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SUMMARY

Exploration of the edible cat-fishes, Clarias batrachus
and Heteropneustes fossilis, for their caryophyllidean
fauna revealed that, nine different types of cafyophyllids
parasitize these piscine hosts of north-east India.
While eight of them represent the subfamily Lytocestinae
and belong to the genus Lytocestus, only one represents
the subfamily Djombanginae and belongs to the genus
Djombangia. Out of the eight Lytocestus spp., four,
namely L. indicus, L. birmanicus, L. filiformis and
L. 1longicollis are already known forms representing
new Jlocality record and the remaining four appear new
to science. These have been named as L. ciariae n.sp.;
L. attenuatus n.sp.; L. assamensis n.sp.»and L. hetero-
pneustii n.sp. The validity of the new species has been
discussed.

The spectrum of the parasitic infection was more
diversified in C. batrachus in comparison to H. fossilis
which also shares the same benthic habitat, since only
a single species of Lytocestus was obtained from the
latter, throughout the period of caryophyllidean faunistic

survey.



Scanning électron microscopic studies on the surface
fine topography of L. indicug and D. penetrans, the
two moét commonly occurring types revealed a dense
and uniform covering of microtricﬁés throughout thé
surface of the body, without showing any regional

differentiation with regard to their morphology.

Histochemical studies on L. indicus and D. penetrans,
the two most  apparently pathogenic species, indicates
towards a similarity in the distributional pattern

of the different metabolites betwéen the two species.

While .in both the carbohydrates, proteins and
lipids showed a generalised pattern of distribution
in the tegument, parenchyma, reproductive organs as
well as the scolex gland cells, differences occurred-
with regard to glycogen and 1lipid in the eggs of two
species. The vitelline cell nuclei in the egg of L.
indicus contained a higher concentration of glycogen
than 1lipid, but those in case of D. penetrans had
lesser concentration of glycqgen and higher of 1lipid.
Besides, another distinguishing feature between the
two species 1is that, in the vitelline 1lobes of L.
indicus wusually 3 to 4 patéhes of glycogen masses
were observed whereas in D. penetrans only few cells
of the vitelline 1lobe became vacuolated and stained

positively for glycogen.



DNA concentration appeared to be higher in the

eggs of D. penetrans as compared to L. indicus.

Incidence pattern for the different caryophyllid types
recovered appeared to be species specific. Even for

the most frequently occurring types like L. indicus,

L. birmanicus, L. filiformis and D. penetrans, seasonal

fluctuation was distinct. While there occurred low
incidence of infection during the summer months, the
peak period of incidence obtained by the different
species was during late winter or early spring months.
Only a single species, L. assamensis n.sp. depicted

its peak during autumn.

The prevalence of infection was more in the male
hosts than in the female host fishes. However, though
host reactions or immunity stimulated by temperature
appears to be responsible for the population dynamics
within the vertebrate host, the general incidence
picture is more a function of temperature than any

other factor.

Based on histopathological changes D. penetrans was
found to be the most highly pathogenic type, producing
large nodules in the intestinal wall as a result of
complete penetration. Like D. pehetrans, L. indicus

is also the burrowing type, but its penetration was



not as deep (i.e., up to the. serosa), as that of D.

penetrans, but was restricted only up to the muscularis
layer. Hence L. indicus is comparatively less pathogenic
causing ulceration of the affected tissue. In- severe
cases of pathogenicity however, hyperplasia of the

muscularis was observed.

Pathogenicity due to multiple infection comprising
several species of caryophyllids was miniﬁum, since
iny the denudation bf the mucosal folds was observed.
Simjilar host reaction was also produced due to L.
assamensis n.sp. infection, which appeared singly
and not alohg with multiple infection and occupied

a considerable length of the intestine.

Thus extent of damage was maximum due to a single
. ~WOorm of D. penetrans and minimum due to multiple

invasion of the caryophyllids.
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PREFACE

The uniqueness of the caryophyllidean cestodes lies in their embodiment of a
single set of reproductive organ within a non-segmented body. Utilising aquatié
oligochaetes as their intermediate hosts, these caryophyllids are well known to
have certain adverse effects on their hosts and are therefore considered to be

economically important pathogens of their piscine hosts.

Caryophyllid fauna of India is yet poorly known. Of the 45 genera of
caryphyllids which includes 126 described species distributed over all the zoogeo-
graphical regions, only 14 species belonging to 9 genera have so far been recorded
from fish hosts (mostly catfishes) in India.

Clarias batrachus and Heteropneustes fossilis, the two most common
food-fish of north-east India are frequently parasitized by the caryophyllid fauna.
The first chapter records the spectrum of caryophyllid species harbouring these
catfishes. A detailed morphological account and morphometric analyses accompany

the description of each species dealt with herein.

Of all the caryphyllid species described herein, scanning electron micro-
scopic studies were carried out for the two most commonly occurring types, Viz.,
Lytocestus indicus and Djombangia penetrans. The second chapter is a brief account
to elucidate the surface fine topography of these parasites.

Cestodes have so far been scantily dealt with from the histochemical
point of view. To obtain an overview of cestode physiology, Lytocestus indicus
and Djombangia penetrans, the apparently pathogenic species of Clarias batrachus
were subjected to histochemical analyses. The third chapter of the present manu-
script deals with the study on histochemical aspects in the two species.

Frequent occurrence of some caryophyllid species and not so common
of others in their piscine hosts logically necessitated the study of incidence pattern
of the various types recovered during the different times of the year. This aspect
of study is dealt with in the penultimate chapter.



(ii]

The economic importance of these fish hosts .under consideration is
naturally high as they constitute a popular diet for a considerable section of human
population in this region of the country. The histopathology of the hosts could
not therefore be neglected. The ultimate chapter notes the extent of damage
at the intestinal tissue level, as caused by these parasites to their fish hosts.
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Chapter I FAUNISTIC STUDIES



INTRODUCTION

Caryophyllids are widely distributed cestodes of
the fresh-water siluriform and cypriniform fishes of the
world. Comprising 126 species and 45 genera, they consti-
tute approximately one-fourth of the cestode fauna of the

fresh~-water fishes (Mackiewicz, 1972).

Caryophyllidean cestodes are unigque in having a
single set of reproductive organs within a non-segmented
body and in utilising aquatic oligochaetes as their inter-
mediate hosts. These cestodes are considered a very ancient
group that originated from acoelate turbellarian larvae
and branched out at the beginning of Paleozoic era as para-
sites of aquatic invertebrates (Kulakovskaya and Demshin,
1978). Although caryophyllids have been known for more
than 200 years, their taxonomy is not yet stable and there
is disagreement regarding the genera and species within
the group. This is because all the workers do not agree
as to whether these unsegmented worms constitute a separate
order or represent a pseudophyllidean family. However,
from the time of their initial discovery, these tapeworms
were being placed in a separate, non-pseudophyllidean,
non-cestodarian group by few authors. Then, with the emergence
of a more stable classification, Leuckart (1878) considered

the group a separate family. Beneden (in Olsson, 1893)



raised its status to the rank of an order Caryophyllidea,
after which Woodland (1923) placed the order within Cestodaria,
a subclass of tapeworms established by Monticelli (1892).
Later, Hunter (1927) treated Caryophyllaeidae as an indepen-
dent family of Pseudophyllidea and he divided it into four
sub--families, viz., Caryophyllaeinae (Nyebelin, 1922) Hunter
1927; Capingentinae Hunter, 1927; Lytocestinae Hunter,
1927; and Wenyoninae Hunter, 1927. Many vyears after this
Wardle and McLeod (1952) raised the family Caryophyllaeidae
to the rank of an order Caryophyllidea and the four sub-
families, to the rank of families. However, there was dis-
agreement regarding acceptance of their view because Fotedar
(1958) followed the claséification of Hunter (1927). Yamaguti
(1959) suggested a single family Caryophyllaeidae under
the order Caryophyllidea and included three subfamilies,
instead of four within it -— Caryophyllaeinae, Lytocestinae
and Capingentinae, the subfamily Wenyoninae having been
considered a synonym of Caryophyllaeinae. Wardle, McLeod
and Radinovsky (1974) retained the four subfamilies of
Hunter (1927) as the families under the order Caryophyllidea.
Mackiewicz (1972) accepted the <classification proposed
by Wardle and McLeod (1952) but he regarded the three sub-
families of Yamaguti (1959) as the only families under
the order Caryophyllidea. Though the systematics of Caryo-
phyllidea is complex, at present the group comprises four

distinct families that have been erected on the basis of



the distribution of testes and vitellaria in relation to
the cortical and medullary 2zones of the body proper (see
Mackiewicz, 1972, 1981a and 1982). These are: Caryophyllaeidae
Leuckart, 1878 (in Luhe, 1910) (= Caryophyllaeinae Nyebelin,
1922; Caryophyllaeinae Hunter, 1927) [includes Wenyoninae
Hunter, 1927 and Wenyonidae Wwardle and McLeod, 1952 fide
Yamaguti (1959), Mackiewicz (1963a)], with small forms
having varying shapes of holdfast, genital pores opening
together on the last quarter of the ventral surface, utero-
vaginal atrium present but within a sphincter muscle, paren-
chymal muscle in two layers, and yolk glands iﬂ the medulla;
Capingentidae Wardle and McLeod, 1952 (= Pseudolytocestinae
Hunter, 1929; Capingentinae Hunter, 1930) the members
which have yolk glands cortical for only one third to one
half of their bulk and the remainder in the medulla; Balano-
taeniidae Mackiewicz and Blair, 1979, having the yolk.glands
and testes disposed in the cortex; and Lytocestidae Wardle
and MclLeod, 1952 (= Lytocestinae Hunter 1927) [includes
Bovieninae Fuhrmann, 1931 and Lallidae Johri, 1959 fide
Mackiewicz (1963a)] which includes forms having vitellaria
disposed in the cortex, testes medullary, holdfast commonly
undifferentiated, cirrus pouch and genital atrium opening
separately, and ovarian wings in the cortex but ovarian
bridges in the medulla. Later Satpute and Agarwal (1980a)
suggested that the family Lytocestidae which accommodated
17 genera and 37 species be redivided into two subfamilies,

viz., Lytocestinae and Djombanginae, the latter having



been erected by these authors as a new sﬁbfamily.

The subfamily Djombanginae shares the characters
of the subfamily Lytocestinae such as cortical vitelline
follicles and medullary testes, but it is distinctly different
from the latter in possessing a feeble sucker at the tip
of the holdfast, in the extension of the uterus throughout
the testicular field and in having embryonated eggs in

the uterus.

Of the various members of the subfamily Lytocestinae,
the genus Lytocestus was erected by Cohn (1908) for the
cestodes from the siluroid host, Clarias fuscus, in Hongkong.
The generic diagnosis was given as: holdfast undifferentiated
and not broader than the body; parenchymal muscles in a
ring around the testes; and no post ovarian yolk glands
present. To the genotype adherens Cohn, 1908, seven more
species have been added to date. They are: L. filifqrmis
(Woodland, 1923) Fuhrmann and Baer, 1925 [= c“lybphfli;;ﬁ;“
filiformis (Woodland, 1923) /Woodland, 1937; L. alestesi
Lynsdale 1956 fide Mackiewicé” (1962)]); L. indicus (Moghe,
- 1925) Woodland, 1926 [= Monobothrioides indicus Moghe,
1925, according to Woodland (1937)]; L. javanicus (Bovien,
1926) Furtado, 1963 [= Caryocestus javanicus (Bovien, 1926)];
L. birmanicus Lynsdale, 1956 [= L. alestesi Lynsdale, 1956,
according to Johri (1959)]; L. parvalus Furtado, 1963;

L. longicollis Rama Devi, 1973; and L. fossilis Singh,



1975. The last-mentioned is the only species included in
the genus which possesses post-ovarian vitelline follicles.
Though its author placed this species under the genus Lytocestus
the histological details for ascertaining the family or
genus allocation are lacking in its account, thus raising
a doubt for including the form with post-ovarian vitelline
follicles in the genus. All the Lytocestus species, however,
appear to be distributed in the Ethiopian and Oriental
regions of the zoogegraphical realm. Of these, three species,
namely, L. indicus, L. 1longicollis and L. fossilis, have

been represented from the Indian sub-continent.

Several other species under 6 genera also represent
the subfamily Lytocestinae in India. These are: Lucknowia
fossilis Gupta, 1961; L. indica Niyogi, Gupta and Agarwal,
1982a; Crescentovitus biloculus Murhar, 1963; Lytocestoides
aurangabadensis Shinde, 1970, L. paithenesis Shinde and
Deshmukh, 1975; Bovienia serialis (Bovien, 1926) Fuhrmann,
1931 (described by chkiewici and Murhar, 1972) and Intro-
vertus raipurensis Satpute and Agarwal, 1980(b). Further,
the genus Hunteroides, erected and placed under the subfamily
Lytocestinae by Johri (1959), turned out to be a cestodarian

(Joyeux and Baer, 1962; Mackiewicz, 1972).

To the genus Djombangia Bovien, 1926 (now under
the subfamily Djombanginae) which includes D. penetrans

recovered from the duodenum of Clarias batrachus from Brantas



river near Djombang in East Java, Satpute and Agarwal (1974a)
added another species, D. indica, from India and provided
its detailed description later (Satpute and Agarwal, 1980a).
\Sahay and Sahay (1977) also described a new species, D. cabal-
leroi, from the stomach of Heteropneustes fossilis in India,
but Mackiewicz (1981b) doubts the validity of this species
as its description is based on flattened specimens only and
there appears no significant difference from the type species,
D. penetrans.

The family Capingentidae is also well represented
~in the Indian caryophyllid fauna. The contributions made
for the family Capingentidae include the descriptions of
several forms like: Adenoscolex oreini by Fotedar (1958);
Pseudolytocestus clarii, Capingentoides batrachii and Pseudo~
caryophyllaeus indica, all by Gupta (1961); P. ritai, P.
mackiewiczi, P. lucknowensis, Pliovitellaria osteobramensis
and Pseudocapingentoides cameroini by Gupta et al. (1984});
Capingentoides singhii and Pseudocapingentoides indica by
Verma (1971), and Capingentoides moghei by Pande (1973).

However, of the caryophyllids known from India,
a single feport of a member of Caryophyllaeidae is available.
Mehra (1930) described in an abstract form Caryophyllaeus
kashmierensis from Schizothorax micropogon. Leaving this
record which also needs verification there is no other report

of any representative of the family from India.



In the present study i.e., during the two years
exploration of caryophyllids of the edible catfishes Clarias
batrachus and Heteropneustes fossilis, collected from Guwahati
(Assam) and its suburbs and brought alive to Shillong markets
for sale, eight species of Lytocestus were recovered. While
four of them represent the already known species, it ié for
the first time that their occurrence is being reported from
the north-eastern region of India. The remaining four forms,
which include three from C. batrachus and one from H. fossilis,
appear to be new to science. One species of Djombangia was

also frequently recovered from C. batrachus.

The present study includes a description of all
these forms, with remarks on the already known species and
a discussion on the validity of the new ones. The type specimens
of the forms described as new species will be deposited in
the helminthological collection of the Eastern Regional Station

of the Zoological Survey of India, Shillong (Meghalaya).

Materials and Methods

The specimens comprising the present material were
recovered from the intestiné of the freshly killed fishes,
C. batrachus and H. fossilis, from time to time during 1982-
1984. The incidence of infection was high in C. batrachus
and considerably low in H. fossilis.

The recovered worms were first stretched in hot

water, and then flattened under the pressure of a cover-slip.



Bouin's fluid and 10% neutral 4formaldehyde were used as
fixatives. Borax carmine and Gower's carmalum were used
for staining the whole mounts. For histological studies,
cross and sagitally cut series of 6-7‘}1 thick sections,

stained with haematoxylin-eosin, were used.

Identification of the different types has been accom-
plished after Mackiewicz (1972), basing on the whole mounts
and histological sections of the species. Morphometric
analysis was based on the measurements of the various organs
and their relation with the 1length of the body, taking
a minimum of ten specimens, unless otherwise stated, for

each species. All the measurements are in millimeters.

Observations
Family Lytocestidae Wardle and McLeod, 1952
Subfamily Lytocestinae Satpute and Agarwal, 1980(a)
Genus Lytocestus Cohn, 1908

Lytocestus indicus Moghe 1931
(Syn. Caryophyllaeus indicus Moghe, 1925)

(Plates 1.1 and 1.2)

A total of 455 specimens of L. indicus were collected.

Description

Body broad and flat, with traces of external segmenta-
tion; body proper divided into an outer cortex and an inner
medulla by two layers of longitudinal muscles. Scolex unarmed,
short and bluntly rounded, markedly narrower than the body

and provided with longitudinmal furrows in some specimens.



PLATE 1.1 Lytocestus indicus

Fig.l Full worm (whole mount);
Fig.2 Scolex end (enlarged);

Fig.3 Posterior portion of the worm enlarged to show disposition of the various
components of the reproductive system;

Fig.4 Egg.
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PLATE 1.22 Lytocestus indicus (Photomicrographs)
Fig.l Sagittal section through the posterior region revealing seperate male
and female genital pores (scale bar = 0.5 mm);

Fig.2 Transverse section showing the distribution of testes and vitellaria
in relation to the longitudinal muscles (scale bar = 0.15 mm);

Fig.3 Operculate egg as seen under phase contrast (scale bar = 0.05 mm);

Fig.4 Specimen showing longitudinal division of the worm into two seperate
parts immediately posterior to the short neck and reunion of the same
a little anterior to the cirrus sac (scale bar = 0.5 mm).

Fig.5 The same at higher magnification (scale bar = 0.15 mm).



PLATE 1.2




Neck very short and indistinct. Testes numerous, 212-438
in number, occupying the medullary region of the body,
-ovoid in shape, larger than vitelline follicles and extending
from the base' of the neck to the cirrus séc region poste-
riorly; cirrus sac prominent, opening se?arately bgfoncA)
the utero-vaginal pore. Ovary bilobed, wing like in sﬁape,
follicular, the two lobes of ovary joined to each other
by an ovarian isthmus posteriorly; Mehlis' gland well deve-
loped, 1located behind ovarian isthmus; vagina distinct,
joining the terminal end of the uterus to opeh unitedly
to the exterior at the utero-vaginal pore. Vitelline follicles
corticular, in a ring around the testes, no post-ovarian
vitelline follicles present. Excretory pore terminal. Eggs

oval in shape, smooth, embryonated and operculated.

The measurement of the body and its organ are given

in ‘TFable I.

Host: Clarias batrachus
Location: Duodenum and intestine.
Locality: guwahati (aAssam)

Remarks

The species, L. indicus, was first described by
Moghe (1925) as Caryophyllaeus indicus from the common
Indian..siluroid, Clarias batrachus. Woodland (1926) raised

a doubt regarding the presence of post-ovarian vitelline
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TABLE I: Lytocestus indicus —
Merbhamnetpic measupemenl

Moghe's (1931)

Characters ' Present observation observation
Rancal) (S DY
\K\Urla‘\r, \NSELSY)
1. Length of the body 10.56 - 19.8 + 2.8 15-~29
2. Maximum breadth of 1.45 - 3.6 + 0.7 1.82 - 2.73
the body at the :
level of cirrus sac.
3. Length of the scolex 1.06 - 1.98 t 0.27 3
4, Length of the neck 0.46 - 1.32 + 0.25 -
5. Testicular follicles ,
(a) Length 0.08 - 0.22 + 0.03 0.119
(b) Breadth 0.04 - 0.14 £+ 0.02 0.095
6. Ovarian lobes ) :
(a) Length 0.26- 085020 -
~(b) Extent 099 .- 2.1% + 0.03 -
7. _Vitelﬁne follicles ' ,
(a) Length 0.07 - 0.19 + 0.02 0.077 - 0.088
(b) Breadth 0.04 - 0.13 + 0.01 0.088 - 0.112
8.  Pre-testes distance 1.99 - 3.66 + 0.22 ;
{commencement of
testicular follicles
from anterior
extremity)
9.  Pre-vitellaria 1.58 - 3.36 + 0.4 -
distance
10. Distance between 0.19 - 0.99 &+ 0.23 -
anterior extent of
testes and vitellaria
11.  Position of the 143 = 3.63 + 0.75 -
genital pore from the
posterior extremity
12.  Eggs (a) Length 0.06 - 0.08 : 0.001 T 0.088
(b) Breadth 0.02 - 0.03 + 0.002

0.40

IS_D = Standard Deviation]
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follicles and maintained that they were in reality ovarian
follicles,ﬂsuggesting thereby shifting of the species from
Caryophyllaeus to Lytocestus. Moghe (1931) redescribed
the species in view of Woodland's (1926) remarks and placed

it under the genus Lytocestus.

The - present observations are in conformity ‘with
those of Moghe (193%1), except for minor deviations with

regard to the measurements as shown in Table I.

Of all the specimens of L. indicus collected
during the present investigation, a single specimen showed
a longitudinal division of the worm immediately posterior
to the short neck into two separate parts which reunited

a little anterior to the cirrus sac. [Pl. 1.2; Fig.4=5).

Such anomalies amongst caryophyllids are rare
(Janiszewska, 1954) but Simha and Résheed (1981) reported
an anomaly in L. indicus, in which the anterior end of
the worm was duplicated for about one-fourth of the body
length, into two complete bothfia along with the testes

and vitellaria.

Amongst other caryophyllidean anomalies, Archigetes
bfachyurus was reported to possess post-ovarian vitellaria
by Mrazek (1908). Absence of post-ovarian vitellaria in
Caryophyllaeus laticeps and Glaridacris laruei was observed

by Janiszewska (1954) and Mackiewicz (1965a), respectively.
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Similarly, Mackiewicz (1963b) reported presence of post-
ovarian vitellaria in Monobothrium hunteri. Fusion of poste-
rior lobes of ovary in G. laruei, isolated vitelline follicles
in the neck of G. catasomi and shortened posterior ovarian
lobes in Isoglaridacris hexacotyle were reported by Mackiewicz
(1965a, 1968a). Duplication of ‘reproductive system was
recorded by Mackiewicz (1978) in the genus Glaridacris
and Penarchigetes. Jones and Mackiewicz (1969) observed
the testes of Atractolytocestus hﬁronensis' to be posterior

to the ovary.

There are repofts_of anomalies occurring in polyzoic
cestodes also. . Therefore, Braun (1900), on summarizing
the recorded cases of anomalies in polyzoic cestodes, attri-
buted forking of the strobila to metabolic disturbance
or fenestration .in the region of proliferation. Chandler
(1930) recorded an abnormal Taenia pisiformis with a normal
scolex but with two chains of strobila. Clapham (1939)
also reported duplication of the reproductive system along
with the gonopores in Taenia pisiformis and Diphyllidium

caninum,

The anomaly observed in the form under present
investigatién, can be attributed to a possible mechanical
injury to the tegument which could have triggered secondary
growth. This seems probable as caryophyllids are known

to have a diffuse type of growth (Nyebelin, 1922) and are
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regarded monozootic (Wardle et al. 1974).

The rare occurrence of anomalies amongst the
caryophyllids, however, 1is indicative of a high degree

of genetic stability in the group [Mackiewicz, 1972].

Lytocestus birmanicus Lynsdale, 1956
(Plates1.3 and 1.4)

362 no. of specimens of L. birmanicus were collected during

the exploration.

_ Description

Body elongated, flattened, posterior end broader
than the anterior, with traées of external segmentation
present; body proper divided into an outer cortex and an
inner medulla by two layers of iongitudinal muscles. Scolex
lanceolate, smooth and narrows to form the neck that gradually
widens into the posterior part of the body. Testes numerous,
170-384 in number, medullary in disposition, spherical
or oval in shape, extending a short distance from behind
the anterior wvitellaria to c¢irrus sac posteriorly; cirrus
sac oval, lined by a thick muscular wall, opening slightly
anterior to the utero-vaginal pore. Ovary bilobed, follicular,
cortical and extends posteriorly behind the Mehlis' gland,
united by a median isthmus; Mehlis' gland prominent behind
ovarian isthmus; uterine coils glandular, ‘extending up

tb the 1level of cirrus sac; vagina a straight tube, joins



PLATE 1.3 Lytocestus birmanicus

Fig.l Full worm (whole mount);

Fig.2 Scolex end (enlarged);

Fig.3 Posterior portion of the worm enlarged to show disposition of the various
components of the reproductive system;

Fig.4 Egg.
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PLATE 1.4 Lytocestus birmanicus (Photomicrographs)
Fig.l Sagittal section through the posterior region revealing seperate male
and female genital pores (scale bar = 0.15 mm);

Fig.2 Transverse section showing the distribution of testes and vitellaria
in relation to the longitudinal muscles (scale bar = 0.15 mm);

Fig.3 Egg as observed under phase contrast (scale bar = 0.05 mm);

[»]
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the uterus at the proximal part to open unitedly at the
uterovaginal pore. Vitellaria transversely elongatged,
cofticdl, arranged in an annular manner in the space between
the two longitudinal muscle 1ayérs, extend as far as the
utero-vaginal aperture; the wvitelline follicles appear
concentrated in two lateral bands on either side of the
body but some are also scattered in the median field, no
post-ovarian vitelline follicles present. Eggs smooth and

oval in shape.

The measurement of the body and its organs are

given in Table II.

i\
\

Host: Clarias batrachus
Location: Intestine
Locality: Guwahati(Assam)

Remarks

L. birmanicus was first described by Lynsdale
(1956) from the intestine of Clarias batrachus ih_Rangoon,
Burma. The present observations are in conformity with
those of Lynsdale (1956) in all the aspects except for
minor deviations with regard to the measurements of the

various organs that are represented in Table II.

This species is being reported for the first

time from India.
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TABLE IE: Lytocestus birmanicus —
Morphometric rmeasupements

Characters

Present observation

Lynsdale's (1956)
.observation

l.

2.

4.

5.

6.

7.

9.

10.

11.

12.

Length of the body

Maximum breadth of
the body at the
level of cirrus sac.

Length of the scolex
Length of the neck

Tesficular follicles
(@) Length '
(b) Breadth

Ovarian lobes
(a) Length
(b) Extent

Vitelline follic!es
(a) Length
(b) Breadth

Pre-testes distance

(commencement of

testicular follicles
from anterior
extremity)

Pre-vitellaria
distance

Distance between
anterior extent of
testes and vitellaria

P,osition of the

genital pore from the

posterior extremity

Eggs (a) Length
(b) Breadth

(Range) (5.DY
5028 - 16036 + 3-76

(.53 - 1.45 + 0.28

0.46 - 1.18 + 0.22

1.32 - 50#7 + 1023

0006 - 0021 i 0004
0.02 - 0.11 + 0.02

0.33 - 1.25 + 0.29
0033 - 1018 + 0126

0.04 - 0.14 + 0.03
0.02 - 0.10  0.02

1.52 - 2.20 + 0099

1.18 - 1.94 1+ 0.65

0.0l - 0.0G h 0035

0046 - 2'5 4 0069

0.05- 0
0.02 - 0

10 - 12

0.9

0.8

00150 - 00180
00100 - 00130

0.100 - 0.120
0.040 - 0.060

0.050
0.030

ISD = Standard Deviation]
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Lytocestus filiformis (Woodland, 1923)
Furhmann and Baer, 1925

(Plates 1.5 and 1.6)
209 specimens of L. filiforme&s were collected during the

two years study.

Description

Body flat, elongated, 1ribbon 1like, posterior
end broader than the anterior end, 1longitudinal muscle
fibres disposed in two distinct zones of cortex and medulla.
Scolex smooth, undifferentiated, variable in shapé, may
be flat or pointed in some. Neck 1long, slender, Testes
numerous, 232-532 in number, occupying the medullary region
of the body, épherical or oval in shape extending from
behind the neck up to the cirrus sac posteriorly; cirrus
lined by 'a thin muscular wall, opening separately from
the utero-vaginal pore. Ovary bilobed, follicular, cortical,
the two lobes joined to each other by an ovarian isthmus;
Mehlis' gland well developed, behind ovarian isthmus; uterine
coils glandular, extending from behind the isthmus beyond
the anterior horns of ovary up to the cirrus sac; vagina
distinct, Jjoins the uterus distally to open at the -utero-
vaginal pore. Viteliaria cortical, smaller than testes,
spherical or oval in shape, form a crescent around the
testes, no post-ovérian vitelline follicles preg¢sent. Excretory

pore terminal. Eggs smooth, operculate and oval in shape.



PLATE 1.5 Lytocestus filiformis

Fig.l1 Full worm (whole mount);
Fig.2 Scolex end (enlarged);

Fig.3 Posterior portion of the worm enlarged to show disposition of the various
components of the reproductive system;

Fig.4 Egg.
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PLATE 1.6 Lytocestus filiformis (Photomicrographs)
Fig.l = Sagittal section through the posterior region revealing seperate male
and female genital pores (scale bar = 0.15 mm);

Fig.2 Transverse section showing the distribution of testes and vitellaria
in relation to the longitudinal muscles (scale bar = 0.15 mm);

FigJB Egg as seen under phase contrast (scale bar = 0.05 mm).
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The measurement of the body and its organs are

presented in Table III.

Host: Clarias batrachus
Location: Intestine
Locality: Guwahati(Assam)

Remarks

L. filiformis was first described by Woodland
(1923) as Caryophyllaeus filiformis from a mormyrid £fish
host, Mormyrus coschive, of fivér Nile at Khartoum. Later,
Fuhrmann and Baer (1925), én the basis of cortical disposition
of wvitallaria and medullary.disposition of testes, shifted

it to the genus Lytocestus.

The present description supplements the original
one by .providing'_measuréments of the wvarious organs in

Table III.

C. batrachus represents a new host for L. fili-
formis. Further, 1its occurrence from the north-eastern
region of .India constitutes a new locality report zoogeo-
' graphically5 i.e., from the Oriental region, in addition
to the Palearctis realm, from where the species was originally

~described.
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TABLE III: Lytocestus filiformis —
Msrphormetric measurements

. 1
Characters Present observation Woodland's (1923)

observation
, : (Range) -(S.D.)
l.  Length of the body 5.94 - 33.00 + 8.75 7.5 - 24
2. Maximum breadth of 0.59 - 1.65 &+ 0.30 1-2
the body at the
level of cirrus sac.
3. Length of the neck 1.98 - 12.54 + 2.79 -
4, Testicular follicles
(@) Length 0.04 - 0.14 + 0.03 -
(b) Breadth 0.01 - 0.08 + 0.02 -
5. Ovarian lobes
(a) Length 0.53 - 1.5 & 0.32 -
(b) Extent 0.46 - 1.32 + 0.24 -
6. Vitelline follicles
(a) Length 0.02 - 0.07 + 0.008 -
(b) Breadth 0.01 - 0.04 + 0.008 ' -
7. Pre-testes distanc_e 2.31 - 16.50.¢ 3.73 | -
(commencement of
testicular follicles
from anterior
extremity) \
8.  Pre-vitellaria 2.11 - 14,19 + 3.18 | -
distance '
9. Distance between 0.13 - 2.31 &+ 0.74 -
anterior extent of .
testes and vitellaria
10.  Position of the 0.73 - 2.3 + 0.44 -
genital pore from the
posterior extremity
11.  Eggs (a) Length 0.03 - 0.05 + 0.006 0.0622 - 0.0695
: (b) Breadth 0.01 - 0.03 + 0.001 0.0292 - 0.0329

[SD = Standard Deviation]
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Lytocestus longicollis Rama Devi, 1973.
(Plates 1.7 and 1.8)

The collection comprised 141 specimens of L. longicollis.

Déscription

Body long, slender, ribbon 1like; body proper
divided into an outer cortex and an inner medulla by two
distinct layers of parenchymal longitudinal muscles. Scolex
undifferentiated, unarmed, but may vary in shape from spatu-
lateA or oblong in relaxed specimens to swollen and pear
shaped in contracted ones. Neck 1long, slender, occupying
one-third of. the body 1length. Testes numerous, 213-520
in» number, occupying the medullary region of the body,
spherical in shape, extending £from anterior narrow end
of the body to the cirrus-sac posteriorly; cirrus sac oval,
lined by thin muscular wall, enclosing the 1long ductus
ejaculatorious that opens seperately from the utero-vaginal
pore. Ovary bilobed, follicular, H-shaped, connected by
band-like ovarian isthmus, corticular in disposition; Mehlis'
gland situated posterior to isthmus in between the two
ovarian lobés, uterine coils glandular, extending from
behind ovarian isthmus to the level of cirrus pore beyond
the anterior horns of ovary; vagina straight or slightly
convoluted, opening unitedly with the uterus as utero-vaginal

pore; receptaculum seminis a conspicuous sac, oval in shape,



PLATE 1.7 Lytocestus longicollis

. _ R —

Fig.l Full worm (whole mount);(a) anterior portion;—(b) posterior portion

-Fig.2 Scolex end (enlarged);

Fig.3 Posterior portion of the worm enlarged to show disposition of the various
components of the reproductive system;

Fig.4 Egg.



PLATE 1.7

N R R WM iyt iy IR A

S oq o&ﬁ?c@ob&%ﬁ% W@M@%
B L LLT YOV T OYwOypoiiiy N e




PLATE 1.8 Lytocestus longicollis (Photomicrographs)
Fig.l  Sagittal section through the posterior region revealing seperate male
and female genital pores (scale bar = 0.15 mmj);

Fig.2 Transverse section showing the distribution of testes and vitellaria
in relation to the longitudinal muscles (scale bar = 0.5 mm);

Fig.3 Egg as seen under phase contrast (scale“bar = 0.05 mm).
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lying anterior to ovarian .isthmus. Vitellaria cortical,
in a ring around the testes, 1lobular, smaller than testes,
extending from a few milimeters anterior to the testes
up to the cirrus sac, no post-ovarian vitelline follicles
presént. Excretory pore terminal. Eggs oval in shape, smooth,

and operculate.

The measurement of the body- and its organs are

presented in Table IV.

Host: Clarias batrachus
+ ... Location: Intestine
Locality: cGuwahati(Assam)

Remarks

| L. longicollis was originally described by Rama
Devi (1973) from Clarias batrachus in Visakhapatnam district
of Andhra Pradesh. The species was distinguished from the
rest of the 1lytocestiid types in having a receptaculum
seminis, wﬁich is absent in the other species. The species
derived its name from its long neck. The present observa-
tions are in conformity with those of Rama Devi in all
the aspects except for minor deviations with regard to
the measurements of the various organs as represented in

Table IV.



21

TABLE IV: Lytocestus longicollis ;—
Movphom etnie measunements |

Rama Devi's (1973)

Characters Present observation X
. observation
A (Range) (S.D.)
I. Length of the body 14.52 - 32.20 ¢ 5.22 10.8 - 20
2, Maximum breadth of 0.53 - 1.45 ¢ 0.23 0.5 - 0.84
the body at the
level of cirrus sac.
3 Length of the neck 4.62 - 12,08 + 2.27 5.36 - 7.6
4, Testicular follicles
(a) Length 0.06 - 0.16 + 0.03 -
(b) Breadth 0.03 - 0.12 + 0.02 0.10 - 0.16
5. Ovarian lobes | .
(a) Length 0.72 - 1.10 & 0.32 ’ 0.46 - 0.78
(b) Extent 0026 - 0-79 t 0053 i
6.  Vitelline follicles
(a) Length 0.03 - 0.11 + 0.02 0.039 ~ 0.07
(b) Breadth 0.02 - 0.07 ¢ 0.02 -
7.  Pre-testes distance 4.62 - 13.2 + 2,26 -
(commencement of
testicular follicles
from anterior
extremity)
8.  Pre-vitellaria 3.98 - 12,07 &+ 2.27 -
distance
9.  Distance between 0.64 - 1.19 + 0.19 - -
anterior extent of.
testes and vitellaria
10.  Position of the 1.12 - 2.31 £ 0.43 -
genital pore from the
posterior extremity
11. 'Eggs (a) Length 0.05 - 0.07 & 0.01 0.046 - 0.054
' (b) Breadth 0.02 - 0.03 ¢ 0.002 0.023 - 0.031

[SD = Standard Deviation]
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Lytocestus clariae n.sp.
(Plates 1.9 and 1.10)

112 specimens were collected during the two years exploration

of cestode fauna from Clarias batrachus.

Description

| Body elongate, flat with no trace of internal
or external segmentation, tapering anteriad, body proper
divided into an outer cortex and an inner medulla by two
layers of longitudinal muscles. Scolex undifferentiated,
smooth and unarmed with bluntly tapering extremity, followed
by a short neck that is devoid of any reproductive organs.
Testes numerous, 270-495 in number, occupying the medullary
region of the body, ovoid in shape, larger than vitelline

follicles, extending from a little behind the anterior

follicles of wvitellaria posteriorly up to the cirrus sac;

cirrus sac a. compact parenchymatous bulb, enclosing the
ductus ejaculatorious; cirrus opening Jjoining distally
the terminal part of the female ducts to open to the exterior
by a common pore. Ovary bilobed, H-shaped, follicular;
extending posteriorly behind Mehlis' gland, the lobes cortical
in disposition and joined to each other by an ovarian isthmus
which is medullary; Mehlis' gland present behind the ovarian
isthmus; uterus glandular, extending from in front of the
isthmus up to the cirrus sac; vaginal tube Jjoining the

uterus at its distal end to open unitedly at the shallow

!



PLATE 1.9 Lytocestus clariae n.sp.

- Fig.l Full worm (whole mount);
Fig.2 Scolex end (enlarged);

Fig.3 Posterior portion of the worm enlarged to show disposition of the various
components of the reproductive systems;

Fig.4 Egg : :
Fig.5 Diagrammatic representation of the transverse section showing the
distribution of testes and vitellaria in relation to the longitudinal muscles.
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PLATE 1.10 Lytocestus clariae

Fig.1 Sagiftal section through the posterior region revealing confluent
‘- genital apertures (scale bar = 0.15 mm);

Fig.2 Transverse section showing the distribution of testes and vitellaria
-in relation to the longitudinal muscles (scale bar = 0.15 mm);

Fig.3 Operculate and.spinose egg as seen under phase contrast (scale bar
’ =0.05 mm).
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atrium. Vitelline follicles ovoid in shape, commencing
from a short distance anterior to the testes up to the
level of cirrus sac, arranged in two rows lateral to the
testes; no post—évarian vitelline follicles present. Excre-
tory pore terminal. Eggs oval in shape, spinuous and oper-

culate, as observed under the phase contrast microscope.

The measurement of the body and its organs are

presented in Table V.

Statistically the characters such as the 1length
and extent of ovarian lobes, anterior extent of testes
and vitellaria, length'éf the neck and scolex, and position
of the genital pore have a positive correlation with the
length of the body that is significant at P (: 0.5% level.
This implies that the characters are variable and can there-
fore be considered as intra-specific vériations. However,
the size of the testes, vitellaria and egg show a negative
correlation with the length of the body, indicating thereby
the non-variable nature of these characters; the latter
thus could be gehetic. The length of the neck, though variable,
bears a definite proportion with the 1length of the body
and 1is approximately 5 to 6 times less than the 1length

of the body.
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_ TABLE V: Lytocestus clariae n.sp. s morpbhomelnie
Chased on ten mature specei v

mens

Characters

Range S.D.

I.

2'

3.
4.

5.

6.

7.

8.

10.

11.

Length of the body
Maximum breadth of
the body at the
level of cirrus sac.

Length of the neck

Testicular follicles
(a) Length
(b) Breadth

Ovarian lobes

(a) Length

(b) Extent

Vitelline follicles
(a) Length.
(b) Breadth

Pre-testes distance
(commencement of
testicular follicles
from anterior
extremity)

Pre-vitellaria
distance

Distance between
anterior extent of
testes and vitellaria

Position of the

genital pore from the

posterior extremity

Eggs (a) Length
(b) Breadth

8.58 - 22.44 + 4.12
0.66 - 2.31 + 0.67

0005 - 0.29 t 1030'

0.06 - 0.22 + 0.05
O-OQ - o.ll S 0.0l

0053 - 1065 i 0034
0.46 - 1.32 + 0.27

0.05 - 0.18 + 0.04

0002 - 0.08 t 0005

1.38 - 8.05 ¢ 1.81

1.18 - 6.93 &+ 1.54

0013 - 1018 + 0037
0.04 - 0009 + 0038

0.03 - 0.05 1 0.01
0.02 - 0.03 : 0.01

TSD.= Standard Deviation]
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Discussion

The disposiﬁion of vitellaria in the cortex and
~testes in the medullafy zone ascertains the inclusion of
the present form in the family Lytocestidae Wardle and
McLeod, 1952, Fufther, owing to the characters such as
presence of undifferentiated scolex, absence of post-ovarian
yolk glands, uterine coils covered with thick coat of accom-
panying cells and ejaculatory duct enclosed within compact‘

parenchymatous bulb, the present form belongs to the genus

Lytocestus Cohn, 1908,

On comparison with the known species of Lytocestus,
the present form stands close to L. javanicus, L. longicollis,
L. filiformis, L. parvulus and L. fossilis in possessing
an undifferentiated scolex that tapers anteriad, .ju  the
ovarian lobes behind the Mehlis' gland and uterine coils
up to the cirrus sac and in the extent of testes, i.e.,
a little posterior to the anterior follicles of vitellaria.
In having a short neck and also in the extent of testes
and vitellaria, the present form comes close to L. indicus
ahd L. birmanicus as well. However, it differs from all
of them in having confluent genital apertures and spinuous
eggs. All the species mentioned above have distinctly seperated
genital apertures and smooth-surfaced eggs.

The different shape and size of the body and

the size of the eggs are characters which further differentiate
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the present form from L. adherens; the eggs are muchAsmaller
in the former than the latter species. On the basis of
statistical ahal?sis also, the egg size has been found
to be a non-variable .character and hence can be assigned
significant taxonomicx importance _in differentiating the

species.

In view of the above differences, the present
form stands out as a species distinct from the known species

of Lytocestus and is, therefore, considered a new species.

Host: Clarias batrachus

Location: Intestine

Locality:  Guwahati(Assam)
Specific Diagnosis:

Lytocestus clariae n.sp.
Elongated body, undifferentiated scolex, short neck, H-shaped
ovary, the arms of which extend beyond the Mehlis' gland;

confluent genital apertures; epiny eggs.

Etymyology: The species is named after its host C. batrachus.

Lytocestus attenuatus n.sp.
‘(Plates 1.11 and 1.12)

98 specimens were recovered from the intestine of Clarias

batrachus, during the two years study.

Description

Body thin!;, slender, elongated and flattened,



PLATE 1.1l Lytocestus attenuatus n.sp.

Fig.l Full worm (whole mount);
Fig.2 Scolex end (enlarged)s

Fig.3 Posterior portion of the worm enlarged to show disposition of the various
components of the reproductive system;

Fig.4 Egg

Fig.5 Diagrammatic representation of the transverse section showing the
distribution of testes and vitellaria in relation to the longitudinal muscles.
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PLATE 1.12 Lytocestus attenuatus (Photomicrographs)
Fig.l  Sagittal section through the posterior region revealmg seperate male
and female genital pores (scale bar = 0.15 mm);

Fig.2 Transverse section showing the distribution of testes and vitellaria
in relation to the longitudinal muscles (scale bar = 0.15 mm);

Fig.3 Operculate egg as seen under phase contrast (scale bar = 0.05 mm).
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posterior end broader than the anterior end, body proper
divided into an outer cortex and an inner medulla by two
layers of longitudinal muscles.Scolex smooth, undifferentiated,
unarmed with bluntly roundéd extremity, followed by a long
narrow neck. Testes ovoid, longer than vitelline follicles
155-398 in number, occupying the medullary region and exten-
ding from a .little posterior to the anterior vitelline
follicles caudad up to the cirrus. sacj cirrus sac medullary,
enciosing a thin winding ejaculatory duct and opening sepe-
rately from, and anterior to, the utero-vaginal pore. Ovary
bilobed, follicular, bent in&ards, inverted 'A' shaped,
the lobes extending to the posterior level of Mehlis' gland
and joined to each other by an ovarian isthmus, ovarian
lobes cortical and isthmus medullary; Mehlis' gland well
developed, behind the ovarian isthmus; uterus glandular,
extending from behind Mehlis' gland anteriad beyond the
lateral horns of the ovary and up to the cirrus pouch;
vagina distinct, straight or slightly convoluted, joining
the terminal end of the uterus to open at the utero-vaginal
pore. Vitelline follicles ovoid, arranged in two rows lateral
to the testes and extending from a little anterior to the
testes up to the cirrus sac, no post-ovarian vitelline
follicles present. Excretory pore terminal. Eggs smooth
and operculate as observed under the phase contrast microscope.
The measurement of the body and its organs are

presented in Table VI,



TABLE VI: Lytocestus attenuatus n.sp. s
measupements (based op ten mature shecimens
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orphom etnre

_ Characters

Range | S.D.

4,

5.

6.

7.

8.

9.

10.

11.

Length of the body

Maximum breadth of
the body at the
level of cirrus sac.

Length of the neck

Testicular follicles
(a) Length
(b) Breadth

Ovarian lobes
(a) Length
(b) Extent

Vitelline follicles
(a) Length
(b) Breadth

Pre-testes distance
(commencement of
testicular follicles
from anterior
extremity)

Pre-vitellaria
distance .

Distance between’
anterior extent of
testes and vitellaria

Position of the
genital pore from the
posterior extremity

Eggs (a) Length
-(b) Breadth

11.88 - 35.44 +0.45

0-66 - 1.18 k4 0.17

6.14 - 7.06 =+ 1.30

0008 - O~18 + 0004
0003 - 0015 + 0003

0053 - 1052 b 4 O~32
0.53 - 0.92 ¢+ 0.93

0.05 - 0.12 1z 0.04

0.01 - 0.07 ¢+ 0.05

6.79 - 21.05 + 4.76

6.14 - 13.00 + 3.30

0.46 - 8.05+ 2.78

0079 - 1.52 + 0031

[SD = Standard Deviation]
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Statistiéally, the length and.exfent of the ovarian
lobes, 1length of the neck, anterior extent of testes and
vitellafia and position of the genital pore bears a poéitive
gorrelation with the length of the body and is significant
at P { 0.5% level. The size of the testes, vitellaria and
eggs however, shows a negative correlation with the 1length
of the body. The latter shows a definite proportion with
the length of the neck, i.e., it 1is twice the 1length of

the neck.

Discussion

The present species also belongs to the family
Lytocestidae, owing. to the presence of cortical vitellaria
and medullary testes. Further, on account of having undiffe-
rentiated 'scolex, uterus with thick coat of accompanying
cells, ejaculatory duct enclosed within a compact parenchy-
matous bulb, and the ébsence of post ovarian vitellaria,

this form also comes under the genus Lytocestus.

In sharing the characters such as shape of the
body, which is thin, slender and elongated, and undifferen-
tiated scolex, the present form comes close to L. longicollis,
L. parvulus, L. filiformis, L. fossilis and L. javanicus.
However, it differs from each of them in certain characters:
from L. longicollis in not possessing a receptaculum seminis;

from L. parvulus in lacking a linear arrangement of vitelline
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follicles 'in five rows; from L. fossilis in the absence
of post-ovarian vitelline folliclés; and from L. filiformis
in having oval and large-sized vitelline follicles as compared
to the small and globular ones occurring in the later species.
As concluded from the statistical morphometric analysis,
the size of the wvitelline follicles appears to be a non-
variable character.’Thus,:it can be used as a feature for
inter-spedific differentiation. L. javanicus differs from
the present form in  the absence of a long neck. Thepeck
éize, though variable in the latter form, bears a definite
propoftion with the 1length of the body and is found to
be almost half of it. The present form also differs from
the type species in characters such as shape and size of
the body .and size of the egg. While L. adherens is club
shaped, the present form is slender, elongated and filiform.
Further, the maximum size recorded for L. adherens is 1cm,
but the same for the present form is 3.3 cm. While the
-egg in L. adherens is 0.08 x 0.03 mm, in the present form
it is much smaller, i.e., 0.056 x 0.03 mm. Since the size
of the egg 1is also proved to be a non-variable character
statistically, it is further confirmatory for distinguishing

it from the latter.

In lacking a prominent holdfast, which is distinct
feature of L. indicus and L. birmanicus, the present form

can be distinguished from these species. It also stands
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apart from L. clariae n. sp. described herein, in having
separate genital apertures and in possessing smooth-surfaced
eggs; in L. clariae, the genital apertures are confluent

and the egg surface is spinuous.

Therefore, considering all the above differences,
it is proposed to assign the present form the rank of a

new species.

Host: Clarias batrachus
Location: Intestine
Locality: Guwahati(Assam)

Specific diagnosis:
Lytocestus attenuatus n. sp.

Body filiform; scolex undifferentiated; 1long, slender neck;
ovary inverted - 'A' shaped; testes medullary, vitellaria
in two fields latéral to the testes; eggs smooth and oper-

culate.

Etymyology: The specific name is given on the basis of
thin, tapering shape of the body.

X -

Lytocestus assamensis n. sp.
(Plates 1.13; 1.14 and 1.15)

65 specimens were recovered from C. batrachus during the

two years study.

Description

Body very elongate, flat with no trace of internal
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or external segmentation, slightly tapering anteriorly,
creamish white in colour, body proper divided into an outer
cortex and an inner medulla by two layers of 1longitudinal
muscles. Scoléx‘ undifferentiated, smooth and unarmed with
bluntly tapering extremity; well developed gland cells
present, with a distinct Azone of their denser aggregation
3-4 mm from the anterior extremity; th;s distinct glanduiar
region provides the only clue for distinguishing and aelimi—
ting the scolex region from the neck; the limits of the
latter are otherwise not well demarcated from the rest
of the body proper following it. Testes numerous, 266-565
in number, occupying the medﬁllary region of the body,
ovoid in shape,. larger than vitelline follicles; external
seminal vesicle present; cirrus sac prominent, opening
separately from the female genital pore at the 1level of
the posterior seventh of the body length.- Ovary bilobed,
bent inwards ih the shape of an inverted 'A', ovarian wings

joined to each other by an isthmus, the whole ovarv eqnt?@ajy

in disposition; Mehlis' gland well developed, locatéd behind'
igﬁgﬁﬁb}t.ﬁterus glandular, extending. from in front of the
isthmus anteriad beyond the lateral horns of the ovary;
vagina distinct, Jjoining the terminal end of the uterus
and opening to the exterior at the utero-vaginal -pore,
the latter situated mid—ventrally immediately posterior

to the male opening.. Vitelline follicles partly cortical

and partly medullary, commencing from pre-testicular region



PLATE 1.13 Lytocestus assamensis n.sp.

Fig.l Anterior portion of the full worm;
Fig.2 Middle third of the worm; ‘
Fig.3 Posterior third of the body.
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Fig.1

Fig.2
Fig.3
Fig.4

PLATE 1.14 Lytocestus assamensis

Diagrammatic representation of the transverse section showing
the distribution of testes and vitellaria in relation to the longitu-
dinal muscles;

Eggs
Scolex end (enlarged);

Posterior end enlarged to show the disposition of the various
components of the reproductive system.
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Fig.2

Fig.3

PLATE 1.15 Lytocestus assamensis (Photomicrographs)
Sagittal section through the posterior region revealing seperate male
and female genital pores (scale bar = 0.15 mm);

Transverse section showing the distribution of testes and vitellaria
in relation to the longitudinal muscles (scale bar = 0.15 mm);

Operculate egg as seen under phase contrast (scale bar = 0.05 mm).

A
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0.66-0.82 mm from the anterior extremity and extending
‘posteriad -up to ﬁhe level of the cirrus sac, no post-ovarian
vitelline follicles present. Excretory pore at the terminal
hind end. Eggs smooth, and operculate és confirmed from

phase-contrast observations of eggs.

The measurement of the body and ‘its organs are

presented in Table VII,

Morphometric measurements when analysed statistically,
reveal that the length and extent of ovarian lobes, anterior
extent of testes and vitellaria, length of the neck and
position of the genital pore are all directly proportional
to the length of the body, i.e., bear a positive correlation
which is significant at P { 0.5% level. The length of the
body, however, has a definite proportion with the 1length
of the neck; the neck and body-length ratio is 1:65. Certain
other characters like the size of the testes, vitellaria
and eggs bear a negative correlation with the 1length of
the body, showing thereby the non-variability of these

characters.

Discussion
On account of having cortically disposed vitellaria
and medullary testes, the ﬁresent form belongs to the family

Lytocestidae. Further, owing to the presence of undifferentiated
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TABLE VII: Lytocestus assamensis N.SP. ¢ mos'b })_omgfp ’e

upe Shecimens),

Characters

(based on ten mal

Range S.D.

1.

3

b,

5.

6.

10.

11,

Length of the body

Maximum breadth of
the body at the
level of cirrus sac.

Length of the neck

Testicular follicles
(a) Length
(b) Breadth

Ovarian lobes
(a) Length
(b) Extent

Vitelline follicles
(a) Length
(b) Breadth

Pre-testes distance
(commencement of
testicular follicles
from anterior
extremity)

Pre-vitellaria
distance

Di'stance between
anterior extent of
testes and vitellaria

Position of the

genital pore from the

posterior extremity

Eggs (a) Length
(b) Breadth

25.54-50.82 + 8.97

1032 - 4.62 t 1.24

4.62-15.18 + 3.60

Otlo - 0153 + OUZO
-0.06 - 0.15 = 0.05

1.52 - 5.08 + 1.09
0-79 - 2.6[" + 0057

0.06 - 0.14 + 0.04

0.04 - 0.08 + 0.03

5.28 = 160501 4.04

4.62 - 15.18 + 3.60

0066 - 0082 X 0001
1.98 = 5.20 + 1.07

0.05 1 0.0l
0.03 + 0.001

N W
|

[SD = Standard Deviation]
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scolex, absence of post-ovarian yolk glands, uterine coils
covered with thick coat of accompenying cells and ejacula-
tory duct enclosed within a compact parenchymatous bulb,

the present form belongs to the genus Lytocestus. '

While ascertaining its specific status and on compa-
ring it with the known forms of Lytocestus, the present
form stands close to L. longicollis in sharing the characters
sﬁch as undifferentiated scolex, inverted 'A'-ehaped ovary
and uterine coils extending beyond the anterior horns of
ovary. However, it differs from the same in not possessing
a receptaculum seminis which is the characteristic feature
of L. !ongicollis. Further, the size of the body, testes
and vitellaria appear to be much 1larger in the present
form compared to L. longicollis. Also, the distribution
of wvitellaria within the testicular field in the present
form further distinguishes it from L. longicollis, in which

the vitellaria are confined to the lateral fields.

On comparison with L. parvulus, the present form
appears distinctly different in not possessing five rows
of vitelline follicles as in the latter. The size and shape
of testes and vitellaria which are much larger and ovoid
in the present form are the characters which differentiate
it from L. filiformis. Because of the lack of post-ovarian

yolk glands the present form is distinguished from L. fossilis
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which is reported from a different host, i.e., H. fossilis.
In general appearance and shape of the .body, the present
form stands apart from L. javanicus. While the present
form is broad and flat occupying the full width and conside-
rable length of the host's intestine, the body shape is
much slender and elongated in the 1latter species. These
characters and the egg size also differentiate the present
form from the type species L. adherens, .which is a club-

‘shaped and small-sized worm having larger eggs.

In possessing an undifferentiated scolex end, the
present form differs from L. indicus and L. birmanicus;
in the latter two species the scolex end is prominent and

distinct from the neck zone.

On comparison with the other new forms described
herein, the present form appears to be different from L.
clariae in not possessing confluent genital apertures and
spinuous eggs; it differs from L. attenuatus in the distribu-
tion of testes and vitellaria that are intermingled and
not confined to lateral fields, and in the extent of uterine
coils limited only up to the ovarian isthmus and not beyond,

as in L. attenuatus.

The various morphometric features wused for the
purpose of differentiating the present form from the other

known species of Lytocestus are found consistent among
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the numerous specimens studied. Statistically also, these
are found as non-variable characters, hence appear to be

interspecific differences and not intra-specific variations.

In view of the differences the present form has
from the known species, it seems appropriate to assign

it the status of a new species under the genus Lytocestus.

Host: Clarias batrachus

Location: Intestine .
Locality: Guwahati (Assam)

Specific diagnosis:

Lytocestus assamensis n.sp.

Body very elongate; scolex undifferentiated, without
any terminal introvert; 1long neck; inverted 'A'-shaped

ovary; uterine coils not extending beyond ovarian isthmus;
eggs smooth and operculate.

Etymyology: The species has been named after the state

Assam in N.E. India from where the fish hosts were collected.
Lytocestus heteropneustii n.sp.
(Plates 1.16 and 1.17)

The collection comprised 22 specimens of this form.

Description (based on measurements of 6 specimens
and few series of histological sections).

Body elongate, flat with no trace of internal or
external segmentation, tapering anteriorly; body proper



. PLATE l.16 Lytocestus heteropneustii n.sp.

Fig.l Full worm (whole mount);
Fig.2 Scolex end (enlarged);

Fig.3 Posterior portion of the worm enlarged to show disposition of the various
components of the reproductive system; '

Fig.4 Egg

Fig.5 Diagrammatic representation of the transverse section showing the
distribution of testes and vitellaria in relation to the longitudinal muscles.
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PLATE 1.17 Lytocestus heteropneustii (Photomicrographs)
Fig.l  Sagittal section through/‘the posterior region revealing seperate male
and female genital pores (scale bar = 0.15 mm);

Fig.2 Transverse section showing the distribution of testes and vitellaria
in relation to the longitudinal muscles (scale bar = 0.15 mm);

Fig.3 Operculate egg as seen under phase contrast (scale bar = 0.05 mm).’
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divided into an outer cortex and an inner medulla by two
layers of 1longitudinal muscles. Scolex undifferentiated,
smooth, unarmed with a conical base and bluntly tapering
extremity followed by a short neck. Testes numerous, 235-340
in numbers, ovoid in shape, larger than vitelline follicles,
commencing a shoft distance behind anterior vitellaria
up to cirfus sac and occupying the medullary region; cirrus
sac prominent, occupying the entire‘ thickness of medulla,
opening separately a 1little in front of the utero-vaginal
pore. Ovary bilobed, follicular, H;shaped, ovarian 1lobes
joined to each other by an ovarian isthmus, extending behind
Mehlis' gland posteriorly; Mehlis' gland behind ovarian
isthmus, uterus glandular, extending from in front of the.
isthmus anteriad beyond the lateral horns of the ovary;
no uterine coils behind ovarian isthmus; wvagina distinct,
joining the terminal end of the uterus to open unitedly
at the utero-vaginal pore. Vitelline folliclés. spherijical,
cortical in disposition relative to longitudinal musculature,
strewn in the mid-field of testicular region, commencing
from the base of the neck and extending up to the anterior
horns of the ovary, no post-ovarian follicles present.
Excretory pore terminal. Eggs smooth, ovoid and operculate,

as observed under the phase contrast microscope.

The measurement of the body and its organs are

presented in Table VIII.



TABLE VIHI: Lytocestus heteropneustii n.sp. :
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monrp hometrrc

measurements (hased on six matupe sSpecimens

Characters

Range S.D.

1.

2.

3.

S

6.

&.
9.
10.

1.

Length of the body

Maximum breadth of
the body at the
level of cirrus sac.

Length of the neck

Testicular follicles
(a) Length
(b) Breadth

Ovarian lobes
(a) Length
(b) Extent

Vitelline follicles

(a) Length

(b} Breadth

Pre-testes distance
(commencement of
testicular follicles
from anterior
extremity)

Pre-vitellaria
distance

Distance between

anterior extent of
testes and vitellaria

Position of the
genital pore from the
posterior extremity

Eggs (a) Length
(b) Breadth

9.57-19.14 & 3.52

1006 - lcq‘j 4 0013

1.98- 5.41 & L.49

Ooll - 0019 + 0.03
0003 - 0008 + 0002

0.99 - 3.10 £ 0.86
0-92 - 1132 + Oolq’

0.07 - 0.13 + 0.02
0.03 - 0.08 =+ 0.01

1.98 - 6.27 =+ 1.93

1085 - 5.41 t 1098

0012 - 1-12 t O.QB

1.52 - 4.16 + 0.97

0003 - 0.041 00006
0.02 - 0.05

+ 0.009

{SD = Standard Deviation],
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The characters such as the 1length and extent of
ovarian lobes, length of the neck, anterior extent of testes
and vitellaria énd position of the genital pore are stati-
stically found to bear a positive correlation with the
length of the body and significant at P 0.5% level. Further,
though the 1length of the neck appears to be a variable
character, it bears a definite proportion with the total
length of the body, i.e., it 1is approximately 5.42 times
less than the body length. However, the' size of testes,
vitellaria and eggs appear to be non-variable, since they

bear a negative correlation with the length of the body.

Discussion

Cortically disposed vitellaria and medullary testes
determines that the present form also belongs to the family
Lytocestidae, and the presence of characters such as undiffe-
rentiated scolex, absence of post-ovarian yolk glands,
uterine coils covered with thick coat of accompanying cells
and ejaculatory duct enclosed within the parenchymatous
bulb suggests that the present form belongs to the genus
Lytocestus. It is, however, found distinctly different

from the already known forms of the genus.

The present form stands apart from L. indicus and
L. birmanicus in not possessing a holdfast distinct from

the neck. In having the wvitellaria intermingled with the
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testicular follicles and not confined to the lateral fields,
the present species deviates from L. filiformis, L. parvulus,
L. 1longicollis, L. clariae n.sp. and L. attenuatus n.sp.
It can further be differentiated from L. 1longicollis in
the absence of a receptaculum seminis; from L. parvulus
in the arrangement of vitelline follicles which in the
latter are arranged in five rows; and from L. clariae n.sp.
in not possessiné confluent genital apertures and in having
smooth-surfaced eggs. In having a short and stumpy body,
the present form differs from L. filiformis, the long-necked
L. attenuatus n. sp., L. assamensis n. sp. and L. javanicus.
Since the neck 1length has been observed herein to bear
a definiée proportion with the total length of the body,
it is considered a valid character for distinguishing the
preéent forh from all these species. It also stands distinctly
apart from the type species L. adherens which has a club-
shaped body, unlike its flat and elongated one. Besides,
while the eggs in the present form is small (0.034 x 0.045mm),
the sameis larger in the type species L. adherens (0.08 x
0.03mm). Statistically also, the egg size .is found to be
a noﬁ-vériable character, so it 1is considered valid for

distinguishing the different species.

Further, on comparison with L. fossilis, the only
other species of the genus described from the same host,

i.e., Heteropneustes fossilis, the present form appears



42

to be different on account of the absence of post-ovarian

yolk glands.

In view of the above differences, the present form

is regarded as a new species of the genus.

Host: Heteropneustes fossilis
Location:  Intestine

Locality: Guwahati (Assam)

Specific diagnosis:
Lytocestus heteropneusti n.sp.

Body elongate; short neck; undifferentiated scolex; H-shaped
ovary; testes medullary; vitellaria strewn in the mid-field

of testicular zones; eggs oval and smooth surfaced, operculate.

Etymyology: The species is named after the host from which

it has been recovered.

Family Lytocestidae Wardle and McLeod, 1952
Subfamily Djombanginae Satpute and Agarwal, 1980(a)
Genus Djombangia Bovien, 1926.

Djombangia penetrans Bovien, 1926.
(Plates 1.18 and 1.19)

398 specimens of D. penetrans were collected.
Description

Body short, broad and fleshy; body proper divided
into an outer cortex and an inner medulla by two layers

of 1longitudinal muscles. Scolex globular with a terminal



PLATE 1.18 Djombangia penetrans

Fig.1 Full worm (whole mount);
Fig.2 Scolex end showing sucker at the tip (enlarged);

Fig.3 Posterior portion of the worm enlarged to show disposition of the various
components of the reproductive system;

Fig.4 Egg.
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PLATE 1.19 Djombangia penetrans
Fig.l  Sagittal section through the posterior region revealing confluent
 genital apertures (scale bar = 0.5 mm);

Fig.2 Transverse section showing the distribution of testes and vitellaria
in relation to the longitudinal muscles (scale bar = 0.5 mm);

Fig.3 Operculate and spinose egg as seen under phase contrast (scale bar
=0.05 mm).
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sucker. Neck marked off from thé bédy. Testes 155-383 in
number, spherical or ovoid, extending in two lateral rows
from some distance behind the neck up to the level just
in front of the ovary; cirrus pouch not well defined, opening
into a common atrium immediately in front of the utero-
»vaginal pore; genital atrium close to posterior extremity,
just in front of the ovarian isthmus. Ovary bilobed, at
posterior extremity, follicular, the two lobes joined to
each ,other by an ovarian isthmus; uterus partly glandular,
its coils largely in the median field of medulla, and reaching
cephalad up to the commencement of testicular region. Vitellaria
globular, extending in cortical parenchyma of testicular
and ovarian zone; no post-ovarian vitelline follicles present.

Eggs oval, spiny and operculate.

The measurements of the body and its organs are
presented in Table IX.

’

Host: Clarias batrachus
Location: Stomach and duodenum

Locality: Guwahati (Assam)

Remarks
The present form is identified to be D. penetrans
Bovien, 1926 because it shares with the type species all

the salient morphological features 1like a distinct sucker
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TABLE IX: Djomba%ia penetrans : monfbjmefztei ffn:(”(f{’(mmf’
0 eert Y

and their comparison with the ofher ADGIA Speeits m India.
D. indica D. cabellaroi
Characters " Present observation Satpute & Agarwal's Sahay & Sahay's(1977)
(1980) observation observation -
(R arnac) 1S B
\I‘allscl \JoeLJeJ .
1. Length of the body 5.61 - 11.35 + 1.87 7.3 - 13.8 7.86 - 8.12

2. Maximum breadth of
the body at the 2.97 - 5.28 + 0.68 1.8 - 4.3 2.70 - 2.76
level of cirrus sac.

3. Length of the

scolex - : 0.53 - 1.12 + 2.08 0.9 - 1.5 0.52 - 0.6
4, Length of the neck 0.26 - 0.99 + 0.29 0.6 - 1.7 1.00 - 1.22
5. Testicular follicles
(a) Length 0.06 - 0.19 + 0.28 0.048 - 0.168 -
(b) Breadth 0.04 - 0,12 + 0.02 0.06 - 0.18 -
6. Ovarian lobes
(a) Length 0.26 - 0.66 + 0.13 0.425 - 0.85 0.4
" (b) Breadth 0.99 - 1.32 + 0.13 0.17 - 0.493 : 0.3

7. Vitelline follicles

(a) Length 0.
0.

6 - 0.19 + 0,03 . 0.024 - 0.096 -
(b) Breadth 4 - 0.11

0
0 + 0.02 0.024 - 0.084 -
8. Pre-testes distance 1.19 - 2.64 + 0.39 0.6.- 1.3 -
" (commencement of
‘testicular follicles
from anterior
extremity)

9. Pre-vitellaria 1.45 - 2,97 + 0.48 - ‘ -
distance :

10. Distance between  0.0028-0.028+0.007 - -
anterior extent of .
testes and vitellaria

Position of the 0.79 - 1.32 + 0.19 - -
genital pore from

the posterior

extremity

11

" 12. Eggs
(b) Breadth 0.028-0.039:0.003 0.043 - 0.068 ' 0.04

{S.D. = Standard Deviation]
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at the tip of the scolex, neck marked off from the body,
no post-ovarian vitelline follicles, cirrus sac not prominent,

and spinose eggs.

On comparison with the other known forms, the present
form is found to be distinctly different from D. indica
Satpute and BAgarwal, 1980(a), described erm C. batrachus
in Raipur (M.P), iﬁ not having the post-ovarian vitelline
follicles and in the absence of a prominent cirrus sac and
receptaculum seminis, though it shares the characters such
as the préseﬁce of a sucker at the tip of the holdfast and

spinose eggs.

The present form also does not fit intp the descrip-
tion of the other Indian species ,of Djombangia, i.e., D.
caballeroi Sahay and Sahay, 1977. The latter described from
. H. fossilis in Bihar is reported to have a conspicuous cirrus
sac, non-operculate and aspinose eggs, the characters which
distinguish it from D. penetrans, Till more material is
collected and studied from various localities it appears
that thé genus Djombangia is represented by three species

in India.



Chapter 11 SURFACE FINE TOPOGRAPHY



INTRODUCTION

Amongst the cestodes the majority of the studies
carried out so far on surface topography pertains to the
members of Bseudopﬁyllidea and Cyclophyllidea (Lyons, 1977).
All cestode species examined so far possess microtriches
in the larval as well as the adult stage and these structures

seem to be a universal feature of the group (Brgten, 1968a;

Jha and Smyth. 1969, 1971; Lumsden, 1966; Morseth, 1966;

Yamane, 1968). Studies on some species of pseudophyllidean
tapeworms indicate that there .are differences in shape and
density of microtriches between larvae and adult worms (Braten
1968b; Grammeltvedt, 1973) and between different species

(Charles and Orr, 1968; Andersen, 1975).

The tegument of monozoic cestodes has been less
intensively studied than that of strobilating species, the
available accounts being restricted to some caryophyllids
like Hunterella nodulosa (Hayunga and Mackiewicz, 1975),
Glaridacris catastomi and G. laruei (Hayunga, 1979), and
Caryophyllaeus laticeps (Richards and Arme, 198ta, b and

1982a,b).

In the present investigation surface fine topography

of Lytocestus indicus, and Djombangia penetrans, the most

-
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commonly occurriné and apparently pathogenic species of
the edible catfish, Clarias batrachus, was studied with

the help of scanning electron microscopy.

Materials and Methods

Live specimens of Lytocestns indicus and Djombangia
penetrans were obtained from the intestine of C. batrachus.
After thorough washing the worms were fixed in 10% buffered
formalin and preserved in 70% alcohol until further processing
They were dehydrated in a graded series of ethanol-amylace-
tate mixtures to pure amylacetate. Thereafter, the specimens
were critical-point dried using liquid carbon dioxide, metal
coated with gold palladium, and finally observed in a steréo—
scan Phillips 500 at 25 to 6000 x magnification at electron

accelerating voltages ranging from 15 to 20 kv.

Observations and discussions

Scanning electron microscopic studies on L. indicus
and D. penetrans reveal a similarity in the surface fine
topography of the two species. In both, the body is divided
into a body proper, a short neck and a distinct scolex.
The tegument exhibits deep wrinkles and folds in the pre-
and post neck region of both the species. (Pl. 2.1; Fig.1
and Pl. 2.3; Fig.l). A zone of finely wrinkled tegument
which delimits the body of the worm from the scolex is distin-

guishable as the neck. However, the scolex in the two species



PLATE 2.1 Scanning electron micrographs of Lytocestus indicus

Fig.1 Entire worm (scale bar = 1 mm);

Fig.2 Scolex end; the smooth neck region is distinct from the finely
wrinkled tegument of the distal end of the scolex (scale bar
= 0.5 mm); .

Fig.3 Scolex tip showing deep wrinkles (scale bar = 30 u);

Fig.4 The same under higher resolution revealing the cover of micro-

triches (scale bar = 30 u).



PLATE 2.1




_PLATE 2.2 Scanning electron micrographs of Lytocestus indicus

Fig.1 Microtriches on the general tegument of the body (scale bar
= 30 U);
Fig.2 Tegument of the neck region; coarsely distributed pits occur

in this (arrows) zone (scale bar = 30 u);

Fig.3 Tegument in the post neck region. Note the conspicuous pits
(arrows) and crackles (scale bar = 0.5 mm);

Fig.4 A closer view of the surface pit (scale bar = 30 u).
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PLATE 2.3 Scanning electron micrographs of Djombangia penetrans

Fig. 1 Entire worm (scale bar = 1 mm);
Fig.2 Scolex end showing deep folds and wrinkles (scale bar = 0.5 mm);
Fig.3 Scolex tip under  higher resolution revealing the deep wrinkles

covered with microtriches (scale bar = 30 u);

Fig.4 Genital pore (arrows) and the general tegument showing micro-
triches (scale bar = 30 u).
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is ‘without any introvert, unlike in pseudophyllidean and
cyclophyllidean cestodes, (Pl. 2.1; Fig. 2 and Pl. 2.3;
Fig. 2). While, similar type of folds and wrinkles were
observed in the tegument of the body proper of the two species
differences were distinct in the surface topography of their
scolex. Thus, in L. indicus, only fine wrinkles were observed
in the scolex surface (Pl. 2.1; Fig.3) but in D. penetrans,
the scolex which is provided with a sucker at the tip showed

intricate pattern of folds and wrinkles (Pl. 2.3; Fig. 2).

In both the cases, the whole body surface of the
worm was revealed as carpeted with fine microtriches under
higher resolution (Pl. 2.1; Fig. 4 and Pl. 2.3; Fig.3).
These microtriches appeared to be uniform throughout the
body without showing any rgional differentiation in their
morphology (Pl. 2.2; Fig. 1 and Pl. 2.3; Fig. 4). However,
in other caryophyllidéan cestodes, viz., Hunterella nodulosa
and Caryophyllaeus laticeps as observed 'by Hayunga and
Mackiewicz (1975), Hayunga (1979) and Richards and Arme
(1981a,b and 1982a,b), the microtriches show distinct regional
differentiation along the length of the worm. Three types
of microtriches have been described from the tegument of
Hunterella nodulosa: typical ones with well developed spines,
another type with short filaments and the third type with
no spines. Microtriches with spines are found only on the

anterior part of the worm; those on the posterior part are
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aspinose and betweeﬁ these two regions, in the transitional
zone all the three types of microtriches abound. In Caryophyl-
laeus laticeps, the scolex-neck syncytium differs from that
of the mid- and posterior body surfacé in the morphology

of the microtriches.

The surface topography of pseudophyllidean and cyclo-
phyllidean cestodes also reveals a variety of microthrix
form. Along the length of Hymenolepis spp. and on the surface
of adult Taenia hydatigena, polymorphism of microtriches
was observed by Berger and Mettrick (1971) and Featherstone
(1975). While in the larvae of Diphyllobothrium ditremum
and D. dendriticum fegional differentiation of microthrix
occurs, the same is not apparent in the adult worms (Andersen,

1975).

Throughout the extent of the body in L. indicus,
and D. penetrans, the tegument did not reveal any papillate
or dome-shaped structures. However, in L. indicus, the tegqu-
ment was interrupted by irregularly scattered pits, (Pl.2.2;
Fig.2, Pl. 2.2; Fig. 3 and Pl. 2.2; Fig.4) which were absent
in D. penetrans. These pits show a resemblance to the openings
of the pore canals of some diphyllobothriid cestodes (Yamane
et al. 1975). However, the functional significance of these
pits in L. indicus could only be elucidated after the ultra-
structural studies of the tegument in this species or other

caryophyllids have been carried out.
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The dense diétribution of microtriches all over
the general tégument in L. indicus and D. penetrans is also
suggestive of the well accepted functional attributes of
microtriches, i.e., absorption, secretion and anchorage
to the hosts tissue, for other groups of cestodes (Lumsden,
1966; Morseth, 1966; Lee, 1972; Smyth, 1969 and Sgsmyth,
1972).



Chapter 1 HISTOCHEMISTRY



INTRODUCTION

The studies carried out so far on cestode physio—
logy mainly pertain to cyclophyllideah and pseudophyllidean
groups and are based on biochemical observtions (Smith,
1969). A 1look into the 1literature shows that relatively
few histochemical étudies have been made, still lesser con-

cerning the adult worms.

In cestodes histochemical studies reveal that glycogen
is mainly present in the parenchyma ahd muscles and is absent
in the reproductive, nervous and excretory systems (Hedricke
. and Daugherty, 1957; Kilejian et al., 1961). In Hymenolepis
microstoma and H. nana, a strongly positive reaction was
observed in the cuticle of gravid segments of the worm (Burton
and Bogitsh, 1963). Acid mucopolysaccharideé were also reported
to be present in the outer edge of the cuticle, but no meta-
chromasia was seen. However, presence of red metachromasia

was seen by Chowdhury et al. (1962) in Taenia saginata.

The distribution of glycogen in the cestodes, namely,
Anopiocephala plicata, A. perfoliata, A. mamillana, Callio-
bothrium coronatum, Caryophyllaeus mutabilis and Moniezia
expansa was studied by various workers like Brault and Leoper
(1904a, b); Busch (1905a,b); Ortner-Schoénbach (1913); von

Brandt (1933); Wardle (1937); Smyth (1947,1949) and Yamao
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(1952a,b) who reported the presence of traces of glycogen
in the subcuticle and rich deposits in the parenchymatous
tissue. Moczon (1975) found the highest content of glycogen
in the testes and vitellaria in addition to parenchyma in
H. diminuta. Baugh and Singh (1979) also observed the occur-
rence of this metabolite in various components of thé repro-
ductive system in Raillietina species. According to Gupta
and Kapoor (1979) the cuticle, sub-cuticle, cortical paren-
chyma, and longitudinal and transverse muscles show the
presence of . 1:2 glycol groups, acid?mucopolysaccharides
and traces of -metachromasia. All the structures contained
glycogen excepting the cuticle but maximum concentration

of it in the form of droplets was found in the parenchyma.

With regard to caryophyllideans, \the histochemical
studies done in the past relate mainly to glycogen and to
some extent to lipid distribution in the worm. Ortner-Schonbach
(1913) first reported the presence of glycogen in the
"Faserzellenstrange" of Caryophyllaeus laticeps. Later,
Mackiewicz (1968b) confirmed these observations in C. laticeps
and also in C. fennica. However, Ginetsigskaya and Upenskaya
(1965) reported in C. 1laticeps the maximum concentration
of glycogen as occurring in the medullary parenchyma of
the posterior part of the body surrounding the sex glands

and that the latter were free of glycogen.
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Studies by Mackiewicz (1968b) in vitellogenesis
of C. laticeps and C. fennica showed that while the contents
of the nuclear Qacuole of the vitelline cells were mainly
glycogen, the nucleus had decreased DNA content and the
cytoplasm, increased RNA. Swiderski and Mackiewicz (1976)
with their eleétron microscopic studies on the vitellogenesis
of the caryophyllid Glaridacris gatastomi, confirmed the
occurrence of a single large non-membrane bound glycogen
vacuole in the nuclei of mature vitelline cells and supported
Mackiewicz's (1968b) conjecture that this glycogen vacuole
could be a functionally significant food reserve in the

egqg.

Such nuclear vacuoles are a characteristic feature
of the caryophyllidean cestodes (Mackiewicz, 1968b), and
are not found among any other cestode groups. Thus, studies
of Swiderski et al.(1978) confirm the lack of glycogen vacuole
in the proteocephalan cestode, Proteocephallus longicollis.
It was also found lacking 'in the cyclophyllidean cestodes
like Cétenotaenia pusilla, Inermicapsifer madagascariensis
and Hymenolepis diminuta by Swiderski et al. (1970), and
also in the tetraphyllid, Echeneibothrium beauchampi by
Mokhfar—Maamouri and Swiderski (1976). Similarly, studies
of earlier workers like Schauinsland (1885) Wisniewski (1932)
and those of Smyth (1956) and Swiderski and Mokhtar (1974)

revealed that pseudophyllideans are also devoid of such
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glycogen vacuoles. The same also holds true for other platy-
helminths 1like trematodes (Halton et al., 1974) or free

living turbellaria (Domenici and Gremigni, 1974).

Protein histochemistry was studied in Hymenolepis
teniaeformis and Dipylidium caninum by Waitz et al. (1964).
Their observations revealed that the greatest concentration
of the sulphydryl groups was found in the cuticular and
sub-cuticular regions. Christina James (1968) found the
disulphide groups to be absent in the sub-cuticle of Diphyllo-
bothrium dendriticum. However, Gupta and Kapoor (1979) observed
that the cuticle, sub-cuticular cells, longitudinal and
transverse muscles of Cotugnia digonopora were rich in proteins
with the end groﬁps like tyrosine and arginine; the parenchyma
of this spécies was found to contain droplets of these proteins
scattered here and there, while the dorsoventralJ muscles
contained only their traces. The results obtained were in
suppért of the earlier works of Monne (1959) and Chowdhury
_et al. (1962) on H. teniaeformis and T. saginata, respectively.

The cuticle and sub-cuticle of H. microstoma was also reported

to contain arginine and tyrosine.

Muthukrishnan (1974) observed that histochemically,
the tegument of adult T. hydatigena comprised two layers,
i.e., the outer "epicuticle" and the inner "maincuticle"

which differed from each other in their chemical composition;
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the ‘“epicuticle"™ contained non-sulfated acid mucopolysac-
charides of carboxyl type 1in combination with proteins.
Thereafter, while studying the nature of protein components
in the tegument of gravid proglottids in T. hydatigena,
Muthukrishnan (1975a,b,c) observed the transfopmation of
-SH groups into -S-S bonding and also reported the "main-
cuticle" to be feebly PAS positive, compared  to the other

regions of the body.

Detailed  Thistochemical studies of <caryophyllids
have not been carried out so far, but enzyme histochemistry
has drawn relatively better attention in respect of this
group. Non-specific -phosphomonoesterases Were studied in
three species of caryophyllids, viz., Lytocestus indicus,
Introvertus raipurensis and Lucknowia indica from Clarias
batrachus by Gaur and BAgarwal (1981) and also by Rasheed
Unnisa and Simha (1982) in L. indicus. The studies revealed
that the highest alkaline phosphatase activity was recorded
in I. raipurensis. The cuticle of L. indicus was found to
be slightly positive for acidic, and strongly positive for
basic, phosphomonpesterase ‘activity. Both acid and alkaline
phosphatase activities were detected in L. indica. Further,
studies of Rasheed Unnisa and Simha (1982) suggested that
the tegument acts as a functionally digestive or absorptive
surface, since non-specific phosphomohoesterase aids in
hydrolysing the contents of the host's duodenum before absorp-

tion.
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Lipid distribution in_ cyclophyllidean cestodes
such as Moniezia expansa, M. denliculata, T. saginata, T.
marginata, Dipylidium\ caninum, Raillietina cesticillus,
Hymenolepis microstoma and H. diminuta was studied by earlier
" workers like Schiefferdecker (1874), Brault and Leoper (1904a,b),
Pinter (1922), Arndt (1922), Coutelen (1931), von Brand
(1933), sSmyth (1947, 1949) and Hedrick (1958), reépectively.
While Parshad et al. (1981) and Vykhrestyuk et al. (1981)
studied the lipid distribution in the Raillietina spp.,
fhe same was studied »in Cotugnia digonopora by Gupta and

Kapoor (1979);

Studies on nucleic acids by Christina James (1968)
showed that a cap of RNA ‘activity is located in some of
the nuclei of Diphyllobothrium dendriticum, although general
parenchymatous strands, cuticle, basement membrane and ;al—
careous corpuscles were found to be negative. DNA, however,
was found in all the nuclei. In H. microstoma, abundant
RNA was found to be located in sub-cuticular and parenchymal
region of neck and iﬁmature proglottids by Burton and Bogitsh
(1963) and the presence of only a small amount of basic
protein was found in the egg-shell globules, vitellaria
and yolk masses, and cytoplasm within the oocytes. Observa-
tions of Gupta and Kapoor (1979) on Cotugnia digonopora

revealed the presence of DNA in the nuclei of subcuticular
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and parenchymatous cells and also in the transverse and

dorso-ventral muscles.

In view of the fore-going, further investigation
into the caryophyllidean group seems desirable, as the informa-
tion received. would be an asset in obtaining an integrated

picture of cestode physiology.

Material and Methods

O0f the various types of caryophyllidean cestodes
recovered from the host, Clarias batrachus, histochemical
studies have.been carried out in the two most commonly occur-
ring and apparently pathogenic species, viz., Lytocestus
indicus and Djombangia penetrans. For localization of carbo-
hydrates, proteins, lipids and nucleic acids in the various
tissues and organs of the parasite, specific fixatives were
used and specific histochemical tests performed (after Pearse,
1968) as mentioned in Table X - XIII. All the paraffin sections

were cut at 6-7 m thickness.

Results and Discussion

Based on the specific histochemical tests the various
metabolites could be demonstrated (Pls. 3.1 - 3.7). Their
diétribution in respect of the various parts of the body

is present in the Tables X - XIII.
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Fig.1
Fig.Z
Fig.3
Fig.4

Fig.5

Fig.6

PLATE 3.1 Lytocestus indicus - Localisation of carbohydrates
(Photomicrographs of longitudinal sections)

Scolex showing positive reaction for PAS (scale bar = 0.15 mm);

Tegument showing strong intensity for PAS (scale bar = 0.15 mm);

Vitelline lobes showing glycogen masses (arrows) Best carmine (scale
bar = 0.15 mm);

Glycogen masses in vitelline lobes under higher resolution (scale
bar = 0.02 mm);

Strong reaction for glycogen in the vitelline cells within the egg.
The area appearing dark in the photomicrograph stained deep red
and the cell nuclei did not pick up haematoxylin stain (scale bar
= 0.02 mm);

Tegument showing positive reaction for acid mucopolysaccharides.
Alcian Blue (scale bar = 0.15 mm).
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Fig.1
Fig.2
Fig.3

Fig.4

PLATE 3.2 Lytocestus indicus - Localisation of lipids
(Photomicrographs of longitudinal sections)

General parenchyma of the scolex region showing sudanophilic lipids
(scale bar = 0.15 mm);

Vitelline cells within the eggs showing positive reaction (arrows).
Sudan Black B (scale bar = 0.02 mm);

Subtegument, parenchymal longitudinal muscles, testes and vitellaria
showing intense reaction. Sudan Black B (scale bar = 0.15 mm);

Testes and vitellaria shdwing strongly positive reaction for unsaturated
lipids. Performic Acid-Schiff's reaction (scale bar = 0.15 mm).
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Fig.1

Fig.2
Fig.3

Fig.4

Fig.5

Fig.6

PLATE 3.3 Lytocestus indicus - Localisation of proteins
(Photomicrographs of fongitudinal sections)

Frontal gland cells (arrows) in the scolex region showing protein-
aceous contents. Bromophenol Blue (scale bar = 0.05 mm);

The same at higher magnification (scale bar = 0.02 mm);

Tegument, muscles, testes and vitellaria showing positive reaction.
Bromopheno! Blue (scale bar = 0.15 mm);

A portion of the mid-body showing positive reaction for tyrosine,
in testes, vitellaria and parenchymal longitudinal muscles. The latter
stain intensely. Millon's reaction (scale bar = 0.15 mm);

The posterior third of the body showing a positive reaction for disul-
phides in the reproductive components. The Mehlis gland, uterine
glands and the eggs in the uterus exhibit deep staining. Performic
acid Alcian Blue method (scale bar = 0.15 mm).

Tegument, testes, vitellair and parenchymal longitudinal musculature,
showing strong reaction for basic proteins. Alkaline Fast Green (scale
bar = 0.15 mm).
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Fig.l
Fig.2
Fig.3

Fig.4
Fig.5
Fig.6

Fig.7

Fig.8

PLATE 3.4 Djombangia penetrans - Localisation of carbohydrates
(Photomicrographs of longitudinal sections)
The sucker region in the scolex. PAS (scale bar = 0.05 mm);
Tegument showing positive reaction for PAS (scale bar = 0.1 mm);

General parenchyma showing high concentration of carbohydrates.
PAS (scale bar = 0.15 mm);

Rich deposits of glycogen in the parenchymatous tissue. Best carmine
(scale bar = 0.15mm);

Vitellaria showing glycogen rich nuclei (arrows). Best's carmine (scale
bar = 0.15 mm);

An enlarged view of a vitelline gland cell. The nucleus shows a positive
reaction for glycogen (scale bar = 0.02 mm);

Egg under oil immersion. While most of the dark area in the photo-
micrograph represents intense haematoxylin staining only a few spots
(arrows) stain for glycogen (scale bar = 0.02 mm);

Tegument and eggs showing positive reaction for acid mucopoly-
saccharides. Alcian Blue method (scale bar = 0.15 mm).
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Fig.1

Fig.2

Fig.3

Fig.4

PLATE 3.5 Djombangia penetrans - Localisation of lipids
(Photomicrographs of longitudinal sections)

Scolex region. The sucker at the tip of the scolex shows a strong
reaction for Sudan Black B (scale bar = 0.1 mm);

The lipid distribution in the various regions of the body. Tegument
parenchymal musculature, ovary and eggs exhibit sudanophilic reaction
(scale bar = 0.15 mm);

Egg under oil immersion showing high concentration of lipid in the
vitelline cells (scale bar = 0.02 mm);

Testes and vitellaria showing a mild reaction for unsaturated lipids.
Performic acid Schiff's reaction (scale bar = 0.15 mm).
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Fig.1
Fig.2
Fig.3
Fig.4
Fig.5

Fig.6

PLATE 3.6 Djombangia penetrans - Localisation of proteins
(Photomicrographs of longitudinal sections)

. Scolex region with sucker at its tip. Bromophenol blue (scale bar

= 0.15 mm);

Frontal glands in the scolex showing intense reaction. Bromophenol
Blue (scale bar = 0.02 mm);

Tegument, testes, vitellaria and parenchymal longitudinal musculature
showing intense staining. Bromophenol Blue (scale bar = 0.15 mm);

Testes, vitellaria and eggs showing positive reaction for tyrosine
Millon's reaction (scale bar = 0.15 mm);

The same structures showing a positive reaction for disulphides.
Performic acid Alcian Blue Method (scale bar = 0,15 mm);

‘A portion of the posterior half of the body, tegument, parenchymal

longitudinal musculature, ovary and eggs show a strong reaction
for basic proteins. Alkaline Fast Green (scale bar = 0.15 mm).-
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’ PLATE 3.7 Localization of nucleic acids :
(Fig. l & 2 Lytocestus indicus - Photomicrographs of longitudinal sections)

Fig.] Reproductive organs of L. indicus showing high concentration of
DNA. Feulgen nucleal reaction (scale bar = 0.15 mm);

Fig.2 A portion of the body shows intense reaction for RNA. Methy! Green
Pyronin Y (scale bar = 0.15 mm);

(Fig. 3 & 4 Djombangia penetrans - photomicrographs of longitudinal sections)

Fig.3 DNA in the various organs. Feulgen nucleal reaction (scale bar =
0.15 mm);

Fig.s4 A portion of the body showing strong intensity for RNA. Methyl
Green Pyronin Y (scale bar = 0.15 mm).
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These results indicate towards a similarity in
the distribution of the different metabolites in the various

organs of the two species.

The tegument scolex, neck, parenchyma, subtegumental

-muscle layer, vitelline cells of the egg, and uterus in

both the species stained positively for PAS reaction, though
the reaction was mild in the parenchymatous longitudinal
muscles (Pl. 3.1y Fig. 1-2 and Pl. 3.4y Fig. 1-3). This
observation of the occurrence of rich deposits of carbo-
hydrates in the parenchymatous tissue, tegument and subtegu-
mental layer of L. indicus and D. penetrans is in conformity
with those of Gupta and KXapoor (1979) who also found the
same - tissues of Cotugnia digonopora to be rich in carbohy-

drates.

It is known that in the adult' parasitic helminths
carbohydrate ~is the major enefgy reserve and has manifold

functions ih the tissues, but carbohydrate 1levels in the

worm may show alterations in accordance with the nutritional

status or phase of the life cycle and among different cestode
species. This metabolite is known to exhibit diurnal and
annual cyclic changes as well. Yet carbohydrates are a major
energy reservé, form important  structural cdmponents and
as phosphorylated inﬁermediates, are most important for
energy metabolism. Further, they are also important as con-

stituents of nucleotides, glycolipids and glycoproteins

A \)1: bﬂ’?
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(Barrett, 1981). However, of the <carbohydrates, the main
reserve polysaccharide in helminths 1is glycogen (Barrett,

1981).

In L. indicus and;D. penetrans, maximum concentration
of glycogen was observed in the parenchyma. Presence . of
glycogen was also seen gn the scolex and neck region, but
it was absent in the tegument, sub-tegument, muscles and
the sqonadids (Pl. 3.1y Fig. 3; Pl. 3.4, Fig.4). This obser-

vation is in accordance with that of Ginetsinskaya and

Upenskaya (1965) in Caryophyllaeus laticeps.

As a characteristic fgature of céryophyllids
(Mackiewicz, 1968b) a large. glycqgen vacuole in the nuclei
of mature yitelline cells in the egg was observed in  both
the species; (Pl. 3.1y Fig. 4 and Pl. 3.4y Fig.5) while
it was more prominent and ubiquitously occurring in L. indicus
eggs, not all the vitelline cells nuclei of the eggs -in
D. penetrans showed such a character. However, regarding
the whole vitelline follicle, while in L. indicus glycogen
was observed as conspicuous intercellular globular masses,
2-5 in number, in D. penetrans it appeared to be confined
to the nuclei of only a few cells (P1.3.13 Fig.5 and Pl.3.4j

Fig.6=7).

Depending on- the properties of glycogen,  namely,

its non-diffusable nature, low osmotic pressure and its
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highly branched structure which provides large number of
chain ends for enzymes to work on, glycogen as a reserve

polysaccharide is advantageous (Barrett, 1981).

An enhancement of glycogen._content without having
any increase in egg size or in the number of vitelline cells
per ‘egg seems to have a selective value and adaptational
significance (Mackiewicz, 1968b). Further, as hypothesized
by Swiderski and Macﬁiewicz (1976), the partitioning of
glycogen content into intranuclear and cytoplasmic compart-
ments would lead to more efficient use of this energy reserve.
Such a situation occurs among vertebrates 1like starving
tadpoles where the nuclear glycogen is utilized after the
depletion of the cytoplasmic glycogen (Himes and Pollister,

1962).

Besides the presence of glycogen, the eggs in L.
indicus showed a mild occurrence of 1lipids whereas in D.
penetrahs eggs this metabolite was more prominently presenf
(P1.3.23 Fig.3 and Pl1l.3.53 Fig.3). Eggs containing both
glycogen and 1lipid have been reported in Diphyllobothrium
latum and’ those containing only lipid, in other pseudophy-
llideans, 1ike Ligula columbi and Triaeﬁophorus nodulosus;
by Ginetsinskaya et al. (1971). According to Calow and Jennings
(1974) the 1lipids are a major energy source in free-living

platyhelminths, whereas the enteric parasites have an energy



source rich in glycogen. While Jennings (1973) looked upon
high glycogen as of adaptive value towards low or enhancing
oxygen tensions prevailing in their habitat (i.e., gut),
Jennings and Calow (1975) regarded this factor to be related
to the high fecundity of the worm. However, in respect of
caryophyllideans, they being monozoic cestodes, the require-
ﬁent of large quantities of glycogen, instead of 1lipids,
as an energy source seems to be related more to the biology
of the egg and life cycle of the worm than to its fecundity.
All the caryophyllids for which the complete life cycle
has been worked out are known to utiliéé benthic intermediate
hosts like tubificid annelids (see Mackiewicz, 1981a). Glycogen
being heavier than lipid and also because it can be metabolized
under anaerobic conditions, caryophyllidean éggs with more
glycogen content seem to be better adapted to be approached

by the intemediate hosts (Mackiewicz, 1981a).

The difference regarding the 1lipid and glycogen
content in the eggs between L. indicus and D. penetrans
can be explained on the basis of differences in their fecundity.
The number of eggs in D. penetrans is much more compared
to that in L. ihdicus. The uterine coils of D. penetrans,
which run almost throughout the body, remain full of eggs,
whereas in L. indicus, eggs whenever present are found in

a limited number within the uterine coils that occupy only
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a few milimeters of 1length in the posterior extént of the
body. The fecundity rate seems much higher in D. penetrans
than in L. indicus andl-since the number of éggs is more
in D. penetrans, glycogen storage does not seem really essential
for prolonging the period of infectivity as in other caryo-
" phyllid cestodes. However, the occurrence of intranuclear
‘glycogen in a few vitelline cells in D. penetrans appears
to be related to the low or variable oxygen tension in the

gut of the host (Mackiewicz, 1981a).

Apart from the wvitelline cells of the eqq, the
sucker at the tip of D. penetrans, the frontal, Mehlis'
and uterine glands; and the gonads of L. indicus and D.
penetrans all stained positively for 1lipids. Droplets of
lipids were also found scattered throughout the parenchyma,
and subtegumental muscle layer (Pl. 3.29 Fig.1l; Pl.3.53
Fig.1-2). Occurrence of lipid in the tegument and subtegumental
layer of the two species is in conformity with the observations
of Waitz (1963) and Gupta and Kapoor (1979) in Hydatigera
taeniaeformis and Cotugnia digonopora, respectively. von
Brand (1952) alsd observed the scattered droplets of 1lipids
in parenchyma of Moniezia eipansa, M. denticulata, T. saginata,
T. marginata and D. caninum. Unsaturated 1lipids, however,
were found in the gonads and vitelline lobes of the two
species (Pl. 3.2y Fig. 4; Pl.3.63 Fig.4) and glycolipids

were present in the tegument, parenchyma, scolex and neck.

-
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A variety of function is performed by the. lipids
in the tissues. Thus, lipid forms a major structural component
of the cell meﬁbrane and as activators or glycosyl carriers
lipids are also found associated with enzyme reactions.
In the cytochrome chain and membrane transport mechanisms,
lipid forms a component part and acts as important energy
reserve (Barrett, 1981). Though, in most caryophyllidean
eggs glycogen acts as major energy reserve, in forms like
D. penetrans, lipid also seem to assume this function.
However, the distribution of 1lipid in" the eggs of helminths
is found to be extra-embryonic, occurring in the space between
the embryo and the egg shell and is discarded when the eggs

hatch.

Another important constituent of the body is proteins.
Almost all the organs excepting the vitedline cell nuclei
showed the presence of proteins, though their maximum concen-
tration was seen in the tegument and the varioué gland cells
of the two species (Pl. 3.3; Fig. 1-3; Pl.3.65 Fig.1-3).
Considerable concentration of protein is found in most of
the endoparasites because proteins form a substantial part
of the normal diet of a vertebrate, which as a host provides
an environment rich in proteins and their relatea break
down products for the cestode parasites (Smyth, 1969). Thus,
along with the general proteins, the tegument, scolex, neck,

parenchyma and the eggs showed the presence of disulphides
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(P1. 3.3 Fig. 4; Pl.3.6; Fig.4). These tissues also showed
the presence of tyrosine, though in traces, but a large
concentration of it was found in the gonads (P1.3.35 Fig.5;
Pl.§:65'Fig.5).Rich concentration of proteins in the tegument,
subteguﬁent and the_ muscle layers are in confofmity with
the obsérvations of Gupta and Kapoor (1979) in Cotugnia
digonopora. Also the occurrence of tyrosine in the species
under present investigation is in accordance with the findings
of Monne (1959), Chowdhury et al. (1962) and Gupta and Kapoor
(1979) who made similar observations in H. teniaeformis,

T. saginata and Cotugnia digonopora, respectively.

Severai biological functions are attributed to
proteins. In general, proteins are associated in contractile
system, in transport, as protective agents, toxins, hormones,
amino-acid reserves and as important structural components
(Barrett, 1981). In L. indicus and D. penetrans, the frontal
glands of thé scolex and the uterine and Mehlis' gland cells
appeared to be rich in proteins; indicating thereby the

proteinaceous nature of their secretion.

The occurrence and distribution of the basic proteins
like histones has not been studied in parasitic helminths
(Barrett, 1981). However, histones being nucleoproteins,
.in the present investigation also, the nuclei of all the

cells showed the presence of this basic protein in the two



69

species - (Pl1.3.3; Fig. 6; Pl. 3.6; Fig.6). Similarly, DNA
appeared to be present in the nuclei of all the cells, but
a high concentration of it was found in the reproductive
organs (Pl1.3.7, Fig.1; Pl.3.7 Fig.3). The eggs of D. penetrans
had considerable amount of DNA in the vitelline cells but
a very less concentration of it was found in the eggs of
L. indicus. Burton and Bogitsh (1963) and Christina James
(1963) showed that DNA is confined to the nuclei of all
the cells in H. nﬁcgostoma and D. dendriticum, respectively.
However, because of the presence of glycogen in the vitelline
cell nuclei in L. indiéus the concentration of DNA was less.
This observation seems in agreement with those of Mackiewicz
(1968b) on C. laticeps and C. fennica. Comparatively higher
concentration of DNA was“found in the vitelline cells of
the eggs of D. penetrans because it had only a few cells
with intranuclear glycogen vacuole, most of them being rich

in lipid.

Abundance of RNA was recorded in the tegument,
muscles and reproductive organs of the species under investi-
gation (Pl.3.7, Fi§.2; P1.3.7, Fig.4). Similar observations
were made by Burton and Bogitsh (1962), and Gupta and Kapoor
(1979). Besides tegument, muscles and reproductive organs,
all the other organs and’ tissues of the two species also

had positive reaction for RNA. This seems quite usual in
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view of the well established functions, like the storage,
transmission and trnslation of the genetic material, by

these nucleic acids.

In gut parasites 1like cestodes, the tegument is
the mosﬁ important interface since it comes into immediate
contact with the host tissue. In both the species under
present investigations the tegument was observed to be highlyAl
positive for acid-mucopolysaccharides (Pl.3.1;,Fig;6; Pl.3.45
Fig.7). On the basis of what is known of the biochemistry
and function of the mucopolysaccharides, a protective function
from the digestive enzymes of the host can be assigned to

them (Barrett, 1981).

The eggs of L. indicus and D. penetrans were also
foundz to be positive for acid-mucopolysaccharides. Such
mucopolysaccharides are found to be widely distributed in
the tegument and egg membranes of trematodes, cestodes and
nematodes also (Barrett, 1981). Since mucopolysaccharide
molecules can contain upto 500 times their own weight of
water, such a proberty of mucopolysaccharide molecule is
used in egg hatching in trematodes (Barrett, 1981)s Suggestedly,
the mucoéolysaécharides perform a similar function in L.

indicus and D. penetrans, as well.

A single specimen with pink colouration of the

body of L. indicus was obtained during the present investigation.
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As the investigation did not reveal it to be due to haemo-
globin, this colouration might possibly be on account of
vitaminBIZ' ‘Such pink colour was earlier reported for some
specimens of Biacetabulum infrequens and Glaridacris laruei
by Mackiewicz (1972) on which assays for vitaminB12 had
been done. Vitamin B12 was obtained from H. nodulosa and
G. laruei also after conducting radio-isotope assays (Mackiewicz,
1981a). Based on these findings Mackiewicz considered that
caryophyllidean cestodes have high concentratiéns of- vitamin
B12 like the pseudophyllidean cestodes. It 1is known that

cestodes with vitamin B are capable of forming propionate

12
from succinate as an end product of anaerobic energy metabolism,
which leads to an increased enerqgy yield from their substrates
(Thachuck et al., 1977). Therefore, since the presence of

vitamin B is recorded from the caryophyllids, it may be

12
assumed that caryophyllids also form propionate which functions
to increase the energy available for their egg production

which is otherwise low because of their monozoic body plan

(Mackiewicz, 1981a).

The present histochemical observations on L. indicus
and D. penétrans lend further support to Barrett's (1981)
opinion that basically all 1living organisms are made of.
the same kinds of molecules having similar chemical compo-

sitions.



Chapter IV SEASONAL INCIDENCE



INTRODUCTION

The monozoic cestode parasites of freshwater teleo-
stean fishes with péorly differentiated scolex and single
set of reproductive organs are found to be highly pathogenic
causing disease and death of pond fishes (Bauer et al.,
1969). Since many of these fish hosts constitute a part
of the diet for a considerable section of human population,
this parasitic invasion poses some econo@ic problems as

well.,

A review of existing liteature reveals that there
"is scanty information available on the seasonal fluctuations
and population dynamics of caryophyllids. However, the most
important studies in this respect are those of Calentine
and Fredrickson (1965), Kanaev (1956a,b), Kennedy (1968,
1969), Xulakovskaya (1962, 1964), Lawrence (1970) and Wunder
(1939). The studies carried out so far positively .indicate
towards a distinct seasonal incidence cycle in some forms
like Caryophyllaeus laticeps in carp of Poland (Wunder,
1939), Archigetes brama in USSR (Dubinina, 1949), A. iowensis
in carp (Calentine, 1964) and Monobothrium hunteri and Biaceta-
bulum microcephalum in Catastomus commersoni of USA (Calentine
and Fredrickson, 1965). Lawrence (1970) found that comparatively
less fluctuations occurred in Glaridacris catastomi, G.

laruei and Isoglaridacris commersoni, all of which parasitize
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C. commersoni. Similarly, Williams and Ulmer (1970) found
Spartoides wardi in Carpiodes carpiodes to lack definite
seasonal periodicity. No seasonal changes in incidence and
intensity were observéd by Dwight and Arai (1973) in Hunterella
nodulosa infecting Catastomﬁé éommeréoni. The studies of
Patrick (1980) reveal that Isoglaridacris' bulbocirrus and
Glaridacris laruei Were non~-seasonal in prevalence and mean
intensity, in Oyster and Bellamy River suckers, respectiQely.
Seasonal periodicity of Lytocestus lativitellarium and L.
parvulus infecting C. batrachus was studied by Furtado and
fan (1973). Also, the incidence pattern of L. indicus infecting
C. batrachus was studied by Satpute and Agarwal (1980c).
L. indicus and some other species like fseudocaryophyllaeus
indica, Djombangia indica, Introvertus raipurensis and Lucknowia
indica, all paraéitizing C. batrachus either singly or con-
currently, were observed by Niyogi et - al. (1982b) to show
seasonal periodicity. Mackiewicz (1972) indicated however,
that the period of highest incidence\for'many of these'worms

is in late winter or more commonly in early spring.

The present study aims at an investigation of the
seasonal fluctuations in the occurrence of caryophyllids

as observed during the period of two years study.
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Materials and Methods

Clarias batrachus and Heteropneustes fossilis were
explored for their cestode parasitic fauna, consecutively
for a period of two years from April 1982 to March, 1984.
A total of 210 C. batr;chus and 289 H. fossilis were examined
in the first year and their number was 312 and 268, respectively.
However, a minimum number of 15 fishes of each of the fwo
species was autdpsied every month during this period of

investigation.

The intestine of each fish was slit open and thoroughly
scraped for search of parasites. Observations were made
on the distribution of the parasites within the intestinal
tract and the number of each type was recorded with reference

to the sex of the host.

Student's-'t'-test was performed to analyse stati-
stically the significance of ' parasitization in relation

to the sex of host.

Observations

The two-year study reveéled'that 8 species of caryo-
phyllids parasitize C. batrachus, of these seven representing
the genus Lytocestus under the subfamily Lytocestinae and
one, the genus Djombangia of the subfamily Djombanginae.

In contrast, none of these species were ever recovered from
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H. fossilis, which was found to harbour only a single species

of Lytocestus, that too different from the one occurring

in C. batrachus.

The seasonal incidence patterns studied showed
differences in the time of occurrence and periods of highest

incidence amongst the various species.

Few of the Lytocestus spp. showed distinct seasonal
periodicity, but Ait was oObserved that most of these had
a similar trend of occurrence; during summer months of June
and July, their incidence was low but with the fall in tempe-
rature, i.e., during cold winter months (December to February)
and during early springs (March to April) they again showed

a remarkable increase in incidence.

L. indicus, ‘L. birmanicus, L. filiformis and D.
penetrans were found to occur tHroughodt the year and are
therefore considered the most common types. Though these
-species did not exhibit any significant change of seasonal
occurrence during different months of the year, they showed
relatively pronounced peaks during cold winter months and

early spring.

L. indicus, which emerged as the most predominant
species in C. batrachus did not show a regular pattern of

incidence and instead, had a very high degree of fluctuation.
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The peaks and falls: occurred throughout the year. While
on an average the incidence was low during the months of
April, June, August and December, it showed the peaks in
the months of May, July, September, October, Janﬁary and
February. The maximum incidence recorded however was 1in

February, i.e., late winters (Pl. 4.1; Fig.l).

Lytocestus birmanicus also occurred throughout
the vyear, but the highest incidence was recorded in the
early spring (March and April). Peaks were prominent in
the months of June, November and December but the maximum
incidence attained was in March or April, with a compa:atively

lower incidence during rest of the months (P1.4.1; Fig.2).

The seasonal pattern of L. filiformis Qas not reguIAr.
Fluctuation in the pattern of incidencexwas observed through-
out the year. While the incidence was low during the wetter
months 1like May, Jdne, July, August and September, a slight
peak was seen 1in October after which it gradually declined
to rise up again in February to reach the peak period‘ of
incidence. In March again, a sharp decline was noticed.
Thus, the highest incidence recorded was in\the late winters

(P1.4.1, Fig.3).

A distinct seasonal incidence pattern was depicted

by L. 1longicollis, L. clariae n.sp., L. attenuatus n.sp.



Fig.1
Fig.2
Fig.3

Fig.4
Fig.5
Fig.6
Fig.7
Fig.8

PLATE 4.1 Seasonal ﬂuctuati;ms in the occurrence of the various
caryophyllid species over a period of two years (1982-1984)
L. indicus.
L. birmanicus
L. filiformis
These three species occur throughout the year.

L. longicollis. Low incidence during winter months and hlgh mc1dence
during early spring.

L. clariae n.sp. A low incidence during summer and a relatively
high incidence during winter months is evident.

L. attenuatus n.sp. A somewhat similar pattern, as that of L. clariae,
is exhibited.

L. assamensis n.sp. The only Lytocestus specxes showing an autumn
peak.

L. heteropneustii n. sp., showing a low incidence during summer
but a prominent in early spring.

- D. penetrans.Occurs throughout the year.
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and L. assamensis n.sp. recovered from C. batrachus, along

with L. heteropneustii n.sp. from H. fossilis.

‘ L. longicollis showed its maximum occurrence in
the month of April or during spring, which sharply decliﬁed
thereafter till October or November. With the onset of winter
the occurrence_of the species was reported though at a low
incidence and then depicted a slight peak in December to
be followed by a gradual decline again up to March (P1.4.15

Fig.4).

Thé occurrence of L. clariae n.sp. was first reported
during the autumn months of September and October, after
which it showed a fall in incidence consécutively for a
few months to follow. However, the peak period of incidence
of L. clariae was also recorded in March or ‘early spring

(P1l.4.1; Fig.5).

L. attenuatus n.sp. also occurred during autumn,
i.e., August or September, but had its peak with the onset
of winter during the month of December. In the months to
follow, i.e.; February_ and March, the incidence declined
sharply. However, the species made its appearanée again

in August or September (Pl.4.13 Fig.6).

L. assamensis n.ép: is the only Lytocestus species

to show its highest period of incidence during autumn, i.e.,
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October. Though the species occurred at a very low incidence
during the wet season of June and July, a gradual increase
in its incidence was recorded during the months of August
and September, attaining the peak in October. Then‘onwards,
the pattern of incidence depicted a sharp decline which
continued up to the months of January, after which it reappeared

again in June and July (Pl.4.1; Fig.7).

The only caryophyllideaﬁ recovered from H. fossilis
was L. heteropneusti n.sp.; which occurred only during a
dew months of the year and showéd a very low incidence of
infection. This species could never be recovered during
the period from May to July and in January, and made a sporadic
appearance during August to November or December. January
onwards its incidence pattern exhibited a slight rise with
the peak occurriné in March that too dropped to a minimum

low in April (Pl.4.1; Fig.8).

D. penetrans, representing the other genus in the
presént collection, is also a common type occurring throughout
thé year. The incidence of occurrence recorded was comparé—
tively 1low during the months. of March, April, August and
December; peaks were prominent in the months of May, July
and September but thé highest peak was recorded in late

winter i.e., February (Pl.4.1; Fig.9).



PLATE 4.2 Incidence pattern with regard to the sex of the host

Fig.l Seasonal incidence pattern of caryophyllid infection with regard
to the sex of the host, Clarias batrachus, depicting comparatively
high prevalence -in the males than the females for the year 1982-83.
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PLATE 4.3 Incidence pattern with regard to the sex of the host

Fig.l  Histogram showing higher prevalence of cayophyllid infection in
the male hostfish C. batrachus, than the female for the year 1983-84.



PLATE 4.3

B Female host

N Mae host,

[/////////////////////////////////////////// 7/

1007

Pa}I8}Ul }SOH %



\
PLATE 4.4 Incidence pattern with regard to the sex of the host

Fig.l  Histogram - depicting comparatively higher prevalence of infection
in the male H. fossilis than the female fish for the year 1982-83;

_ Fig.2 Histogram showing a similar pattern for the year 1983-84.
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In C. batrachus, the overéIl incidence of caryophyllid
infection with regard to the sex of Sté host wasA-recorded
as more in maleé than in females (Pl.4.2;- Fi§.1; P1.4.3,
'Fig.T). This observation has also been doffaborated by the
Student's t-test and is found to be siqnificant at P <:.05
level; A somewhat similar trehd was also observed in respect
of H. fossilis host, fhough the incidence of infection was

considerabiy low in general (Pl.4.4; Fig.j%@,'

Discussion

Several factors can be attributed to explain the
seasonal incidence cycle of caryophyllids. Fischthal (1953),
Bauer (1959%9a,b) and Engelbrecht (1963) considered the influence
of both abiotic .and biotic limnological factors responsible
for the 1life cycles and biology of fish parasites; While,
the abiotic factors 1like depth, hydrogen ion concentration,
light, oxygen content and salinity of waters affect the
distribution of parasites, there is no evidence of these
factors influencing fhe seasonal occurrence of the helminth
parasites in their piscine hosts. On the contrary, water
temperature is found to be the most important factor concerned
with the biology of these parasites, since low temperatures
inhibit metabolism and high temperatures stimulate maturation
(Arme and Walkey, 1970). Shulman (1979) also suggested water

temperature to be thé main influencing factor for the seasonal

o
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dynamics of fish parasites, since it influences the parasites
both directly 'and indirectly through the host. Indirect
effect of temperature, however, is the way in which it in-
fluences the feeding behaviour of the host and resistance
of the fishes to the presence of parasites. Thus Scheuring
(1929) considered reduced feeding because of the seasonal
drop in temperature to be the principal factor in regulating
the seasonal incidence of Caryophyllaeus. Similarly, Reinsome
(1955) reported that in Lake Kals ‘the warming of water by
hot springs enables the fish to feed throughout winter and
thereby causes heavy winter infections of C. 1laticeps 1in

Abramis brama.

Mackiewicz (1972) suggested the period of highest
incidence for caryophyllids to be in late winter or more
commonly in early spring. In the present investigation,
while seven out of eight Lylocestus species show noticeable
increase in the incidence during winter or early spring,
only L. assamensis deviates from this pattern. However,
the reason for such high incidence amongst lytocestiids
during winter or early spring could be that during summer
as the temperature goes up, there is increased feeding of
the host, C. batrachus and H. fossilis, which have carnivorous
feeding habits. This implies that during summer the fishes

could have ingested a lot many intermediate hosts (perhaps
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the annelids), which harbour the 1larval stages of these
cestodes that gradually develop to maturity within their
final host and appear in abundance by late winter or early

spring.

Experiments performed by Kennedy (1970) on C. laticeps
infection in Leuciscus indus, and also those by Awachie
(1972) and Kennedy (1972) on acanthocephalan parasites of
fishes showed that in each instance low water temperatures
facilitated establishment and retention of the worms and
higher temperatures, above 12-13°C decreased establishment
and in some species increased the rate of loss of the already
established parasites from the fish intestines. Thus, 1in
the present study also, similar hypothesis can be applied
for the very 1low incidence recorded for the lytocestiid
species during summer and their higher incidence during
winter. Even those species 1like L. indicus, L. birmanicus,
L. filiformis and D. penetrans, which had year-round occurrence,
showed decreased incidence during warm ~summer months and
increased incidence. during late winters or early spring.
Studies of Anderson (1974, 1976) also showed that C. laticeps
which occurred throughout the year in the population of
Abramis brama decreased or the parasite pépﬁlation death
rate rose with increasing water temperature, confirming
thereby that rising water temperatures stimulate growth

of already established parasites but increase resistance

~—
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to current invasions and also that the host reaches a point,
where not only the newly acquired larvae could not establish

but also the already established worms got rejected.

Kennedy (1969), however, proposed a different effect
of temperature. According to him, during colder months when
the ability to respond is lowest there 1is restriction of
the recruitment, but with rise in temperature during spring
‘there is an increase in the worm burden. Similarly, Niyogi
et al. (1982b) also regarded the summer months of July to
September as the recruitment period and the winter months
as the rejection period of these worms. According to these
authors, following the spawning season when there is a resump-
tion of host féeding, the immune response of the host fish
increases, resulting in the rejection of worms. Roberts
(1978) also considered temperature to be the most important
environmental stressor, affecting the amount of dissolved
oxygen in water, rate of excretion of metabolites and produc-
tion of antibodies. Further, reports of Robertson and Wexler
(1962a,b) also suggest that during spawning time production
of goﬁadotrophic hormone (GTH) increasés: with hypertropy
of the adrenal and increase in the levels of adrenocortico-
trophic hormone (ACTH) and. 17, hydroxycorticosteroids 1in
blood. Boyd (1966) considered the above factors rgsponsible

for influencing phagocytic .activity, depressing inflammatory
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response and reticuloendothelial functions which bear a
direct effect on the immune system. Therefore, Niyogi et
al. (1982b) considered that it is during the spawning time
that C. batrachus becomes susceptible to caryophyllid infec-
tion, after which the immune system of the fish becomes

more effective.

5in our study also, one factor responsible for the
lowered incidence of L. assamensis n.sp. during winter months
can be the effect of temperature controlled host response
system. During winter, these worms were progressively lost
because as the water temperature fell, the host response
was probably reduced, and beforél the fall ‘in temperature
the autumn peak was established. Although the other species
investigated herein are found to show their peak period
of incidence dufing winter or spring, it appears that it
is duriﬁg spawning time of the fish which coincides with
the summer season of the year that the worms gained entry
into the host. The 'immature forms of the worms were also

recovered during that period only.

The temperature thus seems to bear a causal relation-
ship to the seasonal cycle of the parasifes; Though not
acting directly on the latter, the temperature indirectly
influences the paraéites by causing an alteration 1in the

physiological condifion of their host.
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Intraspecific interactions between caryophyllids
are also considered important in the dynamics of incidence
and maturation cycles. Though some forms 1like L. indicus,
L. birmanicus, L. filiformis and D. penetrans occur throughout
the year, during certain periods of the year their incidence
and that of the other Lytocestus spp. mentioned herein 1is
decreased or increased depending on the presence of other
species. Thus, when L. assamensis appeared in abundance
during autumn, the other lytocestiid types showed a relatively
lowered incidence. Mention may be made that a considerable
niche length is occupied by L. assamensis; the other caryo-
phyllids, if concurrently parasitizing the same host with
L.. assamensis, usually are restricted to only a portion
of the upper intestinal tract. Again, during winter or spring
when all other lytocestiid types exhibited increased incidence,
L. assamensis revealed a remarkable low incidence. Similar
observations were made by Calentine and Fredrickson (1965)
in respect of Monobothrium hunteri and Biacetabulum macro-
cephalum which tended to be' absent from Catastomus commersoni
when Glaridacris catastomus was present. Similarly, B. meri-
diandum was excludéd by M. hunteri in Erimyzon oblongus
as reported by Grimes and Miller (1976). Andersen (1978)
noted a significant negative correlation between the presence
\ of Proteocephalus percae and Acanthocephalus lucii in Perca

/

fluviatilis. The freguent co-occurrence of two or three
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species of caryophyllids leading to reduced intensity of
Pseudocaryophyllaeus indica, niche segregation of Lucknowia
indica, temporal segregation of L. indicus, I. raipurensis
and L. indica, and even competitive exclusion of D. indica
were studied by Niyogi et al. (1982b). Their studies on
co-occurrence, correlation and coefficient of partial associa-
tion statistically proved a positive association of L. indicus,
" I. raipurensis and L. indica and a negative interaction
between P. indica and I. raipurensis. The higher intensity
of L. indicus, 1I. raipurensis and L. indica in concurrent
infection suggested a reciprocal cross immunity dévelopment
"amongst the species, whereas the" negative interaction between
I. raipurensis and P. indica and competetive exclusion of
D. indica were the result of non-reciprocal cross immunity.
In the present investigation also, the co-occurrence of
L. indicus, L. birmanicus, L. filiformis and D. penetrans
with the other Lytocestus spp. can be explained in the light
of crosséimmunity reciprocation and the excluéion of L.
assamensis by the presence of other Lytocestus species during
winter or spring could be due to non-reciprocal cross immunity

development.

Though the peak period of incidence for many of
these Lytocestus species appears to occur at the same time,
niche segregation and temporal segregation was evident for

the different types. While L. indicus and D. penetrans occurred
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in the duodenum provided with thick muscularis, L. birmanicus
occurred in the anterior loop of thebintestine. L. filiformis
also occurred in the anterior loop but depicted spatial
segregation. L. clariae L. attenuatus and L. longicollis
were all found distributed throughout the intestine but

each depicted temporal segregation.

The role that the host sex may have in determining
the incidence of infection seems difficult to assess. Although
examples can be cited where positive relationships are infe-
rable, many references can also be quoted where no relationship
is observed between the host sex and the incidence patterﬁ.
In a seasonal study of helminth burdens of Salmo trutta,
Thomas (1964) observed that female fishes, of three years
of age and older at spawning or during recovery from spawning,
tended to have heavier infections of parasites than males
but in the instance of S. trutta that were not spawning,
the statistically significant differences showed the males
to be more heavily infested than the females. Calentine
(1962, 1964) observed that Archigetes iowensis occurred
in Cyprinus carpio, only during the spawning period  -of the
fishes.‘Lawrencé (1970) found that incidence of Glaridacris
catastomi and Isoglaridacris bulbocirrus between male and
female Catastomus commersoni was not statistically significant.

However, Borgestrom and Halvorsen (1968) considered the
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physiological differences between male and female Rutilus
rutilus enough to account for the absence of Caryophyllaeides
fennica in 25 males and its presence in 12 of 118 females.
Niyogi et al. (1982b) also observed higher incidence and
intensity of caryophyllid infection in females compared
to male C. batrachus. In the present findings, however,
the males were more significantly infected than the female

fish.

It appears, therefoie, that incidence is the result
of the interaction of different complex factors, like availa-
bility of infected intermediate hosts, variations in the
host's feeding habits, environmental changes, host sex and
interspecific interaction of the parasites themselves and
possibly the changes in host resistance. Though, the popula-
tion-dynamics within the vertebrate host appear to be governed
by host reactions or immunity stimulated by temperature,
the general incidence picture appears to be more a function
of temperature than any other factor (Mackiewicz, 1972).
The concurrent infections and tﬁe consequent competitive
exclusion or reduction in the number of one species by the

other could also be considered important in this context.



Chapter V HISTOPATHOLOGY OF THE HOST



INTRODUCTION

Cestodes are well known to have certain adverse
effects on their hosts (Bauer et al., 1973). Caryophyllidean
cestodes also, apart from the other cestode groups, are
found to be economically important pathogens. However, the
pathology caused by caryophyllids have been so far extensively
studied only in Europe, particularly USSR, where Cyprinus
carpio, a common host of these cestodes 1is an impdrtant
economic enterprise. Thus, some of the significant contribu-
tions in this area of study are those of Amlacher (1361},
Hofer (1904), Plehn (1924), Schaperclaus (1954) and Sekutowicz
(1934) who studied the pathogenic effect of Caryophyllaeus
laticeps on C. carpio. Bauer (1958, 1959c), Bauer et al.
(1969), Dogiel and Bauer (1955), Ivasik (1952), Kanaev (1956a,b)
and Scherban (1965) also studied the patﬁbgenicity caused
on C. carpio, but due to a different species, viz. C. fimbriceps;
Mention may be made of other workers like Akhmetova (1966),
Bauer et al. (1969), Musselius et al. (1963) and Scherban
(1965), who also considered the same fish to study the patho-
logy due to Khawia sinesis. These authors designated the
diseases caused by caryophyllidean tape worms és 'Caryo-
phyllosis' when caused by Caryophyllaeus spp. and 'Khawiasis'
when caused by Khawia sinensis. Infections of K. iowensis

and Archigetes iowensis in C. carpio were studied by Calentine
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and Ulmer (1961) and Calentine (1962), respectively.

Catastomus commersoni, another well preferred piscine
host, is also frequently parasitized by caryophyllids. There-
fore, Mackiewicz (1963b) studied the effect of Monobothrium
hunteri on it. Hunterella nodulosa infection in C. commersoni
was studied by Mackiewicz and McCrae (1962). These authors
(1965) also studied the pathology caused in the same host
due to Biacetabulum biloculoides. Therefore, considering
the various host reactions produced due to caryophyllidean
infection, Mackiewicz (1972) opined that there are three
main ways by which the hosts may be affected by these worms:
(1) mechanical obstruction of the intestinal tract, parti-
cularly in the small fish, (2) production of 1lesions or
other pathological conditions, and (?) by causing a general
physiological imbalance that may predispose the host to

- other infections.

Reports of mechanical obstruction caused are rare.
However, Ivasik (1952) observed that 20 to 40 C. fimbriceps
killed very vyoung ¢Cyprinus carpio by preventing them from
utilisation of food. Scherban (1965) found that species.
of K. sinensis wére also capable of killing the fish by
completely obstructing the intestinal canal. Production
of lesions or inflammation appears to be a rather general

type of host reaction. However, studies of Mackiewicz
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et al. .(1972) on the comparative pathology as related to
modes of attachment and scolex morphology of 15 species
of caryophyllids reveal that there is an inverse relationship
between scolex adaptations and pathology, whereby species
with specialised holdfasts elicit 1little or no pathology
and species lacking specialised structures produced pronéunced

host reaction in the form of nodules or shallow ulcers.

These findings got further support from the studies
on the pathology of Catastomus- commersoni parasitized by
Hunterella nodulosa, Glaridacris catastomi and G. 1laruei
by Hayunga (1979). It was shown that H. nodulosa which lacks
~specific attachment organs produces considerable pathology
in the form of massive lesions, loss of tissues, distortion
of muscularis, and inflammation in C. catasomi, whereas
the other two species, viz., G. catastomi and G. laruei
which are provided with attachment organs elicit minimum
host reaction. Similar observations were made by Ahmed and
Sanaullah (1979) also, while studying the comparative histo-
pathology of the host fish, Clarias batrachus, as related
to the modes of attachment in scolex morphology and the
effects of Djombangia penetrans, Lytocestus indicus and
L. parvualus. Their observations revealed D. penetrans to
be the most pathogenic form which lacks a specialised holdfast

and L. parvulus to be the least so with a specialised holdfast.
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In India, pathological studies done so far are
as scarce as they are in other parts of Asia. However, Satpute
and Agarwal (1974a) studied the diverticulosis of the duodenum
of C. batrachus due to Djombangia indica. Studies on the
pathology caused due to infection of L. indicus in the duodenum
of C. batrachus were also made by Satpute and Agarwal (1974b).
and their observations were also supported by Bose and Sinha
(1981). As cited by Agarwal (1985), Niyogi and Agarwal studied
the pathology of C. batrachus due to Introvertus raipurensis
and Lucknowia indica and found that these parésites cause
abundant tissue destruction. Effect of Lytocestoides fossilis
infecting Heteropneustes fossilis was studied by Kanth &
Srivastava (1984) who considered the destruction of tissue

layers a result of pathogenicity.

Studies on the physiological imbalance that is
caused in the host due to caryophyllids have been made by
a few workers. Jara and Szerow (1981a) observed that Caryo-
phyllaeus sp. infection in carp produced a statistically
significant reduction in the albumin fractions and total
protein level. The same authors (1981b) also revealed that
K. sinesis infection in carp also produces statistically
significant reduction in the serum total protein level, which
is related to the intensity of infection. Pathophysiological
studies in India are also negligible but significant contribu-

tions in this direction have been made by a few workers.



92

Thus, Sircar and Sinha (1974) reported a reduction in the
haemoglobin content in C. batrachus infected with L. indicus,
which was also associated with a high degree of eosinophilia
in addition to anisocytosis, macrocytosis and poikilocytosis

of the RBC.

Kadav and Agarwal (1982) compared the levels of
serum amino acids of C. batrachus between males and females
related to the.intensity of infection and the studies showed
depleting cystiene and methionine, histidine, tyrosine, valine
and phenylalanine in males; and cystine, methionine, aspartic
acid, tyrosine and phenylalanine in females. Kadav and Agarwal’
(1983a) reported in C. batrachus a depletion in haemoglobin
percentage, packed cell volume, and RBC count throughout
the year, and it was related to the intensity of infection.
The blood sugar and 1liver and muscle glycogen were found
as lowered in caryophyllid infected fish when compared to
the uninfected ones (Kadav and Agarwal, 1983b). Rasheed Unnisa
(1983) éhowed that the 1levels of pyruvate and lactate in
infected C. batrachus were 23 and 34% higher, respectively,

than uninfected hosts.

Mackiewicz (1981b) observed that in the south of
Himalayas though the dominant hosts for the distribution
of caryophyllids are the siluriform and cypriniform fishes,

Clarias batrachus and Beteropneustes fossilis are the chief
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hosts. In the present study also, since C. batrachus is found
to. be frequently parasitized by the caryphyliids, it seems
desirable to investigate into the histopathological changes
appearing .in the intestinal wall of the host as a consequence
of its inhabitation by the most commonly océurring species,
namely, Djombangia penetrans and Lytocestus indicus. Besides,
the effect of multiple infection, i.e., several caryophyllidean
species occurring concurrently with the forementioned species,

has also been studied.

Materials and Methods

Intestinal tissue with parasite in situ, was fixed
in Bouin's fixative and processed for routine histological
investigations. Paraffin sectiohs, cut at a thickness of
6-7 m, were stained using Mallory-Haeidenhein's triple staining
technique. Intestinal tissue from uninfected host fish was

taken as normal for the purpose of comparison.

Observations

The normal intestinal tissue of the host C: batré-
chus is composed of mucosa, sub-mucosa, muscularis and serosa
as. studied -by Khanna "(1980). Histologically, there appears
to be no difference in the proximal and distal parts of the
intestine. The intestine is thin walled with its mucous membrane

thrown into ‘deep folds called villi. These villi are numerous
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in the proximal part and are fused with one another distally.
The mucosa isv composed of columnar epithelium consisting
of absorptive and mucus secreting cells. The sub-mucosa is
highly vascularised and extends into the villi as 1lamina
propria. The inner circular muscle fibres and the outer longi-
tudinal muscle fibres together comprise the muscularis and
the outer most layer or the coat which is richly supplied

with blood capillaries from the serosa (Pl.5.%; Fig.1).

With the occurrence of D. penetrans, L. indicus
as well as of the caryophyllidean mix that lie free in the
lumen, the intestinal wall revealed different pathological

manifestations in respect of the type of infecting worm.

Lytocestus indicus

Usually globular or irregular in shape the undifferen-
tiated scolex of L. indicus penetrates deep into the muscularis
layer (P1.5.1; Fig.2). The scolex is devoid of bothria and
introvert, but shallow longitudinal furfows or Qrooves are
seen which vary in number from specimen to specimen and do
not extend much posteriorly in the holdfast. Well developed
parenchymal musclés, especially the 1longitudinal, and gland
cells are also present in the scolex. Histochemically, the

nature of these gland cells was observed to be proteinaceous.

It was observed that in spite of the worm burrowing



PLATE 5.1 Histopathology of the host tissue (Photomicrographs)

Fig.l Normal intestinal tissue of Clarias batrachus showing the different
layers (scale bar = 0.5 mm);

Fig.2 Lytocestus indicus anchored to the intestine, illustrating penetration
up to the muscularis layer (scale bar = 0.5 mm);

Fig.3 The same at higher resolution showing hyperplasia of the muscularis
" and a thin interface layer (scale bar = 0.15 mm);

Figs# Section through a nodule harbouring the scolex of D. -penetrans.
Note the muscularis thickening adjacent to the tunnel (scale bar
= 0.5 mm).



PLATE 5.1
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deep up to the muscularis no nodule formation takes place.
At the site of scolex attachment to the intestinal wall of
the host, mechanical displacement and compression of tissue
layers such as mucosa, submucosa and the muscularis were
noticed. Due to the excessive pressure exerted by the scolex,
in severe cases of pathogenicity the submucosa became hyper-
plastie (P1.5.1; Fig.3). Though no leukocytic infiltration
was observed, in .some cases a thin mucoid interface layer
was seen betweeh the host tissue and the scolex end of the

worm. Loosening of muscle fibres was also evident.

Apart from causing such shallow ulcers in the inte-
stinal tissue, the density of infectien with 8 to 10 worms
per sg c¢m. area seemed to bear some overcrowding effect.
Observations revealed that such overcrowding of the worms
led to the blockage of the space in the intestinal lumen
leaving thereby a very narrow space for the chyme to pass

through.

Dijombangia penetrans

A sucker at the tip of the scolex of D. 'penetrans
aids fhe worm iﬁ its firm attachment to the host's tissue.
Frequently nodular swellings were ebserved on the outer inte-
stinal wall, which seemed to be the result of penetretion
of the ‘parasite into the serosa. Formation of nodules led

to production of tunnels through the intestinal wall in which
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the neck portion of the worm remgins embedded. While the
scolex 1is encapsuled in the lumen of the nodule, the body
remains free in the lumen of tﬁe intestine. As a result of
compression of the mucosal folds, submucosa and muscularis,
plagues were formed at the site of attachment. The compressed
tiséue layers éppeared thickened on the two sides of the
tunnel formed, in which the neck remains lodged. However,
the noduiaf lining did not show such thickening. Each nodule
contained only one worm, but debris and necrotic tissue were
seen to surround the scolex of the worm. Besides, an interface
layér separated the host's tissue from the holdfast of the

worm (Pl1.5.1; Fig.4).:

Like L. indicus, D. penetrans also occupies a con-
siderable width of the intestinal lumen. Often the density
of the worm ranged from 4 to 8 worms per sg. cm. area and
therefore, accumulatijion of such a large number of worms 1in
one region led to considerable reduction in the luminal space

by mechanical blockage of the passage.

Multiple infections of caryophyllids

In C. batrachus multiple infection of caryophyllids
commonly occurs during winters, when most of the worm species
reach their peak period of incidence. It was observed that
generally the multiple infection comprised as many as 3 to

4 different species and a total of 10 to 12 worms concurrently



PLATE 5.2 Histopathology of the host tissue (Photomicrographs)

Fig.l Ruptured mucosal layers due to multiple infection (scale bar = 0.5mm);
Fig.2 Disruption of villi due to multiple infection (scale bar = 0.5 mm);

Fig.3 Loosening of muscle layers due to caryphyilid infection (scale bar
= 0.5 mm);

Fig.s Shortening of villi due to infection of L. assamensis n.sp. (scale
bar = 0.5 mm).



PLATE 5.2
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parasitizing a single host . However, in such cases each indivi-
dual species occupied a very léss surface area to remain
attached to the host tissue but most of these worms having
a consideréble length size occupied a considerable niche

length.

Observations revealed that pathogenicity 1is not
severe because no ulceration or nodular formation took place
in the host's intestinal wall, but the intestinal villi or
the mucosal folds got comp;essed (P1.5.25 Fig.1-3). However,
the density of worms appeared to have a ‘direct effect on

the host by causing mechanical obstruction of the gut.
L \ ‘ _

L. assamensis n.sp. occupied a considerable length
of the host's intestine. It was observed that multiple infec-
tions do not occur.along with the occurrence of L. assamensis,
but the pathogenicity caused by it 1is equivalent to that
caused due to multiple infection. Compression of villi took
place throughouf the length of the intestine which is occupied

by L. assamensis (Pl. 5.2; Fig.4).

Discussion

The distribution of L. indicus, D. penetrans and
the species constituting the multiple infection within the
host's intestine shows a definite hébitat preference depending

on the scolex type that they possess. While L. indicus and
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D. penetrans inhabit the duodenum which has thick muscularis,
species such as L. birmanicus, L. longicollis, L. filiformis,
L. clariae n.sp. and L. attenuatus n.sp; considered for mul-
tiple infection are always found in the anterior and posterior
Ioop of the intestine, i.e., spread throughout the intestinal

length.

. The effects on the host seem to be related to the
mode of attachment of the scolex. Thus, the scoleces of L.
indicus and D. penetrans which penetrate the deep tissue
layers caused serious pathogenicity. This view is also supported
by the studies of Mackiewicz et ali (1972) on the comparative
pathology as related to modes of attachment and scolex morpho-
logy of 15 species ofl caryophyllids. Bauer et al. (1973)
also consider that the scolex types have a direct bearing

on the resultant effects produced in the host.

L. indicus produced shallow ulcers within the host's
tissue by causing destruction of villi, mucosa and submucosa.
These observations are in conformity with those made by Satpute
and Agarwal (1974b), Ahmed and Sanaullah (1979), Bose and
Sinha (1981) and Niyogi and Agarwal (in Agarwal, 1985)f However,
in the present investigation, L. indicus Qas never found
to reach the serosa and no leukocyfic'infiltration was observed
as mentioned by Satpute and Agarwal (1974b). Pinocytic vesicles

in the holdfast end of the worm as observed by Niyogi and
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Agarwal, were also found'lacking,_but folded margins of the
scolex end were distinct in the present investigation. Since
no degenerated tissues were seen within the folds of the
scolex end, they (folds) could not be considered as pinocytic
vesicles. In severe cases of pathogenicity, submucosal layer
was found to become hyperplastic and at times a thin mucoid

interface layer was also observed.

Possibly this pronounced tissue reaction could
be due to the presence of gland cells present in the holdfast
end of L. indicus. Such gland cells, viz., "Frontal-drussen
and faserzellenstrange" are reported to be present in the
scolex and neck regions of many caryophyllids by earlier
workers like Will (1893), Mrazek (1901) and Jenizewska (1954)
and that these frontal glands assist in attachment was suggested
by Hunter (1930) and Szidat (1937). In the opinion of Wisniewski
(1930) these gland cells that are homologous to those of
pseudophyllidean procercoids or of Amphilina (Cestodaria)
are probably responsible for secreting lytic enzymes to enable
the organism to penetrate the gut wall of the fish host.
In L. indicus histochemically the secretion of the gland
cells was found tq be proteinaccous in nature. Therefore,
the deep burrowing by L. indicus can be attributed to the
activity of the proteinaceous” gland cells ‘in the séolex.
The highly developed musculature in the holdfast end may

also be responsible for the exertion of high pressure into
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the tissue layers, whereby it gets compressed. However, the
mechanical obstruction is caused due to the occurrence of

the parasites in clusters.

The pathogenicity wcaused by D. penetrans can be
compared to that of Hunterella nodulosa, Biacetabulum bilo-
culoideé, Monobothrium ulmeri and M. ingens which also produce
pronounced host reactién in the form of nodules (Mackiewicz
et al., 1972). However, differences are observed in nodules

formed by D. penetrans when compared to these species.

Like D. penetrans, H. nodulosa which lacks a specia~
lized holdfast, produces a 1large nodular thickening with
a pronounced active chronic inflammatory reaction. However,
the nodular 1lining of D. penetrans appear to be necrotic
with debris in the pit, whereas that of H. nodulosa is not
necrotic and there is no debris in the pit. Further, the
nodule of D. penetrans is single chambe;ed, harbouring only
one worm but tﬁe nodules of H. nodulosa sometimes have more
than one chamber containing as many as 127 worms in varipus

stages of development (Mackiewicz and McCrae, 1862).

The nodule formed by B. biloculoides is smaller
than that formed by H. nodulosa but larger than that by D.
penetrans as it contains 1 to 6 worms per nodule. Debris
and necrotic tissue surrounding the scolex as seen in D.

penetrans are also found in B. biloculoides, but unlike the
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former muscular thickning at the site of attachment is not

observed.

Nodules formed by M. ingens and M. ulmeri are also
simiiar to the one. formed by D. penetrans and B. biloculoides
in containing necrotic debris and in having an interface
layer but the size of the nodule produced by D. penetrans
appears to .be the smallest by far in harbouring just a single
worm., In case of M. ingens also, each nodule contained fewer

than seven cestodes.

Polyonchobothrium clarias! a pseudophyllidean cestode,
produces pronounced nodules in the gall bladder of Clarias
mossambicus (Wabuke-Bunoti, 1980). Histologically, this nodule
is composed of three layers — the continuous outer epithelial
layer, a granulomatous subepithelial layer and the innermost
fibrous connective tissue layer. The nodule of D. penetrans
also appears to be similar histologically, but the innermost

and subepithelial layers are not found to be highly vascularised.

The host reaction'@n all these infections is mani-
fested in the productibn of a nodule irrespective of the
differences ih the scolex morphology: B. biloculoides, ‘M.
ulmeri, M. ingens and P. clarias, all possess specialised
attachment organs — B. biloculoides and M. ulmeri with a
terminal introvert; M. 1ingens with both an introvert‘ and

shallow bothria and P. clarias with only bothria; D. penetrans,
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however, possesses a sucker at the tip of the holdfast with
a large number of gland cells spread over the scolex. The
mode of attachment being penetrative all these species probably
have a similar scolex adaptation to the intestinal surface,

hence produce a similar pathological manifestation.

Originally, the pathology assoéiated with these
worms was thought to be caused by proteolytic secretions
Qf the frontal glands (Mackiewicz et alQ, 1972). However,
electron microscopic studies of Hayunga (1977) on H. nodulosa
showed no evidence of proteolysis or necrosis of host tissue.
In his opinion, probably the eosinophilic matrix‘was primarily
an adhesive layer which acted as a strong irritant, and the
latter combined with a strong muscular contracfion of the
wofm caused ulceration and loss of epithelium. However, the
occurrence of necrotic debris in the present study is suggestive

of the presence of proteolytic enzymes in the holdfast end.

Another remarkable difference between the host
reaction produced by D. penetrans and other nodule-forming
species 1is that in none of the latter cases there occurs
a muscular thickening on the sides of the penetration site.
As a result of penetration or burrowing deep’up to the serosa
by D. penetrans the tissue layers across thch it penetrates
get thickened. Similar observations were made - by Satpute

and Agarwal (1974a) and Ahmed and Sanaullah (1979) in Djombangia
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infections in C. batrachus. The nodule formation, which seems
an inflamatory response of the host, provides a sheltered
hébitat and firm anchorage to the worm. This host response
is an example of exploitation by the parasite of its host

defence mechanism to its own advantage (Hayunga, 1977).

The pathology manifested in the form of shortening
of intestinal wvilli or compression of the mucosal folds due
to multiple infection and L. assamensis n.sp. 1is probably
a consequence of pressure necrosis. Excepting for the altera-
tions iﬁ the absorptional area of the intestine, and mechanical
blockage of the luminal space of the intestine, no serious
host reaction ié produced due to multiple infection and L.
assamensis. However, multiple infections .of caryophyllids,
are of common occurrence. Thus, of 162 infected C. commersoni
Mackiewz et al. (1972) observed 29% of them to have multiple
infection. An infection comprising as many as 200 L. indicus,
1500 Introvertus raipurensis and 2000 Lucknowia indica in
a single host fish C. batrachus, seemed to have no detrimental

effect (Agarwal, 1985).

. The present study also suggests that the mode of
attachment is primarily responsible for triggering a signi-
ficant host reaction. While a single worm of D. penetrans
-or L. indicus results in nodule formation and shallow ulcers

respectively, multiple infection results only in the atrophy
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of the intestinal villi. In spite of the larger number, size
and variety" of worms in case of multiple infection, the host
reaction elicited is minimum. The reason for this seems to
be the fact that mode of attachment of the worms in such

a case is very weak.



SUMMARY

Exploration of the edible cat-fishes, Clarias batrachus
and Heteropneustes fossilis, for their caryophyllidean
fauna revealed that, nine different types of caryophyllids
parasitize these ©piscine hosts of north-east India.
While eight of them represent the subfamily Lytocestinae
and belong to the genus Lytocestus, only one represents
the subfamily Djombanginae and belongs to the genus
Djombangia. Out of the eight Lytocestus spp., four,
namely L. indicus, L. birmanicus, L. filiformis and
L. longicollis are already known forms representing
new locality record and the remaining four appear new
ﬁo science. These have been named as L. clariae n.sp.;
L. attenuatus n.sp.; L. assamensis n.sp. and L. hetero-
pneustii n.sp. The validity of the new species has been
discussed.

The spectrum of the parasitic infection was more
diversified in C. batrachus in comparison to H. fossilis
which also shares the same benthic habitat, since only
a single species "of Lytocestus was obtained from the
latter, throughout the period of caryophyllidean faunistic

survey.
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Scanning electron microscopic studies on the surface
fine topography of L. indicus and D. penetrans, the
two most commonly occurring types revealed a dense and
uniform covering of microtriches throughout the surface
of the body, without showing any regional differentiation

with regard to their morphology.

Histochemical studies on L. indiéus and D. penetrans,
the two most apparentiy pathogenic species, indicates
towards a similarity in the distributional pattern of
the different metabolites between the two species.

While in both the carbohydrates, proteins and lipids
showed a genepalised pattern - of distribution in the
tegument, parenchyma, reproductive organs as well as
the scolex gland cells, differences occurred with regard
to glycogen and 1lipid in the eggs of two species. The
vitelline cell nuclei in the egg of L. indicus contained
achigher concentration of glycogen than lipid, but those
in case of D. penetrans had 1lesser concentration of
glycogen and higher of lipid. Besides, another distingui-
shing feature between the +two species is that,' in the
vitelline 1lobes of L. indicus wusually 3 to 4 patches
of glycogen masses were observed whereas in D. penetrans
only few cells of the vitelline 1lobe became vacuolated

and stained positively for glycogen.



! 107

DNA concentration appeared to be higher in the

eqggs of D. penetrans as compared to L. indicus.

Incidence pattern for the different caryophyllid types
recovered appeared to be species specific. Even for
the most frequently occurring types iike L. indicus,
L. birmanicus, L. filiformis and D. penetrans, seasonal
fluctuation was distinct. While there occurred low inci-
dence of infection during the summer months, the peak
period of incidence obtained by the different species
was during late winter or early spring months. Only
a single species L. assamensis n.sp. depicted "its peak
during autumn.

The prevalence of infection Was more in the male

hosts than in the. female host fishes. However, though

-host reactions or immunity stimulated by temperature

appears to be responsible for the population dynamics
within the vertebrate host, the general incidence picture
is more a function of temperature than any other factor.
Based on histopathological <changes D. penetrans was
found to be the most highly pathogenic type, producing
large nodules in the intestinal wall as a result of
complete penetration. Like D. penetrans, L. indicus

is also the burrowing type, but its penetration was
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not as -deep (i.e., up to the serosa), as that of D.
penetrans, but was restricted only up to the muscularis
layer. Hence, L. indicus is comparatively less pathogenic
causing ulceration of the affected tissue. 1In severe
cases of pathogenicity however, hyperplasia of the muscu-
laris was obserﬁed.

Pathogenicity due to multiple infection comprising
sevéfal specieg of caryophyllids was minimum, since
only the denudation of the mucosal folds was observed.
Similar host reaction was also produced due to L. assamensis
n.sp. ‘infection, which appeared singly and not along
with multiple inféction and occupied a considerable
length of the intestine. _

Thus extent ofvdamage was m;ximum due to a single
$¢¢prfﬁ of D. penetrans and minimum due to multiple

invasion of the caryophyllids.
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