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INTRODUCTION

The Indien elephant (Elephas maximmus) one of the largest
and elegant of the terrestrial mammals on carth belongs to
the order Procboscidea, 1In India, their widespread habitats
are 'in different States, vis,, Assem, Nagaland, Bihar, Orissa,
West Bengal, Karnataka, Tamil Nadu end Rerala, .As per the
rocent enumeration there are about 2900 wild elephants and
500 captive elephants in Kerala. Tho captive elephants are
being maintained by ‘t.h'a Forest Department, Temples and private
individuals, They have been closely associated with tho social
anﬁ cultural 1life of Indians for centuries and are being used
for religious and social functions, timder hauling, capturing
angd training of other elephants,

As per the Indian mythology, elephant is considered as
the image of the God Ganesh; who removos the obstacles and
111 fates: 1In Kerala, in any religicus festivals, it is con-
sldered inc;:mplete. if an elephant with ornate decorations is
not included,

An outgrowth of the upper incisor in the male Indian
elephant, called 'tusk® is a highly precicus commodity end
£rom which many beautiful and enchanting items arc made,
Biephant tricks are very spectacular in circuses,

Different spocies of parasites especially helminths are
found vo be harboured by both captive and wild elephants,
Helminthic infection due to trematodes or nematodes or costodes



cause debllity, weakness, anaemia in all types of elephants
and even delayed growth and mortality in young elephants.

-It.is only evident that control of infection of helminths
will definitely have a direct influence on the health and
growth of elephant and thereby éugmeng the economy of the
ccuntrf, In recent years a la:ge number of broad spectrum
anthelmintics effective against different species of helminths.
'6f animals and birds have been introduced. But studies on the
- efficacy and safe dosage of theése drugs in Indian elephants are
comparatively littléa

In order to formulate effective control measures .against
parasites, a sound knowledge of ﬁheir incidence, intensity of
infection and seasonal variation is an essential pre-requisite.

Hence with the objective to reduce the morbidity and
mortality casused by helminthic infection in the endangered
species, elephants, a study has been taken up as f£ollows:

1. Systematic study on the prevalence of helminthiasis and
specific identification of helminths in Indian elephants.

2. Clinical trial in naturally infected elephants with
recently introduced anthelmintics to evaluate and compute the
'gafe dosage of thse drugs.
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MATERIALS AND METHODS
Prevalence of helminths

The ‘snyqlence of helminthic infection in captive Indian
elephants maintained by temples, private individuals and
Forest, Departments in different parts of Kerala was studied.
The study was made by screening the dung samples of naturally
Ainfected élephants of dlfferent age groups and sex and also
by examining the viscera and other internal organs during the
time of post-mortem of elephants. |

The detatls such as appraximate age, season and locality
fram where the coliections were made, were also noted. During
the post=mortem all the different organs were examined sepa-
rately for the preéence of any helminth parésites. The contenta.
as well as scrapings of the mucosa of gastro-intestinal tract

were also examined for the presence of helminths. °
Examination of dung sample

Theregga of trematodes, cestodes and nematodes present
in the dung samples were identified by centrifugal sedimenta-
tion technique and microscopical examination. Bgg per gram (ERG)"
was estimated in positivé cases of helminthiasis to determine “
the extent of infection by using Stoll's dilution method

(Soulsby, 1976).

Faecal culture
Individual dung samples about 10-15 g from infected and
, <
madicatedrelephanta were collected in small petri-dishhand



were moistened with well water. Bach petri-dish was then
kept in a bigger petri-dish containing f£iltered well water,
and was covered witﬁ another large petri-dish. The culture
was aerated by liftingisétri-dish on the top twice a day and
was incubated at room temperature. The respective cultures
were examined under a dissection microscope fbr the detection

of larvae.
Collection of worms

Worms ware collected from the dung bolus paased by
medicated elephants and also from the gastro-intestinal tract
and liver of dead elephants by means of mounted needles and
fine brushes. Small worms were recovered by mixing dung
material with water and by examining the sediment under a
dissection microscope.

Examination of adult nematode worms

Adult nematode worms collected, wore washed in normal
éaline to remove adherent mucus and dirt.’ Studies on easily
identifiable features were made after preparing temporary
agueous mounts in normal saline. The detalls of the worms
ware atudied either by making semipermanent mounts after
clearing with lactophenol or carbolic acid or creosote or by
making permanent mounts with canadabalsam after pasaing through
- ascending grades of alcohol.

Examination of amphistomes
Similar to nematodes, amphistcmes ware also collected

during post-mortem and also from the dung of dewormed elephants.



Immeddately after collection they were transferred into Normal ;-
saline solution. Then they were flattened by pressing bestween
two glass slides and fixed in 10 per cent.formalin for 36 hours.
The specimens were then washed in running tap water for 12 hours.;
Eér staining they wére kept overnight in working solution of
acetic alum carmine,

The specimens were destained in 1 per ceﬁﬁ acid aleochol
and washed in several changes of distilled water to remove even
traces of the reagent. Then dehydrated in ascending grades of
alcohol (70%, 80%, 90% and 1oomb allowing 30 minutes inleach l
grade:; Pinally they were cleared in two changes of xzylol,

15 minutes in each. Then specimens were kept in a mixture of
équal parts of xylol and canadabalsam £or a minirum of one day
and then mounted in canadabalsam. The mounted specimens were
used for a detalled study of the morphological features, measure-

ments and camera lucida drawings. y

Preservation
Adult worms and eggs were preserved- in 10 per cent formalin{
Diagram
DiégraMB ware drawn with the aid 6£,camera lucida.
Photomigrograph

Photomicrographs were taken from preserved as well as :
fresh materials,

Measurements

Meagsuremants of adult worms were made with the ald of



an occular micrometer and also from camera lucida drawings.

All the measurements were in millimetre... :i’..ns :-*Lif',;,
-Evaluation of efficacy of anthelmintics

Twentyfour elephanté beloﬁéihg to brivate individuéls.and
Devaswom organizatio#ﬂ which were naturally infected with
sgronéylea. were éélécted after estimating the egg cocunt. The
anthelmintic efficacy of Albendazole (Albomar 15% powder,
Glindia ILtd.) was estimated at a dose rates of 25mg and 3 mg/kg .
body weight. The drug was administered orally after mixing with,
jaggery; "EPG.of all the elephants ware determined as per Stoll‘?
dilution technique on the day of medication, prior to the admi- |
nistration of drug and on the first; second and'third'day
following medication. The woxms voided in the ‘dung after medi-
catioh vere collected and identifted. The efficacy of ths drug
was calculated by comparing the reduction in the number of eggs
after medication with the pre-medication EPG.
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PREVALENCE OF HELMINTHS
REVIEW OF LITERATURE

Studies on the prevelence of helminth parasites in Indian
¢lephants are comparatively few as compared to that of African .
elephants,

Steel (1879) reported some mortality of young elephants
of Sanger's circus with heavy infection duc to Dachmius. sanqeri
Row known as Bathmostomum sengeri (Cobbold, 1879), Lane (1914)
identified and described Equinubria sipunculiformis, hsifa

yasifa, Decrusia decrusi, Murshidia murshidia, M., falcifera,

fluilonia quilona, Q. trayancra and Amira pileata from eight
Indian elephants. Lane (1918) collected Murshidia murshidia

£xom the stemach contents of a female elephant during its post-
mortem, The seme author (1921) also found out nematode para~

sites, Quilonia guilona from the stomach, Grammocephalus
varedatus from the bile duct and Bathmostomum sangeird f£rom the

¢accum of Indian elsphants, Baylis (1921) created a new genus -

Parabronema to accommodate two new species of nemsatodes he

éollected £rom elephants, and he named them Parabronema indicum

end P, smithi respectively.

Frank (1924) could collect 40 adult worms of Murshidia
indica and four immature Choniengium sp., £rom the stomech and
caecumn of Indian elephants, In 1923, Witenberg had the oppor-

tunity to study Murshidia felcifera, M. murshidia, M, lanes and '

M. peveulemairei n.sp. from the large intestine of an Indian
elephant which died in Warsaw circus, HMaggit (1926) recovered
a cestode Anoplocephala manubriata from a deed captive elephant




mwma. thalerze (1933) dea

Siuds Rosydodiecus m&&m z.mmmw
gegundua from elephants malntelined in Acsam sbd Durma, Nagmark
(1937) rovieved the tremstcdes under the family Paremghistcmidas '
foun@ in elevhents end othey enimals An Indds, Westduyson (1938)

£rem the stomech) ‘,,,_mmma
mmmmmmmm Anddcy
mmwwfcumazmmmwmau
tdnotive merphological features.

vogel end Mining (1940) reported she cocarrence of
bilharsia parasito for the £4irst time 4n Indiah elephants &nd
they dascrided in datall the morphological festuros of aﬁs; <00 o 18
fudaldar and Rematufechast {1945) Ggscrited a new specles of

Schistosame, Schistogoms naird from Xndian olephant, Bhalewso
(1947) transferred Schistosoma naird from the gonus Schistogema

to tho genus Orhithobiiharsia and ronamed it as Ornithobilharsis
peird on scoount Of the presence of ane @et of vitelloria in |
fenales and lerce mumber of testes in males, Nicked (1949)

found out two typss of large trematodes from the intestine of
Mmdien eloghant end fdentified cne of them &5 Hewimsius sp.




Southerlend et al. (1950) recorded and described a nematode,

Bathmostomum sangeri fram a 14 year old Asian élephant. Rammohan ,
and Hiregauder (1953) reported six cases of bilharziasis by

observing eggs in the dung sample of elephants. Ramanujachari
and Alwvar (1954a) reported a species of microfilaria which they

H
recovered fram cutaneous haemorrhagic nodules 6f Indian elephants,

for the f£first time, and opined as the microfilaria of Pargﬁilar{gg
i

mﬁ;tipapilloaa. Later the same authors (1954b) recovered

unsheathed microfilaria and a female filarid worm from a cuta-
neous bleeding nodule of an elephant. Based on the presence of.
paired vitelline glands in females, and large number of testes
in males, Dutta and Srivastava {1953) reallocated the parasite
Oornithobilharzia nairi to the genus Bivitellobilharzia,

Kries (1956) reported Murshidia falcifera and Quilonia
sedecimradiata n.sp. fram an Indian elephant. Sarwar and

Shaikh (1936) recovered Grammocephalus yaredatus from large

:
intestine, Bathmostomum sangeri from small intestine and a single
male worm of Parabronema africanum from the surface of the liver

of a baby elephant.  In the same year 1956, Vogelsang and |
Mayaudon collected helminths, viz., Fasaiola ﬁe tica, F. jacksoni

f

and Grammocephalus varedatus from the liver, Parabronema 1ndicum.L

Bunostomum foliatum, Equinubria sipunculiformis, Murshidia
mprshidia and Pfenderius papillatus f£rom alimentary canal of j
elephants. Chaﬁaud (1957) made a detailed and extensive critical
review of the genera Quilonia and Murshidia. Kalapesi and
Purohit (1957) found sections of eggs of Schidtosoma species

t



grom the liver and mesenteric lymphnodes end sections of non= |
tuberculato adult worms £rom the mesenteric vein during the :
histological exsmination of the lesions, They also collected
Andicum from cne intestinal nodule.

A aAhroOnema

Alver and Lelitha (1958) reported a case of ‘haemorrhagic |
£ilariasis’ and recovered unsheathed micrégilaria in the blood ,
that cozed ocut from the skin nodules Alwar gt al. (1939)
encountered a fow female £ilarid worms from mua haaxm- .
hagic nodules of elephants, Thoy found them distinctly ds.eeemem'E
from other kmown £4larids of elephsnts and henco thoy crested a
ndw genus Indofilaria for the species which they named
Indofilaria pattebiwamant, Malik et al, (1959) aleo collected
and described some opecies of amphistomes fram a circus elephant, !
the species collected being Pfenderius papdljgtus, R. heterocaecy
and Pgsudodimcus howkesid. Pater and Sxivastava (1960) oo~ |
cribed the morphological features of the aﬂult stage, redia,
cercaria snd matacercaria of Pssudodiscus Q,Q.L__. an mhiem

of elephante. ;

Degrusia gdditiotia and Fasglola jacksond £rom Indian elephants
(Blephas maximus) in Ceylon., The same authers (1961b) collected
eight nematode species,viz., Murshidia murshidla, M. falcifera,

. guilondm ffennm; s Qo a@aicimgt.g. w;g aipunculiformis,
Decrusis gddigigtis, Bathmostommn pangerd, Grammocephalug
ygredatua, one amphistome, Rfendorius papillatis and one cestode
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s manuhriste from 3 three yedr old captive young
mam Indian oleptient., Duttsa and Srivastava (1961) described
the epidermal plates of the mirazcidia of Bivite
nairi. McGaughoy (1962) listed different intornal helminth

w M and Faasciols Jﬂm& £rom @lemu.
Mukherjee and Chauhan (1965) studied pfenderfus pantligtus, .
P+ hawkesit and W jequndus from thé intestins of
Indian eélephants. Sundaram (1966) described me generic ﬁeair.m:'est
of the helaminths, yis., Mw-.w_sm-ow,

Shattacharjes (1967) recorded a case of step

dermatitis in Indian elephant and the recoversed £ilarid worm
_ Aleria srivgstava. Seneviratna gb al.

(1967) reported en unshesthed microfilaris similer to that of . |

Dipetaloneny sp. from 32 domesticsted elephants (Elephas mgpdmus)

in Ceylon. In 1968, Sensviratna and Jaya stng'ha collected

larval st:.age of Cobholdd gg_l_,gmggfmabwyemphm

Cneve (1589) emcountered B ‘ :
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rieveulemaires, Quilonia zenniei, Parabronema smithi and a new

species of Strongyloides elephantis f£rom Indian elephants.
Rajamohanan (1970) reported a case of ... acutd enteritis caused
by Murshidia sp. from a captive elephant. Datta et al. (1972)

collected Chondangdum epistomum and Cobboldia elephantis from

the dung of an elephant following medication. Chandrasekharan
et al. (1972) recovered a £ilarid worm from the dung bolus of a
ca;f elephant.‘£61xdu1ng anthelmintic medicat;on and described
the worn as a new species, Indofilarias elephantis. Sundaram

et al. (1972) redescribed Bivitollobilharzia riairi collected

from a desd elephant. Romboll gt al. (1976) reported
Grammocephalus hybridatus from the bile dﬁcté.of an elephant

which died in a zoo. Caple et al. (1978) collected Fasciola
jackSOni fram the bile Guct of &n Asian working elephant during
its post-mortem.

A.base of cestodiasis caused by Anoglocegﬁala manubriata
in an Indian elephant was reported by Chandraspkhéran et al.
(1979). Ruang (1981) found out three trematode parasites visz.,

Fasciola jacksoni from the liver and bile duct; Gastrodiscus

gecundus from colon and caecum and Paeudodiecué collinsi from
colon, caecum and stomach of elephanta. Chatterjee et al.

(1982) redescribed Btephenofilaria sp. obtained from skin

scrapings of four demesticated elephants. In 1984, Gupta and
Kalia recovered Murshidia sp. fébm the stomach'of Indian éle—
phants, Chatterjee (1984) for the first time, described adult
stage and microfilaria of a f£ilarid worm indistinguishable fram
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Stephenofilaria assamenais from cutaneous nodules of four

elephants. Gupta and Trivedi (1984) reported Quilonia sinhai

‘N.8p. £raom the small 1ntestipe of an elephant., Bauyor and Stoye
(1985) listed out different species of helminths along with
other types of parasites from Asian and African elephants.

Gupta and Jaishwal (1985) reported Quilonia guptai n.sp. £rom
the intestine of an Indian elephant. Zahedi gg.g;.'(lgaé)
-raported a case of microfilarial infection in the ear vein of

a young elephant in Malaysia. Roy and Majumdar (1988) collected
Murshidia murshidia worms fram the dung samples of an Indian
elephant following medication.



RESULTS

Prevalence

The prevalence of helminth parasites in captive Indian
elephantsl(Elaphaa maximus indicus) was estimated in Kerala

State, over a period of 12 montha £rom March 1987 to February
1988,

A total of 203 elephants were examined which comprised
of 42 forest and 161 non-forest animalsj out of this, 117

elephants were found to be infected with either single or mixed

infection of nematodes, trematodes and cestodes. The percentage

of infection of helminths among the total animals examined was
57.6.

Among these 117 elephants, 89 elephants showed monospecific

infection of strongyles, three elephants showed Bivitellobil-
harzia infection, three elephants cestode; infection, two ale~
phanis amphistome infection and 20 elephants mixed infection
with respective percentages of infection 76.1i, 2.6, 2.6, 1,7
and 17.0.

The direct effect of the season and age oh the prevalence
and extent of infection were also considered in this study.

Saason

There are two seasons in Kerala: the summer orx dry season
is from December to May and the raidy season 18 from June to

November months, During summer, the average temperature risces

upto 36°C in certain districts of the State. The average annual
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rainfall from the South-west and Nogxtheoast mohsoons have

been recorded ss 150 to 170 cm. Out of the 117 cases helain-
thiasis, incidence was less in sumer (352.44%) and more in rainy
eéascn (70%) (Table 1), -

Blephanta from the age of Saven to 40 years were examined
gor the helminthic infection, Almost all tha elephants of |
different age groups were found €o suffer £rom d.tﬁfemnt. mxminth
Anfections, |

Study of egos
Four typos of egés, Y-‘ﬁ'! atrongyle, 'amphiat,mne. cestode
and Bivitellobhilharsia were encountered in &he Qung of the |
naturally infected elephants, colloctsd Quring the sctudys !
Strongyle egq (Plate I, Fig.l, Plate IX, Fig.l1)
The strongyle eggs ware cval, thin shelled w.tt.h sggmented '
enbryo and messured £rom 0,084 mm to 0.089 mm with an average '

oﬂ 0:070 mm .‘.n length and frem 0,038 ma to 0.061 mn with an
avorage of 0,049 mm in width, i S ,

Cestods eqq (Plate I, Pig.2, Plate IT, Pig. 2)

The cestods egg was slightly rounded and hexagonel in
shape, thick walled with hexacanth embryo and mea&mr@a 0.065 mm
in 1ength and 0.062 mm 4n bmadch. '

Amphistome eqq (Plate I, Fig.3: Plate IX, Fig,.J3)

The amphistome eggs were oval with an opefculum and length
measured £rom 0.143 mn €0 0,163 mm with an average of 0,156

i



Table 1. Month-war prevalence of helminthic 1n£ection
in captive elephants

Number of ' Number of
Month elephants eélephants
screened infected
1987 March o 7% 28
April 1 1
May - 38 22
June - -
July ' 6 ‘ 6
August 19 9
September 15 " 10
october 1 1
November 19 16 -
December 7 8
1988 January 11 9

February 10 10

Total 203 117
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énd from 0,071 mm to 0.094 mm with an average of 0.082 mm in

‘ width,

17

Bivitellobilharaia eqq (Plate X, Fig.4; Plate II, Fig.d)

Bivitellobilharzia eggs were oval, one side flattened with
a terminal spine and with active miracidium 4inside.
measured from 0,138 mm to 0.179 mm by from 0.066 mm to 0.097 mm

and length of spine ranged f£rom 0,005 mm to 0.012 ‘mm.,

Study of adult worms

b

The ova

Pourteen species of adult helminth parasites wers

encountered during the prasent investigation viz.,

1.
2.
3.
4.
5.
6.,
7.

8.

9.
10.
11.
12,
13.
14.

Murshidia murshidia

Murshidia falcifera

Quilbnig rennied

Choniangium eplstomm.

Decrusia additictia

Amira pileata
Equinubria sipunculiformis

Parabronema indicum'
Parabronema smithd
Crammocephalus hybridatus
Grammocephalus varedatus
Pasudodiscus gollinsi
Pgoudodiscus hawkesii

Gastrodiscus gegundus

t
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1. Murshidis surshidia (Lane, 1914)

(Plate IIX, nga.x. z and 3; Plate IV, Pigs.l and 2)

The worms were fairly slenﬁer and tapering towards the
head end, Mouth was direpted straight forward, Mouth coller
was more prominsnt latorally giving the appearance'of two
lateral iips. oach of which bore a sesaile, lateral and two

',pmuminant head papillae., The buccal capsule éﬁs roughly

cylindrical and oval 4in cross section but the thickness of

the wall varied at Gifferent parts. Since the buccal capsule
vas thicker caudad and thinrer cephalad on its dorsal and
ventral than on its lateral aspects; i1ts cavity was as its
céphalad end wvider dorsofvantzax than latero-laterals The
extornal leaf crovm which originated about cnowthird of the
wvay down the depth oﬁvhuccal capsule was compcséa of nuEnercus
£ino olenents, originating along a curved iine whicn ran bxoser
to the anterior margin of buccal capsule dorsally and ventrally
than laterally. _Th@ Aorsal as well as ventral leaf crnuna‘uar@
shorter than the lateral thus giving to the mouth the shape of
a Gorso=ventral slit. The internal leaf crown which forms ths
anterior margin of the buccal capsule was short. The oego-
phagus was short, stout, widening caudad of thé nerve collar.
Its caudad end vas guarded by throe intestinal valves, The
hcundazies of the calls of chyle intesting were mora'marksd.
The cephalic cervical glands ware large, and uell dsvoleoped,
The late:al cervical pepillas were long, alender and project
eomsWhat cephalad, The leaf crown elements were 60 in numbar.
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‘* Malet The male worms measured 19 mm to‘24 mn in length.
The width increased from the head towards the equator where it )
measuréd'0.7 mm to 0.9 mm. The dlameters at the region oeso-
phagaai bulb and just anterior of the bursa were 0.30 mnm to
0.34 mm and 0.62 mm to 0.74 mm respectively. The diameter of
head was 0.17 mm to 0.24 mm and the buccal capsule measured
'0.07 mm by 0.10 to 0.13 mm. The length of ocesophagus ranged
from 0.51 mm to 0.57 mm and width ranged from 0.20 mm to 0.25 mm.
‘The nerve ring was at 0.24 mm to 0.32 mm, the excretory pore at
0.99 mm to 1.03 mm and the cervical papillae at 1.0 mm to 1.11 mm’

from the cephalic end.

The bursa was characteristic with swollen bases of the
lateral rays and general ruggedness of the externo-=dorsal and
dorsal rays (Plate IV, Fig.3). The three divisions of the
dorsal ray were situated equidistant f£rom one another (Plate IV,
Fig.4). The ventral and lateral rays arose from a common trunk.
Spicules were equal in length, the shaft was straight for its
whole length. The extremities were bent almost directing dorsad.
The extreme end was "beak" shaped and an irregular "S® ghaped .
accessory piece was present (Plate IV, ¥1g.S5). The spicules

measured 1.31 mm to 1.51 mm 4n length.

Femalet The female worm measured 22 tm to 28 mm in length
and,width ranged from 0.73 mm to ‘1.0 mm. %he diameter of head
wag 0.18 mm to 0.24 mm and the buccal capsule measured 0,07 mm

by 0.10 mm to 0.13 mm. The diameters at the region of oceso-

phageal bulb and cephalad to vulva were 0.30 mm to 0.36 mm and






0.50 mm to 0,53 mp respectively. ~The oesophagus measured
0433 mp to 0.62 mm in length and the width measured 0.23 mm to
037 mms The nerve £ing was aﬁ 0.25 mm to 0,32 i, the exore-
tory pore' 1,0 mn to 1,02 mm and cervical papillae 1,02 mn o
1.07 mm fram the ¢ephalic end raspectively,

The females had & long tail and the vulva was just shortly
cephalad of the anus (Plate IV, Pig.6). The wulva was marked
by fatrly long, low cyticular prominence cauded to it, Tha
vagina ran cephalad and divided mto two uteri umch had r.ha
gefma direction, esch one provided with ovijectors wh.tch ran
parallel with ocne ancther and ended abruptly in two cephalad
running ovaries,

The tail length ranged from 1:62 mm to 3.13 ma, The vulva
vas at 0.70 mm to 0.84 mm from the anus and the length of vagina
vas 1,30 tmn to 1.73 mmi  The lateral caudal papillae waz 1.50 mm
to 1,55 mm from the tail tip and the uteri was 5.2 mn to 5.7 mm
longs The egga ware 0,070 to 0.072 mm by 0.042 mm to 0,045 mm
4n size, '

The comperative measurements of M, murshidis given by
Lane. (1914) ,Witanberg.( 1925) ,Westhuysan. (1938)and in the present
study are furnished in table 2,

. Mshid_ig £aloifers (Cobbold, 1852)

: (Plat@ Ve ?.‘..ga.l. 2 and 33 Pl.at.@ Vi, FPigs. 1 and 2)

mg% £aloifers showed morphological characters similsr
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to that of H, murshidia except that the oral asperture was
bound by 80 leaflets. The exxretory pore was aituated a
iittls posterxior to the junction of cesophsgus and chyle-

intestine and the lateral peplllas were situated shortly
caudad of the junction,

flalas mwemwzammaxmmzm
and tho maximim diemoter wad €rom 0.93 mi $0' 3,06 mn at the
squator. The diamster of the head ranged from 0,23 tm to-
0.28 mm., The buccal capsule measured 0,10 om by 0,13 mm, -

Bursa were 0,353 mm ¢O 0442 mm and 0,60 mn to 0.78 ma respece
tively. The length and width of oesophagus wore 0,93 mm to
1.01 mm and 0.25 ma £0 0.34 min respectively. The nerve rigg
was ot 0.43 €0 0,50 nm, exoretory pore 1.+13 mm 'to 1,21 om
and the cervical papilles 1.51 mm €0 1.53 mm respectively from
the antarior end, The cuticular striaticns were 0,007 mm apsrt.

The laterel rays of the bursa were idnesr and uniform in
thickness (Plate VI, Pig.3). Tha doreal and extsmmo-dorssl
rays were smooth but some specimen showed ruggedness tendency
towards tho internal branches of the dorsal rays. The dorsal
ray had a length of 0.60 mm to 0,43 mm., The externo=dorsal
ray had a short fork like projection. Of tho thres divisions
of ths dorsal ray, tho two lsterals wers close together and
w separated frem ths central one (Plate VI, ?&g@)a In
samy worms, a tendency towarda fusion of the latéral branches
of the dorsal ray was noticed ot least on ous eide,
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The epicules wero equal, similar and the chafts of ths
spicules warc curved just cephalad of the terminal bent giving
them a "lyrate® or “spoon” shape (Plate VI, Fig.S). The
spicules moasured 1,6 mn to 1.88 mm length. An “S° ghaped
accegsory plece was present.

Temal@» The female worm m=zasured 31 to 36 ma in length
and 1.0 mn to 1.24 mm in width. The hsad had a dlameter of
0429 tm 0 032 mm and the buccal capsule measured 0.11 m by
0.14 mm. The @iameter at the oesophagoal bulb and cephaled to
vulva were 0,48 om €0 0,50 mm and 0,65 mm t;c; 0,68 mm raspaC=
tively. The oesophagus measured 0,99 ma to 1.21 mm 4n length
and 0.32 mn to 0.43 mm in width., The nerve ring . located at
0,50 mn to 0.57 mm; tho excretory pore at 1,39 mm'to 1.52 mm
and the cervical lateral papillae at 1.5 mm o 1.69 m £rom the

Two caudal papillae were present postericr to anal opening
af; 2,0 mm from tail tip, Tho anus' and vuiva vere logatod at - |
2.07 m o 2.70 mn and 2,68 mm to 3.81 mn regpectively from the
£4p of tafl (Plate VI, Pig.6), The veginal length vas 1,79 mm
€0 223 rma The uterus had a length of 6.0 mm to 6.8 mm end
the ova mpasured 0,081 mm t0 0,063 mm by 0,032 ma to 0,035 mm.

‘ The comparative measurements of M. falcd |
Lano (1914), Witenberg (1923), Westhuysen (1938) and 4n the
present study are furnished in table 3.
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3. Quilonia renniei (Raill, Henry and Joyeux, 1913)

Genaral morphological features
(Plate VII, Figs.l, 2 and 33 Plate VIII, Figs. 1 and 2)

This species Qaa £a1r1y a1ender with discoid head. The
mouth tefminal wvas surrounﬁed by a mouth collar which bore four
prominent sub-median and two sessile lateral papillae. The
loaflets were less when compared to Murshidia species. They
vere 18 in number characteristically curved and surrounded the
mouth énteridrly. Therleaffcrcwns.were thin and long and pro=-
jected freely above the head. The éesoPhagus:vas nearly cylin-

drical in shape. The intestinal valves were aB usual.

ﬁg&g: Thellength of male worm ranged:from 15 mm to 19 mm
uﬁth'a maxiﬁum width of 0.6 mm to 0;79.mm. The diameter of
head was 0.20 mm to 0.29 mm and the buccal capsule measured O.12mm
to 0:15 mm by 0.10 mm. The diamaters at the region of oceso-
phageal bulb and cephalad to bursa were 0.31 mm to 0.43 mm and
0.35 mm to 0.47 mm respectively. The oesophagus measured
0.68 m to 0.80 mm in length and 0.23 mm to 0.27 mm in width.
The nerve ;ing. the excretory'pore and cervical papillae vare
at 0.31 m to 0,37 mm, 0.6 mm to 0.7 mm and 0.7 ma to 0.75 mm
regpoctively from the'antérior extremity. ’The distance hetweén
the cuticular striations on the body was 0,028 mm to 0.03 mm.

The bursa was divided into three lobes. Thé dorsal lobe
was longer than the lateral lobes. The dorsal ray was bifurcate,
each branch gave three sub-divisions, and there was long common

gtem before bifurcation, The lateral sub-branches came first,
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and did not reach the edge of the bursa. The median and
internal sub-branches were fused almost completely (Plate VIII,
Figo 3).

The dorsal ray ranged from 0.33 mm to 0.54 mm 4n length
and biﬁurcated. each branch giving three sub«branches. The
lateral sub-branch of the bifurcated branch of dorsal ray
came off first, at a distance of 0.11 mm to Q.14 mm and the
median and internal sub-branches came off at a distance of
0.13 mm to 0.16 mm from the bifurcation point. The externo-
dorsal ray had a length of 0.40 mm to 0.45 mm; The divergent
branchas of the lateral rays were slender (Plate VIIX, Fig.4).
The ventral rays measured 0.20 mm to 0.24 mm: The spicules
~were equal and similar and each had a sickle shaped point
(Plate VIIXI, Fig.5). They measured 0.80 mm to 0.92 mm 4in
length. The nccessory pilece was curved from side to side and
measured 0.16 mm to 0.21 mm 4in length.

FPemales The length of female worms ranged firom 21 mm to
28 mm and the width ranged from 0.9 mm to 1,13 mm. The head
measured 0.21 mm to 0.30 mmlin diametor and the buccal capsule
maasured 0,12 mm to 0,22 mm by 0.10 mm. .The diamptera at the
region of oesophageal bulb and cophalad to vulva ware 0.44 mnm
to 0.57 mm and 0.47 mm to 0.71 mm respectively. The oesophagus
measured 0.81 mm to 0.93 mm in length and 0.26 mm to 0.34 mm 4in
width. The nerve r}ng exgretory pore and cervical papillae
vere at 0.33 mm to 0.52 mm, 0.64 mMm to 0.80 mm and 0,81 mm to

0.90 mm respectively firom the cephalic end. The cuticular
striations were 0.03 mm to 0.04 mm apart.
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The caudal papillae were at 1.00 mm to 1.23 mm, the anus
¥as at 1.9 mm to 2.28 mm and the vuiﬁa was at 5.4 mm to 7.06 mm
£rom tpe tip of the sharply pointed tail (Plate VIII, Fig.6).
The ovijectors were divergent, but the posterior portion of
uterus, immediately turned cephalad. The two uteri ran cephalad
eide by side. The ova measured 0.06 mm to 0.07 mm.by 0.035 mm
to 0,04 mm.

The comparative measurcments of Q. renniei recorded by
Lane (1914)5_Westhuysen (1938), Fernando and Fernando (1961)
and in the present study are given in table 4.

4. Choniangium gpistomum (Plana and Stazzd, 1900) -

General morphological features
(Plate IX, Figs.l, 2 and 3; Plate X, Pigs.l and 2)

Choniangium epistomum worms were fairly stout and straight.

The anterior extremity was obliquely truncated; so that the
mouth Qas directed antero-dorsally. The oral aperture was
gurrounded by a corona of about 50 converging leaflets. Each
"leaflet was supported by an external cuticular f£lsp and it
extended little above the head. The buccal capsule was large
and funnel shaped. There werxe no teeéh at the base but four
pairs of hemispheroidal cuticular prominences projected into
the oral cavity. One pair was situated postericr of its
equator ciose to the mid-dorsal duct. The second palir was more
cephalad and on a more ventral line of the f£irst pair. The
third pair at the same level and just cephalad of the last
palr, the fourth emaller pair was found anteriorly and
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ventrally in the anterior third of the buccal capsule. The
dorsal gutter showed a thin line. No cervical gland was
vi Bible ¢

The valves of the chyle intestine were exceptionally large
and the anterior extremity of the chyle intestine was wider
than the posterior extremity of the descphagus,

'gggg:' The male worm measured. from 16 mm to 21 mm in
}ength and 0473 mm to 0.91 mm in width: The diameter of he;d
méasur@d 0.47 mm to 0.52 mm and the buccal capsule measured
0:63 mm to 0.87 mm by 0.38 mm to 0.42 mm., The diameters at
the raegion of nerve ring and cephalad to bursa were 0.60 mm to
0.75 mm and 0.35 mm €5 0.52 mm respectively., The oé50phagﬁs
was 1.4 mm to 1,76 mn in length and 0.32 mm to 0.42 mm in width:
The nerve ring, the excretory pore and the cefvical papillae
were 1,10 mm to 1.28 mm, 2.0 mm to 2.23 mm and 2.1 mm to 2.34 mm
from the cephalic end respectively. The cuticular Striation;

were 0.02 mm apart.

The male bursa was longer dorsally than ventrallf. - The
ventrél rays were apposed. The points of the three branches
of the lateral rays were divergent. A granular accessory
lateral ray was present (Plate X, Fig.3). The dorsal ray was
divided into three branches, each of which was bifurcated
(Plate X, Fig.d)s |

The length of dorsal ray was 0.53 mm to 0.55 mm and the
extorno-dorsal ray was long and sinuous and measured 0.40 mm

to 0:.43 mm in length. The spicules were equal similar and
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terminated in £ins points ﬁeing widest at the equator and
measured 2.23 nmm to 2.4 mm in length (Plate X, Fig.5). The
accessory plece was 0,20 mm to 0.25 mm long with wider posterior
portion.

Femalet: The female worm measured from 18.5 mm to 23 mm 4in
length and 0.97 mm to 1.09 mm in width. The diameter of the
head ranged from 0.52 mm to 0,68 mm and the buccal capsule
measured 0,75 mm to 0,86 mm by 0,40 mm to 0.52 mm. The dia-
meters at the region of nerve ring and cephalad to anus were
0.69 mm to 0,78 mm and 0.19 mn to 0.21 mm. The length of oeso-
phagﬁs was from.1.72 mm to 2.10 mm and the width of bulb was
from 0.31 mm to 0.42 mm. The nerve ring, the excretory pore
and the cervical pabiliae were at 1.2%9 mm to 1.49 mm, 2.18 mm
to 2.9 mm and 2.36 mm to 2.7 mm respectively from the anterior
end., The cuticular striations were 0.028 mm to 0.030 mm apart.

The vulva of the female worm was situated close to the
anus where the worm suddenly narrowed. The vagina was divided .
into two uteﬁi running parallel towards the cephalic end, The
‘téil was blﬁntly conical.

The lateral caudal papillae were at 0.l15 mm, the anus
0,39 mm to 0,52 mm and vulva 0.64 mm to 0.85 mm respectively
from the tip of tail (Plate X, Fig.6). The length of vagina

waﬂ 1.05 mm to 1050 M,

The comparative meagurements recorded by Lane (1914),
Ware (1924) and in the present study are furnished in table 5.
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S. Decrusia additiotia (Railliet, Henry
and Bauche, 1914)

Cena morphol cal faeatures
{Plate xx. ?iga.1, .2 and 33 Plate XII, Figs 1 and 2)

Decrusia additictia were fairly stout worms tapering at
both ends and the head was truncated with the mouth subterminal
facing aligﬁtly dorsal., Dorsal wall of the oral cavity was -
slightly shorter than the ventral. The oral aperture was
surrounded by an 1nté§nal corona éomposed of riumérous short and
blunt leaflets, which wore somewhat masked by the more pronounced!
éx&ernal leéf crown, the elements of uhiéﬁ wera pointed and
longer than those ‘of the internal leaf crown. Both leaf crowns
arose!apparently'at the same level. A cﬁp shapéd buccal capsule
with two triangular shaped sub-~ventral teéth at its base was
preéent. The éérso-oeaophageal duct was very pronounced and
raﬁ along ths dorsal wall of the mouth cavity as'; canal,
bordered by scalloped marking. Six oesophago=intestinal valves

wora present. Coervical papillae were absent.

Malet The maleé worm measured 16 mm to 18 mm in length
and 0.78 rm to 1.0 mm in width. The buccal capsule measured
0,34 mm o 0.4 mm by 0,32 um to 0.43 mm. ' The diameters at the
.nerve ring'region and cephalad to bursa were 0.52 mm and 0.47 mm
respectively. The length of oesophagus was 1,39 mm to 1,62 mm
and width ranged £rom 0:34 mm to 0.36 mm. The nerve ring and
excrotory pord were at. 1,0 mm ¢to 1,08 mm and 1;04 mm respec-
tively from the cephalic end. The cuticular striation was
0.01 mm apart.
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The ventral rays of the bursa were long and stout.and
~ measured 0;28 mm long (Plate XXI, Fig.3). The dorsal ray was
undivided except at its extreme tip (Plate XII, Fig.4).

The length of dorxsal ray was 0.36 nm to o.ﬁo mm and at
0.0%5 mm to 0,1 mm cephalad to the extremity it gave off a stout
branch and a small one, caudad to this. The externo-dorsal ray
was comparatively short and measured 0.25 mm in length. The
spicules had a length of 2,31 mm to 2.54 mm and were equal with
a marked cross striations at the base and tapering extreme point

(Plate XII, F;g.s). Accessory piece was absent.

Femalet The female worms ranged f£rom 18 mm to 22 mm in
length and 1.10 mm €0 1.31 mm in width. The diamester of the
buccal capsule was 0,47 mm to 0.51 mm and the length was 0.45 mm
to 0.48 mm. The diameters at the region of thg nerve ring and
cephalad to anus were 0.56 mm to 0.57 mm and 0.26 mm to 0.28 mm
regpactively. The QGBOphagus'meaaured 1.76 mm to 1,96 mm 4in
length and the width ranged from 0,39 mm to 0.44 mm. The nerve
ring and excretory pore were at 1,06 mm to 1,16 mm and 1.06 mm
to 1.11 mm respectively from the cephalic ends The subw-ventral
teeth measured 0.20 mm by 0.07 mm.

The caudal papillae and the anus were at 0.05 mm and
0.28 mm t0 0.31 mm respectively £rom the tip of tall (Plate XII,
Pig.6). The vulva wap situated in the posterior third of the -
Sody at 7.53 mm to 8,31 mm from tall tip and was marked by a
cap of daék cemant. The vagina was folded and joined with a
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bilobed muscular ovijector from which the two uteri originated,
the caudad running uterus turned 1mmédiéte1y cephalad. The

ova measured 0.07 mm by 0.035 mm.

The camparative measurements recorded by'nane (1914),
Westhuysen (1938), Fernando and Fernando (1961) and in the

present study are listed in table 6.
6. Amira pileata {Railliet, Henry and Bauche, 1914)

Genaral morphological features
(Plate XIXII, Figs.l. 2 and 33 Plate XIV, Fig.l)

Amira pileatg were fairly small worms with a thick
cuticle. The mouth collar wWas geparated f£rom the rest of the
cephalic end by a groove. The mouth capsule was very short,
circular and its dorgo-ventral and lateral axis were equal in
length. There were six head-papillae, four sub-median and two
sessile laterals, none of vhich were prominent. The capsule
was shallow‘and bore a row of tubercles at its bage. The mouth
was terminal and was surrounded by external and internal leaf
crowns each with 32 elements. The external leaf crown elements
exténded slightly beyond the anterioi rim of the mouth collar
and internal leaf crown elements were short and formed anterior
margin of the mouth capsule. The oesophagus was hour glass
shaped with the nerve collar surrounding the constriction.'
The posterior extremity of the short oesophagus projected into
tha beginning of the chyle-intestine forming three amall lobes.

An oesophageal funnel was present extending from the mouth
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capsule to the level of nerve ring. The oesophagus had a'
cuticular lining.

'gglgy rThe male worm measured 12 mm to 12,5 mm in length -
and Q.56 mm to 0.74 mm in width., The diameter of head was
0.18 mm to 0.22 mm. The buccal capsule measured 0.11 mm to
0.14 mm by 0.03 mm to 0.05 mm. The length of ocesophageal
funnel was 0.16 mm to 0.17 mm. The ocesophagus measured 0.48 mm
to 0.61 mm by 0,27 mm to 0:35 mms The nerve ring was at 0.25 mm
to 0.31 mm from the anterior end: The excretory pore and cer-
vical papillae had more or less egqual distance (0.37 mm to
0.71 mm) £rom the anterior end, The cuticular striations were

0.02 mﬁ\to 0.04 mmm apart.

The length of male bursa ranged £rom 1.9 mm.to 2:15 mm.
The dorsal lobe of the bursa was enormously elongated (Plate XIV,
Fig.2). The cuticle in front of bursa was much thickened on the
ventral surface. The prebursal papillae werellong. thin, wavy
and measured 0.22 mm 4in length. The ventral rays wére closer
together, of which the anterior cne was thinner than the
posterior. The three 1atarél rays had a coomon origin and
the postero-lateral ray branched bafore the other two rays
(Plate XIV, Fig.3). The cutline of the edge of dorsal lobe of
ﬁhe bursa laié close to the edge of the sube-division of the
ray so that the lobe was extraordinarily narrow and long.. A
gubernuculum was present, The externo-dorsal ray pursued a
wavy course taking off from the main stem of the dorsal ray

at a distance of 0,30 mm from its base. The dorsal ray had a
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length of 1,6 mm to 1,83 mm with a breadth of 0.52 mm to

0.55 mm. It Aivided high up within 0.18 mm of its origin,
after a short course, each primary division gave off two
branchas close to each other, the longer branch had 0.13 mm

in length and shorter branch 0.06 mm in length. These branéheg
appeared as off-ghoots f£rom the main stem. The main branches
of the dorsal ray continued a straight course parallel and
olose together. The spicules were long, fine and equal with a
length of 3.62 mm to 3.97 om. A guhérnﬁculum was present
(Plate XIV, Fig.4). '

Female: The female worm had a length of 12.5 mm to 15.5 mm
with a breadth of 0.63 mm to 0.78 mm. The dlamater of head
méasured 0.19 mm to 0.24 mm and the buccal capsule measured
0.12 mm 0 0.14 mm by 0.03 mm to 0.06 mm. The diameters at the
region of nerve ring and cophalad to anus were 0.40 mm tﬁ
0.52 mm and 0.15 mm to 0.16 mm respectively. The oesophagus
measured 0.55 mm to 0.61 mn in length and 0.32 mm to 0.36 mm 4n
width. 'The nerve ring, excretory pore and ceréical papillae
were at 0.29 mm to 0.33 mm, 0,65 mm to 0,74 mm and 0.72'mm'to
0.82 mm respectively f£rom the anterior extremity. The length
of ocesophageal funnel ranged £rom 0.20 mm to 0.31 mm.

The vulva was found close to the anus, The éaudal end
gradually tapered to a rather blunt point. The anus and vulva
were at a distance of 0.40 mm to 0.50 mm and 0.60 mm to 0.80 mm

respectively from the tip of tail (Plate XIV, Fig.5). The long
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vagina ran cephalad and divided into two parallel cephalad
running uteri with ovijectors. - The length of vagina was 2.4 mm
to 2.76 mm. The ova measured 0.06 mm to 0.065 mm by 0.03 mm to

0.035 mm.

The comparative measurements of Amira plleata recorded

by Lane (1914), Westhuysen (1938) and in the present study are
given in table 7.

7. Equinubria sipunculiformis (Baird, 1859)

Gegerg; mogghologica; featureg
(Plate XV, Figs.l, 2 and 3; Plate XVI, Fig.l)

Equinubria sipunculiformis was £a1:ly.1arge*and stout.-
The head separated from. the body by a distinct neck. The oral

aporture was surrounded by an external leaf crown consiating'

of 168 rays of which 56 were long and between each palr of

these rays two shorter rays were located, The 1ﬁterna1 loat
crovn was composed of numerous small, short and stout elementa.
The ofaliaperture waa'pointed 3lightly dorsad, and Waé surrounded
hy two. lateral and four subamediaﬁ papillee none of which were
very praminent. The buccal capsule was cup-shaped which bore
upto ten teeth like structures at the base and tﬁé dorsal wall
was shorter than the ventral one. The fine dQuct of the dorsal
-oesophageal gland ran along the mid-dorsal line which discharged
through a dorsal gutter. The anterior end of the oesophagus:
was enlarged and its posterior bulb ended at the chyle-intestine
with three valves. |
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Male: The male worms were straight but turned sbruptly
dorsad just cephalad to bursa and measured from 18.5 mm to
21.00 mm in length and 1,4 mm to 1,69 mn in width. The dlameter
of the head measured from 0.8 mm to 0.95 mm and the buccal
capsule measured 0.30 mm to 0.37 mm by 0.41 mm to 0.44 mm. The
dlameters of the body at the level of nerve ring and cephalad
to bufaa were 1,02 mm to 1,05 mm and 0.79 mm to 0.81 mm respec-
tively. The length and width of cesophagus measured 1,92 mm to
2.10 rm and 0.39 mm to 0:41 mm respectively. The nerve ring
and excretory pore were situated at a distance of 0.9 mm to
1.1 mm and 2.4 mm respectively from cephalic end: The cuticular
striations were 0,003 to 0.004 mm apart.

The ventral rays were apposed and the lateral rays had
marked diverged points (Plate XVI, Fig.2). The posterio-
lateral ray had a bosa at its base. The dorsal lobe of the
bursa was longer than the laterals. The dorsal ray had a length
of 1.2 mm and had three subdivision on each side marked in the
irregular prominences. The externo-dorsal ray trifurcated of
which the ventral branch was the longest with a measurement of
0.55 mm to 0.60 mm than the‘othar two branches, which were
considerably shorter and irregular in outline (Plate XVI, Fig.3).
The spicules were strong, equal and similar and measured 1.4 mm

to 1.6 mm (Plate XVI, Fig.4). Accessory piece was absent.

¥Yemales The female worms wera also stralght but showed a
Blight dorsad deviation at the tall end and measured 20 mm to
25 mm in length and 1,85 mm to 1.9 mm 4in width. The diameter
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of head was 0.8 mn to 0.99 mm and the buccal capsule measured
0.30 mm to 0.40 mm by 0.36 mm to 0.42 om., The cesophagus
measured 2.0 mm to 2.50 im 4n length and 0.41 mm to 0.47 mm

in width., The nerve ring, the excretory pore and the cervical
papillae were at 0.96 mm to 1.26 mm, 2.73 mm and 2.76 mm f£rom
the cephalic end respectively. The anus was foun@ at the bottom
of a depression between the tail and a marked caudal projecting
conigal prominence on which the vulva opened. The lenéth of
tall was 0.7 mm to 0.83 mm and the distance of vulva from anué
was 0.25 mm to 0.28 mm (Plate XVI, Fig.5). The vagina ran
cephalad for'1,7 mm to 1,9 mm and then divided irto two uterd
which also ran cephalad side by oide and ended in weak ovijectors.
The ova measured 0,06 mm to 0,062 mm by 0.030 mm to 0.032 mm,

The comparative measurements of Eduiﬁubria sipunculiformis

recorded by Lane (1914), WGsthuyseﬁ (1938), Ferhando and
Fernando (1961) and in the present study are given in table 8.

8. Parabronema indicum (Baylis, 1921)

General_mo:gholggigal‘geatures
(Plate XVIX, Figs.l, 2 and 33 Plate XVIII, Figs.l and 2)

They uefe rather smaller worms having the mouth bordered|
by paired lateral lips, each with three papillae. The heaq was
conical and distinctly narrowed in front than behind. The ‘
cephalic extramity was provided with dorsal and ventral cuti-
cular shields and was ornamanted with six horse-shoe shaped
cordons or auricular appendages which bore narrow groove on

on their free edges oﬁ'which two ware lateral, £ﬂb sub=vantral






and two subw-dorsal. The oral aperture was of gragter dlameter
dorso-ventrally end passed into a long vestibule or cuticular

~ tuba vhich led into the oesophagus: The ocesophagus consietad

of two portions, both muscular, the anterior part was short and
narrow and the posterior part was long and broads The cephalic
portion of tho oesophagus was surrounded by a -chicla nerve
collar, The excretory pore was located anterior to the cervical
papillae, which was more or less in the region of the nerve ring.
The vulva opened near the posterior part of oesophagus.

Hales The caudal end of the male-worm coiled ventrally
vith interrvpted longitudinal ridges on ventral side of the
hind end. The male worm ranged from 7 mm €0 8 mm 4n length and
0428 mm o 0,30 mn-4n width. The diameter of tha head was
0.11 mm to 0,13 rm and ths length of buccal tube was f£rom
0.13 mn 0 0,13 om, The Alemsters at tho roglon of nerve ring
end anal reglon wers 0,15 mm €0 0,16 mm and 0,22 mm o 0,24 mm
respectively: The length and width of cesophagus were 1.44 m
€0 2i3 mn and 0.15 mm respectively. The nerve ring, the excro-
tory pore and carvical pspillee were from 0.23 mm tO 0,27 mm,
0.18 mm to 0.22 mm and 0.24 mm to 0,28 mn réspectively f£ronm
the cophalic end, The cuticular striations were 0,03 mm part.

The tail length was 0,18 mm to 0,22 mm. A @nall csudal alae
vas noticed and four paira of pre-ansl and two. palrs of poste
anal papiliae were found arranged asymmetricallys One eddd-
ticnal extra double papillas immediately in £m,m~.‘ of anus was
also present. The anterior pair of posteanal papillae overlapped
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each other so that the termination of the right papillae was
wall on'the left of the mid-éentra;lline.and posterior palr was
symmetrically placed opposite to each other (Plate XVIII, Pig.3).
The posterior-most pair of post-anal papillae was at Oalzimm
from the posgterior end. The spicules were unequal, the left
being véry slender and about two and a half times longer than
the right and measured 0.92 mm to 0.99 mm and 0.36 mm to O.41 mm
rospectively. The accessory plece was samewhat triangular in

shapé@ and measured 0.05 mm in length (Plate xviII. Fig.4).

Females The posterior extremity was curved dorsally and
the female worms were considerably iaxger than male and measured
11 mm to 13 mm in 1engtﬂ and 0.33 mm to 0.36 mm in width. The .
posteriqr diametexr of the head'was 0.14 mm to 0.16 mm and the
length of buccal tube was £rom 0.15 mm to 0.17 mm. .The Seso-
phagus measured 1,90 mm to 2.26 mm in length end 0.16 mm to
0.20 mm in width. The nerve ring, the excretory pore and the
cervical papillae were at 0.24 mm to 0.34 mm, 0.22 mm to 0.80 mm

and 0.28 mm to 0,33 mm respectively from cephalic end. .

The vulva was located at a distance of 0.15 mm to 0,43 mm
posterior to the bulb of cesophagus. The vagina was about
0.22 mm in length and formed a characteristiQ.FU” shape
(Plate XVIIX, Pig.5). After a further course of 0.4 mm; it
widened into a fusiform swelling which gave o££ the two uterine
branchas posteriorly. One branch ran posterior to a point about
0.30 mm to 0.60 mm £rom the anus where it turned anterior again.

The other branch turned anterior, a short distance from its



38

origin and ran upt6 about the level of posterior end of oceso-
phagus. fhie formed a loop and ran once more posterior. The
tall was short and measured 0.28 mm to 0.40 mm in length
(Plate XVIIX, Fig.6). The caudal papillae were at a distance
of 0:03 mm £rom tai; tip.

The comparative measurements of Parabronema indicum
recorded by Baylds (1921), Westhuysen (1938) -and in the present
study are furnished in teble 9.

9. Parabronema gmithi (Cobbold, 1882)
General morphological features

(Plate XIX, Figs.l, 2 and 3j Plate XX, Flg.l)

_ The general morphological-features of Parabronema smithi
were aimilar to that of B. indicum,

Malei The male worm measured 4.1 mm.ta 5;10 mm in length
and 0.19 mm to 0.21 mn 4n Qidth with the tail coiléd ventrally
'into a spiral and provided near the extremity with lateral
ala=like expansion and largely covered on the ventral surface .
with 1nterrupted. longitudinal ridges (Plate XX, Fig.2); The
diameter of head measured 0.08 mm to 0.09 mm and the length of
the buccal tube was 0.08 mm to 0,10 mm. The length of oesophagus
'was 1,06 mm to 1.25 mm and width was 6.08 mm to O.11 mm. The
nerve ring and ¢exrvical papillae were at 0.17 mm t6 0.23 mm and
0.17 mm to 0.27 mm respectively from the cephalic end. The
aiameters at the nerve ring region anﬁ at the spicule region
‘'wére 0.10 mm to 0,12 mm and 0.13 mm to 0.16 mm respectively.
The cuticular striations were 0,025 mm to 0.03 mm apart.
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. The spicules were markedly unequal, the left being
stouter énd double the length of the right spicule (Pléte XX,
Fig.3). The left spicule was 0.38 mm to 0;43 mm and right
‘spicule was 0,20 mm to 0.22 mm.long. But in one case tha left
spicule was 0.58 mm long and right spicule was 0,20 mm. The

accessory piece was 0:03 mm long:

The tail length was 0.16 mm to 0.20 mms; The anteriormost
pre-~anal papillae and posterior-most post-anal papillae were
0.22 mm to 0.26 mm and 0.09 mm to 0:11 mm from the posterior

end respectively.

FPemale: Tho female worms were larger than the male worms
and the tail was directed dorsally. They measured 7 mm to
8.5 mm in length and 0.24 mm to 0.29 mm in breadth: The dia=-
maters at the nerve ring region and anal 0pen1ﬁg‘were 0+:12 mm
to 0.14 mm and 0.08 mm to 0.11 mm.respectivelya The posterior
diameter of the head was 0,09 mm to 0.10 mm and the length of
buccal tube was 0.08 mm to 0.10 mm. The oesophagus had a length
of 1.29 mm to 1.48 mm and a width of 0.09 mm to 0.12 mm. The
nerve ring, the excretory pore and cervical papillae were at a
distance of 0.19 mm £o 0.26 mm, 0.18 mm to 0.21 mm and 0:21 mm
to 0.27 mm regpectively from the cephalic end. The cuticular
striations were 0,03 mn apart.

TheAvulvé was located at 0.05 mm anterior to the oeso-
phageal end or'0.45 mm posterior to it (Plate XX, Fig.4). The
posterior branch of uterus turned about 0.13 mm o 0.16 mm from
the ‘anus anteriorly. Tha tail¢length was 0+25 mm to 0+33 mm
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and a small papilla was found 0.02 mm to 0.03 mm £xom the tip
of tail (Plate XX, Fig.5).

"' The comparative measurements of P. smithi recorded by
Baylis (1921), Westhuysen (1938) and in the present study are
furnished in table 10. h '

10. Grammocephalus hybridatus (Westhuysen 1938)

General moggholggiqal_ghagégtera _
(Plate XXI, Figs.l, 2 and 33 Plate XXII, PFig.l)

These worms were fairly stout worms with dorsally bent
anterior extremiti{es. The buccal capsule was wide but narrowed
posteriorly. The fold in the dorsal wall of the buccal capsule
‘was not marked., The semilunes situated at the oral margin'uere
not large. The buccal capsule had a palr of lateral teeth and
a palr of subwventral teeth. Tﬁe apical notches of tho sub-
vantral teeth were small and their anterior edges faced ante-
riorly and dorsally. The ventral anterior edge was produced
into an acute point. The anterior-.edges of the'lateral lancetsA
ware -found anterior to the correspending edges of the sub-ventral
teeth. The single dorsal tooth was not prominent but received
the duct of the dorsal oesophageal gland. The intestine .had a
long- anteriorly directed dorsal éiverticulum which arose closely
with the oesophagus. '

Mala:s The male worm had a length of 35 mm to 38 mm and

width of 1.39 mm to 1.47 mm. The buccal capsule moasured
0.48 mm to 0.50 am by 0,22 mm to 0,25 mm,. .

The oesophagus‘measured 3,7 mm to 3.75'mm in.lengih and
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0.27 mm in width. The nerve ring, excretory pore and cervical
papillae were at a distanhce of 1.05 mm, 1.20 mﬁ and 1.23 mm
‘respectively from the cephalic end. The cu;icular stxiations
were 0.008 to 0.012Imm apart. S ‘

7he bursa was elongated. The medio and posterio-lateral
rays were close togathor (Plate XXIIX, Pigs.2 and 3). The
dorsal ray and externo-dorsal raya arose from a common trunk.
-The doraal ray was divided into two branches which were again
bddigitate-(?la&e xxxx. Fig.4). The length of dorsal ray and
externo-ﬁorsal ray was 0.45 mm and 0.6Q mm respectively. The
spicules were stout, alate and had a length of 1,55 mm to
1.67mm‘and.a width of:0.2 mm to 0.25 mm (P;ate xxxI,'Fig-B).

An accessory plece was absent.

Pemale: The female was shorter than male:’ and measured.
31 mm to 32 mm 4in length and 1.33 mm to 1,36 mm in width. The
bﬁccél capsule measured 0.45 mm to 0.46 mm by 0.21 mm, The
length and width of oesophagus ware 3,52 mm to 3,86 mm and
0.26 mm respeatively. The nerve ring, the exnretory pore and
corvical papillae were respectively at a d;sgancq of 1.0 mm,

1,05 mm and 1.08 mm from the cephalic end.

‘ The vulva was situated at 15.69 mm to 16,51 mm and anus
from 0.61 mm to 0.63 mm from the tail tip. The uteri were
divergent. The tail end was slightly bent dorsally and ended
in a long conical point (Plate XXII, Fig.6). The ova measured
0.054 mn to 0.058 mm by 0.029 mm to 0.032 tm.

The measurements of G. hybridatus recoxrded by Westhuysan
(1938) and in the present study are given in table 11l.
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adgtus (bang, 1921)

(Plate XXIIX, Fige.l L s 33 Plate XV, Pige, 1 and 2)

The worm was fairly stcut v.tt.h dorsauy bent anterior
extremity. The buccal capsule was wide but narrew pesto-
riorly. The fold in the dorsal wall of the buccal capsule
was not markedly prominent. The samilunes situated at the
oral margin ware small, The apical notches of the sub-ventral
teeth were small, and the anterior edges of these testh faced
antericrly and dorsally. The oesophagus was long| ang ‘s;w@l.a
and the intestinal diverticulun 82089 close to the cesophagus.

Tho female worm measured 42 mm 4n laength and

1.18 mm in width. The buccal capsule measured 0.42 mm by

0.20 mm. The length and breadth of cesophagis wore 3,44 mm and
0.28 mm respoctively, The nerve fing, the exaretory pore and
carvical papillso were at a distance of 1518 mmy 1,31 mm and
1:31 mm frém the cephalic end ruspéctively. The intestinal
diverticulun was 2,0 mn 4n length, The cuticular stristion
was 0,018 mm apars, |

The vulva was oitusted at 19,05 mm end the snus at 0,71 om
from tho tail tip (Plate XXIV, Pig,3). Tho utaerl was divergent
(Plate XXIV, Pig.4) and the tail end was contcals The egy
measured 0,063 om by 0.03% am,

The comparative measurcmants of Gram
by Wésthrysen (1938). Pernando and Fexnando (19631) and 4in the
present study are furnished in tsble 12.

|n-ouo alus va
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12, Pseudodiscus gollinsi (Cobbold, 1875)

Gene;al morphological features
(Plate XXV, Pig.l; Plate XXVI, Pig.l)

The body was oval 4n shépe. the ventral surface was con-
cave in mature spacimen while the dorsal surface showed con-
vex appearance. The anterior extremity was bluntly pointed
and bofe some conical papillae. The posterior extremity was
semicircular and acetabulum was strong and subterminal.

The mouth was anteriorly gituated and was surrounded by
an oral sucker, constricted at the middle which formed a .
globular ofal portion and bulbous posterior portion. The
bulbous portion was bilobed and had a well developed muscular
diverticula posteriorly. The aesoPﬁagua originated from the
portion between the two oral pouches and often took a posterior
straight course. It was divided into two intestinal caeca,
making inward bend a£ the level of testes and exten§ed upto the
middle of the acetabulum and sometimes upto the posterlor margin
of acetabulum.

Testes were lobed and were situated post~equatoral and
side by side. Ovary was post-testicular in position. The
uterus was dorsal and pre-ovarian. The vitelline glands located
extracaccally and extended from the middle of oesopliageal region
' anteriorly to blunt ends of intestinal caeca.

The worm had a length of 6.5 mm to 13 mm and a breadth of

S5 mm to 6 mm. The diameter of mouth was 0.47 mm to 0,78 mm.
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The vartical and transverse diameter of the globular oral
portion were 0,39 mm to 0.78 mm and 1.05 mm to 1,60 mnh res-
pe&tively. The diverticulﬁm measured 0.78 mm to 1.57 mm by
0;52 mm to 1.7 mm. The length of oesophagus was 1.05 mm to
2.13 mn. |

The testes were deeply lobed bodies placed horizontally
and measured 0.5% mm to 1.44 mm by 0.47 mm to 1.13 mm. The
vas-afferentia. arose from the centre of testes and united |
anteriorly to form a tBin coiled structure, vesicule seminalis.
The seminal vesicles passed into a less coiled hut thicker
structure pars-musculosa. This lead to a short narrow duct
pars-prostatica. From its ventral aspect, a short muscular
duct, ductus ejaculatorius originated,vhich united with the
terminal portion of uterus, the metratum, to form a ductus
hermaphroditicus. The latter was a short duct and opened into
the genital atrium which communicated wventrally with the genital
pore, The genital pore was 3:4 mm to 5.0 mm £rom the anterior
ond. ‘

The ovary was 0.26 mm to 0.65 mn by 0.26 mm to 0.57 mm
and was situated on the left side between the testes and poste-
rior sucker. Sometimes 4t was also found in the right or at
the centre of the body. The oviduct arose from the anterior
aspect of the ovary and ran dorsally through the shell gland.
The vitelline glands had follicles scattered on outer side of
intestinal caeca, extending from the middle of ocesophagus upto
the ends of the ;ntestinal caeca. The shell gland measured
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0:13 mm to 0.20 mm by 0,10 mm to 0.17 mm. The dlameter of
acetabulum was ‘1.41 mm to 2.49 mm and d1s£ance of acetabulum
to the posterior end ranged £rom 0.47 mm'to 1.3 mm: The ova
were oval; operculated and measured 0.150 mm to 0,152 mm by
0.08 mm to 0.085 mm.

The comparative measurements of Pseudediscus gollinsi

recorded by Bhalerao (1933), Westhuysén (1938), -Mukherjee and
Chauhan (1965) and in the present study are given in table 13,

13, Pseudodiscus hawkesii (Cobbold, 1875).

General morphological featurea

(Plate XXV, Fig.2j Plate XVI, Fig.1)

. The worms were conical with tapered anterior end and
hemispherical posterior end. Tho ventral surface was slightly

concave and €lat while the dorsal surface was CONvax.

The mouth was ﬁirected dorsowventrally and elliptical in
outline, The oral sucker had one anterior. globular oral
potticn'and a short posterior portion. The diverticula-origi-
nated frumAthe latter which were oval in shape. The oesophagus
led into a muscular phafYnx and thén bifurcated into wavy
intestinal caeca which ended in the equatorial zone of tﬁa
acetabulum.. Some specimen showed infolding of caeca in fronmt
of the acetabulum or one ﬁranCh ending upto the middle portdon
and another bhranch mot reaching to the'acetabulum. - '

The testes were branched and deeply lobulated. They were
situated one hohind the another and in some cases overlapped

their zones slightly. The vas-offerens came out £rom the
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dorsal aspect of each testis anﬁ united to form a much coiled
structure vas-deferens. This passed into a less coiled well
devélOped musculosa, which again passed into a ahort.prbstatica.
The ductus ejaculatorius which was tlie terminal portion of
vas-deférens united with the terminal porticn of the uterus

to form the duotus hermaphrodiaticus.

The ovary was situated behind the.;estis on‘the left side
and close to acetabulum. The wvitelline glands were composed of
' emall follicles and extended throughout the length of caeca on.
the lateral side but some follicles were seen intracaecally at

ﬁosterior part of the caeca.

. ‘The worms measured S.5 mm to 11 mm 4n length with a
maximum breadth of 3,5 mm £o 5 mm, Tﬁe thickness was 3 mm to

6 mm. The oral diameter was 0.23 mm to 6.47 mm. The vertical.
length and transverse diamster of the globular oral porticn was
0:13 mm to 0.39 mm and 0.39 mm to6 0.73 mm. The oesophageal
diverticulum measured 0.39 mm to 0.92 mm by 0.28 mm to 0.78 mm,
The oesophagus was 1.05 mm to 2.63 mm in length.

The p&sterior sucker had a diameter of 1.,44 mm to 1,73 mm
and aitugted at a dfstance of 0.18 mm from the posterior end.
The acetabulum lald very close to the posterior énd in most of
the cases, The genital pore was 2,5 mm to 4.52 mm f£rom the

anterior and.

The taestes measured 0,52 mm to 1.05 mm by o}ézbmm to
1.10 tm. The ovary measured 0.26 mm to 0.52 mm by 0,26 m to
0.59 mm. The shell gland laid behind the ovary and measured
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0.10 mm to 0,34 mm by 0.10 mm to 0.26 mm. The ova were oval,

operculated and measured 0,120 mm by 0.07 nm.

The comparati%e measurements of Pseudodiscus hawkesdd
recorded by Stiles and Goldberger (1910), Fukul (1929),
Wasthuysen (1938), Malik et al. (1959) and in the present study
ara furnished in table 14,

14. Gastrodiscus secungua (Bhalerao, 1933)

General morphological feagurea
(Plate XXV, Fig.3; Plate XXVIIX, Fig.l)

Y

These worms wore f£lattened leaf like bodles and the body
was divided by a constriction into a small, cylindrical,
anterior portion and a large, discoidal posterior portion. The
posterior portion.was condave ventrally and was covared with
regular rows of large papillae. The genital sucker and ventral
pouch were absent., Thae oral sucker vith paired divarticula was
present. The posterlor sucker was gmall and sub~terminal and
was situated at the middle. The oesophagus was long, narrow
and 1its wall was glarndular: Thén it was divided into two intes-
tinal caeca which passed alopg the sides of the body, but most
of them did not reach the acetabulum.  The genital pore was
situated behind the bifurcation of the caeca and posterior from
base of cephalic core., Testes were lébed, situated diagonally
each other, the left one in front at the centre of the body.
Ovary was post-testigular and situated on the left side of the

body commonly. The uterus had a sinuocus course between the






\da

testes and paased on the right side of the vas-deforens, The
shell gland was situated to the right side of the ovary. The
vitelline glands extanded from the level of the genital pore
to the middle portion of the posterior sucker, The follicles
ware found mostly in extracaecal area but soms of them were |

found on the intestinsl caeca also,

The body measured 10,5 mm to 12 mm in length and 6 mmn to
8 mm in breadth, The cephalic portion vas 1,97 mm to 2,26 mn
long and 2,20 mn to 2,68 mm broad, The disc portion was 8,9 mm
to 9,77 mm long and 6 mm broed, |

The diemeter of mouth was 0,27 mm to 0,39 mn, The oral
sucker messurcd 0,26 mm to 0,39 mm by 0,49 mm to 0,52 mm, The
afvorticula measured 0,76 m to 0.92 mm in length and 0,42 mm

. to 1,76 o, The intestinal caeca was 6,3 mm to 6,8 mm long
and the oesophagus was bifurcated at 0,65 mm to 0,75 mm from
the cophalic end of the disc, The casca ended at a distance

of 1,6 m to 2,05 mm £rom the posterior end,

The posterior sucker was 1,23 mm to 1,47 mm in length end
1,15 mm to 1,26 mm in width, The genital opening was poste
bifurcation 6f the intestinal caoca and was 1,44 mm to 1,84 mm
£rom the anterior end of the discoidel portion,

The testes were branched deeply lobed and measured 1,84 mm
o 2,49 mm by 1,57 to 2,5 om, - The ovary measured 0,29 mm to
. 0,35 mm by 0,21 mn to 0.30 mm., The shell gland measured 0,57 mm
to 0,60 om by 0,39 mm to 0,52 mm,
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The cﬁaw wore oval, operculated and measured 0.15 mm to
0.186 mm bY 0.091 mm to 0,1 nmm.

The comparative measurements of Gastrodiscus secundus
given by Bhalerao (1933), Mukherjee and Chauhan (1963) and
in the present study are furnished in table 15,
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Table 6. Camparative measurements of Decrusia additictia recorded by Lane (1914), Westhuysen
(1938), Fernando and Fernando (1961) -and in the present study in Indian elephant

Lane (1914) Westhuysen (1938) Pernando and Present study
_ : : Farnando(1961) -
Particularas . — : -
Male Female Male Female Male Female Male Female
mn mm mm mm mm mm mm mm
1 Total length 14, 15 20-21 10-14 " 13-18 16-18 18-22
3 Diameter of capsule 0.5 0.32-0.43 0.47=0.51
4 Length of capsule 0.4 0.34=0.4 0.45-0.48
S Length of oesophagus 1.9 1.9 1.8 1.39-1.62 0.45-0.48
6 Maximun dfameter
of oesophagus 0.37 0.37 0.41 0.34-0.36 0.39=0.44
7 Nerve xring £rom : :
anterior end 1.1 1.1 1.07 1.0-1.05 1.05=1,15
8 Excretory pore from 9, _ ) _
snterior end ' 1.0 }.0 1.04 1.06-1,11
9 Length of spicule 2.4 2.31-2,54
10  Width of spicule ' 0.045 0.045
11 Vulva to anusa 7.3 7.5 7.25=8.0
.12  Tail length 0.3 0.29 0.28-0.31
13 Cuticular striation 0.01 0.0} 0.013 0.01 0.015
15 Diamster of cephalad : _
to bursa 0.56 , 0.47

Three male and three female worms were measured in this study
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Table 8, Camparative measurements of

Equinubria si%unculiformis recorded by Lane (1914),

Westhuysen (1938), Fernando and Farnando (1961) and in the present study in

Indian elephant

Present study

Lane (1914) Westhuysen Fernando and
sl. (1938) Pernando (1961)
No. Particulars. _ —
Male PFemale Male FPemale Male Female Male Pemale
mn omm mm . m mm [ i D)
1  Total length 15 27.5 23=27 24~28 16-23 2025 18,5-21 20=25
2  Maximun diameter 1.3 S 1.8 1.2 1.4 1.4  1.44  1.40-1.69 1.65-1,90
3  Diameter of head 0.81. 0.81-0.86 0.8-0.95  0.8-0.99
4  Diameter of capsule 0.30 0.36 0.41-0.44  0.36-0.42
5  Length of capsule 0.20 0.27 0.30-0.37 0.30~0.40
6  Number of leaflets 168 168 | ‘168 168
7  Length of oasophagus 2.3 2.2 2.2 2.2 2.2 1.92-2.10  2.0-2.50
8 ggﬁiﬁﬁzg:;dth of 0.54 0.54 0.39-0.41 0.41-0.47
7 Nomve fing from | 1.0 1.0 1.0 0.9-1.1 0.96-1.26
10 gﬁgﬁﬁﬂg?mf“m 2.7 3.0 2.4 2.73
11  Cervical papillae 2.76
£rom anterior end
12  Spicule length 1.5 1.6. . 1.4-1.6
13 Vaginal length 1.7 1.8 ‘1.7-1.9
14  Tail length 0.8 0.82  0.7-0.83
'15 Vulva to anus 0.25-0.28
16  Cuticular striations 0.004 0.004 0.004 0.004 0.003-0.004 0.003~0.004
17 Oova

0.060x0.030

Four male and six female worms were measured in this study

wn
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Westhuysen (1938) and in the present study in Indian elephant

Table S. Comparative measurements of Parabronema indicum recordsd by Baylis (1921),

51,

Baylis (1921)

Westhuysen (1938)

Praesent study

piece

Ten female and four male worms were measured in this study. -
(P) = Posterior to bulb of oesophagus

Particulars ' .
No. Male Female Male Female Male Pemale
mm . mm " mm mm mm mm
1  Total length 7.9 13.0 9.0 13.0 7-8 11-13
2  Maximum diameter 0,31 0.39 0.24 0.30 0.28-0.30 0.33-0.36
3 Diameter of head 0.14 0.15 0.12 0.14 0.11-0.13 0.14-0.16
4 Length of buccal tube 0.17 0.18 0.13 0.16 0.13-0.15  0.15-0.17
5.  Length of oesophagus - 2.2 2.5 2.5 2.8 1.,44-2,2 1.90-2.26
6  Maximum width of '
oesophagus 0.15 0.16-0.20
7 Nerve ring from ' ’ ’
_ anterior end 0.32 0.34 0.32 0.32 0.23-0.27 0.24-0.34
8  Carvical papillae from ' N .
anterior end 0.33. 0.35 0.38 0.38-0.43 . 0.24-0.28 0.28-0.35
9 Excretory pore from . - ' ~
7 anterior end 9.39 0.42 0.34 0.18-0,22 0.22-0,30
100  Vulva to posterior - ; .

_  oesophagus 0.4(P) ~ 0.24-0.56(P) _ 0.15-0.43(P)
11 Tail length - 0,20 0.33 0.18-0,22 0.28-0.40
12 Caudal papillae 0.03 0.042 0.03-0.031
13  Cuticular striation 0.03 "  0.03  0.006 0.004 10,03 - 0.03
15  Right spicule length 0.39 0.40 0.36~0.41
16 °  Length of accessory 0.065 0.05 0.05

LS



Table 10.

Comparative measurements of Parabronema
Westhuysen (1938 and in the present study

smithi recorded by Baylis (1921),
Indian elephant

Baylis (1921)

Westhuysen (1938)

Present study

from anal opening

) Particulars
No. Male Female Male Female Male Pemale
1  Total length 4.2 8.5 6.5 6.6<9.3 4.1-5.10 " 7-8.5
2 Maximum diameter 0.2 0.25 0.22 0.24 0.19=-0,21 0.24-0.29
3 . Pogterior diameter . . . )
of head 0t09 0.08=-0,09 0.09=0.10
4 Length of buccal tube . 0.10 0.08-0.10 0.08-0.10
S  Length of oesophagus’ 1.5 1.5=-1.9 1.06=1,.25 1.,29~1,48
6 Maxdmim width of . . .
oesophagus 0.08«0.11 0.09=0,12
7 Nerve ring from ' ' . L - :
antorior end 0.22=0.24 0.25 0.17-0.23 0.19-0.26
8  Cervical papillae - - : : . L
from anterior end 0.24-0,.27 0.27 0.17=0.27 C.21-0,27
9 Excretory pore from ' :
anterior end .32 0.18-0,21
10 Vulva from posterior : . .
oesophagus 0.06{(A)=0.45(P) 0.05{(A)=0.45(P)
11 Tail length 0.20 0.28-0.35 0.16~0.20 0.25-0.33
12 . Caudal papillae from ' '
. posterior end 0.04 Qf03
13 Cuticle striations 0.04 0.03 . 0.028 0.03
15 Right spicule length 0.18 0.23 0.20-0,22
16 Length of accessory ' ' Y
plecs D 0.03 ~ 0.02-0.03
17 Posterior uterus 6 40-0.48 0.13-0.16

'Ten“male'and”ten“female*worma=werermaasuredwinuthiséstu&yn--f- - . - .
(A) = Anterior to bulb of ocesophagus. (P) = Posterior to bulb of ocaesophagus

131°]



Table 11.

Westhuysen (1938) and in tho present study

Comparative measurements of Grammocephalus

hybridatus recorded by
inI an elephant

Sl.

Westhuysen (1938)

Present étudy

Part;culars

No. Male Pemale Male Female '
mm mm mm mm
1 Total length _ 37 37 35238 3132
2 Maximum ddameter 1.4 1.0 1.39-1.47 1.33-1.36
3  Length of buccal capsule 0.5 0.46 0.48-0.50 0.45-0.46
4 Width of buccal capsule 0.22-0.25 0.21
5 Length of oesophagusa 3.64 3.7 3.7=3.75 3,52-3,66
6 Max{min width of oesophagus 0.27 0.26
7  Nerve ring from anterior end 1.09 1.0 1.05 1.0
8 Excretory pore from anterior end 1,29 . 1,07 1.20 1.05
9 Cervical papillae from anterlor end 1.15 1.15 1,25 1.08
10 Vulva to anus 16,7 15.08-15.86
11  Tail length _ 0.80 0461«0.65
12  Length of spicule 1.54 ' 1.55-1.67 | |
13 Width of spicule - 0.2=0.25
14  Cuticular striation 0.012 0.012 0©.008-0.012  0.008
13 Ova ' o 0.058~0.063 "0.054 x 0.029-
. x 0.032~0.058
: 0.029-0.034
16 Length of dorsal ray 0.45
17  Length of externo-dorsal ray 0.60

Two male and two female worms were measured in this study

€S
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Ova

Table 12. Comparative measurement of Grammocgghglus varedatus recorded by Westhuysen
(1938), . Fernando and Fernando (1961) and in the present study in Indian
elephant ’ ’

Westhuysen Fernando and Present study
s1 . {1932) Fernando (1961)
No'. Particulars
: * Male FPemale Male Female Male ¥emale
[ o mem mm m mm
1 Total length 55 47 44-45 - 41-44 42
2 Maxdmum diameter 1.33 1.11 1.40 1.20 1.18
3 Length of buccal capsule ' ' - 0.42
4 Width of buccal capsule 0.20
5 Length of oesophagus 3.6 3.6 3.40 3.40 3.44
6 Width of oesophagus .’ ' 0.28
7 Nerve ring ffom anterior end 1.16 1.16 1,18
8 Excratory pore from C1.31
anterior end 1.5 1.5 . 1,31
) Cervical papillae f£ram PR .
anterior end 1.7 lﬁT 1.31
10 Lenggh of spicule 1.35 ’
11 Vulva to anus 22 19,.14.
.12 Tall length 0.80 0.7%
13 - Cuticular striation 0.014 0.014 - 0,018
14 0.068 x 0.037 0.065 ®.0.035

One female worm was measured in this study.



Table 13. Comparative measurements of Pseudodiscus collinsi recorded by Bhalerao (1933),
Westhuysen (1938), Mukherjee and Chauhan (1965) and in the present study 4in

3

Indian elephant

Wasthuysen

Present study

19

‘ Bhalerao Mukher jee and
o Particulars (1933) (1938) Chauhan (1965) mm
: mm mm N
2 Maximum width 37 3-7 3-.7 S=6
3 Maximum thickness 2.5=3.5 2-3,5 2.5=3.5 2=-3.5
4 Oral diameter 0.34-0,57 0.85-1.05 0.47-0.78
5 Oesophagus diverticulum 0.98-1.57 x 0-4-105 b4 0.78-1.57
6 g::§e§*°’lp°rti°n of 0.7-1.1 x 0.39-0.78
7 Genital pore f£rom .
anterior end 2.5=-4.7 2.5-4.5 3.4-5.0
8 Length of oesophagus 0.93=1.62 0.9=1,5 0.93-1.92 1.05-2.13
" 0073"’2.28 - 0.75-2-25 0.73"2. 28 0047”1.13
10 Ovary (length x breadth) 0.42-0.87 x 0.40=-0.87 x 0.42-0.87 x 0.,26=-0.65
0.27~0,.34 0.25~0,75 . 0.27-0.74 0.26=0.57
11 Shell gland , 0.16 x 0.18 0.13=0.20
(Length x-breadth) B 0.10=0.17
12 Diameter of acetabulum 1.34~-2,11 l1.2-2.1 1.4-~1.8 1.41=-2,49
13 Distance of acetabulum : 0.471.3 '
fram posterior end eRiIT e
14 Bxcretory pore -
posterior 3 0.42-0.84 0.4—0,84

0.135 x 0.086

0.085~-0.088 0.152-0.085

Nine worms were measured in this studg



DISCUSZION
Prevalence of helminthe

Prevalence of helmiinth parassites in Indisn elephants
wvas one of the major sspects of studies during the present
investigaticn, Cut of 203 paturally infected elephents of
different sax, age and from Qifferent inhsbitats, 117 slee
phants were found to be infected with either one or oore
species of helminth parasites, Threo monospecific infections
of Bivitellodbilharsie, two monospecific infections of anmphi-
stoses, three monospecific infections of castodes, eighty-nine
motiogpecific infections of strongyles end twenty mixed infece
ticns (either two or more) were found during the study.

Seascn hed szomw influsnce on the helminthic infection,
The infection wes found mere during the rainy esason (70 par
cent) then the summer seaszcn (52,44 per casnt).

All the adult mele, femalo and young olephants were found
to herbour diffarent types Of helminth perasitss, proving ths
fact that ege 2nd aex had no direct effect on the prevalence
of helninthic infection i elephsnts,

The adult worma of cestode, Anoplocephals mfmubriata and
blood fluke Bivitellobilherzia naird could not be recovered
Suring the study, dut the eggs of thoss helminths wege stulied
in deteil,

The circular and pentegonal ghspe with irregular cutline
of the ova of Anoplocephals panubriets egresd with the



descriptions given by Westhuysen (1938) but it was slightly
smaller in size. The measurements of the eggs of Bivitello-
bilharzia nairi obtained during the present study were two
times more than the measurements reported by Mudaliar and
Ramanujachard (1945) but more or less tallied with the £ind-
ings of Rao and Hiregauder (1953) and Sundaram et al. (1972) .

Out of 25 valid species of nematodes reported by previous
workers from Indian eleophants, yiz., Hﬁrsggdig murshidia
(Lane, 1914); M. faleifera (Cobbold, 1882), M. indica (Ware,
1924), M. neveulemaired (Witenberg, 1925), M. lanei (Witenbery,

1925), Quilonia renniei (Raill, Henry and Joyeux, 1913),

Q. travancra (Lane, 1914), Q. sedecimradiata (Kries, 1958),
Q. Binhai (Gupta and Trivedi, 1984), Q. gquptai (Gupta and
Jaiswal, 1985), Amira pileata (Raill, Henry and Bauche, & .ol

1914), Bquinubria sipunculiformis (Baird, 1859), Decrusia
adddtiotia (Raill, Henry and Bauche, 1914), Choniangium

epistomum (Piana and Stazzi, 1900), Bunostomum foliatum (Cobbold,

1882), Grammocephalus varedatus (Lane, 1921), G. hybridatus

(Westhuysen, 1938), Syngamus indicus (Moning, 1932), Leiperenia

galebd (Khalil, 1922), Toxocara lonchoptera (leiper, 1807),
Parabronema indicum (Baylis, 1921), P. smithd (Cobbold, 1882),

Indofilaria pattabiramaning (Alwar et al., 1959) and Indofilarda
elephantis (Chandradekharan gt al., 1972), only 11 species
namely, Murshidia inurshidia, M. faleifera, Quilonia remnied,
Amira pileata, Equinubris sipunculiformis, Decrusia additictia,
Choniggggum epistomum, Grammocephalus varedatus, G. hybridatus,
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Parabronema indicum and P. smithi could be cdllected and

atudied.

Out of nine trematode parasites reported earlier namely:
Fasciola facksoni (Cobbold, 1869), Pfenderius papillatis
(Cobbold, 1882), P. biramanicus (Bhalerao, 1935), P. heterocaeca
(Pukui, 1926), pPseudodiscus collinasi (Cobbold, 1875), |
" B. hawkasii (Cobbold, 1875) and Gastrodiscus secundus (Cobbold,

1876), only P. collinsi, P. hawkesii and Gastrodiscus secundus

wore collected and studied.

The morphological features of the recorded helminths, more
or less agreed with the descriptions given by previocus obser-
vations except in certain asgects as followed,

Murshidia murshidia
The morphological descriptions of the worﬁs were tallied
more or less with those described by Westhuysen (1938).- The
length of male worms and vagina in female worms examined @uring
the present study were found to be much larger than what was
reported by Lane (1914). Witenberg (1925) reported a leaflet -
number of 48 whereas in the present study, it was found to be
60 which agreed with the findings of Lane (1914) and Westhuysen
(1938). The female tail length and spicules of male worms of
the present study were also longer than those described by
Lane (1914) and Westhuysen (1938). -

Murshidia falciferas

The male and female worms studied were longer than those
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reported by Lane (1914), Fernando and Fernando (196l1a) and
Pernando and Fernﬁndo (1961b) but more or less agreed to
Witenberg (1923) and Westhuysen (1938). The tail length,
distance from vﬁlva to anus and Vaginal length were found more
or less equal to that of Westhuysen (1938) but more in measure-
ments than that described by Lane (1914). The leng£h of
apicule was shorter as compared to the findings of Wasthuysen
(1938) but lopger than that reported by Lane (1914). |

The rugé;dnesm of internal branches of the dorsal ray
and presence of a short fork like structure of the éxterno-
dorsal ray agreed to wéSthuyaen (1938) but differed from Lane
(1914) and witenberg (1928). The closely paralleled arrange-
ment of medio and posiérior rays of lateral raya.aéreed.with
Westhuysen (1938),

Quilonia rennied

The maximum length and width of the worms were comparaw
tively more than that reported by Lane (1914) and Westhuysen
(1538). Fernando and Fernando (1961a) and Fernando and

Fernando (1961b).

Amira pileata

The ubrms studied showed more or less oimilar character-
istics reported by Lane (1914) and Westhuysen (1938) but the
maximum length of the female worm was less than that of
Wasthuysen (1938) bu€ was more than that reported by Lane
(1914): .The vagina was longer than that described by Westhuysen
(1938) . |
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Choniangium epistomum

Lane (1914) Gescribed five pairs of hemispheroidical
cuticular prominences inside the buccal capsule but only four
palrs were noticed in this study. The bulbous‘nature of the
short external branches of the bifid branch of-the dorsal ray
described by Lane (1914) was also noticed in the present study.

Decrusia additictia

The specimens examined during the study agreed very
favourably in characters with those recorded by Lane (1914),
Westhuysen (1938) and Fernando and Fernando (1961b), except’
for the total length, which was more in the present study. The
specimens definitely showed a double leaf crown supporting the
£indings of Westhuysen (1938). A spine like short projection
was present at the tip of the tall of female worms as against
the description giQén by Fernando and Fernando (1961a},

Equinubria sipunculiformis
The male worms were longer than that of Lane (1914) but
shorter than that of Westhuysen (1938)..

Grammocephalug hybridatus

The present study revealed only shorter worms as compared
to Westhuysen (1938).

Grammocephalus Varedatgs

The single female worm recorded was found to be shorter

than that of Westhuysen (1938).
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Parabronema indicum

. The present investigation supported the measurements |
repbrted by Baylis (1921) and Westhuysen (1938) except shorter
oosophagus, The ratio between the left and right spicule was
more as against the report of Baylis (1921).

Parabronema smithd
'. The body length of male, the oesophageal length and the
left spicule were shorter than that of Westhuysen (1938).

Pseudodiscus collinsi ' T

The total length and maximum thickness of the worms were
. tallied with thé findings of previous workers. The oral éia—
meter of the worm was more or less similar to that of Bhalerao
{1933) but quite smaller in comparison to that of Mukherjee
and Chauhan (196%). The oeésophagus was longer than other
findings but the testes were smaller than that of Bhalérao
(1933), Westhuysen (1938) and Mukherjee and Chauhan (1963).
The acetabulum diaﬁeter was greater than that of Mukherjee
and Chauhan (1965). The 1nte$t1na1 caeca extended somewhat .
posterior to the middle of the acétabuluﬁ as described by
Bhalerao {1933) and Westhuysen (1938) but disagreed with
Mukherjee and Chauhan (1965).

Pseudodiscus hawkesid

" The length and breadth of the worms were tallied with the
descriptions given by Fulkui (1929) and Maldik gg_g&.'(IQSQ) but
greater than that of Stiles and Goldberger (1910) and Wasthuysen
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(1938), Tho length of cescphagus was nearly equal to the

measurement recorded by Westhuysen (1938) but longer than

the findings of Malik gt al, (1959), 9ho size of testes in

the present study was larger than the findings of Westhuysen
(1938) but the ovary was emaller in the present study.

Gastrodiscus secundus

The size of the worms and the length of oeso;hegua were

more than that described by Ehalerzo (1933) and Mukherjes and
Chauhan (1965),
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TREATMENE
Holminthiasis: 18 a common disease condition in all types
of elephants as in the c;ase of cattle, sheep, goat etc.
Recently new broad spectrum ‘anthélm.lntics have been employed
to control helminthiasis in animals and birds. The usage of
these anthelmintics was very limited in elephants dué to lack
of informaticns about its safe and effective dosages,

During the present study, the efficacy of a new benzimida-
zo0le {;roup of drug, albendazole (Albomar) was estimated aga.tnst‘
natural infection of gastro-intestinal nematodes in elephant.

Review of iiterature

Sundaram et al. (1971) reported that Tetramisole hydro-
chloride (Nilverm). at a dose of S mg per kg body weight, was
almost 100 per cent effective and safe against &trongylosis in
captive elephants. |

‘rhereaf'ter the safe and affective dosages. of othar new
anthelmintics like Thiabendazole (Chandrasekharan et al., 1972),
Morantel tartrate (Chandrasekhaxan et al., 1973), Parbendazole
(Chandrasekharan et al., 1974), Oxibendazole (-Sathianesan et al.,
1979), Methyridine {Chandrasekharan et al., 1979a), Thicphanate
(Chandrasekharan et al., 1979), Mebandaéole. Levamisole,
Bephenium hydroxynaphthoate and Disophenol (Chandrasekharan
et al., 1982), Penbendazole (Roy and Majumdar, i988; Lahkar
and Das, 1988) were estimated against natura.}. infecf.icn of
diffarent strongyles in aelephants.
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Albendazole

The efficacy and safety of albendazole have been widely
studied by several workers against nematodes, treématodes and

cestodes of cattle, sheep, goat, eguines, dogs and poultry.

Albendazole was f£irst introduced by Theodorides et al.-
(1976) and reported high efficacy at a dose rate of 5 to 10 mg/
kg by body weight against gastro-intestinal nematodes in cattle,

Benz and Ernst (1978) reported 99.1% efficacy of alben-
dazole at a dose rate of 7.5 mg per kg body weight against
adult nematodes in calves,

The efficacy of albendazole at a dose rate of 7.5 mg per
kg body weight was evaluated upto 93.5 per cent and 53.4 per
cent againét_adult and 4th stage larvae of Ostertagia ostertagd
raspectively in cgttle and sheep by William gg‘g&. (1981). Han
et al. (1982) reported 100 per cent efficacy of albendazole at
a Gose of 5-10 mg per kg body weight against Ascardta galld,

Rallietina tetragona and R. gchinoébothrida in fowls.

Romanuik (1982) showed high anthelmintic efficacy ©f
albendazole at 5 mg per kg body weight against Strongylus and
Trichonema species in horses. A dose of 7.5 mg per kg body
weight of albendazole was found to be very effegtive against
nat;rally infected nematodes in cattle (Todd and Mansfielqd,
19823 Jacob, 1984). .

Single dose of 3.5 or 5 mg par kg body waight of alben-

dazole showed 100 per cent effective against gastro-intestinal
nematodes except Trichuris sp. in goat without any adverse
-effect (Guha et al., 1986).
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RESULTS

Treatment

Albendazole (Albomar) at 2.5 and 3 mg/kg body weight as
single oral dose was 100 per cent effective against naturally

infected strongyles in 24 captive elephants (Table 16).

The faecal culture kept oﬂ the fifst day after medication
failed to.show 1a:vaé on second, third and fourth day and thus
proved its ovididal property.

The drug at the above mentioned dose rates was well
tolerated by all the medicated elephants and showed no signs
of toxicity.



Table 16,

e

Efficacy of Alb

Name of elephant
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1,

2,
3.
4.
5.
6.
7,
8.
9.
10.
11,
12,
- 13.
14.
15,
16..
17.
18.
19,
20,
21.
22.
23.

24,

Gopalakrishnan

Unnikrishnan
Sudhivan
Mukundan
Murald
Balakrishnan
Ramankuttyl
Satyanarayani
Reshmi

Tara

Anjald
Chandrasekharan
Nandind
Rajasekharan
Kuttynarayanan

Jr, Madhavankutty
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DISCUSSION
Treatment
Albendazole at the dose rates of 2.5 mg and 3 mg per

kg body weight was found to be 100 per cent effective against
naturally infected strongylosis in captive elephants, for
the €irst time, The presgsent £inding was 4in fuil agreement
with the observations made by Sundaraﬁ gt al. (1971) with
Tetramisole hydrochloride, Chandrasekharan et al. (1972) with
Thiabendazole, Chandrasekharan gﬁ,g;. (1973) with Morantel
tartrate, Chandrasekharan et al., (1974) with Parbendazole,
~ Sathianesan gt al. (1979) with Oxibendazole, Chandrasekharan
et al. (1979a) and (1979b) with Methyridine and Thiophanate
‘respectively. Chandrasekharan et al. (1982) with Mebendazole
and Levamisole, Ray and Majumdar (1988) and Lahka and Das
(1988) with Fenbendazole. As in the case of tetramisole
hydrochloride (Sundaram et al., 1971), Parbendazole
(Chandrasekharan et al., 1974) and Thiophanate (Chandrasekharan
et al., 1979b), albendazole also showed ovicidal activity

against strongyle eggs.



SUMMARY
1. Prevalence of helminthic infection in Indian elephants

A Gstailed study on the prevalencs of holminthic infec-
tion in ceptive elephents in different parts (urban, village
and EOrests) of Kerala was conducted by examining the dung
samples of elephants and viscera in postemortem cases, during
the periocd from March 1987 to February 1988,

It was found that out of 203 elephants, 117 elephants
(57 6%) were infected with one or more specles of helainths,

The percentages of monospecific infeation of strongyles,
" Bivitellobilharsia nairi, Anoplocephala manubriata, amphistomes
and mixed infection were 76,10, 2,60, 3,60, 1,70 and 17,00 res-

pectively.

Different age groups and sexes of elappants wvere found
to suffer from different helminths,

32, The prevalenca of helminthic 1nfect4on was more Guring
the rainy season, June to November (70%) than the dry season,
fyom Docember to May (52.“%)0 .

3, The adult worms of the single cestode parasite,
Anoplocephala manubriata and the blood fluke Bivitsllobilhareia
naird could not be collected but the eggs of the worms found
in the dung semple of infected elephents were studied and
desgcribed,

4. Eleven species of adult nematode parasites and three
species of amphistomes have been recoxded during th;s study.
They ares | '



1.
2.
3.
4.
S.
6.
l?.
8.
. 9

10.

11.
12.
13.
14.
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Murshidia murshidia {(Lane, 1914)

M. falecifera (Cobbold, 1882)

Quilonia rennied (Rail, Henry and Jayeux, 1913)
Choniangium epistomum (Pianna and Stazai, 1910)

Decrusia additictia (Railliet, Henry and Bauche, 1914)

Amira pileata (Railliet, Henry and Bauche, 1914)
Equinubria sipunculiformis (Baird, 1859)

Parabronema indicum (Baylis, 1921)

P. smithi (Cobbold, 1882)

Grammocephalus hybridatus (Westhuysen, 1938)

8. yaredatus {(Lane, 1921)
Poseudodiscus collinsi (Cobbold, 1875) .
P. hawkesii (Cobbold, 1875)

Gastrodiscus secundus {Bhalerao, 1933)

The details of specific identity of the above parasites

have been studied and described,

S

Murshidia murshidia and M. falaifera were found most

commonly in all the infected elephants.

6.

The efficacy of the néw anthelmintic drug Albendazole

(Albomar) was tried at the dose rate of 2.5 and 3 mg per kg

body waeight orally in 24 naturally infected captive elephanta.

The drug showed 100 per cent efficacy against strongylosis on

the basis of egg per gram and ovicidal activity.
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ABSTRACT

Tho present study was conducted over a.period of one
year, during which dung samples from 203 captive Indian elo-
phants firom different parts (urban, village and forests) of
Karala of differemt age and £8% Were axa Cut of this,
117 elephants were found to be infected with different hel~
ninth parasites either as bure or ﬁlxma inféction. Tha ovaerall
pravalenca of helminthiasie was 57.6 por cent, Helminthiasis
vas more during rainy acasen (70 per cent) than dry or summer

season (52:44 por cent).

Bleven species of sfult nematodes snd three species of

Ancplocephala mgnubrists were recorded during-thia study. The
nsnatode parasites were Murshidia murmhggég, Murshidis falol-
fexa, guilonia rennied, MWMM-
Equinubria gipunquiiformis, Dectusis gdditigtis, Gremmocephalus

Raxabzonema gmithd, and tha amphistomes wmwm__uﬂ ’
Rseudodtacus havkestd and Gastrodlecus gequndus, The more common
species wers Murshidig gurshidia and Mubshidis galcifera,

Anthelmintic officacy of albendazole (Albomar) was assagsed
‘an the basis of the reducticn of eéggs in the Aung samples. A
single oral dosago of 2.5 and 3 mg per kg body waight was found
100 per cent effective against strongyle infection in naturally
infected captive Indian elephants.
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