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Abstract. The paper deals with the relation between the occurrence of cestodes in birds and the com-
position of the nutrition of these delinitive hosts. The animal component in the birds’ food influences
greatly the oceurrence of some cestode species. Animportant factor is the type of biotope on which the
hird hosts live, Even birds of one order living on different biotopes, have a different compesition of
their cestodofuuna, heeause their nutrition varies with the biolope. they feed on different int ermediate
Liosts and thus become infected with the invasive stages of different cestode species. On the other hand
the composition of the fauna of cestodes of hirds of different orders. feeding on the sume food, is very
likely 1o he identical.

The formation of the helminthofauna and especially of the fauna of cestodes of
birds. has been affected by several basic factors such as the phylogenetic parasite-
-host relations manifesting the parasitation of certain groups of birds by certain
groups of cestodes. All these relations were studied and analysed by Fungrmany and
recapitulated in the so-called rule of Funrmany and Skryasin (Ryzuikov 1964).
The entire complex of other factors exerting influence on the formation of the eesto-
dofauna of birds, especially the mode of living involving the composition of the
food (Docer 1948). should not be omitted.

When grouping the orders. respectively families of birds from our material of
cestodes ol Czechoslovakia for obtaining a picture of the percentage of invasions by
cestodes (Tab. 1) this has been found highest in birds living on the water and in
swamps, The external environment of these birds not only provides them with food
but it includes also places with the highest concentration of the intermediate hosts
of the cestodes on considerably small areas such as ponds with their littoral zone,
swamps, wel meadows, blind river arms a.o. Such heavy concentrations of inter-
mediate hosts of the eestodes are not Lo be found with terrestrial birds since they are
always distributed over much wider areas and the birds themselves eover greater
distances in their daily flights. This accounts for the considerably lower percentage
of invasion by cestodes. An analysis of the cestode invasion of birds, based on the
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159  Table 1. Survey of ecstode invasions in birds of various orders
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type of food, revealed that the groups living on animal — or mixed food are most
heavily invaded. Of the birds living on mixed food, the highest percentage of cestode
invasions was found in groups where the animal component of the food consisted
mostly of the intermediate or even of the reservoir hosts of the cestodes irrespeetible
whether these were invertebrates or vertebrates,

On the grounds of our material comprising over 4,000 helminthologically
examined birds (the majority of them were caught on the south Bohemian fish
ponds) —(Rvy3Av¥ 1961,1962) we succeeded to zolve, besides systema ticully fannistical
problems, also some ceological questions, cspecially the problem of the life cycles
of cestodes and the effect of food on the oceurrence and the distribution of cestodes
in some orders of birds.

The area in south Bohemia, where swamp- and water birds live for most of
their life and where they also devour most of their food, can be devided into three
principal zones:



I. The zone of damp meadows alung the banks

2. The littoral zone

3. The zone of open waters

This division is practically the same as the one introduced by Hegny (1960)
for water- and swamp plants. Hianv's limose phase may answer to our zone of the
damp meadows, his littoral phase to our littoral zone and his hydrophase to our
zone ol the open waters. Although Hiy~x{'s division is concerned with the vegeta-

tion, it may also serve for some helminthological studies.

The zone of the damp meadows along the banks is mostly inhabited by birds
of the order Charadriiformes and by some representatives of the order Ralliformes
(Rallus aquaticus, Crex crex and Porzana porzana).
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In the littoral zone. the majority of Inseriformes spend most of their life but
some Ralliformes may also be found there (Fulica atra and Callinula chlorepus).

The zone of the apen waters is mostly inhabited by the representatives of the
order Colymbiformes (Fig. 1).

Table 1T shows that in our material the heaviest invasions ocenrred in birds of the
order Anseriformes (93 " ). Although the birds of this order live on mixed food,
the principal component are water organisms which, in the majority of cases,
are either intermediate or reservoir hosts of the cestodes. In these  laseriformes
we found 30 species of eestodes, 29 of them belonging 1o the family Hymenolepididae
and the rest, the species Tnomotaenia eitliata Fohrmann, 19130 to the Faomily Di-
lepididae.

During their development most cestodes of the family Hymenolepididae, parasiti-
sing Anseriformes. have 10 pass throngh plankton crustaceans such as Ustracoda,
Copepoda, exceptionally alzo throngh Oligochaeta (the coestode Aploparaksis furcigera:
its intermediate host is Lumbriculus variegatus) or through Hirundina  the inter-
mediate host tor Kowalmoeskius parruflm s the leech ”i'rpuhde”u atomaria, The
reservoir host, however, mav also become a source ol invasions with cestodes of the
family Hymenolepididae, beeause the inyasive phases of these cestodes, the eysticer-
coids, amass in it. This concerns mostly water snails (Lyvmnaea ovata, L. peregra,
l.. stagnalis a.0.). All these organisms are constantly present in the tood of the birds
of the order Adnseriformes and devoured by them in great numbers. According to
Coariy and Tavysiy (1953) a single domestic duck, left on the pond for 20 min,
injests 16,000 specimens of  Daphnia magna at various developmental stages
1.817 specimens of plankton crustaceans (Ostracoda and Copepoda). 205 speeimens
of water Oligochavia, 159 specimens of water snails, principally the speeies Lymnaea
peregra and L. ovata. Pisidiam sp. a.o. and 20 specimens of leeches. These data
were conlirmed in repeated experiments by both anthors. We obtained practically
the same results in our experiments carried out on the artiticial fish ponds in southern
Bohemia and <outhern Moravia.

The food composition of the birds of the order Ralliformes (Fulica atra. Gallinula
chloropus and mainly of birds inhabiting also the littoral zone) resembles that of
the Anseriformes although. according to our preliminary investigations, there is
a preference for the vegetation component, the animal component ol their food is
very similar to that of the Anseriformes. Both mentioned species are predominantly
invaded by cestodes of the family Hymenolepididae and some species are found in
both orders (Diorchis inflata, D. ransomi. Microsomacanthus compressa, Dicranotacnia
coronula, Tscherthowilepis setigera). On ponds where great numbers of domesue
ducks are being kept the percentage of the invasion with cestodes, typical for Fulica
atra and Gallinula chloropus, is very high (Tab. 2).

Very different is the composition of the cestodofauna of the other representatives
of the order Ralliformes (Crex ecrex. Rallus aquaticus and Porzana porzana) living
in the zone of the meadows along the banks. We observed only two cestode species
Anomotaenia pyriformis and Aploparaksis porzana—not found previously in fulica



Table 2. Composition of the fauna of cestodes in birds of the order Ralliformes from southern
Bohermian fishponds
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atra and Gallinula chloropus although the biotopes of both bird orders are only at
a distance of a few meters from cach other. The results of an analysis of the pharynx
and stomach of Crex erex disclosed that this species feeds exclusively on animals,
i.c. principally on various insects (Orthoptera, Coleoptera, larvae of Tabanidae and
Tipulidae), on swamp Oligochaeta and Mollusca, mostly representatives of the
family Succineidae.

The different way of living and the different composition of the food of the birds
of onc order expressively aflects the composition of the fauna of their eestodes even
when living in elose vieinity.,

Birds of the order Colymbiformes live mostly in the zone of the open waters and
feed on animals, The fanna of cestodes of these birds diflers [rom all the other
groups of birds. Predominant are cestodes of the genus Dubininolepis (D. furcifera,
D. capillarioides, D. podicipina and ). multistriata) and of the [amily Amabiliidae
(representatives of the genus Tatria and Schistotaenia). Of all these cestodes only
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Dubininolepis multistriata was found in Anseriformes (Nyroca nyroca) and in Ralli-
formes (Gallinula chloropus). One more species found in Colymbiformes is Ligula
colymbi which is closely conneeted with the feeding on fishes.

With the exception of the species Ligula colymbi, nothing is known ol the life
histories of the cestodes parasitizing birds of the order Colymbiformes. Linstow
(1892) and Mrizex (1905, 1926) found that the intermediate hosts of the cestode
Tatria acanthorhyncha are the larvae of Adgrion puella: contrary 10 that JARECKA
(1900) indicates that the intermediate host of this cestode is the copepode Macro-
eyelops alhidus. The little information available on the life history of these cestodes
i= ton scanty for analysing the relation of food and the composition of the fauna of
cestodes parasitizing birds of the order Colvmbiformes. It may, however, be possible
to apply the rule of Fuhrmann because the Colymbiformes are phvlogenetically
distant from all other water birds which is veflected in a very different fauna of
their cestodes,

The birds ol the order Charadriiformes are typical swamp birds, the composition
of their food i= very similar to that of the Ralliformes (insects, swamp Oligochaeta,
Mollusea—mainly of the family Suecineidae). The dominant eestodes are representa-
tives of the family Dilepididae (in our material 6 cestodes helonged to the family
Dilepididac and only 3 cestodes to Hymenolepididae). All ecstode species of the
tamily IHymeaolepididae observed by us belonged to the genus Aploparaksis and
their life eyele is hound o the Oligochueta. The only cestode of the family Dilepididue
with a known life history is the species Anomotaenia citrus, its intermediate host
18 the molluse Suecinea putris.

In their development the birds of the order Lariformes resemble the birds of
the order Charadriiformes. Some simultanous observations were made on the fauna
of cestodes in Larus ridibundus and Sterna hirundo in biotopes of southern Bohemia.
While Sterna hirundo feeds mostly on fish, the food of Larus ridibundus is very
varicgated including water inscets and their larvae, ocecasionully small fishes,
reptiles, amphibians, terrestrial inseets, small mammals and other animals. In
scarch of food this bird covers great distances and has been observed even to devour
wastes in towns and villages close to his nesting colonies. The evidenee of the
composition of the fauna of the cestodes obtained from our comparative studies
im southern Bohemia shows many differences. In Sterna hirundo we observed only
2 cestode species  Ligula intestinalis and Paricterotaenia sternina, while in Larus
ridibundus we found the species Aploparaksis [usus, A. cirrosa, Paricterotacnia
porosa, P. gongyla, Tetrabothrium erostre and Ligula intestinalis, which is very rare
in L, ridibundus but quite common in Sterna hirundo (Tab. 3).

Similar differences in the composition of the fauna of cestodes parasitizing birds
of one order could also be observed in Ciconiiformes. We investigated the fauna of
cestodes of three species, Ciconia ciconia, Ardea cinerea and Nycticorax nycticorax.
While A. cinerea and N. nyeticorax are li<h-eating birds, the species Ciconia ciconia
feeds mainly on reptiles, amphibians, bigger terrestrial insects, small mammals
and quite exeeptionally on fishes. This variety of food is also reflected by the fauna



Table 3. Comparicm of cestode species parasitizing Larus redibundus 6
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of its eestodes. In €. riconia we found only one costode species, Inomeotarnin
discoides, while in lrdea cinerea and Nyeticorax nycticorax we observed 3 upffiﬂl-—
Dilepis unilateralis, Gryphorkynchus pusillus and G. cheilancristrotus, Al species
of cestodes from 1. rinerea and N. nyeticorax are hound to fishes by their life eyele

(Tab. 1).

Table 4. Comparison ol the eestode faunn of Cicsnia ciconio and the other representatives of the
ovder Cirnniiformes w0 sonlhern Rohemia
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The birds of the order Passeriformes are a most diverse group ranging from
exclugively insectivorous Lo exclusively phytovorous species, [rom birds nesting in
trees to birds permanently living elose 1o the water. This great variely in the
composition of their food and the different wavs of living is also reflected in the
composition of the fauna of their cestodes,

In our material from Passeriformes we found a tatal of 31 specics of cestodes of
which 15 belonged 1o the family Dilepididae. 9 to the lamily  Hymenolepididae,
2 to Davaineidae and 5 to Paruterinidae. The heaviest invasions with cestodes were
obzerved in birds of the family Hirundinidae. 54.7 9 of these exelusive insectivores
were invaded by 7 species, 6 of which belonged o the family Dilepididae and 1 to
the fumily Hvmenolepididae. All 6 species of the family Dilepididae are typical
parasites of the family Hirundinidae. (Tub. 5). Although <ome of them have

Table 5. Composition ol the cestade faana ol birds of the family Hirandinidae i Czechosiovakin

| g g =
‘b ‘- N
! ¥ -= =
: 3 : S
’ ) i ~ = . . :
3 Cestnde sprecies --E; g = Lasstode lulllll_\'
= = o
= : =
: E z
= & o
1
? Anomotaenia hirandina
: Inomotwenia dehiseens
i Anomotuenin prioeox
| L “l'f!‘pt'tﬁdm'
| Anommuenia orolaviniaty
!
1 Laomotaenin rasticn
|
{ Angulaviella beemu
\ Passerilepis pusseris Hymenolepididar }

oceasionally been found in hosts of other families of the order Passeriformes they
are mo=t often occurring in Hirundinidae. The birds of the family Hirundinidae
can only cateh flying inseets: this seems to be a factor determinating the eomposition
of their cestode fauna, The characteristic composition of the fauna of cestodes
parasitizing the representatives of the family Hirundinidae cannot be judged only
from the phylogenetic aspect without considering the specific composition of
their lood,

The second group most heavily invaded by cestodes are the birds of the family
Turdidae. In our material we found in birds of this family 17 cestode =pecies,
8 species belonging to the family Hymenolepididae, 6 vo Dilepididue and one to
Davaineidae. The most frequent species. occurring in 49.3 ¢ of the birds examined,



Table 6. Comparison of the crstode fauna of birds of the family Turdidee and Sturnidae
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was Dilepis undula. The frequent occurrence of this species is conneeted with its
life eycle. Tts intermediate hosts are Oligochaeta, especially the species Lumbricus
terresiris, a constant component of the food of Turdidae. In some species such as
Turdus merula, T. ericetorum philomelos, T. musicus, the invasions with the cestode
D. undula are as high as 90 °,. Other cestode species (Tab. 6) are less frequent in
birds of the family Turdidae.

The birds of the family Sturnidae are closely related to the Turdidae by the
composition of their food and the way of living. The composition of the (auna of
cestodes of the most frequent species, Sturnus vulgaris, is also similar to that of
the Turdidae, the most frequent cestode is the species Dilepis undula. The extensity
ol the invasions with this parasile in starlings comes up to 43.6 Y.

The composition of the fauna of cestodes in birds of the family Corvidae is also
similar to that of the two foregoiug bird families exeept that the percentage of the
invasions by the cestode Dilepis undula is much lower, while the species Anemotaenia

Table 7. Cestode fuuna of birds of the fumily Fringillidae from Czechoslovakia
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constricia and Variolepis crenata are more frequent. These data correspond with
our knowledge about the feeding habits of the Corvidae which feed much less on
carthworms than the Turdidae and the Sturnidae.

A cestodofauna resembling that of the Hirundinidae has also been found in
birds of the family Paridae which live mostly in trees and feed on insects. Of the
8 cestode species recorded 2 belonged to the family Hymenolepididae, A to Ihlepididae
and 2 1o Paruterinidae. The species Anomotaenia dehiscens and 4. praecox are
typical for the family Hirundinidae, the species Anonchotaenia globata and A. magni-
wterina are vy pical for the family Paridae and Sittidae. The hirds of the latter family
also live in trees and feed on insects and therefore the fauna of their cestodes s
cloxely related to the fauna observed in the birds of the family Paridae. Very
interesting i= the finding of the cestode Anomotaenia hirundina in Sitia europaca.
This cestode was only found in this special host i also many swallows lived in this
locality and il ponds or rivers were nearby. The apparent intermediate hosts of
this cestodes seem to be some flving water inseets. These cestodes are very rare
in birds of the family Fringillidae and Sylviidae, the average pereentage of the
imvasion is only L4, The composition of their cestode fauna resembles the one
described from Turdidae except the species Dilepis undula which does not occur
in them (Tah, 7).

CONCLUSION

The composition of the fauna’ of cestodes, parasitizing birds ol various orders or
families, does not only depend on their phylogenetic relations but also on the way
of living and the composition of their food. Basing on the rich material of cestodes
colleeted from birds in Czechoslovakia we analvsed the influence of the food and
the way ol li\illg on the composition of the fauna of cestodes in some orders or
families of bhirds, Similar food and a similar way of living may account for the
formation of a similar or even identical fauna of cestodes and that even in phylo-
genctically different groups of hosts. On the other hand a different way of living
and different food may be responsible for the formation of a different fauna of
cestodes even when these cestode parasitize only one order of birds. The fauna of
cestodes parasitic in”bhirds of the order Inseriformes resembles that of the Ralli-

Jormes. Both orders are bound to water conditions, Contrary to that the birds of

the order Ralliformes living in swamps have a quite different fauna of ecestodes
although the biotopes of both ccological groups of host< are in elose vicinity. Similar
differences have been observed in birds of the ovders Ciconiiformes and Lariformes
where a diflferent composition of the food resulted in a different fauna ol cestodes
parasitic in them. Quite characteristic is the fauna of eestodes in birds of the family
Hirundinidae (Passeriformes) which [eed prineipally on flying inseets. As to the
speciation and quantity, the richest fauna of cestodes has been obzerved in birds
of the family Turdidae. The most variegated composition of their food faciliates
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the development of a rich fauna of cestodes. The most frequent species encountered
in them is the cestode Dilepis undula: its larva des clops in earthworms which are
the most important food component of birds of the sublamily Turdinae. A very
similar composition of the cestode fanna has been obseryed in birds of the family
Sturnidae in consequence of a much alike mode of living and food composition.

In other families of the order Passeriformes the fauna of cestodes resembles that
of the tamily Turdidae with one exception: the birds of this family are notl parasitized
by the eestode Dilepis undula. It also occurs very seldom in hirds of the faily
Corvidae.

Our investigations have proved that the food and its composition constitutes
a very important factor in the formation of the fauna of bird cestodes conlirming

thus the conclusions of DocEr on this subjeet.
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