Univ Torino. 1899;14(345):1-18.
Kraepelin K. Neue Beitrdge zur systematik der gliederspinnen. Il. Chactinae
(Scorpiones). Mitt Naturhist Mus, Beiheft zum Jahrb Hamb Wiss Anst 1911.
1912,29(2):45-88.

Kraepelin K. Beitrag zur kenntnis der skorpione und pedipalpen columbiens.
Mém Soc Sci Nat Neuchatel. 1912;5:15-28.

Mello-Leitdo C. Escorpides Sul-americanos. Arg Mus Nac, Rio de Janeiro.
1945,XL:1-453.

Kraepelin K. Neue und weniger bekannte skorpione. Mitt Naturhist Mus,
Beiheft zum Jahrb Hamb Wiss Anst. 1896;13:119-46.

Simon E. Etudes arachnologiques. 9 Mémoire. XV. Descriptions de deux
noveaux genres de |'ordre des Scorpiones. Ann Soc Entomol Fr.
1878;5(8):399-400.

Mello-Leitdo C. Una nueva especie de alacran del género Chactas. Physis.
1939;17:147-8.

Campos RF. Breve contribucion al conocimiento de los Escorpionidos
(Alacranes) del Ecuador. Rev Colegio Nac Vicente Rocafuerte. 1931;13(44):117-25.
Campos RF. Notas teratoartropoldgicas. Caso de un alacran (Centrurus
margaritatus, Gerv.), con diartrosis femoro-tibial en un palpo maxilar. Rev
Chil. Hist Nat. 1930;280-281.

Behr-Castillo H, Correa O. Identificacion de los alacranes de la familia
Buthidae en la Urbanizacién Puerto Azul. Guayaquil Rev Ecuat Hig Med
Trop. 1987,37:71-6.

Lourengo WR, Ythier E. The remarkable scorpion diversity in the Ecuadorian
Andes and description of a new species of Tityus C. L. Koch, 1836
(Scorpiones, Buthidae). ZooKeys. 2013;307:1-13.

Lourenco WR. Les scorpions (Chelicerata, Scorpiones) de I'Equateur avec
quelques considerations sur la biogeographie et la diversite des especes.
Rev Suisse Zool. 1995:102(1):61-88.

Lourengo WR. La faune des scorpions de I'Equateur. I. Les Buthidae.
Systématique et biogéographie. Rev Suisse de Zool. 1988,95(3):681-97.
Lourenco WR, Duhem B. The geographical pattern of distribution of the
genus Teuthraustes Simon (Scorpiones, Chactidae) in South America and
description of a new species. C R Biol. 2010;333(11-12):858-63.

Borges A, Bermingham E, Herrera N, Alfonzo MJ, Sanjur Ol. Molecular
systematics of the neotropical scorpion genus Tityus (Buthidae): the
historical biogeography and venom antigenic diversity of toxic Venezuelan
species. Toxicon. 2010;55(2-3):436-54.

Borges A, Graham MJ. Phylogenetics of scorpions of medical importance. In:
Gopalakrishnakone P, Calvete JJ, editors. Venom genomics and proteomics.
Dordrecht: Springer Netherlands; 2015.

Lourenco WR, Leguin E-A. Le véritable statut de l'espece Chactas
rubrolineatus Simon, 1880 (Scorpiones: Chactidae). Rev Iber Arachnol.
2014;24:87-9.

Hospital General de Macas. Province of Morona Santiago: Ministerio de
Salud Publica. http://www.hospitalmacas.gob.ec/
index.php?option=com_content&view=article&id=35:rabia-
silvestre&catid=3:noticias-hospital&ltemid=8. Accessed 20 Feb 2015.
Cekalovic KT. Brachistosternus pegnai n. sp. de escorpién para el Ecuador
(Scorpionida-Bothriuridae). Bol Soc Biol Concepcién. 196941:163-71.
Lourengo WR. Some remarks about Ananteris festae Borelli, 1899 and
description of a new species of Ananteris Thorell from Ecuador (Scorpiones,
Buthidae). Ent Mitt Zool Mus Hamburg. 1999;13(160):95-100.

Lourengo WR. A new species of Tityus Koch, 1836 (Scorpiones, Buthidae)
from Ecuador. Ent Mitt Zool Mus Hamburg. 2005;14(171):221-7.

Lourengo WR. A new species of Tityus C.L. Koch, 1836 from Ecuador: the first
element of the Tityus androcottoides” subgroup for this country. Ent Mitt
Zool Mus Hamburg. 2007;14(176):375-85.

Lourenco WR. The second confirmed record of the scorpion genus
Chactas Gervais, 1844 (Scorpiones, Chactidae) from Ecuador with
description of a new species from the Amazonian Province of
Sucumbios. Zookeys. 2014;372:17-26.

Ochoa JA, Pinto da Rocha R. On the taxonomic status of Chactas camposi
Mello-Leitdo, 1939 (Scorpiones, Chactidae). Zootaxa. 2012;3210:61-8.
Lourenco WR. The third confirmed record of the scorpion genus
Chactas Gervais, 1844 (Scorpiones, Chactidae) from Ecuador, with

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

52.

53.

Page 15 of 17

description of a new species from the Amazonian Province of Morona
Santiago. Ent Mitt Zool MusHamburg. 2014;17(193):171-8.

Rossi A. A revision of the genus Hadruroides Pocock, 1893 in Ecuador
mainland with the description of three new species, the definition of a
new subgenus and a new record. Ann Mus Civ Stor Nat "G Doria".
2014;106:193-210.

Ojanguren Affilastro A, Ramirez MJ. Phylogenetic analysis of the scorpion
genus Brachistosternus (Arachnida, Scorpiones, Bothriuridae). Zool Scr.
2009;38(2):183-98.

Calderon ST, Aguilar PG. Escorpiones y escorpionismo en el Peru. X: Efecto
del veneno de Brachistosternus ehrenbergi sobre ratones albinos. Rev Peru
Ent. 1988;30:91-3.

Ramos C, Escobar E. Aislamiento y algunas propiedades de la toxina Bel del
veneno de Brachistosternus ehrenbergii (Gervais, 1841) (Scorpiones:
Bothriuridae). Rev Peru Biol. 2007;13(3):243-7.

de Lima ME, Martin-Eauclaire MF. The toxins purified from Tityus serrulatus
(Lutz & Mello) venom. J Toxicol - Toxin Rev. 1995;14(3):457-81.

Schéttler WHA. On the toxicity of scorpion venom. Am J Trop Med Hyg.
1954;3(1):172-8.

Sunagar K, Undheim EAB, Chan AHC, Koludarov |, Mufioz-Gémez SA,
Antunes A, et al. Evolution stings: the origin and diversification of scorpion
toxin peptide scaffolds. Toxins (Basel). 2013;5(12):2456-87.

Cekalovic T, Artigas J. Catalogo de los tipos depositados en la coleccion del
departamento de zoologia de la Universidad de Concepcion. Chile Bol Soc
Biol Concepcion. 1981;51:75-107.

Ochoa JA, Ojanguren Affilastro AA, Mattoni Cl, Prendini L. Systematic
revision of the Andean scorpion genus Orobothriurus Maury, 1976
(Bothriuridae), with discussion of the altitude record for scorpions. Bull Am
Mus Nat Hist. 2011;359:3-90.

Fet V, Sissom WD, Lowe GJ, Braunwalder ME. Catalog of the scorpions of
the world (1758-1998). New York: New York Entomological Society; 2000.
Ochoa JA, Ojanguren AA. Systematics and distribution of Brachistosternus
(Brachistosternus) ehrenbergii (Gervais, 1841), with the first record of
stridulation in the genus Brachistosternus. Stud Neotrop Fauna E.
2007;42(1):61-9.

Froy O, Gurevitz M. New insight on scorpion divergence inferred from
comparative analysis of toxin structure, pharmacology and distribution.
Toxicon. 200342(5):549-55.

Lourengo WR. Scorpions cavernicoles de I'Equateur: Tityus demangei n. sp.

et Ananteris ashmolei n. sp. (Buthidae); Troglotayosicus vachoni n. gen,, n. sp.
(Chactidae), scorpion troglobie. Bull Mus Natl Hist Nat (Paris), sér 4. 1981;3:635-62.
Lourenco WR. Révision du genre Ananteris Thorell, 1891 (Scorpiones,
Buthidae) et description de six especes nouvelles. Bull Mus Natl Hist Nat
(Paris). 1982;4(1-2):119-51.

Guerrero-Vargas JA, Ayerbe S, Rada-Mendoza M, Vélez P, Beltran J, D'Suze G,
et al. Preliminary toxinological characterization of the venom of the
scorpion Centruroides margaritatus (Buthidae, Gervais, 1841) of the valle of
the Patia, Colombia. J Venom Anim Toxins incl Trop Dis. 2007;13(1):228.
Borges A. Scorpionism and dangerous scorpions in Central America and the
Caribbean region. In: Gopalakrishnakone P, Possani LD, Schwartz EF,
Rodriguez De La Vega R, editors. Scorpion venoms. Dordrecht: Springer
Netherlands; 2015. p. 215-44.

Lambertz M. On the date and organ of publication for the endemic
Galdpagos scorpion Centruroides exsul (Scorpiones: Buthidae) by Wilhelm
Meise, with a revision of its distribution and type material. J Arachnol.
2013;41(3):412-4.

Baert L, Maelfait J-P, Desender K. Distribution of the arachnid species of the
orders Scorpiones, Solifugae, Amblypigi, Schizomida, Opiliones and
Pseudoscorpiones in Galapagos. Bull Inst R Sci Nat Belg. 1996,65:5-19.

de Armas LF, Teruel R, Kovaiik F. On Centruroides margaritatus (Gervais, 1841)
and closely related species (Scorpiones: Buthidae). Euscorpius. 2011;132:1-16.
Sissom WD, Lourenco WR. The genus Centruroides in south America
(Scorpiones, Buthidae). J Arachnol. 1987;15:11-28.

Marinkelle CJ, Stahnke HL. Toxicological and clinical studies on
Centruroides margaritatus (Gervais), a common scorpion in western
Colombia. J Med Entomol. 1965;2(2):197-9.

Gomez A, Bonilla F, Sasa M. Preliminary characterization of venoms
from scorpion genera Centruroides and Tityus (Buthidae) from Costa
Rica. In: Proceedings of the tenth meeting of the PanAmerican section
of the International Society on Toxinology; 2010 Apr 18-22; San José,
Costa Rica. San José: International Society on Toxinology. 2010. p. 132.


http://www.hospitalmacas.gob.ec/index.php?option=com_content&view=article&id=35:rabia-silvestre&catid=3:noticias-hospital&Itemid=8
http://www.hospitalmacas.gob.ec/index.php?option=com_content&view=article&id=35:rabia-silvestre&catid=3:noticias-hospital&Itemid=8
http://www.hospitalmacas.gob.ec/index.php?option=com_content&view=article&id=35:rabia-silvestre&catid=3:noticias-hospital&Itemid=8

Brito and Borges Journal of Venomous Animals and Toxins including Tropical Diseases (2015) 21:23

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.
72.

73.

74.

75.

76.

Alvarez LE, Cevallos E. Efectos del veneno de alacrdn sobre el corazén
de conejos. Rev Univ Guayaquil. 1986;2(64):60-4.

Pucca MB, Neves Oliveira F, Schwartz EF, Arantes EC, Lira-da-Silva RM.
Scorpionism and dangerous species of Brazil. In: Gopalakrishnakone P,
Possani LD, Schwartz EF, Rodriguez De La Vega R, editors. Scorpion
Venoms. Dordrecht: Springer Netherlands; 2014.

Guerrero-Vargas JA, Buitrago JR, Ayerbe S, Daza Florez E, Beltrdn JTB.
Scorpionism and dangerous species of Colombia. In: Gopalakrishnakone
P, Possani LD, Schwartz EF, Rodriguez De La Vega R, editors. Scorpion
venoms. Dordrecht: Springer Netherlands; 2014.

Nishikawa AK, Caricati CP, Lima ML, dos Santos MC, Kipnis TL, Eickstedt VRD,
et al. Antigenic cross-reactivity among the venoms from several species of
Brazilian scorpions. Toxicon. 1994;32(8):989-98.

Lourengo WR. Nouvelle proposition de découpage sous-générique du
genre Tityus CL. Koch, 1836 (Scorpiones, Buthidae). Bol Soc Entomol
Aragonesa. 2006;39:55-67.

Lourengo WR. Etude systématique de quelques espéces appartenant au
complexe Tityus forcipula (Gervais, 1844) (Scorpiones, Buthidae). Bull Mus
Natl Hist Nat (Paris). 1984;6(A3):729-39.

Pocock RI. A contribution to the study of neotropical scorpions. Ann Mag
Nat Hist. 1893;6(68):77-103.

Francke O. Escorpiones y escorpionismo en el Peru VI: Lista de especies y
claves para identificar las familias y los géneros. Rev Peru Entomol.
1977,20:73-6.

Ochoa JA. Patrones de distribucion de escorpiones de la regién andina en
el sur peruano. Rev Peru Biol. 2005;12(1):49-68.

Teruel R. La verdadera identidad de Tityus championi Pocock, 1898
(Scorpiones: Buthidae). Bol Soc Entomol Aragonesa. 2011,48:367-73.
Goémez JP, Quintana JC, Arbeldez P, Ferndndez J, Silva JF, Barona J, et
al. Picaduras por escorpion Tityus asthenes en Mutatd, Colombia:
aspectos epidemioldgicos, clinicos y toxinoldgicos. Biomedica.
2010;30(1):126-39.

Borges A, Miranda RJ, Pascale JM. Scorpionism in Central America, with
special reference to the case of Panama. J Venom Anim Toxins incl Trop
Dis. 2012;18(2):130-43.

Borges A, de Sousa L, Acosta De Patifio H, Pascale JM, Miranda R,
Castillo C, et al. Proposal for a toxinological partitioning of south and
central American species in the genus Tityus (Scorpiones, Buthidae). In:
First International meeting Vital para o Brasil, 3-6 sept 2013,

Niter6i — RJ. 1°" International meeting Vital para o Brasil about
venomous animals. 2013.

Lourenco WR. Analyse taxonomique des scorpions du groupe Tityus
clathratus Koch, 1845 (Scorpiones, Buthidae). Bull Mus Natl Hist Nat
(Paris). 1984;6(A2):349-60.

Lourenco WR, Maury EA. Contribution a la connaissance systématique
des scorpions appartenant au "complexe" Tityus bolivianus Kraepelin,
1895 (Scorpiones, Buthidae). Rev Arachnol. 1985;6(3):107-16.

Lourenco WR. Synopsis of the Colombian species of Tityus Koch
(Chelicerata, Scorpiones, Buthidae), with descriptions of three new
species. J Nat Hist. 2000;34:449-61.

Lourengo WR. Tityus gasci, nouvelle espéce de scorpion Buthidae de
Guyane francaise. Bull Mus NatL Hist Nat (Paris). 1981,4(A3):841-5.
Flérez E. Escorpiones de la familia Buthidae (Chelicerata: Scorpiones) de
Colombia. B Colombiana. 2001;2(1):25-30.

Maury EA, Lourenco WR. Tityus roigi, nouvelle espéce de scorpion de I’
Equateur (Scorpiones, Buthidae). Rev Arachnol. 1987,7(2):79-84.

Maury EA. Lista de los ejemplares tipicos de "Arachnida" (Opiliones, Scorpiones
y Solifugae) depositados en le Museo Argentino de Ciencias Naturales
"Bernardino Rivadavia". Suplemento I. Aracnologia (Montevideo). 1992,6:1-10.
Pocock RI. Report upon the scorpiones and Pedipalpi obtained on the
Lower Amazons by Messrs E.E. Austen and F. Pickard Cambridge during
the trip of Mr. Siemen'’s Steamship ‘Faraday”. Ann Mag Nat Hist.
1897;19:357-68.

Lourenco WR. Biogéographie des espéces du groupe naturel "Tityus
clathratus" (Chelicerata, Scorpiones, Buthidae). Bull Mus Natl Hist Nat, (Paris).
1992;14(2):473-81.

Kovaifk F, Stahlavsky F, Korinkova T, Kral J, van der Ende T. Tityus ythieri
Lourenco, 2007 is a synonym of Tityus magnimanus Pocock, 1897
(Scorpiones: Buthidae): a combined approach using morphology,
hybridization experiments, chromosomes, and mitochondrial DNA.
Euscorpius. 2009;77:1-12.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.
88.

89.

90.

92.

93.

94.

95.

96.

97.

98.

Page 16 of 17

Lourengo WR. Tityus (Atreus) timendus Pocock, 1898 (Scorpiones, Buthidae), an
enigmatic scorpion from Ecuador. Acta Biol Paranaense. 2012;41(1-2):1-8.
Otero R, Navio E, Céspedes FA, Nuriez MJ, Lozano L, Moscoso ER, et al.
Scorpion envenoming in two regions of Colombia: clinical, epidemiological
and therapeutic aspects. Trans R Soc Trop Med Hyg. 2004;98(12):742-50.
Rojas-Runjaic FJM, de Sousa L. Catdlogo de los escorpiones de
Venezuela (Arachnida: Scorpiones). Bol Soc Entomol Aragonesa.
2009;40:281-307.

Ythier E. Additional biological data on Tityus ythieri Lourengo, 2007.

Bull Arthrop. 2011;44:3-7.

Ochoa JA, Prendini L. The genus Hadruroides Pocock, 1893 (Scorpiones:
luridae), in Peru: new records and descriptions of six new species.

Am Mus. 2010;3687:1-56.

Maury EA. Escorpiones y escorpionismo en el Peru. IV: Revision del
género Hadruroides Pocock, 1893. Rev Peru Entomol. 1974;17(1):9-21.
Costal-Oliveira F, Duarte CG, Machado De Avila RA, Melo MM, Bordon
KC, Arantes EC, et al. General biochemical and immunological
characteristics of the venom from Peruvian scorpion Hadruroides
lunatus. Toxicon. 2012;60(5):934-42.

Zuhiga Julca E, Vargas Chévez K, Diaz DV, Mercedes YV, German EV,
Pereyra JV, et al. Efecto del veneno de Hadruroides charcasus sobre el
tejido cardiaco de Bufo spinulosus. Rev Pharmaciencia. 2014;2(1):32-8.
Lubin YD. Changes in the native fauna of the Galdpagos Islands
following invasion by the little red fire ant. Wasmannia auropunctata
Biol J Linn Soc. 1984;21:229-42.

Baert LL. CDF checklist of Galapagos arachnids. In: Bungartz F, Herrera
H, Jaramillo P, Tirado N, Jimenez-Uzcategui G, Ruiz D, editors. Charles
Darwin Foundation Galapagos species checklist. Puerto Ayora,
Galdpagos: Charles Darwin Foundation; 2011. http://
checklists.datazone.darwinfoundation.org/terrestrial-invertebrates/
arachnida/. Accessed November 4, 2014.

Thorell T. Etudes scorpiologiques. Atti Soc It Sci Nat. 1876;19:75-272.
Carvajal V. Lista preliminar de artrépodos del Bosque Protector
Pichincha y sus alrededores. Politécnica. 2005;26(1):141-60.

Patzelt E. Subphylum: Quelicerados. Classe Arachnida. In: Fauna del
Ecuador. Quito: Banco Central del Ecuador; 1989. p. 392-9.

Festa E. Viaggio del Dr. Enrico Festa nel Darén, nell’'Ecuador e regione
vicine, Boll Mus Zool Anat Comp Reale Univ Torino. 1903;XVIII(435):1-9.
Lourenco WR. Resultados faunisticos de diversas campanas realizadas en
America Latina; IV. Estudo de uma pequena colecao de escorpioes do
Peru e Equador, com a redescricao de Tityus ecuadorensis Kraepelin,
1896. Speleon. 1983;26-27:11-5.

Botero-Trujillo R, Francke O. A new species of troglomorphic leaf litter
scorpion from Colombia belonging to the genus Troglotayosicus
(Scorpiones: Troglotayosicidae). Texas Memorial Museum Speleological
Monographs, 7. Studies on the cave and endogean fauna of North
America. 2009. p. 1-10.

Pardal PP, Ishikawa EA, Vieira JL, Coelho JS, Dérea RC, Abati PA, et al. Clinical
aspects of envenomation caused by Tityus obscurus (Gervais, 1843) in two
distinct regions of Para state, Brazilian Amazon basin: a prospective case series.
JVenom Anim Toxins incl Trop Dis. 2014;20(1):3.

Lourenco WR. The distribution of noxious species of scorpions in Brazilian
Amazonia: the genus Tityus C. L. Koch, 1836, subgenus Atreus gervais, 1843
(Scorpiones, Buthidae). Entomol Mitt Zool Mus Hamburg.
2011;15(185):287-301.

Lourenco WR. Synopsis de la faune de scorpions de Colombie, avec
des considérations sur le systématique et la biogeographie des espéces.
Rev Suisse Zool. 1997;104(1):61-94.

Gentry AH. Tropical forest biodiversity: distributional patterns and their
conservational significance. Oikos. 1992;63(1):19-28.

Skog LE, Kvist LP. Revision of Gasteranthus (Gesneriaceae). Syst Bot Monogr.
2000;59:1-118.

Vargas JH, Consiglio T, Jorgensen PM, Croat TB. Modelling distribution
patterns in a species-rich plant genus, Anthurium (Araceae), in Ecuador.
Div Distrib. 2004;10:211-6.

Wolf T. Geografia y geologfa del Ecuador. Leipzig: Tipografia de F.A.
Brockhaus; 1892.

. Zavaleta A, Navarro J, Castro de la Mata R. Pharmacological action of a

peruvian scorpion (Hadruroides lunatus) venom. Toxicon. 1981;19:906-9.

. Armas LF, Luna-Sarmiento D, Flérez E. Composicién del género

Centruroides Marx, 1890 (Scorpiones: Buthidae) en Colombia, con la


http://checklists.datazone.darwinfoundation.org/terrestrial-invertebrates/arachnida/
http://checklists.datazone.darwinfoundation.org/terrestrial-invertebrates/arachnida/
http://checklists.datazone.darwinfoundation.org/terrestrial-invertebrates/arachnida/

Brito and Borges Journal of Venomous Animals and Toxins including Tropical Diseases (2015) 21:23 Page 17 of 17

descripcion de una nueva especie. Bol Soc Entomol Aragonesa.
2012;50:105-14.

102. Borges A, Jowers MJ, Bonoli S, de Sousa L. Scorpions from the primeval
subgenus Archaeotityus produce putative homologs of Tityus serrulatus
toxins active on voltage-gated sodium channels. J Venom Anim Toxins incl
Trop Dis. 2012;18(4):432-40.

103. Nicholls H. The Galdpagos: a natural history. New York: Basic books; 2014.

104. Dupérré N. Demystifying three species of Ctenidae (Arachnida: Araneae)
described by Embrik Strand. Part I, Ecuador. Zootaxa. 2014;3784(1):67-73.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVled Central




	Abstract
	Introduction
	Annotated list of Ecuadorian scorpion species
	Family Bothriuridae
	Genus Brachistosternus

	Family Buthidae
	Genus Ananteris

	Genus Centruroides
	Material collected

	Genus Tityus
	Material collected

	Family Caraboctonidae
	Genus Hadruroides

	Family Chactidae
	Genus Chactas

	Genus Teuthraustes
	Family Troglotayosicidae
	Genus Troglotayosicus


	Concluding remarks
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References



