THE TAXONOMY OF THE FAMILY PARAMPHISTOMIDAE FISCHOEDER, 1901
WITH SPECIAL REFERENCE TO THE MORPHOLOGY OF SPECIES

OCCURRING IN RUMINANTS

Salcedo Lubuangen Eduardo

D.V.M., M.Sc. (Philippines)

Thesis submitted for the degree of Doctor of Philosophy

London School of Hygiene and Tropical Medicine

University of London

1980



ABSTRACT

The thesis consists of two main sections and deals with
taxonomic studies of the family Paramphistomidae Fischoeder, 1901,
The first section reviews the various schemes of classifi-
cation published for the group. The various characters both
morphological and histological, employed in the classification
of members of the family are discussed and assessed. The value
of tegumental papillae as specific characters is recognised and

scanning electron micrographs of the different types observed on

the anterior end of some species are provided.
The second section 1s the systematic part and deals with
discussion of ten genera occurring mainly in ruminants. The

history of each genus is given and the species are described,

1llustrated and their synonymies discussed. The genus Paramphi-

tomum Fischoeder, 1901 is redefined and only nine species,
including one as new are considered valid., The genera Liorchis

Velichko, 1966 and Srivastavaia Singh, 1970 are synonymized with

Paramphistomum Fischoeder, 1901, The genus Calicophoron Nismark,

1937 is redefined and revised to contain only 12 species some
of which in new combinations. The genus Bothriophoron (Stiles

and Goldberger, 1910) Grétillat, 1958 is considered a synonym of

Calicophoron Nidsmark, 1937, The genus Gigantocotyle Nismark, 1937

is redefined and contains only four valid species. The subgenus
Explanatum Fukui, 1929 is raised to full generic rank, redefined

to contain only three valid species, The genus Cotylophoron

Stiles and Goldberger, 1910 is revised to contain only seven

valid species, The genus Orthocoelium (Stiles and Goldberger,



1910) Price and McIntosh, 1953 1is revised, only nine species are
considered valid and two new species are added, one of the latter
is appended as a publication, The genera Ceylonocotyle Nasmark, 1937

and Cochinocotyle Gupta and Guta, 1970 are considered synonyms of

Orthocoelium (Stiles and Goldberger, 1910) Price and McIntosh, 1933,

Two new genera are erected and appended as publications, These

are Bilatorchis which contains a single species described as new

and Leiperocotyle which contains three specles, two in new

combinations and one as a nomen novum, Of the three species

assigned to the genus Stephanopharynx Fischoeder, 1901 only one,
S. compactus Fischoeder, 1901 is considered valid. The one and
only species of the genus Balanorchis, B. anastrophus Fischoeder,
1901 is redescribed, illustrated and for the first time, its
histological features are elucidated, Keys to the species of the
above genera are provided and scanning electron micrographs of
the tegumental surfaces of some species are shown, The zoo-
geographical affinities of the paramphistomids of ruminants are

discussed and a list of the hosts and localities of the species

1s given,
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Calicophoron raja, SEM of the tegumental surfaces
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Orthocoelium orthocoelium, acetabulum, pharynx
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Orthocoelium streptocoelium, sagittal view

Orthocoelium streptocoelium, acetabulum, pharynx

and terminal genitalium in median sagittal section

Orthocoelium dicranocoelium, SEM of the tegumental

surfaces
Orthocoelium dicranocoelium, ventral and sagittal view

Orthocoelium dicranocoelium, acetabulum, pharynx and

terminal genitalium

Orthocoelium scoliocoelium, SEM of the tegumental

surfaces
Orthocoelium scoliocoelium, ventral and sagittal view

Orthocoelium scoliocoelium, acetabulum, pharynx and

terminal genitalium
Orthocoelium parvipapillatum, sagittal view

W

Orthocoelium parvipapillatum, acetabulum, pharynx and

terminal genitalium

Orthocoelium parvipapillatum, pharynx and terminal

genitalium
Orthocoelium dawesi, ventral and sagittal view

Orthocoelium dawesi, acetabulum, pharynx and terminal

genitalium

Orthocoelium gigantopharynx, SEM of the tegumental

surfaces

Orthocoelium gigantopharynx, ventral and sagittal view

Orthocoelium gigantopharynx, acetabulum, pharynx and

- el e -l

terminal genitalium in median sagittal section

Orthocoelium gigantopharynx, SEM of the internal

surface of the pharynx



FIGURE 156

157

158

159

160

161

162

163

164
165

166

167

168
169

170

17

Orthocoelium dinniki n. sp., SEM of the tegumental

surfaces
Orthocoelium dinniki n. sp., ventral and sagittal view

Orthocoelium dinniki n. sp., acetabulum, pharynx and
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surfaces

Stephanopharynx compactus, ventral and sagittal view
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terminal genitalium in median sagittal section
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The family Paramphistomidae

The family Paramphistomidae was established by Fischoeder
(1901, 1902, 1903) for two new subfamilies, Paramphistominae
and Cladorchiinae. Stiles and Goldberger (1910) erected the
superfamily Paramphistomoidea and assigned to it three families,
Paramphistomidae Fischoeder, 1901; Gastrodiscidae and
Gastrothylacidae, the latter two were established as new families.

They restricted the family Paramphistomidae Fischoeder, 1901 to

contain the subfamilies Paramphistominae Fischoeder, 1901;
Cladorchiinae Fischoeder, 1901 and Diplodiscinae Cohn, 1904.
Since then several additions and changes to the structure of the
family have taken place, The major systems of classification
proposed by various authors for the group apart from those of
Fischoeder (1901-~1903) and Stiles and Goldberger (1910) are those
of Stunkard (1917, 1929), Maplestone (1923), Fuhrmann (1928),
Fukui (1929), Travassos (1934), Nasmark (1937), Southwell and
Kirshner (1937), Szidat (1939), Skrjabin (1949), Yamaguti (1958,
1971) and Baer and Joyeux (1961). These are summarized in the

following charts,
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As shown in the charts, opinion vary greatly respecting the
scope and subdivision of the family, This is because these authors
differ widely which characters to consider of family, subfamily or
generic value, Fufthermore, some systems were based not on
extensive and critical examination of specimens but only on
analysis of already published works,

Of the above systems, it appears that no single system in
itself is entirely satisfactory. The system proposed by Yamaguti
(1971) however is the most comprehensive and it will be followed
to a large extent in this work, The ten genera and their synonyms

in this study are therefore arranged as follows:

Paramphistomoidea
Paramphistomidae
Paramphistominae Paramphis tomum

(Syn.: Liorchis, Srivastavaia)

Calicophoron
(Syn.,: Bothriophoron)

Gigantocotyle

Explanatum

Cotylophoron
Orthocoeliilnae Orthocoelium

(Syn.: Ceylonocotyle,
Cochinocotyle)

Bilatorchis

Leigeracotzle

Stephanopharynginae Stephanopharynx
Balanorchiinae Balanorchis

(Syn.: Verdunia)
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The family Paramphistomidae Fischoeder, 1901 is a large
assemblage of species parasitizing almost all groups of vertebrates.
Majority of those affecting mammals occurs in ruminants and has
been the cause of f;tal outbreaks among domestic ruminants, The
disease caused by members of the group has been reviewed recently
by Horak (1971),

It is already well documented that importation of animals
as new stocks or for improving local stocks and exotic animals
for Zoo display has resulted in the introduction and consequently
establishment of some helminth parasites in new environments.,
Members of the family Paramphistomidae are no exception, Although
their establishment in a new environment depends largely on the
presence of suitable intermediate hosts and favourable climatic
conditions, in areas where these factors are present, their
establishment is insured., The species Calicophoron raja is
common among domestic and wild ruminants in Africa south of the
Sahara and it is known only in that continent, In this work however,
examination of several specimens of amphistomes from cattle from
various localities in Cuba sent to Dr, L.F. Khalil of the
Commonwealth Institute of Helminthology by Dr. Prokopic showed
C. raja to be the predominant species in the collection., It is
possible that the species which is strictly African in distribution
has been introduced to Cuba through importation of domestic
stocks and because of the favourable climatic condition and the

presence of a suitable intermediate host, has established itself

in the island,
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Importance of morphological and histological characters in the

classification of paramphistomid trematodes

The classification of paramphistomid trematodes has been based
largely on morphological and histological features, The value
attached to these characters by various authors varied considerably
which resulted in differences of opinion as to the composition and

arrangement of species and genera within the family and status of

some species. The characters employed are discussed below:
Morphological characters:

BODY SHAPE AND SIZE

The majority of the members of the family are conical in shape
but others are dorso-ventrally flattened. 1In both forms however,
the shape may be altered to some degree from short and broad to
more elongate depending on the state of relaxation of the worm
during fixation. As a consequence, the size of the body may also
be altered., Nasmark (1937) has placed great emphasis on shape in
distinguishing species of the genus Cotylophoron since he separated

those forms exhibiting great breadth of body in relation to body

length from those with long and conical body,
Some species have also been established and separated from
closely allied ones mainly on body size. Buxifrons maxima Nidsmark,

1937 and Stephanopharynx secundus Stunkard, 1929 are separable

only from Buxifrons buxifrons (Leiper, 1910) and Stephanopharynx

compactus Fischoeder, 1901 respectively because of their larger

size, It has been demonstrated however that body size and

therefore body length vary greatly even in the same species and
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are affected by various factors 1like age and density of infection,

#

site of attachment in the host, species of host and difference 1n
the rate of growth even among species of the same age group.

Horak (1967) has deﬁonstrated experimentally that in Paramphistomum
microbothrium, the worm grew larger and migrated more rapidly in
cattle than in either sheep or goats. In cattle, the worms
attached to the anterior ruminal pillar were larger than those
attached to the posterior ruminal pillar while the reverse is true

in sheep., Size also varied between light and heavy infections and

the total body length showed the greatest range of variation.

In the same species, Dinnik and Dinnik (1954) have also shown that
specimens recovered from experimentally infected cattle and goats
were much smaller in the latter than in the former. Crowding effect
has also been observed to have a definite effect on the size of
Zygocotyle lunatum, an amphistome of birds (Willey, 1941) and in

two species of the related family Gastrothylacidae, Fischoederius

elongatus and Gastrothylax crumenifer (Tandon, 1973).
Paramphistomids have the ability to extend and contract their
bodies so that their length after fixation is determined by the
state of relaxation during fixation and the kind of fixative used
may also influence the degree of shrinkage. It is clear that size
1s influenced by several factors and therefore is not reliable,
Shape on the other hand can be taken into account when fixation

is satisfactory but there is a need of caution in attaching so

much value to it,
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SIZE OF ACETABULUM AND PHARYNX
The size of acetabulum and pharynx has been considered by
Ndsmark (1937))in combination with other characters, an important

character at the generic level and has formed the basis of the

erection of the genera Gigantocotyle and Macropharynx. Yamaguti

(1958, 1971) has considered acetabular size of subgeneric value

while accepting pharyngeal size of generic value, Horak (1967)

has shown experimentally that in Paramphistomum microbothrium,

while the total body length showed the greatest range of variation,
acetabular measurement exhibited considerably smaller ranges of

of variation. He concluded that acetabular measurement appears
to be a more accurate indication of size than body length., The
present study has also shown that the acetabulum is characteris-

tically large and prominent in the genera Gigantocotyle and

Explanatum and both are readily distinguished from other genera

by this character., The acetabulum and pharynx are strong muscular
organs and their rigidity makes tham stable structures which are
least subject to deformation of the body as a result of contraction
and relaxation of the specimens at the time of fixation, They can
be employed as characters by indicating thelr sizes in relation to
each other as ratio. Some authors however 1like Nasmark (1937),
Gupta (1951), Gupta and Gupta (1970) and Lee and Lowe (1971) while
taking their sizes into account have related them to that of the
body length, a character already explained earlier as very variable.
The histological feature of the acetabulum and pharynx has also
been shown by Ndsmark (1937) and subsequent authors as an ilmportant
taxonomic feature and this is discussed under histological

characters.

o



40

The presence or absence of pharyngeal pouches or diverticula
is a very important taxonomic character at the generic level.
The genera Stephanopharynx and Balanorchis are characterized by
the presence of a single but large pharyngeal pouch and smaller
but paired diverticles respectively. Both genera are readily
separable from the majority of genera occurring in ruminants which

are characterized by the absence of these structures,

THE OESOPHAGUS AND CAECA

The length of the oesophagus, although always given in species
description, has no taxonomic value because of its ability to
contract and extend. The muscular development of its wall and the
lining of its internal surface are important features and these
are discussed under histological characters.,

The caeca in the paramphistomids, like the majority of

digenetic trematodes consist of two blind tubes which run along

the sides of the body. The nature and course of the caeca and the
direction of their blind ends have been included by Fischoeder
(1903) among the characteristics of several Paramphistomum species
separated from P, cervi. Stiles and Goldberger (1910) has also
employed them as one of the criteria in separating subgenera and
species within the family, On the other hand, Maplestone (1923)
and later Fukui (1929) maintained that both the degree and the

point of termination of the caeca are variable within each species

/

and that they cannot be used as reliable characters on which to
separate species, Nismark (1937) however has shown that the
materials which Maplestone referred to as P. cervi actually
consisted of several species, thus the different forms of caeca,

but he did not include caecal features in his brief diagnosis
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of species in the revision of the family. Several authors have
shown that the convolution of the caeca and the direction of their
blind ends are constant and characteristic features of the

following species they have examined: Paramphistomum microbothrium

Dinnik, 1954; Dinnik and Dinnik, 1954; Reinhardt, 1969 and Sey

and Vishnyakov, 1976), P. sukari, P, phillerouxi and P. sukumum

“ _

(Dinnik, 1954, 1961, 1964), P, daubneyi (Dinnik, 1962; Sey, 1974),
Bilatorchis papillogenitalis and Leiperocotyle okapi (Eduardo, 1980a,

19800) v

The present study has also shown that in the majority of
species examined, the character of the caeca is a useful diagnostic

feature that could be used to support other features in specific

identification,

THE ORGANS OF THE GENITAL SYSTEM

The arrangement of the genital organs in the body and their
shapes and relative sizes are characters widely used not only in
the family Paramphistomidae but also in other digenetic trematode
families. Fukui (1929) claimed that the arrangement of the testes
among amphistomes is more or less constant in a specles and gave
four types of testicular arrangements namely: tandem, side by side,
obliquely tandem and dorso-ventrally oblique. Stiles and Goldberger
(1910) have also utilized arrangement, position and size of the
testes in relation to other organs in erecting new species and in
their key to the species of the genus Paramphistomum, Mukherjee
and Chauhan (1965) have also employed the same characters in
separating species of the genus Ceylonocotyle, Prudhoe (1957)

however has observed that the majority of the specimens of
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Cotylophoron cotylophorum he examined has testes which are
disposed in tandem but in very contracted ones they may be .
arranged diagonally. It was observed in this work that there are
two distinct testicular arrangements among the species examined,
tandem and horizontal, Tandem arrangement may vary from directly
to obliquely (diagonal by some authors) tandem while horizontal
may become slightly oblique when specimens become distorted due

to poor fixation., In eilther case, it is very important to examine

several specimens to be able to determine the normal testicular
arrangement and any slight deviation should be interpreted as
variation due to fixation and other factors. The presence or
absence of lobulation in the testes is an important feature among
species in this group. Majority of the species occurring in
ruminants has lobed testes but some like Paramphistomum liorchis
and Balanorchis anastrophus have unlobed testes. Dinnik (1954,
1961, 1962, 1964) has attempted to count the number of testicular
lobes by including it in describing his species. The writer has
also tried to count the number of testicular lobes in specimens
examined here but it seems impractical, It is very difficult to
accurately count the number of lobes because of the size and
thickness of the worms. 1In sections, it is more difficult to follow
where lobulation starts and where it ends. In view of this,
lobulation can only be expressed as deep or strong, shallow or just
indented,

The development of the pars musculosa is already an established
character of generic importance in combination with other features.
Fischoeder (1902, 1903) first employed it by subdividing species

of the genus Paramphistomum into groups. Yamaguti (1971) and
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Eduardo (1980c¢) employed it in separating genera of the subfamily
Orthocoeliinae and also in the present work of the subfamily
Paramphistominae. The presence or absence of a cirrus pouch is
also an important taxonomic character. Within the scope of this
work, only the genus Balanorchis is characterized by a cirrus
pouch,

The position of the ovary in relation to the testes when in
combination with other characters 1s an important feature in
some genera. The majority of the genera examined here have ovaries
and Mehlis' glands which lie posterior to the testes but in the
genera Bilatorchis and Balanorchis, these organs are in between
the two testes which are horizontal and far apart, In the related
family Gastrothylacidae, the genera Carmyerius and Gastrothylax
are separable from Fischoederius by the same kind of testes/ovary
and Mehlis' gland arrangement. The size of the ovary in relation
to the testes in all species examined here 1s consistently smaller
except in only one species, Cotylophoron bareilliense where the
reverse 1s true. The extent and shape of the vitelline follicles
have been included in previous descriptions of amphistome species
but one aspect has been overlooked, i.e. whether the vitellaria
are confluent or not., The present work has shown that this
character is of specific value and could be used to separate some
species in a genus., Vitellaria may either be confluent or not.,
If confluent, it is either only anteriorly (Paramphistomum
ichikawai, P, hiberniae) or only posteriorly (Gigantocotyle
gigantocotyle, G, symmeri, Leiperocotyle congolense) or both

(Cotylophoron panamensis). The presence or absence of Laurer's

canal crossing the excretory vesicle or duct is already a recognised
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character at the subfamily level and it is employed to separate

the Paramphistominae and Orthocoeliinae.

The exact position of the genital pore on the ventral surface
in relation to the upper parts of the digestive tract, i.e.
pharynx, oesophagus and its bifurcation has been utilized by
some authors in separating species, The genital pore however
varies in position at various points in this region depending on
the degree of contraction or relaxation during fixation. The
presence of a genital sucker in combination with other characters
is an important feature of some genera and has formed the basis

of the erection of the genera Cotylophoron and Leiperocotyle.

TEGUMENTAL PAPILLAE

Some previous authors have observed and included in their
description of some paramphistomid species the occurrence of
tegumental papillae but their value in taxonomy has never been
seriously considered. Fukui (1929) first pointed out the value of
these structures in the identification of species in the group.
He maintained that in the Paramphistominae, small papillae are
almost always present especially around the oral aperture and
their distribution differs in different species, These papillae
are relatively large in Paramphistomum gotoi and P. explanatum,
Other authors have also observed the preéence of tegumental
papillae either around the oral end or on the wall of the genital
atrium in some species of paramphistomids they have examined,
among them are Fischoeder (1903),.Stiles and Goldberger (1910),
Leiper (1910), Dollfus (1950), Dinnik (1961, 1962, 1964) and

Velazquez~Maldonado (1976). 1In all the above however, observation
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was made under light microscopy, hence the exact nature and type
of papillae present were not established.

The use in recent years of scanning electron microscopy in
describing surface topography of helminth parasites has become
increasingly useful. Many species of other digenetic trematodes
have been examined by this method. In the superfamily Paramphi-
stomoidea however, as far as the writer is aware, only four species
have been examined by this method, Megalodiscus temperatus (Morris,
1973 Nollen and Nadakavukaren, 1974), Bilatorchis papillogenitalis,

Orthocoelium indonesiense and Leiperocotyle okapi (Eduardo, 1980a,

1980b, 1980c¢c).

The enormous collection of amphistomes at the writer's
disposal has afforded the opportunity to examine many species
where sufficient number and suitable material were available under
the scanning electron microscope. The results are discussed below
and the microphotographs accompany the description of each species
in the systematic section of this work.

Majority of the species examined by the above method revealed
the presence of surface structures which are termed here tegumental
papillae, It has been observed that the occurrence, distribution
and type of these tegumental papillae appear to be consistent in the
same species even in specimens from various hosts and localities and
of different ages. Many species examined here were from various
hosts and localities., In addition, among the numerous specimens
of Calicbghoron microbothrium were two iots, each was of a different
age (124 days and three years old) and both were recovered
experimentally (Dr. J,A. Dinnik's feeding experiment). In all the

above material, each species even from various sources revealed
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consistently the same type and distribution pattern of tegumental

papillae. Tegumental papillae when present were observed to occur

on four different areas of the body namely, around the oral

opening, around the genital pore region, on the wall of the genital
atrium and around the acetabular opening, They occur either only

on a single area or on various possible combinations of the four
areas, It was also observed that the papillae around the acetabular
opening are always fewer, smaller and randomly arranged, Those

on the wall of the genital atrium are larger and very closely packed,
Those around the genital pore region usually are extension of those
around the oral opening and therefore are of the same type and size

as the latter. MNowever, in Calicophoron microbothrioides, C, sukari

and Stephanopharynx compactus, those around the genital pore region
are distinctly much larger than those around the oral opening while
the reverse is true in Calicophoron raja. The papillae around the
oral opening proved very interesting. They varied in form and
structure among different species but appeared to be consistent
among specimens of the same species, Six types of papillae on this
region were observed and only one type occurred in a particular
species. The six types are as follows and are illustrated in the
accompanying microphotographs (Figs., 1-3): a) Dome to conical
non-ciliated papilla; b) Dome to conical ciliated papilla: ¢) Short
and stumpy papilla covered with hair-like processes; d) Long non-
branching and non-ciliated papilla; e) Long papilla with simple
uniciliated branches; and f) Long papilla with bulb-like
multiciliated branches. The first type is the most common and

was observed in the majority of species examined,
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The occurrence of the above types of anterior papillae among
the different species examined including those non-ruminant
forms not treated in the systematic part is given in the
accompanying list. As shown above, tegumental papillae (their
occurrence, distribution and type) appear to have some
taxonomic value and can be employed to support other characters

in the specific identification of some mammalian amphistomes,
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Types of anterior papillae and their occurrence among the

different species examined

a). Dome to conical non-ciliated papilla

Calicophoron calicophorum Orthocoelium dinniki n.sp.
C. clavula 0. gigantopharynx

C. daubneyi 0. indonesiense

C. microbothrium 0. scoliocoelium

C. microbothrioides Paramphistomum epiclitum
C. phillerouxi P. gotol

C. raja P. hiberniae

C. sukari P. ichikawai

C. sukumum P. leydeni

Cotylophoron cotylophorum P. liorchis

C. panamensis Stephanopharynx compactus

Gigantocotzle symmeril

b). Dome to conical cilia<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>