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I N T R O D U C T I O N  

Kerala, with its heavy annual rainfall and extensive system of rivers, 

lakes, ponds and other freshwater bodies, has a rich freshwater fish fauna. 

Fish forms a major source of good quality proteins in the diet of Keralites. 

Fish population of Kerala suffers from natural infections by digenetic 

trematodes, some of which are proven pathogens causing severe economic 

losses by rendering the flesh of food fish unpalatable. Information on the 

morphology and biology of digenetic trematodes is important, since it is an 

essential pre-requisite for formulating effective control measures against 

digenean infections. A review of literature showed that digenetic 

trematodes infecting freshwater fishes in Kerala have not been the subject 

of any extensive investigation. The available information is restricted to the 

reports on the systematics and biology of a few digeneans by Nadakal et al. 

(1969) and Mohandas (1973). I undertook the present investigation with a 

view to throwing more light on the morphology and biology of digeneans 

infecting freshwater fishes in Malabar. 

The present investigation revealed that 22 out of 30 species of 

freshwater fishes examined were infected by 15 genera of digenetic 

trematodes and an unidentified echinostome metacercaria. These include 5 

species of adults belonging to Trnnsversofremn, Cnballeroin, Neopodocotyle, 

Hnplorchoides and Gennrclropsis, and 13 species of metacercariae belonging to 

Tetrncofyle, Diplostomulum, Nenscris, Diplostomzr~n, Eliclinostomum, 

Echinochs?nri S, Renicoln, Encyclome tra, Cen troces tzis, Hnplorclroides and 



Acnnthosto~rzzun. Lifecycles of Diplosto~nu~iz ketzipnnense, Trnnsversotre~rzn 

patinleizse, Hnplorclzoides inehrni and Acnntlzostotirum bzrrttzinis have been 

established. The adults of Eclzinochns~~izrs i~iegnvitelllis and Centrocestz~s 

for~~zosnn~is have been raised in the laboratory from their n~etacercariae. The 

echinostome metacercaria has been developed from its cercaria. Data on 

prevalence and intensity of digenean infections among freshwater fishes in 

Malabar have been collected and presented. 



HISTORICAL REVIEW 

Digenetic trematodes belonging to 15 genera and an unidentified 

echinostome metacercaria have been recovered from freshwater fishes of 

Malabar during the course of the present investigation. These include the 

n~etacercariae belonging to TetrncohJle, Diplosto~nlilrr~n, Nensrrrs, 

DipIostolnritn, Ez~dinosto~nzr~~z, Eclzinoclznsiiilis, Renicoln, Encycloiiletrn, 

Centrocestzls and Acnntlzosto~nz~nt; the adults of Transversotrenln, Cabnlleroin, 

Neopodocofyle and Genarcltopsis, and both the metacercaria and adult of 

Hnplorclzoides. A brief review of literature of all these genera is presented 

here. 

Larval Strigeoids 

Hoffman (1961), in a synoptical review, placed the strigeoid 

metacercariae in four larval genera, namely, Tetracotyle, Diplosto~nullrnr, 

Neascrrs and Prol~irristoiizubi~n. If the adult is not known, a strigeoid 

metacercaria may be placed in one of the four larval genera. As I came 

across the first three genera during the present investigation, a review of 

the 3 genera is presented here. 

Tetracofyle Fillipi, 1859 

The larval genus Tetmcotyle was established by Fillipi in 1859. The 

characters of the genus, as given by Hoffman (1961), are: (1) fore-body oval 

or ovate oblong in contour and relatively thick, concave ventrally or cup- 

shaped; (2) hind-body present as a short rounded prominence at the 



posterior end of the fore-body, sometimes inconspicuous; (3) reserve 

bladder consists of a large continuous space occupying the dorsal and 

lateral regions of the fore-body, with a sheet-like extension into the ventral 

lip of the anterior suctorial pocket, with small spherical calcareous 

concretions in the reserve excretory vessels and mostly in the anterior part 

of the worm; (4) a pair of lateral pseudosuckers (cotylae) on the antero- 

lateral edges beside the oral sucker; and (5) a true cyst of parasite origin. 

The first report of a Tetmcotyle species from India was presented by 

Kaw (1950) from the frog, Rana cyanophlyctis in Kashmir. As far as is 

known, 20 species of this larval genus have been described from freshwater 

fishes in India. These are, T. indiars Singh, 1957; T. soplzorensis Singh, 1959; 

T. zrjjainensis Trivedi, 1964; T. mzisczrlaris Chakrabarti, 1970; T. xenentodoni 

Chakrabarti, 1970; T. glossogobi Chakrabarti, 1970; T. szidnh' Chakrabarti and 

Baugh, 1970; T. lnli Pandey, 1971; T. lzrcknowensis Pandey, 1971; T. bnzrghi 

Pandey, 1973; T. tandoni Pandey, 1973; T. aglandzdata Baugh and 

Chakrabarti, 1977; T. gyanpurensis Agrawal and Singh, 1980; T. pnndei 

Agrawal and Khan, 1982; T. srivastavai Agrawal and Khan, 1982; T. 

rn~nalingi Agrawal and Khan, 1982; T. sirnlzni Pandey and Tewari, 1983; T. 

sanjivi Pandey and Tewari, 1983; T. fotednri Tewari, 1983, and T. satendri 

Tewari and Tyagi, 1986. 

DipZostomulurn Brandes, 1892 

Diplostorntrlurn Brandes, 1892 is another larval genus, the adults of 

which are mainly parasitic in piscivorous birds. The adult belongs to the 

genus Diplostornurn von Nordmam, 1832. The characters of Diplostomulum, 

as given by Hoffman (1961), are: (1) fore-body foliaceous, concave 



ventrally; (2) hind-body present as a small conical prominence on the 

postero-dorsal part of the fore-body; (3) reserve system (bladder) consists of 

a system of more or less definitely arranged tubules with calcareous 

corpuscles, round or ellipsoidal, disposed in vesicles at the termini of small 

branches; (4) usually a pair of lateral suckers on the antero-lateral edges 

beside the oral sucker, and (5) no true cyst of parasite origin. 

Kaw (1950) reported Diplosto~nzilzi~tr bzlfonis from Bzlfo uiridis, and this 

forms the first report of the larval genus from India. Altogether 4 species of 

Diplosto~nzilzit~l have been reported from freshwater fishes of India. Pandey 

et al. (1964) described D. singlzi from Heteropnezistes fossilis; Thapar (1967) 

described D. nririris from Nzirin daririca, and Pandey (1970) recorded two 

species, D. minrrhitn from Printitrs sp. and D. ophthaltni from P. soplzore, 

P. ficto, Oxygaster bacaila, Trichogaster fasciahis and H. fossilis. 

Neascus Hughes, 1927 

Hughes (1927) established the larval genus Nenscrrs to contain the 

metacercariae, N. ambloplitis and N. mticola. The characters of the genus 

Neasczis, as given by Hoffman (1961), are: (1) fore-body much like 

Diplosto~nrilnm; (2) hind-body more extensively developed than in 

Diplostomzil~im; (3) reserve bladder more extensively developed than in 

Diplostotnz~lzsn~ and with calcareous granules not confined to the termini of 

the small branches which do not end blindly but constitute anastomoses; (4) 

no lateral pseudosuckers or earlike processes, and (5) generally encysted 

with a true cyst of parasite origin. 



Kaw (1950) reported Nenscris uetnstni from the freshwater fishes, 

Schizothornx esocirzris, S. nlicropogo~z, S. ~ziger and Oreinzis sin rlntrrs, and this 

forms the first report of the larval genus from India. In addition to this, 15 

species have been reported from Indian fishes. These are, N. elongntris 

Singh, 1957; N. chelni Khera, 1958; N. irzdiclrs, Thapar, 1967; N. cirrhirzrrs 

Thapar, 1967; N. Irepnticn Chakrabarti, 1970; N. clzn~z~zni Pandey, 1971; 

N. xenerztodoni Pandey, 1971; N. grisseui Chakrabarti, 1974; N. Irofiiznni 

Baugh and Chakrabarti, 1977; N. hn~znksngnrerzsis Baugh and Chakrabarti, 

1977; N. clznrrlznni Agrawal and Khan, 1982; N. hnnumnnthni Agrawal and 

Khan, 1982; N. 11logIzei Agrawal and Khan, 1982; N. simhai Agrawal and 

Khan, 1982, and N. prrnctatrisi Dhanumkumari, 1994. 

Genus Diplostornum von Nordmann, 1832 

The genus Diplostortni~n von Nordmam, has more than 40 species 

described from all over the world on the basis of adult forms or 

metacercariae (Yamaguti, 1971). Of these, 4 species are known from India: 

D. butei Vidyarthi, 1937 in Bzlfeo nrfinrrs; D. kettipnnense Vidyarthi, 1937 in 

Ketripn zeylonensis Irnrdwicki; D. oedicnerrtlrs Singh, 1956 in Blrrlrinrrs 

oedicne?nz~s indiaim, and D. sterni Gupta, 1958 in Sternn mirnntin. Studies on 

life-cycles of Diplostornum have involved some 13 species, mostly those 

occurring in Europe (Niewiadomska, 1996). Complete life-cycle of an 

Indian species has not so far been elucidated. The available information is 

restricted to the reports on the metacercaria of D. ketrrpnnense by Ganapati 

and Rao (1954) from Cntln cntln in Andhra Pradesh and Abraham and 

Anantaraman (1955) from the same fish in Madras and its miracidium by 

Ganapati and Rao (1962) from Andhra Pradesh. 



Genus EucZinostomum Travassos, 1928 

Rudolphi (1809) described Disto~trn lzeterosto~rzzinz from Ardea prlrprrrea, 

and Braun in 1899 transferred it to the genus Clinostoiizzinr Leidy, 1856 and 

called it C. Izeterostonrzlnr. Travassos (1928) established the genus 

Euclinosto~r1rinz, shifted C. Izeterostomrr~rz to the new genus as its type, and 

renamed it E. Izeterosto~~~~m (Rudolphi, 1809). Since then several species 

have been added to the genus by various workers. Ukoli (1966), and 

Jhansilakshmibai and Madhavi (1997) considered only 4 species, 

E. lzeterostornurn (Rudolphi, 1809) Travassos, 1928; E.  mzrliicaeczi~~z Tubangui 

and Masilungan, 1935; E. minzrtrls Zaidi and Khan, 1975, and E. ardeolne El. 

Naffar and Khalifa, 1981, as valid. Before Ukoli's (1966) work, a total of 5 

Euclinosto~nzr~n spp. have been reported from India either as metacercariae 

or as adults. These are E. lzeterosto~nu~n (Rudolphi, 1809) Travassos, 1928; E. 

indiculn Blzalerno, 1942; E. Izeptncneczrrn Jaiswal, 1957; E. bhngnvnntn~ni Jaiswal, 

1957, and E. clznnnai Jaiswal, 1957. Now E. lzeterostomiim is the only valid 

species of Ezrclinostornzim known from the Indian subcontinent (Ukoli, 1966). 

Besides, it is a common parasite of piscivorous birds in many other parts of 

Asia and in Europe and Africa. The life-cycle of E. lleterostomrr~rr has been 

elucidated by Donges (1974) and Jhansilakshmibai and Madhavi (1997) 

from Nigeria and India respectively. Metacercariae of this species have 

been reported from Indian freshwater fishes by Bhalerao (1942), Srivastava 

(1950), Jaiswal (1957), Agarwal (1959), Gupta and Aganval (1983) and 

Sinha et nl. (1988). Life-cycles have also been established for E. ~ninrrtris in 

Pakistan (Zaidi and Khan, 1975) and E. nrdeolne in Egypt (El. Naffar and 

Khalifa, 1981). 



Genus Transversotrerna Witenberg, 1944 

Witenberg (1944) proposed the genus Trnnsversofrernn with T. lznnsi 

infecting an unidentified fish from Red Sea as the type species. 

Subsequently, 7 species were added to the genus. These are T. kolietzse 

(Olivier, 1947) Yamaguti, 1958; T. lnrziei Velasquez, 1958; T. pntinlense 

(Soparker, 1924) Crusz and Sathananthan, 1960; T. licinzitrr Manter, 1970; 

T. sopnrknri Pande and Shukla, 1972; T. clznckni Mohandas, 1973, and 

T. clznzilzntzi Agrawal and Singh, 1981. Of these, T. pntinlense, T. sopnrknri, 

T. chnckni and T. clrnzillnni are recorded from Indian fishes. T. pntinlettse was 

first described in its cercarial form as Cercnrirz patinlensis by Soparkar(l924) 

from Melnnoides kiberczilntris in Punjab. Subsequently, this cercaria was 

reported from the same snail species in Nellore by Anantaraman (1948), in 

Waltair by Rao and Ganapati (1967), in Ceylon by Crusz (1956) and in 

Malaysia by Betterton (1979), and from M. ano~rrnln in the Belgian Congo by 

Brien (1954). Crusz and Sathananthan (1960) recorded the metacercaria of 

C. pntialensis from Mncropodlis clipanus in Ceylon and designated it 

T. pnf-inlense, and Crusz et nl. (1964) worked out its life-cycle with 

M. triberailntris as the first intermediate host and M. cripnnlis, Ophiocepllnlzis 

pzinctntzis and Tilnpin mossn~nbicn as the fish hosts. They preferred to call the 

stages recovered from fishes as "mature metacercariae." Rao and Ganapati 

(1967) also gave a detailed account of the cercaria of this species from 

M. triberculntus, and adults from Esornlis dnnriczis, Pnnclznx pnnchnx and Cntln 

cntla. Further, they suggested that there may not be a metacercarial stage 

in the life-cycle of Trrrnsversotre~nrr spp. Later, Murty and Rao (1968) 

reported the adults of T. pnfinlense from P. pnnclzax; Madhavi (1980) from 



Aplocheillls pnnclznx,and Rekharani and Madhavi (1985) from Mlrgil cephallrs, 

Liza nzacrolepis and Vrzln~~rrrgil czrtz~zesizis. The miracidium of T. pntialetzse was 

reported by Madhavi and Jhansilakshmibai (1994). Two other species of 

transversotrematid cercariae were reported from India, namely C. clznckni 

Nadakal, Mohandas and Sunderaraman, 1969 ,and C. sopnrkari Pandey, 

1971. 

Genus Ec~riszochasmsis Dietz, 1909 

Dietz (1909) erected the genus Eclzinoclzns~rztrs with E. coaxntzrs from 

Colymbzrs crystnhrs, C. griseigenn, C. nigrocollis, C. cnspicus, Ciconin ciconin and 

Anns platyrlzyncha as its type species. Altogether 39 species of Echinoclznsnzzrs 

have been reported. Of these 10 species are from India: E. perfolintrrs 

(V. Ratz, 1908) Dietz, 1909 from man, dog and cat; E. bngzrlni Verma, 1935 

from the pond heron, Ardeoln gmyii ,  and the night heron, Nycticornx 

nycticornx; E. nrficapensis Verma, 1935 from the Indian little grebe, Podiceps 

n$collis; E. nnrnyani Mudaliar, 1938 from Milvzrs tlzigrnns govindn; E. 

~negnvitellzrs Lal, 1939 from A. grayii; E. fnmelicus (Odhner, 1911) Prudhoe, 

1944 from the stork, Leptoptilos jnvnniczrs; E. nntigonlrs Gupta, 1953 from 

Antigone n~ztigone; E. rninutus Karyakarte, 1970 from Milvzrs ~nigrnns; E. 

vindhinn~ze Vasudev, 1973 from Aqriiln rnpnx vindlzinnrz, and E. ~negndertrri 

Salem, 1975 from Megnderma lyrn. 

Life-cycles of about 16 species of this genus have been established. 

From India information on life-cycles is restricted to E. bngzrlni. 

Ramalingam (1960) described the life-cycle from marine environment. But 

Yamaguti (1971) expressed doubts regarding the identity of adult flukes 

obtained by Ramalingam to E. bngzllni. Life-cycle of the same species was 



reported from freshwater environment by Dhanumkumari et nl. (1991). 

Nath and Pande (1970a) and Madhavi (1980) reported metacercariae of 

EcIzinochns~nzis from a variety of fishes. 

Genus Caballeroia Thapar, 1960 

The genus Cnbnlleroin was established by Thapar (1960) with C. i~zdicn 

from CirrIzinn fiilzingel from Karnataka as its type species. Achan (1956) 

described Nicollodisczis blzavnni from Barbus Izemgonolepis from Tamil Nadu. 

Devraj (1972) redescribed this species and shifted it to Cnbnlleroin and 

named it as C. bhnvnni. Srivastava (1982) agreed with this arrangement and 

considered this species identical to C. indicn described by Thapar (1960) and 

suggested that according to the rule of priority, C. bhavani should become 

the type species of the genus. This genus remains monotypic. 

Genus Renicola Cohn, 1904 

The genus Renicola was proposed by Cohn' (1904) with R. pingziis as 

the type species which was described by Mehlis (cited in Creplin, 1846) as 

Monostomzi~n pingzie from the crested grebe, Podiceps cristatzis. Since then 

more than 47 species have been added to the genus Renicola from several 

parts of the world (Yamaguti, 1971). The adults of this genus have not so far 

been reported from India. The available information is limited to the 

description of a renicolid metacercaria by Madhavi (1980) from Aploclzeilus 

melnstigmn. 



Genus Encyclometra Baylis and Cannon, 1924 

Rudolphi (1819) described Disto~nn colribri~rrlrrorrr n r  from Colriber 

nlzironinl. In 1924, Baylis and Cannon proposed the genus E~zcyclo~iietm 

with E. rzrztricis as its type. Subsequently Dollfus (1929) shifted 

D. colzlbritilrirorrr rn to Ezzcyclo~rretm, and renamed it E. col libririrztrorzi~r~. 

Further, Dollfus synonymized D. ollosto~~rzi~~i Diesing, 1850; D. cozidnhinl 

Polonio, 1859; D. szibflavzr~il Sonsino, 1892; Distotrin sp. No.1. Timotheev, 

1900; Odllnerin bolognensis Baer, 1924; Przrnplrzgiorchis tinlotlzeeui Dollfus, 

1924; Ortlzorchis nntricis Modlinger, 1924; Encyclometrrz nrztricis Baylis and 

Cannon, 1924, and E. bologne~zsis (Baer, 1924) Baylis and Camon,1924 with 

E. colzrbrirtzzrronr~n. Thus E. colubrimzrronim (Rudolphi, 1819) Dollfus, 1929 

becomes the type species of the genus. Several species have been added to 

the genus Encyclo~netm, and synonymy of species appears to be great, but 

complete accord as to which are valid is lacking. While reviewing the 

genus, Enqclo~netrtr, Yeh (1958) recognized only three species, 

E. colubriinzironi~n, E. nsy~n~netricn Wallace, 1936, and E. jnponictr Yoshida and 

Ozaki, 1929, as valid. .In 1958 Yamaguti listed 5 species under the genus 

Encyclo~netrrz. These are E. colzibrirn~ironimr (Rudolphi, 1819) Dollfus, 1929; 

E. crzlidntn (Polonio, 1859) Dollfus, 1929; E. jnponicn Yoshida and Ozaki, 1929; 

E. koreanrz Park, 1940, and E. vitellrztn Gupta, 1954. Of these, Dollfus (1963) 

recognized E. cotubrirnurorzrm and E. asyrnmetricn, and synonymized 

E. jnponicrz with E. colubrirnurornm. Later, Srivastava and Ghosh (1968) 

added another species, E. bungnrrz to the genus. According to Yamaguti 

(1971) the genus Enqclornetrn is represented by three valid species: 

E. colubrimzironrrn, E. asyrntnetricn and E. bungnrtr. All the 3 species have been 



recorded from different hosts in India (Bhalerao, 1926, 1936; Mehra, 1931; 

Gupta, 1954; Srivastava and Ghosh, 1968; Dwivedi and Chauhan, 1970). 

Complete life-cycle of the genus has not so far been worked out. The 

available information is restricted to reports on the metacercariae of 

E. coluhrimz~rorz~mr and E. asyazmetricn by Yamaguti (1936) and Chiang (1951) 

respectively. Till date there is no report on the metacercaria of Enojclonlefrn 

from India. 

Genus Neopodocotyle Dayal, 1950 

The genus Neopodocotyle was established by Dayal (1950) with 

N. indicn from Cnllichrous bimnczrlntlis in Lucknow as its type species. 

Yamaguti (1958) reduced Neopodocotyle to a subgenus under Podocotyle 

(Dujardin, 1845) Odhner, 1905. However, Sircar and Sinha (1969) disagreed 

with this proposal and considered Neopodocotyle as a valid genus. Pritchard 

(1966) shifted N. i~zdicn to the genus Allocrendizr~n Looss, 1900, and called it 

A. indicn, but Pandey (1973a) disagreed with this view and retained it under 

Neopodocotyle. Later, Soota and Ghosh (1977) described N. indicn Dayal, 

l950 from Tor tor in Shillong. Gupta and Chakrabarti (1966) described 

N. l~rcknozuensis from Pzrlztilrs snmnn. But Baugh and Chakrabarti (1970) 

established another genus Pzrntiotrema and transferred N. lzrcknozue~zsis to 

the new genus and named it P. lzrcknowe~zsis. In addition to the type species, 

the genus at present includes four more species. These are, N. spiniporn 

Sircar and Sinha, 1969 from Rifn ritn; N .  ~rielzrni Rai, 1971 from Plr~ztirrs snrn~zn 

and P. sophore; N. ballinnensis Pandey, 1973 from Lnbeo cnlbnszr, and N. dnynli 

Pandey, 1973 from P. snmnn. The genus is restricted to India. 



Genus Cmtrocestus Looss, 1899 

Looss (1899) proposed the genus Centrocestrls and designated C. 

crrspidatzrs as the type species which was described by him in 1896 as 

Distotrrzit~i crispidatzittz. Leiper (1913) described C. clispidatzis cntzirzzrs which 

was considered a synonym of C. czrspidatzrs by Ransom (1921). Tanabe 

(1922) established another genus Statritzoso~na to receive S. nrtlzatzrtlz which 

was closely similar to Cetztrocestzis. Nishigori (1924a) added another 

species, S. forttrosanlr~rz, to the genus Sta~nnosonza. Faust and Nishigori (1926) 

considered C. clrspidatzls catzitzzis as a synonym of Stamnosotna fortnosanzini. 

But Chapin (1926), Fuhrmam (1928), Witenberg (1929), Price (1932), and 

Stiles and Baker (1934) treated Statnnosotrra as a synonym of Centrocestus. 

Later, Faust (1937) suppressed the genus Statnnosotna in favour of 

Cetztrocesfzis. 

Among the species of Centrocestzls described by various authors, 

Chen (1942) recognised only 3 species as valid: C. czrspidatzrs (Looss, 1896) 

Looss, 1899; C. nrtnatzis (Tanabe, 1922) Price, 1932, and C. fonnosnnris 

(Nishigori, 1924) Price, 1932. Of these, only one species C. fonriosnnzrs, has 

been reported from India. A great deal of information is available on the 

life-cycle of C. fonnosanzrs. Nishigori (1924b) first traced its life-cycle from 

Formosa and reported Se~rrisulcospira libertina as the first intermediate host, 

13 species of freshwater fishes as second intermediate hosts, and the night 

heron, Nycticorax nycticorax as the definitive host. Subsequently Chen 

(1942,1948), and Zhang et al. (1985) worked out the lifecycle of this species 

from China, and Martin (1958) from Hawaii. From India Dhanumkumari et 

al. (1993) illustrated its life-cycle with Thiara tzlberczrlafa as the snail host, 



Clznnnn pzi~zctntzis, Gn~rlbzisia riffinis and Aploclreilzis pnnchnx as second 

intermediate hosts, and Trztern i~zdica and Ardeoln grrzyii as definitive hosts. 

They obtained experimental infections in leghorn chicks. 

Ganapati and Rao (1983) described the cercaria of this species from 

Melnnoides tziberczilatzis in India. There have also been several reports of the 

occurrence of metacercariae of this species from freshwater fishes in India 

(Nath and Pande, 1970b; Pande and Shukla, 1972 ; Nath, 1974; Premvati 

and Pande, 1974; Madhavi, 1980). Rekharani and Madhavi (1985) recorded 

the metacercaria from brackishwater fishes of Visakhapatnam. Several 

workers have experimentally raised the adult flukes in various birds and 

mammals (Nath and Pande, 1970b; Nath, 1972a, 1974; Pande and Shukla, 

1972 ; Premvati and Pande, 1974). 

Genus Haplorchoides Chen, 1949 

The genus Hnplorchoides was proposed by Chen (1949) to 

accommodate some of the species of Hrzplorclzis Looss, 1899. The type 

species was first desribed as Distolnzittr cnhirinzitn by Looss (1896) from 

Bngrus bnyrzd in Egypt. Because of several errors in the original description, 

Looss (1899) redescribed it from B. bnyd and B. doc~rrnc, and shifted it to 

Hnplorclzis. Later, Chen (1949) transferred it to the new genus Haplorchoides, 

making it the type species, and also moved Srivastava's (1935) 4 species, 

Hnplorclzis nttenzintzis, H. piscicoln, H. gntzgeticzis and H. silzindii, and one 

species of Dayal (1935), Mo~zorchotrernn tnkree, to Hnplorclzoides. Subsequently 

additional species were described by Gupta (1955), Chatterji (1956) and 

Agrawal (1964), but Rai and Pande (1967) in a review of the genus 

considered only two Indian species, H. nttenzintzis and H. piscicoln, as valid. 



Yamaguti (1971) listed 12 Indian species under the genus. The twelve 

species are, H. nttenzintiis (Srivastava, 1935) Chen, 1949 from Mncro~zes 

see~zglznln; H. gnngeticzis (Srivastava, 1935) Chen, 1949 from Psezidotropizis 

ntlzenoides; H. piscicoln (Srivastava, 1935) Chen, 1949 from Eritropiiclzthys 

unclm; H. silzrndii (Srivastava, 1935) Chen, 1949 from Silzindin gangeticn; 

H. tnkree (Dayal, 1935) Chen, 1949 from Pserrdotropizis tnkree; 

H. brnhnlnpzitrnensis Gupta, 1955 from Ritn ritn; H. gonztioensis Gupta, 1955 

from Silzindin gnngeticn; H. ritai Gupta, 1955 from R. ritn; H. seenglznli Gupta, 

1955 from Mncrones seerzglmla; H. pnri~zi (Chatterji, 1957) Yamaguti, 1971 

from Wnllngo nthi; H. mncrones (Dayal, 1949) Yamaguti, 1958 from 

M .  seenghnln, and H. mncronis Agrawal, 1964 from M .  seenghaln. Pande and 

Shukla (1976) described 2 new species, H. peclrsoni and H. nlelzmi from 

Clzannn pzi?zctnhis and Myshis vittrzhis respectively, the metacercariae of 

which were recorded from fingerlings of over a dozen species of freshwater 

fishes. Gupta and Gupta (1977, 1979) added 2 new species, H. vinodei and 

H. gziptni to the genus, but Mehra (1980) considered only two Indian 

species, H. attenzlnkts and H. piscicoln, as valid. Subsequently, H. vclclzn 

Agrawal and Agrawal, 1981; H. myshisi Gupta and Singh, 1982; H. kherni 

Gupta and Govind, 1985, and H. sriuastnvni Gupta and Govind, 1985 have 

been reported from India. Shameem and Madhavi (1988) considered only 

3 Indian species, H. clttenrinttis, H. penrsoni and H. mehmi, as valid. 

Studies on life-cycles of the genus have been restricted to three 

species. El-Naffar (1980) elucidated the life-cycle of H. cnhirinzis. Agrawal 

and Agrawal(1981) established the life-cycle of H. vacha, and Shameem and 

Madhavi (1988) that of H. mehmi. In addition, metacercariae of a few 



species of Haplorchoides have been recovered from several freshwater fishes 

of India. Nath (1972b) reported the metacercaria of H. ntterzzintlis from 

Pzrrltiris soplzore and it forms the first report of n~etacercaria of Hnplorclzoides 

from India. Pande and Shukla (1976) reported the metacercariae of H. 

pearsorzi and H. tlzehrni from fingerlings of over a dozen species of 

freshwater fishes. Pande (1979) studied the distribution of n~etacercariae of 

H. nttenzlntris infecting Mystzis seenglznln in fingerlings of 15 species of edible 

fishes. 

Genus Aca~sthostomum Looss, 1899 

Looss (1899) created the genus Acnntlzostorrzzirn with A. spiniceps 

(Looss, 1896) from Bngnis bnynd as its type. Altogether 27 species of 

Acn~ztlzostomrim have been reported: 9 from fishes and 18 from reptiles 

. (Yamaguti, 1971). Bhalerao (1926) described Acnrz fhoclrasrnus brirrrrirzis from 

the water snake, Tropidonotz~s piscntor in Burma, and Thapar and Ali (1929) 

recovered it from the same host in Lucknow. In 1936 Bhalerao shifted A. 

burt~rinis to Acnn tlzostornzirrr, and named it Acnntlzostornzim bzirtrrinis. The 

same author (1940) proposed a new genus Atroplrecaeczirn to accommodate 

this species; but Mehra (1980) and Srivastava (1982) suppressed this genus 

and considered Acnrzthosto~rrrirrr brirrrrirris as valid. Further, they treated 

Acnrzthostomum sirnhni Khalil, 1963; Atroplzecneairn lzindrlstnnensis Baugh, 

1956; A. indicri~~r Simha, 1958, and Hnplocneczirn proctoponirn Dwivedi, 1966 

as synonyms of Acnnthostomrim bzirrninis. Only two species of 

Acnrtthostornzim are known from India: A bzirrninis (Bhalerao, 1926) Bhalerao, 

1936 from Tropidonotzis piscntor, and A. indiczirn Sinha, 1942 from a crocodile. 



Of the 27 species of Acnnthostomrrnz, life-cycles of only 4 species have been 

elucidated: A. i~nbzrtifortne by Maillard (1973), and A. gnerii by Ostrowski de 

Nunez (1991), both parasitizing fishes, A. brnzrni by Ostrowski de Nunez 

(1987), and A. blrr~niizis by Roopa and Janardanan (1998), both infecting 

reptiles. Madhavi (1980) reported the metacercaria of A. bzrnrrinis from 

Aploclreilzrs panclrnx, and Rekharani and Madhavi (1985) from Mzrgil 

ceplznlzrs, Lizn tnacrolepis and Vnln~tzzrgil czs?znesizis in Andhra Pradesh, and 

Roopa and Janardanan (1998) from Rnsborn dnnicotziris, Pzrntizrs pnrrnlr, P. 

~rrelnnattzpyx melnnnrnpyx, Mystzrs onrlntrrs, M. nznlnbnriczis, Heteropnerrstes 

fossilis, Clznnna orientalis, Etroplzrs ~naczilatzrs and Gnrra nrlrrllyn in Kerala. 

Genus Genarchopsis Ozaki, 1925 

Ozaki (1925) erected the genus Gennrclzopsis with G. goppo from 

Mogrrrndn obsnrrn as its type species. Srivastava (1933) proposed the genus 

Oplziocorchis with its type 0. lobntu~n from the stomach of Ophioceplznlus 

strintzrs, and added another species, 0. singzrlaris from the intestinal caeca of 

the same host. He recorded two species belonging to Progonus, P. piscicoln 

and P. ovocaudatzrrn, from 0 .  pzrnctntzrs. Gupta (1951) added 3 more species 

to Oplziocorclzis: 0 .  dnszis and 0 .  indiczis from the stomach of Oplzioceplznlzrs 

pzrnctatus, and 0 .  fanrqzris from the intestine of Mnstncembelzrs nr~nntzrs. 

Manter (1938) shifted P. piscicoln and P. ovocnudntrrm to Gennrclzopsis , and 

renamed them G. piscicoln and G. ovocaztdntn respectively. Yamaguti (1954) 

considered Ophiocorclzis as a synonym of Gennrclzopsis and transferred 

Srivastava's two species, 0. lobahi~n and 0. singulnris, to Gennrchopsis and in 

1958 shifted Gupta's three species, 0. dasus, 0 .  inriiczrs and 0. farzrqrris, to 

Genarchopsis. Till date thirteen species of Gennrclzopsis have been reported 



from India. Of these, 11 species, G. piscicoln (Srivastava, 1933) Manter, 1938; 

G. ovocnzidntn (Srivastava, 1933) Manter, 1938; G. lobrztn (Srivastava, 1933) 

Yamaguti, 1954; G. si~zgzilnris (Srivastava, 1933) Yamaguti, 1954; G. dnsris 

(Gupta, 1951) Yamaguti, 1958; G. indicn (Gupta, 1951) Yamaguti, 1958; G. 

fnrziqrris (Gupta, 1951) Yamaguti, 1958; G. pruzctnti Agrawal, 1966; G. czichini 

Kakaji, 1969; G. cnlnerorzi Kakaji, 1969, and G. zonllngo~zi Chandra and 

Banerjee, 1993, are from freshwater fishes, one species G. nlelnnostictzis 

Dwivedi, 1965, from a toad, and the other species, G. thnpnri Dwivedi, 1965, 

from a water snake. Rai (1971a) synonymized 8 Indian species of 

Getznrclzopsis with G. goppo. Pandey (1973b) agreed with this view and 

further synonymized 4 Indian species as well as G. oznkii Basheerullah and 

Elahi, 1972 and G. bnnglndesensis Basheerullah and Elahi, 1972 from 

Bangladesh with G. goppo. At present the genus Gennrcllopsis is represented 

by 7 species: G. goppo Ozaki, 1925; G. angziillae Yamaguti, 1938; G. gigi 

Yamaguti, 1939; G. ~nzielleri (Levinsen, 1881) Yamaguti, 1954; G. ~nncrocotyle 

Coil and Kuntz, 1960; G. bashiri Hafizuddin and Khan, 1973, and 

G. zonllagoni Chandra and Banerjee, 1993. Of these, only 2 species, G. goppo 

and G. wnllagoni, are recorded from India. 

The life-cycle of G. goppo infecting the stomach of the freshwater fish, 

Clznnna pzinctntn was worked out by Madhavi (1978). She recovered the 

cercaria of this fluke from the snail, Atnnicola trnvnncoricn, and the 

metacercaria from the ostracods, Stenocypris ~rlnlcolmsoni and Ezicypris 

cnpensis. Recovery of only immature stages of the adult fluke from 

Aploclzeilzis pnncltnx led her to believe that this fish serves as a paratenic 

host. 



MATERIALS AND METHODS 

Collection and maintenance of fish hosts: 

Freshwater fishes, collected from rivers, streams, irrigation canals, 

ponds and paddyfields in Kasargod, Kannur, Kozhikode, Wayanad, 

Malappuram, Palakkad and Thrissur districts of Kerala, were used during 

the course of this investigation. Collections were made from January 1995 

through July 1998. A list of the fishes examined, with their localities, 

period of collection and number examined, is presented here. 

List of fish hosts examined for digenetic trematodes 

Classification and 
name of hosts 

Pisces 
Cy priniformes 
Cyprinidae 
Esomus barbatus 
(Jerdon) 

Period of 
collection 

February to 
December 1995; 
January 1996; 
March to 
November 1996; 
June to December 
1997; April 1998 

No. of host 
specimens 
examined 

360 

Locality of collection 

Kanhangad and 
Theerthankara in 
Kasargod district; Karetta, 
Kanhilari, Nirmalagiri, 
Pinarayi, Kuttimakkul and 
Eranholy in Kannur 
district; Nallur, 
Rarnanattukara, Feroke 
and Puthukode in 
Kozhikode district; 
Nedungottumedu, 
Thalapara, Calicut 
University Campus and 
Kadakkattupara in 
Malappuram district 



Classification 
name of hosts 

Danio aequipinnatus 
McClelland 

D. spinosus Day 

Horadandia atukorali 
Deraniyagala 

Rasbora daniconius 
(Hamilton) 

Period of 
collection 

September to 
December 1995; 
May and 
September 1996; 
September- 
November, 1997; 
February and 
July 1998 

November 1995; 
July to October 
1996; September 
and December 
1997 

June to December 
1995; January to 
October 1996; 
December 1996 to 
September 1997; 
November 1997 
to May 1998 

January to June 
and September to 
December 1995; 
February to 
December 1996; 
January to 
November 1997; 
January to March 
1998 

No. of host 
specimens 
examined 

295 

15 

162 

622 

Locality of collection 

Kanhangad in Kasargod 
district; Karetta, Kanhilari 
and Nirmalagiri in 
Kannur district; Vythiri, 
Meenangadi, Sultan 
Bathery and Noolpuzha in 
Wayanad district; 
Nedungottumedu in 
Malappuram district 

Karetta in Kannur district; 
Vythiri and Sultan 
Bathery in Wayanad 
district; Calicut Univeristy 
Campus in Malappuram 
district 

Kuttimakkul in Kannur 
district; Puthukode, 
Nallur and 
Ramanattukara in 
Kozhikode district; Sultan 
Bathery in Wayanad 
district; Valapad in 
Thrissur district 

Kanhangad and 
Theerthankara in 
Kasargod district; 
Pallikkunnu, Chirakkal, 
Karetta, Kanhilari, 
Nirrnalagiri, Kuttimakkul, 
Eranholy and Pinarayi in 
Kannur district; Devagiri, 
Feroke, Ramanattukara, 
Nallur, Puthukode and 
Kundayithode in 
Kozhikode district; 
Vythiri, Meenangadi, 



Period of 
collection 

October 1995; 
November 1996; 
February and 
November 1997; 
January 1998 

March to May 
and November- 
December 1995; 
February and 
May 1996; May 
1997, August to 
November 1997. 

January to 
September 1995; 
November 1995 
to May 1996; 
August to 
December 1996; 
February to May 
and October to 

Locality of collection 

Sultan Bathery and 
Pakkam in Wayanad 
district; 
Nedungottumedu, 
Thalapara, Calicut 
University Campus and 
Kadakkattupara in 
Malappuram district 

Devagiri in Kozhikode 
district; Thalapara and 
Nedungottumedu in 
Malappuram district; 
Malampuzha in Palakkad 
district 

Kanhangad in Kasargod 
district; Nirmalagiri 
Kuttimakkul, Kanhilari 
and Karetta in Kannur 
district; Thamarassery, 
Kundayithode and 
Puthukode in Kozhikode 
district; Vythiri and Sultan 
Bathery in Wayanad 
district; 
Nedungottumedu, 
Kadakkattupara and 
Calicut University 
Campus in Malappuram 
district. 

Kuttimakkul, Chirakkal 
and Karetta in Kannur 
district; Feroke, 
Puthukode and 
Ramanattukara in 
Kozhikode district; 
Pakkam, Vythiri, 
Meenangadi and Sultan 

Classification and 
name of hosts 

Puntiusfilamentosus 
(Valenciennes) 

P. melanampyx 
nzelananzpyx (Day) 

P. parrah Day 

No. of host 
specimens 
examined 

21 

122 

420 



Classification and 
name of hosts 

P. sarana sarana 

(Hamilton) 
P. sophore 

(Hamilton) 

Labeo rohita 

(Hamilton) 
Catla catla 

(Hamilton) 
Cirrhina mrigala 

(Hamilton) 

Garra mullya 

(S~kes) 
Cobitidae 
Somileptes gongofa 

(Hamilton) 

Siluriformes 
Bagridae 
Mystus malabaricus 

(Jerdon) 

No. of host 
specimens 
examined 

2 

60 

62 

12 

2 

9 

25 

10 

Locality of collection 

Bathery in Wayanad 
district; Nedungottumedu 
and Thalapara in 
Malappuram district 

Noolpuzha in Wayanad 
district 

Kuttimakkul in Kannur 
district; Thalapara in 
Malappuram district 

Malampuzha in Palakkad 
district 

Malampuzha in Palakkad 
district 

Malampuzha in Palakkad 
district 

Nedungottumedu in 
Malappurarn district 

Karetta, Nirmalagiri and 
Kuttimakkul in Kannur 
district; Puthukode in 
Kozhikode district; Sultan 
Bathery in Wayanad 
district; Nedungottumedu 
in Malappuram district 

Kuttimakkul, Karetta and 
Nirmalagiri in Kannur 
district; Puthukode in 
Kozhikode district; 
Nedungottumedu in 
Malappuram district 

Period of 
collection 

December 1997; 
March to May 
1998 

February 1998 

July to September 
1995; March to 
September 1996; 
July to November 
1997; March 1998 

November 1996; 
November 1997 

November 1997 

November 1997 

August 1996 

January to May 
and October to 
December 1995; 
February to May 
1996; December 
1997 

March and 
December 1995; 
February and 
April 1996; July 
to September and 
December 1997 



Period of 
collection 

October 1996 

November 1996 

May 1997 

August 1995; 
February 1996; 
July to November 
1996; March to 
July and October 
1997; April 1998 

March 1996; 
September 1996; 
May 1997 

November 1995 to 
May 1996; July to 
October 1996; May 
and September 
1997; April 1998 

March to June, 
August, October to 
December 1995; 
March to May 
1996; March to 
July and 

Locality of collection 

Thenhipalam in 
Malappuram district 

Malampuzha in Palakkad 
district 

Thamarassery in Kozhikode 
district 

Kanhangad in Kasargod 
district, Pallikkunnu, 
Kuttimakkul, Karetta and 
Nirmalagiri in Kannur 
district; Thamarassery in 
Kozhikode district; 
Thenhipalam and 
Nedungottumedu in 
Malappuram district 

Kanhilari in Kannur 
district; Puthukode in 
Kozhikode district; Valapad 
in Thrissur district 

Kanhilari in K m u r  district 

Kuttimakkul and Karetta in 
Kannm district; Puthukode, 
Nallur, Feroke, 
Ramanattukara, Devagiri 
and Kundayithode in 

Classification and 
name of hosts 

M. oczrlotus 
(Valenciennes) 

Clariidae 

Cli~rias bntmclzus 
(Linnaeus) 

C. dzissu~~zieri 
dussumieri 
Valenciennes 
Heteropneustidae 

Heterop~ieustes fossilis 
(Bloch) 

Atherinifonnes 
Belonidae 
Xenen todon arnn'la 
Hamilton 

Cyprinodontidae 

Aplod~eilus lineatus 
(Valenciennes) 

A. pntzclznx 
(Hamilton) 

No. of host 
specimens 
examined 

31 

1 

6 

38 

69 

14 

120 



Classification and 
name of hosts 

Channiformes 
Channidae 
Channa orientalis 
(Schneider) 

C. punctatus (Bloch) 

Cichlidae 
Etroplus mantlatus 
(Bloch) 

E. suratensis (Bloch) 

No. of host 
specimens 
examined 

Locality of collection 

Kozhikode district; 
Vythiri and Sultan 
Bathery in Wayanad 
district; 
Nedungottumedu, 
Thenhipalam and 
Thalapara in Malappuram 
district 

Feroke, Ramanattukara 
and Puthukode in 
Kozhikode district; Sultan 
Bathery in Wayanad 
district; Nedungothunedu 
in Malappuram district; 

Kanhilari and 
Kuttimakkul in Kannur 
district; Feroke, 
Puthukode and Nallur in 
Kozhikode district; Sultan 
Bathery in Wayanad 
district; Nedugottumedu 
and Calicut University 
Campus in Malappuram 
district 

Kuttirnakkul in Kannur 
district; Nallur, Feroke, 
Ramanattukara and 
Kundayithode in 
Kozhikode district 
Kuttimakkul in Kamur 
%strict; Nallur, Feroke 
md Devagiri in 
Kozhikode district 

Period of 
collection 

September to 
November 1997 

March to 
December 1995; 
May and 
November 1996; 
April to July 
1997; February 
1998 
April-May and 
August to 
3ctober 1995; 
February to May 
1996; November 
1997; February 
1998 

Vovember 1995; 
February to May 
ind July to 
3ctober 1996; 
May 1997 
;ebruary and 
'uly 1996; April 
:o August and 
Vovember 1997 



The fishes collected were brought alive to the laboratory in suitable 

containers, and examined immediately for digenetic trematodes or 

maintained alive in the laboratory until used for study. Cement tanks (60 X 

60 X 35 cm) or glass tanks (90 X 30 X 30 cm) containing 2 to 3 cm bottom 

layer of sand and pond water upto a height of 25 cm, were utilized for 

maintaining the fishes. The water was aerated on alternate days with an 

electric aerator and changed once in 3 or 4 weeks. Fishes were fed 

occasionally with cooked rice, beef liver, fish meal or biscuit crumbs. 

Period of 
collection 

April and 
October 1995; 
December 1996; 
May 1997 

January to April 
and July to 
December 1995; 
March to 
November 1996; 
January to 
August and 
November 1997; 
March to May 
1998 

March 1996 

Locality of collection 

Ramanattukara and 
Nallur in Kozhikode 
district; Malampuzha in 
Palakkad district 

Kuttimakkul, Kanhilari, 
Karetta and Nirmalagiri 
in Kannur district; 
Kundayithode, Feroke, 
Ramanattukara, Nallur, 
Puthukode and Devagiri 
in Kozhikode district; 
Nedungottumedu, 
Thenhipalam, Thalapara 
and Kadakkattupara in 
Malappuram district 

Nedungottumedu in 
Malappuram district 

Classification and 
name of hosts 

- 
Tilapia nzossambica 
Peters 

Belontidae 

Macropodus cupanus 
Valenciennes 

Mastacembeliformes 
Mastacembelidae 
Masfacenzbelus 
guentheri Day 

No. of host 
specimens 
examined 

16 

301 

2 



Recovery and study of digenetic trematodes from fish hosts 

The fishes were killed by cervical rupture and their scales, skin, gills, 

gill chambers and eyes were examined under a stereozoom dissecting 

microscope for larval digeneans. Then the skin was removed, and the 

muscle tissues macerated to detect the presence of metacercariae and 

adults. Internal organs like heart, liver, gall bladder, pancreas, intestine, 

kidney, urinary bladder, swim bladder, gonads and brain were dissected 

out from each fish, placed in separate petri-dishes containing 0.75% saline, 

macerated and examined under the dissecting microscope. Metacercariae 

and adults, when present, were carefully removed and collected in 0.75% 

saline taken in a petri-dish. Metacercarial cysts were mounted on a slide 

with saline and examined under a phase-contrast microscope for noting 

details of cysts and the enclosed larvae. Excysted larva was obtained either 

by rupturing the cyst wall with the help of fine needles or by mounting the 

metacercaria under cover glass and applying gentle pressure over it by fine 

needles. The excysted larvae and adults were studied under a phase- 

contrast microscope with or without supravital staining with neutral red or 

methylene blue (used as 0.1% aqueous solution diluted to 0.01% with 0.75% 

saline). Acetic orcein staining, following the procedure outlined by Webb 

(1991), was also used to study the metacercarial morphology. Permanent 

whole mounts of excysted larvae and adult flukes were prepared after 

fixing them in 10% formalin under slight cover glass pressure, and then 

staining with alum carmine, following the procedure outlined by Cantwell 

(1981). Data on prevalence and intensity of infection by trematodes were 



collected. The terms "prevalence" and "intensity" are used here in 

accordance with the definition of Margolis et (11. (1982). 

Collection of snail hosts and their maintenance 

Natural habitats of fishes were explored to get the first intermediate 

hosts of digenetic trematodes infecting the fishes. Different species of 

freshwater snails were collected from these habitats; they were mostly 

collected by hand picking. A list of the snails examined, with their localities 

and period of collection, is presented here. 

List of snails examined for cercariae 

Classification and 
name of hosts 

Viviparidae 
Bellamya dissimilis 
(Mueller) 

Piiidae 
PiIa virens (Lamarck) 

Locality of collection 

Kuttimakkul, Kanhilari and 
Pinarayi in Kannur district; 
Sultan Bathery in Wayanad 
district 

Kanhangad and Theerthankara 
in Kasargod district; Karetta, 
Kanhilari, Nirmalagiri, 
Kuttimakkul, Pinarayi and 
Chirakkal in Kannur district; 
Kundayithode, Feroke, Nallur, 
Puthukode and Ramanattukara 
in Kozhikode district; Sultan 
Bathery, Vythiri and 
Meenangadi in Wayanad 
district; Nedungottumedu, 
Calicut University Campus, 
Kadakkattupara and Thalapara 
in Malappuram district; 
Malampuzha in Palakkad 
district; Valapad in Thrissur 
district 

Period of collection 

November, 1995; 
May, 1996; 
September 1997 

March to December 
1995; January to 
November 1996; 
February to 
December 1997; 
January to March 
and May to July 1998 



Classification and 
name of hosts 

Thiaridae 

Thiara tu herculata 
(Miieller) 

Thiara scabra 
(Miiller) 

Paludornus tanschauricus 
(Gmelin) 

Lymnaidae 

Lymnaea lu teola 
(Deshay es) 

Locality of collection 

Kanhangad and Theerthankara 
in Kasargod district; Karetta, 
Kanhilari, Nirmalagiri, 
Kuttimakkul, Pinarayi and 
Chirakkal in Kannur district; 
Kundayithode, Feroke, Nallur, 
Puthukode and Ramanattukara 
in Kozhikode district; Sultan 
Bathery, Vythiri and 
Meenangadi in Way anad 
district; Nedungottumedu, 
Calicut University Campus, 
Kadakkattupara and Thalapara 
in Malappuram district; 
Malampuzha in Palakkad 
district; Valapad in Thrissur 
district 

Kanhangad and Theerthankara 
in Kasargod district 

Kanhilari and Karetta in 
Kannur district; Sultan Bathery 
in Wayanad district 

Kanhangad in Kasargod 
district; Kanhilari, Karetta, 
Nirmalagiri, Kuttimakkul and 
Pinarayi in Kannur district; 
Kundayithode, Nallur, 
Puthukode, Feroke and 
Ramanattukara in Kozhikode 
district; Sultan Bathery, Vythiri 

Period of collection 

March to December 
1995; January to 
November 1996; 
February to 
December 1997; 
January to March 
and May to July 1998 

March and May 1996; 
February and 
November l997 

May to December 
1995; January to 
December 1996; 
February to 
December 1997; May 
to July 1998 

March to December 
1995; January to 
November 1996; 
February to 
December 1997; 
January to July 1998 



The snails were brought alive to the laboratory and kept in groups of 

5-8 in beakers containing pond water. The mouths of the beakers were 

covered with net to provide aeration and also to prevent the escape of 

snails. The water in the container was changed daily and the snails were 

fed with biscuit crumbs and/or aquatic plants. The snails which shed 

cercariae were isolated individually and kept in separate beakers. 

Classification and 
name of hosts 

Planorbidae 

Indoplanorhis exustus 
(Deshay es) 

Locality of collection 

and Meenangadi in Wayanad 
district; Nedungottumedu, 
Thalapara and Kadakkattupara 
in Malappuram district; 
Malampuzha in Palakkad 
district 

Kanhangad and Theerthankara 
in Kasargod district; Karetta, 
Kanhilari, Nirrnalagiri, 
Kuttimakkul, Pinarayi and 
Chirakkal in Kannur district; 
Kundayithode, Feroke, Nallur, 
Puthukode and Ramanattukara 
in Kozhikode district; Sultan 
Bathery, Vythiri and 
Meenangadi in Wayanad 
district; Nedungottumedu, 
Calicut University Campus, 
Kadakkattupara and Thalapara 
in Malappuram district; 
Malampuzha in Palakkad 
district;Valapad in Thrissur 
district 

Period of collection 

March to December 
1995; January to 
November 1996; 
February to 
December 1997; 
January to March 
and May to July 1998 



Study of cercariae 

Cercariae emerged from naturally infected snails were used to study 

the swimming behaviour and morphology. To study the swimming 

movements, the cercariae were transferred into a watch glass containing 

pond water, and observed under a stereozoom dissecting microscope. 

Using a micropipette, the cercariae were then transferred on to a glass slide, 

stained supravitally with neutral red, toluidine blue or Nile blue sulphate, a 

cover glass was placed over, and observed under a phase-contrast 

microscope to study their internal organization. By gradual removal of 

excess water with a piece of blotting paper, uniform pressure was exerted 

by the cover glass, which inhibited the vigorous activity of the larvae and 

made their internal organization more clear. Use of stain mixture 

containing equal proportions of Nile blue sulphate, neutral red and indigo 

carmine made the internal organization of cercariae more distinct. Collar 

spines and cuticular spines of cercariae were studied by staining them with 

dilute Lugol's iodine solution (0.01 %). The spines were visible in the form 

of shining, light diffracting formations on the yellowish background of the 

body. To study the excretory system, the cercariae were stained with 0.1% 

Nile blue sulphate in saline and refrigerated (140C) for 30 min to one hour. 

Mounting the cercariae in 1% solution of urea or 0.65% saline also 

facilitated the study of excretory system. Acetocarmine was used to study 

the genital primordia. 

Study of intra-molluscan stages 

Infected snails were cracked open to study the intra-molluscan stages 

of development. The stages were observed under a phase-contrast 



microscope with or without vital staining. Measurements were taken of 

heat-killed cercariae and intramolluscan stages. 

Collection of definitivdexperimental hosts and their maintenance 

Nalral habitats of the fish hosts which harboured the metacercariae 

and the surrounding areas were explored for definitive hosts of the 

trematodes. The suspected definitive hosts collected were the cat fish, 

Mystrls t~zrzlabnricus; the water snake, Xenocllropllis piscrztor; the pond heron, 

Ardeola grayii, and the cattle egret, Bllbl~lczls ibis. These hosts were brought 

alive to the laboratory and representative specimens were dissected out and 

examined for natural infections by adult flukes. The rest of the specimens 

were maintained in the laboratory for further studies. Mystr~s ~trnlrzbnriclls 

were maintained in the same way described earlier. 

The common water snake, Xenocllrophis piscntor, were maintained 

individually in glass jars (25 X 12 X 26 cm) containing a bottom layer of 

pebbles and sand and tap water to a height of 10 cm. The troughs were 

covered with wire gauze. The water was changed occasionally and the 

snakes were fed with small frogs. The birds were maintained in netted 

cages. The cages were maintained clean and the birds were fed 

occasionally with infection-free fishes or frogs. 

One-day-old domestic chicks and white rats were used in 

experimental infection studies. They were also maintained in cages and 

provided with adequate temperature and diet. 



Experimental infection studies 

Life-cycles of Diplosto~nirnz ketripaneizse, Trnizsuersotrei~ra patialeizse, 

Haplorclroides nzehrni and Acantlrosto~nrr~n brir~ni~zis were established in the 

laboratory using natural and experimental hosts. Fully embryonated eggs 

of H. ~nehrni, collected from gravid flukes, were fed to young laboratory 

bred snails, Tlzinra hiberczilata. The exposed snails were then maintained in 

the laboratory and examined at periodic intervals for developmental stages 

and emerging cercariae. In the case of D. ketripanense and A. brrr~lriizis 

miracidial development could not be obtained in the laboratory. 

Cercariae from natural infections or those developed in the 

laboratory were used in experimental infection studies. Fingerlings of 

fishes collected from localities, where infections with these cercariae were 

not found, were exposed to cercariae. The fishes were dissected at various 

intervals post-exposure and development of metacercariae was followed. 

The metacercariae were studied using the procedure outlined above. 

In order to obtain adults, metacercariae from natural infections or 

those developed in the laboratory were fed to infection-free natural 

definitive hosts or experimental hosts. Metacercariae of Diplosto~lztit~r 

kehrpanense or fishes infected by these metacercariae were fed to Ardeolrr 

g ry i i .  The transversotrematid cercariae shed by TIziara hiberclrlata were 

used to develop their adults in Rasbora dmiconizrs. Metacercariae of 

Haplorclzoides irrelzrai collected from Pzintitrs parralz and Rasbora daniconirls or 

pieces of host tissues infected by the metacercariae were fed to Mystrrs 

inalabaricus. In the case of Acantlzostornrrin bunrzinis, infected fishes were 

given to Xenochrophis piscator. 



In addition to these 4 species of flukes, the adults of Eclli~zoclzns~izlrs 

~negnvitelllrs and Ce~ztrocest~rs for~nosn~z~is were raised in the laboratory using 

their metacercariae collected from naturally infected fishes. The 

metacercariae or infected fishes were fed to A. gmyii or one-day-old chicks. 

The fed hosts were then maintained in the laboratory, dissected at various 

intervals, and the flukes at different stages of development were recovered. 

Flukes were also recovered from naturally infected A. grnyii. The adults 

were studied using the procedure outlined above. 

The 27-spined echinostome cercariae released by Indoplflnorbis exlrstzrs 

were used to develop their metacercariae in Plrntilrs przrrnll and Horndandin 

ntrrkornli. The exposed fishes were dissected at various intervals and the 

echinostome metacercariae at different stages of development were 

recovered. The adults and metacercariae were studied using the procedure 

outlined above. 

Measurements and sketches 

Measurements were made with the aid of a calibrated ocular 

micrometer. Measurements are in micrometre (pm); the range is followed 

by the mean value in parantheses. Sketches were made with the aid of a 

prism type camera lucida; details were added free hand from observations 

made on live specimens. 



R E S U L T S  

A total of 2708 fishes belonging to 20 genera and 30 species, collected 

from different localities in Malabar, Kerala were examined for digenetic 

trematodes. Eighteen species of digeneans were recovered from 22 species 

of fishes during the survey. They comprised 4 species of adults, 

metacercariae and adults of a species and 13 species of metacercariae. Life- 

cycles of 4 species have been elucidated and a few stages in the life-cycles of 

3 species have been recovered and reported. The various species of 

digeneans recovered are arranged according to the classification given by 

La Rue (1957). 

ADULT DIGENEA 

Family: Transversotrematidae Yamaguti, 1954 

Genus: Transversotrema Witenberg, 1944 

Transversotrema patialense (Soparker, 1924) Gusz and 

Sathananthan, 1%0 

Natural infections by the adult of Trnnsversofrema pntialense were 

found beneath scales of Rnsborn dnniconius collected from Theerthankara in 

Kasargod district of Kerala during February 1996. The characters of the 

present fluke agreed fully with the descriptions of Trnnsversofrelnn pnfinlense 



35 

given by Crusz et 111. (1964), and Murty and Rao (1968). A brief description 

of the species is given here. 

Description (Fig. la; Table 1): 

Body flattened, leaf-like, transversely elongated, spinose, measured 

445453 X 649-664 (450 X 660) in size. Eyespots spherical, situated on either 

side of pharynx. Oral sucker absent. Acetabulum equatorial, discoid, 

pedunculate, behind pharynx, 95-103 X 97-115 (101 X 104) in size.  mouth 

subterminal, directly opens into pharynx. Pharynx spherical, muscular, 

measured 70-78 X 78-85 (75 X 82). Oesophagus short, 49-55(53) in length. 

Intestine cyclocoelid with slightly sacculated walls. Testes lobed, 

symmetrical, intercaecal. Left testis measured 95-103 X 111-128 (100 X 121); 

right testis 88-92 X 98-102 (90 X 100). Cirrus sac absent. Seminal vesicle 

bipartite, one half situated above and the other below the intestinal caeca, 

just anterior to right testis. The anterior end of seminal vesicle becomes 

tubular, opens into genital atrium, at anterior end of the body. Ovary 

small, oval, intercaecal, anterior to left testis; measured 114-123 X 71-79 (120 

X 75). A short oviduct leads from ovary to ootype. Vitellaria follicular, 

extracaecal. Seminal receptacle present. Ootype leads into uterus which 

passes obliquely above the anterior border of the left testis, descends to a 

position between the two testes and then passes obliquely above the 

anterior border of the right testis and ventral to the intestine and then 

proceeds anteriorly to the common genital opening. Eggs large, oval, 

measured 138-144 X 68-80 (141 X 73) in size. Excretory bladder pear- 

shaped, with terminal excretory pore. 



Fig. 1. Transversotrema patialense (Soparker, 1924) Crusz and 
Sa thanantha-1960 

a. Adult 



Table 1. Measurements (pm) of adults of Transversotrema patia lmse 
(Soparker, 1924) Crusz and Sathananthan, 1960 

Character 

Body size 

Acetabulum 

Pharynx 

Oesophagus 

Left testis 

Right testis 

Ovary 

Egg 

Range 

445 - 453 X 649 - 664 

95 - 103 X 97 - 115 

70 - 78 X 78 - 85 

49 - 55 

95 - 103 X 111 - 128 

88-92x98-102 

114 -123 X 71 - 79 

138 - 144 X 68 - 80 

Mean 

450 X 660 

101 X 104 

75 X 82 

53 

l00 X 121 

90 X 100 

120 X 75 

141 X 73 



Lif e-cycle: 

During the course of present study, the life cycle of Tm~zsuersotre~ira 

patinle~zse has been elucidated in the laboratory. Cercaria referable to T. 

pntinlense were obtained from Tlzinm tz~bercrilntn collected from 

Theerthankara in Kasargod district. The link between the cercaria and 

adult has been successfully established by experiments involving exposure 

of Rasborn dnnico~ziz~s to naturally emerged cercariae. Cercaria rests in water 

with the body hanging downward and the tail and furcae directed upward. 

A brief description of the cercaria is given here. 

Description (Fig. lb; Table 2): 

Distomatous, pharyngeate, furcocercous, biocellate cercaria. Body 

flattened, leaf-like, covered with triangular spines; measured 295-388 X 491- 

510 (322 X 508). Tail stem measured 340-360 X 95-110 (355 X 100). Furcae 

measured 170-190 X 70-85 (180 X 75). Oral sucker absent. Acetabulum 

median, 49-53 X 45-58 (50 X 53) in size. Eyespots pigmented, spherical. 

Mouth ventral, much behind the anterior end, leads into pharynx. Pharynx 

globular, 40-52 X 42-49 (48 X 46) in size. Oesophagus 20-28 (26) long. 

Intestine ring-like. Testes lobed, symmetrical, placed within intestinal ring. 

Left testis measured 49-53 X 43-50 (50 X 46); right testis 45-49 X 47-52 (48 X 

50). Seminal vesicle Sshaped, just anterior to right testis, half within and 

half outside intestinal loop; anterior end narrowed to form ejaculatory duct 

extending to genital atrium with subventral pore well anterior to mouth. 

Ovary oval, anterior to left testis, measured 22-32 X 36-46 (28 X 38). 

Excretory bladder saccular, just posterior to intestine. Cercariae develop in 

rediae. 



Fig. 1. Transversotremn patialense (Soparker,l924) Crusz and 
Sathananthan, l960 

b. Cercaria 



Table 2. Measurements (pm) of cercariae of Transversotremn 
patin lense (Soparker, 1924) Crusz and Sathananthan, 1960 

Character 

Body size 

Tail stem 

Tail furcae 

Acetabulum 

Pharynx 

Oesophagus 

Left testis 

Right testis 

Ovary 

Range 

295-388 X 491-510 

340-360 X 95-110 

170-190 X 70-85 

49-53 X 45-58 

40-52 X 42-49 

20-28 

49-53 X 43-50 

45-49 X 47-52 

22-32 X 36-46 

Mean 

322 X 508 

355 X 100 

180 X 75 

50 X 53 

48 X 46 

26 

50 X 46 

48 X 50 

28 X 38 



Redia (Fig. lc) 

Body pyriform, tapering to posterior end; measured 900-950 X 460- 

499 (933 X 480). Pharynx globular, measured 70-83 X 140-153 (79 X 147). 

Gut elongated, 440490 (485) in length. 

Definitive host 

Site of infection 

Locality 

Period of collection 

Prevalence of infection 

Intensity of infection 

Snail host 

Site of infection 

Locality 

Period of collection 

Prevalence of infection 

Rnsbora danico~zirls (Hamilton) 

Beneath scales 

Theerthankara in Kasargod district 

of Kerala* 

February 1996 

8 of 622 (1.29%) fishes examined. 

3 to 6 

Tlziara hlberczilafa (Miieller) 

Hepatopancreas 

Theerthankara in Kasargod district 

of Kerala. 

February 1996 

23 of 685 (3.36%) snails examined . 

Remarks: 

Comparative study of characters of the adult flukes recovered from 

Rasbora daniconizis,and cercaria from Tlziara fziberczilnfa with known species 

of Transversotrema, revealed that the present stages belonged to T. patialense 

(Soparker, 1924) Crusz and Sathananthan, 1960. Soparker (1924) reported 

the cercaria of T. patialense from Melanoides h~berczilahis from Punjab, India. 

Subsequently, the same cercariae were reported from the same host by 

Anantaraman (1948) from Nellore, and Rao and Ganapati (1967) from 



Fig. 1. Transversotremn pafialense (Soparker,l924) Crusz and 
Sathananthan, 1960 

c.  Redia 



Waltair, India. Crusz (1956) recorded it from Ceylon and Betterton (1979) 

from the Belgian Congo. 

Observations on the development of Cercnrin pntirrlensis were made in 

the fishes, Mrrcroyodus cllpnnrls, Ophiocephnllis princtntzis and Tilnpin 

r~rossnrwbica and in the snai1,M. triberczilntzls by Crusz et rzl. (1964). This forms 

the first experimental demonstration of the life-cycle of T. pntinlense. 

Further studies on the life-cycle of this species were made by Rao and 

Ganapati (1967) who recovered the adults from Eso~nzls danricrls, Pnnclznx 

pmzchnx and Cntln cntln and suggested that there may not be a metacercarial 

stage in the life-cycle of Trnnsversotrerna spp. My observations are in 

conformity with those made by Rao and Ganapati. Later, Murt-y and Rao 

(1968), Madhavi (1980) and Rekharani and Madhavi (1985) recorded the 

adults from different fishes. Its miracidium was reported by Madhavi and 

Jhansilakshrnibai (1994). Apart from T. patialense, three other species of 

Trnnsversotre~rzn have been reported from India, namely, T. sopnrknri Pande 

and Shukla, 1972; T. clznckni Mohandas, 1973, and T. clzazihni Agrawal and 

Singh, 1981. Nadakkal et al. (1969) described C. clznckni from Melanin 

tziberczrlatrz and M. scabrn and differentiated it from the cercaria of 

C. patialensk by differences in body size and features of the excretory 

system. Pandey (1971a) reported C. soparkari from Melanoides t~iberclilntris 

and differentiated it from C. patialensis by the arrangement of excretory 



canals. All the three species differ only slightly from T. pntialense in 

morphological features and are probably synonymous to it. 

Family: Paramphistomidae Fischoeder, 1901 

Genus: Ca balleroia Thapar, 1960 

Cnballeroia bhavatti (Achan, 1956) Devraj, 1972 

Cabtllleroin bhnvtlni was found in the intestine of Puntiris stlrnncr stlrnnn 

collected from Noolpuzha in Wayanad district during February 1998. The 

two fishes collected were positive for this fluke. Fifty-nine flukes were 

recovered from one fish and 80 from the other. The fishes exhibited mixed 

infection with the present fluke and the adult of Neopodocotyle dnyali. 

Description (Fig. 2a; Table 3): 

Body elongated with rounded extremities, measured 3200-5376 X 

1285-1489 (3840 X 1394); anterior end bears small conical transverse rows of 

papillae. Oral sucker terminal, 416-563 x 290-438 (512 X 384) in size. 

Acetabulum large, ventro-terminal, 358-600 X 412-619 (486 X 500). Oral 

diverticula present. Pharynx absent; oesophagus, 512-640 (563) in length. 

Caeca 1790-2432 (2133) long, terminate in front of acetabulum. Testes oval, 

pre-equatorial, oblique, intercaecal, just posterior to caeca1 bifurcation. Left 

testis measured 307-512 X 282-488 (390 X 346); right testis 387-589 X 258-519 

(403 X 467) in size. Cirrus sac elongated, pear shaped, post-bifurcal, 332-458 

(426) long, contains coiled seminal vesicle and elongated cirrus. Genital 

pore dextral, just pre-bifurcal. Ovary small, submedian, in front of 

acetabulum, measured 204-263 X 179-205 (220 X 188) in size. Vitellaria 
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Fig. 2. Cabglleroia bhnvnni (Achan, 1956) Devraj, 1972 

a. Adult; b. Eggs 



Table 3. Measurements (pm) of adults of Caballeroin bhava~zi 
(Achan, 1956) Devraj, 1972 

Mean 

3840 X 1394 

512 X 384 

486 X 500 

563 

2133 

390 X 346 

403 X 467 

426 

220 X 188 

179 X 78 

Character 

Body size 

Oral sucker 

Acetabulum 

Oesophagus 

Caeca 

Left testis 

Right testis 

Cirrus sac 

Ovary 

Egg 

Range 

3200-5376 X 1285-1489 

416-563 X 290-438 

358-600 X 412-619 

512-640 

1790-2432 

307-512 X 282-488 

387-589 X 258-519 

332-458 

204-263 X 179-205 

171-187 X 76-80 



follicular, extend along dorso-lateral margin of caeca from posterior region 

of testes to caeca1 end. Uterus intercaecal, extending from testes to anterior 

end of acetabulum and opens at genital pore. Eggs numerous, oval, 

measured 171-187 X 76-80 (179 X 78) in size (Fig. 2b). 

Host Prlntiris snrn~zn snrnnn (Hamilton) 

Site of infection Intestine 

Locality Noolpuzha in Wayanad district of Kerala. 

Period of collection February 1998 

Prevalence of infection : 2 of 2 (100%) fishes examined 

Intensity of infection : 59-80. 

Remarks: 

The present species recovered from the intestine of Pzirztitis snrnnn 

snrnnn is very similar to Cnbnlleroin blznuani (Achan, 1956) Devraj, 1972 in 

general body form, shape and position of ovary, testes and cirrus sac, and 

in the distribution of vitelline follicles. As C. blznunni is the only valid 

species known under the genus Cnbnlleroin, the present fluke is identified 

and reported here as Cnbnlleroin bhnunni (Achan, 1956) Devraj, 1972. This 

report forms the first record of C. bhnvani from P. snrnna sarnnn and from 

Kerala. 



Family: Opecoelidae Ozaki, 1925 

Genus: Neopodocotyle Dayal, 1950 

Neopodocofyle dayali Pandey, 1973 

Natural infections by this fluke were found in the intestine of Pzllz tills 

snrnnn slzrnrzn collected from Noolpuzha in Wayanad district during 

February 1998. The two fishes collected were positive for this infection. 

Three flukes were recovered from one fish and 2 from the other. Both the 

fishes were found infected by the adults of Cnballeroia blznvani also. 

Description (Fig. 3a; Table 4): 

Body elongated, aspinose, with rounded anterior and posterior ends; 

measured 3500-3654 X 1002-1035 (3584 X 1024) in size. Oral sucker 

terminal, 280-315 X 278-362 (308 X 354) in size. Acetabulum pre-equatorial, 

round, measured 280-336 (323). Pre-pharynx absent; pharynx globular; 

muscular, measured 120-132 X 229-235(128 X 230) in size. Oesophagus 200- 

275 (245) long, bifurcates into caeca just in front of acetabulum. Caeca 2900- 

3165 (2995) long, reaching to posterior end of body. Testes round, tandem, 

post-equatorial. Anterior testis measured 409-440 (433) while the posterior 

one 428-485 (439). Cirrus sac extracaecal, extends from anterior level of 

acetabulum to anterior end of pharynx; measured 485-531 X 250-346 (530 X 

265); contained tubular seminal vesicle and short ejaculatory duct. Ovary 

oval or pear-shaped, pre-equatorial, measured 245-295 X 232-288 (270 X 



Fig. 3. Neopodocotyle dnyali Pandey, 1973 

a. Adult; b. Eggs 



Table 4. Measurements (pm) of adults of Neopodocotyle dayali 
Pandey, 1973 

Character 

Body size 

Oral sucker 

Acetabulum 

Pharynx 

Oesophagus 

Caeca 

Anterior testis 

Posterior testis 

Cirrus sac 

Ovary 

Egg 

Range 

3500-3654 X 1002-1035 

280-315 X 278-362 

280-336 

120-132 X 229-235 

200-275 

2900-31 65 

409-440 

428-485 

485-531 X 250-346 

245-295 X 232-288 

96-111 X 49-72 

Mean 

3584 X 1024 

308 X 354 

323 

128 X 230 

245 

2995 

433 

439 

530 X 265 

270 X 255 

101 X 60 



255). Oviduct arises from the anterior end of ovary and opens to the 

ootype. Seminal receptacle elongated, lying postero-lateral to ovary. 

Vitelline follicles mostly lateral, extend from ovary to the end of caeca, but 

merge together, in the post-testicular region. Uterus coiled, extending from 

anterior testis to the level of acetabulum and opens at the genital pore by a 

short metraterm located on the left side of oesophagus. Eggs numerous, 

oval, operculated, 96-111 X 49-72 (101 X 60) in size (Fig. 3b). 

Host P~lntius snrnzzn snrnna (Hamilton) 

Site of infection Intestine 

Locality Noolpuzha in Wayanad district of Kerala . 
Period of collection February 1998 

Prevalence of infection : 2 of 2 (100%) fishes examined 

Intensityofinfection : 2 and 3 

Remarks: 

The present fluke recovered from the intestine of Prinfilis snrnnn 

snrnnn has pre-equatorial ovary, post-equatorial testes which are arranged 

in tandem and extracaecal cirrus sac. Based on these characters, it is 

included under the genus Neopodocofyle Dayal, 1950. As far as is known, 

only 5 species have been reported under this genus: Neopodocofyle indicn 

Dayal, 1950 from Cnlliclzrous birnnculnfus; N. spiniporn Sircar and Sinha, 1969 

from Rifa rifn; N. mehrai Rai, 1971 from Prinfirrs snrnnn and P. sophore; 



N.  bnllinensis Pandey, 1973 from Lllbeo cnlbnszi, and N. dnynli Pandey, 1973 

from P. snrnizn. A comparison of characters of all the known species with 

those of the present form revealed that the present fluke is identical with 

Neopodocotyle dnynli Pandey, 1973, and is accordingly reported here. 

Recovery of this species from P. snrnnn sarnnn at Noolpuzha in Wayanad 

district forms a new geographical record. 

Family : Heterophyidae Odhner, 1914 

Genus : Haplmchoides Chen, 1949 

Haplorchoides mehrai Pande and Shukla, 1976 

Adult 

Ten Mystrrs rnalabaricz~s were collected from Karetta and Kuttimakkul 

in Kannur, Puthukode in Kozhikode and Nedungottumedu in Malappuram 

districts of Kerala during March and December 1995; April 1996 and 

December 1997. Six specimens were positive for Haplorchoides rnelzmi. The 

intensity of infection varied from 3 to 8. The characters of the present fluke 

agreed fully with the descriptions of Hnplorckoides inehrni given by Pande 

and Shukla (1976) and Shameem and Madhavi (1988). Mixed infections by 

this fluke and metacercariae of 27-spined echinostome and Centrocestris 

fomosnnzrs were occasionally found in M. mnlnbnricus. A brief description of 

the adult is presented here. 



Description (Fig. 4a; Table 5): 

Body elliptical, spinose, measured 785-1401 X 251480 (1092 X 325) in 

size. Oral sucker subterminal, 49-90 X 51-89 (62 X 68) in size. Acetabulum 

small, enclosed in ventrogenital sac; divisible into a nucleated part and a 

non-nucleated part. Ventrogenital sac oval, submedian, just behind caeca1 

bifurcation, measured 23-70 X 23-82 (44 X 50). Pre-pharynx 92-246 (162) 

long; pharynx 39-62 X 37-62 (48 X 46) in size. Oesophagus 20-63 (42) long. 

Caeca narrow, extend beyond posterior border of testis; measured 193-501 

(371). Testis single, large, round to oval, in the middle of hind-body; 

measured 108-203 X 116-234 (168 X 169). Cirrus sac absent. Seminal vesicle 

bipartite; ejaculatory duct short, opening together with metraterm into 

ventrogenital sac. Ovary oval, median, pre-testicular, measured 62-112 X 

77-128 (86 X 97). Seminal receptacle postero-lateral to ovary; measured 54- 

112 X 39-100 (82 X 70). Vitellaria follicular, consisting of tear-shaped 

follicles, distributed lateral and posterior to testis. Uterus with ascending 

and descending limbs, occupying all available space behind ventrogenital 

sac. Eggs oval, operculated, 26-36 X 13-26 (32 X 19) in size. Excretory 

bladder saccular, excretory pore terminal. 

Metacercaria 

Natural infections by the metacercaria were found in 11 species of 

fish hosts collected from various localities in Kerala during January 1995 - 



Fig. 4. Hnplorchoides ttrehrni Pande and Shukla, 1976 

a. Adult 



Table 5. Measurements (pm) of adults of Haplorclzoides mehrai 
Pande and Shukla, 1976 

Character 

Body size 

Oral sucker 

Ventrogenital sac 

Prepharynx 

Pharynx 

Oesophagus 

Caeca 

Testis 

Ovary 

Seminal receptacle 

Egg 

Range 

785-1401 X 251-480 

49-90 X 51-89 

23-70 X 23-82 

92-246 

39-62 X 37-62 

20-63 

193-501 

108-203 X 116-234 

62-1 12 X 77-128 

54-112 X 39-100 

26-36 X 13-26 

Mean 

1092 X 325 

62 X 68 

44 X 50 

162 

48 X 46 

42 

371 

168 X 169 

86 X 97 

82 X 70 

32 X 19 



May 1998. The number of host species examined, their locality of collection 

and site, prevalence and intensity of metacercarial infection are 

summarised in the Table 6. All the specimens agreed fully with the 

descriptions of Hnplorcltoides melzmi metacercaria given by Pande and 

Shukla (1976) and Shameem and Madhavi (1988). Mixed infections by this 

metacercaria and a 27-spined echinostome metacercaria were found in 

Horndundin nhrkornli, Pzrntizis pnrrnh and Mystzis mnlnbaricris. Metacercariae 

of Centrocesttis forsnosanzrs and the present metacercariae were frequently 

found in P. melnnampyx ~nelanssnpyx, P. pnrrnlz, P. sopltore and M. mnlnbnriczis. 

Rnsbora daniconiris was found infected by metacercariae of Diplostomzim 

ketzipanense, H. mehrai and Acnnthostoinz~sn bursninis. 

Description: 

Cysts small, white, round to oval with double layered wall; measured 

146-225 X 123-201 (179 X 157) in size. The larva remains folded inside cyst 

cavity (Fig. 4b, Table 7). 

Excysted metacercaria (Fig. 4c; Table 7): 

Body elongated, spinose, 290-525 X 90-215 (430 X 170) in size. Oral 

sucker subterminal, 35-60 X 40-63 (45 X 50) in size. Acetabulum small, 

enclosed in ventrogenital sac; divisible into a nucleated part and a non- 

nucleated part. Ventrogenital sac submedian, located behind the caeca1 



Table 6. List of host species examined, their locality of collection, and site prevalence and intensity of infection 
by metacercariae of Haplorchoides mehrai Pande and Shukla, 1976 

I Name of fish Site of infection No. of fishes Prevalence Intensity of Locality 

I 
- - - - - - - - - - - - of Infection infection 

Exa- Infected 
mined 

I 

I 
(1) (2) (3) (4) (5) (6) (7) 

I 
Esornus barbatus (Jerdon) Fins and gills 360 138 38.33 20 to 39 Kanhangad and Theerthankara 

in Kasargod; Karetta, Kanhilari 
Pinarayi, Kuttimakkul and 
Eranholy in Kannur: 
Ramanattukara, Feroke and 
Puthukode in Kozhikode, and 
Nedungottumedu, Thalapara 
and Kadakkattupara in 
Malappuram districts of Kerala 

I Horadandia atukorali Fins, muscles 162 120 74.07 12 to 17 Kuttimakkul in Kannur; 
Deraniyagala and gills Puthukode, Nallur and 

Ramanattukara in Kozhikode, 
and Sultan Bathery in Wayanad 
districts of Kerala 

Rashora daniconius Fins, muscles 622 451 72.51 9 to 135 Kanhangad in Kasargod; Icaretta, 
(Hamilton) and gills Kanhilari, Nirmalagiri, 

Kuttimakkul and Pinarayi in 
Kannur; Feroke, Ramanattukara, 
Nallur, Puthukode and 

.-- ---- ----- ---- ------- ----W- -------- ---- ---- --- 



(1) (2) (3) (4) (5) (6) (7) 
Kundayithode in Kozhikode; 
Vythiri, Pakkam and Sultan 
Bathery in Wayanad; 
Nedungottumedu, Thalapara, 
Calicut University Campus and 
Kadakkattupara in Malappuram 
districts of Kerala. 

76.19 6 to 18 Devagiri in Kozhikode; 
Thalapara and Nedungottumedu 
in Malappuram districts of 
Kerala 

P. filamentosus 
(Valenciennes) 

Fins, scales, 21 16 
muscles and 

g* 

P. melanampyx 
melanampyx (Day) 

Scales, fins and 122 83 
muscles 

68.03 8 to 15 Kuttimakkul, Kanhilari and 
Karetta in Kannur; 
Kundayithode and Puthukode in 
Kozhikode; Sultan Bathery and 
Vythiri in Wayanad, and 
Nedungottumedu and 
Kadakkattupara in Malappuram 
districts of Kerala 

P. parrah Day Scales, fins, 420 392 93.33 31 to 123 Kuttimakkul, Chirakkal and 
muscles, gills, Karetta in Kannur; Feroke, 
kidney and Puthukode and Ramanattukara 
liver in Kozhikode; Pakkam, Vythiri, 

Meenangadi and Sultan Bathery .--- ---- ----- -----A ---- ------ ------- ------ ---- ---- -------- ---- ---- --- 





Fig. 4. Hnplorchoides meltrai Pande and Shukla, 1976 

b. Encysted metacercaria; c. Excysted metacercaria 



Table 7. Measurements (pm) of metacercariae of Haplorclzoides 
mehrai Pande and Shukla, 1976 

Mean 

179 X 157 

430 X 170 

45 X 50 

32 X 44 

l11 

39 X 30 

33 

180 

98 X 106 

Character 

Encysted metacercaria 

Excysted metacercaria 

Oral sucker 

Ventrogenital sac 

Pre-pharynx 

Pharynx 

Oesophagus 

Caeca 

Excretory bladder 

Range 

146-225 X 123-201 

290-525 X 90-215 

35-60 X 40-63 

23-59 X 25-59 

63-162 

31-46 X 20-40 

17-46 

150-201 

62-131 X 77-131 



bifurcation and measured 23-59 X 25-59 (32 X 44). Pre-pharynx 63-162 (111) 

long; pharynx n1uscular,~31-46 X 2040 (39 X 30) in size. Oesophagus 1746 

(33) long; caeca narrow, reaching behind the posterior border of testis; 

measured 150-201 (180). Testis intercaecal, in the posterior half of body. 

Ovary, seminal vesicle and seminal receptacle rudimentary. Excretory 

bladder globular, filled with dark, small concretions; measured 62-131 X 77- 

131 (98 X 106). Excretory pore terminal. 

Lif e-cycle: 

The life-cycle of H. meltrai was established by Shameem and Madhavi 

(1988) with Melanoides tuberclrlatus (= Tlziam filberclllafa) as the snail host, 

Plintills sopllore as the second intermediate host and four species of cat 

fishes as the definitive hosts. During the course of the present study, the 

life-cycle of H. ~nehrni has been established in the laboratory. The snails, 

Thiam tzrberculata were exposed to fully embryonated eggs shed by the adult 

worms, and the development of intramolluscan stages and cercariae were 

followed. 

Sporocyst (Fig. 4d): 

Snails fed with fully embryonated eggs developed sporocysts within 

a week. Sporocysts appeared as a lobulated mass filled with germ balls and 

young rediae; measured 116-424 X 54-116 (238 X 88). 



Redia (Fig. 4e): 

Redia developed in the hepatopancreas of snail host and started 

releasing cercariae 70 days post-exposure to embryonated eggs. Body 

elongated, measured 205-693 X 99-162 (440 X 129). Pharynx globular, 

measured 23-45 X 23-39 (33 X 30) in size. Gut long, narrow, 36-139 X 19-45 

(79 X 29) in size. Redial cavity filled with a number of germ balls and 

cercariae at various stages of development. 

Cercaria: 

Infected snails released the cercariae 70 days post-exposure to 

embryonated eggs. Cercariae identical to that described by Shameem and 

Madhavi (1988), were found in Tltinrn tuberclrlntn collected from 

Kuttimakkul and Kanhilari in Kannur: Sultan Bathery and Meenangadi in 

Wayanad, and Nedungottumedu in Malappuram districts of Kerala. 

Cercariae emerged from snails throughout day time and they swim 

continually with short intervals of rest. The cercariae, exposed to the 

fingerlings of Rasborn dnniconizrs and Puntills pnrmh, developed into 

metacercariae of H. rnelzmi. A brief description of the cercaria is furnished 

below. 



Fig. 4. Haplorchoides nrehrai Pande and Shukla, 1976 

d. Sporocyst; e. Redia 



Description (Fig. 4f, Table 8): 

Cercaria monostome, opisthorchioid and pleurolophocercous. Body 

elongate, spinose, measured 123437 X 85-156 (271 X 121) in size. Tail 

slender, longer than body, inserted in a socket at posterior end of body and 

measured 274-482 X 3047 (379 X 38). Caudal fin folds well developed. Two 

lateral finfolds covering the anterior one third of tail and dorsoventral 

finfold originating dorsally one third of distance from anterior end, 

continuing over the tip of tail to ventral side and terminating at the 

midventral region of tail. Oral sucker pyriform, subterminal, 33-54 X 36-62 

(48 X 45) in size, modified into a piercing organ. Pre-pharynx short; 

pharynx globular, 23-50 (39) wide. Eyespots prominent, on either side of 

pre-pharynx at a distance of 69-125 (96) from anterior end of body. 

Penetration glands 7 pairs, arranged in 4 rows between excretory bladder 

and eyespots. Gland ducts run in 2 narrow bundles, divide into 4 groups of 

enlarged ducts near oral sucker and open individually through pores on 

pre-oral lobe in a 3,4,4,3 pattern. Genital rudiment triangular, situated in 

front of excretory bladder. Excretory bladder globular, lined by flat cells 

containing granular material; measured 43-140 X 77-137 (99 X 104). Flame 

cell formula, 2[(2+2+2) + (2+2+2)] = 24. 

Definitive host : Mystrls malabaricus (Jerdon) 

Site of infection : Intestine 



Fig. 4. Hnplorchoides mehrai Pande and Shukla, 1976 

f. Cercaria 



Table 8. Measurements (pm) of cercariae of Haplorchoides ~nehrai 
Pande and Shukla, 1976 

Character 

Body size 

Tail size 

Oral sucker 

Pharynx 

Excretory bladder 

Range 

123-437 X 85-156 

274 - 482 X 30-47 

33-54 X 36-62 

23-50 

43-140 X 77-137 

Mean 

271 X 121 

379 X 38 

48 X 45 

39 

99 X 104 



Locality : Karetta and Kuttimakkul in Kannur; 

Puthukode in Kozhikode,and 

Nedungottumedu in Malappuram districts 

of Kerala. 

Period of collection : March and December 1995, April 1996 

and December 1997 

Prevalence of infection : 6 of l0  (60%) fishes examined 

Intensity of infection : 3 to 8. 

Fish hosts, locality of 
collection, siteland prevalence 
and intensity of infection : Table 6 

Snail host 

Locality 

: Thiara hiberculata (Miieller) 

: Kuttimakkul and Kanhilari in Kannur; Sultan 

Bathery and Meenangadi in Wayanadand 

Nedungottumedu in Malappuram districts of 

Kerala. 

Prevalence of infection : 280 of 685 (40.87%) snails examined. 

Remarks: 

The life-cycle of Haplorchoides mehrai Pande and Shukla, 1976 was 

worked out by Shameem and Madhavi (1988). All the stages recovered 

during the present investigation were identical to those recorded by 

Shameem and Madhavi (1988). Pande and Shukla (1976) reported the adult 



of H. ~nelzrni from the cat fish,Mystris uittatzis from Uttar Pradesh, and its 

metacercaria in fingerlings of 15 species of freshwater fishes. These are, 

Printiris soplzore, P. clzola, P. ticto, Clzela latibz~ca, Nn~zdzis nnndzis, Cirrlzinzis rebn, 

Oxygaster plrrilo, A~rrbnssis mngn, Anzblyplznr~~ngodon nroln, Eso~nzis dnnriczis, 

Ompok binrnczilatzis, M. uittntz~s, Xenentodon cancilla,Osteobra~rre cotio and 

Colisa lnlizis. Shameem and Madhavi (1988) recorded the adult from M. 

gulio, M. keletius, M. vittatzis and Nrzngra robzista from Chilka lake (Orissa), 

and observed the metacercaria in P. sophore. During the present 

investigation the adults of H. ~nelzrni were found infecting M. mnlabaricus 

and the metacercariae were recovered from 11 species of freshwater fishes 

(Table 6). Recovery of adult of H. ~nehrai from M. ~rralabarinis and its 

metacercaria from Eso~~zzis barbatzis, Horadandia ntzikorali, Rasbora daniconizis, 

P~intius jilarnentosus, P. me~anampyx rnelannmpyx, P. parralz, Garra rnullya, 

M. mnlabnriczrs, M. onilatzis and Heteropnezistes fossilis in Kerala constitutes 

new host and geographical records for this fluke. 

Family: Hemiuridae Liihe, 1901 

Genus: Genarchopsis Ozaki, 1925 

Genarchopsis goppo Ozaki, 1925 

Natural infections by this fluke were found in the stomach of Clzanna 

orientalis collected from Sultan Bathery in Wayanad district of Kerala 

during October-November 1995, and Februaryl998. The prevalence of 

infection was 35.71% (15 of 42 fishes), and the intensity of infection varied 



from 3 to 8. Mixed infections with the metacercariae of Encyclo~netrtz 

colzibrirnzrrorri~n and of Centroceshis for~nosrznzis and the adult of G. goppo 

were frequently observed in C. orientalis. 

Description (Fig. 5a; Table 9): 

Body large, muscular, aspinose, cylindrical, with round anterior and 

posterior ends; measured 1550-2496 X 733-780 (2207 X 760) in size. Oral 

sucker subterminal, oval, highly muscular, measuring 218-250 X 280-328 

(234 X 308) in size. Acetabulum large, post-equatorial, measuring 452-484 X 

438-516 (467 X 499), situated at a distance of 890-1421 (1121) from anterior 

end. Distance between two suckers 722-1410 (982). Pre-pharynx absent; 

pharynx globular, muscular, 93-109 X 109-125 (99 X 114) in size. 

Oesophagus short, provided with a pouch and measured 70-72 X 44-46 (71 

X 45) in size. Caeca reaching to posterior end of the body and unite in front 

of vitellaria. Testes irregular in outline, diagonal, situated on either side 

behind acetabulum. Right testis measured 134-295 X 218-250 (206 X 233); 

left testis 218-297 X 187-250 (246 X 217) in size. Cirrus sac long, pear- 

shaped, measured 219-300 X 210-298 (230 X 246); just behind caecal 

bifurcation; encloses a curved, winding seminal vesicle and pars prostatica. 

Genital pore post-bifurcal, in front of right caecum. Ovary spherical, 

intercaecal, submedian, post-testicular, in front of caecal union; measured 

130-284 X 192-281 (182 X 205) in size. Vitellaria divided into two compact, 

diagonal masses lying at the posterior end of body; right one measured 154- 

242 X 47-156 (193 X 89); left one 109-218 X 47-94 (163 X 70) in size. Uterine 

coils occupy pre- and post-acetabular intercaecal areas. Metraterm 

muscular. Eggs yellowish brown, ovoid, with one polar filament. Eggs 



Fig. 5. Genarcltopsis goppo Ozaki, 1925 

a. Adult; b. Eggs 



Table 9. Measurements (pm) of adults of Gazarchopsis goppo 
Ozaki, 1925 

Character 

Body size 

Oral sucker 

Acetabulum 

Distance from anterior end to 
acetabulum 

Distance between suckers 

Pharynx 

Oesophagus 

Right testis 

Left testis 

Cirrus sac 

Ovary 

Right vitellaria 

Left vitellaria 

Egg 
Egg filament 

Range 

1550-2496 X 733-780 

218-250 X 280-328 

452-484 X 438-516 

890-1421 

722-1410 

93-109 X 109-125 

70-72 X 44-46 

134-295 X 218-250 

218-297 X 187-250 

219-300 X 210-298 

130-284 X 192-281 

154-242 X 47-156 

109-218 X 47-94 

41-62 X 23-30 

106-297 

Mean 

2207 X 760 

234 X 308 

467 X 499 

1121 

982 

99 X 114 

71 X 45 

206 X 233 

246 X 217 

230 X 246 

182 X 205 

193 X 89 

163 X 70 

46 X 27 

220 



measured 41-62 X 23-30 (46 X 27) in size; filament 106-297 (220) long 

(Fig. 5b). 

Host : Clmlzna orientalis Schneider 

Site of infection : Stomach 

Locality : Sultan Bathery in Wayanad district of Kerala 

Period of collection : October -November 1995; February 1998. 

Prevalence of infection : 13 of 42 (35.71%) fishes examined. 

Intensity of infection : 3to8  

Remarks: 

The characters of the present fluke recovered from the stomach of 

Channn orientalis agreed fully with the descriptions of Gennrclzopsis goppo 

Ozaki, 1925, suggesting its identity to G. goppo. 

Altogether 11 species of Gennrclropsis have been reported from Indian 

freshwater fishes. Rai (1971a) and Pandey (1973b) synonymised 10 species 

with G. goppo, the type species reported by Ozaki (1925). The other species, 

G. wnllngoni described by Chandra and Banerjee (1993), differs only slightly 

from G. goppo, and is probably synonymous to it. G. goppo has previously 

been reported from different freshwater fishes of India by several workers. 

Srivastava (1933) reported it from Oplziocephalus striahis, Gupta (1951) from 

0. pzinctatus and Mnstncernbellis nrrnahis, Agrawal (1966) from Clznnna 

punctatus, Kakaji (1969) from Myshis seenghaln and Amphipnozis nichin, Rai 

(1971b) from 0. punctntus, M. arrnahis and Mystris vittntus, Pandey (1973b) 

from C. striatzrs and Clarias bntrnclzzis, and Madhavi (1978) from C. pzrnctatlrs. 

Besides, Madhavi (1978,1980) implicated Aplocheilzis pnnchnx as a paratenic 

host in the life-cycle of G. goppo. The finding of this fluke in C. orientalis in 



Sultan Bathery represents a new host record and the first record of G. goppo 

from Kerala. 

LARVAL DIGENEA 

Family: Strigeidae Railliet, 1919 

Tetracotyle metacercaria sp. I 

Seventy out of 295 (23.73%) Dnnio aequipinnntr~s, collected from 

Karetta in Kamur and Nedungottumedu in Malappuram districts of Kerala 

during September and November 1995, May and September 1996 and 

February1998 were infected by this trematode. The intensity of infection 

varied from 6 to 14. Mixed infections with the metacercaria of Ce~ztrocestr~s 

for~rlosnnr~s and TetracotyZe metacercaria sp.1 were frequently observed in D. 

nequipin~zatr~s. 

Description: 

Cysts oval, milky-white, measuring 1092-1248 X 811-982 (1192 X 895) 

in size. Cyst wall double-layered; outer layer thick, fibrous and opaque; 

inner layer thin, hyaline and transparent. The larva lies curled up inside 

the cyst wall compactly filling the cavity (Fig. 6a; Table 10). 

Excysted metacercaria (Fig. 6b; Table 10): 

Body thick, oval, aspinose, divided into fore- and hind-bodies. Fore- 

body large, measured 780-936 X 702-905 (864 X 827), concave ventrally, with 

widened anterior end; hind-body small, bluntly conical, measured 234-374 

X 246-437 (293 X 312). Oral sucker terminal, round to oval, 109-156 X 85-150 



Fig. 6. TetrncoQle metacercaria sp. I 

a. Encysted metacercaria; b. ~ x c ~ s t e d  metacercaria 



Table 10. Measurements (pm) of metacercariae of Tetracotyle sp. I 

Character 

Encysted metacercaria 

Fore-body 

Hind-body 

Oral sucker 

Acetabulum 

Accessory sucker 

Hold -fast organ 

Hold-fast gland 

Pharynx 

Oesophagus 

Caeca 

Range 

1092-1248 X 811-982 

780-936 X 702-905 

234-374 X 246-437 

109-156 X 85-150 

124-195 X 156-223 

265-359 X 156-187 

171-234 X 280-406 

811-1248 X 46-123 

47-70 X 39-47 

93-156 

936-1045 

Mean 

1192 X 895 

864 X 827 

293 X 312 

127 X 125 

173 X 191 

304 X 172 

195 X 347 

964 X 75 

61 X 51 

127 

979 



(127 X 125) in size. Acetabulum oval, pre-equatorial in the fore-body; 

measured 124-195 X 156-223 (173 X 191). Two large accessory suckers 

present, one on either side of oral sucker and measured 265-359 X 156-187 

(304 X 172). Hold-fast organ well-developed, highly muscular, situated 

posterior to acetabulum; measured 171-234 X 280-406 (195 X 347). Hold-fast 

gland large, semicircular, measured 811-1248 X 46-123 (964 X 75). Pre- 

pharynx absent. Pharynx small, subglobular, 47-70 X 3947 (61 X 51) in size. 

Oesophagus 93-156 (127) long. Caeca 936-1045 (979) long, extend upto the 

posterior end of hind-body. The rudiments of gonads represented by 2 

masses, situated in tandem in posterior region of hind-body. Excretory 

bladder small, oval with subterminal excretory pore. Reserve excretory 

system extensively developed, consisting of large number of canals 

forming a network and contained refractory granules. 

Fish host : Danio aequipinnahis McClelland 

Site of infection : Muscles near to vertebral column 

Locality : Karetta in Kamur, and Nedungottumedu in 

Malappuram districts of Kerala . 
Period of collection : September and November 1995; May and 

September 1996,and February 1998 

Prevalence of infection : 70 of 295 (23.73%) fishes examined. 

Intensity of infection : 6 to 14. 

Remarks: 

The present metacercaria recovered from Danio aeqtiipinnntz~s is 

characterised by the presence of a double-layered cyst wall and a pair of 

accessory suckers on either side of oral sucker. It is, therefore, identified as 



belonging to the larval genus Tetracotyle Fillipi, 1859 of the family Strigeidae 

Railliet, 1919. Several species of Tetrncohjle have been described by 

different workers from various parts of the world. The first report of the 

genus from India was made by Kaw (1950) who described T. ranne from the 

frog, Rnnn qanophlyctis. Since then 20 species have been added to this 

larval genus from India: Tetracofyle indiczrs Singh, 1957; T. soplzorensis Singh, 

1959; T. ujjainensis Trivedi, 1964; T. ~nlrsclrlnris Chakrabarti, 1970; 

T. xenenotodoni Chakrabarti, 1970; T. glossogobi Chakrabarti, 1970; T. szidn ti 

Chakrabarti and Baugh, 1970; T. lnli Pandey, 1971; T. lzrck~zozoensis Pandey, 
L 

1971; T. barrglzzri Pandey, 1973; T. tandoni Pandey, 1973; T. aglanrrlnta Baugh 
A 

and Chakrabarti, 1977; T. gyanpnrensis Agrawal and Singh, 1980; T. pandei 

Agrawal and Khan, 1982; T. srivnstnvni Agrawal and Khan, 1982; 

T. ra?nalingzri Agrawal & Khan, 1982; T. si~nhai Pandey and Tewari, 1983; 

T. sanjivi Pandey and Tewari, 1983; T.fotedari Pandey and Tewari, 1983, and 

T. satendri Tewari and Tyagi, 1986. 

The present metacercaria is comparable to T. lzrcknowensis reported by 

Pandey (1971b) from Chnnn stn'ahls in several respects. The exact identity 

of the fluke can be revealed by raising adults from metacercariae. 

Therefore, the present form recovered from D. nequipinnatus, is tentatively 

reported here as Tebcotyle metacercaria sp. I .  



Tetracotyle metacercaria sp. I1 

Twenty out of 22 Etroplzis surrztensis, collected from Nallur in 

Kozhikode district of Kerala during April-August 1997, were found to be 

infected by this metacercaria. The intensity of infection varied from 7 to 10. 

Description: 

Cysts oval to elongate, white, 2124-2304 X 1000-1345 (2219 X 1254) in 

size. Cyst wall single ; the larva remains folded inside the cyst wall (Fig. 7a; 

Table 11). 

Excysted metacercaria (Fig. 7b; Table 11): 

Body elongated, foliaceous, aspinose, measured 1622-2483 X 842-1024 

(2024 X 956). Oral sucker terminal, round to oval, 128-234 X 179-250 (178 X 

194) in size. Acetabulum pre-equatorial, 202-258 X 179-245 (208 X 196) in 

dimensions. Distance between suckers 374-666 (499). Two small accessory 

suckers, one on either side of oral sucker; measured 202-270 X 179-223 (217 

X 191). Hold-fast organ equatorial, transversely elongated, with a median 

slit-like opening; measured 171-282 X 343-538 (236 X 410 ) in size. Hold-fast 

gland 'U'-shaped, 588-1024 X 109-255 (874 X 184) in size. Pharynx absent; 

oesophagus 179-250 (216) in length. A pair of lateral diverticulum present 

just before the caeca1 bifurcation. Caeca 1216-2048 (1668) long, extend upto 

the posterior end of body. Rudiments of gonads represented by a small 

mass of dark staining cells located at posterior end of the body. Excretory 

bladder 'V' shaped; excretory pore terminal. 



Fig. 7. Tetrncofyle metacercaria sp. I1 

a. Encysted metacercaria; b. Excysted metacercaria 



Table 11. Measurements (pm) of metacercariae of Tetracotyle sp. I1 

Character 

Encysted metacercaria 

Excysted metacercaria 

Oral sucker 

Acetabulum 

Distance between suckers 

Accessory suckers 

Hold-fast organ 

Hold-fast gland 

Oesophagus 

Caeca 

Range 

2124-2304 X 1000-1345 

1622-2483 X 842-1024 

128-234 X 179-250 

202-258 X 179-245 

374-666 

202-270 X 179-223 

171-282 X 343-538 

588-1024 X 109-255 

179-250 

1216-2048 

Mean 

2219 X 1254 

2024 X 956 

178 X 194 

208 X 196 

499 

217 X 191 

236 X 410 

874 X 184 

216 

1668 



Fish host : Etropllrs sziratensis (Bloch) 

Site of infection : Mesentery of visceral organs 

Locality : Nallur in Kozhikode district of Kerala . 
Period of collection : April - August 1997 

Prevalence of infection : 20 of 22 (90.91%) fishes examined. 

Intensity of infection : 7 to 10 

Remarks: 

The present metacercaria found attached to the mesentery of visceral 

organs of Etroplus stiratensis is identified as belonging to the larval genus 

Tetrrzcotyle Fillipi, 1859 of the family Strigeidae Railliet, 1919. It differs 

from Tetrrrcotyle metacercaria sp I (present report) in the shape of body and 

hold-fast orgarland in the absence of pharynx. Besides it is recorded from 

a different fish host. A comparison of characters of the known species of 

Tetrncotyle revealed that it resembles Tetrrrcotyle xenentodoni described by 

Chakrabarti (1970) from Xenentodon cancilla in several morphological 

features, but there are minor differences also. The exact identity of the 

metacercaria could not be ascertained because experimental attempts to 

raise adults were futile. Therefore, the present metacercaria is tentatively 

reported here as Tetrncotyle metacercaria sp. 11. 

Family : Strigeidae Railliet, 1919 

Diplos tomulum sp. 

Natural infections by the metacercariae were found in the muscles of 

Labeo rohita collected from Malampuzha in Palakkad district of Kerala. The 



prevalence of infection was 66.13% in a total of 62 specimens examined 

during November of 1996 and 1997. The intensity of infection varied from 

8 to 25. Mixed infection with the metacercariae of Diplosto~rrzrlrrtn sp., 

Echinochnsttrus ~negnvitellzrs and Centrocestlrs fortrrosanzrs, were frequently 

observed in L. rolzifn. 

Description: 

Cysts large, oval to round, globular, measured 1561-1843 X 1408-1613 

(1702 X 1510) in size. Cyst wall double-layered; outer layer thick, fibrous 

and black; inner layer thin, gelatinous and transparent. The larva lies 

curled up inside the cyst wall (Fig. 8a; Table 12). 

Excysted metacercaria (Fig. 8b; Table 12). 

Body pear-shaped, aspinose, divided into a foliaceous fore-body and 

a conical hind-body. Fore-body measured 1792-2150 X 1228-1612 (1971 x 

1491) in size; hind-body 716-947 X 844-1152 (853 X 1032) in size. Oral sucker 

subterminal, round to oval, measuring 128-202 X 156-192 (160 X 168) in size. 

Acetabulum located near the middle of fore-body, measured 156-274 X 202- 

307 (208 X 256) in size. Distance between suckers 1331-1485 (1425). 

Accessory suckers well-developed, muscular, saccular with deep 

depressions, extending from the level of pharynx to caeca1 bifurcation; 

measured 588-717 X 192-282 (646 X 221) in size. Hold-fast organ large, 

located in the posterior region of fore-body, measuring 324-640 X 360-499 



Fig. 8. Diplosto~rizilziwi sp. 

a. Encysted metacercaria; b. Excysted metacercaria 



Table 12. Measurements (pm) of metacercariae of Diplostomulum sp. 

Mean 

1702 X 1510 

1971 X 1491 

853 X 1032 

160 X 168 

208 X 256 

1425 

646 X 221 

495 X 428 

95 X 92 

378 

2253 

172 X 158 

400 X 516 

70 X 86 

Character 

Encysted metacercaria 

Fore-body 

Hind-body 

Oral sucker 

Acetabulum 

Distance between suckers 

Accessory suckers 

Hold-fast organ 

Pharynx 

Oesophagus 

Caeca 

Anterior testis 

Posterior testis 

Ovary 

Range 

1561-1843 X 1408-1613 

1792-2150 X 1228-1612 

71 6-947 X 844-1152 

128-202 X 156-192 

156-274 X 202-307 

1331-1485 

588-717 X 192-282 

324-640 X 360-499 

78-109 X 78-102 

371-384 

2048-2380 

121-187 X 78-171 

362-440 X 440-603 

62-78 X 62-129 



(495 X 428) in size. Hold-fast gland present. Pharynx globular, muscular, 

78-109 X 78-102 (95 X 92) in size. Oesophagus 371-384 (378) long. Caeca 

extend up to the posterior region of hind-body, 2048-2380 (2253) in length. 

Testes well developed, asymmetrical. Anterior testis oval to pyriform, 121- 

187 X 78-171 (172 X 158) in size; posterior testis 'H' shaped,362440 X 440- 

603 (400 X 516) in size. Ovary oval, located in front of posterior testis, in 

level with anterior testis and measured 62-78 X 62-129 (70 X 86). Bursa 

copulatrix present at the hind end of body. Excretory bladder 'V'-shaped; 

excretory pore terminal. 

Fish host : Lnbeo rolzita (Hamilton) 

Site of infection : Muscles 

Locality : Malampuzha in Palakkad district of Kerala. 

Period of collection : November of 1996 and 1997 

Prevalence of infection : 41 of 62 (66.13%) fishes examined. 

Intensity of infection : 8 to 25 

Remarks: 

The present metacercaria recovered from the muscles of Labeo rohita 

resembles the larval genus Diplostomzil~i~n Brandes, 1892, the adults of 

which are mainly parasitic in the intestine of fish eating birds. The adult 

belongs to the genus Diplostonrzi~n von Nordmann, 1832. Altogether 4 

species of Diplostolnsilsiln have been reported from freshwater fishes of 



India: D. singlli Pandey et nl. 1964; D. nririzls Thapar, 1967; D. ~ninzitzi~n 

Pandey, 1970, and D. ophtltabni Pandey, 1970. The present form is distinctly 

different from all these species by possessing large, highly muscular, lateral 

suckers with deep depressions. Therefore, it is not included in any of the 

known species of Diplosto?r~z4lzinz and is reported here as Diplosfo~)izil~~~~z sp. 

It is expected that recovery of adults of the 4 known species of 

metacercariae will result in the loss of specific status for some of these 

species. 

Family : Strigeidae Railliet, 1919 

Neascus metacercaria sp. I 

Sixty-five of 69 (94.2%) Xenentodon cnnciln, collected from Puthukode 

in Kozhikode and Valapad in Thrissur districts of Kerala during March and 

September 1996 and May 1997, were positive for this metacercaria. Forty- 

five of 120 (37.5%) Aplocheiltrs panchax, collected from Karetta in Kannur 

and Vythiri in Wayanad districts of Kerala during October-December 1995, 

March-April 1996, September-October 1997, were also positive. The 

intensity of infection varied from 25 to 33 larvae. 

Description: 

Cysts oval, translucent, measuring 624-1248 x 546 - 936 (936 X 721) in 

size; cyst wall single. The larva lies curled up in cyst fluid, occupying only 

part of cyst cavity pig. 9a, Table 13). 



Excysted metacercaria (Fig. 9b; Table 13): 

Body elongated, foliaceous, spinose, divided into fore- and hind- 

bodies. Fore-body leaf-like, measuring 600-924 X 246-477 (748 X 366). 

Hind-body small, oval, measuring 223-323 X 169-254 (284 X 230) in size. 

Oral sucker terminal, oval, 28-68 X 32-72 (48 X 53) in size. Acetabulum post- 

equatorial, 57-73 X 53-75 (60 X 58) in dimensions. Hold-fast organ oval, 

situated at posterior end of fore-body, 130-218 X 146-162 ( 166 X 155) in size. 

Hold-fast gland transversely elongated. Pharynx absent; oesophagus very 

short, bifurcates into caeca reaching to the level of rudimentary gonads in 

the hind-body. Caeca measuring 965-991 (975) in length. Gonads 

rudimentary, represented by three darkly staining mafes, tandemly placed 

in the posterior region of hind-body. A bursa copulatrix present at the 

hind-body, opened outside through a subterminal genital pore; measures 

74-77 X 75-79 (75 X 77) in size. Excretory bladder V-shaped, opening out by 

terminal excretory pore. Reserve excretory system extensively developed, 

consisting of two main reserve excretory canals arising from the cornua of 

excretory bladder and running anteriorly along the lateral regions of body 

up to the level of oral sucker where they are joined by a transverse canal. 

Fish host : Aplocheilus panchax (Hamilton) 

Xenentodon cancila Hamilton 

Site of infection : Liver 

Locality : Karetta in Kamur, Puthukode in Kozhikode, 

Vythiri in Wayanad and Valapad in 

Thrissur districts of Kerala. 

Period of collection : October to December 1995; March, April 



Fig. 9. Nensczis metacercaria sp. I 

a. Encysted metacercaria; b. Excysted metacercaria 



Table 13. Measurements (pm) of metacercariae of Neasclrs sp. I 

I Character I Range 1 Mean I 
Encysted metacercaria 

Fore-body 

Hind-bod y 

Oral sucker 

Acetabulum 

Hold-fast organ 

Caeca 

1 Bursa copulatrix ~ 74-77 x 75-79 1 76 x 77 I 



and September 1996and May, September 

and October 1997 

Prevalence of infection : 65 of 69 (94.2%) X. cnncila examined. 

45 of 120 (37.5%) A.panchax examined- 

Intensity of infection : 25 to 33 

Remarks: 

The present metacercaria recovered from the liver of Aploclleilzis 

pnnclrnx and Xenentodon cnnciln has foliaceous and spinose body which is 

divided into fore- and hind-bodies. Besides, it has oval-shaped hold-fast 

organ, transversely elongated hold-fast gland and reserve excretory system. 

Based on these characters, the present form is included under the larval 

genus Neascus Hughes, 1927 of the family Strigeidae Railliet, 1919. The first 

report of Neascris in India was made by Kaw (1950) who described N. 

vetastai from Sclzizotlzorax esocinus, S. micropogon, S.  niger and Oreinrr S 

sinuatus. Fifteen species belonging to this genus have been recorded from 

India since then. These are N. elongatrrs Singh, 1957; N. chelai Khera, 1958; N. 

indicus Thapar, 1967; N. cirrhinris Thapar, 1967; N. hepnticn Chakrabarti, 

1970; N. channni Pandey, 1971; N. xenentodoni Pandey, 1971; N. gussevi 

Chakrabarti, 1974; N. hoj%mi Baugh and Chakrabarti, 1977; 

N.hanaksagarensis Baugh and Chakrabarti, 1977; N. chnzilzani Agrawal and 

Khan, 1982; N. lranumanthai Agrawal and Khan, 1982; N. moghei Agrawal 

and Khan, 1982; N. simhai Agrawal and Khan, 1982, and N. plinctntlisi 

Dhanumkumari, 1994. 

A comparison of characters of the present form with that of the 

known species of Nensnrs revealed that it resembles N. hepnticn described by 



Chakrabarti (1970) from Xenentodon ctlncilln in several respects. The exact 

identity of the fluke can be revealed by raising adults from metacercariae. 

Therefore, the present form is tentatively reported here as Nensczis 

metacercaria sp. I. 

Neascus metacercaria sp. I1 

Liver tissue of 4 out of 301 (1.33%) Mncropodzls cziptl~zt~s, collected 

from Kuttimakkul in Kamur district during August-September 1996, was 

found infected by this metacercaria. The intensity of infection varied from 

9 to 12. 

Description: 

Cysts elongate-oval, 858-961 X 420-635 (920 X 535) in size; cyst wall 

double-layered. Metacercaria lies curled up inside the cyst cavity (Fig. 10a; 

Table 14). 

Excysted metacercaria (Fig. lob; Table 14): 

Body elongated, foliaceous, aspinose, divided into fore- and hind- 

bodies. Fore-body broad, leaf-like, 777-936 X 500-624 (830 X 532) in size; 

hind-body conical, 312-485 X 312-390 (410 X 338) in size. Oral sucker 

terminal, 47-62 X 53-63 (56 X 59) in size. Acetabulum measured 34-56 X 49- 

62 (44 X 55). Hold-fast organ large, situated just above the hind-body; 156- 

187 X 200-265 (168 X 223) in size. Hold-fast gland present. Pre-pharynx 

absent. Pharynx globular, muscular, measured 3341 X 36-42 (40 X 41). 

Oesophagus 80-110 (105) in length, bifurcates into caeca reaching to the 



Fig. 10. Nenscus metacercaria sp. I1 

a. Encysted metacercaria; b. Excysted metacercaria 



Table 14. Measurements (pm) of metacercariae of Neascus sp. I1 

Character 

Encysted metacercaria 

Fore-body 

Hind-body 

Oral sucker 

Acetabulum 

Hold-fast organ 

Pharynx 

Oesophagus 

Caeca 

Anterior testis 

Posterior testis 

Bursa copulatrix 

Range 

858-961 X 420-635 

777-936 X 500-624 

312-485 X 312-390 

47-62 X 53-63 

34-56 X 49-62 

156-187 X 200-265 

33-41 X 36-42 

80-110 

951-1032 

42-112 X 78-208 

78-112 X 203-216 

83-95 X 104-116 

Mean 

920 X 535 

830 X 532 

410 X 338 

56 X 59 

44 X 55 

168 X 223 

40 X 41 

105 

1003 

92 X 155 

85 X 209 

89 X 111 



level of testes; caeca measuring 951-1032 (1003) in length. Testes tandem, at 

posterior end of hind body. Anterior testis measured 42-112 X 78-208 (92 X 

155), and posterior testis 78-112 X 203-216 (85 X 209) in size. Ovary 

represented by a mass of cells, just above anterior testis. A bursa copulatrix 

present at the hind-body, opened outside through a subterminal genital 

pore; measured 83-95 X 104-116 (89 X 111) in size. Excretory bladder 'V'- 

shaped; excretory pore terminal. Reserve excretory system extensively 

developed. 

Fish host : Macropodus cupanus Valenciennes 

Site of infection : Liver 

Locality : Kuttimakkul in Kannur district of Kerala 

Period of collection : August-September 1996 

Prevalence of infection : 4 of 301 (1.33%) fishes examined 

Intensity of infection : 9 to 12 

Remarks: 

The present metacercaria recovered from the liver of Macropodzis 

cupnnris is identified as belonging to the larval genus Neascus, Hughes 1927 

of the family Strigeidae Railliet, 1919. It differs from Neascus metacercaria 

sp. I in having a double-layered cyst wall, aspinose body, muscular 

pharynx, long oesophagus and well developed testes. Further, it infects a 

different fish host. A comparison of characters of the present form with 

that of the known species of Neascus revealed that it shows some 

resemblance to N. xenenfodoni described by Pandey (1971~) from Xenenfodon 

canciln. Experimental attempts to raise the adults from metacercariae were 



unsuccessful, and therefore, the identity of the larva cannot be revealed. 

The present form is tentatively reported here as Nensnis metacercaria sp. 11. 

Family: Diplostomidae Poirier, 1886 

Genus: Diplostomum von Nordmann, 1832 

DipZostomum ketupanense Vidyarthi, 1937 

Metacercaria 

Natural infections by the metacercariae were found in the muscle 

tissues of Rnsborn dnniconizis collected from Kuttimakkul, Pinarayi, Kanhilari 

and Karetta in Kannur; Feroke, Kundayithode and Puthukode in 

Kozhikode; Sultan Bathery, Meenangadi and Vythiri in Wayanad,and 

Nedungottumedu and Calicut University Campus in Malappuram districts 

of Kerala during September-December 1995, February-June and October- 

December 1996, January-May and September-November 1997 and January- 

March 1998. The prevalence of infection was 67.52% in a total of 622 

specimens examined, and intensity of infection varied from 10 to 80. Mixed 
' infections with metacercariae of D. ketupnnense, Hnplorchoides ~nehrai and 

Acnnthostomurn burrninis were frequently observed in R. drzniconitis. 

Description: 

Cysts large, white, oval, 936-1482 X 702-1029 (1209 X 860) in size; cyst 

wall double-layered, with an outer, thick fibrous layer, measuring 46-254 

(148), and an inner, thin, hyaline layer of 39-103 (67) thickness (Fig. lla; 

Table 15). 



Excysted metacercaria (Fig. llb; Table 15): 

Metacercarial body pear-shaped, divisible into a distinct foliaceous 

fore-body, and a conical hind-body. Fore-body spinose, measured 468-1029 

X 500-748 (748 X 624). Hind-body aspinose, measured 358-499 X 296-452 

(429 X 374). Oral sucker subtern~inal, measured 62-93 X 62-115 (78 X 88). 

Accessory suckers well-developed, semicircular, strongly muscular, with 

shallow depressions; situated on either side of oral sucker, and measured 

84-187 X 62-146 (135 X 104). Acetabulum located near the middle of fore- 

body, 53-100 X 78-107 (77 X 92) in size. Hold-fast organ large, circular, 

muscular, with a narrow median slit; situated just behind acetabulum and 

measured 130-185 X 94-270 (157 X 182) in size. Hold-fast gland bilobed, just 

behind hold-fast organ. Pharynx well-developed, 38-54 (46) long and 30-67 

(49) wide; oesophagus short, bifurcates anterior to acetabulum into caeca 

measuring 795-817 (805); caeca extend upto posterior region of hind-body. 

Testes well-developed, asymmetrical; anterior testis roughly oval or 

pyriform, 61-78 X 77-154 (70 X 97) in size; posterior testis 'H'-shaped, 

situated medially in hind-body; its transverse limb measured 107-300 (189) 

and vertical limb 99-190 (151). 

. Ovary oval, located 

in front of posterior testis, in level with. anterior testis, and measured 33-65 

X 46-100 (49 X 77). A bursa copulatrix present at the hind end of body. 

Excretory bladder 'Vt-shaped, at posterior end of body and filled with 

excretory concretions. Excretory pore terminal. 



Fig. 11. Diplostomum kehlpnnense Vidyarthi, 1937 

a. Encysted metacercaria; b. Excysted metacercaria 



Table 15. Measurements (pm) of metacercariae of Diplostosnusn 
ketupanmse Vidyarthi, l937 

Mean 

1209 X 860 

748 X 624 

429 X 374 

78 X 88 

135 X 104 

77 X 92 

157 X 182 

46 X 49 

805 

70 X 97 

189 X 151 

49 X 77 

Character 

Encysted metacercaria 

Fore-body 

Hind-body 

Oral sucker 

Accessory suckers 

Acetabulum 

Hold-fast organ 

Pharynx 

Caeca 

Anterior testis 

Posterior testis 

Ovary 

Range 

936-1482 X 702-1029 

468-1029 X 500-748 

358-499 X 296-452 

62-93 X 62-115 

84-187 X 62-146 

53-100 X 78-107 

130-185 X 94-270 

38-54 X 30-67 

795-817 

61-78 X 77-154 

107-300 X 99-190 

33-65 X 46-100 



Adult: 

Adult flukes were obtained from the small intestine of Ardeolrz grtlyii 

collected from the locality where the infected fishes were collected. The 

flukes were identical with Diplostoirrunr ketzipnneizse Vidyarthi, 1937. Four A. 

gmyii were fed with fishes containing naturally infected metacercariae or 

those carrying 25-day-old experimentally developed metacercariae, and 

examined at various intervals post-infection. In one instance as many as 35 

flukes were recovered from a single host. Juvenile flukes, obtained from 

birds after 2-days post-infection,measured 995-1301 X 370-410 (1125 X 400), 

and were very similar to excysted metacercariae in their organization. 

Further development was rapid, and 9-day old flukes were mature with 

fully developed eggs in their uteri. These flukes were similar to those 

recovered from natural infections of A. gmyii. A brief description of the 

flukes is furnished below (Fig. llc; Table 16). 

The fore-body similar to that of metacercariae; measured 523-733 X 

346-639 (628 X 493). Hind-body long, cylindrical, aspinose, 354-795 X 249- 

454 (574 X 359) in size. Oral sucker subterminal, 40-78 X 63-84 (62 X 74). 

Accessory suckers 31-62 X 77-125 (47 X 101) in size. Acetabulum anterior to 

middle of fore-body, measured 61-94 X 69-92 (78 X 81). Hold-fast organ 

massive, with a narrow median slit; just behind acetabulum and measured 

124-235 X 125-215 (179 X 170). Hold-fast gland bilobed. Pharynx well- 

developed, 46-62 X 35-62 (54 X 48) in size. Oesophagus long; caeca narrow, 

long, reaching posterior extremity. Testes in hind body; anterior testis oval, 

measured 78-140 X 78-158 (109 X 118); posterior testis H-shaped; its 

transverse axis measured 246-481 (291) and vertical limbs measured 207- 



Fig. 11. Diplostorntirn ke tupanense Vidyarthi, 1937 

c. Adult; d. E g g  



Table 16. Measurements (pm) of adults of Diplostomum ketupanense 
Vidyarthi, 1937 

Character 

Fore-body 

Hind-body 

Oral sucker 

Accessory suckers 

Acetabulum 

Hold-fast organ 

Pharynx 

Anterior testis 

Posterior testis 

Ovary 

Egg 75-101 X 62-78 90 X 70 

Range 

523-733 X 346-639 

354-795 X 249-454 

40-78 X 63-84 

31-62 X 77-125 

61-94 X 69-92 

124-235 X 125-215 

46-62 X 35-62 

78-140 X 78-158 

246-481 X 207-270 

69-171 X 93-140 

Mean 

628 X 493 

574 X 359 

62 X 74 

47 X 101 

78 X 81 

179 X 170 

54 X 48 

109 X 118 

291 X 230 

122 X 116 



270 (230). Ovary oval, measured 69-171 X 93-140 (122 X 116). Vitellaria 

follicular, extending from the level of acetabulum to copulatory bursa. 

Uterus well-developed, contained 2 or 4 eggs. A bursa copulatrix present at 

the hind end of body opens out through a subterminal genital pore. Eggs 

oval, yellowish brown, operculate, 75-101 X 62-78 (90 X 70) in size (Fig. l ld;  

Table 16). 

Cercaria 

Natural infections by the cercariae were found in 125 of 751 (16.64 %) 

lndoplnnorbis exustus examined. Infected snails were obtained only during 

the monsoon period (June to September). Cercarial emergence occurred 

throughout day time, though it was maximum in the morning. Cercariae 

exhibited characteristic swimming behaviour with short resting periods 

alternating with brief swimming activity. During resting, the cercariae 

remain suspended in the water column with the body hanging downward, 

tail stem turned upward and the furcae diverged at an angle of about 600 to 

the tail stem. The cercaria emerged from the snai1,and exposed to Rasborn 

daniconilis developed into the present metacercaria. 

Description (Fig. lle; Table 17): 

Distomatous, pharyngeate, furcocercous cercaria. Body elongate- 

oval, measured 200-223 x 53-77 (212 x 69). Tail stem measured 292-300 X 

33-53 (297 X 41), provided with sensory hairs. The furcae almost equal in 

length to tail stem, leaf-like and end in sharp points. Tail attachment 

terminal. 



Fig. 11. Diplostorn2otr ketzlpanense Vidyarthi, 1937 

e. Cercaria 



Table 17. Measurements (pm) of cercariae of Diplostomutn 
ketupanense Vidyarthi, 1937 

Character 

Body 

Tail stem 

Anterior organ 

Acetabulum 

Pharynx 

Range 

200-223 X 53-77 

292-300 X 33-53 

23-38 X 23-27 

28-34 X 21-25 

19-27 X 17-23 

Mean 

212 X 69 

297 X 41 

30 X 25 

30 X 23 

24 X 21 



Body tegument thick, spinose. Anterior organ ovoid, highly 

muscular, measured 23-38 X 23-27 (30 X 25). Two yellow eyespots, rounded 

or oval, just anterior to the first pair of penetration glands. Acetabulum 

median, 28-34 X 21-25 (30 X 23) in size. Mouth subterminal, leads to small 

pre-pharynx; pharynx muscular, measured 19-27 X 17-23 (24 X 21). 

Oesophagus short; caeca extending up to the anterior end of penetration 

glands. Penetration glands 3 pairs, with finely granular contents and large 

nuclei; one pair pre-acetabular and 2 pairs post-acetabular. The ducts of 

penetration glands of each side form separate bundles, run anteriorly and 

open out through 3 pairs of pores at the anterior margin. Cystogenous 

glands numerous. 

Genital primordium is a mass of cells located anterior to excretory 

bladder. Excretory bladder tripartite, filled with granular concretions. 

Flame cell formula 2[2+2) + (2+2+2) + (2)l = 24. The cercariae developed in 

sporocysts. 

Sporocyst: 

Description: 

Mother and daughter sporocysts were recovered from the 

hepatopancreas of Indoplanorbis exustus. They were yellow, thread-like 

structures which were so tangled in the liver mass of the snail that it was 

not easy to separate individual sporocyst. The mother sporocysts elongate, 

1216-1420 (1318) in size; each with 3-5 daughter sporocysts and many germ 

balls (Fig. llf). There is an opening in the anterior region through which 

daughter sporocysts escape. The daughter sporocysts similar to mother 

sporocysts, but with larger dimensions; measure 1350-2025 (1687) in length, 



Fig. 11. Diplostomti~n kettrpanense Vidyarthi, 1937 

f .  Mother sporocyst; g. Daughter sporocyst 



and enclose 15 to 20 cercariae and a few germ balls at various stages of 

development (Fig. llg).  

Fish host 

Site of infection 

Locality of Collection : 

Period of collection 

Prevalence of infection : 

Intensity of infection : 

Definitive host 

Site of infection 

Locality of collection : 

Rnsbora dn~ziconizis (Hamilton) 

Muscles 

Kuttimakkul, Pinarayi, Kanhilari and 

Karetta in Kannur; Feroke, Kundayithode 

and Puthukode in Kozhikode; Sultan 

Bathery, Meenangadi and Vythiri in 

Wayanad, and Nedungottumedu and 

Calicut University Campus in Malappuram 

districts of Kerala. 

September-December 1995, February-June 

and October-December 1996, January-May 

and September-November 1997 and 

January-March 1998. 

420 of 622 (67.52%) fishes examined 

10 to 80 

ArdeoZa grayii Sykes 

Intestine 

Sultan Bathery in Wayanad and Calicut 

University Campus in Malappuram districts 

of Kerala. 

Snail host 1ndopZanorbis exustus (Deshayes) 

Site of infection Hepatopancreas 



Locality Kuttimakkul in Kamur district of Kerala 

Prevalence of infection : 125 of 751 (16.64) snails examined. 

Remarks: 

The characters of the present metacercaria and of the adult developed 

from it suggest that this fluke belongs to the genus Diplosto~nzi~il von 

Nordmam, 1832. Only 4 species of the genus are known from India: D. 

bzitei Vidyarthi, 1937 in Btrfeo nr.nzrs; D. ketzipnne~zse Vidyarthi, 1937 in 

Kehipa zeylotzetzsis hnrdzuicki; D. oedicnerrrrls Singh, 1956 in Burhitzzrs 

oedimemzis indiczrm, and D. stemi Gupta, 1958 in Sterna nzimntin. A 

comparative study of characters of the present form with that of the known 

Diplostotnam spp. revealed that it undoubtedly belongs to D. kettipanense. 

Life-cycles are known for only some of the species, mostly those occurring 

in Europe. As far as is known, complete life-cycle of an Indian species of 

Diplostomum has not been worked out. The available information is limited 

to the reports on the metacercaria of D. kehrpnnense by Ganapati and Rao 

(1954) from Andhra Pradesh and Abraham and Anantaraman (1955) from 

Madras, and its miracidium by Ganapati and Rao (1962). In addition, 5 

species of metacercariae, the adults of which are not known, have been 

reported under the larval genus Diplostornzrlrrrn Brandes, 1892. These are 

D. bufonis, D. singhi, D. nurius, D. rninuturn and D. ophflzaltni (Kaw, 1950; 

Pandey et al., 1964; Thapar, 1967; Pandey, 1970). It is expected that 

elucidation of life-cycles of these metacercariae will result in the loss of 

specific status for some of these species. 

Dip2osfornurn ketupanense has a three-host life-cycle. Cercariae emerge 

from the planorbid snail, lndoplnnorbis exzrsttrs, and then encyst in the 



muscles of Rnsborn dnniconius. The metacercariae developed into adult 

flukes in 9 days in the intestine of Ardeola grayii. 

Cercaria of Diplostotrzli~tl ketnpnnense recovered from lndoplanorbis 

exrlstris during the present investigation agrees fully with Cercnriae ilzdicne I1 

Sewell, 1922 reported from the same snail species in Calcutta. Mohandas 

(1974) recorded this cercaria from the same host in Kerala. Since the 

present cercaria and that described by Sewell (1922) are similar in 

organization and are infecting the same host, they are in all probability 

identical. 

The metacercaria of D. ketupnnense was first reported by Ganapati 

and Rao (1954) from Catln catla, and later by Abraham and Anantaraman 

(1955) from the same fish. The present metacercaria is identical with that 

reported by the above authors in morphology and morphometry. Recovery 

of this metacercaria from Rnsborn dnniconitis constitutes a new host and 

geographical record for this parasite. 

Family: Clinostomidae Liihe, 1901 

Genus: Euclinostomum Travassos, 1928 

Euclinostomum heterostomum (Rudolphi, 1809) Travassos, 1928 

Six of 25 (24%) Etroplus maculatus, collected from Feroke in 

Kozhikode district of Kerala from February to May 1996, were infected by 

Eziclinosto?num 1zeterostoznum metacercariae. Nine of 42 (21.43%) Clznnna 

orientalis, collected from Ramanattukara and Feroke in Kozhikode, Sultan 

Bathery in Wayanad and Nedungottumedu in Malappuram districts of 



Kerala during November 1996, April and May 1997, and February 1998, 

were also positive for this infection. Mixed infections with the 

metacercariae of Centrocestzls for~izosnnus, Enajclo~netm colzibrir~lrirorzrni. and 

Eziclinosto~~zzr~iz lzeterostoniti~ii were frequently observed in C. orientnlis. 

Description: 

Cysts oval or round, measured 2065-3987 X 1746-3249 (2926 X 2538). 

The larva remains curled up inside the cyst wall (Fig. 12a; Table 18). 

Excysted metacercaria (Fig. 12b; Table 18): 

Body elongate, linguiform, rounded at both ends, 2223-5987 X 1928 - 

1543 (5323 X 1351) in size. Oral sucker subterminal, 384-461 X 768-985 (410 

X 808). Acetabulum large, strongly muscular, pre-equatorial, measured 

390-545 X 350-560 (400 X 442). Distance between suckers 187-245 (233). 

Pharynx indistinct. Oesophagus 90-120 (104) long, bifurcates in front of 

acetabulum. Caeca l8403886 (3367) long, narrow, diverticulate, extend to 

posterior end of body. Each caecum gives off long, narrow, unequal, lateral 

branches; left caecum with 10 branches and right with 12 branches. The 

branches measured 409-1152 (617) in length. Testes tandem, intercaecal. 

Anterior testis reniforn~, measured 102-205 X 158-219 (128 X 173, located at 

a distance of 2458-5120 (3365) from anterior end of body. Posterior testis 

'U1-shaped, 210-366 X 188-268 (276 X 209) in size. Cirrus sac oval, situated 

within the concavity of anterior testis; measured 230-458 X 184-389 (318 X 

243); encloses a convoluted tubular seminal vesicle which leads into a short 

ejaculatory duct. Cirrus sac opens into genital atrium. Ovary round to 

oval, intertesticular, slightly dextral, 128-157 X 183-219 (138 X 169) in size. 

Oviduct short, enters the ootype. Uterus coiled, emerges from the ootype, 



Fig. 12. E~iclinostornurn 1zeterostomzim (Rudolphi, 1809) Travassos, 1928 

a. Encysted metacercaria; b. Excysted metacercaria 



Table 18. Measurements (pm) of metacercariae of Euclinostonzzr~rz 
heterostornom (Rudolphi, 1809) Travassos, 1928 

Character 

Encysted metacercaria 

Excysted metacercaria 

Oral sucker 

Acetabulum 

Distance between suckers 

Oesophagus 

Caeca 

Caeca1 branches 

Anterior testis 

Posterior testis 

Cirrus sac 

Ovary 

Range 

2065-3987 X 1746-3249 

2222-5987 X 1928-1543 

384-461 X 768-985 

390-545 X 350-560 

187 X 245 

90 - 120 

1840-3886 

409-1152 

102-205 X 158-219 

210-366 X 188-268 

230458 X 184-389 

128-157 X 183-219 

Mean 

2926 X 2538 

5323 X 1351 

410 X 808 

400 X 442 

233 

104 

3367 

617 

128 X 177 

276 X 209 

318 X 243 

138x169 



runs forward beyond the middle of body. Metraterm opens into genital 

atrium. Genital pore located in the middle of body just above the anterior 

testis. Excretory bladder small, 'V'-shaped, located at the hind end of body, 

opens outside by a subterminal excretory pore. 

Site of infection 

Locality 

Fish hosts : E troplus inncz~lntris (Bloch) 

Chnntzn orientnlis (Schneider) 

: Muscles 

: Feroke and Ramanattukara in Kozhikode, 

Sultan Bathery in Wayanad and 

Nedungottumedu in Malappuram districts 

of Kerala 

Period of colIection : February-May and November 1996, April-May 

1997 and February 1998 

Prevalence of infection : 6 of 25 (24%) E. ~nnailntris examined 

9 of 42 (21.43%) C. orientnlis examined 

Intensity of infection : 10 to 22 

Remarks: 

The characters of the present metacercaria suggest that it belongs to 

the genus Euclinosfomum. Since Ukoli (1966) synonymised all the Indian 

species of Eliclinosto~nti~n with E. lzeterosto?ntirn and this was agreed to by 

Jhansilakshmibai and Madhavi (1997), the present form undoubtedly 

belongs to E. heterosto~nurn. The metacercariae of E. lzeteros to~nzi tn have 

previously been reported from several freshwater fishes in India. Bhalerao 



(1942), Srivastava (1950), Gupta and Agarwal (1983) and Sinha et nl. (1988) 

reported this metacercaria from Clznnnn pzinctntzis; Jaiswal(1957) from 

C. pzinctntzis and C. mnnilizis; Agarwal (1959) from Notoptenis notopterris, and 

Jhansilakshmibai and Mahdavi (1997) from C. pzinctntzis and C. orientalis. 

During the present investigation, the metacercariae were collected from 

C. orientnlis and Etroplzis nznczilntzis. Recovery of the metacercaria from 

E. ~rraczilntris constitutes a new host record for this species. Besides, this 

forms the first report of the metacercaria from Kerala. The life-cycle of 

E. lzeterosto?nriin was first traced by Donges (1974) in Western Nigeria. From 

India Jhansilakshmibai and Madhavi (1997) furnished a detailed account on 

the life-cycle of this species and implicated Indoplanorbis exristzis as the snail 

host, Clzanna pzinctahis and C. orientnlis as the second intermediate hosts and 

Ardeola grayii and Btibtilais ibis as the definitive hosts. During the present 

investigation, natural infections by the cercaria and adult of E. heterosto~nzi~n 

could not be observed. 

Family: Echinostomatidae (Looss, 1902) Poche, 1926 

Echinostome metacercaria 

One hundred and twenty-two of 360 (33.89%) Esotnus bnrbahis, 133 of 

162 (82.1%) Horadandia af-zikorali, 30 of 420 (7.14%) Pzinfius panah, 3 of 10 

(30%) Mystus malabaricus, 2 of 38 (5.26%) Heteropnezrstes fossilis and 3 of 22 

(13.64%) Chunna punctahis were found infected by this metacercaria. The 



fishes were collected from Kuttimakkul, Kanhilari and Karetta in Kannur, 

Feroke and Puthukode in Kozhikode and Meenangadi and Sultan Bathery 

in Wayanad districts of Kerala from June to September, 1995 and January 

to November 1997. The intensity of infection varied from 5 to 38. Mixed 

infections by this metacercaria, Cen trocestzis for~nosmis  metacercaria and the 

adult of Hnplorcltoides nzelzmi were occasionally found in M. ~lznlnbnriczls. P. 

pnrrrrh was found simultaneously infected by this metacercaria and C. 

for~nostlnlis metacercaria. 

Description: 

Cysts spherical to oval, found attached to the base of gill filaments 

and gill arches; measured 148-254 X 145-231 (195 X 170) in size. The larva 

remains curled up inside the double-layered cyst wall (Fig. 13a; Table 19). 

Excysted metacercaria (Fig. 13c; Table 19) 

Body elongate-oval, spinose, 315462 X 112-146 (346 X 125) in size. 

Body spines more prominent in anterior region. Collar well developed, 89- 

146 (108) wide, with 27 conspicuous spines (Fig13.b). Spine arrangement 

characteristic: 4 corner spines on each ventral lappet, 2 oral and 2 aboral; 6 

laterals on each side in single row; 7 dorsals, 4 oral and 3 aboral. Oral 

sucker subterminal, 2454 X 3346 (37 X 39) in size. Acetabulum post- 

equatorial, larger than oral sucker, and measured 38-61 (49) in diameter. 

Distance between suckers 147-223 (195). Pre-pharynx 15-30 (19) long; 

pharynx muscular, 29-49 X 16-23 (34 X 20) in size. Oesophagus solid, 89-158 

(121) long, consisting of 9 rectangular cells having distinct nuclei; bifurcates 

in front of acetabulum. Caeca with 8 cells each, terminating blindly near 

posterior end; measured 154-285 (180) in length. Genital primordia consist 



Fig. 13. Echinostome metacercaria 

a. Encysted metacercaria; b. Head collar showing spines 



Fig. 13. Echinostome metacercaria 

c. Excysted metacercaria 



Table 19. Measurements (pm) of echinostome metacercaria 

Character 

Encysted metacercaria 

Excysted metacercaria 

Collar width 

Oral sucker 

Acetabulum 

Distance between suckers 

Pre-pharynx 

Pharynx 

Oesophagus 

Caeca 

Range 

148-254 X 145-231 

315-462 X 112-146 

89-146 

24-54 X 33-46 

38-61 

147-223 

15-30 

29-49 X 16-23 

89-158 

154-285 

Mean 

195 X 170 

346 X 125 

108 

37 X 39 

49 

195 

19 

34 X 20 

121 

180 



of two groups of cells, one located in front of acetabulum and the other 

slightly behind it, both connected by a string of cells. Excretory bladder 'Y'- 

shaped, filled with numerous refringent granules; excretory pore terminal. 

Experimental attempts to develop adult flukes by feeding 

metacercarial cysts to Ardeola grayii, Blibulc~rs ibis, white rats and one-day- 

old domestic chicks were unsuccessful. 

Echinostome cercaria with 27 collar spines emerged from the snail 

Indoplanorbis extistus , and exposed to Esosnris barbahis and Horadandia 

a f-ukorali, developed into the present metacercaria. I. exzishis were collected 

from Kanhilari and Kuttimakkul in Kannur and Feroke in Kozhikode 

districts of Kerala. 

Cercaria (Fig. 13d; Table 20) 

Cercariae emerged during night and morning hours. Cercariae are 

negatively phototactic, swimming easily and rapidly through water while 

curving the body ventrally; performs leech-like movements on the bottom 

of the container. 

Body oval, spinose, with variable number of setae in anterior region; 

measured 316-409 X 154-277 (399 X 198) in size. Collar 66-115 (97) wide, 

with 27 spines, arranged as in metacercaria. Tail 254400 X 53-77 (363 X 60), 

narrowing at the tip. Oral sucker subterminal, round, 46-62 (57) in 

diameter. Acetabulum protrusible, post-equatorial, 46-62 X 69-92 (56 X 78). 

Distance between suckers 184-208 (197). Pre-pharynx 19-40 (30) long; pre- 

pharyngeal body conspicuous, consisting of two triangular refractile 

bodies. Pharynx muscular, 26-31 X 10-15 (30 X 13) in size. Oesophagus 115- 



Fig. 13 d. 27-spined echinostome Cercaria 



Table 20. Measurements (pm) of echinostome cercariae 

Character 

Body size 

Collar width 

Tail size 

Oral sucker 

Acetabulum 

Distance between suckers 

Pre-pharynx 

Pharynx 

Oesophagus 

Caeca 

Range 

316-409 X 154-277 

66 - 115 

254-400 X 53-77 

46-62 

46-62 X 69-92 

184 - 208 

19-40 

26-31 X 10-15 

115-162 

138-200 

Mean 

399 X 198 

97 

363 X 60 

57 

56 X 78 

197 

30 

30 X 13 

137 

163 



162 (137) long, solid, consisting of 9 rectangular cells with distinct nuclei. 

Caeca1 bifurcation anterior to acetabulun~. Caeca with 8 cells each, 138-200 

(163) long, reaching to the level of excretory bladder. Penetration glands 

three pairs, occur along oesophagus with gland ducts opening on dorsal lip 

of oral sucker. Genital primordia consist of two groups of cells, one located 

in front of acetabulum and the other slightly behind it. Cystogenous cells 

present throughout body, only a few in region of oral sucker and pharynx. 

These cells contained rod-shaped contents, arranged in parallel bundles. 

Excretory bladder 'Y'-shaped, at posterior end of body; main collecting 

tubes distended between acetabular and pharyngeal levels, each containing 

30-40 excretory concretions, 15 to 19 in size. Flame cells incospicuous, 

number not ascertained. 

Redia (Fig. 13e) 

Rediae developed in the digestive gland of the snail host. Body long, 

slender, brown, measured 1060-2099 X 230-296 (1731 x 282) in size. Mouth 

terminal; pharynx globular, muscular, 39-73 in diameter. Collar 200-241 

from anterior end. Birth pore dorsal and immediately posterior to collar. 

Gut elongated, extends to middle of body; 702-1357 X 31-128 (1091 X 65) in 

size. Rediae contained up to 20 cercariae in addition to numerous germ 

balls. 

Fish host : Esomus barbatus Jerdon 

Horadandia atukorali Deraniyagala 

Myshrs rnalabariais (Jerdon) 

Puntius parrah Day 



Fig. 13 e. 27-spined echinostome Redia 



Site of infection 

Locality 

Heteropnezistesfossilis (Bloch) 

Clrnnnn pzinctntzrs (Bloch) 

: Base of gill filaments and gill arches. 

: Kuttimakkul, Kanhilari and Karetta in 

Kannur district; Feroke and Puthukode 

in Kozhikode,and Meenangadi and Sultan 

Bathery in Wayanad districts of Kerala. 

Period of collection : June to September 1995, January to November 

1997. 

Prevalence of infection : 122 of 360 (33.89%) E. barbatus examined 

: 133 of 162 (82.1%) H. nhrkorali examined 

: 30 of 420 (7.14%) P. parrah examined 

: 3 of 10 (30%) M. malabariais examined 

: 2 of 38 (5.26%) H. fossilis examined 

: 3 of 22 (13.63%) C. punctaftis examined 

Intensity of infection : 5 to 38 

Snail host : Indoplanorbis exustus (Deshayes) 

Site of infection : Hepatopancreas 

Locality : Kanhilari and Kuttimakkul in Kamur,and 

Feroke in Kozhikode districts of Kerala. 

Prevalence of infection : 300 of 751 (39.94) snails examined. 

Remarks: 

The present metacercaria with 27 collar spines infects the gill 

filaments and gill arches of Esomus barba tus, Horadandia atukornli, Mystzis 

malnbariczls, Pz4ntizis pamlt ,  Heteropnezistes fossilis and Cllnnnn pzinctntns. The 



27-spined echinostome cercaria recovered from Indoplanorbis exz~stzrs during 

this investigation developed into the present metacercaria in E. harbntlrs and 

H. atz~korali. This cercaria agrees fully with Cercnria benveri reported by 

Peter (1955) from the same host in Bareilly and, therefore, both are 

identical. C. benveri was found encysting in the gill chambers of tadpoles. 

Nath (1973) reported a similar metacercaria with 27 collar spines from 

Chnnna pli?zctatzis and Rnnrz cynnoplzlyctis in Uttar Pradesh. Several 

echinostome species with 27 collar spines were reported from Indian birds 

and mammals. These belonged to the genera Pefnsiger Dietz, 1909; 

Pnnjphosto?nunz Dietz, 1909; Ezipnnjphiti~n Dietz, 1909, and Chaunocephnlzis 

Dietz, 1909 (Mehra, 1980; Srivastava, 1982). Experimental attempts to 

develop adult flukes by feeding infective metacercarial cysts to one-day-old 

chicks, white rats, Ardeola grayii and Bzibzilczis ibis, were unsuccessful. The 

present metacercaria may be expected to develop into a species belonging 

to one of these genera. 

Family: Echinostomatidae (Looss, 1902) Poche, 1926 

Genus: Echinochasmus Dietz, 1909 

Echinochasrnus megavitellus Lal, 1939 

Metacercaria 

Natural infections by this metacercaria were found in Labeo rolzita 

collected from Malampuzha in Palakkad district of Kerala, during 

November of 1996 and 1997. The prevalence of infection was 12.9% (8 of 62 

fishes). The intensity of infection varied from 8 to 13. Mixed infections 



with the present metacercaria and metacercariae of Ceiztrocestzis for~rlosnnzis 

and Diplosto~nlillinz sp. were found in L. rohitn. 

Description: 

Cysts small, round to oval, transparent with double-layered wall; 

measured 121-201 X 100-185 (153 X 130). The larva remains folded inside 

the cyst wall (Fig. 14a; Table 21). 

Excysted metacercaria (Fig. 14b; Table 21) 

Body elongate-oval, spinose with prominent collar at anterior end; 

measured 385-539 X 100-169 (471 X 122) in size. Collar reniform, beset with 

a dorsally interrupted single row of 24 collar spines. Oral sucker 

subterminal, ovoid, 30-54 X 21-46 (41 x 30) in size. Acetabulum equatorial, 

larger than oral sucker; measured 38-73 X 30-61 (53 X 38) in size. Pre- 

pharynx 23-38 (32) long; pharynx muscular, oval, 38-58 X 16-31 (46 X 23) in 

dimensions. Oesophagus long, measured 80-140 (129), bifurcating 

immediately anterior to acetabulum into two, long, narrow caeca 

terminating near posterior end of body. Caeca measured 154-231 (195) in 

length. Excretory bladder 'Yt-shaped, with the cornua extending to the 

level of pharynx. Excretory pore terminal. 

Adult 

Natural infections by adult flukes were found in the pond heron, 

Ardeolrz grrzyii collected from Kadakkattupara in Malappuram district. 

Experimental infection was successfully established in one-day-old chicks 

fed with infective metacercariae. 



Fig. 14. Eclzinochnslnl4s rnegnvitellris Lal, 1939 

a. Encysted metacercaria; b. Excysted metacercaria 



Table 21. Measurements (pm) of metacercariae of Echinochasmus 
megavifellus Lal, 1939 

Character 

Encysted metacercaria 

Excysted metacercaria 

Oral sucker 

Acetabulum 

Pre-pharynx 

Pharynx 

Oesophagus 

Caeca 

Range 

121-201 X 100-185 

385-539 X 100-169 

30-54 X 2146 

38-73 X 30-61 

23 - 38 

38-58 X 16-31 

80 - 140 

154-231 

Mean 

153 X 130 

471 X 122 

41 X 30 

53 X 38 

32 

46 X 23 

129 

195 



Flukes recovered 2 days after exposure were identical to excysted 

metacercariae except that they showed slight increase in body size and their 

reproductive structures were in an advanced stage of development. 

Flukes recovered 7-days post-feeding were very much similar to that 

collected from natural infections of A. grayii. 

Description of mature adult (Fig. 14c; Table 22) 

Body elongate, spinose, 1586-1803 X 343-546 (1682 X 473) in size. 

Collar well developed, kidney-shaped, armed with dorsally interrupted 

single row of 24 spines (Fig. 14d). Oral sucker subterminal, 62-94 X 62-109 

(73 X 75) in size. Acetabulum slightly pre-equatorial, measured 202-281 x 

187-280 (237 x 235) in size. Pre-pharynx very short; pharynx elliptical, 

muscular, measured 93-117 x 78-125 (95 X 83). Oesophagus 78-148 (108) 

long, bifurcating immediately anterior to acetabulum into long, narrow 

caeca terminating near posterior end of body; caeca 795 - 1498 (1443) long. 

Testes intercaecal, tandem, post-equatorial. Anterior testis transversely 

oval, 109-218 x 171-389 (146 X 329) in size; posterior testis slightly larger 

than anterior one; measured 140-343 x 179-388 (213 X 361). Cirrus sac large, 

thick walled, pre-acetabular, slightly curved antero-medially, encloses a 

bipartite seminal vesicle and a short cirrus; measured 49-234 X 46-124 (153 x 

94) in size. Ovary transversely oval, pre-testicular, 78-125 X 85-156 (102 X 

132) in dimensions. Uterine coils short, pre-testicular containing 1-30 eggs. 

Vitelline follicles numerous commencing from posterior margin of 

acetabulum, extend along lateral fields to posterior end of body, filling 

post-testicular space. Eggs oval, operculated, measured 66-78 X 42-46 (70 x 

44) (Fig. 14e). 



Fig. 14. Echinoclzas?nzis megavitellus Lal, 1939 

c. Adult; d. Head collar showing spines; e. Eggs 



Table 22. Measurements (pm) of adults of Echinochasrnus 
megavitellus Lal, 1939 

Character 

Body size 

Oral sucker 

Acetabulum 

Pharynx 

Oesophagus 

Caeca 

Anterior testis 

Posterior testis 

Cirrus sac 

Ovary 

Egg 

Range 

1586-1803 X 343-546 

62-94 X 62-109 

202-281 X 187-280 

93-117 X 78-125 

78-148 

795-1498 

109-218 X 171-389 

140-343 X 179-388 

49-234 X 46-124 

78-125 X 85-156 

66-78 X 42-46 

Mean 

1682x473 

73 X 75 

237x235 

95 X 83 

108 

1443 

146 X 329 

213 X 361 

153 X 94 

102 X 132 

70x 44 



Fish host 

Site of infection 

Locality 

Period of collection 

Prevalence of infection 

Intensity of infection 

Natural definitive host 

Site of infection 

Locality 

Experimental host 

: Lnbeo rolzita (Hamilton) 

: Gills 

: Malampuzha in Palakkad district of Kerala 

: November of 1996 and 1997. 

: 8 of 62 (12.9%) fishes examined 

: 8 to13 

: Ardeolngrnyii (Sykes) 

: Intestine 

: Kadakkattupara in Malappuram district of 

Kerala. 

: One-day-old chicks. 

Remarks: 

The present fluke recovered from the intestine of Ardeola grayii has (1) 

dorsally interrupted, single row of 24 collar spines, (2) caeca reaching to 

posterior extremity, (3) post-equatorial tandemly placed testes and (4) pre- 

acetabular cirrus sac. Based on these characters, the present fluke 

resembles the genus Echinochasrnus Dietz, 1909 of the family 

Echinostomatidae Poche, 1925. As far as is known,only 10 species of this 

genus have been reported from India. Of these, only 5 species have 24 

collar spines which are dorsally interrupted. These are E. bagzilai Verma, 

1935; E. rrificapensis Verma, 1935; E. narayani Mudaliar, 1938; E. megavi fellns 

Lal, 1939, and E. nntigonzis Gupta, 1953. Among these, E.bngulai has collar 

spines arranged in alternate rows, where as in the remaining 4 species the 

spines are arranged in single row. The present fluke also has single row of 

spines and, therefore, deserves comparison with the four species. A 



comparative study of characters revealed that it is identical to E. 

megnvitellzls described by La1 (1939) from Ardeoln grilyii in Lucknow, in the 

ratio of suckers,and in having inwardly curved caeca1 ends and bipartite 

seminal vesicle. A variety of fishes are known to act as second intermediate 

hosts of the different species of Eclzinocl~ns~nzis (Nath and Pande, 1970a; 

Madhavi, 1980; Dhanumkumari et al., 1991). Neither the cercaria nor the 

metacercaria of E. rnegavitellzis have so far been reported. The present 

metacercariaerecovered from Labeo rolzita developed into the adults of E. 

rnegavitellzis in Ardeoln grayii and one-day-old chicks. Therefore, it forms the 

first report of Eclzinoclzas~nzis nzegnvitellzis metacercaria. Finding of adult 

fluke in A. gmyii at Kadakkattupara of Malappuran~ district represents the 

first record of E. ~rzegnvifellus from Kerala. 

Family: Renicolidae Dollfus, 1939 

Renicolid metacercaria 

Twenty of 295 (6.78%) Dnnio aequipinnatus, collected from Kanhangad 

in Kasargod, Nirmalagiri and Kanhilari in Kannur and Noolpuzha in 

Wayanad districts of Kerala during May 1996, September-November 1997 

and February 1998, were positive for this metacercaria. Eight of 122 (6.56%) 

Plintius rnelanampyx rnelanampyx, collected from Kanhangad and 

Nirmalagiri, during May 1996 and November 1997, were also positive for 

this infection. The intensity of infection varied from 12 to 29. 



Description: 

Cysts elliptical, translucent, measured 423456 X 154-187 (434 X 172), 

provided with elastic cyst wall. The larva remains folded inside the cyst 

wall (Fig. 15a, Table 23). 

Excysted metacercaria (Fig. 15b; Table 23) 

Body elongate-oval, spinose, measured 462-686 X 161-235 (577 X 208) 

in size. Oral sucker subterminal, 72-78 (74) in diameter. Acetabulum post- 

equatorial, 46-72 X 52-70 (52 X 61) in size. Distance between suckers 223-274 

(226). Pre-pharynx absent; pharynx globular, muscular, measured 23-63 X 

32-46 (45 X 38). Oesophagus absent. Caeca 435-599 (439) long. Excretory 

bladder 'Y'-shaped, with a long stem, which bifurcates just below the level 

of acetabulum into two long arms reaching near oral sucker. The bladder 

gives off lateral branches. 

Fish host 

Site of infection 

Locality 

: Danio nequipinnatus McClelland 

Pun tius rnelanarnpyx rnelana~npyx (Day) 

: Liver 

: Kanhangad in Kasargod, Nirmalagiri and 

Kanhilari in Kamur, and Noolpuzha in 

Wayanad districts of Kerala 

Period of collection : May 1996, September-November 1997, 

February 1998. 

Prevalence of infection : 20 of 295 (6.78%) D. nequipinnatris examined 

8 of 122 (6.56%) P. rnelanarnpyx nzelnnnmpyx 

examined 

Intensity of infection : 12 to 29. 



Fig. 15. Renicolid metacercaria 

a. Encysted metacercaria; b. Excysted metacercaria 



Table 23. Measurements (pm) of renicolid metacercariae 

Character 

Encysted metacercaria 

Excysted metacercaria 

Oral sucker 

Acetabulum 

Distance between suckers 

Pharynx 

Caeca 

Range 

423456 X 154-187 

462-686 X 161-235 

72-78 

46-72 X 52-70 

223-274 

23-63 X 32-46 

435-599 

Mean 

434 X 172 

577 X 208 

74 

52 X 61 

226 

45 X 38 

439 



Remarks: 

The present metacercaria recovered from the liver of Dn~zio 

rzequipitzrzatrrs and Printilrs melann~npyx ~nelananzpyx is comparable to the 

metacercariae assigned to the family Renicolidae Dollfus, 1939, in having 

spined tegument, and 'Y'-shaped excretory bladder with lateral branches. 

Madhavi (1980) reported similar metacercariae from Aplocl~eill~s melastignln. 

As far as is known, neither the cercariae nor the adults of renicolid 

metacercariae have been reported from India. Further studies are required 

to reveal the identity of the metacercaria. It is, therefore, tentatively 

reported here as a renicolid metacercaria. 

Family: Plagiorchiidae (Liihe, 1901) Ward, 1917 

Genus: Encyclometra Baylis and Cannon, 1924 

Encyclometra colubrimurorum (Rudolphi, 1819) Dollfus,1929 

This metacercaria was recovered from 11 Channa orientnlis, collected 

from Sultan Bathery in Wayanad district, during May 1997 and February 

1998. The prevalence of infection was 26.19% in a total of 42 specimens 

examined. The intensity of infection varied from 3 to 9. Mixed infections 

with the adult of Genarchopsis goppo, metacercariae of Et~clinosto~nzitn 

heterostomum, Encyclometra colubrimurorum and Centrocestrls fonnosanus 

were frequently observed in C. orientalis. 



Description: 

Cysts oval to round with thin, transparent wall; measured 1450-1638 

X 1420-1685 (1552 X 1482). The larva remains curled up inside the cyst wall 

(Fig. 16a; Table 24). 

Excysted metacercaria (Fig. 16b; Table 24): 

Body fusiform, aspinose, 2560-3610 X 768-1129 (2975 X 947) in size. 

Oral sucker oval, subterminal, 320435 X 307-486 (389 X 386) in size. 

Acetabulum pre-equatorial, oval to round, larger than oral sucker, and 

measuring 332-563 X 384-538 (452 X 439)in size . Distance between suckers 

500- 635 (582). Mouth subterminal; pre-pharynx 27-54 (40) long; pharynx 

oval to round, muscular, measuring 115-256 X 128-256 (174 X 205) in size. 

Oesophagus very short. Caeca long, asymmetrical, extend almost up to 

posterior end of body. Left caecum 1869-2726 (2273) long; right caecum 

1702-2368 (2002) long. Testes well developed, oval, tandem, in the 

posterior half of body. Anterior testis, measured 102-205 X 89 - 128 (154 X 

112); posterior testis 102 - 205 X 89 - 128 (154 X 118). Distance between testes 

166-240 (198). Cirrus sac crescentic, immediately above anterior border of 

acetabulum, and measured 287-384 X 89-141 (349 X 119). It contained coiled 

seminal vesicle which leads into pars prostatica and protrusible cirrus. 

Genital pore opens close to the anterior part of left caecum. Ovary small, 

oval, median, just behind acetabulum and measured 70-90 X 70-76 (74 X 72) 

in size. Excretory bladder large, saccular, filled with concretions; extending 

from posterior end to just below acetabulum; measured 1331-1868 X 250 - 

439 (1600 X 378). Excretory pore terminal. 



Fig. 16. En yclotrretra col~rbri~~rzrronrm (Rudolphi, 1819) Dollfus, 1929 

a. Encysted metacercaria; b. Excysted metacercaria 



Table 24. Measurements (pm) of metacercariae of Encyclornetra 
colubrimurorum (Rudolphi, 1819) Dollfus, 1929 

Character 

Encysted metacercaria 

Excysted metacercaria 

Oral sucker 

Acetabulum 

Distance between suckers 

Pre-pharynx 

Pharynx 

Left caecum 

Right caecum 

Anterior testis 

Posterior testis 

Distance between testes 

Cirrus sac 

Ovary 

Excretory bladder 

Range 

1450-1638 X 1420-1685 

2560-3610 X 768-1129 

320435 X 307486 

332-563 X 384-538 

500-635 

27-54 

115-256 X 128-256 

1869-2726 

1702-2368 

102-205 X 89-128 

102-205 X 89-128 

166-240 

287-384 X 89-141 

70-90 X 70-76 

1331-1868 X 250-439 

Mean 

1552 X 1482 

2975 X 947 

389x386 

452 X 439 

582 

40 

174 x205 

2273 

2002 

154 X 112 

154 X 118 

198 

349 X 119 

74 X 72 

1600 X 378 



Fish host : CIznnnn orien tnlis (Schneider) 

Site of infection : Muscles 

Locality : Sultan Bathery in Wayanad district of Kerala. 

Period of collection : May 1997 and February 1998. 

Prevalence of infection : 11 of 42 (26.19%) fishes examined 

Intensity of infection : 3 to 9 

Remarks: 

The present metacercaria recovered from the muscles of Clzn~znn 

orientalis has asymmetrical caeca, sac-like excretory bladder, tandemly 

placed testes and crescentic cirrus sac situated above the anterior border of 

acetabulum. Based on these characters, the present form is included under 

the genus Encyclometra Baylis and Cannon, 1924 of the family 

Plagiorchiidae (Liihe, 1901) Ward, 1917. As far as is known, only 3 species 

of the genus Encyclo~netrn have been reported: E. colzibrimzironim (Rudolphi, 

1819) Dollfus, 1929; E. asymmetricn Wallace, 1936, and E. blingara Srivastava 

and Ghosh, 1968. Adults of all the three species have been reported from 

India (Mehra 1931; Bhalerao, 1926, 1936; Gupta, 1954; Srivastava and 

Ghosh, 1968; Dwivedi and Chauhan, 1970). The life-cycle of the genus has 

not so far been worked out. Metacercariae of E. collibri~rruroru~n and 

E. asymmetrica have been reported by Yamaguti (1936) and Chiang (1951) 

respectively; there is no report of Encyclometrn metacercaria from India. 

The present metacercaria shows close resemblance to the metacercaria of E. 

colubri~nurorri~n in most respects and is, therefore, tentatively reported here 

as E. colubrimurorurn metacercaria. Recovery of this metacercaria from C. 



orieiztalis forms the first record of an Enajclot?zetrn sp. metacercaria from 

India. 

Family: Heterophyidae Odhner, 1914 

Genus: Centrocestus Looss, 1899 

Cmztrocestus formosanus (Nishigori, 1924) Price, 1932 

Metacercariae of Centrocestzis for~nosnnzis were recovered from 13 

species of fish hosts collected from various localities in Kerala. The number 

of each host species examined, their locality of collection, and prevalence 

and intensity of infection by the metacercaria are summarised in Table 25. 

Chnnnn orientalis frequently carried mixed infections with the metacercariae 

of C. fortnosanus, Encz~clornetrn cobibrimzirorzim and Ezicli~zostomzim 

heterostornum, and the adult of Genarchopsis goppo. Mixed infections with 

the metacercariae of Diplostornzilunz sp., Echinochasmus rnegavitellzis and 

C. formosanzis were observed in Labeo rohita. The metacercariae of 

Hnplorclzoides ~nehrai and of C. formosanzis were frequently found in Puntilis 

melanarnpyx rnelanampyx, P. parmh, P. sophore, Mystus rnalabaricris and 

Heteropnezistes fossilis. P. parralz was found infected by the metacercariae of 

27- spined echinostome and C. formosanus, and Danio aeqziipinnatzis by 

Tetracotyle metacercaria sp. I and the present metacercaria. The 

metacercariae of C. forrnosanzis and Acanthostomzim brirrninis were frequently 

found in P. parrah and Channa orientalis. 



Table 25. List of host species examined, their locality of collection and prevalence, and intensity of infection by 
metacercariae of Centrocestus fornosanus (Nishigori, 1924) Price, 1932 

I Name of fish No. of fishes Prevalence Intensity of Locality 

---- -------- ---- of infection infection 
Examined Infected 

(1) (2) (3) (4) (5) 
Danio aequipinnatus 295 30 10.17 10 to 16 
McClelland 

D. spinosus Day 15 3 20.00 2 to 3 

Pun tius melanarnpyx 
melanarnpyx (Day) 

P. pawah Day 420 302 71.90 11 to 38 

P. sophore (Hamilton) 60 15 25.00 2 to 6 
Labeo rohita (Hamilton) 62 24 38.71 9 to 24 
Myshcs malaharicus (Jerdon) 10 4 40.00 5 to 11 

(6) 
Karetta and Kanhilari in Kannur district; 
Nedungottumedu in Malappuram district 
Karetta in Kannur district; Calicut University 
Campus in Malappuram district 
Kanhangad in Kasargod district; Nirmalagiri, 
Kuttimakkul and Karetta in Kannur district; 
Thamarassery, Kundayithode and 
Puthukode in Kozhikode district; 
Nedungottumedu, Kadakkattupara and 
Calicut University Campus in Malappuram 
district 
Kuttimakkul and Karetta in Kannur district; 
Feroke, Puthukode and Ramanattukara in 
Kozhikode district; Pakkam, Vythiri, 
Meenangadi and Sultan Bathery in Wayanad 
district; Nedungottumedu and Thalapara in 
Malappuram district 
Thalapara in Malappuram district 
Malampuzha in Palakkad district 
Kuttimakkul and Karetta in Kannur district; 
Nedungottumedu in Malappuram district ---- ---- ----- ---- ---- 



(1) (2) (3) (4) (5) (6) 
Heteropneustes fossilis (Bloch) 38 14 36.84 8 to 19 Kanhangad in Kasargod district; 

Kuttimakkul and Karetta in Kannur district; 
Thamarassery in Kozhikode and 
Nedungottumedu in Malappuram districts 

Aplocheilus panchax 
(Hamilton) 

120 62 51.67 4 to 14 Kuttimakkul and Karetta in Kannur district, 
Puthukode, Nallur, Feroke Ramanattukara, 
Devagiri and Kundayithode in Kozhikode 
district; Vythiri and Sultan Bathery in 
Way anad district 

Channa orientalis (Schneider) 42 36 85.71 8 to 39 Feroke and Puthukode in Kozhikode district; 
Nedungottumedu in Malappuram; Sultan 
Bathery in Wayanad district 

C. punctatus Bloch 22 18 81.82 6 to 21 Kanhilari and Kuttimakkul in Kannur h 

district; Feroke and Puthukode in Kozhikode 
district; Sulttan Bathery in Wayanad district; 
Nedungottumedu in Malappuram district 

Etroplus rnaculatus (Bloch) 25 4 16.00 2 to 6 Kuttimakkul in Kannur district; 
Ramanattukara and Kundayithode in 
Kozhikode district 

Macropodus cupanus 301 49 16.28 4 to 11 Kuttimakkul, Kanhilari and Karetta in 
Valenciennes Kannur district; Kundayithode, Feroke, 

Ramanattukara, Nallur and Devagiri in 
Kozhikode district; Nedungottumedu and 
Thalapara in Malappuram district 



Description: 

Cysts oval or ellipsoidal, transparent, found attached to gill filaments 

in close association with blood vessels; measured 154-252 X 105 -165 (188 X 

143) in size. Cyst wall double-layered. The larva remains curled up inside 

the cyst wall (Fig. 17a; Table 26). 

Excysted metacercaria (Fig. 17c; Table 26): 

Body elongate, flask-shaped, spinose, measured 200401 X 106-172 

(273 X 130). Body spines larger, prominent and densely distributed in the 

anterior half of body, becoming progressively smaller and sparse toward 

posterior end. Oral sucker funnel-shaped, terminal, 30-58 X 36-53 (47 X 48), 

provided with 34 circum-oral spines arranged in two alternating rows 

(Fig. 17b). Spines in the inner row measured 10-16 (14) in length, that in the 

outer row measured 8-13(11). Acetabulum post-equatorial, measured 33-43 

X 33-46 (38 X 43). Pre-pharynx short, 19-28 (25) in length. Pharynx 

muscular, 33-48 x 15-33 (42 X 29) in size. Oesophagus short. Caeca long, 

measured 73-131 (96) in length, terminate just in front of excretory bladder; 

filled with disc-shaped, colourless bodies. Testes round to oval, situated 

symmetrically at posterior end of body, enclosed by arms of 'X1-shaped 

excretory bladder. Right testis measured 26-36 X 36-46 (31 X 44); left testis 

29-40 X 38-54 (35 X 46). Ovary oval, lies just in front of the right arm of 

excretory bladder, and measured 23-31 x 33-38 (26 X 32) in dimensions. 

Excretory bladder 'X'-shaped, lies in between testes; filled with excretory 

concretions. 



Fig. 17. Cen f roceshis fom~osanus (Nishigori, 1924) Price, 1932 

a. Encysted metacercaria; b. Circum-oral spines 



Fig. 17. Centroceslris formosantts (Nishigori, 1924) Price, 1932 

c. Excysted metacercaria 



Table 26. Measurements (pm) of metacercariae of Centrocestus 
formosanus (Nishigori, 1924) Price, 1932 

Character 

Encysted metacercaria 

Excysted metacercaria 

Oral sucker 

Acetabulum 

Pre-pharynx 

Pharynx 

Caeca 

Right testis 

Left testis 

Ovary 

Range 

154-252 X 105-1 65 

200-401 X 106-172 

30-58 X 36-53 

33-43 X 3346 

19-28 

33-48 X 15-33 

73-131 

26-36 X 36-46 

29 - 40 X 38-54 

23-31 X 33-38 

Mean 

188 x143 

273 X 130 

47 X 48 

38 X 43 

25 

42 X 29 

96 

31 X 44 

35 X 46 

26 X 32 



Life-Cycle: 

A search for the adult of this species in a few birds of the locality 

revealed that Ardeola grrryii was infected by the adult of C. for~nosa?zris. 

Large number of flukes were recovered from anterior part of small intestine 

of the bird. In one instance as many as 189 flukes were recovered from a 

single bird. The link between the metacercaria and the adult has been 

successfully established by feeding infection-free A. grayii or one-day-old 

chicks with the infective metacercariae. Several egg-bearing adults were 

obtained after 5 days of infection. Attempts made to recover the cercaria of 

this fluke in the snails of the present locality were futile. A brief description 

of the adult is given below (Fig. 17d; Table 27). 

Body elongate to oval, spinose; spines densely distributed at anterior 

half of body; measured 416-579 X 207-257 (479 X 235). Oral sucker terminal, 

56-77 X 59-66 (61 X 64), with two alternating rows of 34 circum-oral spines; 

inner spines long, and outer spines short. Acetabulum measured 44-62 X 

46-66 (50 X 58) in size. Distance between suckers 210-264 (248). Pre- 

pharynx long, measured 30-32 (31); pharynx globular, 46-62 (53) in 

diameter. Oesophagus short, bifurcating about one-third of body length 

from anterior end; caeca 190-240 (220) in length, reaching in front of ovary. 

Testes oval, smooth, symmetrical, on either side of excretory bladder. 

Right testis measured 46-53 X 77-94 (49 X 86), and left testis 46-54 X 84-93 (49 

X 88) in size. Seminal vesicle large, sac-like, opens in front of acetabulum. 

Ovary transversely oval, 46-69 X 43-63 (56 X 51) in size, with smooth 

margins, in front of right testis. Seminal receptacle well developed, median, 

pre-testicular, measured 46-55 X 25-30 (47 X 29). 



Fig. 17. Cen trocesttts fonnosnntis (Nishigori, 1924) Price, 1932 

d. Adult; e. Eggs 



Table 27. Measurements (pm) of adults of Centrocestus fonnosanus 
(Nishigori, 1924) Price, 1932 

Character 

Body size 

Oral sucker 

Acetabulum 

Distance between suckers 

Pre-pharynx 

Pharynx 

Caeca 

Right testis 

Left testis 

Ovary 
Seminal receptacle 

Egg 

Range 

416-579 X 207-257 

56-77 X 59-66 

44-62 X 46-66 

210-264 

30-32 

46-62 

190-240 

46-53 X 77-94 

46-54 X 84-93 

46-69 X 43-63 

46-55 X 25-30 

36-40 X 18-20 

Mean 

479 X 235 

61 X 64 

50 X 58 

248 

31 

53 

220 

49 X 86 

49 X 88 

56 X 51 

47 X 29 

38 X 19 



Vitellaria consist of round to oval follicles, extending along lateral 

body margins from pharyngeal level to post-testicular space and tend to 

meet at the caeca1 bifurcation. Uterus thin-walled, occupying the space 

between acetabulum and testes. Eggs oval, yellowish brown, operculate, 

36-40 X 18-20 (38 X 19) in size (Fig. 17e). Number of eggs varied from 18-42. 

Excretory bladder 'X'-shaped, lies between testes. 

Fish hosts, locality/ and 
prevalence and intensity 
of infection 

Site of infection 

Period of collection 

Natural definitive host : 

Site of infection 

Experimental hosts 

Table 25 

Gill filaments 

March-December 1995; February-December 

1996; July-December 1997; February-April 

1998. 

Ardeola grayii (Sykes) 

Anterior part of small intestine 

One-day-old chicks and A. grayii 

Remarks: 

The characters of the present metacercaria and its adult suggest that 

this fluke belongs to the genus Centroceshs Looss, 1899. Of the 3 valid 

species of Centroceshls, only C. fbr~nosanris (Nishigori, 1924) Price, 1932 has 

been reported from India. A comparative study of characters of the present 

form with that of C. formosanus revealed that it undoubtedly belongs to C. 

formosanus. The life-history of this fluke from India was established by 

Dhanumkumari et al. (1993). Metacercariae of C. for?nosanris have 

previously been reported from the gills of several freshwater fishes in India. 

Nath and Pande (1970b) recorded it from Cirrllina rebe, Amblyplmn~ngodo~z 



rnoln, Lnbeo bnta and Pzrntizrs sp; Pande and Shukla (1972 ) from Esomrrs 

dn~zricz~s, P. soplzore, P. choln, P. ticto, Nnndzrs nandzrs, Osteobrn~~ze cotio, 

Xe?zentodoiz cancilln, Clznnrzn pzlnctntus, Notoptenis notopterus, Clleln lnlrbr~cn, 

Oxygaster phzrlo, 0. bacnila and Mastacembelzrs pzincrzlus, and Madhavi (1980) 

from Aplocl~ilzis panclznx and A. ~~lelnstigr~rn. Rekharani and Madhavi (1985) 

recovered the metacercariae from the gills of brackishwater fishes, Mzrgil 

ceplznlns, Lizn ~nncrolepis and Vnlamzrgil crinnesizrs. During the present 

investigation, 13 species of fishes were found infected by the metacercaria 

of C. for~nosnnus (Table 25). The adults were recovered from Ardeoln grayii. 

Recovery of the metacercaria from Danio neqzripinnatzls, D. spinoszrs, Pzrntizis 

~tlelana~npyx melanampyx, Labeo rohita, Mystns mnlabarhis, Heteropnez4stes 

fossilis, Clmanna orientalis, Etroplus maczilatzis and Macropodzrs czrpnnus from 

Kerala forms new host and geographical records for this species. 

Family : Acanthostomidae Poche, 1926 

Genus : Acanthostomum Looss, 1899 

Acanthostomum burminis (Bhalerao, 1926) Bhalerao, 1936 

Natural infections by the metacercaria were found in 9 species of fish 

hosts collected from various localities in Kerala during January-May and 

August-December 1995; March-November 1996; February-August and 

November-December 1997, and February 1998. The number of host species 

examined, their locality of collection and site, prevalence and intensity of 

metacercarial infection are summarised in the Table 28. Mixed infections 

by this metacercaria and the metacercaria of Centrocestzis forrnosanzts were 

frequently found in Pzrnfius parrall and Clzanna orientalis. Similarly a few 



Table 28. List of host species examined, their locality of collection, and site, prevalence, and intensity of infection by 
metacercariae of Acanthostomum burminis (Bhalerao, 1926) Bhalerao, 1936 

Name of fish 

No. of fishes 
---- ------- ---- 

Site of Examined Infected Prevalence Intensity of Locality 
infection of infection infection 

Rasbora daniconius (Hamilton) Fins 622 228 36.66 16 to 34 Kanhangad in Kasargod; 
Kuttimakkul, Kanhilari and 
Karetta in Kannur; Feroke, 
Puthukode and Ramanattukara 
in Kozhikode; Meenangadi and 
Sultan Bathery in Wayanad; 
Nedungottumedu, Calicut 
University Campus, 
Kadakkattupara and Thalapara 
in Malappuram districts of 
Kerala 

Puntius rnelanarnpys rnelanarnpyx Fins 122 41 33.61 18 to 28 Kanhangad in Kasargod; 

(Day) Kuttimakkul, Kanhilari and 
Karetta in Kannur; Puthukode 
in Kozhikode; Sultan Bathery in 
Wayanad; Nedungottumedu, 
Calicut University Campus and 
Kadakkattupara in 
Malappuram districts of Kerala 

--- ---- ---- ----W-- ------- -------- ---- ----- ---- -- 



P. pawah Day Fins 420 193 45.95 18 to 36 Kuttimakkul and Karetta in 
Kannur; Feroke, Puthukode 
and Ramanattukara in 
Kozhikode; Pakkam, Vythiri, 
Meenangadi and Sultan 
Batl~ery in Wayanad, and 
Nedungottumedu and 
Thalayara in Malappuram 
districts of Kerala 

Gawa mullya (Sykes) Fins 

Mysttls malabaricus (Jerdon) Fins 

1 11.11 18 to 21 Nedungottumedu in 
Malappuram district of Kerala 

2 20.00 16 to 23 Kuttimakkul and Karetta in 
Kannur; Puthukode in 
Kozhikode, and 
Nedungottumedu in 
Malappuram districts of Kerala 

M. ocula ttls (Valenciennes) Fins 31 13 41.94 16 to 24 Thenhipalam in Malappuram 
district of Kerala 

Heteropneustes fossilis (Bloch) Fins 38 11 28.95 18 to 25 Kanhangad in Kasargod; 
Kuttin~akkul and Karetta in 
Kannur, and Nedungottumedu 
in Malappuram districts of 
Kerala 

_--- --_-  ----W ---- ----- ------- ------- ------_ -W- - -_ - -  -------- -_--  ----_ ---- - 



Channa orientalis (Schneider) Fins 42 20 47.62 20 to 33 Feroke and Ramanattukara in 
Kozhikode; Sultan Bathery in 
Wayanad, and 
Nedungottumedu in 
Malappuram districts of Kerala 

Etroplus maculatus (Bloch) Fins 25 9 36.00 17 to 25 Kuttimakkul in Kannur, and 
Ramanattukara in Kozhikode 
districts of Kerala 



specimens of P. prrnlz, P. ?lielnnnrrrpyx melannmpyx and R. danico~ziz~s were 

found simultaneously infected by the n~etacercariae of A. hzirrlzinis and 

Hnplorclroides nzehrni. The life-cycle of Acnn tlzos fn~ l z z r  112 hzir~rlinis has already 

been worked out and published (Acta Parasitologica, 1998, 43(4), 189-193). 

A copy of the publication is included under Appendix I. 



D I S C U S S I O N  

Digenetic trematodes infecting freshwater fishes of Kerala have not 

been the subject of any extensive investigation. The present investigation 

has been undertaken with a view to studying the systematics and biology of 

digenetic trematodes infecting some freshwater fishes in Malabar. This 

study is sigruficant in view of its scientific and economic importance. Fish 

forms the best and easily available source of protein in the diet of Keralites 

and, therefore, information on fish parasites has economic importance. The 

results reported here have bearing on the control strategies of digenean 

infections in fish. 

Thirty species of freshwater fishes representing 20 genera, collected 

from various water bodies in Malabar, were examined for their digenean 

fauna during the course of this investigation. Of these, 22 species were 

found infected by 5 species of adult trematodes and 14 species of 

metacercariae. The 5 species of adults have been recovered from 4 species 

of fishes. These are, Transversotrerna patialense (Soparker, 1924) Crusz and 

Sathananthan, 1960 from beneath the scales of Rasbora daniconius; Caballeroia 

bhavani (Achan, 1956) Devraj, 1972, and Neopodocotyle dayali Pandey, 1973 

from the intestine of P. sarana sarana; Haplorchoides rnehrai Pande and 

Shukla, 1976 from the intestine of Mystris malabaricus, and Genarchopsis 

goppo Ozaki, 1925 from the stomach of Channa orientalis. 

The 14 species of metacercariae have been recovered from 21 fish 

species. These include Tetracotyle sp.1 from the muscles near vertebral 



column of Danio nequipinnahrs; Tetrncotyle sp. I1 from the mesentry of 

visceral organs of Etroplzrs szrrntensis; Diplosfotnzrll~m sp. from the muscles of 

Lnbeo rohitrz; Nenscus sp. I from the liver of Xenentodon cnncila and Aplocheilzrs 

pnnclznx; Netlsclis sp. I1 from the liver of Macropodlrs czrpnnrrs; Diplosfomzlm 

ketzipnnense Vidyarthi, 1937 from the muscles of Rnsborn dn~ziconizis; 

Ezrclinosto~urzr~~r Izeterostot~zum (Rudolphi, 1809) Travassos, 1928 from the 

muscles of Chnnnn orientalis and Etroplzrs mnculntlis; an echinostome 

metacercaria from the base of gill filaments and gill arches of Esornzrs 

barbatus, Horadandia atzrkorali, Pzintizrs pnrrnlz, Mystus mnlnbnriczrs, 

Heteropnerrsfes fossilis and Clznnnn ptrnctnt-I4s; Echinoclznsmlls ?negavitellzrs Lal, 

1939 from the gills of L. rohitn; a renicolid metacercaria from the liver of D. 

aequipinnatus and Pzlntirrs lnelanalnpyx melanampyx; Encyclo~uzetm 

colubrimurorum (Rudolphi, 1819) Dollfus, 1929 from the muscles of C. 

orientalis; Centroceshrsfbmosanus (Nishigori, 1924) Price, 1932 from the gill 

filaments of 13 species of fishes (Table 25); Haplorchoides mehrai Pande and 

Shukla, 1976 from different sites of 11 fish species (Table 6), and 

Acanthostolnu~n burminis (Bhalerao 1926) Bhalerao, 1936 from the fins of 9 

species of fishes (Table 28). 

The following are new host records for adult digeneans: 

Transversotrema patialense in Rasbora daniconius; Caballeroia bhavnni in 

Puntius snrana sarana; Haplorchoides mehrai in Myst-Irs malabariars, and 

Genarcbpsis goppo in Chnna  orientalis. 

The following are new host records for metacercariae: Diplostornzr~n 

ketupanense in Rasbora daniconius; Euclinosto~rzum heterostomzr~~r in Etropllrs 

maarlntus; Cenfroceshrs for~nosanus in Dnnio aequipinnahrs, D. spinoszrs, 

Puntizrs melanampyx melanampyx, Lnbeo rohita, Mystzrs tnnlnbnriais, 



Heteropnez~stes fossilis, C. orienfalis, E. macz~latus and Macropodus cupanus, 

and Hnplorckoides mekrai in Eso~nzts barbatus, Horadandin ntz~korali, R. 

daniconius, P.filamentosus, Mystzis ~cz~lafz~s and H. fossilis. 

The metacercariae of Eizcyclo~netm colz~bri~nuroninr and Echi~zoclznsmz~s 

~lregnvitellzls are reported for the first time from India, and the adults of C. 

blzava~zi, N. dayali and G. goppo and adults and metacercariae of H. ~rzelzrai, 

and metacercariae of Tetmcofyle sp.1, Tetracotyle sp.11, Diplosto7rrulzi11z, sp., 

Neascus sp.1, Neasczss sp.11, Diplostonrz~m kehlpa~zerzse, Eucli~zostontzr~n 

keterostotnum, renicolid species and Ce~ztrocesfzrs for~nosa~zzrs for the first time 

from Kerala. 

Discussions on the systematics and life-cycles of individual species of 

parasites have been made while describing them in the thesis. However, a 

general discussion on biology and certain aspects of host-parasite relations 

of digeneans recovered during the present investigation is presented here. 

The life-cycles of Diplosfomum kefupanense, Transuersotrema patialense, 

Haplorchoides mehrai and Acanfhstomum burminis have been successfully 

established in the laboratory. Their natural hosts have also been recovered. 

The life-cycle of D. k-etupanense, worked out during the present study 

forms the first report on an Indian Diplostornurn sp. The furcocercous 

cercariae liberated by the snail, Indoplanorbis exushls, encysted in the 

muscles of the fish, Rasbora daniconiz~s, and the metacercariae developed 

into adult flukes in the intestine of the pond heron, Ardeola grayii. Only the 

metacercariae and miracidia of D. k-etupanense have previously been 

reported (Ganapati and Rao, 1954; Abraham and Anantaraman, 1955; 

Ganapati and Rao, 1962). The present metacercariae are identical to those 



described already. Besides, 5 species of metacercariae have been described 

under the larval genus Diplosfomrilum (Kaw, 1950; Pandey et al., 1964; 

Thapar, 1967; Pandey, 1970). It is expected that discovery of the adults of 

these metacercariae will result in the loss of species status to some of these 

metacercariae. 

The transversotrematid cercaria, emerged from the snail, Thiara 

f-ziberailata,and exposed to Rasbora daniconius, developed into adult of T. 

patialense. Crusz et al. (1964) first experimentally demonstrated the life- 

cycle of T. patialense showing that Tlziara trrberarlafa is the snail host. 

Additional observations on life-cycle of this species were made by Rao and 

Ganapati (1967), and Murty and Rao (1968). The life-cycle revealed during 

the present investigation is identical with that reported by the above 

workers. Crusz ef al. (1964) preferred to call the stages recovered from 

fishes as 'mature metacercariae'. Rao and Ganapati (1967) opined that the 

cercariae attacked the fishes,and directly developed into adults without an 

intervening metacercarial stage. The present observation lends support to 

the view of Rao and Ganapati. 

The life-cycle of H. tnehrai was illustrated by Shameem and Madhavi 

(1988). It is very similar to that presented in the thesis except for the 

differences in the second intermediate and definitive hosts utilised. 

Information on life-cycles of the genus is available for two other species, H. 

cahirinus and H. vaclm, also (El-Naffar, 1980; Agrawal and Agrawal, 1981). 

The pattern of life-cycles shown by the two species is similar to that 

exhibited by the present species. Metacercariae of H. tnelzrai have 

previously been reported from several fishes (Pande and Shukla, 1976; 



Shameem and Madhavi, 1988). I could recover the metacercariae from 11 

species of freshwater fishes (Table 6), showing that H. inelzmi exhibits lack 

of specificity in the selection of second intermediate hosts. 

The life-cycle of Acnn tlrostoinzsrn bzsrrninis infecting the water snake, 

Xenoclzroplris piscator was established during the present study. The 

metacercariae have previously been reported from various freshwater 

fishes in India (Madhavi, 1980; Rekharani and Madhavi, 1985). A paper on 

the life-cycle was published by Roopa and Janardanan (1998). A copy of 

the paper is included under Appendix I. 

The cercarial stage of 27-spined echinostome metacercaria, and the 

adults of Echinochusmus megavitellus and Centrocestus formosnnus have been 

recovered and reported in the thesis. The link between 27-spined 

echinostome cercaria emerged from Indoplanorbis exushrs and the 27-spined 

echinostome metacercaria has been successfully established by 

experiments involving exposure of Esomus barbatus and Horadandia ahikorali 

to cercariae. Experimental attempts to develop its adults in one-day-old 

chicks, white rats, the pond heron, Ardeola grayii and the cattle egret, 

Bubulnrs ibis and to find the adult flukes in piscivorous birds of the locality 

were unsuccessful. Thus the adult stage is still not known. As adults could 

not be raised from the metacercariae, it is not possible to assign the present 

metacercaria to any genus. 

Natural infections by the metacercariae of E. megavifellzss were found 

in the gills of Labeo rohita. Experimental infections by adults were 

successfully established in one-day-old chicks fed with infective 

metacercariae. Natural infection by adult flukes was found in the intestine 



of A. gmyii. The life-cycle stages of E. megavitellus recovered during the 

present study resemble that reported for other species in the genus 

(Dhanumkumari et nl., 1991; Ditrich et al., 1996). The parasite possesses 

reniform collar with dorsally interrupted single row of 24 spines, inwardly 

curved caeca1 ends and bipartite seminal vesicle, and these characters make 

E. megnvitelllis distinct from other species in the genus. The genus 

Ec7zinoclzns1nns seems to have zoonotic significance in that, 2 of its species, 

E. jnponiczis Tanabe, 1926, and E. perfolintris (V. Ratz, 1908) Dietz, 1909, have 

been recorded from man (Sprent, 1967; Uchida, 1977; Lin et nl., 1981). Since 

the metacercariae of E. megnvitelllis develop on the gills of L. rohitrz there is 

every possibility of man contracting the infection by eating fish. 

The metacercariae of Centroceshisfinnosanus were recovered from 13 

species of freshwater fishes (Table 25). Natural infections by the adult 

flukes were observed in the intestine of A. grayii. The link between 

metacercariae and adults has been successfully established by feeding 

infection-free A. grayii and one-day-old chicks with infective metacercariae. 

The life-cycle stages illustrated in the thesis is in accordance with that given 

by earlier works (Nishigori, 192413; Chen, 1942, 1948; Zhang et al., 1985; 

Dhanumkumari et al., 1993). The metacercariae as well as adults obtained 

possess 34 circum-oral spines, and this character distinguishes Centroceshis 

fbrmosanus from other species in the genus. This species shows lack of 

specificity in the selection of second intermediate and definitive hosts 

under natural conditions (Nath and Pande, 1970 b; Nath, 1972a; Pande and 

Shukla, 19721 ; Nath 1974; Premvati and Pande, 1974; Madhavi, 1980; 

Rekharani and Madhavi, 1985). However, the metacercariae show site 



specificity in that they occur on gills of fishes. Because of the occurrence of 

this metacercaria on the gills of several food fishes, there is a potential 

danger of man getting infection by eating fish. Human cases of infection by 

this fluke were reported by Nishigori (1924a) in Formosa and Vasquez- 

Colet and Africa (1938, 1939, 1940) in Philippines. As far as is known, no 

cases of human infection have so far been reported from India. However, 

there is a need to control the metacercarial infection in fishes. 

The digenetic trematodes recovered during the course of present 

investigation, their hosts, sites and prevalence of infection are summarised 

in Table 29. An analysis of the data reveals that all the species of adult 

digeneans recovered and reported are species specific, each restricted to a 

specific fish host. The 14 species of metacercariae exhibited different levels 

of host specificity, ranging from narrow to wide. The metacercariae of 

Tetracofyle sp. I, Tetrncofyle sp. 11, Diplosto~nrilu~n sp., Nensms sp. 11, 

Diplostornum kefupanense, Echinochasmas megnvifellus and Encyclornefra 

colubrirnurorum are species specific, each having its own fish as host. The 

metacercariae of Neasais sp. I, renicolid species and Euclinosto~nzi~n 

lzeferostomum infected 2 species of fishes. The remaining metacercariae 

were found to be generalists, being adapted to infect a wide range of hosts. 

The echinostome metacercariae were found in 6 fish species, while the 

metacercariae of Acantlwstotnum burrninis, Hnplorc?zoides ~nehrni and 

Cenfrocestzis formosanus were found to infect 9, 11 and 13 fish species 

respectively. There are several examples in which one species of digenean 

is found infecting either a single host species or more than one species of 

host. This type of specificity has been previously reported by several 



workers (Nath and Pandey, 1970; Pande and Shukla, 1972; Madhavi, 1980; 

Rekharani and Madhavi, 1985; Dhanumkumari et al., 1993). Examples of 

one species of host getting infected by more than one digenean species are 

not rare. Such instances were reported by Skryabin (1947), Yan~aguti 

(1971), Mehra (1980), Srivastava (1982) and others. The factor(s) 

responsible for the different levels of host-specificity exhibited by 

digeneans recovered during the present shtdy are not understood. 

All the 22 infected fish species are not equally preferred by the 

digenetic trematodes. The most preferred host was Chnnnn orientnlis. 

Examination of 42 specimens from various localities revealed it to be a host 

for 5 species of digeneans including Gennrckopsis goppo, and metacercariae 

of Euclinosto~nzi~n lzeterosto~nti~~z, Encyclonretm colzibrirrzurorti1t1, Centrocestzis 

fonnosantis and Acantltostomzim btir~ninis. Of 42 C. orientnlis examined, only 3 

(7.14%) fish were found infection free. Next to this was 5 fish species 

infected by 4 digenean species each. Ptintizis parrall had 96.19%, 

P. ~nelanampyx ~nelanampyx 91.8%, Heteropneustes fossilis 81.57%, Mystzis 

~nnlabariczis 80% and Rasbora daniconius 74.91%. Three fish species, Lnbeo 

rohita (77.42%), Etroplus rnaculatus (76%) and Danio aeqziipinnatus (37.96%), 

were found infected by 3 digenean species each. There were 9 species of 

fishes which exhibited 'infection by 2 species of trematodes each. The 

percentage of infection in each case is, Ptintitis sarnna snrnna loo%, Cltnnnn 

pzinctahis 95.455, Horadnndia nhkornli 87.65%, Ptintitis sophore 86.66%, 

Aplocheilus pnncltnx 89.16%, Esolnzis bnrbahrs 72.22%, Mystzis oczilntzis 48.38%, 

Gnrrn ~rzzillya 33.33% and Macropodtis ctipnnzis 17.6%. Only 4 fish species 

carried infection by one digenean species each. Xenentodon cnnciln showed a 



prevalence of 94.2%, E troplzrs szrrnfensis 90.91 X, Pzrntizis filn~nentoszis 76.19% 

and Dnnio spinoszis 20%. Because of the variations in the number of 

individual host species examined, no justifiable explanation could be 

offered for this pattern of host preference. This is a profitable area for 

future investigations. 



Table 29. Summary of digenetic trematodes recovered, their fish hosts, sites and prevalence of infection 

No. of Fishes 
---- - - -W- - - -  ---- 

Parasite Host Site Examined Infected Prevalence 
(%l 

I 
(1) (2) (3) (4) (5) (6) 

ADULTS 
I 

Family : Transversotrematidae I Yamaguti, 1954 

Transversotrema patialense Rasbora daniconius (Hamilton) Beneath scales 622 8 1.29 
(Soparker,l924) Crusz and 
Sathananthan, l960 

Family : Paramphistomidae 
Fischoeder, 1901 

Cahalleroia bhavani (Achan,1956) Puntius sarana sarana (Hamilton) Intestine 
Devraj, 1972 

I Family: Opecoelidae Ozaki, 1925 

I Neopodocotyle dayali Pandey, 1973 P. sarana sarana Intestine 2 

Family: Heterophyidae 
Odhner, 1914 

Haplorchoides mehrai Pande and Mystus  rnalabaricus (Jerdon) Intestine 
Shukla, 1976 

I Family: Hemiuridae Liihe, 1901 

Cenarchopsis goppo Ozaki, 1925 Channa oricntalis (Schneider) Stomach 42 15 35.71 
---- ----- ---- ------- ---- ----m ---- ------ ---- -------- -------- ------- ---- 



METACERCARIAE 

Family: Strigeidae Railliet, 1919 

Tetracotyle sp.1 

Tetracotyle sp.11 

Danio aequipinnatus McClelland Muscles near 295 70 23.73 
vertebral column 

E troplus suratensis (Bloch) Mesentery of 22 20 90.91 
visceral organs 

Diplostomulum sp. Labeo rohita (Hamilton) Muscles 62 41 66.13 

Neascus sp.1 Xenentodon cancila Hamilton Liver 69 65 94.20 

Aplocheilus panchax (Hamilton) Liver 120 45 37.50 

Neascus sp.11 

Family: Diplostomidae 
Poirier, 1886 

Macropodus cupanus 
Valenciennes 

Liver 

Diplostomum ketupanense Rasbora daniconius (Hamilton) Muscles 
Vidyarthi, 1937 

Family: Clinostomatidae 
Liihe, 1901 

Euclinostomum heterostomum Channa orientalis (Schneider) . Muscles 42 9 21.43 
(Rudolphi, 1809) Travassos, 1928 

---- ----- ---- ------- v--- -W--- ---- ------ ---- ---__--_ - - - - - -W_ --_---- ---- 



E troplus maculatus (Bloch) Muscles 

I Family: Echinostomatidae ~ 
1 (Looss, 1902) Poche, 1926 

I Echinostome metacercaria Esomus barbatus (Jerdon) Base of gill 360 122 
filaments and gill 
arches 

Horadandia atukorali Base of gill 162 133 
Deraniyagala filaments and gill 

arches 

Puntius parrah Day Base of gill 420 30 7.14 
filaments and gill 
arches 

Mystus malaban'cus (Jerdon) Base of gill 10 3 30.00 
filaments and gill 
arches 

Heteropneustes fossilis (Bloch) Base of gill 38 2 5.26 
filaments and gill 
arches 

Channa punctatus Bloch Base of gill 22 3 13.64 
filaments and gill 
arches 

Echinochasmus megavitellus Lal, Labeo rohita (Hamilton) Gills 62 8 12.90 
1939 

_--- ---- ----- ---- ------- -v-- ----- ---- ------ ---- -------- - - - - _ _ _ _  _ _ _ _ _ _ _  _ _ _ _  



Family: Renicolidae Dollfus, 1939 

Renicolid metacercaria Danio aequipinnatus McClelland Liver 295 20 6.78 

Puntius melanampyx melanampyx Liver 122 8 6.56 

("ay) 
Family: Plagiorchiidae 
(Luhe, 1901) Ward, 1917 

Encyclometra colu brimurorum Channa orientalis (Schneider) Muscles 
(Rudolphi, 1819) Dollfus, 1921 

Family: Heterophyidae 
Odhner, 1914 

Centrocestus formosanus Danio aequipinnatus McClelland Gill filaments 295 30 10.17 
(Nishigori, 1924) Price, 1932 

D. spinosus Day Gill filaments 15 3 20.00 

Puntius melanarnpyx melanampyx Gill filaments 122 30 24.59 

(Day) 

P. pawah Day Gill filaments 420 302 71.90 

P. sophore (Hamilton) Gill filaments 60 15 25.00 

Labeo rohita (Hamilton) Gill filaments 62 24 38.71 

Mystus malabaricus (Jerdon) Gill filaments 10 4 40.00 

Heteropneustes fossilis (Bloch) Gill filaments 38 14 36.84 

Aplocheilus panchax (Hamilton) Gill filaments 120 62 51.67 
---- ---- ----- ---- ------- ---- ----- ---- ------ ---- _- - -____  -_-- - - - -  ------- __- -  



Channa orientalis (Schneider) 

C. punctatus Bloch 

Gill filaments 

Gill filaments 

Etroplus maculatus (Bloch) Gill filaments 

Macropodus cupanus 
Valenciennes 

Gill filaments 

Haplorchoides mehrai Pande and Esomus barbatus (Jerdon) 
Shukla, 1976 

Fins and gills 

Horadandia atukorali 
Deraniyagala 

Fins, muscles and 

g* 

Rasbora daniconius (Hamilton) Fins, muscles and 

gills 

Puntius filamentosus 
(Valenciennes) 

Fins, scales, 
muscles and gills 

P. melanampyx melanampyx 

(Day) 

P. parrah Day 

Scales, fins and 
muscles 

Scales, fins, 
muscles, gills, 
kidney and liver 

P. sophore (Hamilton) Scales, fins, 
muscles and gills 

Gawa mullya (Sykes) Fins 9 2 22.22 _ _ _ _  _ _ _ _  - - -_-  ---- ---P--- -v-- --7-7 v--- ------ ---- -------- -------- _ _ _ _ _ _ _  _ _ _ _  



Mystus malabaricus (Jerdon) Fins 10 4 40.00 ~ M. oculatus (Valenciennes) Fins 31 2 6.45 

Heteropneustes fossilis (Bloch) Fins and gills 38 12 31.58 

Family: Acanthostomidae 
Poche, 1926 

Acanthostomum burminis Rasbora daniconius (Hamilton) Fins 
(Bhalerao, 1926) Bhalerao, 1936 

Puntius melanarnpyx melanarnpyx Fins 
(Day) 

P. parrah Day Fins 420 193 45.95 

Garra mullya (Sykes) Fins 9 1 11.11 

Mystus malabaricus (Jerdon) Fins 10 2 20.00 

M. ocula tus (Valenciennes) Fins 31 13 41.94 

He teropneus tes fossilis (Bloch) Fins 38 11 28.95 

Channa orientalis (Schneider) Fins 42 20 47.62 

Etroplus maculatus (Bloch) Fins 25 9 36.00 



S U M M A R Y  

The present investigation on the digenean fauna of freshwater fishes 

in Malabar, carried out for a period of 3 years and 7 months (January 1995 

to July 1998), was aimed at studying the systematics and biology of 

digenetic trematodes infecting some freshwater fishes in Malabar. A total 

of 2708 freshwater fishes belonging to 20 genera and 30 species, collected 

from different water bodies in Malabar, were subjected to parasitological 

studies. Altogether 18 species of digeneans were encountered in 22 species 

of fishes. All the digeneans recovered have been described and illustrated 

in the thesis. 

The 18 species include 4 species of adults, Transversotrema pafialense 

from Rasbora daniconius; Caballeroia bhavani and Neopodocotyle dayali from 

Puntizis sarana samna, and Genarclzopsis goppo from Clzanna orientalis, and the 

adult of Hnplorchoides mehrai from Myskrs rnalabaricus and its metacercaria 

from M. tnalabaricus and 10 other species of fishes (Table 29), and 13 species 

of metacercariae, TetracotyZe sp. I from Danio aeqzripinnahis; Tetracotyle sp. I1 

from Etroplzis szrmtensis; Diplostornzilum sp. from Labeo rohita; Nensclis sp. I 

from Xenentodon cancila and Aploclreilzrs panclmx; Neascus sp. I1 from 

Macropodzis czrpanus; Diplostornzirn ketupanense from R. daniconizrs; 

Eziclinostorrrzirn lzeterostomzitrr from C. orientalis and Etroplus maczilahrs; an 

echinostome species from Esomzis barbatns, Horadandia afzikorali, Pzrnfizis 

parralz, Mystris malabariczrs, Heteropnezrstes fossilis and Channtl pzincftlh~s; 

Echinoclzasmus rnegavitellzis from L. rohita; a renicolid species from D. 

aeqzripinnatzrs and Pzrnh'zrs melannmnpyx rrrelanarrrpyx; Encyclonletra 



colzibrirtzzirorzi~lr from C. orientalis; Ce~ztrocestzis forttzosazzlis from 13 species of 

fishes (Table 29), and Acantlzostorlzri~lz bzirtlzinis from 9 species of fishes 

(Table 29). 

Life-cycles of 4 species of digenetic trematodes have been 

successfully established in the laboratory during the course of present 

investigation, and their natural hosts have also been recovered. These 

include Diplosto~nzi~~r ketupanense, Transversotre~lrn pntinlenzse, Haplorclzoides 

~lrelzrai and Acantlzostotnrl~n burminis. 

Diplostomn~rr ketzipmense has a 3 host life-cycle: the furcocercous 

cercaria liberated by Indoplanorbis exustzis, encysted in the muscles of 

R. daniconius, and the metacercaria developed into adult fluke in the 

intestine of Ardeola grayii. The life-cycle described in the thesis forms the 

first report on an Indian Diplosto~nu~n sp. 

The transversotrematid cercaria, emerged from the snail, TI2iam 

kiberculata, and exposed to Rasbora daniconius, developed into the adult of T. 

patialense without an intervening metacercarial stage. 

The cercaria of H. mehrai, released by T. tz~berculatrz, and exposed to 

R. daniconiris and Puntizis parmlt, developed into metacercaria. Natural 

infections by the metacercariae were found in 11 species of fishes. The 

adults were obtained from the intestine of Mystris ~nalabariczis. 

The lifecycle of A. burnzinis, infecting the water snake, Xenoclzroplzis 

piscator, was established and published in 1998 (Acta Parasitologica, 1998, 

43 (4), 189-193). 



The cercarial stage of 27-spined echinostome metacercariae, and 

adults of Eclzirzoclznsr~zzts r~legnuitelllis and Centrocestzrs forrnosnnzrs have been 

recovered. The 27-spined echinostome cercaria, shed by I. eszistzis, and 

exposed to Esorlzlrs bnrbntzrs and Horndnndin ntzikornli, developed into an 

unidentified echinostome metacercaria. Natural infections by the 

metacercariae were found in 6 species of fishes. 

Infections by the metacercariae of E. megnvitellz~s were found in the 

gills of L. rohitn, and adults in the intestine of A. gmyii. The link between 

metacercaria and adult has been successfully established by feeding one- 

day-old chicks with infective metacercariae. E. r~legnvitellzis metacercaria is 

reported for the first time from India. 

The metacercariae of C. fonnosnnzis were found in 13 fish species. 

Experimental infections by adults were successfully established by feeding 

infection-free A. grnyii and one-day-old chicks with infective metacercariae. 

Data on prevalence and intensity of infection have been presented. 

Host-specificity exhibited by digeneans infecting freshwater fishes has 

been briefly discussed. New host and geographical records have also been 

presented in the thesis. 
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Abstract. The life cycle of Acanthostomum burminis cercariae were found in the thiarid snail Thiara tubercula- 
(Bhalerao, 1926) Bhalerao, 1936 (Trematoda, Acantho- fa. Metacercariae occurred in fin rays of several species of 
stomidae) infecting Xenochrophispiscator has been eluci- freshwater fishes. Snakes became infected when fed on 
dated. Life cycle stages were successfully reared in the fishes containing metacercariae. The prepatent period is 
laboratory. The life cycle, from cercaria to adult, took 28 days. Successive stages in the development of metacer- 
more than two months to complete. Pleurolophocercous cariae and adults were followed. 
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Introduction 

The genus Acanthostomum was established by Looss in 
1899 with A. spiniceps from Bagrus bayad a s l t s  type 
species. Altogether 27 species of Acanthostomum have 
been reported: 9 from fishes and 18 from reptiles 
(Yamaguti 1975). As far as is known, only two valid 
species of Acanthostomum have been reported from India: 
A. burminis (Bhalerao, 1926) Bhalerao, 1936 from 
Tropidonotus piscator and A. indicum Sinha, 1942 from a 
crocodile. A. burminis was first described by Bhalerao 
(1926) as Acanthochasmus burminis, and in 1936 he shift- 
ed it to Acanthostomum. In 1940 he proposed a new genus 
Atrophecaecum to accomodate this species, but Mehra 
(1980) and Srivastava (1982) suppressed this genus and 
considered Acanthostomum burminis as valid. Further, 
they treated '~canthostomum simhai Khalil, 1963; 
Atrophecaeduin hindustanensis Baugh, 1956; A. indicum 
Simha, 1958; and Haplocaecum proctoporum Dwivedi, 
1966 as synonyms of A. burminis. Of the 27 species of 
Acanthostomum, life cycles of only 3 species have been 
elucidated: A. imbutiforme by Maillard (1973), A. gnerii 
by Ostrowski de Nunez (1991), both parasitizing fishes, 
and A. brauni, infecting reptiles, by Ostrowski de Nunez 
(1987). The complete life cycle of A. burminis has not 
been elucidated; the only available information is a report 
on its metacercariae from a few freshwater fishes in 
Andhra Pradesh by ~ i d h a v i  (1980) and Madhavi and 
Rekharani (1985). 

During study on the cercarial fauna of Kerala, we 
recovered a pleurolophocercous cercaria from the thiarid 
snail, Thiara tuberculata in the paddy fields, ponds and 
rivulets at Sultan Bathery in Wayanad, Thalassery in 
Kannur, Ramanattukara in Kozhikode and Nedungat- 
tumadu in the Malappuram districts of Kerala. The cer- 
cariae encysted in the fins of Rasbora daniconius, Puntius 
parrah, P: rnalanarnpyx rnelanarnpyx, Mystus oculatus, M. 
malabaricus, Heteropneustus fossilis, Channa orientalis, 
Etroplus maculatus and Garra mullya. The metacercariae, 
fed to the water snake, Xenochrophis piscaror, developed 
into adults of A. burminis. We could establish experimen- 
tally the life cycle of this species in the laboratory. This is 
the first report on the life cycle of an Indian Acantho- 
stomum; it is also the fourth report on the life cycle of 
Acanthostomurn spp. 

Materials and methods 

The thiarid snails, Thiara tuberculata were collected from 
paddy fields, ponds and rivulets in Wayanad, Kozhikodc, 
Kannur and Malappuram districts of Kerala from 
December 1994 to March 1996. The infected snails were 
isolated, kept in separate beakers and the cercariae erncrg- 
ing from them were studied alive. Cercariae mounted in 
0.7% saline solution were observed under the oil immer- 
sion objective of a phase-contrast microscope to study the 
flame cell pattern. Genital primordia were observed in 
acetic orcein-stained cercariae. Five infected snails were 



crusb.cd and examined for intramolluscan stages. Meas- 
Il:.Fii?P3fj of cercariae were made on heat-killed speci- 
mens. 

Rasbora daniconius and Puntius parrah collected 
from a tank i n  the Calicut University Campus and virtual- 
l j  i'ree of natural infections with A. burminis metacercar- 
;at: were exposed to cercariae. The fishes were dissected 
at varicus intervals post-exposure and the development 
of the t~etacercariae was followed. Metacercariae were 
recover?! also from naturally infected fishes collected 
from K:;zhikode, Wayanad, Kannur and Malappuram dis- 
trict; of Kerala. In order to obtain adults, the infected fish- 
e; were fed to X. piscntor free from parasites as deter- 
mined by faecal investigations for 4 months. The fed 
snakes were dissected at various intervals, and the flukes 
at different stages of development were recovered. Flukes 
were found also in  naturally infected snakes. The cercar- 
iae, metacercariae and adults were studied alive with or 
without vital staining. Metacercariae and adults used for 
permanent preparations were fixed in AFA and stained 
with Mayer's carmalum (Cantwell 1981). 

Measurements are given in micrometres. Figures were 
drawn with the aid of a camera lucida and details added 
free-hand from observations made on living specimens. 

Results 

Egg 

Eggs small, oval, yellowish brown, operculate, measured 
36-40 X 14-16. Attempts made to induce hatching of 
miracidia were futile. 

Redia (Figs. 1 and 2) 

Sporocysts were not observed. Mother rediae and daugh- 
ter rediae were recovered from the hepatopancreas of 
Tlziura tuberculata. The mother redia contains 1-3 daugh- 
ter rediae and many germ balls. Mother rediae are com- 
paratively small, measuring 310-325 X 95-1 16; their guts 
extend to 113-112 of the total length of the body (Fig. 1). 
Body of daughter rediae is long, almost cylindrical, nar- 
rowing posteriorly, measuring 3 15-654 X 100-246. Mouth 
terminal; pharynx subglobular, 23-39 X 13-38, followed 
by a short gut, ending blindly. Each daughter redia enclos- 
es a number of germ balls and 15-20 cercariae in different 
stages of development (Fig. 2). 

Cercaria (Fig. 3 )  

Natural infections with the cercariae were found in 210 of 
600 (35%) T tuberculata collected from December 1994 
to March 1996. Infected snails were present throughout 

the year, but infections were prevalent during .-p:-.' zr - 
March, when 43.5% of the snails examined were infect- 
ed. Cercariae were positively phototactic and emerged 
throughout the day with peak emergence during noon hours. 
They appeared as dark-brown, opaque larvae showing 
characteristic swimming bahaviour, with prolonged rest- 
ing periods alternating with brief swimming activity. 
While resting, the cercaria remains suspended in  the water 
column in a typical tobacco pipe form with thc body 
downward and the tail upward. 

Description. Pleurolophocercous cercaria belonging 
to the opisthorchioid group. Body elongate, 261-392 X 

69-123 in size, densely pigmented. Body tegument spiny, 
spines in anterior one-fourth arranged in regular rows. Tail 
slender, muscular, longer than body, 377-577 X 30-46 
large, inserted in a socket at posterior end of body, provid- 
ed with two lateral fin folds in anterior third and a long 
dorso-ventral fin fold covering posterior two-third on dor- 
sal side and posterior one-fourth on ventrai side. Ten pairs 
of sensory cilia occur on body margins: one pair at the 
level of oral sucker and the rest in post-equatoria! region. 
Two prominent eyespots, X- or Y-shaped. at a distance of 
69-79 from anterior end. 

Oral sucker terminal, large, muscular, protrusible, 
4 6 4 9  X 36-46 large: Acetabulun absent. Mouth terminal. 
Preoral lobe with 18 forwardly directed spines and pores 
of penetration glands. Pharynx gld~ular;  prepharynx rudi- 
mentary; oesophagus and caeca no: :liscernible. 

Penetration glands 14 in nu~nber, arranged i n  four 
rows, situated between pharynx and excretory vesicle; two 
outer rows contain 3 glands each and two inner rows 4 
glands each. Glands are large, roughly rectangular with 
rounded nuclei and granular cytoplasm. Dilcts of penetra- 
tion glands from each row run forward in 4 separate bun- 
dles which join at the level of eyespor; ifito 2 bundles, then 
again divide into 4 bundles of enlarged ducts near posteri- 
or margin of oral sucker and ope:l out side through 4 
groups of pores arranged according to 3:4:4:3 pattern in  
preoral lobe. Cystogenous glands small, numerous, dls- 
tributed in lateral fields of body. 

Genital rudiments tria~gular in front of excretory 
bladder. Excretory bladder Y-sl~aged, lined by large epi- 
thelial cells and filled with granular concretions. Flame 
cell formula 2[(3+3+3) + (3+3+3)1 = 36. 

Metacercaria (Figs. 4-6) 

In natural infection metacercariae were found in  fin rays of 
Rasbora daniconius (80 of 248), P~intius parrnh (91 of 
243), l? me1anampy.x melanampyx (4 of 21), Mystus ocu- 
latus (7 of 12), M. rnalabaricus (2 of 10), Heteropneustus 
fossilis (5 of ?), Channa orientalis ( 1  of 3), Etroplus 

Figs. 1-9. Stages in the life cycle of Acanthostomum burminis: 1 -mother redi?, 2 - daughter redia. 3 - cercaria, 4 - 14-days-old excyst- 
ed metacercaria, 5 - encysted metacercaria from natural infection, 6 - 22-days-old excysted metacercaria, '7 - 12-days-ol5 adult, 8 - 22- 
days-old adult, 9 - 28-days-old adult 
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,,,a17p' ':: - .  )rh!r:- (3 of 7) and Garra mullya (1 of 9) collected 
frcri pacldy fields, ponds and rivulets in various localities 
of North Kerala. Experimental infection has been success- 
fully established in R. daniconius and P. parrah exposed to 
a large number of cercariae. All the fishes exposed were 
infec:?:!. The metacercariae developed in fin rays. As 
rnagkms 17 cysts were obtained from a single fish exposed 
to ~ r @ . + : n e .  Snails were resistant to metacercarial infec- 
tion. 

-?f&ki.krimentally infected fishes, free cercarial bodies 
wegk'ti'?:-crved in fin rays after 1 h of exposure. Metacer- 
car?:.. enclosed in thin cyst wall were observed 6 h post 
exp9s1-lre; they were similar in structure to cercaria, but 
their penetration and cystogenous glands were .not visible. 
In fishes examined 7-days post exposure, the icetacercar- 
iae were surrounded by an outer, thick, fibrous wall over 
the inner, thin, delicate layer; pharynx was visible (31 X 

26). In 9-day-old metacercaria, caeca reached up to the 
middle of the body. Metacercariae recovered 10-days post 
exposure showed conspicuous acetabulum, slightly en- 
larged pharynx and eyespots starting to disintegrate. On 
14th day after exposure, the eyespots disappeared com- 
pietely and a crown of 23 circumoral spines appeared. The 
caeca extended to hind body and opened out laterally; the 
left caecum was well developed while the right one was 
atrophied. Primordia of reproductive organs were visible 
in the hind body (Fig. 4). Metacercariae completed the 
development within 22 days, and became infective to the 
definitive host. 

Description. Cysts small, almost spherical, with an 
outer wall thick, fibrous and an inner one thin, delicate; 
they measured 146-431 X 107-323. Metacercarial body 
measured 547-1001 X 77-207. Body spines larger in ante- 
rior region and arranged in regular rows. Oral sucker ter- 
minal, funnel-shaped, measured 92-1 38 X 82-171. 
Circumoral spines 24-26, arranged in a single row. Dorsal 
spines larger (22) than ventral spines (1 6.5); mid ventral 
spine is the smallest (13.2). Acetabulum small, measured 
46-69 X 39-77. Prepharynx 38-77 long. Pharynx muscu- 
lar, 61-100 long and 38-77 wide. Oesophagus short. 
Caeca long, asymmetrical, open out through anal pores on 
lateral body margins near posterior end; 377-438 long; 
right caecum atrophied. Excretory vesicle Y-shaped, with 
a long stem and two short cornua reaching near prephar- 
ynx and filled with small concretions; primordia of ovary 
and testes arranged in tandem in posterior part of body. 
Ovary measured 30-61 X 38-46. Anterior testis measured 
36-53 X 38-61 and posterior testis 38-69 X 38-61. 

Adults 

Adult flukes were obtained from the small intestine of 
Xenochrophis piscator collected from the water bodies 
from where infected snails and fishes were collected. All 
the snakes collected were infected. The flukes were iden- 
tical to Acanthostomunt burminis (Bhalerao, 1926) 
Bhalerao, 1936 reported from the same host in Burma. The 

snakes fed with fishes containing naturally inferi:d,,~eta- 
cercariae or those carrying experimentally reared .? 1 day- 
old metacercariae yielded adult flukes in 28 days. 

The flukes recovered from the snake after 24 h post 
infection were structurally similar to excysted metacer- 
cariae. Three-day-old flukes measured 792-898 X 185- 
234; their oral sucker, acetabulum and pharynx increased 
in size. 

On the 7th day post infection the flukes measured 
918-983 X 175-209. Testes and ovary well developed; a 
sac-like receptaculum seminis developed between ovary 
and anterior testis. Follicular vitellaria became visible in  
the extracaecal field at the level of the ovary. Uterus began 
to develop, and contained 2 embryonic eggs. 

The 12-day-old specimens measured 1 170-1 262 X 

173-216. Anterior testis measured 68-107 X 45-61 and 
posterior testis 96-103 X 43-64 (Fig. 7). 2eces:acu:~m 
seminis enlarged in size and measured 43-49 X 59-63, 
Vitellaria extended from the level of ovary to the middle of 
body; uterus contained 8-12 eggs. Seminal vesicle devel- 
oped in 22-days-old flukes; convoluted uterine coils were 
filled with 20-30 eggs (Fig. 8). 

The flukes recovered on the 28th day were mature, 
measured 1325-1460 X 208-274; uterine coils were filled 
with numerous eggs. Vitellaria extended from ovary to 
seminal vesicle (Fig. 9). Flukes recovered after 40 days 
post infection resembled the original A. burminis 
(Bhalerao, 1926) Bhalerao, 1936 in body dimensions and 
structural details. 

Discussion 

The genus Acanthostornum Looss, 1899 belongs to sub- 
familyAcanthostominae Nicoll, 1914. Of the 27 species.of 
Acanthostomum, life cycles of only three species have 
been elucidated: A. imbutiforme, A. braiini and A. gnerii. 
The life cycle of A. burminis is similar to that of the above 
three species in that it uses prosobranch snails as the first 
and fish as the second intermediate hosts, but differs in 
having unrelated definitive host's. In the case of A. bur- 
minis, water snakes serve as the definitive host while fish- 
es are the definitive host of A. imbutiforme and A. gnerii, 
and turtles and alligators are the definitive hosts of A. 
brauni. Further, there are differences in the morphology 
and morphometry of adults and larval stages. 

Acanthostomum burminis has a three-host life cycle. 
Cercariae emerge from the thiarid snail, Thiara tubercula- 
fa, and encyst in the fin rays of several freshwater fish 
species. The metacerceriae became infective in 22 days. 
The metacercariae develop into mature adults during 28 
days in the intestine of Xenochrophis piscator. 

Ce~caria of A. burminis agrees fully with Cercariae 
indicae V111 Sewell, 1922, reported from Melania tuber- 
culata 'of Calcutta, ~ o m b a y  and Nilambur (in Kerala). 
Mohandas (1976) recorded the same cercaria from the 
saF1e host in Palghat, Ernakulam and Trivandrum districts 



of ~ed i ' r , ! ' ~he  rnolluscan host of C. indicae V111 and of 
the pre'~e'ht cercaria is the same. (7'hiara tuberculata is the 
valid name of Melania tuberculata). Therefore, in all 
probability the present cercaria and that described by 
Sewell (1922) are identical. 

The metacercariae of A. burminis have been previous- 
ly reported from Aplocheilus panchax, Mugil cephalus, 
Liza macrolepis and Valamugil cunnesius in Andhra 
Pradesh (Madhavi 1980, Madhavi and Rekharani 1985). 
Occurrence of this metacercaria in Rasbora daniconius, 
Puntius parrah, P. melanampyx melanampyx, Mystus ocu- 
latus, M.  malabaricus, Heteropneustus fossilis, Channa 
orientalis, Etroplus maculatus and Garra mullya in Kerala 
constitutes new hosts and geographical record for this par- 
asite. . . 
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