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On the Bionomics of the lxodes (Pholeoixodes) hexagonus Leuch)
1815 in Slovenia (Yugoslavia)

O bionomiji klopa lxodes (Pholeoixodes) hexagonus Leach, l815 v
Sloveniji

TOVORNIKD.* Acccpted (sprejcro) I 981-l - 19

Docripton; lxod6 hexagonus / Slovenia

Abslrrct. Data on geographical and seasonal distribution of 554 tick specimens identified as lxodes
(Pholeoixodes) hexagonus Leach are presented. They are found only on hedgehogs and some carnivo-
res or as free, unfed specimens on walls and in the crevices of caves, mostly in Slovenia, but also in
some other parts of Yugoslavia. The infestation intensity of all investigated h<ist-animals, the associa-

tions of L hexagonus with other tick species present and the developmental duration of several L &exa-

gonrr stages under laboratory conditions are shown, The possible relationship between L hexagonus

and the tick-borne encephalitis virus is discussed,

D6kriptorji: Ixods hexagonus / Slovenija

Izvle[ek. Prikazani so podatki o geografski in sezonski distribuciji 554 klopov, determiniranih kot /xo-
des (Pholeoixodes) hexagonus Leach, najdenih izkljudno le na jeZih in nekaterih zvereh, v prostem, ne-

nasesanem stanju pa po stenah in Spranjah jamskih habitatov, veEinoma v Sloveniji, vendar tudi v ne-

katerih drugih predelih Jugoslavije. Avtorica pokaZe na intenzivnost infestacije zajedenih livali, na

asociacije I. hexagonus z drugimi vrstami klopov na le-teh, na doliino razvoja posameznih stadijev L
hexogonus v laboratorijskih razmerah ter govori.o morebitni povezavi I. hexagonus zvirusom klopnega

meningoencefalitisa.

. lnstitutc for Hygiene, Epidemiology and Laboratory Diagnostics, - Univeroity Institute for Public Halth and Social Welfare in

Ljubljana. YU-61000 Ljubljana, Bohori&va l5
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Introduction
Table l.: The developmenl in the laboralory (20 'C; RH)
Tabela l.: Razvoj v laboratoriju (20 "C; RH)

The tick lxodes hexagonus Leach is a young species and this is probably the reason forits rather high degree of morphological variability. bo." ..r.ar.h..r'q*te l5 identified spe-cies of the subgenus phoreoixodes ior central Ellg!., orwhich 9 species were found as para_sites of mammals and 6 of birds (BABos 1964). All pholeoixoa"" ,iJ.rjo.ntified are closelyrelated to each other and they have many .orn*o-n, hardry distinguirr,uor., morphologicalfleatures' I' hexagonus and a very small number of lxodes canisug"ajot,nrron were the onlyspecies which we could segreqate and identify in the materiat .oit..t.J in Slovenia (yu) inspite of its obvious morphological variability. bur-identificationwas supported by Dr. HarryHoogstraal and Dr. Hilda y. Wassef (NAMRU_3, Cairo).
According to 

'TREISSLE 
(l96la, l96lb), the tick I. iexagonusplays a part in the circu_lation of the tick-borne encephalitis (TBE) vlrus in regions iiinrruult, in europ. as well. Lhexagonus is able to transmit the TBE virui to its offspiing ,.unrouu.iu1v, to infect a labora-tory mouse with bite, to transmit the virus transstadiallylnd to attack"man.I. hexagonus has already been registered in yugoslavia roswein i,gco, DqDand poin_ted out as a constituent part of lxodidae fauna in regions where TBE-occurs (TovoRNIK1970)' Greater attentionrvas devoted to this species in in unpublish.J**r, prepared for Re-search Community of Slovenia (TOVORNTK lggl).

In this paper, 554 L hexagonas ticks are analysed in detail. Data on the geographical di-stribution of I' hexagon .e that reflect its horizontal and vertical distribution are given; therelationship of the species to host animals is ascertained and the associations of I. hexagonuswith other tick species in the diffe-rent zoogeographical regions 
"i v"g"ri""i" presented. Thedevelopment of I. hexag.onas under lauoritor-y lonoitroni is observei uno ,rr. growth struc-ture of our specimens given.

Methods of work and material

The great majority of I. hexagonus ticks were handed to us for treatment by the executi-ve curator of the slovene Museum of Natural sciences i" Lj;;lj;r;, Savo ereril,. some ofticks remained in the possession of the Department for Human uno sunitu.v virology of theInstitute for Hygiene, Epidemiology and Laboratory Diagnostics in lffianu. Ticks foundin underground caves were identiiied and returned to the Slovene e.ui.,ny of Arts andSciences, Postojna (Dr. Tone Novak).
Glass Petri plates or large prastic tubes, closed by foam rubber or ceilulose stoppers, we_re used for the maintenance of live cultures of ticks.

Results of work

1) Breeding oI I. hexagonas in the laboratory

The results of the laboratory breeding of two related hygrophilic species of ticks, L /re-xaSonus and lxodes ricinus Linn€, are shown in table r. our e*perim.,itut-ou,u are comple-mented with data cited for the growth of I. hexagonns in laboratory conditions by other re-searchers (ARTHUR 1951, NOSEK et al 1g67, HSNzarova pzt;.

Lastna opazovanja;
Own obseruations;

I. ricinus L hexagonus

Arthur (1951); Nosek et
I hexagonus al. (1967);

I. hexagonus

Honzakova
(1971);

[, hexogonus

Oplojena samica; las
preovipozicije;

The fertilized female;

preoviposition time

6-14 dni

(52) days
l5-12 dni

days

l2-14 dni

(7-31) days
I l-16 dni

days

ovlpozrcua
the oviposition

(3) l6-30 l9-1520-35

izlelenje larv po;
hatching of larvae in

43-ffi
35-45 52-25

(e7)

larva sesa;

the larva sucks
2-5 3-7 (miS;

mouse)
3-6 4-8 (mis,

mouse)
5-18 feZ;

hedgehog)

metamorfoza larve;
metamorphosis of the
larva

50-75 l5-30 23-Q 7-3t
(24-3t)

nimfa sesa;

the nymph sucks
3-6 5-7

metamorfoza nimfe;
metamorphosis of the
nymph

50-55 25-40 32-44

l0-14 8- l6 nekaj tednov; 8-13
some weeks

2) Dimensions of fed females of I. hexagonus

Fed females can reach rather large proportions. The length of the fully engorged fema-
les collected from hedgehogs was found to be within the range of 0.7 and l.l cm, and the
width between 0.3 and 0.7 cm. The majority of females in our material were 0.7 cm long
(3590), followed by 0.9 cm long females (3090), and those measuring 0.8 cm and 1.0 cm
(1590 respectively). The biggest females of all were l.l cm long and 0.7 cm wide and were
found only individually. As regards width, 8090 of females measured either 0.4 or 0.5 cm.
Females of 0.6 and 0.7 cm wide are rare, as are the narrowest ones of 0.3 cm.

All the measured females were fully fed with blood and were therefore able to lay eggs.
The size of the egg-sac laid by females is however, primarily dependent on the size of the fe-
male.

8-9 (mi5;

mouse)

6-14 QeL;
hedgehog)

(40) 20-25-77 19

samlca sesa;

the female sucks
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3) Distribution ol I. hexagonus

a) Geographical distribution
a-l) Horizonlal dislribution

The places where the L hexagonus tick has been found are shown in figure l. Our data
were recorded on the cartogram urM for Slovenia, where one point for each l0 km urM
quadrant is given, regardless of the actual number of finding places. Discovery sites in other
parts of Yugoslavia are shown separately, in the small drawing.
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Figure l.: Places in Slovenia (Yu) v'here lxodes hexagonus has been found
Slika l.: Nahajaliiia lxodes hexagonus v Sloveniji

a-2) Yerlical dislribution

The height above sea-level ofthe sites whereL hexagonushas been found is given in the
figure 2. According to our data the I. hexagonns tick mainly inhabits lowland and hilly are-
as, althrough it also occurs higher in the mountains, at up to 1000 metres above sea-level.
The higher sites are rather the exception for our material than the rule, although L hexago-
nr./s is ecologically strictly bound to cave habitats, which are also common higher in the
mountains.

b) Seasonal distribution
I. hexagonus was collected on hosts throughout the calendar year, even during the coo-

lest months. This phenomenon is the direct consequence of the way of life led by the tick in
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Figure 2.: Ixodes
hexagonus: height
above sea level
Slika 2.: Ixodes
hexagonus glede
na nadmorsko vi-
iino
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pits and caves, where its free forms do not depend directly on atmospheric circumstances.
The connection between the hosts found infested with I. hexagonus andthe month when the
animals were captured or ticks collected, is presented in figure 3. Ticks treated in this paper
were gathered during the period 1954-1979.
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Figure 3.: Ixodes hexagonus: seasonal infestation of hosts
Slika 3.: Ixodes hexagonus glede na sezonsko inJestacijo gostiteljev
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l) Hosts of the tick I. hexagonus

The host animals on which I. hexagonus was found and which are consequently classi-
ied with regular hosts for this tick species, are presented in table 2. All the tick mateiial gat-
tered is labelled with basic data, which are presented in tables for clarity. In table 3, as well
's the data on hosts and the number of parasitizing ticks within each species and develop-
nent stage, the place and date of collection, UTM co-ordinates, altitude of finding place
'nd collectors' names are given. All the collaborators who collected ticks and identified the
rost animals while in the field, are quoted and each name is abbreviated to make it easier to
ecord in the table.

'able 2.r

abela 2

Animals found to be infested with I. hexagonus in Slovenia (yu)
: Zivati, ki sno jih naili infestirane z L hexagonus v Stoveniji

INSECTIVORA

rinaceidae: Erinaceus roumanicus: jeZ, hedgehog;

. CARNIVORA

rridae: Felis silvestris: divja madka, wild cat;
Felis domestica: domaEa maEka, domestic cat;

anidae: Canis lupus: volk, wolf;
Canis fami[ians: pes, dog;
Vulpes vulpes.': lisica, fox;

tusrelidae: Martes mortesi kuna zlatica, pine marten;
Martes foina: kuna belica, stone marten;
Mustela putorius: dihur, polecat;
Meles meles: jazbec, badger;
Lutra lutra: vidra, otter;

I. ARTIODACTYLA:

Bos taurus: domale govedo, cattle.

AF - Barbii Franc; BrS - Brelih Savo; DjB - Djulit Beatrica; DoJ - Dovid Janez; DZG
'DZuki6 ceorg; GrJ - Gregori Janez; IgK - Igallfy Kosta; KrB - Krystulek Boris; LeF
'Leben Franc; LeA - Lesinger Andrija; NoT - Novak rone; peB 

- petrov Boris; prS
'Pretner Egon; Ruc - Rucner Dragutin; SiI - sivec lgnac; smA - smuc Alojz; ToD -rvornik Danica; TvN - Tvrtkovid Nikola.

12 species of mammals, 67 animals in number, are among typical hosts for L hexago-
ls. These animals, and the parasitizing ticks, are systematically arranged in table 4. In this
ble 1,000 ticks are considered, presented in absolute and relative numerical figures accor-
ng to their hosts. The tick, Ixodes pari Leach (= Ixodes frontalis panzer), which is a typi_
I parasite of birds, was found by chance on a stone marten. A graphical inalysis of all the
000 ticks collected that are shown in the tables, is also given. The infestation of one species
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Table 3.
Tabela 3

The list of the material collected
Seznam zbranega materiala

Zvali-gostitclji; StIi-
Host-animals vali;

No. ol
animals;

Kra.i ulova;
Place of
capturci

LJTM k@rd.; Nadmorskc
UTM coord. viline:

s€ levcl;

Datum:
Datc:

Lcgil: Klopi po vrstah in stadijih;
Sp€cics and sEge of tick;

1

Er. curopacus 2

(det. B. Djuli€)
Braa XJ3O 7.1967 DjB H. mdginatufr: t NY,3 La;

Er, europacus 2 Bra! xJ30 1.1961 DjB H. msgina(um:9 NY, 19 La;

Ea. curopacus I Bral XJ30 1. t967 DjB H. margnatum:2 Ny, I La;

Er. roumaaidcus I Orjcn,
Crna gora

CNol 1968 PcB l. ricinus: I 9;

Er. loumanicus I Valandovo,
Ulanci

FL27

Er. roumanicus I B.ltinci wM96 111 m 16. ?. l%9 PeB, BrS; L hcxagonus: 2 I, 5 Ny, 39 Lai

6. 4. 1968 BrS: Rh. silguincus: 2 o;
H. msginatum: I Ny:

Erinaceus
roumanicus

Razvala, Ve- WK29

lika Kapela

16. 8. 1959 PeB,
8rS;

l. h.raSonus:4 Nyi884 m

Er, romanicus I Bcl(inci wM96 117 f, 16. ?. 1969 PcB. BrS: l. h€xagonus: 2 9, 5 Nv, 19 La;

Er. roumanicus I Vilusi,
Crna gora

CNoS € 700 m 9. 8. 1970 BrS I. ricinus: I Ny, I La;
H. puncuta: 2 Ny, 15 La:
D. m{ginarus: l9 Ny, 4 La;

Er. aoumanicus I Ljubliana, VL59 100 m 6. 6. t91t l. hcraSonus: l0 Ny, 2 La;
I. ricinus: I q, 14 Ny, 4 La:

Er. roumanicus I Medvodc VM5l 1,() m 4. 5. 1975 KrB l.hcxagonusi2LlNy;
L ricinus: J 9. I o, I Nvi

E , roumanicus I Krail,Zrjc vM42 430 m 20. 4.1916 KrB I. hera8onus:6 Ny;

Er. roumanicus I Mcdvodc vM5l lio m 4. 5. 1975 KrB I. hcragonus: I Ny;
I. ricinus: I Ny:

Er, roumanicus I Mcdvodc vM5l 340 m 17. 5.1916 KrB I. hcxaSonus: 5 I

Er. roumanicus I Kranj VMJ2 385 m 3. 5.1917 KrB l. hcraSonus:4 Ny,2 La;

Er. roumanicus I Mcdvodc VMil 3,10 m lJ. 5. 1978 KrB I. hcragonus: 2 9;
I. ricinus: l,l s, E I

Er. roumanicus I Vrhovci VM50 i00 m 15. 6. 1979 ToD l. hcra8onus: l0 9;
I. ricinus: l0 Q, 30 Ny, l0 La;

Er. roumanicus I vrhovci vM50 .]00 m 22. 6. 1979 ToD l. hcxagonus: 12 I, 20 Ny, 4 La:
I. ricinus: l0 L l0 NY;

Er. roumanicus I Vrhovci VM50 300 m 20. 9. 1979 ToD L hda8onus: I q, 15 La;
L .icinus: 2 9. 8 Ny, 20 La;

Felis silvcstris I Ribniq VL76 441 m 30. 6. 1964 [. hcxatonus: I Ny;
L riqinus: 4 Ny:

Fclis domcs(ica 2 Vrhnika VL48 ca 320 m 1. ll. ln1 I. hcxatonus: 2 Ny;
l. ricinusi 2 q, l0 Q, 8 Ny, 4 La:

Canis lupus I Kotrvjc, VLE5 460 m 23. 6.t 1 I. hcxagonus: I Ny;
t. ricinus: 2 9, 2 Nyi

Canis lupus I Cazin wK?7 ro- t.1972 LcF I. ricinus: 2 q

canis familiaris I C.ad,
Corilko,
Prckmurje:

wM88 2m-3m m 2. ?. 1954 ToD I. hcxagonus: 5 9, 9 Ny, 15 La;

Caois familiaris I PortoroZ VL93 l0m 15. 7.1955 ToD R. sanSuincus:2 o,8 9;

l.hcxagonus:3 LJLa;
I. ricin6: 19 Ny,7 La;
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Zivati-8os(itetji: Srri- UTM koo.d.; Nadmorske
UTM co-ord. visinc;

Sea-level;

Hqt-animais vali:
No. of
animals:

Kraj ulova;
Place of
€pture:

Dalum:
Date:

LeSir: Klopi po vrstah in jradijih;
Sp€cies and sra8e of tick;

Zivali-gostilelji; St ti- Kraj ulova;

Hos!-animals vali: Place of
No. of €Pture;
animals;

UTM koord.: Nadmorske
UTM co{rd, viSinc;

sca_level;

Datum:
Dat€:

Legit: Klopi po vrstah in sradijih:
Specics and stage of ticki

4
Canis familiaris I Vaae VM8O ca 6m m 13. J. lgij Vrhnika vMl4 q.120m 24.6, l 5 I. hcxagonus: 2 NY;

I. hcxaSonus: 2 9, I Nyi
l. ricinus: 2 o, l8 9, 15 Ny:

Mus!€la putorius I

Canis familiaris I Ljubljana VMJO jOO m
Mus!ela putorius I Krma, Julij- vMl4

ske Alpe;
890-l Im m 19. 8. 1967 I. hexaSonus: ll NY, 7 La;

10. 4. l9?4 ToD l. ricinus: .l o, 4 e:
R. sanguincls: I ?; VL58 ca 320 m 3. I0. l9?3 LeF l. heragonus:6 Ny;

t. ricinus: 3 La:Canis familiaris I Umag UL93 2m 27. 5.1978
Mustela putorius I Borovnica,

Barje;R. sanguineus: 15 o. 20 a
Canis familiaris I Lukovica VM?l 320 m 26. 5. 1979 ToD I. hcxagonus:2 9, 2 Ny;

l.ricinus:495Ny;
Prevoje pri
Lukovici;

ca 300 m 29. 6- lg('4 BrS I' heragonusr 4 I ' 6 Ny;
l. ricinus: 2 9;

vMTtMeles melcs I

Vulps vulpes I Medvode VM5t 340 m l. l. 1956 BaF l. hexa8onus: I e, 9 Ny, 24 La; Melcs mcles I Kotevje VL85 4@m 6. 8. 1964 Lheragonus:2 9i
Vulpcs wlp6 I 7. 5. 1965 I. hexagonus: I Ny;t9J9 I. hexagonus: 2 Ny, 2 La; Meles mcles I vilnja go.a vL88 ca 320

Vulpes vulpes t Rakilna VLi8 € 900 m r0. t. t960 BrS Meles meles I Vrhnika vL48 ca 320 m 26. 4.1967 LeF I. hcxagonls: I 9, I NY;
l. hexagonus: 6 Q, 20 Ny, t0 La;
I. ricinus:7 o 6 9; Meles meles I Vrhnika vL48 ca 320 m 24. 4.1969 LeF I. hexagotrus: 2 9,2 NY;

Vulpes vulp6 I Ribnica VL1(, 441 m 13. l. 1965 BrS l. heragonus: I g; Meles meles I Srcdnji vrh,
Karavanke:

vMl5 960 m 18. 4. 1975 CrJ LhcxaSonus:I LlNY;
Vulpes vulfEs I Dekani vL04 l0m 20. t2. t965 BrS l. hexaSonus: I 9:

I. ricinus: | 9; Dobrnil vL99 ca 350 m 29. 8. 1978 Smn I. hexagonusi 8 NY;
Meles mcl6 I

Vulpes vulpes I Smarna gora VMJ0 ca 600 m ZS. t2. t966 Dol l. ricinus: 7 e; (vsc pod toto _
all under thc skin);

Lulra lutra Biha6, wL56 ca 4m n 25. l.1912 LeF [. hexaSonus:2 NY, I Lai

Bohini vMl2 J30 m 10. 9. 1959 I. hexagonus: I 9, t5 NY;Vulpes vulpcs I Lazc vM00 Bos taurus21. L 1968 DoJ I. ricinusl 9 9: (vsc pod koZo -all under the skin);
Vulpes vulpes I Stajersko WM

R6tlinj€ /
vegetation:2t. L l!)68 l. hcraSonusi 6 Ny, ll La; wKl6 18. 9. 196l RuD l. hexaSonus: I Q' I NY;

Vulpes vulpcs I Dobr.polje VL1T cal00m t3. 6. t969 SmA
Hellcboreto-
-Pin€tum

Vrhovinc,
Rakirna:l. hexagonus: t3 e, 6 Ny, I La;

Vulpes vulps I ZakovSek VL3t ca 600 m 12. 6. tgij
0uv. ) l. ricinus: I g Podzemske jame

UndergroundVulpes vulpes I HodoS WM9E ca 200 m 14. l 1978 LeA I. @nisuSa: J g
Vulpes vulpa I Cusrav Jakob

Hithle,
Laichiogen;

5. 1965 PrE I. hcxagonus: I o, I NY;
t979 l. hcxaSonus: I Ny;

L ricinust I Ny;
Marres manes I Dugo selo.

Za{ebi
wL97 ca200m j. 4. t959 lgK I. hexagonus: I g;

I ricinus: I Q;

8. 5. 1966 PrE L hexaBonus: I 9;Zadlaska VMol
jama, Tolmin:

Ma(es maares I Mirna na

Dolenjskem
wL09 ca lm m 28. 4. t969 BrS 26. 6- 1966 PrE L hcxa8onus: I II. hcxagonus: I g;

l- ricinus: I 9;
Vzhodna
Makedonija:

Mailcs hartes I Liti.ia vM80 18. 7.1978 I. hexaaonus:3 q;240 m l. 12. 1972 BrS l. hexagonus: I I
I. ricinus: I g;

Cruska jama, wM4O
Kozjc;

sil
NoT

Mart6 foina I Kresnicc
pri Liriji;

vM80 240 m 4, 4.l 5 BrS I. hexaSonus: I Ny;
I. ricinls: I Ny;

Jama Karatr-
auka, Peq
Crna na
Koroikem;

vM84 5. l. 1979 NoT I hcxagonus:2 q;

Martes foina I D. Klada,
Velebit;

vK96 1975 TvN l. pari: I g

Mustela nivalis I Pa.aain EP36 Fantovska WM2l
jama, Storc,
Bojanski vrh;

8. ?. l9?8 NoT I. hexaSonus: I I
16. 4. t972 Drc l. ricinus: I q, I Ny;

Mustela nivalis I Dojro FL46 27. ll.1975 PeB I. ricinus: l 9, 2 Ny;
Mustela purorius I vrhnika vL4E ca 320 m 26. 4. 1956 LeF l. hcxagonus: I e, l8 Ny, ,lt Lai

[. ricinusi 3 Ny;
Mustela putorius I Borovnica VLJE ca 120 m 18. 2. t957 LeF I. hexagonus: 5 Ny, I La;
l\{ustela purorius I Borovnica VLjl 6 120 3. 2. 1959 LeF I- heragonus: I Ny:
Mustela putorius I Ljubljana,

5i!ka:
ca 30O m 5. E. t952 L hcxagonus:6 Ny, t5 La;

vM50

Mustela putorius I Koaevje, VL85 460 m 12. 4. t964 L hcxagonus: 6 q,46 Ny, 2 Lai
Millavr,
Gorjanci;

Mustela putorius I wL27 965 m

108

13. 8. 1967 PcB I. hexaSonus: 2 Ny;
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raore 4.: rxoan trcks Jrom hosts typical for the species I. hexagonus
Tabela 4.: Iksodidni klopi z gostiteljev, karakteristitnih za vrsto I. hexagonus

26/2,6 13,0

5/0,5

7/0,1 1(

t70/11,0 24,3

119/11,9 12,1

Povpreano

l. hcxagonus;
AvaraSc
l. hexagonus

7,4

1,0

t,0

0,5

6,7

1,0

0,5

r8,9

Vsi klopi: Povpi.
All ticks klopi:

Averagc
Dcrm. marg. Rhip. sang. tly. mar8. Absol,/ ,1. ticks

Klopi po vrstah (abs/q.)
Ticks - spccies (abs/q!)

St.
No-

Tipilni 8os(ilclii
Typicrl hosts

l. dnis Hacm. p.l. ric. l. hcx

118/11,8

t/0,1

2/0,2

t/o,t

41 /1,7

t1,/1,1 21/2,3 2/0,2 45/4,5 417/41,1 2O,9
l. Erinaccus roumanicus 20 182./18,2

2. Felis silvcsrris 1/0,4

3. Fclis domdtie 2 24/2.1

4. Canis lupus 2 6/0,6

5. Canis f{miliaris 1 77/1,7

6. Vulpcs vulpes t2 32/3,2

7. Martas martcs 3 3/0,3

E. Msrtes foina 2 l/o,l
9. Mustcla putorius 9 6/0,6

{0. Mustcls nivdlis 2 1/0,1

I I. Meles meles 7 2/0,2

12. Lulra lutra

Vsi - All 67
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lovprefno Stevito I.hexagonus na eni Zivali
Ihe mean number of L hexagonus on one animal
0 t0 20 30

Table 5.: Tick species bound with I. hexagonus in relation to common hosts.
Tabela 5.: Vrste klopov, povezane z L hexagonus, glede na skupne gostitelje

Vrste klopov - Tick species abs. olo

l. Ixodes ricinus Linn6, 1746; 344 33,2

2. Ixodes pari Leach, l8l3 (1. frontdlis Panzer, 1795); 0,1

3. Ixodes hexagonus Leach, l815; 554 53,6

Mustela pulorius

Erinaceus roumanicus

Vutpes vutpes

Canis famitiaris

Meles meles

Lutra lutra

Felis silvestris

Felis domestica

Martes martes

Canis Iupus

Martes foina

4. Ixodes conisuga Johnston, 1849; 3 0,3

EI

-E
E:
EI
-tEIE
ET

E
E
E

5. Haemaphysalis punctota Canestrini et Fanzago, 1871i 17 1,6

6. Dermocentor marginatus Sulzer, 1776; 23 1)

7. Rhipicephalus sanguineus Latreille, 1804 48 4,6

8. Hyalommo marginotum Koch, l8rl4. 45 4,4

Vsi - All 1035 10090

Table 6.: I hexagonus: stages of development
Tabela 6.: I hexagonus glede na stadije razvoja

Zivali-gostitelji

Host animals

Klopi - Ticks

Odrasli;
Adults
abs./slo

Nimfe;
Nymphs
abs./Vo

Lidinke;
Larvae
abs./alo

Vsi;
All
abs./olo

l. Erinoceus roumanicus lct
33 Q /6,19o 5l/9,20/o 63/11,40/o 148/26,7s/oFigure 5

Slika 5.:
: Ixodes hexagonus: tnean infestation value of characteristic hosts
Ixodes hexagonus grede na povpreino vrednist infestacije karakreristiinih gostirerjev

5) Ticks

Origin of all ticks treated in the paper (1,035):l) from hosts characteristic for t. hexaionis (fOOO);
2) from caule (23);
3) from underground caves, typical habitat lor this cavicol species, where it was found freeon the walls (10) and
4) from vegetation, caught with an insect net, which is not the usual way of capturing 1.hexagonus (2).

The numerical presentation of 1,035 ticks, includin g I. hexagonusand concomitant spe_:ies, is given in table 5. 554 of identified ticks berongio the sp'ecies i. iirogonur,and its
3rowth structure with regard to individual hosts is shown in oetait ln tablei. Altogether 107'.19,2v0) adults, 249 (45,rvo) 

11mqhs and r9g (35,7v0) larvae of this species were found.Those mammal species which in Slovenia aie most intensively parasitized by I. hexago-,us, are emphasized in the_extra graph in figure 6. we compare rour species - fox, porecat,tedgehog, badger - and the I. hexagonus ticks on them, cbnside.ing a.u.Lp.ental stages.

2. Felis silvestris t/0,2 t/o,2

3- Felis domestico 2/0,4 2/0,4

4. Canis lupus t/0,2 l/0,2

5. Canis familiaris l3/2,4 r4/2,5 20/3,6 47 /8,5

6. Vulpes vulpes 22/4,0 44/8,0 48/8,6 114/20,6

7. Marles matles 3/0,5 3/0,5

8. Martes foina t/0,2 t/0,2

9. Mustela putorius 7 /1,2 97 /17 ,5 66/t1,9 t70/30,7

10. Meles meles 10,/ I,8 19/3,4 29/5,2

ll. Lutra lutra 2/0,4 t/0,2 3/0,s

12. Bos taurus 8/t,4 t5/2,7 23/4,1

13. Vegetacija; vegetation 1/0,2 l/0,2 2/0,4

14. Jame; caves 6o
3 Q /1,6 r/0,2 l0/t,8

t07/19,2 249/45,t 198/35,7 554/10090

7(l,2Vo) samci - males;
100(18,090) samice - females

n2

Vsi; all
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RADDAetal.(1969a)provedinthelaboratorythatbothfoxesand.weaselscanbeeasily
infected with the rsg 

"itirity 
ti.tr. nottt animals develop viremia, which exceeds the thres-

hold level necessary ro, ini#ing new generations of ticks' It is interesting that it was not

possible to suck tt . nvmpttt oi I"' ricini on the badger i" 'h.t l1b::::,1'^:ot 
*t onlv found

3 females of this tick onffi iuuogers examined. In laboratory experiment, the badger did

not react to the TBE virus to a stifficient degree either. RADDA et al' (1969b) succeeded'

however, in proving ilre exeptional succeptibility to the TBE virus of the polecat' which also

readily disseminates inf."tei ticks into its environment. It is worth mentioning that polecats'

*t i.tr in our material are at the top of the scale for infestation with I' hexqgonus' are nume-

rous in slovenia. rne polecat is found from lowland habitats to mountain slopes; it readily

f..qu."it ttu-an dweliings and even invades.the periphery of our biggest towns'

van T.N.EREN (l;;9t ;;s the first to demonstiate the transmission of the TBE virus

to hedgehogs by ticks. A;;; of alimentary infection for the hedgehog was set up by

KoZucH and NoSnK (i964). Aft* being fed with infected mice, the hedgehogs developed

viremia, followed uy an ini*riue develofment of antibodies. If a hedgehog falls into hiber-

nation during the time oi uutu-n"f viremia, the virus persists until the spring' when the

same hedgehog shows a considerable degree of post-hibernation viremia, which is of course

a new opportunity for intensive vernai infection of vector ticks. NosEK and GRULICH

(1967) isolated the TBE ;irus from the blood of a hedgehog captured in the mountainous

area of Tribe6 in Czechoslovakia. As well as reacting poiitively to the TBE antigen' the hed-

gehogs in experimen" ."ti.J out by Austrian researchers reacted positively to Q fever'

sindbis virus, west Nlii-,.ip., uirus, ornithosis, toxoplasmosis and listeriosis (sIXL et al.

lg73). They found four 1. ricinus tic:ks on a hedgehog to u. spontaneously infected with

rickettsia Coxiella burneti'
Dogs and .ut, ur.'rigniricant indicators of arboviruses, and a dog can even develop a

full clinical picrure orrili-liiuNzNER er al. lg73). Among 173 dogs examined, 39'590' i.e'

69 animals, were positive for TBE virus, and from 2l cats, 9 sera reacted positively against

TBE with a titre of l:10 to l:1280'

The majority of animals classified as preference hosts of the I. hexagonus tick in slove-

nia in all probability 
"rr" 

p"rti.ip"te in the circulation of the TBE virus in their natural habi-

tats. we can therefore rui.lv.on.tuoe that, in addition to the L ricinus tick, the L hexago-

nas tick is anothe*p..i., *t i.t disseminates the TBE virus among those animals on which

it lives as a parasite in rigniri.uot numbers. In Germany L hexagonus is considered as a regu-

lar ubiquitous parasite Jf man in natural habitats, espicially in fields and the gardens of ur-

ban settlements (HOFFMANN 1973)'

I. hexagonusis stiit-iar less frequent in Slovenia than I. ricinus, and we are convinced

that it is not an ubiquiio* rp..itt, because it is a typical memb-e1 of pholeophilous fauna' It

is harder to collect than the species I. ricinus. rhese are probably some of the reasons why,

up to the present, 
"o-tt...ttr"r 

experiment isolating the TBE virus from I' hexagonus

caught directly in natural habitats hai been performed anywhere, according to the literature

available.

BIOL vESTry 3s (r987)t _ TOVORNTK, D.

Figure 6.: Ixodes hexagonus: growth structure
Slika 6.: lxodes hexagonus gletle na vzraslno strukturo

ON THE BIONOMICS OF THE IXODES HEXAGONUS ... IN SLOVENIA

0

=N
um

vsi - all

adultr - adults

nimle - nymphs

Iarve - larvae

Discusion

The results of our work clearly show that I. hexagonus is arather specific species in itsrelationship to hosts and.has boundaries, beyond which in ";;"i;;;fions it does notreach. This contradicts observation made by-oSWALD (1940, l94l) who draws a parallelbetween I' hexogonus and I. ricinus due to its supposed omni-host characteristic. He re-marks that adult forms of L hexagonas feel equaily at home on.;;n;;;.;, herbivora andomnivora, as well as on man, and he describes tire aiult form of ^r. iiiigo'rrras a tick with_out a preference host, yet makes no mention of immature stages. our entire collection con-sists of thousands of ticks of all stages and species, originating from the widest circle ofhosts, a great number being merely iaentrriejano then-used i6. ur.ur-irorution, or someother purpose. But in ail this multitude or ticks, i. hexagonus*u, iounJ ii significant num_bers only on hedgehogs, porecats, foxes, dogs uno uuog.rr; *" rruu.."io.nce from onry alew martens, one otter and two young worvei ail t. n"*ogon s *as round on them, despiter minimaf degree of infestation. In conrrast, *. Jid.not riia t. nii"iirrll, uu on roe_deer,n spite of collecting numerous specimens, and only once on cattle, although hundreds of)attle were screened. we are also of the opinion that researchers who claim that L hexago-?a.s are very often found as parasites of small mammals are mistaken ,oo. v..y probably thearvae of I. hexagonus have in fact been larvae of t. trionsuiiceii ini*nl, which is a fre_luent parasite of small mammals.
Researchers abroad have already tested the majority of those host animals on which our. hexagonus was found for susceptibility to the iBE uirur.

Conclusions

l) The I. hexagonus
on strictlY sPecific

tick has been found in Slovenia and also in other parts of Yugoslavia

host species. As elsewhere in Europe, the significant hosts of L fte*a-
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Summary

Among the 1,035 lxodid ticks treated in this article, 554 specimens belong to the species

Ixodes (Pholeoixodes) hexagonus Leach which was taken:
l) - from 67 animals explicitly belonging to the Insectivora and Carnivora (519); 2) -

from cattle probably accidentally infested (23);3) - from walls and slits in underground
caves (10); 4) - from ground vegetation (2). ll species of Insectivora and Cornivora were

established as regular host animals of I. hexagonas in Slovenia (Yu): hedgehog, wild and do-
mestic cat, wolf, dog, fox, pine-marten, stone-marten, polecat, badger, otter. The greatest

number I. hexagonus 91,790(508) was found on the polecat (Mustela putorius), hedgehog
(Erinaceus roumonicus), dog (Canis familiaris), common fox (Vulpes vulpes) and badger
(Meles meles). Only 8,390(46) of L hexagonus identified, belonged to the remaining host

animals and natural habitats.
I. hexagonus extends through practically the whole of Slovenia, mostly in regions bet-

ween 300 and 500 metres above sea level. It is active on host-animals and in underground
caves throughout the year and its developmental cycle spans more than a year. All ticks found
on host-animals typical for the I. hexagonus and identified in our article, come from one of
8 lxodid species. The tick Ixodes ricinusLinn1 is the only species found accompanying I. he-

xagonus in Slovenia, and it lives as a significant parasite on all investigated animals, except

on the badger on which only an insignificant number of adults of L ricinus were found.
In our opinion I. hexagonus is one more tick species involved in disseminating the tick-

borne encephalitis (TBE) virus among animals on which it regularly lives as a parasite. The L
hexagonus tick and its regular host-animals represent a specific additional circulation system

of TBE virus in their mutual habitats in Slovenia. Undoubtedly, the role of I. hexagonus is

considerably reduced when compared to the species I. ricinus, which is a much more active,

ubiquitous and omni-host species, and remains the leading disseminator of the TBE virus in
favourable habitats in Slovenia.

Povzetek

Od 1035 klopov, ki jih obravnavamo v dlanku, pripada 554 klopov vrsti lxodes (Pholeo-

ixodes) hexagonus Leach. - Klopa /. hexogonus smo ugotovili l.) na 67 gostiteljih, ki pripa-

dajoizklju6noleZuZkojedom (Insectivora) inzverem (Carnivora) (519);2.)nagovedu,ki je

bilo po vsej verjetnosti nakljuEno infestirano (23X 3.) po stenah in v Spranjah podzemeljskih

gottus are the hedgehog (Erinaceidae) and carnivora, especially Mustetidae and Cani-dae.

2) out of typical hosts treated, 67 in number, the most intensively infested were polecat(Mustela putorilsl, hedgehog (Erinaceus roumanicusl, dog lCaiisfamitiaris), fox (vut_pes vulpes), and badger (Metes meres), on which 50g, i.e. {t.lon ir a,rnthe I. hexagonus,kept in our collection (554) were found. The remaining 46 (g.3vo) I. hexagonus foundcame from the other animals and from natural habirais.
3) Polecats and hedgehogs show the highest mean infestation value of I. hexagonns of allthe examined animals.
4) The growth structure of L hexagonns in our material was defined with relation to thefollowing: r07 (r9.20/o).adurts, 249 (45.ra/o) nymphs and 198 tzi.iirlrarvae. on somehosts, the larvae of L hexagonus are more-numerous than the adult forms (hedgehog,fox), on others (badger, cattle) there are no larvae 

"t "1. 
iir. 

"r.on, were found onpractically all the hosts treated.
5) It was found that the I. hexagontrs tick lives all over Slovenia and also in other parts ofYugoslavia, mainly in areas between 300 and 500 m above sea level. It was discovered ingreat numbers, mostly on specific hosts and is a rather frequent tick in Sloven ia. L hexa-gonus was found during all months of the year regardress of the coor winter period.
6) I' hexagonlrs is a cavicol species and is found living free on walls in dens and under-ground caves, where we were able to ascertain it in its adult forms bui only exceptionallyas a nymph.
7) The developmental cycle of L hexagonus in Slovenia can not be completed in one calen-dar year, as already uncontinous phases ofdevelopment observed in ihe laboratory havereached a time period of from 3.6 to 5.7 months. The rarvaeor i.-i'rigonurcourd feednormally on laboratory white mice and on man. The development oi irr. L ricinus tickhas - given equal developmental phases and standard laboiatory conditions - lastedfrom 6.0 to 8.1 months, i.e. a longer period than tor t. nexagoiui.'
8) In parallel to our bionomic findings regarding I. hexagonus,which are being presentedfor the first time in Yugoslavia, *. u.. dir.urring virus research elsewhere in Middle Eu-rope.

9) on the basis of what we have ascertained we behave that,.in Slovenia as well, L hexago_nls is involved in disseminating the TBE virus among animals on which it regularly livesas a parasite.

l0) Therefore in Slovenia a specific, additional circulation system for the TBE virus exists,which is firmly estabrished between I. hexagonus and iti regular hosts.ll) The above circuration system of the TBE virus in Slovenia opens into a much broadercircle of hosts via I' ricinus.The I. ricinus tick is namely ttr. onry.ln.omitant speciesfor the I' hexagonus tick on all of its regular hosts in Slovenia and is certainly also theprincipal TBE virus disseminator.
l2) In other parts of Yugoslavia, the hosts significant for I. hexagonls are not parasitizedonly by the I. ricinus tick but also by some other tick speciesl
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jam (10); 4.) na prizemni vegetaciji (1. Zuzkojedi in zveri, na katerih smo do danes ze nasliI. hexagonus in smo jih opredelili za redne gostitelje tega kiopa 
" 

sro".nijlilu), pripadajo l lvrstam' ki so jeZ, divja in domaEa madka, volk, pes, liiica, kuna rtatlca, tuna belica, dihur,jazbec, vidra. Najintenzivneje infestiran v naS# materialu je dihur (Musr:ela putorius), sle-dijo mu jez (Erinaceus roumanicus), domaci pes (Canis familiaris),' navadna lisica (vutpes
vulpes) in jazbec (Meles meles). Na pravkar navedenih Zivalih smo nalli 91,|s/o (50g) od vsehdeterminiranih I. hexagonus, na druge dejavnike, vkljudno na gostiteljske livali in na narav-
ne habitate, odpade le 8,390 (46) vseh identificiranih- t, hexaginui. iiiioconur:e raz5irjenpraktiEno po vsej Sloveniji, vedinoma v obmoijih med 300 in 500 metri nadmorske viline inje na gostiteljih in v podzemeljskih jamah aktiven vse leto. Razvojni ciklus L hexogonus setudi v Sloveniji raztegne na vedetno obdobje. Klopi, ki smo jih nuiri nu gortiteljih, karakte_
ristidnih za I. hexagonus, in smo jih za na5 Elanek aeierminirati, p;ip;;;ri vrstam iksodid.v Sloveniji smo na navedenih gostiteliih ugotovili kot edino rp..rnt].uuino vrsto za L hexa-gtinus le klopa lxodes ricinus iinne, iije Jgnirikantno zajedal vse obravnava ne zivali, ziz-jemo jazbeca. Na jazbecu smo na5li posamiEne adultne outite L ricinus;, stevildno popolno-
ma nesignifikantne.

Po naSih ocenah je tudi -1. hexagonus aktivno udeleZen pri razsejavanju virusa klopnega
meningoencefalitisa (KME) med svojimi rednimi gostitelji, s katerimi predstavl.la specifidni
dodatni sistem kroZenja virusa KME v njihovem skupnem naravnem okolju. vroga L hexago-
nus pri razsejavanju virusa KME pa je nedvomno pomaknjena v senco mnogo 5tevilnejse inbolj aktivne vrste ubikvitarnega in glede gostiteljev malo izbirdnega klopa 1. ricinus, ki Ievedno ostaja na delu razsejevalcev virusa KME v Sloveniji.

BroL VESTN 35 (1987)l - TovoRNIK, D.

Literatura

ARTHUR, D.R., l95l: The bionomics of lxodes hexagonus Leach in Britain. - 
parasitology

41,82-90.

ON THE BIONOMICS OF THE IXODES ... HEXAGONUS ... IN SLOVENIA

RADDA, A., H. HOFMAN, CH. KUNZ, 1969b: Viraemia of polecats (Putorius putorius)
after infection with tick-borne encephalitis (TE) virus by ticks. Acta virol. 13, 159-169.

stXL, w., D. STUNZNER, H. WITHALM, B. SrxL-vOrcT, 1973: Die Rolle des Igels (Erina-
ceus europaeus) als Indikator von Infektionskrankheiten. Sonderheft I der wissen-
schaftlichen Arbeiten aus Burgenland, ll0-l I l.

STREISSLE, G., 1960a: Untersuchungen zur Ubertragung des Virus der Friihsommer -Meningo - Encephalitis durch die Zecke lxodes hexagonus Leach. Zbl. Bakt. Paras.
Inf. Hyg. L Orig. 179,289-297.

STREISSLE, c., 1960: Die Zecke lxodes hexagonus als Reservoir fiir das Virus der Friih-
sommer - Meningo - Encephalitis. - in: 7. Tagung der Osterreichischen Gesellschaft
fiir Mikrobiologie und Hygiene. Portschach, l-4.

STUNZNER, D., M. cRESIKovA, w. SIXL, M. BATIKOVA, v. cAcPAR, 1973: Hunde und
Katzen als Indikatoren von Arboviren. Sonderheft I der wissenschaftlichen Arbeiten
aus dem Burgenland, 53-56.

TONCEREN, H.A.E. VAN, 1959: Central European Encephalitis, its epidemiology and vec-
tors. In: Proceedings of the Sixth International Congress on Tropical Medecine and
Malaria, Lisbon 1958 vol 5,174.

TOVORNIK, D., 1970: Ekosistemi arbovirusnih infekcij v Sloveniji in v nekaterih drugih
predelih Jugoslavije. Razprave, SAZU 13/1,81 pages.

TOVORNIK, D., l98l: Prispevek k poznavanju klopa lxodes hexagonus Leach, l8l5 v Slo-
veniji. Unpublished work for Research Community of Slovenia, type-writen, 38 pages.

BABos' s., 1964: Die zeckenfauna Mitteleuropas. Ed Akademia Kiad6, Budapest.
HoFFMANN, c., 1973: Mitteleuropdische Zecken, ihre Entwiklung, ubertrdgerfunktion

und Bekdmpfung. Der praktische Schddlingsbekiimpfer zs t l t,"lai_tt s.
HoNZAKovA, E., r97r: Development of some tick species under standard raboratory con_ditions. Folia parasitologica (praha), 357 _363.
<ozucts., o., J. NOSEK, lg64: Alimentary infection of the hedgehog with tick_borne encep_halitis (TE) virus. Acta virol. g, 2g4.
{osEK, J'' I GRULICH' 1967: The relationship between Tick-Borne Encephalitis Virus and

the Ticks and Mammals in the Tribed Mountain Range. Bu[. wld. utitr. org. 36 suppl.t, 31-47.
{osEK, J.' M. LICHARD, M. szrANKAy, 1967: The ecology of ticks in the TribeE andHronsky Inovec Mountains. Bull. Wld. Hlth. Org. 36 Suppl. l, 4g_5g.
)swALD' B.' 1940: o prepoznavanju krpelja (Ixodoidea) u iugosiaviji. vet. arhiv 10,/6,297-3U.
)swALD, B.' l94l: o nosiocima krpelja u Jugoslaviji. vet. arhiv ll/4, 160-16s.
IADDA, A., H. HOFMAN, CH. KUNZ, lg6ga: Virdmie bei einigen heimischen Karnivoren

nach Infektion mit Frtihsommer-Meningoencephalitis (FSME) Virus durch zecken. zbl.
Bakt. Paras. Infek. Hyg. I. Orig. 209, 464_469.

ll8 l19


