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Abstract. On the basis of recent investi_ations the author concludes that fleas (Aphaniptera) of the
snpecfamily Coratapliylloides parasitizing on rodents amd inscctivores are a suitable object for
determinin g teceityrial geozeaphical units, beeause they form clearly defined geographical subsperies
like other terrievlous insects. The author further deals with the phenomenon of substitution of one
fiea host by ansther and demonstrates the poassible application of the geographical distribution of
fleas of the said saperfamily for a detailed zoogeogzraphical subdivision of Central Europe and the
Balkan Peninsula.

Modern taxonomic aphanipterological papers elearly indicate that most flea
species (Aphaniptera) belonging to the saperfamily Ceratophylloidea from rodents
and insectivores form  distinet  geographical subspecies (Waener, Rornsciiun,
Jorpan, lorr, Swvir, Hovranp, Pevs, Mikroin, Rosicg¥ ete.) It remains to
be seen whether the fleas of the saperfamily Ceratophylloidea can bhe considered
a separate and suitable object for determining territorial geographical units and
for solving other zoogeographical problems (see also Brirve 1952, Hesse 1924,
Hovpuaus 1928, Rensen 1932, Scinvoer 1956, Rostekv 1957, ete.).

The method of confronting the distribution areas of flea species with the distribut-
ion arcas of their hosts indicates that there exist several types of such distribution
arcas:

1. The distribution arca of the flea species fully coincides with the distribution
arca of the host species, for example Monopsyllus sciurorum (Schrank) on
squirrel (Seiurus vulgaris 1.), Clenophthalmus bisoctodentatus on mole (Talpa
curopaea 1..) ete,

2. The distribution arca of the flea species is wider than the distribution area
of the main host species and overlaps the distribution arcas of other hosts,
For example the distribution area of Ctenophthalmus orientalis overlaps the
distribution area of Citellus citellus L., that of Citellophilus simplex (Wagn.)
overlaps the distribution arca of Citellus suslica (Gild.) ete.

3. The distribution arca of the flea species covers the distribution areas of several
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Fig. 1. The distribution area of Apodemus sylvaticus 1. as compared with the distribution arens
of some main flea species parasitizing on this rodent.

The distribituon area of A. svlvaticus (horizontal lines). The distribution arca of the flea species
Ctenophthalmus solutus J. et R. (vertical lines). The eastern boundary of the distribution area of
the West Kuropean flea species Typhloceras poppei Wag. (e). a characteristic Atlantic type of
distribution. The northern houndary of the continuous distribution arca of the flea species Triaina-
psylla taschenbergi (Wagn.) (thick line). A patch-like distribution outside the continuous distribution
area in Central Furope (@) in the localities Vranov n./D., Vegesack.

host species which live mostly together. A typical example are the flcas Palaeo-
psylia soricis (Dale) and Doratopsylla dasyenema (Roths.) on shrews of the genera
Sorex and Neomys in Europe.

4. The distribution area of the flea species does not coincide with the distribution
arca of the main host and continnonsly covers only a part of this area. This
type of the distribution area is to be found in a number of flea species parasitizing
on Apoedemus sylvaticus (L.), Talpa europaea (L.), Clethrionomys glarcolus (Schr.).
(See Fig. 1,2,3.)

5. The distribution area of the flea species is not identical with the distribution
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Fig. 2. The distribution area of Clethrionomys glareslus (Sebr.) as compared with the distribution
arcas of some main flew species parasitizing on this host in Kurope.

The distribation arca ol €. glareolus (horizontal lines), The distribution area of the nominate form
ol Ctenophthalmus rongener congener Roths. (vertical lines).

1 geographical subspecies C. congener hureshi Ros. [rom the mountain range Pirin sl Rila (Bulga-
ria) isolated from the distribution arca of the nominate subspecics. The distribution area of C.

obtasas ). vt R. (dingonal lines).

area of the main host and is hroken up in the form of islets (patehes). For example
the distribution area of Atyphloceras nuperus (Jord.), Rhadinepsylla mesa
(J. et R)) ere.

6. "The distribution arca of the flea speeies is divided into two parts: onein the north
and the other in the mountainous regions of Central Furope and the Balkan
Peninsula (Boreo-Alpine type-—Holdhaus 1912, 1951). For example Megabothris
rectangulatus (Wahlgr.), Amphipsylla sibirica (Wagn.), Ceratophyllus lunatus
(J. et R.), Ceratophyllus balati Ros. ete. (See Fig. 4, 5.)

Such a structure of the distribution area is met with not only within
the boundaries of a definite geographical landscape (lor example in the zone of
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Fig. 3. The distribution area of 3 species ol the genus Peromyscopsylla: A - (horizontal lines) —
P. spectabilis (Roths.) B—(vertical lines) - 1% silvatica (Mein), a part ol the distribution area with
continuous distribution. B —(black dots)— P. silvatice —occarrence in Central European and Balkun
mountains, where this species is absent in lower altitudes. Loealities: Harz (Pens in lit), Kruiné
hory, Doupovské hory, Tepelské hory, Cesky les, Sumava, Ceskomoravska vysoéina (Zdirské hory),
Jeseniky, Beskydy, Vysoké Tatry, Nizké Tatry, Minéal, Vychodné Karpaty, Transvlvinské Alpy
(Babele, Sinaia), Vitofa, Rila, Pirin, Stara Planina, Suva Planina (Rosick?¢). In Central Europe
only main mountain massifs are marked (Boreo-montane type of distribution). C—P. fallax
(Roths.) ~localities are marked with a thick line, Arrow—supposed direction of the species distribu-
tion in post-glacial period in the territory where both species oceur in the same locality at present

the Furopean deciduous forest, in the steppe zone ete.), but it can include several
zones also. All these types of the distribution arcas of flea speeies belonging to
the mentioned superfamily, with the exception of type 1, indicate thal in most
cases the host does not solely and universally determine the distribution arca
of a flea species, but also prove that the fleas of small rodents and inscetivores, as
far as their demands for the conditions of external environment are concerned,
are subjecl to the same rules and natural laws as terricolous inscets (JEANNEL 1942),
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Fig. 4. Boreo-Alpine type of distribution of the species Megabothris rectangulatus (Wahlgr.). Black
spots in Centrul Kurope and Scotland isolated relic occurrence of the species. Vertical lines -

distribution of the species in northern Europe. Diagonal lines-- present oceurrence of Lemmus
lemmus L. in the distribution area of M. rectangulatus. The distribution area of the flea species is
different and larger than the distribution area of its main host —distribution by meuns of host
substitution. Horizontal lines — Pleistocene distribntion of L. lemmus in Furope according to fossils,

These very conditions have given rise to geographical subspecies, even in those
cases when the host species remains the same and is not differentiated in geo-
graphical races. Many flea species develop within the boundaries of their distribution
area a number of geographical subspecies, the distribution arcas of which do not
coincide with the distribution areas of the host subspecies. The geographical
subspecies of the flea species Ctenophthalmus agyrtes. (. congener, Amphipsvlla
sibirica may serve as classical examples.

The factors of external environment exert influence upon these ectuparnsitv&‘-,
primarily during the period of their larval stage (as is the case of most terricolous
insects). The fleas, heing real parasites, could not exist without a host anywhere,
and in the course of a long evolution of flea species and subspecies a substitution
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Fig. 5. Borco-Alpine type of distribution of the species Amphipsylla sibiviea (Wagn.) A - northern
population of the subspecies A, sibirica sibirica (Wagn.). B populations of the subspecies 1. sibirica
sepifera 1. et R.in the Alps. C—populations ol the subspecies A. sibirica hetera Jord. in the High
Tatras. D— populations of the subspecies A, sibirica intermedia Ros, in the Krkonose Mountains.
An example of ancient differentiation of populations which has resulted in the formation of clearly

defined subspecies,

of one host species by another inside a definite ecological group of mammals neces-
sarily vesulted and played an important role. This substitution was promoted by
the group specificity of fleas to a certain ecological unit of hosts (it is specially
prouounced in the aphanipteria zone of small terrestrial mammals).

The substitution of one fleu host by another takes place when a flea species can
live on different host speeies which are taxonomically clozely related and similar
in their nidicolons bionomics, primarily within the framework of a definite faunal
complex. Such host substitution existed and still exists now in vast territories
of various aphanipteria zones.

Clearly defined subspecies have been formed in case of fleas infesting both fur
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Fig. 6. Scheme of districts in steppe subregion of the palearctic region: I. The Panunonian district,
I1. the Macedomian district, 111, the Black Sea district. Horizontal lines - distribution of the steppe
flea complex. Thick line — boundary of the steppe distriet (Lavreenko 1952). A — West Balkan complex
of flea fauna, B -Mediterrancan subregion (East Mediterrancan provinees).

and nests (Torr 1941) and in case of species with a wide ccologieal valeney, ocenrring

from lowest geographical localities to highest mountainous regions, or in case of

gpecies associated with'a eertain hiotopes or group of biotopes.

On the basis of the distribution of fleas of the superfamily Ceratophylloidea,
typical for inscctivores and rodents in the territory of Central Europe and the
Balkan Peninsula, the following 4 faunal complexes may be distinguished:

1. The Launal eomplex of deciduous forest which predominates here.

2. The steppe complex which covers this territory in 3 regions: a) the Pannonian,
most western region, b) the Macedonian region and ¢) the Black Sea region.
These regions are considerably influenced by human activities. (Fig. 6.)

3. The Mediterranean fanual complex in the Balkan Peninsula.

4. The complex of European mountainous fauna, in which the following groups
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Fig. 7. Geographical subspecies of Cienophthalmus nifetodes Wagn.: 1 C. nifetodes nifetodes Wagn.
(Trebevic). "2 — C. nifetodes eugeniae Wagn. (Crno Polje, Prenj Planina). 3 —C, nifetodes martinorum
Smit (Velika Korabska Vrata, Korab). 4+ -C. nifetodes brelihi Ros. et Car. (Hotedriéica). a -locality
of 1 ) C. nifetodes niferodes Wagn. (Cetinje). Horizontal lines -known distribution of Dolomys
bogdanovi Martino — potential locality of the species of the genus Dolomys, distant from its hitherto
known distribution area. according to the finding of its specific flea in Hotedridica. Diagonal line —
position of the supposed division of the North and South Aegea by a strait.

of flea species can be marked out according to origin: a) species of the Alpine
Eurasian complex (of the Alpine and Asia Minor origin), b) species originating
from the Variscean mountains, ¢) species of the faunal complex of northern



tundra and forest-tundra, d) species of the taiga faunal complex. e) species

of the faunal complex of the European deciduous forest.

The analysis of the mountainous faunal complex indicates its different origin
and the resulting rich forms, Considering also other entomofauna (MARan 1945,
1956) the following provinces can be noted in the mountainous region: 1. the
provinee of the Variscean mountains, 2. the provinee of the Alpine mountains, 3.
the provinee of the Carpathian mountains, 4. the provinee of the Stara Planina and
the East-Serbian monntains, 5. the provinee of the Thracian-Maeedonian mountains,
0. the provinee of the Albhanian-Greek mountains and 7. the provinee of the Dinarie
mountaing. The present aphanipterological material referring to the last mentioned
provinee (Fig. 7) proves that this provinee should be considered as an independent,
higher zoogeographical unit (see Bera 1933 and his sarvey of zoogeographical
distribution of fishes).

Henee it appears that the fleas parasitizing on rodents and inscetivores are
a suituble objeet for determining territorial geographical units in the territory of
Europe and that they can be studied separately, because their species and geo-
graphical subspecies are considerably older than species and subspecies of mammals
or birds,
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