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Abstract. The indirect life cyvele of the costode species fladentole pra evinace:r (Gmelin, 1789) a parasito
of the hedgehog was confirmed in experiments. The Inrvae dovelop in intermedinto hosts (Neerophorua
humator, N. vespillo, Oeceoptomu thoraciea, (feotrupes slercorosus). ‘These beetles colleetod in the field
wore infoeted with eysticercoids of R. erinacer. The reauits of theso studies mdicate that Joyeux
(1921, 1927) was wrong in stating shat I2. eripaced dovelops divectly withont utilizing intermodinte
hoats,

Apart from Joyeux’s (1921, 1927) peneraliy accepted idea that K. erinacei develops
dircetly without utilizing intermediate hosts, no other information on the life eycle of
this cestode species has been available. During iny investigations performed duaring the
yvears 1965 1967 | obtained completo information on the life eyele of this cestode
gpecies from the egg to the larva developing in heetles up to the adult worm infoeting
the hedgehog, its definitive host,

MATERIAL AND METHODS

We oxannnoed 180 spocimens of Evinaceus enropacus L. and 118 sporimens of F. rowmonicus Barrot, -
Hamilton, eollected in varnous localities of Czechoslovakia. Of theso 38 specimens of K, exropaecus
(2175) aned 25 specimens of B, roumanicns (22°,) were infected with the cestode spocies 7. erinaces.
Eggs of adull cestodes were used for experimontal infeetion of heotlos of the specios: Necrophoria
humator (Fabr.), N. vespillo (1..), Occeoptoma theracica (1..) and Geolrupes slercorosus (Scriba). Natural
infection with larvae of this eestode were found in all these bostlo species.

For ench experiment wo used 60 beotles of ench species, i.e. 240 beetles. The exporimonts were
repcﬁt-cd 4 times using a total of 960 beotlos, The beotles were inspected on day 1, 2, 3, 4, 5, 6, 7, 14
antd 21 p.i. All developmental stuges were measured and figured. On day 21, the fully rlove!nped
vysticercoids worae fod to 16 young hedurhngs frovn our laboratory breed. T he v nrmw, developmental
stages of the cestode wore obtamoed at antopsy from the hm!enhngn onday I, 2, 3, 7. 14. 28, 35, 42, 49
and 66 p.i.

During 1965-—1967, 1 examined 3,942 hoetles belonging to 25 spocies, which T eolleeted at our
ficld stantion Kles in sonthern Bohemia. Cysticereoids ol &2, erinaced wers found in 21 gpecimens out of
the 333 Oeceoploma thoracica examined (6.5%): in 7 of the 295 Necrophorus vespillo examined (2.4%,);
in 2 of the 86 Geoirupes stercorosmus mmmmad (2.3%); in 3 of the 286 \'rrrophm us liumator examined
(19%) and in onc of the 49 Silpha obscura examined (27). Tho incidence in those beetles was 6--48
cyaticercoids. We used these eysticoreoids from nuturally infectod beetles Lo infect with thom
another group of 12 hedgehogs, which we inspected at the same intervals as the hedgehogs infected
with eysticercoids (rom artificially infected beotles. i
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RESULTS

The results of artificial infection of 960 beetles with eggs of R. erinacei yielded informa-
tion on the rate of infection of the beetles: Oeceoptoma thoracica (rate of infection
— R. L. 70 %; incidence 40—480 cysticercoids); Necrophorus vespillo (R. 1. 14 %:
incidenco 28— 82 cystlmrunds) N. humator (R. 1.5 %,; incidence 7 1o 140 cysticercoids);
Geotrupes stercorosus (R. 1. 2 9%; incidence 8—26 cysticercoids). The exact number of
eggs capable of development after ingestion by the beetles could not be established.
Positive results were obtained from all hedgehogs which had been fed with an exactly
determimed number of cysticercoids. The percentage of attached cysticercoids ranged
from 60—100 9%,

Fig. 1. A — Egg of the cestode Rodentolepia erinacei; 13 — oncosphere; C, D — growing oncosphore
in the intermediate host; E, F — ceostode embryo with the originating tail and rostellar rudiment;
G — eestode embryo with the rudiment of the suckors, the difforentiating body cavity of the cysti.
cercoid and with the tail; H - differentiated cestode larva before scolex invagination.

DESCRIPTION OF THE LIFE CYCLE OF RODENTOLEPIS ERINACEI

Mature eggs (Fig. 1A): These are oval till spherical, size 38—42 p in diameter. The onco-

sphere measures 32--36 w in diamoter (Fig. 1B) and bears 3 pairs of embryonal hooks
measuring 1216 p. Already inside the egg the oncosphere is very mobile. After 24 hrs,

liberated motile oncospheres are found in the body cavity of the beetles' these arc almost
unchanged in shape and size. After two days they scttle in the body cavity and the cells
start to divide (Fig. 1C). The rate of growth is almost uniform in all directions. The
hooks remain paired, but these pairs are dispersed along the circumference of the body.

Three days later (Fig. 1D) the oncospheres elongate towards the poles, the number of
largor cells in their body increases and their contents becomes more translucent. The
hooks are still on the cireumference. Elongation continues on day 4 (Fig. 1E) and can
be observed also on day 5. On one of the poles an extension (the future tail) can be viewed
(Fig. 1F). On day 6 the larva stretches in longitudinal direction (Fig. 1G); the neck is
forming, the cellular membranes are disappearing and the rudimoent of the body cavity
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of the eysticercoid is originating. Simultaneously a small elevation consisting of small
cells is arising from the anterior pole; this is the rudiment of the rostellum and the
suckors. The posterior pole elongates into the tail onto which the hooks are shifting.
Differentiation of the larval body starts on day 8. The portion of the body with the
pear-shaped elevation — the scolex anlage - is widening (Fig. 14). The differentiation of
the anterior portion is completed on day 14 and tho scolex starts to invaginate
(Fig. 2A. B). Dovelopment continues and is completed between day 18 and 21 (Fig. 2C);
the scolex and neck are invaginated into the body eavity and the surfaco is covered by
a thin hyaline membrane.

Fig. 2. A — Advanced differentiation of the cestode larva with a developed soolex before invagination;
B — invagination of the cysticorcoid; C — mature oysticersoid; D — ovagination of the cysticerooid.

The cysticercoid: shape oval, size 550 —750 x 340—360 w. The tail is 0.2—1.5 mm
long. The cyst wall has 4 layers — the superficial layer formed by a thin hyaline
membrane; the 6 —8 p thick fibrous layer; the middle layer with its longitudinal fib-
rous structure; the last is the parenchymatous layer containing calcareous corpuscles.
The neck forms the direct covering of the scolex. The centre of the cysticercoid is
occupied by the scolex which measures 420—460 u. It has a rostellum but no hooks.
The suckers are oval measuring 130 —140 X 80—100 p.

Within 24 hrs after ingestion the scolex of the cysticercoid starts to evaginate in the
stomach of the hedgehog (Fig. 2D). From day 2 onwards the neck grows in length and
the first 2—3 segments become differentiated on it (Fig. 3A). 72 hrs p.i. the cestodes are
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0.5—0.6 mm long. On day 7 there arc 2030 segments (Fig. 3B), the male sexual organs
are appearing. The cestodes are 2—35 mm long, measuring 10 mm on the average. On
day 14 the cestodes ure 6—106 mm long (average 30 mm) (Fig. 3C, D). Their length is
greatly dependent on their numbers in one host and, thus, most variable. The male and
female sexnal organs are clearly differentiated. On day 21 the first adult cestodes with
well-developed sexual organs were observed (Fig. 3E). Eggs started to appear in the

Fig. 3. A — Young cestodes 48 hrs pui. in the intestine of the hedgehog: B -— young cestode after
7 days in the intestine of the hedgehog: C, D eostodes after 14 days in the intestine of the hedgehog;
E — mature sogments of cestodes after 21 days in the intestine of 1he hedgehog,

uteri of the last segments. On day 26, the firsst mature segments were shed but, generally.
segments were shed from day 35 onwards. At this time we cncountered the longest
specimons (25—36 cm long, 1.5—3.0 nim wide). The scolex measured 400—500 . in
diameter, the suckers 250—280 x 180200 p. The rostellum was 300 . long and not
armed with hooks. The three testes were situated in one row in the posterior half of the
soxually mature segment (Fig. 3E). The segments were wider than long. One testis was
situated porally, two aporally. The cirrus sac extonded past the lateral excrotory organs.
The ovary consisting of several lobes was situated in the middle of the segment with the
vitellino gland below it. The genital pore is placed in the lower half of the scgment.

The last segments were oceupied by the ulerus with eggs of oval shape measuring
3842 .
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DISCUSSION

In France, Joveux (1921) recorded two findings of eysticercoids (genus Hymenolepis)
from lu-dgvlmg« These cysticercoids measured 650—7002250 p. Embryonal hooks
(length 12 u) were distributed over the tail. The rostellum was armed with one row of
hooks (17 w long). These hooks were consistent in shape, number and size with those of
the costode Hymenolepis fraterna (Stiles, 1906) which is known to have a direct life
cycle. At first the author suggested that these cysticercoids are larval stages ol this
species but later, in view of the fact that adults of this species had never been recorded
(rom hedgehogs of France, he expressed (he opinion that thig eystercoid is the larval stage
of the costode Kodentolepis erinacer (Gmelin, 1789) because hie had recovered it once
from a hedgehog. Beeause this cestode species has no hooks the anthor suggested that
the hooks were shed during maturation. The scarcity of findings of this cestode species in
the hedgehog are, according to Joycux, due o its direct life eyele. Later, in order to
confirm his hvpothesis, Joyeux (1927) infected 7 hedgehogs with eggs of the cestode
R. erinacei. He obtained negative results in 6 of these hosts inspecting them on day
5—8 p.i. In one of the hedgehogs, however, he found 55 mm long eestodes 100 hrs poi,
but he himself was doubtful that these cestodes had developed from the artificial
infection. In my experiments, not even a cysticercoid had developed 100 hrs p.i. Both
figurcs und descriptions of the eysticercoids recovered by Joyeux (I92l 1927) from
the intestine of hedgehogs indicate that these belonged to the species Hymenolepis
fraterna. In spite of these facts Joyeux’s suggestion that the cestode Rodentolepis has
a direct life cyele has been accepted and remained valid for the last 40 years. In Joy-
cux’s npmum this dircet life eyele is responsible for the relatively low incidence of this
cestode species (9.4 %) in the host. Having proba.blv taken two independent species
for one species onl}‘ he concluded that this species has no seasonal dynamics. By
contrast, my results show a distinet curve of scasonal dynamies both in the intermediate
host (April—May) and in the definitive host (June, with a peak in July). Literary rofer-
ences indieato that findings of R. erinaces in the hedgehog are not so rare as maintained
by Joyeux (1927). Prokopi¢ (1956, 1957, 1959) recovered it from 30 %, of Erinaceus
europaeus and 26 9 of K. roumanicus in Czechoslovakia; Furmaga (1961] from 14 % of
E. roumanicus in Poland: Dimitrova and Genov (1961) from 27 9, of E. roumanicus
in Bulgaria and Lungu and Radulescu (1957) recorded findings of thls cestode species
in Roumania. Merkusheva (1969) found this species in 46 %, of hedgehogs in White
Russia and Matsaberidze (1967) in 26.8 9% of hedgehogs in Georgia.

The results of our experiments confirm that the cestode Rodentolepis erinacei has an
indireet life cycle utilizing beetles of the species Necrophorus humator, N. vespillo,
Oeceoptoma thoracica, Silpha obscura and Geolrupes stercorosus as intermediate hosts.
We believe that the “Cysticercoid E” recorded by Kisielewska (1961) from Geotrupes
stercorosus is the larval stage of this cestode species. The same cysticorcoids were found
in Geotrupes stercorosus by Prokopi¢ and Karapchanski (1968) in Bulgaria.

CONCLUSION

Studies of the lifo eyele of the cestode species Rodentolepis erinacei (Gmelin, 1789)
confirmed that the cysticoreoids of this cestode species develop in beetles of the species
Necrophorus humator, N. vespillo, Oeceoptoma thoracica, Silpha obscura and Geotrupes
stercorosus. Of these Oeceoploma thoracica seems to be tho most susceptible intermediate
host but it is possible that also other beetle species may act as intermediate hosts of this
cestodo. Development in the intermediate host is completed in 21 days, in the definitive
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host (the hedgohog Erinaceus europae

us) in 35 days. The direct life cyclo of this cestode

specios as suggested by Joyeux (1921, 1927) has not been confirmed. The cysticorcoids
found by Joyeux may havo belonged to a different cestode species, possibly to the
species Hymenolepis fraterna, and been mistakon for cysticercoids of the species Roden-

tolepis erinacei.
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