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Abstract:

The camel-spider Galeodes graecus C. L. Koch, 1842, is poorly known and still insufficiently studied in

taxonomic, faunistic and ecological aspects. This study represents 59 new records of this species from
Bulgaria (57) and North Macedonia (2). The taxonomic characters distinguishing this species from its
most similar congeners are discussed and illustrated by digital photographs and drawings. On the basis
of 41 observations, the species is active between 4 June and 31" August and mainly between 20:30 h
and 1:00 h. A critical review of the geographical distribution of G. graecus is presented. The confirmed
geographical distribution of the species includes Bulgaria, Cyprus, Greece (incliding islands), North
Macedonia and Turkey. The previously published records from Armenia, Azerbaijan, Egypt, Ethiopia,
Italy, Israel, Russia, Somalia, Sudan, Syria and Tunisia are considered doubtful.
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Introduction

The order Solifugae includes 12 families divided
into 138 genera and ca. 1110 species inhabiting
arid and semiarid regions mainly in Africa, Asia,
South and North America (HARVEY 2003, 2013,
PrenDINI 2011, BirD et al. 2015). The members
of the family Galeodidae are differentiated from
the other families by the presence of fine micro-
setae on the tarsal claws of legs II-IV (Punzo
1998). The family includes more than 200 species
of nine genera; of them, Galeodes Olivier, 1791 is
the best known and most species-rich genus in the
order Solifugae, consisting of 174 species (HARVEY
2013) distributed from northern Africa through
south-eastern Europe to Asia. Only 15 solifuge
species are known from Europe, belonging to the
families Daesiidae (6 species), Galeodidae (6 spe-
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cies) and Karschiidae (3 species) (HARVEY 2013),
most of them occurring on the Balkan Penin-
sula. The European galeodids and their distribu-
tion are as follows: Galeodes araneoides (Pallas,
1772) (European Russia and Ukraine), G. elegans
Roewer, 1934 (North Macedonia), G. graecus C.
L. Koch, 1842 (Bulgaria, Greece and North Mac-
edonia), G. hellenicus Roewer, 1934 (Greece), G.
rhodicola Roewer, 1941 (Greece: Rhodos Island,
geographically not in Europe) and G. ruptor Roew-
er, 1934 (Greece and Turkey) (Birura 1912, Do-
FLEIN 1921, DRENSKI 1931a, 1931b, ROEWER 1934,
Harvey 2013, MoysiYENkO et al. 2018). Only G.
graecus is reported from Bulgaria but, despite its
large size and attractive habitus and behaviour,
there are only a few localities known from six pub-
lications (DRENsKI 1931a, 1931b, BozHKoV 1963,

339



Naumova M., Pulev A. & Manolev G.

DEeLTsHEV 1981, BERON 2001, PULEV et al. 2014).

The aims of this study are: 1) to perform origi-
nal digital images of some taxonomic characters of
the G. graecus and to present the main somatic fea-
tures that clearly distinguish this species from all
European and from the recently discovered from
Asia Minor congeners, 2) to present new faunistic
data from Bulgaria, 3) to summarize and map the
known localities of the species in the country, 4) to
present a critical review of its global distribution
with approximate mapping. In additional, some
biological and ecological data are presented and
discussed.

Materials and Methods

Six literature and almost all new records of G.
graecus originated from Bulgaria and are attributed
to the Struma River valley, southwards from the
town of Blagoevgrad, along the river and some of
its tributaries, and from the lower slopes of the sur-
rounding mountains: Rila, Pirin, Maleshevska, Be-
lasitsa and Ograzhden (Fig. 3B). There are only two
sites in Bulgaria outside the mentioned area, both
from the south-eastern part of the country and each
represented by a single record (Sakar Mts. and East-
ern Rhodopes Mts.).

Material examined has been deposited in the
collections of the National Museum of Natural
History, Sofia (NMNHS), Institute of Biodiversity
and Ecosystem Research at the Bulgarian Academy
of Sciences, Sofia (IBER) and Regional Museum
of Natural History, Plovdiv (PMNH). Specimens
were collected mostly by hand and also using soil
and tree traps. They were examined using a Wild
MS5A stereomicroscope. The digital images were
taken with a Canon Power Shot and Canon EOS
1100D digital camera and prepared with Adobe-
Photoshop CS6 software. Identification was ac-
cording to KocH (1842), BiIrura (1905), DRENSKI
(1931b), ROEWER (1934), SAvARY (2007) and ZLy-
GOSTEV (2019). Exact geographic coordinates (as
decimal degrees) of collection localities were tak-
en in the field using a GPS-receiver or estimated
on the basis of the names of settlements or other
geographic landmarks given in the older litera-
ture. Mapping was done using ArcGIS 10.1 (ESRI,
Redlands, California, USA). The alignment of the
sources in the part General distribution is chrono-
logical and the sites are listed alphabetically. Ab-
breviations: & — male, @ — female, ad. — adult, inf.
— indefinite, j/jj — juvenile(s), lgt. — legator(s), sa
— subadult.

340

Results

During this study, fourteen specimens of Galeodes
graecus were examined (9 33, 3 29, 1 jd and 1
j9); about 160 records were reviewed and analysed
and 108 records were mapped (49 from the literature
and 59 unpublished) (Fig. 3). A total of 70 of the re-
cords of 82 specimens from Bulgaria were present-
ed with details in the Appendix 1 (Supplementary
material), analysed and mapped on Fig. 3B. Out of
these, 57 records (66 specimens) are new. The main
differences between G. graecus and its European
congeners, as well as two later described species in
Asia Minor, are presented according to their original
descriptions and the features mentioned in the dif-
ferent identification keys.

Taxonomy

Galeodes graecus C. L. Koch, 1842

Material examined: BULGARIA: 4 3 (de-
posited in NMNHS), Blagoevgrad, Bistritsa River,
08.08.1931, lgt. N. Fenenko; 1 &, 1 @ (deposited
in NMNHS), Belasitsa, above Petrich, 700 m a.s.l.,
18.07.1930, Igt. K. Tuleshkov & J. Tsonkov (DREN-
SKI 1931a, 1931b); 1 Q (deposited in IBER), Orano-
vo Gorge, NW of Tserovo, N 41.9705°, E 23.1154°,
504 m a.s.l., 04.06.2017, Igt. G. Manolev; 1 sa?
(deposited in IBER), the same locality as previous
specimen, 27.07.2017, Igt. A. Pulev & G. Manolev;
1 & (deposited in IBER), the same locality as pre-
vious specimen, 06.08.2018, Igt. G. Manolev; 1
sad (deposited in NMNHS), Strumyani Village, N
41.6313°, E 23.2111°, 167 m a.s.l., 05.06.1988, tree
trap, Igt. V. Sakalyan, NORTH MACEDONIA: 1 &
(deposited in IBER), near Vardar River valley, above
Demir Kapija on the road to Besvitsa, N 41.38278°,
E 22.19583°, 254 m a.s.1.,23.06.2017, Igt. S. Beshk-
ov & A. Nahirnic; 1 &' (deposited in IBER), the same
locality as previous specimen, 13.07.2019, Igt. S.
Beshkov & A. Nahirnic; UNKNOWN COUNTRY
(BULGARIA, or GREECE, or NORTH MACEDO-
NIA): 1 &, 1 @ (deposited in NMNHS), labelled:
“Macedonia, 08.06.1917” (without other data).

Identification. All examined specimens have
been attributed to the family Galeodidae on the ba-
sis of the following characters: setose tarsal claws
of legs II through IV, tarsal segmentation 1-2-2-3;
and movable single male flagellum. The attribu-
tion to the genus Galeodes has been on the basis of
the tarsal spination (I — 1.1.2/2, IIT — 2.2.2/2, IV —
2.2.2/2/0). The identification at the species level was
done on the basis of the following characters: the in-
termediate teeth on cheliceral fingers: 2 on the fixed
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Fig. 1. Galeodes graecus. A. Female chelicerae, mesal and lateral views. B. Right male chelicera, mesal view. C. Male

flagellum, mesal view.

and 3 (rarely 2 in females) on the movable ones (Fig.
1 A-B); the metatarsi of the pedipalps with cylinder-
bristles in males and with true spines in females; the
6th sternite of the opisthosoma with a single trans-
verse row of needle-shaped ctenidia (type I); the
sole hairs on the male metatarsus IV spindle-shaped
(type II); opisthosoma with a darker median band in
both sexes (Fig. 4-5). The combination of these fea-
tures clearly distinguishes G. graecus from its con-
geners in Europe, especially from G. elegans known
from North Macedonia and G. araneoides having a
wide distribution including Ukraine and Russia in
Europe as well as Turkey.

After its original description by KocH (1842),
G. graecus has been included in different identifi-
cation keys but most of them cannot be currently
used, since many new species have been described
in the decades that followed. Only two identifica-
tion keys are still useful for identifying this species,
i.e. those by BIruLA (1905) including G. araneodies
and G. graecus, and by ROEWER (1934) including
all species known at that time and describing many
new ones, especially G. elegans, G. hellenicus and
G. ruptor (in the Balkans and Turkey). In addition,
two further species, G. gromovi Harvey, 2002 and
G. rhodicola, described after ROEWER (1934) from
areas neighbouring to Balkans, need more attention.

Galeodes graecus can be distinguished from
all European and from the recently discovered spe-
cies from Asia Minor by the following characters:

1. The number of cheliceral teeth on the mov-
able/fixed finger (3/2, rarely 2/2 in Q): from G. ara-
neoides (2/1) and G. hellenicus (2/1).

2. The presence of cylinder-bristles on the
metatarsi of the male pedipalps: from G. elegans, G.
rhodicola and G. ruptor.

3. The presence of dark median band in males:
from G. gromovi and G. ruptor.

4. The presence of dark median band in fe-

A

Fig. 2. Shape and proportions in male flagella, mesal
view. A. Galeodes graecus (original). B. Galeodes ara-
neoides (after BIRuLA 1938). C. Galeodes elegans (after
ROEWER 1933). Drawings V. Genchev.

males: from G. araneoides, G. elegans, G. gromovi
and G. ruptor.

5. The type of ctenidia (type I) on opisthosomal
sternite VI: from G. gromovi (type I1I).

6. The type of sole hairs (type II) on tarsi I'V:
from G. gromovi (type Ill) and G. rhodicola (type I).

There are no currently available drawings of
the male flagellum of G. graecus. The only avail-
able, shown by DrenskI (1931b: p. 90, fig. 2), does
not correspond to any known species of the genus.
The flagellum of the closest congener G. elegans is
not illustrated as well, except a schematic drawing
of abnormal male chelicerae in ROEWER (1933: p.
254, fig. 214a). Comparison between the flagellum

341



Naumova M., Pulev A. & Manolev G.

of G. graecus (Fig. 1C) with those of G. araneoides
(adopted from BiruLA 1938) and G. elegans (adopt-
ed from ROEWER 1933) is presented in Fig. 2. The
three flagella clearly differ in their shape and propor-
tions in addition to the somatic treats of the species.

Biology and ecology

After summarizing all the data from Bulgaria, we
can confirm that Galeodes graecus are strictly late
spring — summer active and nocturnal cursorial
predators. All dated observations in Bulgaria (41
observations of n=47 specimens) were between 4"
June and 31™ August; mainly (n=21) after 20:30 h
and before 1:00 h. In addition, seven specimens (2
3, 29, 3 inf)) were observed during the daytime.
Two specimens were found under stones during the
daytime and another two under stones in the even-
ing. Eleven specimens were attracted by the light of
a lamp or fire at night. On asphalt roads, 4 killed (3
ad., 1 inf)) and 14 living specimens were recorded.
Five specimens were observed in villages, two of
them inside a building (Appendix 1, see Supplemen-
tary Materials).

General distribution

The following critical review of the general distri-
bution of G. graecus (Fig. 3) is based on published
records. The presence in the states preceded by a
question mark is uncertain and needs confirmation.
We regard these records as doubtful and do not map
them. The new data for Bulgaria are reviewed in Ap-
pendix 1.

? Armenia — ROEWER (1934): “distr. Ari-
sch Elisabethpol”; ROEWER (1959): after ROEWER
(1934); Harvey (2003): after ROEWER (1934);
BLIck (2004): after HARVEY (2003); HARVEY (2013):
after previous records. Remarks: Wrong location,
see Azerbaijan.

? Azerbaijan — ROEWER (1934): as “Arme-
nia, distr. Arisch Elisabethpol”. Remarks: Areshsky
Uyezd (1874-1929) of Elisabethpol Governorate of
the Russian Empire (1721-1917) now is located in
the Republic of Azerbaijan. No other data about the
presence of G. graecus in Azerbaijan, despite the
reports of nine Galeodes spp. with one subspecies
there (HArvEy 2013). Doubtful record, probably
based on a misidentification.

Bulgaria — Drensk1 (1931a): Levunovo; Be-
lasitsa Mts. above Petrich; Kresna as “Gara Pirin
railway station”; DRENSKI (1931b): Oranovo Village
and the same sites as in the previous work; BozHK-
ov (1963): Dervishka Mogila Village, Sakar Mts.;
DEeLtsHEV (1981): Kresna Gorge: railway stations
Kresna, Yavorov and Stara Kresna as “railway sta-
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tions Pirin, Yavorovo and Kresna” and after DREN-
SKI (1931Db); DELTSHEV et al. (1998): summarized as
“Struma valley”; BERON (2001): Stara Kresna rail-
way station and after DRENSKI (1931b) and DELT-
SHEV (1981); HARVEY (2003): after DRENsKI (1931D)
and BeEronN (2001); Brick (2004): after HARVEY
(2003); PULEV et al. (2014): Kamenitsa Village and
after DRENSKI (1931b), BozHKOV (1963), DELTSHEV
(1981) and BeronN (2001); Harvey (2013): after
previous publications. Remarks: All Bulgarian re-
cords are presented with details in the Appendix 1.

Cyprus — KRAEPELIN (1901): “Cypern”;
DRrENsKI (1931b): after KRAEPELIN (1901); ROEWER
(1934): “Cypern”; ROEWER (1959); HARVEY (2003):
after previous publications; BLick (2004): after
HarvEy (2003); HARVEY (2013): after previous pub-
lications. Remarks: This record needs confirmation.

? Egypt — SimoN (1879); Pocock (1895): af-
ter StMoN (1879); Simon (1899): Bir-Hooker (Wadi
Natron); EL-HENNAWY (1999): Bir-Hooker (Wadi
Natron), after StimoN (1899); HARVEY (2003): after
SiMonN (1879); BLick (2004): after HARVEY (2003);
Harvey (2013): after previous publications. Re-
marks: Doubtful record, since there have not been
further records after the publications of SiMoN
(1879, 1899).

? Ethiopia — SimonN (1890): as “pays des So-
malis”; KRAEPELIN (1899): as “pays des Somalis,
vallée de Darar”. Remarks: Doubtful record. Daroor
(Darar) woreda in Somali Region is located in Ethi-
opia. No other records from this region.

Greece — BRULLE (1832): Peloponnese as
“Morée: Argolide: Nauplio, Archipelago”; sub G.
araneoides Pall.; KocH (1836): sub G. araneoides
Pall.; KocH (1842): Peloponese as “Morea”; BuT-
LER (1873): after KocH (1842); Pavesr (1878): sub
G. araneoides, “Argolide: Nauplio, Archipelago”
after BRULLE (1832), Crete as “Candia?”, Greece
after KocH (1836); SimoN (1879, 1885): Euboea
Island; KRAEPELIN (1899): Euboea Island, Thebes;
KRAEPELIN (1901); FAGE (1921): Bralos as “Brallo”,
Fanos as “Majadag” and “Mayadag”, Plagia as “Kar-
asinanci”, Skydra as “Vertekop”; ROEWER (1928):
Akrokorinth; DRENSKI (1931b): after KocH (1842),
Pavest (1878), SiMon (1879, 1885), KRAEPELIN
(1901), FAGE (1921) and ROEWER (1928); ROEWER
(1934): Akrokorinth, Plagia as “Karasinanci”, Ika-
ria Island as “Nikaria”, Kalymnos Island); ROEWER
(1941): Peloponese (Epidaurus), the islands Euboea,
Chios, Ikaria and Samos; HARVEY (2003): after pre-
vious publications; BLick (2004): after HARVEY
(2003); HarvEY (2013): after previous publications;
ALEXI0U (2014): after HARVEY (2003, 2013). In re-
sume: Greek mainland: Acrocorinth, Bralos, Fanos,
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Fig. 3. Distribution of Galeodes graecus. A. General distribution. B. Distribution in the Struma River valley
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Fig. 4. Habitus of live specimens of Galeodes graecus. A. Male, North Macedonia: Demir Kapija, photo S. Beshkov.
B. Male, Bulgaria: Melnik, photo A. Ignatov. C and D. Females, Bulgaria: Oranovo, photo G. Manolev. E and F. Juve-

niles, Bulgaria: Kresna Gorge, photo M. Naumova.

Plagia, Skydra, Peloponnese (Argolide, Epidaurus,
Nauplio), Thebes; insular part: Chios, Crete, Eu-
boea, Ikaria, Kalymnos, Samos.

? Israel — SIMON (1893): as “Syria: Région oc-
cidentale de la mer Morte”. Remarks: no other re-
cords from this region. Doubtful.

? Italy — PavEst (1878): Sardinia as “Sardeg-
na?”. Remarks: The only solifugid species in Italy
(on Lampedusa Island) is Biton velox Simon, 1885
of the family Daesiidae (GUARIENTO et al. 2018,
PANTINT & IsalA 2019). The record by Pavesr (1878)
about Galeodidae in Italy (originally with a question
mark) is single and obviously doubtful.
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North Macedonia — DorLEIN (1921): Kalkovo
as “Kalukovo”; DRENsKI (1931a): Kota 1248 peak,
Northern from Bitolja and after DorFLEIN (1921) as
Kalkovo (“Kalukovo near Strumitsa”); DRENSKI
(1931b): Bitolja: Smirnovo and Chernobuk Villag-
es, Baba (Pelister) Mts. (lower parts below the peak
Kota 1248); ROEWER (1934): Prilep, Udovo Village
as “Hudova”); Hristovski et al. (2015): after DREN-
SKI (1931b) and ROEWER (1934); present study:
Demir Kapija. Remarks: there is some confusion
with the historical records labelled “Macedonia”,
especially with those between the end of the 19th
century and the end of the Second World War. The
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geographical area currently known as Macedonia
is historically part of three countries — North Mac-
edonia, Bulgaria and Greece. However, in the last
centuries, the borders within it have been changed
repeatedly. In addition, in all three modern states
there are settlements with the same or very similar
current or historical names. The interpretation and
correct attribution of each record to the right country
depends on establishing the exact location and date.

? Russia — KocH (1842): Barnaul in Siberia;
BuTLER (1973): Siberia, after KocH (1842); PavEest
(1876): “Siberia?”’; Pavest (1878): “Russia merid.”.
Remarks: Obviously erroneous locations.

? Somalia — SimoN (1890): as “pays des So-
malis”; KRAEPELIN (1899): as “pays des Somalis,
vallée de Darar”. Remarks: erroneous location, see
Ethiopia.

? Sudan — SiMoN (1879). Remarks: no other re-
cords from Sudan. Obviously it is a doubtful record.

? Syria — SimoN (1893): as “Région occiden-
tale de la mer Morte”, actually in Israel; ROEWER
(1934): “Marasch”, currently in Turkey; ROEWER
(1959): after ROEWER (1934); HARVEY (2003): af-
ter ROEWER (1934); BLick (2004): after HARVEY
(2003); HarvEY (2013): after previous publications.
Remarks: Erroneous locations, actually refers to Is-
rael and Turkey.

? Tunisia — BERTKAU (1892): “Tunis”. Re-
marks: A single record, accompanied with a note
that the specimen has been almost destroyed. Very
doubtful.

Turkey — BUTLER (1873); Pavest (1876): after
BuTLER (1873); Pavest (1878); SiMoN (1879): af-
ter BUTLER (1873); Pocock (1895): after BUTLER
(1873), sub G. arabs (in part); Lucas (1890): Bor-
nova as “Bournabat”; KRAEPELIN (1899): Bornova
as “Bournabat”; KRAEPELIN (1901): “Klein-Asien’;
WERNER (1905): after KRAEPELIN (1901); WERNER
(1922): after KRAEPELIN (1901), also sub G. graecus
and sub G. t6lgi Werner, 1922, Adana, Amanos
Daglar1 as “Amanus”, Bornova as “Burnabat”;
DrENsKI (1931b): after BUTLER (1873) and KRAEPE-
LIN (1901); ROEWER (1934): Kahramanmaras as
“North Syria: Marasch”, Iskenderun as “Alexan-
drette”, Izmir as “Smyrna”, Zincirli as “Sendjirli”,
Toros Daglari (Taurus Mts.) as “Taurus”, Ankara as
”Angora”, Tahtali Dag Mts. as “Giillik Dagh”, Bo-
zan as “Bosanta”, Golbas1 as “Gjolbanchi”’); ROEw-
ER (1941): Asia Minor as “Kleinasien”); ROEWER
(1959): Diyarbakir: Lice distr., Korkha cave as
“Anatolien: Korkha, Tunnel des Byrkeleyn-Sou”;
HARrvVEY (2003): after previous publications; BLICK
(2004): after HArRvVEY (2003); Ko¢ (2007): Amanos
Daglar1 after WERNER (1922); HARVEY (2013): af-

Fig. 5. Habitus of alcohol preserved specimens of Gale-
odes graecus. A. Male, Bulgaria: Blagoevgrad (NMNHS).
B. Female, Bulgaria: Simitli (NMNHS).

ter previous publications; UcAK & Karatag 2017:
Bolkar Mts. In resume: Adana, Amanos Daglari,
Ankara, Bolkar Mts., Bornova, Bozan, Diyarbakir:
Korkha cave, Golbasi, Iskenderun, Kahramanmaras,
Izmir, Tahtali Dag Mts., Taurus Mts., Zincitli.

Distribution in Bulgaria

The known observation and collections of Galeodes
in Bulgaria are mapped and presented in Fig. 3B and
Appendix 1. They include data about 13 published
and 57 new records between 1918 and 2020 and rep-
resent observations of 82 specimens as follows: adult
males (n=10), adult females (n=14), indefinite adult
specimens (n=18), juveniles (n=7), indefinite (n=33).

Discussion

Most historical records of Galeodes graecus are ob-
viously dubious. Significant part of them was pub-
lished before the descriptions of many congeners
by Brura (1938), ROEwWERr (1934, 1941), Turk
(1960) and HARvEY (2002), without accompany-
ing data. The presence of G. graecus in Armenia,
Azerbaijan, Egypt, Ethiopia, Italy, Israel, Russia,
Somalia, Sudan, Syria and Tunisia is very doubtful.
Contemporary observations of this species prove
that it occurs in Bulgaria, North Macedonia and
Turkey and these states, together with Greece (with
the type locality and many of the older reports), and
probably Cyprus (without recent confirmation), are
outlining the geographical range of the species. The
town of Blagoevgrad in SW Bulgaria, and especially
its northern outskirts, marks the northern border of
the general range of G. graecus. Several purpose-
ful expeditions over the years by a number of bi-
ologists (1965-2018) and by the present authors
(1990-2019), although carried out at the right time,
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were almost completely unsuccessful and indicated
that the species is not common in Bulgaria. After our
survey, we can assume that it is also not as rare as it
has previously been supposed. Significant numbers
of records resulted from nocturnal entomological or
herpetological investigations. On this basis, we can
assume that regular purposeful expeditions would
be much more effective.
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