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Abstract Although monogeneans of anurans are gener-
ally regarded as host-speci®c, there is a lack of conclusive
experimental evidence. Infection and cross-infection
experiments were conducted with oncomiracidia of
Polystoma australis and P. marmorati. In a series of
experiments, oncomiracidia were given a choice between
natural and substitute host tadpoles. Oncomiracidia of
P. australis became established in substitute hosts but
showed a preference for the natural host, whereas the
oncomiracidia of P. marmorati showed a strong and
statistically signi®cant preference for the natural host.
The results indicated that although the oncomiracidia of
southern African polystomes showed a strong preference
for their natural hosts, not all parasites exercised the
same degree of host speci®city.

Introduction

Monogeneans are primarily parasites of poikilotherm
vertebrates. The vast majority are parasitic on freshwa-
ter and marine ®shes, establishing themselves on the
body surface or gills or even in the intestines of their
hosts (Prudhoe and Bray, 1982). As adults, monogene-
ans of amphibians are found in the urinary bladder,
mouth, stomach, or intestine or on the body surface of

post metamorphic frogs, tadpoles, and salamanders
(Prudhoe and Bray 1982).

Monogeneans of ®sh are known to be remarkably
host-speci®c. Although monogeneans of amphibians
appear to be highly host-speci®c, experimental evidence
is insu�cient and several researchers have emphasized
the need for experimental studies on the host speci®city
of Monogenea (e.g., Hargis 1953, 1957; Llewellyn 1957;
Tinsley 1974, 1978; Lambert 1981; Kok and Du Preez
1987).

Combes (1966, 1968) was the ®rst investigator to
point out the high degree of host speci®city among Eu-
ropean polystomes on the basis of experimental studies.
He conducted experiments with Polystoma integerrimum
in Rana temporaria, P. pelobatis in Pelobatis cultripes,
and P. gallieni in Hyla meridionalis. Attempts to transfer
these species to tadpoles of the wrong host were un-
successful. At that stage, no attempt had been made to
study host speci®city among polystomes in Africa and in
1974, Tinsley stated that ``the essential experimental
studies of host speci®city are at present lacking....''
Shortly after this, Bourgat and Salami-Cadoux (1976)
reported on the ®ndings of the ®rst experimental studies
on host speci®city involving African polystomes. They
showed that P. africanum, which occurs naturally in
Bufo regularis, could become established in tadpoles of
the substitute hosts R. galamensis and Hylarana al-
bolabris but that the parasites survived for only a few
days, thus pointing strongly toward strict host speci®city
in this case. Kok and Du Preez (1987) conducted some
infection and cross-infection experiments with P. aus-
tralis. These were the ®rst attempts at experimental
investigation of the host speci®city of polystomes from
Africa since the work of Bourgat and Salami-Cadoux
(1976). The results of that study emphasized the com-
plexity of host-parasite associations within the African
anuran polystomes and the need for further experi-
mental studies on host speci®city. On the basis of the
verdicts of previous results and our own observations,
we hypothesized that under experimental conditions,
polystomes would establish better in natural hosts than
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in substitute hosts but that not all polystomes would
exercise the same degree of host speci®city. A series of
experimental infections with infective stages of southern
African polystomes and tadpoles of their natural and
substitute hosts were conducted to test our hypothesis.

Materials and methods

Experimental infection

Oncomiracidia of Polystoma australis and P. marmorati were used
in infection and cross-infection experiments with 11 species of
tadpoles (see Tables 1, 2). Tadpoles available for this study were
those of the natural hosts of the parasites used in this study, some
from anurans known to harbor other species of polystomes and
some from anurans not presently known to harbor polystomatid
parasites.

Parasite eggs were obtained from infected adult hosts housed
individually in 600-ml jars containing 50 ml of dechlorinated tap
water. Eggs were collected by sieving of the water from the jars
through plankton netting with a mesh size of 112 lm. Eggs were
then kept in 25 ml of dechlorinated tap water in small petri dishes
and hatched after 10±12 days.

Experiments were conducted as follows. Ten active onco-
miracidia were placed in each of three 100-ml plastic containers (A,
B, C), in each case with 25 ml of dechlorinated tap water. Two
tadpoles of the natural host species were transferred to container A;
two tadpoles of a substitute host species, to container C; and one
tadpole each of both the natural and the substitute host species, to
container B. Tadpoles of similar size were used as far as possible.
Five repetitions were used in each trial when the availability of both
parasite and host material allowed it. After 24 h, tadpoles were
transferred to larger containers. Tadpoles were dissected after 5
days to determine the success of parasite establishment. Mean
numbers and the location of parasites were registered and tadpoles
were identi®ed as follows: Nh in A, natural host tadpoles in con-
tainer A; Nh in B, natural host tadpole in container B; Sh in B,
substitute host tadpole in container B; and Sh in C, substitute host
tadpoles in container C.

Statistical analysis

A Kruskal-Wallis test was used to test for di�erences among all
samples, followed by the Games and Howell test to determine
speci®c signi®cant di�erences between pairs of samples. In cases

where parasites did not become established, variances were equal to
nil and the Games and Howell procedure could not be followed. In
these cases the Kruskal-Wallis test was used to indicate di�erences
between two samples (Sokal and Rohlf 1981). Probability values
(P) of less than 0.05 were regarded as signi®cant.

Results

Polystoma australis

When given a choice between tadpoles of its natural host
Semnodactylus wealii and a substitute host, Bufo gut-
turalis (container B), or simply the opportunity to infect
one host without choice (container A or C), P. australis
became established in both the natural host tadpoles and
the substitute host tadpoles with equal success (Table 1).
When substitute host tadpoles of Natalobatrachus
bonebergi were used, oncomiracidia established equally
well in both natural and substitute host tadpoles if no
choice was given (container A or C). When given a
choice (container B), more oncomiracidia established in
the natural host tadpoles (Table 1), but the di�erence
was not signi®cant. When substitute host tadpoles of
Hyperolius marmoratus were used, more oncomiracidia
became established in natural host tadpoles and hardly
any oncomiracidia established in the substitute host
tadpoles (Table 1). The di�erence was signi®cant.

P. marmorati

In all experimental infections conducted with onco-
miracidia of P. marmorati the pattern of establishment
in the natural host H. marmoratus (container A) was
very similar. Oncomiracidia readily became established,
with numbers averaging between 2.5 and 3.9 onco-
miracidia/host tadpole (Table 2). When given a choice
between the natural host and a substitute host tadpole
(container B), more tadpoles became established in the
natural host tadpoles, and for all but Rana angolensis

Table 1 List of substitute hosts used in experiments with Poly-
stoma australis, numbers of tadpoles used in each experiment, and
mean numbers of P. australis oncomiracidia established in natural
host tadpoles (Semnodactylus wealii, Nh in A and Nh in B) as

opposed to tadpoles of substitute hosts (Sh in B and Sh in C).
Di�erent lower-case alphabetical letters (a, b) indicate statistically
signi®cant di�erences

Hosts Sample size (tadpoles) Mean number of parasites

Nh in A Nh in B Sh in B Sh in C Nh in A Nh in B Sh in B Sh in C

S. wealii 10 5 1.9 2.2
Bufo gutturalis 5 10 1.8 1.5

a a a a

S. wealii 10 5 2.8 3.8
Natalobatrachus bonebergi 5 10 1.0 2.1

a a a a

S. wealii 10 5 3.0 4.6
Hyperolius marmoratus 5 10 0.2 0

a a b b
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the di�erence was statistically signi®cant. No onco-
miracidia of P. marmorati became established in
tadpoles of Xenopus laevis, B. rangeri, H. pusillus
(Table 2). When substitute host tadpoles were used
(container C) the same phenomenon was observed for all
species. Very few oncomiracidia became established,
with numbers averaging between 0 and 1.9 onco-
miracidia/host tadpole (Table 2). As compared with the
pattern of establishment in natural hosts (container A)
the di�erence was signi®cant for all species but Ca-
costernum boettgeri (Table 2).

Discussion

The results of the present study demonstrate that
oncomiracidea of both Polystoma australis and
P. marmorati show a preference for their natural host
tadpoles. Although oncomiracidia of P. australis showed
a preference for the natural host, a substantial number

nonetheless became established in substitute hosts. In-
fection and cross-infection experiments with P. marmo-
rati, on the other hand, revealed a signi®cant preference
for the natural host, and hardly any parasites became
established in the substitute hosts.

All of the results as described above were obtained
from infections induced under laboratory conditions.
Tadpoles were exposed to abnormally high numbers of
oncomiracidia in small volumes of water, thus forcing
repeated contact between oncomiracidia and tadpoles.
Du Preez et al. (1997) have reported that host speci®city
among southern African polystomes is determined by
host recognition during ®rst contact between the para-
site and the potential host tadpole. They found that if
the oncomiracidium would make contact with a substi-
tute tadpole, the parasite would not normally remain on
the tadpole.

Under natural conditions in the eastern Free State,
P. australis infects two anuran hosts, namely, Semno-
dactylus wealii and Kassina senegalensis. Kok and Du

Table 2 List of substitute hosts used in experiments with P. mar-
morati, numbers of tadpoles used in each experiment, and mean
numbers of P. marmorati oncomiracidia established in natural host
tadpoles (Hyperolius marmoratus, Nh in A and Nh in B) as op-

posed to tadpoles of substitute hosts (Sh in B and Sh in C ). Dif-
ferent lower-case alphabetical letters (a, b) indicate statistically
signi®cant di�erences

Hosts Sample size (tadpoles) Mean number of parasites

Nh in A Nh in B Sh in B Sh in C Nh in A Nh in B Sh in B Sh in C

H. marmoratus 12 7 3.9 4.1
Xenopus laevis 7 12 0 0

a a b b

H. marmoratus 10 5 3.1 1.6
Bufo rangeri 5 10 0 0

a a b b

H. marmoratus 8 4 3.6 5.0
Rana angolensis 4 8 2.5 1.4

a a ab b

H. marmoratus 9 4 3.6 4.8
Cacosternum boettgeri 4 9 1.0 1.9

a a b ab

H. marmoratus 10 5 2.6 3.4
Strongylopus fasciatus 5 10 0.2 0

a a b b

H. marmoratus 28 14 3.4 4.4
Natalobatrachus bonebergi 14 28 0.6 0.9

a a b b

H. marmoratus 12 7 3.0 3.0
Semnodactylus wealii 7 12 0.1 0.3

a a b b

H. marmoratus 10 5 3.1 3.6
Kassina senegalensis 5 10 0.2 0.4

a a b b

H. marmoratus 12 5 2.5 1.8
H. pusillus 5 12 0 0

a a b b

560



Preez (1987) con®rmed this during infections induced
under experimental conditions. S. wealii apparently
supports the larger part of the natural P. australis supra
population, but at localities where the two hosts occur
together, P. australis become established in both host
species with equal success (Du Preez, unpublished
observations).

Under experimental conditions, Kok and Du Preez
(1987) successfully established P. australis in pre- as well
as postmetamorphic Natalobatrachus bonebergi substi-
tute hosts. In all, 2 groups of 5 and 4 N. bonebergi
tadpoles were exposed to 5 and 20 P. australis
oncomiracidia/tadpole, respectively. In the ®rst group
the tadpoles varied in age between 15 and 30 days and
were premetamorphic. Three tadpoles from this group
became infected, but the neotenic parasites were poorly
developed. In one tadpole a parasite started to produce
eggs after 16 days, but at a very slow rate as compared
with the neotenic parasite in natural host tadpoles (Kok
and Du Preez 1987). In the second group of four tad-
poles, all within days of the onset of metamorphosis,
predestined bladder parasites became established and
bladder parasites were recovered from two of the three
surviving postmetamorphic frogs. Three parasites were
recovered from one frog at 8 days after metamorphosis
and one parasite was recovered from the other frog on
day 28, when the host died.

The pattern that emerges is therefore one of host
speci®city for both P. australis and P. marmorati, ex-
pressed both in the behavior of the infective stages (Du
Preez et al. 1997) and in their establishment in host
tadpoles (present study). Host speci®city is evidently
stronger in P. marmorati than in P. australis, which can
be deduced from experimental infections (Kok and Du
Preez 1987; present study) and from the occurrence of
P. australis in two host species under natural conditions.

Combes and Channing (1979) accepted a high degree
of host speci®city as the rule for all polystomes but
stated that exceptions to this rule could occur, although
this was considered to be unlikely. Murith (1982)
claimed that substitute host species could support nei-
ther the development of predestined bladder parasites
nor the establishment of parasites in the urinary bladder
of postmetamorphic substitute hosts. The experimental
establishment of P. australis in postmetamorphic
N. bonebergi (see Kok and Du Preez 1987) and the
natural establishment of P. australis in K. senegalensis
contrast sharply with Murith's (1982) ®ndings. Al-
though the infestation of N. bonebergi was carried out
under experimental conditions, one could argue that if
this is possible under laboratory conditions, there is also
the possibility that it can occur under natural condi-
tions.

This phenomenon, i.e., that not all polystomes exer-
cise the same degree of host speci®city, could explain the
recording of P. aethiopiense from three di�erent host
species, namely, Rana angolensis, Bufo regularis, and
Ptychadena mascareniensis (cf. Tinsley 1974); P. ga-
bonensis from three host species, namely, R. albolabris

(cf. Euzet et al. 1966), R. amnicola, and R. longipes (cf.
Murith et al. 1978); P. grassei from three host species,
namely, Leptopelis calcaratus (cf. Euzet et al. 1966),
L. hyloides (cf. Maeder 1973), and L. occelatus (cf.
Murith et al. 1978); P. llewellyni from two host species,
Afrixalus leptosomus (cf. Euzet et al. 1974) and A. fu-
lvovittatus brevipalmatus (cf. Murith et al. 1978); and
P. ragnari from two hosts, Phrynobatrachus alleri (cf.
Maeder et al. 1970) and P. acraensis (cf. Bourgat 1977).
On the other hand, careful reexamination of these par-
asites and cross-infection experiments may reveal strict
host speci®city and demonstrate that some of the known
polystomes represent more than one species.

As a conclusion to our studies we can state that the
polystomes used in this study are host-speci®c, and we
expect this to be the case for other polystome species as
well. However, not all polystomes exercise the same
degree of host speci®city. A similar phenomenon has
been observed for Diplozoon gracile (Monogenea; Dip-
lozoidae). Le Brun et al. (1986) reported experimental
infections with four species of Diplozoon. D. nipponicum,
D. paradoxum, and D. homoion were found to be strictly
host-speci®c, but D. gracile established and became
mature on substitute hosts, indicating a lesser degree of
speci®city.
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