Rec. zool. Surv. India, 68: 341-353, 1975.

FIFTY YEARS PROGRESS IN THE TAXONOMY
OF COCCIDIA (PROTOZOA : SPOROZOA)
FROM INDIA

By
A. K. ManDAL

Koological Survey of India, Calcutta.
(With 1 Table)

Coccidian parasites have attracted the attention of parasitologists
since long, mainly because they produce a dreadful disease coccidiosis,
which causes a heavy loss in the poultry, cattle, sheep and goats. In
our country, research on coccidia was under way as early as the end
of the last century, especially in the field of taxonomy, morphology and
to some extent the life cycles.

During the fifty years existence of the Zoological Survey of India, it
seems reasonable to assess the progress in the field of taxonomy of differ-
ent groups of animal in India and the part played by this Institution.
The present attempt is to review the results so far achieved in the field
of taxonomy of Coccidian parasites in India, both from the invertebrate
and vertebrate hosts.

The order Coccidia has representatives in all the major land realms
of the world. Out of the total 38 genera, only 17 are represented in
India, sf which 3 are indigenous to this region and are monotypic.
Thes=z seventeen genera comprise nearly 200 species (Table 1) cf which
160 were described as new from India and the rast reported subsequertly.

A little work has been done on the parasites of invertebrates. Uptil
now, only seven species have been described. de Mello (1921) was the
first to report 2 coccidian parasite Adelia pachelabrae from the snail, Pache-
labra moesta Reeve. Subsequently, Ray and Das Gupta (1937) and
Narasimhamurti (1960) described two more species of Adelia from
centipedes. Setna and Bhatia (1934) reported Aggregata sp. from a
prawn. Bhatia (1937) recorded Adelina tribolii from the beetle, Tribo-
lium firrugineum. Ganapati (1945, 1952) described two species of Myrio-
spora from Annelida.

A considerable amount of work has been done con the parasites of
vertebrate hosts. For convenience, it is given hereunder group-wis2.

FisH

Halawani (1930 a and b) described Eimeria southwelli from shark.
Setna (1933; reported Coccidia from fishes. Setna and -Bana (1935«
and b) observea F£. harpodoni from. Bombay-Duck. de Mello & Vales



TasLeE 1—Showing the distribution of Coccidian parasites in different hosts from India.

Name of the Genera

Invertebrata

Vertebrata

Mollusca Myriapoda Insecta Crustacea Annelida Fish  Amphibia Reptiles Bird Mammals
1. Aggregata I |
2. Mpyriospora 2
3. Lankesterella 2
4. Tyzzeria 2
5. Qaryospora 1
6. Isospora 2 4 22 10
7. Dorisiella 6
8. Eimeria 4 3 15 30 61
9. Wenyonella 5 1
10. Qctospoxella 1
11. Pythonella 1
12. Sivatoshella 1
13. Adelia 1
14. Adelina 1 1
15. Haemogregarina 1 3 13
16. Hepatozoon 1 6
17. Karyolysus 1
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(1936) recorded Haemogregarina thyrosoideae from a freshwater cel after
examining the specimen frem Nova Goa. Chakravarty and Kar (1944)
described E. notopteri from Notopterus notopterus and Chakravarty and
Mandal (1961) reported E. zygaenae from a hammer-headed shark.

AMPHIBIA

Patton (1906 and 1908) and Shortt (1917) described Haemogre-
garines from the toads and frogs. Ray (1935) and Ray and Dasgupta
(1935) observed two species of Coccidia from toad. Chakravarty and
Kar (1952) recorded two more species from toads and frogs. Ray
and Mitra (1942) reported Eimeria himalayanum from the Himalayan
Toad.

REPTILIA

A few species of Coccidia are described by Simond (1901, a, b, ¢
and d) from the gharials and crocodiles. Laveran (1902), Shortt (1917),
de Mello et al. (1917), de Mello (1932) and de Mello and Meyrelles
(1937) described Coccidia from the blood of lizards and tortoises.
Laveran (1905), Patton (1908) Setna and Bana (1935), Bhatia (1936, 38)
Knowles and Dasgupta (1935 ¢ & &), Mitra and Das Gupta (1937), Das
Gupta (1938), Chakravarty and Kar (1943, 48) described several species
from reptiles. Ray and Das Gupta (1936, 37) described two species of
Eineria from snakes and a genus Pythonella from the python. In 1942
Ray and Raghavachari described another genus Octosporella and Ray,
Raghavachari & Sapre (1942) described a species E. minetti from Mabuza.
Chakravarty and Kar (1947) reported Caryospora gekkonis from the wall
Lizard. Mandal (1966) described Isospora rayi from a lizard.

AVEs

Maximum work has been done on avian parasites. Adie {1908)
described a species of Hepatozoon from the blood of a House sparrow.
Hoare (1924) observed another coccidia from an Indian eagle. de Mello
and Afonso (1935) reported Haemogregarine from a bird. Mitra and
Das Gupta (1937), Malhotra and Ray (1961) and Chatterjece and Ray
(1969) recorded Coccidia from pigeon. Naik (1937) observed coccidio-
sis in crow. Xar (1944), Chakravarty and Kar (1944, 47), and Misra
(1944, 47) described. several species from different avian hosts.. Chakra-
varty and Basu (1946) recorded Tyzzeria alleni from a Cotton Teal.
Ray (1945) Gill (1959) and Nath et al (1960) observed Coccidia from:
Chick. Ray (1952), Ray et al. (1952 a and &) noted some parasites from
hill birds. Ray and Hiregauder (1939) described some species of avian
Coccidia. Dubey and Pande (1963 @ and &), Bhatia and Srivastava
(1965) and Sarkar and Ray (1965) recorded few species from domestic
duck. Mandal and Chakravarty (1963) described Dorisiella vagabundae
from Indian Tree-pie. The same authors (1964) recorded some species
of Isospora from Indian birds. Mandal (1965) reported five species
of Eimeria with a subspecies of E. recoviensis (Labbe) from avian hosts.
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Banik and Ray (1961, 64) .described E. pavonina and E. mandali from
Indian peacock. E. pavonis and E. cristata have also been described by
Patnaik (1965) from Indian peacock, which are r.ow synonemized with
E. pavonis Mandal 1965 and E. patnaiki Ray 1965. Bhatia and Pande
(1965 a and b) recorded avian coccidia from Mathura. Ray and Sarkar
(1967, 68) described some species including Dorisiella chakravarti and D.
mandali and the genus Sivatoshella from some passerine birds.

MAMMALIA

Laveran (1905) reported Hepatozoon from rodents. A Leucocyto-
zoon (=Hepatozoon) was also described by Adie (1906) from Mus rattus
(=Rattus rattus). Patton (1908) reported coccidia from different orders
of mammals. Christophers (1912) observed this parasite from wild
dog. Cooper (1924, 1926 a and b 1927), Cooper and Gulati (1926),
Rao (1952) Rao and Hiregauder (1954), Hiregauder (1956) Rao and
Bhatawadaker (1959) Gill (1960 ¢ and 1968) observed bovine Cocci-
diosis. Mandal and Ray (1961), Patnaik and Ray (1961), Gill, Chha-
bra and Lall (1963), Patnaik (1964) and Patnaik and Pande (1965)
studied this parasite from buffalo. Gill (1960 b), Srivastava and Shah
(1968) reviewed the parasites from domestic pig. Rao (1925), Aiyar
(1937)-Ray and Banik (1965) and Mukherjee and Krassner (1965)
described this parasite from Canis. Knowles and Das Gupta (1934),.
Mandal and Ray (1960) reported coccidia from feline group. Kar
(1943) and Shah (1965) reported coccidia ‘from goat. Ray and Das
Gupta, (1935, 1937), Ray and Singh (1949, 1950) Gill and Ray (1961),
Ray and Banik (1965) and Ray, Banik and Mukherjee (1965) observed
coccidia from rodents and lagomorphs. Dubey and Pande (1963 a &
b, 1964a) recorded this parasite from camel. The same authors (19645)
Knowles and Das Gupta (1931), Patnaik and Ray (1965) reported
coccidia from Mongoose. Das Gupta (1934), Mukherjee (1948) noted
human coccidiosis.

SuMMARY

The coccidian parasites have been a subject of active investigation
since the first one was seen by Leuweenhook in 1674. Hundreds of
species have been named but their actual number may well be in the
tens of thousands.

Coccidian parasites present in the diverse Indian fauna are varied.
Uptil now seventeen genera comprising nearly two hundred species
have been recorded from this country and most of them are described
within the last fifty years. Irrespective of different climatic zones of
India, the coccidian parasites are quite frequent.

BIBLIOGRAPHY

Apig, J. R. 1906. Notes on a leucocytozoon found in Mus rattus in
the Punjab. F. trop. Med., 9 : 325-326.



MANDAL : Taxonomy of Coccidia 345

ADIE,‘i]':.; R.I;gOS. Note on a parasite in the Sparrow. Ind. med. Gaz.,

AHLUwa.LIA, S S. 1959. A note on coccidial infection in Domestic
Pig. Sci. & Cult., 25 : 314.

ArvAr, K. R. 8. 1937. The occurrence of Coccidia in dogs at Bombay
(Abstract). Proc. Indian Sci. Congr., 402.

Bank, D. C. and Ray, H. N. 1961. New coccidium Eimeria pavonina
n.sp. from peacock, Pavo cristatus Linn. Bull. Calcutta Sch. trop.
Med., 9 (2): 61-62.

Banik, D. C. and Ray, H. N. 1962. On a new coccidium Isospora
bellericae n.sp. from Cape ground crane, Bellerica regulorum. Bull.
Calcutta Sch. trop. Med., 10 : 10.

Banik, D. C. and Ray, H. N. 1964. On a new coccidium, Eimeria
mandali, n.sp. from the Indian peacock. Bull. Calcutta Sch. trop.
Med., 12 (1): 27.

BraTia, B. L. 1936. Coccidia of Lizards. Curr. Sci., 5 : 177.

BuaTia, B. L. 1938. Fauna of British India, Protozoa. Sporozoa. Taylor
and Francis, London.

BuaTia, M. L. 1937. On Adelina tribolli a coccidian parasite of Tri-
bolium ferrugeneum. F. Parasit., 29 : 239-246.

BuATIA, B. B. and PANDE, B. P. 1965a. Eimeria bater: n.sp. from Indian
common grey quail (Coturnix communis). Indian J. Microbiol., 5 (4):
61-64.

BuAaTIA, B. B. and PanpE, B. P. 19656. Eimeria dauki n.sp. from white
breasted waterhen Amaurornis phoenicurus (Pennant). Indian J.
Microbiol., 5 (4): 65-66.

BuaTia, B. B. and Panpg, B. P. 1967. Gaint Eimeria schizonts in
mesenteric lymph nodes of a kid. Indian F. Microbiol., 7 : 162—164.

BHATIA, B. B. and Panbpg, B. P. 19684. Pathogenicity and life cycle of
E. acervulina. Indian §. Microbiol., 8 (2): 73-82.

BHATIA, B. B. and Panpe, B. P. 19685. A hitherto unknown aspect of
histopathology in out break of E. necatrix infection. Indian J¥.

Microbiol., 8 (2): 129-134.

CHAXKRAVARTY, M. M. and Kar, A. B. 1943. Observation on two
Coccidia, Eimeria trionyxae n.sp. and Eimeria triangularis n.sp.
from the intestine of the Turtle Trionyx gangeticus Cuv. F. R.
Asiat. Soc. Bengal., 9 : 49-54.

CHAXRAVARTY, M. M. and KAR, A. B. 19444. Studies on Coccidia of
Indian birds. 1. On the life history of Isospora lacazei (Labbe).
F- Dept. Sci. C.U., 1 : 76-80.

CHAKRAVARTY, M. M. and Kar. A, B. 19445. A study on the Coccidia
of Indian birds. II. Observation on several species of Goccidia
of the Sub-families Cyclosporinae and Eimeriinae. Proc. Indian
Acad. Sci., 20(B) : 102-114.

CHAKRAVARTY, M. A. and Kagr, A. B. 1944¢. ‘A new coccidium from
the intestine of the fish Notopterus notopterus (Palls). Curr. Sci., 13 ;
51-52.



346 Records of the Zoological Survey of India

CHAKRAVARTY, M. M. and Kar, A. B. 1946. Effect of temperature
of the sporulation and mortality of Coccidian oocysts. Proc.
natn. Inst. Sci. India, 12 : 1-6.

CHAKRAVARTY, M. M. and KAaR, A. B. 1947. A study on the Coccidia
of Indian birds. Proc.-R. Soc., 62 (B): 225-233.

CHAKRAVARTY, M. M. and Kar, A. B. 1948. Observations on two
reptilian Coccidia. 7. Asiat. Soc. Bengal (Sci.), 12 : 3-5.

CHAKRAVARTY, M. M. and Basu, S. P. 1946. On a new coccidium
Tyzzeria alleni n.sp. from. the intestine of a bird Cotton teal.
Sci. & Cult., 12 (2): 106.

CHAKRAVARTY, M. M. and Kagr, A. B. 1952. The life history and
affinities of two salientian coccidia, Isospora stomaticae and Eimeria
cyanophlyctis with a note on Isospora wenyoni. Proc. zool. Soc. Bengal,

5: 11-18.

CHAKRAVARTY, M. M. and ManpaLr, A. K. 1961. A new coccidium
Eimeria zygaenae from Hammer headed Shark, < ygaena blochii.
Proc. Indian Seci. Congr., 413.

CHATTERJEE, D. K. and Rav, H. N. 1969. On Eimeria kapotei n.sp.
from the domestic pigeon Columba livia intermedia. Proc. 56th
Indian Sci. Congr.: 512.

CurisToPHERS, S. R. 1905, Haemogregarina gerbilli. Sci. Mem. off.
Med. & San. Dept. Gov. India, N.S., 18 : 1-15.

CoorEr, H. 1924. Bovine conidions. Rep. Imp. Bast. Lab. Mukteswar
for 24: 48.

CoorEr, H. 19264. The Coccidia of cattle in India (Abstract). [Proc.
Indian Sci. Congr.: 290. '

CoorER, H. 19265. The pathogenicity of bovine Coccidia (Abstract).
Proc. Indian Sci. Congr.: 291.

Cooper, H. 1927. Coccidians, ‘with particular reference to bovine
coccidiosis and its significance as an injection of Cattle in India.

Indian. vet. J., 4 : 56-64; Also Agric. J. India, 22 : 92-97.

Cooper H. and GuraTi, A. N. 1926. On the occurrence of Isospora and
Balantidium in Calcutta. Mem. Dep. Agric. India. vet. Soc., 3 :
191-193.

Das Gupra, B. M. 1934. Observations on a case of coccidial infection
in man (Isospora belli Wenyon, 1923). Indian med. Gaz., 69 :
133-134.

Dascuprta, M. 19384. On a new coccidium, Eimeria koormae n.sp.
from an Indian tortoise, Lissemys punctata Smith. Proc. Indian
Sei. Congr.: 155.

DascurTa, M. 19385. On new coccidium Eimeria koormae n.sp. from
the intestine of the Indian tortoise Lissemys punctata Smith. Arch.
Protistenk., 90 : 410—413.

Dascupta, M. 1938¢c. On a new coccidium Isospora minuta n.sp. from
the intestine of a Cobra Ngja ngja Linn. ¥. Bombay nat. Hist. Soc.,
40 ; 236-237, -



MANDAL : Taxonomy of Coccidia 347

Dascupta, M. 19384. Observations on a coccidium Eimeria columbae

n.sp. from the intestine of Indian pegion, Columba intermedia.
Arch. Protistenk., 91 : 105-110.

Dusey, J. P. 1963a. Observations -on coccidian oocysts from Indian
Hyaena (Hyaena striata). Indian §F. Microbiol., 3 (3): 121-122.

Dugkey, J. P. 19636. Observations on the coccidian oocysts from Indian
fox (Vulpes bengalensis). Indian F. Microbiol., 3 (4): 143-144.

Dusey, J. P. and PanpE J. P. 1963. Observations on the coccidian
oocysts from Indian Jungle cat (Felis chaus). Indian J. Microbiol.,
3(3): 103-108. '

Dusey, J. P. and PanpEy, J. P. 19634. A preliirninary note on Eimeria
battakhi n.sp. (Protozoa Eimeriidae) from domestic duck (4nas
Dlatyrhynchos platyrhynchos domesticus). Curr. Sci., 32 : 329-331.

Dusey, J. P. and PanbEy, J. P. 19636. A note on Eimeria rejasthani
n.sp. from the Indian Gamelus dromedarius., Curr. Sci., 32 : 273-274.

Dusey, J. P. and PanpEy, J. P. 1963¢. On a coccidian schizonts in
the Indian domestic duck. . Parasit., 49 : 770.

Dusey, J. P. and PANDEY, J. P. 1964. On Eimerian oocysts recovered
from Indian Camel (Gamelus dromedarius). F. vet. Sci. Anim. Husb.,
34 : 28-34.

GANAPATI, P. N. 1945. The development-and sporogony of a Cloccidian
Mpriospora gopali n.sp. parasitic in the gut of the Polychaete
Girratulus  filiformes Keferstein. Proc. Indian Acad. Sci., 22B :
144-163.

GaNAPATI, P. N. 1952. The morphology and life history of a coccidian
Mpyriospora polydorae n.sp. in the body cavity of Polydora ciliata
Johnston. Arch. Protistenk., 98 s 71-90.

Girr, B. S. 1954. Speciation and viability of poultry Coccidia in 120
faecal samples preserved in 2.5 per cent potassium dichromate
solution. Indian F. vet. Sci. and Anim. Husb., 24 (4): 245-247.

Gir, B. S. 1960az. The Coccidian oocysts of Indian cattle. Proc.
47th Indian Sci. Congr.: 340.

GiLr, B. S. 19606. The Coccidian oocysts of Indian pigs. Proc. 47th
Indian Sci. Congr.: 430. ‘

GiLw, B. S. and Ray, H. N. 1961. The Coccidia of domestic rabbit and
the common field hare of India. Proc. zool. Soc., Calcutta, 13 :
129-142.

Gir, B. S-, CuuaBra, M. B. and LaLL, N. B. 1963. A new species
of Coccidium Eimeria bareillyi n.sp. from buffaloes. Arch. Protistenk.,
106 : 571-574.

Gmr, B. S. 1968. The Coccidian oocysts (Protozoa: Sporozoa) of
Indian Cattle. Proc. zool. Soc., 21 : 101-121.

Harawani, A. 1930a. On a new species of Eimeria (E. southwalli) from
Aetobatis narinari. Ann. trop. Med. & Parasit., 24 : 1-3.

HALAWANI, A. 19306. A new coccidium Eimeria southwalli from a shark,
Trans. R. Soc. trop. Med. Hyg., 23 : 32&.



348 Records of the Zoological Survey of India

HIREGAUDAR, L. S. 1956. A new species of Eimeria from a cowcalf in
Bombay State. Curr. Sci., 25 : 197.

Hoarg, C. A. 1924. Hepatozoon adiei n.sp. a blood parasite of an Indian
eagle. Trans. R. Soc. trop. Med. Hyg., 18 : 63-66.

Kar, A. B. 1943. Observations on two mammalian coccidia. Curr.
Sci., 12 ¢ 331.

KaRr, A. B. 1944a. Observation on Eimeria barbeta n.sp. from the blue
throated barbet CGyanops asistica (Lath.). Proc. 3Ist Indian. Sci.
Congr., 104-105.

KAR, A. B. 1944b. Two new coccidia from pond turtles, Lissemys punctata
(Bonnateree). Indian vet. F., 20 (5): 1-5.

Knyxowires, R. and Das Gueta, B. M. 1931. A note on two intestinal
Protozoa of the Indian mangoose. Indian med. Res. Mem., 19 :
175-176.

K~nowtres, R. and Das Gupta, B. M. 1934. Isospora infection in Indian
cats. Indian med. Gaz., 69 : 387-390.

KwrowLEes, R. and Das Gureta, B. M. 1935. The Coccidia of lizards.
Indian ¥. med. Res., 22 : 701-707.

LAveEraN, A. 1902. Sur quelques hemogregarines des ophidiens.
C. R. Acad. Sci., 135 : 1036-1040.

LAvERAN, A. 1905. Sur une hemogregarine des gerboises. C. R. Acad.
Sei., 141 1 295-298.

Manpar, A. K. and CHARRAVARTY, M. M. 1963. Studies on some
aspects of avian Coccidia' (Protozoa: Sporozoa). 1. On a new
species of Dorisiella from the Indian tree pie, Crypsirina vagabunda
(Lathm). Proc. zool. Soc., 16 : 147-150.

ManpaL, A. K. and CuAXrRAVARTY, M. M. 1964. Studies on some
aspects of avian Coccidia (Protozoa: Sporozoa). 2. Some new

species of the genus Isospora Schneider (1881). Proc. zool. Soc.,
17 : 35-45.

ManpaL, A. K. 1965. Studies on some aspects of avian Coccidia (Pro-
tozoa: Sporozoa). 3. Some new species of the genus Eimeria
Schneider (1875) with a sub species of E. roscoviensis (Labbe).
Proc. zool. Soc., 18 : 47-57.

ManpaL, A. K. and CHARrRAVARTY, M. M. 1965. A new Coccidium
Eimeria zygaenae from Hammer headed shark, Zygaena blochii.
Sci. & Cuit., 31 : 381-382.

ManpaL, A. K. 1971. Studies on some aspects of avian Coccidia
(Protozoa: Sporozoa). 4. Occurrence and distribution of Cocci-
dian Parasites in Indian birds. (with two tables). Rec. zool. Surv.
India. 63 : 23-39.

ManpaL,; A. K. 1965. Studies on some aspects of avian Coccidia
(Protozoa: Sporozoa). 6. The .occurrence of Isospora sp. in
goats with a redescription of Isospora lacazei (L.abbe, 1893) from
some. common Indian birds. (with one table and three figures).
J- Assam Sci. Soc., 8 : 71-75.



MANDAL : Taxonomy of Coccidia 349

ManpAaL, A. K. 1966a. Studies on some aspects of avian Coccidia
(Protozoa: Sporozoa). 5. The effects of soms Physical and
Chemical agents on the oocysts of Dorisiella vagabundae Mandal
and Chakravarty (1963). Proc. zool. Soc., 19 : 23-29.

ManpaL, A. K. 19664. A new coccidian Isospora rayi n.sp. from a
lizard Ptyclolaemus sp. from Shillong. Sci. & Cult., 32 : 507-508.

ManpaL, L. N. and Ray, H. N. 1960. A new coccidium Isospora
leonina, n.sp. from a lion cub. Bull. Calcutta Sch. trop. Med., 8 :
107-108.

MALHOTRA, M. N. and Ray, H. N. 1961. On a new Coccidian
Eimeria tropicalis n.sp. from the domestic pigeon, Golumba livia
intermedia. Proc. 48th Indian Sci. Congr.: 412.

MEeLro, F. DE 1915. Preliminary note on a new haemogragarine found
in the pigeon’s blood. Indian J. med. Res., 3 : 93-94.

MEeLLo, F. DE, Sa’, Bra's, DE, Sousa, LoreTo, Dias, A, and NORONHA,
R. 1917. Hématozoaires et pseudo-hématozoaires de I’ Inde Por-
tugaise. dnn. Sci. (faculd. Med.), Proto., 3 : 5-24.

MEsLLo, F. DE 1921. Protozoaires parasites du Pachelabra moesta Reeve.
C. R. Soc. Biol., 84 : 241-242.

MEeLLo, F. DE 1932. Contributions 4 ’étude des hémogrégarinides des
tortues indiennes. Arch. Esc. Med-Cirurg. Nova Goa (Ser. A).,
8 : 1411-1425: 1426: 1431.

MEeLLo, F. DE and Aronso, E. 1935. Blood parasites of Coracias b.
benghalensis, with special remark on its two types of Leucocytozoon.
Proc. Indian Acad. Sci., 11 : 67-73.

MEeLro, F. DE and Vavres, C. 1936. Haemogregarina thyrsoideae n.sp.,
parasite of the Indian eel Thyrsoidea macrurus Bleeker Proc. Indian
Acad. Sct., 4 . 403-404.

MeLro, F DE and MeyreLLEs, C. G. DE 1937. On the classification
and Schizogonic cycle of a blood-parasite of the Indian lizard,
Calotes versicolor Daud. subspecies major Blyth. Proc. Indian Acad.
Sci., 5B : 119-141. ‘

Misra, P. L. 1944. On a coccidium Wenyonella balli n.sp. from the
common grey quail. Proc. natn. Inst. Sci. India, 10 : 203-204.
Misra, P. L. 1947. On a three coccidian parasite Wenyonella mackinnoni
n.sp., Eimeria lucknowensis n.sp. and Isospora sp. from the intestine
of the Wagtail Motacilla alba Linn. (Passeriformes, Motacillidae).
Proc. Indian. Acad. Sci., 25(B): 75-85.

Misura, G. S. 1967. On intestinal protozoa in piglets. Indian vet.
Jour., 44 : 289-291.

MitrA, A. N. and Das Gurta, M. 1937a. On a species of Isospora from
the intestine of Naja naja Linn. (Abstract) Proc. Indian Sci. Congr.,:
291.

MitrA, A. N. and Das Gupra, M. 19375. On a species of Eimeria
from the intestine of a pigeon Columba intermedia (Abstract) Proc..
24th Indian. Sci. Congr.,: 291,

MuxksERJEE, N. N. 1948. Incidence of Coccidiosis in the Arakan.
Indian med. Gaz., 82 : 735-736.



350 Records of the Zoological Survey of India

MuUkHERJEE, A. K. and KrassNEr, S. M. 1965. A new:species of Cocci-
dia (Protozoa: Sporozoa) of the genus Isospora Schneider 1881
from the Jackal, Canis aurius Linn. Proc. zool. Soc., 18 : 35-40.

Naik, R. N. 1937. Coccidiosis in Crows (Abstract). Proc. Indian Sci.
Congr., 394.

NarastMuAMURTI, C. C. 1960. Observations on the morphology and
sporogony of a new coccidium Adelea hydlospora from the gut of a
‘céntipede Rhysida longipes (new host). F. zool. Soc. India, 12 :
60-68.

PanpE, B. P., BuaTia, B. B. and CnaunAN, P. P. S. 1966. Endogenous
stages of Eimeria intricata (Sporozoa: Eimeriidae) in Indian Sheep.
F- zool. Soc. India, 6 (1): 35-39.-

Panpe, B. P., BuaTia, B. B., Duskey, J. P. and Srivastava, K. M. N.
1964. Study on Eimerian schizonts from clinical cases of cocci-
diosis in lambs. 7. zool. Soc. India., 4 : 67-73.

PanpE, B. P., Buatia, B. B. and SrivasTava, K. M. N. 1965. Wenyo-
nella anatis n.sp. (Protozoa: Eimeriipae) from Indian domestic
duck. Sci. & Cult., 31 : 383-384.

PaTnaik, M. M. 1964. On the Coccidian infections of buffalo calves
(a study of the oocysts). Agra. Univ. F. Res. (Sci.)., 13 1 239-256.

PatNaik, M. M. 1965a. Eimeria pavonis n.sp. and E. cristatg n.sp. from
Indian Peacock (Pavo cristatus). J. vet. Sci., 5 (4): 45-48.

PaTnaik, M. M. 1965b6. Isospora pellerdyi n.sp. from Indian peacock
(Pavo cristatus). Indian F. Microbiol., 5 (4): 67-68.

Parnaixk, M. M. and Panpe, B. P. 1965. Some observations on the
endogenous stage of species of Eimeria and related lesions in natur-
ally infected buffalo-calves (Bubalus bubalis). F. vet, Sci., 35 :
33-46.

Parnaik, M. M. and Ray, S. K: 1965. Coccidia. of Indian. Mangoose
(Herpestes edwarst). Indian J. Anim. Hith., 4 : 33-36.

Patrnaik, M. M. and Mosnanty, D. N. 1969. Isospora gypsi n.sp. from
the Indian valture (Gyps bengalensis). Curr. Sci., 38 (13): 316.

PatTon, W. S. 1906. On a parasite found in the white corpuscles of
the blood of palm squerrels.. Sci. Mem. Off. Med. & San. Dep.
Govt. India, N.S. no. 24: 1-13.

Parton, W. S. 1908. The haemogragarines of mammals and- reptiles.
Parasitology, 1 : 318-321.

PatTron, W. S. 1909. The haemogregarine of mammals and reptiles
a rejoinder to Dr. Sambon. Parasitology, 11 : 144-155.

Rao, M. A. N. 1935. Haemogregarina canis. Indian vet. §., 1, No. 4:
Vet. ¥., 81 : 293.

Rao, S. P. 1952. E. smithi a cause of dysentry in Cattle in Bombay
State. Bombay vet. Coll. mag., 3 : 35.

Rao, S. R. and HIREGAUDER, L. S. 1954. Coccidial fauna of Cattle
in Bombay State, with particular reference to a recent outbreak
at Aarey Milk Colony, together with a description of two new

species E. bombayansis and E. khurodensis. Bombay vet. Coll. Mag.,
4 : 24-28.



MANDAL : Taxonomy of Coccidia 351

Rao, S. R. and Buatrawapakar, M. Y. 1959. Some record of Coccidia
of Cattle in Bombay with a description of two new species. Bombay

vet. Coll. Mag., 8 : 23.

Ray, D. K. 19524a. On a new coccidium, Eimeria sphenocercae n.sp.
from Sphenocercus sphenurus (Kokla green Pigeon): F. Parasit., 38 :
546-547.

Ray, D. K. 1952b. On a new coccidium Eimeria hawkens: n.sp. from
Indian sheep and goats. Proc. 39tk Indian Sci. Congr.,: 314-315.

Rav, D. K., Suivnani, G. A., OoMEN, M. and BHaskarAN, R. 1952a.
A study on some coccidia of Himalayan birds; Proc. 39th Indian
Sct. Congr.,: 314.

Ray, D. K., Smivnani, G. A., Oomen, M. and BrHaskARAN, R. 19520.
A study on the coccidia of some Himalayan birds. . Proc. zool.
Soc. Beng., 5 : 141-147.

Ray, D. K. 1959. Coccidia and Goccidiosis in the sheep and goats of India.
Doctoral Thesis., Galcutta University.

Ray, H. N. 1930. Studies on some Sporozoa in Polychaete worms,
Dorisiella scololepidis n.gen., n.sp. Parasitology., 22 : 471-480.

Ray, H. N. 1935. On a new coccidium Eimeria laminata n.sp. from
the intestine of an Indian toad, Bufo melanostictus Schneid. Parasi-
tology., 27 : 369-372.

Ray, H. N. 1945. On a new coccidium Wenyonella gallinae n.sp. from
the gut of the domestic fowl, Gallus gallus domesticus Linn. Curr.
Sci., 14 : 275.

RAy, H. N. and Banik, D. C. 1965¢. On a new Coccidium, Eimeria
oryctolagi n.sp. from the domestic rabbit, Oryctolagus (Lepus) cuni-
culis.  Proc. Combined 51st and §2nd Indian Sci. Congr.: 465.

Ray, H. N. and Banik, D. C. 19655. On a new Coccidium JIsospora
cants n.sp. from dog, Canis fameliaris. Proc. Combined §1st and 52nd
Indian Sci. Congr.: 466-467.

Ray, H' N. 1966. Remarks on Eimeria pavonis n.sp. from Indian peacock.
Indian F. Microbiol., 6 (4): 51-52.

Rav, H. N., Banig, D. C. and Mukrerjeg, A. K. 1965. A new cocci-
dium Eimeria bandipuransis n.sp. from the Indian palm Squirrel.
Funumbulus palmerum. F. Protozool., 12 : 478-479.

Ray, H. N. and Das Gupra, M. 1935a. Wenyonella (Coccidia) from
an Indian squirrel. Sci. & Cuit., 1: 112-113.

Ray, H. N. and Das Guprta, N. 19356. On a new coccidium, fsospora
wenyoni n.sp. from the intestine of an Indian toad, Bufo melanostictus.
Arch. Protistenk., 86 : 219-224.

Ray, H. N. and Das Gurra, M. 1935¢. On a species of Eimeria (Sporo-
zoa: Coccidia) from the gall bladder of -a lizard, Hemidactylus
coctaei. . Proc. 22nd Indian Sci. Congr.: 315.

Ray, H. N. and Das Gupta, M. 1936a. Eimeria trom Natrix piscator
(Schneid). Proc. 22nd Indian Sci. Congr.: 345.

Ravy, H. N. and Das Gupta, M. 19364. On an Eimeria from Naja naja
Linn. Proc. 22nd Indian Sci. Congr.: 345-346.

44



352 Records of the Zoological Survey of India

Ray, H. N. and Das Gupta, 1937a. On Adelina schellacki n.sp.. from
the intestine of a Centipede, Cormocephalus dentipes Poc. (Abstract).
Proc. 22nd Indian Sci. Congr.: 291.

Ray, H. N. and Das Gupta, M. 19375. On a new coccidium from the
intestine of Python sp. (Abstract). Proc. 22nd Indian Sci. Congr.: 292.

Ray, H. N. and Das Gupta, M. 1937¢c. A new coccidium, Wenyonella
boarei n.sp. from an Indian squirrel. Parasitology., 29 : 117-120.

Ray, H. N. and Das Guepta, M. 1937d. Observations on a Coccidian,
Eimeria najae n.sp. from the intenstine of an Indian Cobra Ngja
naja. Arch. Protistenk., 88 : 275-278.

Ray, H. N. and Das Gupta, M. 1937¢.  Isospora knowlesi n.sp. (Coccidia)
from the intestine of a lizard, Hemidactylus flaviviridis (Ruppell).
Arch. Protistenk., 88 . 269-275.

Ray, H. N. and Das Gupta, M. 1938. On a new Coccidium Eimeria
stolatae n.sp. from the intestine of common grass snake, Natrix
stolata (Linn.). Arch. Protistenk., 90 : 361-364.

Ray, H. N. and Harsans, S. 1948. Occurrence of Isospora dirumpens
Hoare in the intestine of the grass snake Natrix plalyceps at Muktes-
war. Sci. & Cult., 14 : 119-120.

Ray, H. N. and HRecAUDAR, L. S. 1959. Coccidia from some birds
at Calcutta Zoo. Bull. Gaicutta Sch. trop. Med., 7 : 111-112.

Ray, H. N. and ManpaL, L. N. 1961. On a new Coccidium Eimeria
ovoidales n.sp. from a buffalo calf and its experimental transmission
to cow calf. Proc. 48th Indian Sci. Congr.: 411.

Ray, H. N. and Misra, P. L. 1942. Observation on a new Coccidian

Eimeria himalayanum n.sp. from the intestine of a Himalayan toad,
Bufo. sp. Proc. 28th Indian Sci. Congr.,: 169.

Ray, H. N. and Misra, P. L. 1943. On a new Coccidian, Eimeria
himalayanum n.sp. from the intestine of a Himalayan toad Bufo
himalayanum Boulenger. _Proc. natn. Inst. Sci. India., 9 : 265.

Ray, H. N. and RacHAvAcHARI, K. 1942. Observation on a new
Goccidium, Oclosporella mabuiae n.gen. n.sp. from the intestine of
Mabuia sp. Proc. 28th Indian Sci. Congr.: 170. ‘

Ray, H. N., RacHAvAcHARI, K. and SAPrg, S. N. 1942. On a new
Coccidium, Eimeria minetti n.sp. from the lizard Mabuia sp. Proc.
28th Indian Sci. Congr.,: 170,

Ray, H. N. and Sarkar, A. C. 19674. On some new Coccidia from
the Indian Pessarine birds, ZJooterops palpebrosa (Temn), Lonchura
malabarica (Linn.), L. punctulata (Linn.) and Passer domesticus
(Linn.). Proc. 54th Indian Sci. Congr.,: 448—449.

Ray, H. N. and SARkAR, A. C. 19676. On a new Caoccidium, Tyzzeria
chenicusae from cotton Teal, (Chenicus coromandelianus) Aves: Anseri-
formes). JF. Protozool., 74 : 27 (Suppl.).

Ray, H. N. and SArkARr, A. C. 1968. A new Coccidium Stvatoshella
lonchurae n.gen. n.sp., from Lonchura malabarica and L. punctulata.
J. Protozool., 15 (4): 640-643.



MAaNDAL : Taxonomy of Coccidia 353

Ray, H. N. and Siven, H. 1949. On a new Coccidium Eimeria petauri-
stae, n.sp. from the intestine of a Himalayan flying squirrel,
Petaurista inornatus (Geoffery). Proc. 36th Indian Sci. Congr.: 156.

Rav, H. N. and Sinea, H. 1950. On a new coccidium Eimeria petauri-
stae n.sp. from the intestine of a Himalayan flying squirrel,
Petaurista inornatus (Geoffery). Proc. zool. Soc., 3 : 65-70.

SARKAR, A. C. and Ray, H. N. 1968. On a new Coccidium Wenyonella

gagari n.sp. from the domestic duck, Aras boschas. Proc. 58th
Indian Sci. Congr.,: 499-500.

Sen, S. K. 1932. Coccidiosis. In Rep. Imp. Inst. Vet. Res., Mukteswar,
Jor 1932: 34.

SETNA, S. B. 1933. Fish and Reptilian Coccidia. Curr. Sci., 2 : 97.

SETNA, S. B. and Bena, R. H. 1935a. Eimeria harpodoni n.sp., a new
Coccidium from Harpodon neherus (Ham. & Buch.). 7. R. microse
Soc., 55 : 165-169.

SeTnA, S. B. and Bena, R. H. 19356. Eimeria flaviviridis n.sp. from
the gall bladder of Hemidactylus flaviviridis. F. R. microse Soc., 55 :
256-260.

SHAaH, H. L. 19654. The occurrence of the Coccidium Eimeria chris-
tensent in goats in India. Curr. Sci., 34 : 564-565.

SuaH, H. L. and Josui, S. C. 1965. Isospora sp. from domestic fowl in
India. Indian J. Microbiol., 5 (3): 27-30.

SsortT, H. E. 1917. Notes on two haemogregarines of cold blooded
vertebrates. Indian F. med. Res., 4 : 402-413.

Smonp, P. L. 1901a. Sur un hematozoaire endaglobulaire pigmentee
des tortues. C.R. Soc. Biol., 53 : 150.

Smmonp, P. L. 19015. Sur un hematozoaire endoglobulaire Haemo-
gregarina hankini, parasite du gavial. C.R. Soc. Biol., 53 : 183-185.

Smonp, P. L. 1901¢c. Note sur une Coccidie nouvelle, Coccidium kermog-
nat: parasite du gavial. C.R. Soc. Biol., 53 : 483-485.

Smmonp, P. L. 1901d. Note sur une coccidie nonvelle, Goccidium legeri,
parasite de Cryptopus granosus (Emyda granosa). C.R. Soc. Biol.,
Paris, 13 : 485-486.

Srrvastay, H. O. P. and SuaH, H. L. 1968. Coccidia of pigs in Madhya
Pradesh, with discription of the sporulated oocysts of seven species.
Indian -vet. F., 45 (3): 204-212.

SUBRAMANIAN, G. and Jua, D. 1966. Gross transmission of Eimeria
Saurei (Moussu & Marotel 1902) Martin 1902 and E. ninakohlya-

kimovae Yakimoff and Rastegaieff 1930 in closely related hosts.
Indian J. Microbiol., 6 : 7-12.



