OPEN aACCESS

Review Article

Advances in Animal and Veterinary Sciences

Myxozoan Infestation in Freshwater Fishes in Wetlands and
Aquaculture in Punjab (India)

HARPREET KAUR*

Department of Zoology, Punjabi University, Patiala-147002, India.

Abstract | This article reviews the work done on the myxozoan parasites infesting freshwater fishes
in 3 wetlands of Punjab i.e. Harike, Kanjali, Ropar wetlands and also aquaculture fishes in Punjab.
A recent study conducted by author and co-workers have reported many pathogenic species infest-
ing aquaculture fishes in Punjab. A large number of important commercial fishes in natural and
cultured habitat are vulnerable to various infestions, out of which myxozoans are emerging as the
major group. Infestion rate has been recorded to be 34.71% in wetlands and 26.28% in aquaculture.
Predominate genera are Myxobolus Buetschli, 1882 followed by 7helohanellus Kudo,1933 infesting
gills, operculum, buccal cavity, nasal chamber, eye ball, skin of snout, fins, scale, gall bladder and wall
of the alimentary canal. The present document provide the tabulated list of host and myxozoan
parasites infesting carp and catfishes in wetlands and cultured ponds of Punjab, India. The most
susceptible fish host has been recorded to be Labeo rohita infested with as many as 18 species of
myxozoans followed by Cirrbinus mrigala (14 species), Catla catla (12 species), Labeo calbasu (11 spe-
cies) and Cirrhinus reba (8 species). Fishes in Kanjali wetland have been found to be more infested

(29.6%) in comparison to Harike wetland (24.4%) followed by Ropar wetland (20.4%).
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INTRODUCTION

ponds consists of Indian major carps: Catla (Catla
catla Hamilton), rohu (Labeo rohita Hamilton) and

In Punjab, three wetlands are in the Ramsar list
of international importance viz., Harike wet-
land (31.17°N 75.20°E; primary inflows- Beas and
Satluj River; surface ares-4100Ha.), Kanjali wet-
land (31.42°N 75.37°E; primary inflow- Kali Bein
rivulet; surface area- 490Ha) and Ropar wetland
(31.02°N 76.50°E; primary inflow- Satluj River;
surface ares-1.365Ha). There are 2 other wetlands
of national importance and 5 of state importance
(ENVIS Centre, PSCST, Punjab; The Tribune, Feb-
ruary 04, 2008). This constitutes an immense fish-
ery resource in the state. Out of total 8285 cultured
ponds in Punjab (Fisheries Department Punjab),
6063 are panchayat ponds on government land and
2222 are private ponds. Polyculture species in these

mrigal (Cirrhinus mrigala Hamilton) and exotic carps
such as silver carp (Hypophthalmichthys molitrix Va-
lenciennes), grass carp (Crtenopharyngodon idella Va-
lenciennes), common carp (Cyprinus carpio Linnaeus)

and bighead carp (Aristichthys nobilis Richardson).

Myxozoans are one of the economically important
groups of microscopic metazoan parasites as they in-
fest edible fish. New myxosporean pathogens are con-
tinually emerging and threatening the development of
pisciculture all over the world. They cause production
losses and some fish have to be discarded because they
are unsightly and not considered to be fit for human
consumption. Myxozoans undergo a complex, multi-
cellular development, culminating in the formation of
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a multicellular spore that is resistant to the external
environment.

Although myxozoans are best known for the infestion
they cause in teleost (bony fish) but a small number of
species have also been found parasitizing bryozoans,
platyhelminths, annelids, amphibians, reptiles and
birds. So far 19 species have been described from am-
phibians and reptiles belonging to genera Myxobolus,
Myxidium, Hoferellus, Chloromyxium, Caudomyxum
and Sphaerospora (Eiras, 2005). Developmental stag-
es were also found in waterfowl, in nervous system
of mammals and were even detected in human fae-
ces (Moncada et al., 2001) but no myxozoan has been
known to be hazardous to human health.

HistoricAL REVIEW

There had been lots of twist and turns in the clas-
sification of these organisms. Early classifications by
Buetschli, 1882 and Dogiel, 1965 placed myxozoans
with the Microspora and with parasites now compris-
ing the phylum Apicomplexa (Levine, 1970), together
in the class Sporozoa. As the complexities of life cycle
were better understood, the class Sporozoa was subse-
quently referred only to the apicomplexans while the
Microspora and Myxozoa remained together in the
phylum Cnidospora (Doflein, 1901). More recently,
tollowing recognition of profound differences in the
ultra-structural composition of these parasites, the
Microspora (Sprague, 1977) was raised to the rank
of phylum and was found by molecular phylogenetic
techniques, to be representative of one of the earli-
est branching eukaryote lineages (Vossbrinck et al.,
1987; Sogin et al., 1989). 'This had left Myxozoa to
stand alone as a phylum without obvious phylogenet-
ic affinities to other protists. Recent developments in
myxozoan biology rekindled interest in this group, as
it has now been well documented that parasites that
were once thought to comprise 2 separate classes,
Myxosporea (Butschli, 1881) and Actinosporea Noble
in Levine et al. (1980), the latter in fact represented
the alternating developmental stage in the life history
of a single species. Wolf and Markiw (1984) estab-
lished that the actinosporean genus “Triactinomyxon”
is an alternating stage in the life history of species of
Myxobolus. The repeatability of these findings led to
a complete reconsideration of the systematics of the
group, heralded by Kent et al. (1994) as the “demise

of a Class of Protists,” namely the class Actinosporea.

Smothers et al. (1994) made phylogenetic analysis of
the first myxozoan based on SSU rDNA confirming
the marginalized suppositions of earlier authors (Stolc,
1899; Weill, 1938) that myxozoa are multicellular or-
ganisms and placed myxozoans within the metazoan.
Siddall et al. (1995) remarked that phylogenetic posi-
tion of the myxozoa within the metazoan was uncer-
tain due to the weakness of SSU rDNA data. There is
still debate as to which metazoan group myxozoans
are most closely related, whether to radially symmet-
rical cnidarians such as jellyfish, corals etc. (Smothers
et al., 1994; Siddall et al., 1995; Hanelt et al., 1996;
Siddall and Whitting, 1999) or to the bilateral ani-
mals such as nematodes, flatworms etc. (Okamura et
al., 2002; Zrzavy and Hypsa, 2003) as they have char-
acteristics of both of them. Monteiro et al. (2002) dis-
covered that Buddenbrockia plumatellae, a worm-like
parasite, is a myxozoan and strengthened the case for
its bilateral origin, as body plan was superficially sim-
ilar. However, Siddall et al. (1995) emphasized that
functional relationships between polar capsule/fila-
ments and nematocysts argue more for an association
with cnidarians. According to National Center for Bi-
otechnology Information, myxosporeans are currently
classified as the Myxozoa and are closely related with
phylum Cnidaria (Szczepaniak et al., 2010).

LirE CYCLE

'The life cycles of only 25 myxozoan parasites are known
(Kent et al., 2001). Wolf and Markiw (1984) discov-
ered myxosporean life cycles alternating between two
host species. With few exceptions, the life cycle of
myxozoans include two alternating hosts, an aquatic
invertebrate (an oligochaete or a polychaete worm or
a bryozoan and a vertebrate host, mainly teleost fish.
The myxospore is ingested by an annelid/bryozoan,
which undergo schizogony and gametogony and de-
velop in to an actinospore, a triradiate stage. The wa-
terborne actinospores are released from oligochaetes
and infect fish via gills or skin. Amoeboid sporoplasm
containing the infective secondary cells leaves the ac-
tinospore valve, construct and actively penetrate the
host integument. In the respective tissue, sporoplasm
released from the actinospore divide by endogony and
undergo presporogonic multiplication.

SPORE MORPHOLOGY
'The vegetative structures offer no distinctive morpho-
logical features, classification has been based solely on

the structure of spores (Lom and Arthur, 1989). Myx-
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ozoan spores have proteinaceous shell valves, nemat-
ocysts-like polar capsule(s) with coiled extrusible po-
lar filament(s) and an amoeboid infective sproplasm.
Spores are uniformly small sized, 10-25pm long but
valvular extension(s) attain lengths of 30-60 pm and
have 2-3 shell valves. Valves are joined along a thick-
ened suture which is sinuous or straight. The acti-
nospore may have size up to 300pm. The polar fila-

ment(s) are for anchoring function.

CLASSIFICATION

More than 2,180 species in 60 genera belonging to
the Class Myxosporea of the Phylum Myxozoa has
been described (Lom and Dykova, 2006). However,
three more genera i.e. Soricimyxum fegati from liver of
Sorex araneus Prunescu et al., 2007, Gadimyxa atlan-
tica from urinary system of Gadus morhua Koie et al.,
2007 and Thelohanelloid bengalensis from gall bladder
of Arius sagor Sarkar, 2009 have been described sub-
sequently. Myxobolus is the most common genus re-
ported worldwide which include 744 species (Eiras et
al., 2005). The second Class i.e. Malacosporea include
only two genera (Zetracapsuloides and Buddenbrockia)
with total four described species (Table 1).

In India, Kalavati and Nandi (2007) reported 104
species of Myxobolus from Indian fishes in addition to
175 species belonging to 29 genera in total. Kaur and
Singh (2012a) gave synopsis of 131 nominal species
of Myxobolus reported from India and a revised di-
chotomous key of 59 genera of the Class Myxospore.
Recently Eiras et al. (2014) in a synopsis listed 112
nominal species of Myxobolus, out of which 29 species
were from India.

The Classification of the Class Myxosporea based on

Lom and Dykova (1992) with Class Malacosporea as

described by Canning et al. (2000) is given below:

Phylum Myxozoa

1. Class Myxosporea

*  Order Bivalvulida (marine and freshwater, spore
with two valves)

- Suborder Variisporina (marine and freshwater,

mostly coelozoic) includes Ceratomyxa, Chloromyxum,

Hoferellus, Myxidium, Myxobilatus, Ortholinea, Parvi-

capsula, Polysporoplasma, Sinuolinea, Sphaerospora and

Zschokkella.

- Suborder Platysporina (marine and freshwater,

mostly histozoic) includes Myxobolus, Henneguya and

Thelohanellus.

- Suborder Sphaeromyxina (marine with ribbon-like
polar filaments in polar capsules at opposing end of
spore) includes Sphaeromyxa.
* Order Multivalvulida (marine with greater than
2 spore valves) includes Hexacapsula, Kudoa,
Trilospora, and Unicapsula.
2. Class Malacosporea (freshwater with soft valves,
parasites of bryozoans)
* Order Malacovalvulida includes Zetracapsuloides
and Buddenbrockia.

MOLECULAR AND PHYLOGENETIC ASPECT
Presently, molecular classification has become anoth-
er approach in taxonomic and phylogenetic studies
in myxozoans. The focus of these studies has been
on comparative analysis of small subunit (SSU) ri-
bosomal DNA (rDNA) sequence. Smothers et al.
(1994) were first to use sequence analysis to study the
phylogenetics of the Myxozoa. Since then, these se-
quences of myxozoans have been employed by sever-
al investigators to address systematics and life-cycle
questions. An outgrowth of these studies has been the
development of sensitive PCR tests based on rDNA
sequences, which are routine diagnostic tools in some
fish health laboratories (Szekely et al., 2009 a, b; Mol-
nar et al., 2010).

Until recently, only spore morphology served as a
means of identification of myxozoan species. Now-
adays, molecular methods have become increasingly
important in phylogenetic analyses and taxonomic
identification of myxosporeans. Holzer et al. (2004)
gave the molecular relationships and phylogeny in
a community of myxosporeans and actinosporeans
based on their 18S rDNA sequences. Fiala and Bar-
tosova (2010) gave the history of myxozoan character
evolution on the basis of rIDNA and EF-2 data. Esz-
terbauer (2004), Milanin et al. (2010), Gleeson and
Adlard (2012), Hartigan et al. (2012) and Adriano et
al. (2012) investigated the phylogenetic relationships
of the species within a particular genus. These studies
have demonstrated that many factors influence spe-
cies clustering, such as the phylogenetic proximity of
the host, tissue tropism, geographic distribution and
morphology characteristics. Carriero et al. (2013) an-
alysed 18SrDNA gene sequences of 12 Myxobolus/
Henneguya and showed strongest evolutionary signal
on the basis of phylogenetic affinity of the fish host,
clustering according to order and/or family of the
host.
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In India, Mondal et al. (2014) studied the molecular
and morphometric characterization of Thellohanellus
caudatus Pagarkar and Das, 1993 infecting the caudal
fin of Labeo robita (Hamilton).

PATHOGENICITY

Many myxozoan infections are relatively benign,
but some species are pathogenic. Those that cause
mortality and other damage have been the focus of
most myxozoan research. Myxosporean parasites are
among the most important fish pathogens (Schmahl
et al., 1989) and more than 2,300 species have been
reported to infect fish (marine and freshwater fish)
in natural and cultured environment (Adriano et al.,
2006, 2009a,b; Feist and Longshaw, 2006; Eiras et al.,
2008; Azevedo et al., 2009).

Myxobolus is the genus with the greatest number of
species and many of these are reported as pathogenic
to fish (Kent et al., 2001; Feist and Longshaw, 2006).
Probably the most frequently cited example of myxo-
zoan parasitism is the whirling disease, caused by M.
cerebralis (Hedrick et al., 1998). In this case, the para-
site infects the cartilages of the host’s head and spine,
causing deformities that result in the characteristic
whirling behaviour. Others that are associated with
host mortalities are Tetracapsuloides bryosalmonae, the
cause of proliferative kidney disease in Pacific salm-
on (Kent et al., 2001), Enteromyxon leei, an intestinal
parasite of Mediterranean sea bream (Diamant, 1992)
and Henneguya ictaluri in pond- reared catfish (Pote
et al.,2000). Importance of genus Henneguya as path-
ogen of freshwater fish has been described by several
authors such as Pinto (1928a,b), Jakowska and Ni-
grelli (1953), Dykova and Lom (1978), Kalavati and
Narasimhamurti (1985), Martins and Souza (1997),
Martins et al. (1999), Hallett and Diamant (2001).

Hemananda et al. (2008) reported Henneguya mani-
purensis as the main cause of ulcerative disease syn-
drome in freshwater fish Anabas testudineus of Mani-

pur, (India).

Recently, Kaur et al., (2013 a, b; 2014) reported path-
ogenic effects of some myxozoan parasites affecting
gills of cultured carps. Multilocular gill infections
were found which were of two types viz., intralamellar
(LV) and intrafilamental vascular type (FV') causing
necrosis, hemorrhage, reduction in respiratory surface

(about 15-20% of total gill filament). In the case of

infection in the scales the plasmodia were embedded
within the layers and, in the case of fins and fin rays
the plasmodia were located on the surface as well.

Fetherman et al. (2014) introduced resistant varieties
of trout by crossing the German rainbow (GR) and
Colorado River rainbow (CRR) and demonstrated
that these could survive and reproduce in rivers with
high prevalence of M. cerebralis.

Z.00NOSIS

As regard to the zoonosis of myxozoans they are not
considered to be of human health risk, because they
do not have been shown to infect human beings.
There are reports of occurrence of spores of Henneg-
uya salmonica parasitic in salmonid fishes in Cana-
da (McClelland et al., 1997), Myxobolus plectroplites
parasitic in freshwater fish Plectroplites ambiguous in
Australia (Boreham et al., 1998) and Myxobolus sp.
in Colombia (Moncada et al., 2001) in human stool
samples of patients with gastrointestinal disturbance,
suggesting that this aspect requires serious consider-
ation. Hessen and Zamzame (2004) during a study
on intestinal parasitic infections in immune-compro-
mised patients complaining of diarrhea have reported
presence of myxospores in stools. Martinez de Ve-
lasco et al. (2008) have speculated a potential public
health impact of Kudoa spp. as a food borne allergen
for humans with allergic gastrointestinal symptoms.

MYXOZOAN PARASITES OF INDIAN
FISHES

Phylum Myxozoa has been studied by only limited
number of workers in Indian subcontinent. Most of
the work in India has been done on freshwater and
marine fishes mainly in two states, West Bengal and
Andhra Pradesh. In West Bengal, Chakravarty (1939,
1943); Chakravarty and Basu (1948); Raychaud-
hury and Chakravarty (1970); Bajpai and Haldar
(1982a,b); Bajpai et al. (1981); Haldar and Mukherjee
(1985); Sarkar and Mazumdar (1983a,b); Haldar et
al. (1981, 1983, 1996); Pagarkar and Das (1993); Das
(1996); Basu and Haldar (1999,2002a,b, 2003,2004);
Bandyopadhyyay et al. (2006/2007); Hemananda et
al. (2006, 2009, 2013); Basu et al. (2006, 2009); Acha-
rya and Dutta ( 2007); Madhavan et al. (2013) have
contributed significant number of species from fresh-
water and marine fishes belonging to genera Myxobo-
lus, Thelohanellus, Myxidium and Henneguya. Basu and
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Haldar (1999) listed as many as 28 species under the
genus Thelohanellus. Sarkar (1982a, b, 1984,1985a,b,c,
1986a,b,c, 1987, 1989, 1993,1994,1995a,b, 19964a,b,
1997, 1999a,b, 2004) contributed a lot and described
large number of species belonging to genera Myxobo-
lus, Thelobhanellus, Chloromyxum, Zschokkella, Myxidi-
um, Sphaerospora, Unicapsula, Henneguya, Ceratomyxa,
Coccomyxa, Ortholinea, Neoparvicapsula, Myxoproteus
and Kudoa from freshwater and marine fishes of West

Bengal.

In Andhra Pradesh, researchers such as Southwell
and Prashad (1918); Ganpati (1941); Tripathi (1952);
Bhatt and Siddiqui (1964); Qadri (1962a,b,c, 1967);
Qadri and Lalitha (1965); Lalitha (1969); Narasim-
hamurti (1970); Mandal and Nair (1975); Seenappa
and Manohar (1980a, b, 1981); Kalavati and Nar-
asimhamurti (1981, 1984, 1985); Kundu (1985); Nar-
asimhamurti and Kalavati (1979, 1986) and Padma
and Kalavati (1992) recorded and described numerous
myxosporean species from marine as well as freshwa-
ter fishes.

Kalavati and Nandi (2007) gave significant details in a
handbook on myxosporidian parasites of Indian fish-
es and reported 104 species of Myxobolus from Indian
fishes in addition to 175 species belonging to 29 gen-
era in total. Earlier also a check list of about 80 species
of myxosporidians was given by Kalavati et al. (1981)
which was the only compilation after Tripathi (1952).
Although reports of myxosporean species from other
parts of India are few except some from freshwater
fishes of Manipur (Hemananda et al., 2009, 2010)
and Kerala (Sheeja and Janardanan, 2006). Hem-
ananda et al. (2006) during an investigation on the
incidence of myxozoan parasites in Cirrhinus mrigala
recorded pathogenicity and mortality due to Myuxo-
bolus haldi infecting gill filaments. Eiras and D’Souza
(2004) reported two species of Myxobolus from gills
of Mugil cephalus collected at Goa. Sarkar (2009) de-
scribed a new genus Thelohanelloid bengalensis from
the gall bladder of a marine fish, Arius sagor.

MYXOZOAN PARASITES OF
FRESHWATER FISHES IN PUNJAB

In North India, Gupta and Khera (1987a,1988a,b,c,d,
1989a,b, 1990, 1991) recorded 25 species belonging to
genera Henneguya, Myxidium, Thelohanellus and Uni-
cauda infesting freshwater fishes. In addition, they

also reported a new genus Lomosporus indicus found
infecting gills of freshwater fish Labeo calbasu, howev-
er, Lom and Dykova (1992) later on synonymised it
as the genus Neothelohanellus Das and Haldar (1986).
Gupta and Khera (1987b) reviewed the genus Henneg-
uya to remove the existing confusion in the literature
giving the basic differences between genus Henneguya
and Unicauda. Some of the species which were mis-
placed under the genus Unicauda were transferred to
Henneguya. Gupta and Khera (1988c) also transferred
all the 18 species belonging to the Myxosoma from
Indian freshwater fishes to the genus Myxobolus.

Kaur and Singh (2008, 2008-2009, 2009a,b, 2010a,b,
2010/2011, 2011 a-g 2012a,b), Singh and Kaur
(2012a,b,c, 2014a,b,c) and Singh (2011) recorded 45
species of myxozoans representing 4 genera, name-
ly, Myxobolus (26 species), Thelohanellus (16 species),
Neothelohanellus (1 species), Triangula (2 species). Re-
cently, 6 species belonging to the genus Henneguya, 2
species of Myxobolus (Kaur et al. 2013a, b) 2 species
of Thellohanellus (Kaur et al. 2014a, b) and one species
of the genus Unicauda (1 species) have been collected
trom wetlands and cultured carps. Plasmodia were de-
tected in gills, operculum, buccal cavity, nasal cham-
ber, eye ball, skin of snout, fins, scale, gall bladder and
wall of the alimentary canal. Infection rate in three
wetlands was 55.8%. 7. lamelliformis Kaur and Sin-
gh, (2014b) and 7 rohi Kaur and Singh, (2014b) have
been recently reported infecting primary gill lamellae
of Catla catla (Hamilton) and caudal fin of Labeo ro-
hita (Hamilton) respectively.

In the three wetlands of Punjab viz. Kanjali, Harike
and Ropar wetland, 12 species of carps (Table 2), 2
species of catfish (Wallago attu and Mystus seenghala),
2 species of murrels (Ophiocephalus punctatus and O.
marulius) and 1 species each of gourami (Colisa la-
lia), batchwas (Eutropiichthys murius) and grey feather
back (Notopterus notopterus) (Table 1 and 2) were ex-
amined. A total of 1,158 carps were examined which
comprised Amblypharyngodon mola vern. mola carplet,
Carassius carassius vern.crucian carp, Catla catla vern.
thail, Cirrhinus reba vern. reba carp, Cirrhinus mriga-
la vern., mrigal, Ctenopharyngodon idellus vern. grass
carp, Cyprinus carpio carpio vern. mirror carp, Hypo-
thalmichthys molitrix vern. silver carp, Labeo bata vern.
bata, Labeo calbasu vern. Kalbans, Labeo dero vern. gid,
Labeo rohita vern. rohu and Puntius filamentosus vern.

blackspot barb. 402 carps (9 species) were infested
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Table 1: Myxozoan parasites of carps of Punjab.

S.
No.
1

10

11
12

Host examined

Amblypharyngodon mola
vern. mola carplet, molelia

gommon name: makhani)
atla catla vern. thail

(Common name: thail )

Cirrhinus reba vern. mori,
kursa

(Common name: mori,

sunni) _
Cirrbina mrigalavern.

mrigal
(Common name: naraini,

marakh)

Labeo bata vern. bata
(Common name: bata )

Labeo calbasu vern. kalbans
(Common name: kalbasu)

Labeo dero vern. gid
(Common name: gid )

Labeo dyocheilus (Common
name: Brahmaputra Labeo)

Labeo rohita vern. rohu
(Common name: rohu)

Puntius sophore vern. chital,

ticker barb (Common name:

spot fin swamp barb)
untius sarand (common

name: olive barb)
Hypophthalmichthys molitrix
(common name: silver carp)

Myxozoan parasites recorded

Myxobolus moli Fomena et al. (1985) (revised diagnosis and new
nomenclature M. sp. 4 Fomena et al., 1985)

M. mahendrae Sarkar (1986a); M. gorbami Gupta and Khera (1991); M. catli
Kaur and Singh (2011b); M. magauddi (Bajpai et al., 1981) Gupta and Khera,
1988a; M. parsi Das (1996); M. sclerii Kaur and Singh (2010a); Thelohanellus
boggoti Qadri (1962b); T gadrii Lalitha Kumari (1969); 7. kanjalensis Singh
and Kaur (2014a); 7" mrigalae Tripathi (1952); T" mucousalis Kaur and Singh
(2011b); 77 thaili Singh and Kaur (2012c¢), 7. lamelliformis Singh and Kaur

2014b
5\/1. ,éa/n)mm' Kaur and Singh (2011b); Triangula ludhianae (Syn. M. ludhianae

Gupta and Khera, 1991) comb. n.; M. harikensis Kaur and Singh (2011b) ;
T kalavatae Singh and Kaur (2014a); 7" haldari Singh and Kaur (2012b); 7
globulosa Singh and Kaur (2012a); Triangula cirrhini Kaur and Singh (2011b)
Myxobolus calbasui Chakravarty (1939); M. haldari Gupta and Khera (1989a);
M. venkateshi Seenappa and Manohar (1981);7helohanellus calbasui Tripathi
(1952); Myxobolus bhadurius (Sarkar, 1985b) Gupta and Khera, 1988a; M. eirasi
Kaur and Singh (2009a); M. kanjalii Kaur and Singh (2011b); M. mehlhorni
Kaur and Singh (2011a); M. naini Kaur and Singh (2008); M. punjabensis
Gupta and Khera (1989b); M. roparae Kaur and Singh (2011b); M. slendrii
Kaur and Singh (2009b); M. venkateshi Seenappa and Manohar (1981) M.

basui Kaur et al. (2013b)
M. calbasui Chakravarty (1943); M. catlae Chakravarty (1943); M. haldari

Gupta and Khera (1989a); M. rohitae Haldar et al. (1983); M. venkateshi
Seenappa and Manohar (1981); Thelohanellus calbasui Tripathi (1952); T

avijiti Basu and Haldar (2003a)
M. filamentosus (Haldar ‘et al.,”1981) Gupta and Khera, 1988a; M. /lalithae

Gupta and Khera (1988d); M. rohitae Haldar et al. (1983); M. saranae Gupta
and Khera (1990); M. venkateshi Seenappa and Manohar (1981); 7" calbasui
Tripathi (1952); 7. rohitae (Southwell and Prashad, 1918) Kudo, 1933; 7
caudatus Pagarkar and Das (1993); 1" gangeticus Tripathi (1952); 1. kalbensi
Singh and Kaur (2014a); Neothelohanellus indicus (Gupta and Khera,1988b)

Lom and Dykova, 1992 :
Myxidium labeonis Gupta and Khera (1988c); Myxobolus calbasui Chakravarty

(1943); M. catlae Chakravarty (1939); M. haldari Gupta and Khera (1989a); M.
ludhianae Gupta and Khera (1991); M. punjabensis Gupta and Khera (1989b);
M. rohitae Haldar et al. (1983); M. venkateshi Seenappa and Manohar (1981);
T dyocheilus Gupta and Khera (1987a); 7. deri Singh and Kaur (2012b)

Myxidium labeonis Gupta and Khera (1988c); Myxobolus calbasui Chakravarty
(1939); M. catlae Chakravarty (1943); M. haldari Gupta and Khera (1989a); M.
ludhianae Gupta and Khera (1991); M. punjabensis Gupta and Khera (1989b);
M. rohitae Haldar et al. (1983); M. venkateshi Seenappa and Manohar (1981);

Thelohanellus dyocheili Gupta and Khera 5&9872{
Myxobolus calbasui Chakravarty (1939); M. haldari Gupta and Khera (1989a);

M. rohitae Haldar et al. (1983); M. venkateshi Seenappa and Manohar (1981);
M. patialensis Kaur and Singh (2010b); M. punjabii Kaur and Singh (2010c);
M. saugati Kaur and Singh (2011b); M. saranae Gupta and Khera (1990); M.
stomum Ali et al. (2003); M. sushmii Kaur and Singh (2010c¢); 7 murtii Gupta
and Khera (1987a); 7 rohi Singh and Kaur (2014b); M. nanokiensis Kaur et
al.(2013a) T. filli Kaur et al. (2014a) 7" dykovi Kaur ez al. (2014b); T: bifurcata
Basu and Haldar (1999); M. potularis Madhavan ez al. ( 2013); M. longisporous

Nie and Li (1992)
M. chittalii Kaur and Singh (2010d)

Myxobolus bhaduria (Sarkar, 1985) n. comb.; M. saranae
(1990)

4 species of Myxobolus, 1 species of Thelohanellus (unidentified)

Gupta and Khera
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Table 2: Myxozoan parasites of some catfishes and other fishes of north India

S. Host examined
No.
1 Wallago attu (Common name: boal, borali,
freshwater shark)

Myxozoan parasites recorded

M. duodenalis Kaur and Singh (2010Db).;
M. szekeli Kaur and Singh (2011b);

T batae Lalitha Kumari (1969);
T" wallagoi Sarkar (1985b),
T rohi Singh and Kaur (2014b)

2 Channa punctatus (Common name:
spotted snake head)

3 Mastacembelus armatus (Common name:
spiny eel)

4 Nandus nandus (Common name: mottled
nandus )

5 Tor putitora (Common name: golden
mahaseer)

(34.71%) with as many as 40 species of myxospore-
ans belonging to the genera Myxobolus, Thelohanellus,
Neothelohanellus, Henneguya, Unicauda and Triangu-
la- table 1. In addition to this, a total of 245 other
fishes and a catfish, Wallago attu vern. boal were exam-
ined, 30 were found infested (12%) with 10 species of
myxozoans belonging to genera Myxobolus (5 species),
Thelohanellus (3 species), Henneguya (1 species) and
Unicauda (1 species)-table 2. No infestion was found
in Channa striatus vern. murrels, Trichogaster sp vern.
gourami, Eutropiichthys vacha vern.batchwa, Chitala
chitala vern. grey feather back fish.

Infestion rate was found to be the highest in Cirrhinus
mrigala (57.1%), followed by Catla catla (51.4%) and
Labeo dero (33.3%) from Ropar wetland. In Kanjali
wetland, the infestion rate was also highest in C. m7i-
gala (49.6%) followed by L. calbasu (41.6%) and L. ro-
hita (38.8%).In Harike wetland, the infestion rate was
highest in Puntius sophore (80%) followed by C. reba
(70%) and Amblypharyngodon mola (33.3%). Fishes
of Kanjali wetland were found to be more infested
(29.6%) in comparison to Harike wetland (24.4%)
tollowed by Ropar wetland (20.4%). Two species be-
longing to the genus Myxobolus i.e. M. moli Fomena
et al. (1985) and M. stomum Ali et al. (2003) were re-
corded from gills and scales of A. mola and L. rohita
respectively for the first time in India.

Four major carps examined were C. mrigala, L. robita,
Catla catla and L. calbasu. Among these L. robita was
the most susceptible to myxozoans (18 species) fol-
lowed by C. mrigala (14 species), C. catla (12 species),
L. calbasu (11 species) and C. reba (8 species). Kalavati

Myxobolus aligarhensis Bhatt and Siddiqui (1964)
Myxobolus eeli Mandal and Nair (1975); Unicauda armati
Gupta and Khera (1987b)

Henneguya nandi Gupta and Khera (1987b)

Myxobolus gorbami Gupta and Khera (1991)

and Nandi (2007) also discussed that out of three ma-
jor carps in India, the most susceptible was L. robita,
tollowed by C. mrigala and Catla catla. Furthermore
they reported the parasite virulence was greater in
Catla catla with mortality up to 80-90%.

'The present study indicated that maximum mean in-
tensity of the parasite species was shown by M. duo-
denalis tollowed by Triangula cirrhini and maximum
abundance again by M. duodenalis followed by M.
szekeli. The most infested organ was gills (45.6%) fol-
lowed by caudal fin (29.4%), scales (16.1%) duode-
num (5.12%), pectoral fin (1.92%), pelvic fin (1.67%),
eyeball (1.4%), skin of snout (0.38%) and stomach
(0.12%). However, no infestion was detected in swim
bladder, muscles and skin. In the case of light infes-
tion 10-20 small-sized plasmodia, in heavy infestion
50-70 small-sized and 3-4 large-sized plasmodia were
detected on the gills. 4-6 plasmodia were found to be

present per scale and 5-7 plasmodia were recorded per
fin.

In aquaculture, 4 new species were recorded infesting
gills of major carps — M. nanokiensis, M. basui, T. fil-
l, T' dykovi (Kaur. et al., 2013a, b, 2014a) along with
their pathogenic effects. Large-sized plasmodia of 7
bifurcata Basu and Haldar, 1999 recorded on the gill
lamellae of cultured Indian major carp Labeo rohita
in Punjab was recorded to be the most pathogenic
with fish mortality rate of 20-30% (Kaur and Katoch,
2014).
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CONCLUSIONS

Existing knowledge on the phylum Myxozoa- an
enigmatic group of organisms is fragmentary, inade-
quate and incomplete in many parts of India especial-
ly in the state of Punjab having rich fish biodiversity.
There is great need to identify, describe and satisfac-
torily classify these parasites both morphologically
and at the molecular level. It is evident that study on
this group is also important in identification of the
pathogenic species which can pose serious threat to
fisheries in state of Punjab. This knowledge will help
in diagnostics, management and treatment of the dis-
eases caused by these parasites in freshwater fishes.

REFERENCES

* Acharya S, Dutta T (2007). Thelobanellus habibpuri sp. n.
(Myxozoa: Bivalvulida) from the tropical freshwater
fish rohu, Labeo rohita (Hamilton-Buchann, 1882) in
West Bengal, India: Light and electron microscope
observations. Anim. Biol. 57(3): 293-300.

* Adriano EA, Arana S, Alves AL, Silva MR, Ceccarelli,
PS, Henrique-Silva F, Maia AA (2009a). Myxobolus
cordeiroi n. sp., a parasite of Zungaro jahu (Siluriformes:
Pimelodiade) from Brazilian Pantanal: morphology,
phylogeny and histopathology. Vet. Parasitol. 162:
221-229.

* Adriano EA, Arana S, Carriero MM, Naldoni J, Ceccarelli
PS, Maia AA (2009b). Light, electron microscopy and
histopathology of Myxobolus salminus n. sp., a parasite
of Salminus brasiliensis from the Brazilian Pantanal.
Vet. Parasitol. 165: 25-29.

* Adriano EA, Arana S, Cordeiro NS (2006). Myxobolus
cuneus n. sp. (Myxosporea) infecting the connective
tissue of Piaractus mesopotamicus (Pisces: Characidae)
in Brazil: histopathology and ultrastructure. Parasite,
13(2): 137-142.

* Adriano EA, Carriero MM, Maia AAM, Silva MRM,
Naldoni J (2012). Phylogenetic and host-parasite
relationship analysis of Henneguya multiplasmodialis n.
sp infecting Pseudoplatystoma spp.in Brazilian Pantanal
wetland. Vet. Parasitol. 185: 110-120.

* Azevedo C, Casal G, Matos P, Ferreira I, Matos E
(2009). Light and electron microscopy of the spore
of Myxobolus heckelii n. sp. (Myxozoa), parasite from
the Brazilian fish, Centromochlus heckelii (Teleostei,
Auchenipteridae). J. Eukaryot. Microbiol. 56: 589-593.

* Bajpai RRN, Haldar DP (1982a). Observations on
a new species of Unicauda Davis, 1944 (Myxozoa:
Myxosporea) from the teleost, Rita rita (Ham.). Arch.
Protistenkd. 125: 79-86.

* Bajpai RRN, Haldar DP (1982b). Observations on two
new Myxosporidian parasites (IMyxozoa: Myxosporea)
from the gall bladder of fresh water fishes. Arch.
Protistenkd. 125: 129-136.

* Bajpai RRN, Kundu TK, Haldar DP, (1981).
Observations on  Myxosoma  magauddi n.  sp.
(Myxosoma: Myxosomatidae), parasite on the gill
filaments of Trichogaster fasciatus. Riv. Parasitol. 42
(3): 343- 350.

* Bandyopadhyyay PK, Hemananda T, Mitra AK,
Mohilal N (2006/2007). Myxobolus dhanachandi sp. n.
(Myxozoa, Myxosporea, Bivalvulida) from an Indian
freshwater fish Channa orientalis (Bloch-Schneider).
Protistology, 14(4): 353-356.

* Basu S, Haldar DP (1999). Thelohanellus bifurcata n. sp.
a new species of the genus Thelobanellus from hybrid
carps and checklist of the species of the genus described
from Indian fishes. Proc. Zool. Soc. Calcutta, 52(1):
115-124.

* Basu S, Haldar DP (2002a). Myxobolous opthalmusculata,
a new species of histozoic myxozoan (Myxozoa:
Bivalvulida) from Cirrhinus mrigala (Hamilton). Proc.
Zool. Soc. Calcutta, 55(2): 43-48.

* Basu S, Haldar DP (2002b). Observations on three new
species of Myxobolus Butschli, 1882 from Hybrid carps
of West Bengal, India. Indian J. Environ. & Ecoplan.
6(3): 629-640.

* Basu S, Haldar DP (2003). Observations on two new
thelohanelloid species (Myxozoa: Bivalvulida) from
Indian major carps of West Bengal, India. J.
Parasit. Appl. Anim. Biol. 12 (1&2): 15-24.

* Basu S, Haldar DP (2004). Description of three new
species  (Myxozoa: Myxosporea: Bivalvulida) of
the genera Myxobilatus Davis, 1944 and Myxobolus
Butschli, 1882. Acta Protozool. 43 (4): 337-343.

* Basu S, Modak BK, Haldar DP (2006). Synopsis of the
Indian species of the genus Zhelohanellus Kudo, 1933
along with description of Thelohanellus disporomorphus
sp. . J. Parasit. Appl. Anim. Biol. 15(1-2): 81-94.

* Basu S, Modak BK, Haldar DP (2009). Two new species
of Myxobolus Butschli, 1882 (Myxozoa: Mysporea:
Bivalvulida) from food fishes of West Bengal, India-a
light and scanning electron microscopy study. Acta
Protozool. 48: 83:89.

* Bhatt VS, Siddiqui WA (1964). Four new species
of Myxosporidia from the Indian fresh water fish
Ophiocephalus punctatus Bloch. J. Protozool., 11: 314~
316.

* Boreham RE, Hendrick S, O’Donoghue PJ, Stenzel
DJ (1998). Incidental finding of Mpyxobolus spores
(Protozoa: Myxozoa) in stool samples from patients
with gastrointestinal symptoms. J. Clin. Microbiol. 36,
3728-3730.

* Buetschli O (1881). Myxosporidien. Zool. Jahrb. F. 1:
162-164.

September 2014 | Volume 2 | Issue 9 | Page 495

Eus



OPEN 8 ACCESS Advances in Animal and Veterinary Sciences

* Canning EU, Curry A, Feist SW, Longshaw M, Henneguya spp infecting South American fish. Acta
Okamura B (2000). A new class and order of Protozool. 47: 149-154.
myxozoans to accommodate parasites of bryozoans ¢ Eiras JC, Zhang J, Molnar, K (2014). Synopsis of the

with ultrastructural observations on Tetracapsula species of Myxobolus Buetschli, 1882 (Myxozoa:
bryosalmonae (PKX organism). J. Eukaryot. Microbiol. Myxosporea: Myxobolidae) described between 2005-
47(5): 456-468. 2013. Syst. Parasitol. 88: 11-36.

* Carriero MM, Adriano EA, Silva MRM, Ceccarelli * Eszterbauer E (2004). Genetic relationship among gill-
PS, Maia AAM (2013). Molecular Phylogeny of the infecting Myxobolus species (Myxosporea) of cyprinids:

Myxobolus and Henneguya Genera with several new molecular evidence of importance of tissue specificity.
South American species. PLoS ONE 8(9):¢73713. Dis. Aquat. Organ. 58: 35-40.
Doi:10.1371/journal.pone.007371. * Feist SW, Longshaw M (2006). Phylum Myxozoa. In
* Chakravarty M (1939). Studies on Myxosporidia from Fish diseases and disorders: Protozoan and metazoan
the fishes of Bengal, with a note on the myxosporidea infections. (ed. P’”T.K. Woo). 2" ed., CAB International,
infection in aquarium fishes. Arch. Protistenkd. 92: Oxfordshire, pp. 230-296.
169-178. * Fetherman ER, Winkelman DL, Baerwald MR, Schisler
* Chakravarty M (1943). Studies on myxosporidia from GJ (2014). Survival and Reproduction of Myxobolus
the common food fishes of Bengal. Proc. Indian Acad. cerebralis-Resistant Rainbow Trout introduced to
Sci., 18: 21-35. the Colorado River and increased resistance of Age-
* Chakravarty M and Basu MS (1948) Observations 0 Progeny. PLoS ONE 9(5):¢96954. Doi:10.1371/
on some myxosporidians parasitic in fishes, with an journal.pone.0096954.
account of nuclear cycles in one of them. Proc. Zool * Fiala I, BartoSovi P (2010). History of myxozoan
Soc. Bengal, 1: 23-33. character evolution on the basis of rDNA and EF-2

* Das MK (1996). Myxozoan and urceolarid ciliate data BMC Evolutionary Biology Evol. Biol.10:228.
parasites of wild and cultured Liza parsia in deltaic * Fomena A, Bouix G, Birgi E (1985). Contribution a
West Bengal. J. Inland Fish Soc. India, 28(2): 46-56. etude des Myxosporidiies des poissons deau douc du

* Das MK, Haldar DP (1986). Studies on protozoan Cameroun. II. Especes nouvelles de genres Myxobolus
parasites from fishes: Two new species of the Butschli, 1882. Bull. Inst. Fond. Afr. Noire, 46: 167-

genus Neothelohanellus n. g. (Myxosporidia). Arch. 192.

Protistenkd.132: 125-130. * Ganpati PN (1941). On a new Myxosporidian,
* Diamant A (1992). A new pathogenic histozoic Henneguya otolithi n. sp. A tissue parasite from the

Myxidium (Myxosporea) in cultured gilt-head sea Bulbus arteriosus of two species of fish of the genus

bream Sparus aurata L. Bull. Eur. Assoc. Fish Pathol. Otolithus. Proc. Indian Acad. Sci. 13: 135-150.

12: 64-66. * Gleeson RJ, Adlard RD (2012). Phylogenetic
* Doflein F (1901). Die Protozoen als Parasiten und relationships amongst  Chloromyxum Mingazzini,

Krankbeitserreger nach  biologischen  Gesichtspunkten 1890 (Myxozoa: Myxosporea), and the description

dargestellt. Jena: Fischer, 274 pp. of six novel species from Australian elasmobranchs.
* Dogiel VA (1965). General Protozoology. Clarendon Parasitol. Int. 61: 267-274.

Press, Oxford, U.K., 747 pp. * Gupta S (1987a). Histozoic and Coelozoic myxozoan

* Dykova I, Lom J (1978). Histopathological changes in parasites (Protozoa: Myxozoa: Myxosporea) of
fish gills infected with myxosporidian parasites of the freshwater fishes of Northern India. Ph. D Thesis
genus Henneguya. J. Fish Biol. 12: 197-202. (unpublished). Department of Zoology, Panjab

* Eiras JC (2005). An overview on the myxosporean University, Chandigarh.
parasites in amphibians and reptiles. Acta Parasitol. * Gupta S, Khera S (1987b). On the genera Henneguya
50: 267-275. "Thelohan, 1892 and Unicauda

* Eiras JC, D’Souza ] (2004). Myxobolus goensis n. sp. * Davis, 1944. Res. Bull. (Sci.) Panj. Univ. 38: 153-163.
(Myxozoa, Myxosporea, Myxobolidae), a parasite of * GuptaS,Khera S (1988a). Review of the genus Myxobolus

the gills of Mugil cephalus (Osteichthyes, Mugilidae) Butschli, 1882. Res. Bull. (Sci.), Panj. Univ. 39(1-11):
from Goa, India. Parasite, 11: 243-248. 45-48.

* EirasJC,Molnar K,LuYS (2005). Synopsis of the species  * Gupta S, Khera S (1988b). On a new myxozoan parasite
of Myxobolus Butschli, 1882 (Myxozoa: Myxosporea: (Myxozoa) Lomosporus indicus gen. sp. n. from fresh
Myxobolidae). Syst. Parasitol. 61: 1-46. water fishes, Labeo calbasu (Ham.). Acta Protozool. 27:

* EirasJC,Takemoto RM, Pavanelli GC (2008). Henneguya 171-175.
caudicula n. sp. (Myxozoa, Myxobolidae) a parasite * Gupta S, Khera S (1988c). On a new species, Myxidium
of Leporinus lacustris (Osteichthyes, Anostomidae) labeonis from freshwater fishes of Punjab, India. Arch.
from the high Parana River, Brazil, with a revision of Protistenkd. 136: 393-396.

September 2014 | Volume 2 | Issue 9 | Page 496 ms)




OPENGACCESS Advances in Animal and Veterinary Sciences
* Gupta S, Khera S (1988d). On one new and one already * Hemananda T, Bandyopadhyay PK, Mohilal MN, Mitra

known species of the genus Myxobolus from freshwater AK (2010). On the occurrence of a myxozoan parasite,
fishes of India. Res. Bull. (Sci.), Panj. Univ. 39 (III- Thelobanellus anilae sp. n. from a fresh water fish of
1V): 173-179. India. Anim. Biol. 60(3): 329-336.

* Gupta S, Khera S (1989a). Observations on Myxobolus * Hemananda T, Meitei NM, Bandyopadhyay PK, Mitra
haldari sp. nov. (Myxozoa: Myxosporea) from AK (2008). A new species of Henneguya, a gill parasite
freshwater fishes of North India. Res. Bull. (Sci.) Panj. of a freshwater fish Anabas testudineus (Bloch) affected
Univ. 40: 281-291. with ulcerative disease syndrome from Manipur, India.

* Gupta S, Khera S (1990). On three species of the genus Turkiye Parazitol. Derg. 32 (1): 82-85.

Myxobolus Buetschli, 1882 (Myxozoa: Myxosporea) * Hemananda T, Mohial N, Bandyopadhyay PK, Mitra
from freshwater fishes of Northern India. Indian J. AK, Gu'rello G (2013). Myxobolus leafa sp. nov.
Parasitol. 14: 1-8. (Myxozoa: Bivalvulida) from the gill filament of

* Gupta S, Khera S (1991). On some species of the genus Labeo bata (Hamilton) from Manipur, India. Turkiye
Myxobolus (Myxozoa: Myxosporea) from freshwater Parazitol. Derg. 37, 40-43.
fishes of India. Indian J. Parasitol. 15: 1: 35- 47. * Hemananda T, Mohilal N, Bandyopadhyay PK, Mitra

* Gupta S, Khera S (1989b). Observations on Myxobolus AK (2009). Two new Myxosporidia (Myxozoa:
punjabensis sp. nov. (Myxozoa: Myxobolidae), parasitic Myxosporea) of the genus Myxobolus Buetschli, 1882
on gills and fins of Labeo dyocheilus. Riv. Parasitol. from cornea of Clarias batrachus (Linnaeus, 1758)
50(1-2): 131-138. caught from a fish farm in India. North-Westeren J.

» Haldar DP, Das MK, Sharma BK (1983). Studies on Zoo0l. 5(1): 165-169.

Protozoan Parasites from Fishes. Four New Species of ¢ Hemananda T, Mohilal N, Vishwanath W (2006).
the Genera Henneguya Thelohan, 1892, Thelohanellus Myxobolus haldi sp. nov, a new species of Myxobolus
Kudo, 1933 and Mpyxobolus Butschli, 1892. Arch. Buetchli 1882 (Myxozoa: Bivalvulida) from the gill
Protistenkd. 127: 283-296. filament of Cirrhinus mrigala (Hamilton) from fresh

* Haldar DP, Mukherjee M (1985). Studies on Bivalvulida water of Manipur. J. Parasit. and Appl. Anim. Biol. 15,
(Myxozoa: Myxosporea). Observation on two new 35-42.
species of Henneguya from food fishes of West Bengal, * Hessen EM, Zamzame ML (2004). Myxobolus

India. Arch. Protistenkd. 130: 419-425. sp: a possible new opportunistic parasite in
* Haldar DP, Mukherjee M, Kundu TK (1981). immunocompromized patients in Ismailia. J. Egypt

Observations on two new species of Myxosoma Soc. Parasitol. 34(3): 925-930.

Thelohan, 1892 (Myxozoa: Myxosomatidae) from * Holzer AS,Sommerville C,Wootten R (2004). Molecular

fresh water teleost fishes. Arch. Protistenkd. 124: 244- relationships and phylogeny in a community of

251. myxosporeans and actinosporeans based on their 185
* Haldar DP, Samal KK, Mukhopadhyaya D (1996). rDNA sequences. Int. J. Parasitol. 34 (2004) 1099-

Studies on protozoan parasites of fishes in Orissa: 1111.

Eight species of Mpyxobolus Butschli (Myxozoa: ¢ Jakowska S, Nigrelli RE (1953). The pathology of

Bivalvulida). J. Beng. Nat. Hist. Soc. 16: 3-24. Myxosporidiosis in the electric eel.  Electrophorus
» Hallett SL,, Diamant A (2001). Ultrastructure and small electricus (Linnaeus), caused by Henneguya wisceralis

subunit ribosomal DNA sequence of Henneguya lesteri and H. electrica sp. nov. Zoologica, 38(16): 183-191.

n. sp. (Myxosporea), a parasite of sand whiting Si/lago + Kalavati C,Nandi NC (2007). Handbook of Myxosporidean

analis (Sillaginidae) from the coast of Queenstant, parasites of Indian fishes. 7SI, India, Kolkata, 293 pp.

Australia. Dis. Aquat. Org. 46: 197-212. » Kalavati C, Narasimhamurti CC (1981). Unicauda
* Hanelt B, Van Schyndel D, Adema CM, Lewis LA, andhrae n. sp. (Myxosporida) in the mucus on the gills

Loker ES (1996). The phylogenetic position of of Ophiocephalus gachua. Z.. Parasitenk. 65: 89-93.

Rhopalura ophiocomae (Orthonectida) based on 18S ¢ Kalavati C, Narasimhamurti CC (1984). A new

ribosomal DNA sequence analysis. Mol. Biol. Evol. myxosporidian, Rudicapsula esomi n. gen. n. sp. from

13(9): 1187-1191. the fresh water fishes, Esomus sp. Z. Parasitenk. 70:
* Hartigan A, Fiala I, Dykova” I, Rose K, Phalen DN 21-27.

(2012). New species of Myxosporea from frogs and ¢ Kalavati, C. and Narasimhamurti, C.C. (1985)

resurrection of the genus Cystodiscus Lutz, 1889 for Histopathological changes in the gills of Channa
species with myxospores in gallbladders of amphibians. punctatus BL. infected with Henneguya waltairensis.
Parasitol. 139: 478-496. Arch. Protistenkd., 129: 199-202.

* Hedrick RP, EI-Matbouli M, Adkison MA,MacConnell * Kalavati C, Sandeep BV, Narasimhamurti CC (1981).
E (1998). Whirling disease: re-emergence among wild Two new species of myxosporidians, Myxosoma channai
trout. Immunol. Rev. 162: 365-376. n. sp. and Myxobolus tripathii n. sp., from freshwater

September 2014 | Volume 2 | Issue 9 | Page 497 s



OPENaACCESS

Advances in Animal and Veterinary Sciences

fishes of Andhra Pradesh. Proc. Indian Acad. Sci.
90(1): 61-78.

* Kaur H, Singh R. (2008). Observation on one new
species of the genus Myxobolus (Myxozoa: Myxosporea:
Bivalvulida) and Redescription of Myxobolus magauddi
(Bajpai, 1981) Landsberg and Lom, 1991 recorded
from freshwater fishes of Kanjali Wetland of Punjab
(India). Proc. Natl. Congr. Parasitol. 75-79.

* Kaur H, Singh R (2008-2009). Incidence of Myxozoan
Parasites in freshwater fishes of wetlands of Punjab. J.
Punj. Acad. Sci. 5-6(1&2): 88-91.

* Kaur H, Singh R (2009). A new myxosporean species,
Myxobolus eirasi sp. nov. and a known species M.
venkateshi Seenappa and Manohar, 1981 from the
Indian major carp fish Cirrhina mrigala (Ham.).
Protistol. 6 (2): 126-130.

* Kaur H, Singh R (2010a). One new myxosporidian
species, Myxobolus slendrii sp. nov., and one known
species, M. punjabensis Gupta and Khera, 1989,
infecting freshwater fishes in wetlands of Punjab,
India. Parasitol. Res. 106 (5): 1043-1047.

* Kaur H, Singh R (2010b). A new myxosporean species
Myxobolus sclerii sp. nov. and one known species M.
stomum Ali et al. (2003) from two Indian major carp
fishes. J. Parasit. Dis., 34 (1): 33-39.

* Kaur H, Singh R (2010/2011). Two new species of
Myxobolus (Myxosporea, Bivalvulida) from the Indian
major carp Labeo rohita Hamilton, 1822. Protistol. 6:
264-270.

* Kaur H, Singh R (2011a). Two new species of Myxobolus
(Myxosporea, Bivalvulida) infecting an Indian major
carp in Ropar and Kanjali wetlands (Punjab). J. Parasit.
Dis. 35(1): 23-32.

* Kaur H, Singh R (2011b). Two new species of Myxobolus
(Myxozoa: Myxosporea: Bivalvulida) from freshwater
fishes of Punjab Wetlands (India). J. Parasit. Dis.
35(1): 33-41.

* Kaur H, Singh R (2011c). Two new species of Myxobolus
(Myxozoa: Myxosporea) infecting an Indian major
carp and a cat fish in wetlands of Punjab, India. J.
Parasit. Dis. 35(2): 169-176.

* Kaur H, Singh R (2011d). Two new and one already
known species of Myxobolus (Myxozoa: Myxosporea:
Bivalvulida) infecting gill lamellae of Indian major
carp fishes in Ropar and Harike wetlands (Punjab).
Proc. 22" Natl. Congr. Parasitol. Univ. Kalyani, West
Bengal, pp. 81-90.

* Kaur H, Singh R (2011d). Two new species of Myxobolus
(Myxozoa: Myxosporea: Bivalvulida) infecting Indian
freshwater fishes in Punjab Wetlands (India). Parasit.
Res. 108(5): 1075-1082.

* Kaur H, Singh R (2011e). Myxobolus harikensis sp. nov.
(Myxozoa: Myxobolidae) infecting fins of Cirrbinus
mrigala (Ham.) an Indian major carp in Harike

wetland, Punjab (India). Parasit. Res. 109(6): 1699-

1705.

Kaur H, Singh R (2012a). A synopsis of the species
of Myxobolus Biitschli, 1882 (Myxozoa: Bivalvulida)
parasitizing Indian fishes and a revised dichotomous
key to myxosporean genera. Syst. Parasitol. 81: 17-37.

Kaur H, Singh R (2012b). One new myxosporean species,
Triangula cirrbini sp. nov., and one known species, 7.
ludhianae (syn. M. ludhianae Gupta and Khera, 1991)
comb. n. (Myxozoa: Myxosporea), infecting Indian
major carp in Harike wetland of Punjab. Anim. Biol.
62:129-139.

Kaur H, Attri R, Singh R (2012). Incidence of gill
myxoboliosis in Catla catla (Hamilton-Buchanan) in
Harike wetland of Punjab. 1(2): 9-12.

Kaur H, Katoch A (2014). Gill disease caused by
Thelohanellus bifurcata Basu and Haldar, 1999 a
pathogenic myxozoan parasite in cultured Indian carp,
Labeo robita (Hamilton, 1822) in Punjab, India. ].
Anim. Healt. Prod. 2 (2): 19-24.

Kaur H, Katoch A, Gupta M. (2014a). Thelohanellus filli
sp. n., a pathogenic myxosporean infecting gills of
cultured carp, Labeo robita (Hamilton 1822) in Punjab,
India. Species, 10(23): 31-38.

Kaur H, Katoch A, Shoaib A, Singh R (2013a).
Myxobolus nanokiensis sp. nov. (Myxozoa: Bivalvulidae),
a new pathogenic myxosporean parasite causing
haemorrhagic gill disease in cultured Indian major carp
fish, Labeo rohita (Hamilton 1822) in Punjab, India. J.
Parasit. Dis. Doi: 10.1007/s12639-013-0351-0

Kaur H, Shoaib A, Singh R (2013b). One new and three
already known Myxosporean parasites of Indian major
carps in Punjab (India). Species, 4(11): 17-24.

Kent ML, Andree KB, Bartholomew JL, Matbouli
M, Desser SS, Devlin RH, Feist SW, Hedrick RP,
Hoffman RW, Khattra J, Hallett S.L, Lester J.G.,
Longshaw, M., Palenzeula, O., Siddall, M.E. and Xiao,
C. (2001) Recent advances in our knowledge of the
Myxozoa. J. Eukaryot. Microbiol. 48: 395-413.

Kent ML, Margolis L, Corliss JO (1994). The demise
of a class of protists: taxonomic and nomenclatural
revisions proposed for the protist phylum Myxozoa
Grasse, 1970. Can. J. Zool. 72: 932-937.

Koie M, Karlsbakk E, Nylund A (2007). A new
genus Gadimyxa with three new species (Myxozoa,
Parvicapsulidae) parasitic in marine fish (Gadidae)
and the two-host life cycle of Gadimyxa atlantica n. sp.
J. Parasitol., 93(6): 1459-1467.

Kudo R (1933). A taxonomic consideration of
Myxosporidia. Trans. Am. Microsc. Soc. 52: 195-216.

Kundu TK (1985). Myxosoma indirae sp. n. (Myxozoa:
Myxosomatidae) from the head cartilage, scale and tail
fin of Cirrhina mrigala. Acta Protozool. 24: 333-337.

Lalitha KPS (1969). Studies on parasitic protozoa
(Myxosporidia) of fresh water fishes of Andhra
Pradesh, India. Riv. Parasitol. 30: 153-226.

September 2014 | Volume 2 | Issue 9 | Page 498



OPENBACCESS Advances in Animal and Veterinary Sciences
* Levine ND (1970). Taxonomy of the Sporozoa. J. * Moncada LI, Lopez MC, Murcia MI, Nicholis SLF,
Parasitol. 56: 208-209. Guio OL, Corredor A (2001). Myxobolus sp., another
* Levine ND, Corliss JO, Cox FEG, Deroux G, Grain opportunistic parasite in immunosuppressed patients.
J, Honigberg BM, Leedale GF, Loeblich AR, Lom J. Clin. Microbiol. 39(5): 1938-1940.
J, Lynn D, Merinfeld EG, Page FC, Poljansky G, < Mondal A, Banerjee S, Patra A, Adikesavalu H, Raghu
Sprague V, Vavra J, Wallace FG (1980). A newly KR , Dash G, Joardar SN, Abraham T] (2014).

revised classification of the Protozoa. J. Protozool. 27: Molecular and morphometric characterization of

37-58. Thelohanellus caudatus (Myxosporea: Myxobolidae)
* Lom J, Arthur JR (1989). A guideline for the preparation infecting the caudal fin of Labeo rohita (Hamilton).

of species descriptions in Myxosporea. J. Fish Dis. 12: Protistology, 8(2): 41-52.

151-156. * Monteiro AS, Okamura B, Holland PWH (2002).

* Lom J, Dykova I (1992). Myxosporidia (Phylum Orphan worm finds a home: Buddenbrockia is a
Myxozoa). In Protozoan parasites of fishes. Developments myxozoan. Mol. Biol. Evol. 19(6): 968-971.
in aquaculture and fisheries. (eds. J. Lom and I. Dykova), < Narasimhamurti CC (1970). Myxosoma intestinalis n. sp.

El-sevier., Publ., Amsterdam, pp. 159- 235. (Protozoa: Myxosporiodia) from the gut epithelium
* Lom ], Dykova I (2006). Myxozoan genera: Definition of the estuarine fish, Mugil waigensis Q_and G. Proc.
and notes on taxonomy, life- cycle terminology and Indian Acad. Sci. 81: 19-27.
pathogenic species. Folia Parasitol. 53: 1-36. * Narasimhamurti CC, Kalavati C (1979). Myxosoma
* Madhavan R, Bandyopadhyay PK, Santosh B (2013). lairdi n. sp. (Protozoa: Myxosporidia) parasitic in the
Observations on two new species of Myxobolus gut of the estuarine fish, Liza macrolepis Smith. Proc.
Butschli, 1882 from minor carps of Tripura, India. J Indian Acad. Sci., 88B (4): 269-272.
Parasit Dis. 37: 56-61. * Narasimhamurti CC, Kalavati C (1986). A new
* Mandal AK, Nair KN (1975). Myxobolus eeli sp. n. Myxosporidian Myxobolus bivacuolatus n. sp. parasitic
(Myxobolidae) a new myxosporidium from Indian in the intestinal wall of the fresh water fish Clarius
spiny eel Mastacembelus armatus (Lacepede). Acta batrachus. Arch. Protistenkd. 131: 153-157.
Protozool. 14: 175-178. * Okamura B, Curry A, Wood TS, Canning EU (2002).
* Martinez de Velasco, G., Rodero, M., Cuellar, C., Ultrastructure of Buddenbrockia identifies it as a
Chivato, T., Mateos, J.M. and Laguna, R. (2008). myxozoan and verifies the bilaterian origin of the

Skin prick test of Kudoa sp. antigens in patients with Myxozoa. Parasitol. 124: 215-223.

gastrointestinal and/or allergic symptoms related to * Padma DK, Kalavati C (1992). Description of four species

fish ingestion. Parasitol. Res. 103: 713-715. of Myxobolus Butschli, 1882 from the mullet, Liza
* Martins ML, Souza VN (1997). Henneguya piaractus macrolepis, in the backwater regions of Visakhapatnam,

n. sp. (Myxozoa: Myxobolidae), a gill parasite of east coast of India. Proc. Zool. Soc. Calcutta, 45(2):

Piaractusmes opotamicus Holmberg, 1887 (Osteichthyes: 197-204.

Characidae), in Brazil. Rev. Bras. Biol. 57: 239-245. * Pagarkar U, Das M (1993). Two new species of myxozoa,
* Martins ML, Souza VN, Moraes JRE, Moraes FR (1999). Thelohanellus caudatus n. sp. and Myxobolus serrata n.

Gill infection of Leporinus macrocephalus Garavello sp. from cultural carps. J. Inland Fish Soc. India, 25(1):

& Bristski, 1988 (Osteichthyes: Anostomidae) by 30-35.
Henneguya leporinocola n. sp (Myxozoa: Myxobolidae) * Pinto C (1928a). Myxosporideos e outros protozoarios

description, histopathology and treatment. Rev. Bras. intestinaes de peixes observados na América do Sul.
Biol. 59: 527-534. Archivos do Instituto de Biologia, 1: 101-140.

* McClelland RS, Murphy DM, Cone DK (1997). Report  * Pinto C (1928b). Henneguya wenyoni n. sp., myxosporidie
of spores of Henneguya salminicola (Myxozoa) in parasite des branchies de poissons deau douce du
human stool specimens: possible source of confusion Bresil. Comptes Rendus de la Societe de Biologie,
with human spermatozoa. J. Clin. Microbiol. 35: Paris, 98: 1580.

2815-2818. * Pote LM, Hanson LA, Shivaji (2000). Small subunit

* Milanin T, Eiras JC, Arana S, Maia AA, Alves AL ribosomal RNA sequenceslink the cause of proliferative
(2010). Phylogeny, ultrastructure, histopathology and gill disease in channel catfish to Henneguya n. sp.
prevalence of Myxobolus oliveirai sp. nov., a parasite of (Myxozoa: Myxosporea). J. Aquat. Anim. Health, 12:
Brycon hilarii (Characidae) in the Pantanal wetland, 230-240.

Brazil. Mem. Inst. Oswaldo Cruz. 105: 762-769. * Prunescu CC, Prunescu P, Pucek Z, Lom ] (2007).

* Molnar K, Marton Sz, Szekely C, Eszterbauer E The first finding of myxosporean development
(2010). Differentiation of Myxobolus spp. (Myxozoa: from plasmodia to spores in terrestrial mammals:
Myxobolidae) infecting roach (Rutilus rutilus) in Soricimyxum fegati gen. et sp. n. (Myxozoa) from Sorex
Hungary. Parasitol. Res. 107: 1137-1150. araneus (Soricomorpha). Folia Parasitol. 54: 159-164.

September 2014 | Volume 2 | Issue 9 | Page 499 s



OPENaACCESS

Advances in Animal and Veterinary Sciences

* Qadri SS (1962c¢). New Myxosporidia from the Indian
fresh water fish, Labeo fimbricatus 11. Thelohanellus
andhrae sp.n. 7. Parasitenk. 21: 517-520.

* Qadri SS (1962a). On a new myxosporidian parasite,
Phlogospora mysti gen. n., sp. n., from Indian freshwater
fish Mystus bleekeri. Arch. Protistenkd. 106: 211-217.

* Qadri SS (1962b). A new Myxosporidian Thelohanellus
boggoti n. sp. from an Indian fresh water fish Labeo
boggot. Arch. Protistenkd. 106: 218-222.

* Qadri SS (1962c). New myxosporidia from Indian
treshwater fish Labeo fimbriatus 1. Gyrospora crucifila
gen. n. sp. n. Z. Parasitenk. 21: 513- 516.

* Qadri SS (1967). On a new Myxosporidian, Thelohanellus
shortti n. sp. from a fresh water fish, Labeo fimbricatus
of Andhra Pradesh, India. Protozool. 2: 207-218.

* Qadri SS, Lalitha KPS (1965). A new myxosporidian,
Myxobiltus mastacembeli from a freshwater fish
Mastacembelus armatus. Riv. Parasitol. 26: 73-77.

* Raychaudhuri S, Chakravarty MM (1970). Studies on
Myxosporidia (Protozoa, Sporozoa) from the food
fishes of Bengal. I. Three new species from Ophicephalus
punctatus Bloch. Acta Protozool. 8: 167-175.

* Sarkar NK (1986b). Ceratomyxa tartoori sp. n. (Myxozoa)
from the gall bladder of a marine teleost (Clupeidae)
of West Bengal, India. Acta Protozool. 25(3): 351-354.

* Sarkar NK (1982a). Myxosporidian Myxidium halderi
sp. n. (Myxozoa: Myxididae) from Indian frog Hyla
arborea. Acta Protozool. 21(2): 197-199.

¢ Sarkar NK (1982b). On three new myxosporidian
parasites (Myxozoa) of the Ophicephalid fishes of
West Bengal, India. Acza Protozool. 21(3-4): 239-244.

* Sarkar NK (1984). A new Myxosporidian Sphaeromyxa
hareni sp. n. (Myxozoa: Myxididae) from an Indian
marine teleost Tachysurus platystomus (Day). Acta
Protozool. 23(3): 183-186.

* Sarkar NK (1985a). Myxosporidan Henneguya mystusia
sp. n. (Myxozoa: Myxosporea) from the gills of a fresh
water teleost fish Myszus sp. Acta Profozool., 24: 55-58.

 Sarkar NK (1985b). Some coelozoic Myxosporida
(Myxozoa: Myxosporea) from a freshwater water
teleost fish of River Padma. Acta Protozool. 24(1): 47-
53.

* Sarkar NK (1985c). Some Myxosporidia (Myxozoa:
Myxosporea) of Anabantid fishes of West Bengal,
India. Acta Protozool. 24 (2): 175-180.

* Sarkar NK (1986a). On two new species of Myxobolus
Butschlii, 1882 (Myxozoa: Myxosporea) from the
freshwater fishes of West Bengal, India, Acza Protozool.,
25(2): 235-239.

* Sarkar NK (1986¢). A new myxosporidian Myxidium
sciaenae sp. n. (Myxozoa: Myxididae) from the gall
bladder of a marine teleost of West Bengal, India. Acza
Protozool. 25(4): 477-479.

* Sarkar NK (1987). Studies on myxosporidian parasites
(Myxozoa: Myxosporea) from marine fishes in West

Bengal, India. II. Description of two new species
from Tachysurus platystomus (Day). Arch. Protistenkd.
133:151-155.

Sarkar NK (1989). Myxobolus anili sp. nov. (Myxozoa:
Myxosporea) from marine teleost fish, Rhinomugil
corsula Hamilton. Proc. Zool. Soc. Calcutta, 42: 71-74.

Sarkar NK (1993). On two new species of Myxobolus
Butschli, 1882 (Myxozoa: Myxosporea) from some
freshwater fish of West Bengal, India. Proc. Zool. Soc.,
Calcutta, 46(1): 61-66.

Sarkar NK (1994). Three new species of Myxosporidia
(Myxozoa: Bivalvulida) infecting some freshwater
fishes of West Bengal, India. Proc. Zool. Soc., Calcutta,
47(1): 63-69.

Sarkar NK (1995a). Observations on Two New
Myxosporidia (Myxozoa: Myxosporea) from Fishes
of Bhery-fishery of West Bengal, India. Acza Protozool.
34: 67-70.

Sarkar NK (1995b). A new myxozoan, Coccomyxa
baleswarensis n. sp. (Myxosporea: Myxididae), parasite
in the gall bladder of and anadromous clupeid, Hilsa
ilisha (Ham.). Arch. Protistenkd., 145: 135-138.

Sarkar NK (1996a). On two new myxosporidian parasites
(Myxozoa: Myxosporea) of a fresh teleost, Notopterus
notopterus (Pallas) of West Bengal, India. Proc. Zool.
Soc. Caleutta, 49(1): 5-10.

Sarkar NK (1996b). Zschokkella pseudosciaena sp. n. and
Myxoproteus cujaeus sp. n. (Myxozoa: Myxosporea)
from sciaenid fish of Hooghly Estuary, West Bengal,
India. Acta Protozool. 35: 331-334.

Sarkar NK (1997). Sinuolinea indica sp. n. (Myxosporea:
Sinuolineidae) parasitic in the urinary bladder of a
sciaenid fish from the Hooghly Estuary, West Bengal,
India. Acta Protozool. 36: 305-309.

Sarkar NK (1999a). Some new myxosporidia Myxozoa:
Myxosporea) of the genera Myxobolus Butschli 1882,
Unicapsula Davis 1942, Kudoa Meglitsch 1947,
Ortholinea, Shulman 1962 and Neaparvicapsula
Gaevskaya, Kovaleva and Shulman, 1982. Proc. Zool.
Soc. Calcutta, 52 (1): 38-48.

Sarkar NK (1999b). Ortholinea gadusiae sp. n. and
Sphaeromyxaopisthopteraesp.n.,(Myxozoa:Myxosporea)
from clupeid fish of Bay of Bengal, India. Acta
Protozool. 38: 145-153.

Sarkar NK (2004). On some new coelozoic myxosporidia
(Myxozoa:Myxosporea) from some teleost fishes of
West Bengal, India. J. Environ. & Sociobiol. 1 (1& 2):
35-47.

Sarkar NK (2009). Thelohanelloid bengalensis gen. and
sp. nov. (Myxosporea: Thelohanellidae) from the gall
bladder of marine catfish of the Bay of Bengal, India.
Uttar Pradesh J. Zool. 29 (2): 251-254.

Sarkar NK, Mazumdar S (1983a). Studies on
myxosporidian parasites (Myxozoa: Myxosomatidae)
from marine fishes in West Bengal, India. I

September 2014 | Volume 2 | Issue 9 | Page 500



OPENBACCESS Advances in Animal and Veterinary Sciences

Description of three new species from Tachysurus sp. known species of genus 7Thelobanellus Kudo, 1933
Arch. Protistenkd. 127(1): 59-63. (Myxozoa: Myxosporea: Bivalvulida) infecting Indian
* Sarkar NK, Mazumdar S (1983b). Myxosporidian, major carp fishes in Punjab wetlands (India). J. Parasit.

Sphaeromyxa dighae sp. n. (Myxozoa: Myxididae) Dis. 38(1): 49-60.
from the gall bladder of Hilsa ilisha (Clupeidae). Acta * Singh R, Kaur H (2014b). Two new and one already

Protozool. 22(3-4): 257-280. known species of the genus Zhelohanellus Kudo, 1933
* Schmahl G, Mehlhorn H, Tarachewski H (1989), (Myxozoa: Myxosporea: Bivalvulida) parasitizing fresh
Treatment of fish parasites. 7. Effects of sym. triazinone water fishes in wetlands of Punjab, India. Biologia (In
(toltrazuril) on development stages of Myxobolus sp. press).
Biitschli, 1882 (Myxosporea, Myxozoa): a light and * Singh R, Kaur H (2014c). Studies on the myxosporean
electron microscopic study. Eur. J. Protistol. 25: 26-32. parasites causing myxozoanosis in freshwater fishes
* Seenappa D, Manohar L (1980a). Two new species of in wetlands of Punjab (India). Proc. Natl. Conf. on
Myxobolus (Myxosporidia: Protozoa) parasitic on Challenges of Biodiversity and Resource Management.
Cirrbina mrigala (Hamilton) and Puntius curmuca Univ. of Kalyani, West Bengal (In press).
(Hamilton). Curr. Sci. 49: 204-206. * Smothers JE, Von Dohlen CD, Smith LH, Spall RD
* Seenappa D, Manohar L (1980b). Myxobolus vanivilasae (1994). Molecular evidence that the myxozoan protist
n. sp. parasitic in Cirrhina mrigala (Ham.). Proc.Indian are metazoan. Science, 265: 1719-1721.
Acad. Sci. (Anim. Sci.). 89: 485-491. * Sogin ML, Gunderson JH, Elwood HJ, Alonso RA,
* Seenappa D, Manohar L (1981). Five new species Peattie DA (1989). Phylogenetic meaning of the
of  Myxobolus (Myxosporea: Protozoa), parasitic kingdom concept: An unusual ribosomal RNA from
in Cirrhina mrigala (Hamilton) and Labeo robita Giardia lamblia. Science, 243: 75-77.
(Hamilton), with a note on a new host record for M. * Southwell T, Prashad B (1918). On some Mxosporidia.
curmucae Seenappa and Manohar, 1980. J. Protozool. Parasites of Indian fishes with a note on the carcinoma
28: 358-360. in the climbing perch. II. Rec. Indian Museum, 15:

* Sheeja PK,Janardanan KP (2006). Two new myxosporean 341-355.

parasites (Myxozoa; Myxobolidae) from the freshwater * Sprague V (1977). Systematics of the Microsporidia.

fish Puntius ticto punctatus Day in Kerala, India. Zoos’ In Comparitive Pathobiology. Vol. 2 (eds. Jr., L.A.

Print J. 22(1): 2527-2530. Bulla and T.C. Cheng). Plenum Press, New York and
* Siddall ME, Whiting MF (1999). Long-branch London, pp. 1- 510.

abstractions. Cladistics-the International Journal of < Stolc A (1899). Actinomyxidia, eine neue Gruppe der

the Willi Hennig Society, 15(1): 9-24. Mesozoa, der Myxosporidien verwandt. Abh. Bohm.
* Siddall ME, Martin DS, Bridge D, Desser SS and Ges. Wissensch. 8: 1-12.

Cone DK (1995). The demise of a phylum of protists: * Szczepaniak K, Tomczuk K, Studzinska M (2010).

phylogeny of the Myxozoa and other parasitic cnidaria. Cutaneus myxosporidiasis in the Australian green tree

J. Parasitol. 81: 961-967. frog (Litoria caerulea). Parasitol. Res. DOI 10.1007/
+ Singh R (2011). A study on the myxozoan parasites s00436-010-2093-6.

of the fishes of Punjab wetlands. Ph. D. Thesis * Szekely C, Shaharom-Harrison F, Cech G, Mohamed K,

(Unpublished), Punjabi University, Patiala, India. Molnar K (20092). Myxozoan pathogens of Malaysian
* Singh R, Kaur H (2012). Thelohanellus (Myxozoa: fishes cultured in ponds and net-cages. Dis. Aquat.

Myxosporea:Bivalvulida) Infections in major carp fish Org. 83: 49-57.

from Punjab wetlands (India). Protistology, 7: 178- * Szekely C, Shaharom-Harrison F, Cech G, Mohamed

188. K, Molnar K (2009b). Myxozoan infections in fishes
* Singh R, Kaur H (2012). Two new Zhelohanellus Kudo, of the Tasik Kenyir Water Resevoir, Terengganu,

1933 (Myxozoa:Myxosprea:Bivalvulida) infecting fins Terengganu, Malaysia. Dis. Aquat. Org. 83: 37-48.

of major carps in wetlands of Punjab.Trends Parasit. * Tripathi YR (1952). Studies on the parasites of Indian

Res. 1 (3): 34-43. fishes. I. Protozoa. Myxosporidia together with a
* Singh R, Kaur H (2012). Myxosporean species Checklist of parasitic protozoa described from Indian
of the genus  Thelohanellus  Kudo, 1933 fishes. Rec. Indian Museum, 50: 63-88.
(Myxozoa:Myxosprea:Bivalvulida) from freshwater ¢ Vossbrinck CR, Maddox JV, Friedman S, Debrunner-
fishes of Punjab wetlands,India.Protistology,7(4): Vossbrinck BA, Woese CR (1987). Ribosomal RNA
208-217. sequence suggests microsporidia are extremely ancient

* Singh R, Kaur H (2012). Biodiversity of myxozoan eukaryotes. Nature, 326: 411-414.
parasites infecting freshwater fishes of three main * Weill R (1938). L ‘interpretation des Cnidosporidies
wetlands of Punjab,India. Protistology, 7(2): 79-89. et Ia valeur taxonomique de Ieur cnidome. Leur
* Singh R, Kaur H (2014a). Two new and two already cycle compare ii Ia phase Iarvaire des Narcomeduses

September 2014 | Volume 2 | Issue 9 | Page 501 G4




OPENaACCESS

Cuninides. Travaux de la Station Zoologique de

* Zrzavy ], Hypsa V (2003). Myxozoa, Polypodium, and

Wimereaux, 13: 727-744. the origin of the Bilateria. The Phylogenetic position

* Wolf K, Markiw ME (1984). Biology contravenes of “Endocnidozoa” in the light of the rediscovery of
taxonomy in the Myxozoa: new discoveries show

Buddenbrockia. Cladistics, 19: 164-169.
alternation of invertebrates and vertebrates hosts.
Science, 225: 1449-1452.

Advances in Animal and Veterinary Sciences

September 2014 | Volume 2 | Issue 9 | Page 502




