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Abstract Monogenoidea (Platyhelminthes), one of the

largest groups of ectoparasitic metazoans worldwide,

comprises over 7000 nominal species distributed globally,

many of which may represent a serious threat to their fish

hosts in aquaculture conditions. The fish fauna of Aruna-

chal Pradesh, India–a global hotspot of biodiversity–is

reasonably well-documented, with at least 213 known

species (including 69 Siluriformes). These faunas are an

essential resource for this tribal state’s economy. In sharp

contrast, information on parasitic monogenoids of fish from

the region is extremely limited, with only nine species

described to date. In this study, 21 species of catfishes were

collected and examined with the aim of expanding the

current knowledge of the diversity and distribution of

monogenoid species from Arunachal Pradesh. 15 (62.5%)

of the 21 catfish species studied were infected with a total

of 25 monogenoid species (11 previously described and 14

newly discovered in this study). Ten species of catfish were

the first host records for new parasite species, while two

species of catfish were new host records for previously

known monogenoids. Arunachal Pradesh represents new

geographic locality records for all 11 previously described

parasite species, thus significantly expanding their distri-

bution area from North and South India to extreme

Northeast India. The patterns of parasite species richness in

relation to three ecological traits (fish habitat, body size,

and elevation) as well as host specificity across the 21

examined species of catfishes, the unique problem of too

many parasite species in Wallago attu, and the future of

parasitology in Arunachal Pradesh, India are discussed.
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Introduction

Monogenoids (Platyhelminthes) are one of the most con-

spicuous groups of fish parasites in the modern world. They

are hugely diverse, with more than 7000 extant species

distributed across the globe (Gibson et al. 2014) that fill a

wide range of ecological niches from arthropods to mol-

luscs, fishes, amphibians, reptiles, and even mammals

(Roberts et al. 2009). These parasites primarily infect

external surfaces and/or the gills of freshwater and marine

fish. Upon finding a suitable host fish, these worms settle

on the gills and start feeding on the host’s blood (Hayward

et al. 2007), epithelial cells, and/or mucus (Buchmann and

Bresciani 2006). In addition to their impacts on the host’s

physiology, their feeding habits can provide an entry point

for secondary diseases by breaking down the mucous layer

covering the gill and skin epithelia (Grimes et al. 1985).

This can result in fish population losses owing to mortality

(typically among young fish and those kept in intense

culture or captive) (Paperna et al. 1984; Rohde 1984, 1993;

Thoney and Hargis 1991). Monogenoids are the most host-

specific of all fish parasites (Whittington et al. 2000).

Therefore, they have been frequently employed as a valu-

able model for investigating biogeography and co-
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evolution (Boeger and Kritsky 2003) as well as indicators

of host population migrations (Gusev 1976). They are also

useful models for ecological (Rohde 1979 1984, 1994;

Simkova et al. 2002) and evolutionary processes (Poulin

2002).

Arunachal Pradesh, India’s far northeast state, is located

at the crossroads of three major bio-geographical realms of

the world: the Indian, Indo-Malayan, and Indo-Chinese.

This one-of-a-kind location has facilitated a highly diver-

sified biota with several endemic species. The state, iden-

tified as one of the world’s most well-known hotspots of

biodiversity (Chowdhery 1999), is a home to no fewer than

213 recorded freshwater fish species (21% of total fresh-

water fish in India), including 69 Siluriformes (more

commonly known as catfishes) (Bagra et al. 2009). Cat-

fishes are highly valued as food worldwide, and they are

also growing more popular as sport fish and tropical

aquarium fish (Nelson 2006). Arunachal Pradesh is no

exception to this. These fish are vital to the state’s economy

(Government of Arunachal Pradesh 2021a), an essen-

tial part of local people’s diets, as these people typically

survive on natural resources (Tripathi 2011), and an inte-

gral part of the region’s tribal culture, religion, and customs

(Viswanath 2002; Gurumayum et al. 2006). To catch Ba-

garius spp. (vernacular name ‘Ngone’ in the Adi tribe), for

example, the approval of the entire village is required.

Catfish, like any other group of fish, are vulnerable to

parasitic infection, including monogenoids. Old World

Siluriformes, for example, are known to harbour 272

monogenoid species, including 65 species from India alone

(Lim et al. 2001). Unfortunately, the literature on the

diversity and distribution of fish parasites from Arunachal

Pradesh is very limited compared to similar literature on

the diversity of fish in this region (Tripathi 2011). Pre-

sently, approximately 400 monogenoid species are known

to live in Indian waters (Pandey and Agrawal 2008), with

only nine species in Arunachal Pradesh (Wangchu et al.

2017; Tripathi et al. 2019). Of these nine species, only

three have been described as infecting two species of cat-

fish examined so far: Thaparocleidus motumensis and

T. pterocryptisii [from Pterocryptis indicus (Datta, Bar-

man, and Jayaram, 1987)] (Wangchu and Narba 2015), and

Cornudiscoides bleekerai Agrawal and Vishwakarma,

1996 [from Mystus bleekeri (Day, 1877)] (Tripathi et al.

2019).

This highlights a massive knowledge gap in biodiversity

studies on this group of fish parasites in Arunachal Pradesh.

Therefore, we aimed to fill this void by characterising the

fauna of parasitic monogenoids of the most common silu-

riform species in Arunachal Pradesh. Catfish comprising 21

species were collected and examined. Of them, 15 were

found to host 25 species of monogenoids (14 new species

and 11 previously described species). Detailed descriptions

of the new species are underway in our laboratory and will

be offered for publication separately. Meanwhile, this

paper describes Arunachal Pradesh as a new geographic

distribution record for all 11 previously described species,

as well as 10 first host records for 14 new species and two

new host records for three previously described mono-

genoid species.

The data set compiled here is the first on the diversity

and distribution of parasitic monogenoids from catfishes in

a biogeographical area that had previously been mostly

ignored. The information provided here will be essential

for the early detection, precise identification, and, there-

fore, the efficient management of fish diseases in Aruna-

chal Pradesh.

Materials and methods

Study area and period

The research was carried out in Arunachal Pradesh, India

(29�30’ N; 97�30’ E) from January 2015 to December 2018

(Fig. 1). Arunachal Pradesh has very rich water resources

comprising following major river basins: Tawangchu,

Kameng, Dikrong, Subansiri, Siang, Sisiri, Dibang, Lohit

and Tirap (Government of Arunachal Pradesh 2021b).

Rivers originating from these basins ultimately drain into

the Brahmaputra River, which is the fifth-largest river in

the world by average discharge (Government of Assam

2020). We collected catfish samples from 13 localities

spanning seven out of nine major river basins. The altitudes

(elevation above sea level) of sampling sites, as determined

using the freely available Google Maps JavaScript API

(DaftLogic 2018), were classified into three categories: low

(\ 500 m), mid (500–1000 m), and high ([ 1000 m).

Catfish sampling

Twenty-one catfish species were captured with the help of

indigenous fishing devices (see Chetry et al. 2012 for

details). For any given host species, specimens were sam-

pled at least twice across its sampling area to control for

sampling effort. Some of these fish, with their flatworms,

were immediately fixed in warm (60 �C) 4% formalin for

later morphological examination. The name of the host

species and the date of collection were recorded for all

specimens. Others were transported back to the laboratory

live in aerated cans where they were maintained in glass

aquaria until dissected—usually within one week of col-

lection. These specimens were used to study live worms.

The specific identity and common names of fish followed
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the keys provided by FishBase (Froese and Pauly 2018)

and Jayaram (1999).

Parasite sampling

The gills of all sacrificed catfish were surgically removed,

separated in Petri dishes with 0.9% saline, and examined

under a stereomicroscope for monogenoids. When present,

they were picked off the gills with fine needles and iden-

tified under a light microscope using the identification keys

provided by Gusev (1976). The parasite specimens col-

lected in formalin were temporarily mounted on a glass

slide in glycerine and/or sodium dodecyl sulphate (Wong

et al. 2006) so that their sclerotised body parts could be

examined. Some of the specimens were mounted in Canada

balsam after being dehydrated in an ascending series of

ethanol (70%, 90%, and 100%) and cleared in xylene so to

study their soft body parts.

Results and discussion

Diversity of fish

A total of 21 species of catfishes from 15 genera and eight

families were collected and checked for monogenoids

(Table 1) (Fig. 1).Mystus and Glyptothorax had the highest

diversity (three species each), followed by Batasio and

Creteuchilolansis (two species each). The remaining gen-

era had the least diversity (one species each). Bagridae was

the most diverse family (six species), followed by Sisoridae

(four species), Siluridae (three species), and Eristidae and

Amblyceptidae (one species each).

Patterns of parasite diversity

The final host-parasite dataset included 25 parasite records

from 21 host species from eight different families

(Table 1). Of the 21 host species, 15 (62.5%) were infected

with 11 previously described species from four genera

(Bifurcohaptor, Cornudiscoides, Mizelleus, and Thaparo-

cleidus) and 14 new species from four genera (By-

chowskyella, Cornudiscoides, Gyrodactylus, and

Thaparocleidus) (Fig. 2). The remaining six catfish species

were not infected, likely due to the relatively small num-

bers (\ 5) of specimens from these species were collected.

These six species were Creteuchiloglanis kamengensis

(Jayaram, 1966), Creteuchiloglanis sp., Pachypterus

atherinoides (Bloch, 1794), Heteropneustes fossilis (Bloch,

1794), Nangra assamensis (Sen and Biswas, 1994), and

Olyra longicaudata (McClelland, 1842).

The identified parasite species belonged to six known

genera (Bifurcohaptor, Bychowskyella, Cornudiscoides,

Gyrodactylus, Thaparocleidus, and Mizelleus), two fami-

lies (Dactylogyridae and Gyrodactylidae), two orders

(Dactylogyridea and Gyrodactylidea), and one subclass

(Polyonchoinea) of the class Monogenoidea. Thaparoclei-

dus was the most diverse genus (13 species; 52%), fol-

lowed by Cornudiscoides (four species; 16%),

Bychowskyella and Gyrodactylus (three species each;

12%), and Bifurcohaptor (one species; 4%) and Mizelleus

(one species; 4%) (Fig. 3). Except for Cornudiscoides

proximus and Bifurcohaptor indicus, which infected two

Fig. 1 Map of sampling sites in Arunachal Pradesh, India corresponding to the following seven major river basins: Dibang, Dikrong, Kameng,

Siang, Subansiri, Tawangchu, and Tirap-Dehing
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Table 1 Host-parasite datasheet for monogenoids identified from catfishes examined in Arunachal Pradesh

S.

no

Fish sampled

(Habitat)

Sampling site

(River basin,

District)

Parasitism Parasite species

New species Previously known species First/New

host record

Family: Amblycipitidae

1 Amblyceps arunachalensis
(Nath and Dey, 1989)

(Demersal)

Senki

(Papumpare)

Tirap (Tirap)

? ive Gyrodactylus sp. n. 3 _ First

Family: Bagridae

2 Batasio batasio (Hamilton,

1822)

(Demersal)

Sile

(East Siang)

? ive Thaparocleidus sp. n. 1 _ First

3 Batasio fasciolatus (Ng,
2006)

(Demersal)

Motum

(East Siang)

? ive Thaparocleidus sp. n. 2 _ First

4 Mystus bleekeri (Day, 1877)

(Demersal)

Dikrong

(Papumpare)

? ive Cornodiscoides sp. n. 1 Cornudiscoidea agarwali
Agarwal and Vishwakarma,

1996

New

5 Mystus dibrugarensis
(Chaudhuri, 1913)

(Demersal)

Dikrong

(Papumpare)

? ive Cornodiscoides sp. n. 2

Gyrodactylus sp. n. 2

Thaparocleidus sp. n. 4

Cornudiscoidea proximus
Gusev, 1976

Bifurcohaptor indicus Jain,
1958

First

6 Mystus tengara (Hamilton,

1822)

(Demersal)

Sejosa

(East Kameng)

? ive Bifurcohaptor indicus Jain,
1958

Cornudiscoidea proximus
Gusev, 1976

7 Sperata aor (Hamilton, 1822)

(Demersal)

Dikrong

(Papumpare)

? ive Thaparocleidus aori (Rizvi,
1971) Lim, 1976

Family: Erethistidae

8 Pseudolaguvia viriosa (Ng &

Tamang, 2012)

(Demersal)

Senki

(Papumpare)

? ive Gyrodactylus sp. n. 1 _ First

Family: Heteropneustidae _ _

9 Heteropneusteus fossilis
(Bloch, 1794)

Heteropneusteus fossilis

Motum (East

Siang)

– ive – _ _

Family: Siluridae

10 Ompok pabda Hamilton,

1822)

(Demersal)

Dibang (Lower

Dibang

valley)

? ive Thaparocleidus octotylus
(Kulkarni, 1969) Lim, 1996

Thaparocleidus malabaricus
(Gusev, 1976) Lim 1996

New

11 Pterocryptus indicus (Datta,
Barman & Jayaram, 1987)

(Benthopelagic)

Dali (West

Siang)

Pasighat (East

Siang)

Tirap (Tirap)

? ive Thaparocleidus motumensis
Wangchu and Narba 2015

Thaparocleidus pterocryptissi
Wangchu and Narba 2015

_ First

12 Wallago attu (Bloch and

Schneider, 1801)

(Demersal)

Gerukamukh

(Lower

Subansiri)

Pasighat (East

Siang)

? ive Mizellius indicus Jain, 1957

Thaparocleidus indicus
(Kulkarni, 1969) Lim, 1996

Thaparocleidus sudhakari
Gussev, 1976

Thaparocleidus gomtius (Jain,
1952) Lim, 1996

Thaparocleidus yogendrai
Agarwal, 1981
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hosts: Mystus dibrugarensis and Mystus tengara, other

parasite species were restricted to one host (specialists).

The infection levels ranged from 0 to 5 species of mono-

genoids (on Mystus dibrugarensis and Wallago attu). All

species except Gyrodactylus sp. n. 3 (which infected the

skin of A. arunachalensis) inhibited gills, confirming that

the gills of fish species are the preferred biotope for Indian

monogenoids.

Table 1 continued

S.

no

Fish sampled

(Habitat)

Sampling site

(River basin,

District)

Parasitism Parasite species

New species Previously known

species

First/New host

record

Family: Sisoridae

13 Creteuchilolansis sp.

(Benthopelagic)

Tawangchu

(Tawang)

– ive – _ _

14 Creteuchiloglanis kamengensis (Jayram, 1966)

(Benthopelagic)

Rupa (West

Kameng)

– ive _ _

15 Gagata cenia (Hamilton, 1822)

(Demersal)

Dikrong

(Papumpare)

? ive Thaparocleidus
sp. n. 3

_ First

16 Glyptothorax cavia (Hamilton, 1822)

(Demersal)

Dikrong

(Papumpare)

? ive Bychowskyella
sp. n. 1

_ First

17 Glyptothorax dikrongensis (Tamang &

Chaudhry, 2011)

(Demersal)

Dikrong

(Papumpare)

? ive Bychowskyella
sp. n. 3

_ First

18 Glyptothorax mibangi (Darshan, Dutta, Kachari
and Das 2015)

(Demersal)

Dikrong

(Papumpare)

? ive Bychowskyella
sp. n. 2

_ First

19 Nangra assamensis (Sen and Biswas, 1994)

(Demersal)

Dikrong

(Papumpare)

– ive – _ _

Family: Schilbeidae

20 Pachypterus atherinoides (Bloch, 1794)

(Demersal)

Dikrong

(Papumpare)

– ive – _ _

Family: Olyridae

21 Olyra longicaudata (McClelland, 1842)

(Demersal)

Dikrong

(Papumpare)

– ive – _ _

Fig. 2 Species diversity of

monogenoids from catfishes

examined in Arunachal Pradesh
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In terms of heterogeneity, Bagridae was the most

diverse family (four parasite genera), followed by Siluridae

and Sisoridae (two parasite genera each), and Erithistidae

and Amblyciptidae (one parasite genera each) (Fig. 4).

Wallago attu and Mystus dibrugarensis had the highest

numbers of monogenoid species (five parasite species

each), followed by Pterocryptus indicus, Mystus bleekeri,

Mystus tengara, and Ompok pabda (two parasite species

each); the remaining nine hosts each had one monogenoid

species (Fig. 2).

Only three Gyrodactylus species have been described

from Indian catfishes: G. gusevi Dubey, Gupta and Agar-

wal 1990 and G. neonephrotus malmbergi Singh and

Agrawal, 1994 both from Heteropneustes fossilis, and

G. mizellei Dubey, Gupta and Agarwal 1990 from Mystus

vittatus. Therefore, the record of three new Gyrodactylus

species from catfishes of Arunachal Pradesh was a special

finding (Table 1).

New host and geographic distribution records

Arunachal Pradesh represents a new geographical locality

record for all 11 previously described parasite species

(Table 1). This considerably expands their geographic

distribution from North and South India to also include the

country’s far extreme northeastern corner. These species

cover a range of more than 2000 km. Two species of cat-

fish represent new host records for previously known

species of parasitic monogenoids—Ompok pabda (for

Thaparocleidus malabaricus) and Mystus bleekeri (for

Cornudiscoides agarwali) (Table 1). Ten species of catfish

represent first host records for (new species of) parasitic

monogenoids: Glyptothorax cavia, Glyptothorax mibangi,

Glyptothorax dikrongensis, Pterocryptus indicus, Batasio

batasio, Batasio fasciolatus, Gagata cenia, Mystus dibru-

garensis, Pseudolaguvia viriosa, and Amblyceps

arunachalensis (Table 1).

Interestingly, we found new species of monogenoid only

in catfishes that can be found only in Arunachal Pradesh

and/or other parts of Northeast India and, therefore, had

never been sampled before. Conversely, we found new

geographic records for—but no new species of—mono-

genoids when we screened fish that had been sampled

before in other parts of the country. The lone exception to

this pattern was Mystus bleekeri. This species had been

studied for monogenoids and was known to harbour six

monogenoid species: T. pusillus (Gusev, 1976) Lim, 1996),

C. bleekerai Agrawal and Vishwakarma, 1996, C. geminus

Gusev, 1976, C. gusevi Agrawal and Vishwakarma, 1996,

C. susanae Agrawal and Vishwakarma 1996, and

C. tukarami Agrawal and Vishwakarma, 1996 (see Pandey

and Agarwal 2008). In the present study, we found two

species from M. bleekeri (Cornodiscoides sp. n. 1 and

Cornudiscoides agarwali Agrawal and Vishwakarma,

1996) but, surprisingly, found none of the six previously

identified species mentioned above. Tripathi et al. (2019)

reviewed this problem in detail and concluded that earlier

authors probably confused M. vittatus with M. bleekeri.

Examining the samples of M. vittatus and finding thereon

worms described from M. bleekeri would confirm this

assumption.

Fig. 3 Generic diversity of

monogenoids from catfishes

examined in Arunachal Pradesh

Fig. 4 Most parasitised catfish family in Arunachal Pradesh

123

290 J Parasit Dis (Jan-Mar 2022) 46(1):285–295



Impact of host habitat

In this study, all infected catfish were demersal except for

Pterocryptis indicus and Glyptothorax cavia, which were

benthopelagic (Table 1) (see Froese and Pauly, 2018). A

comparative analysis of the parasite species’ richness

across 15 catfish shows that both benthopelagic and dem-

ersal catfishes were infected with monogenoids. However,

demersal fish were infected with 21 parasite species, while

benthopelagic fish were infected with only three parasite

species. This is likely due to sampling bias, as the demersal

fish outnumbered the benthopelagic fish in our sample. So,

in a broad sense, our results are inconsistent with previous

studies; for example, Luque et al. (2004) reported that host

depth range had no effect on ectoparasite species richness.

Impact of host body size

The size of the host body is an important ecological

determinant of parasite species richness (Morand 2015).

We observed heterogeneous results concerning the corre-

lation between body size and parasite species richness.

W. attu had the most monogenoid species (five), possibly

due to its large size (total length of up to 240 cm) (Froese

and Pauly 2018), which provides more available niches for

parasitic colonisation (see Sasal et al. 1997). Alternative

justifications might also explain this pattern—for example,

since W. attu is a large potamodromous fish covering an

extensive geographical range, it is exposed to more parasite

species than other catfishes (see Morand 2000). The case of

M. dibrugarensis, on the other hand, contradicts the notion

that the larger the host size, the higher the parasite richness.

M. dibrugarensis is a small silurid (total length of up to

9.50 cm) (Bailung and Biswas 2015), yet it harboured as

many different species as W. attu (five) (Table 1).

Impact of elevational gradient

A major issue in modern parasite ecology is the current

lack of knowledge of the factors that influence the diversity

and distribution of parasites—and, consequently, disease

outbreaks (Hawkins et al. 2003). Unfortunately, the main

drivers of parasite diversity are still poorly understood

(Poulin and Morand 2004). The data, though preliminary,

indicates a negative correlation between the species rich-

ness of parasitic monogenoids and the 1747.60-m eleva-

tional gradient (Table 2) (Fig. 5). Lower altitudes were

home to 83.33% of the specific diversity of monogenoids,

while mid altitudes were home to 16.66% of the specific

diversity. At high altitudes, no parasites were found. Water

temperature is one of the most important environmental

variables influencing the distribution of monogenoids, with

higher water temperatures increasing their reproduction

rate and population growth (Jansen and Bakke 1991;

Anderson and Buchmann 1998). We suggest that the

observed general decrease in monogenoid species richness

along an altitudinal gradient is caused by the corresponding

decrease in water temperature because temperature is

inversely related to elevation.

Host specificity of monogenoids

The rivers Ganges (in north India) and Brahmaputra (in

northeast India) originate from glaciers on the southern and

northern slopes of the Himalayan mountains, respectively.

They take different paths before joining in the Bengal

Basin and debouching to the Bay of Bengal (Subramanian

and Ramanathan 1996, as cited in Kuehl et al., 2005).

Then, how did ten monogenoid species previously descri-

bed from the north India and south Indian river waters end

up in the basins of the River Brahmaputra in Arunachal

Pradesh even though these basins are not connected in

India?

In general, the distribution of parasites follows the dis-

tribution of their hosts (Rohde 1993; Poulin 1998). This

seems to hold especially true for monogenoids, which

mandatorily depend on their fish hosts to complete their life

cycle. Existing explanations for how fish (and their para-

sites) colonise unconnected water bodies involve either

dispersal or vicariance—vicariance-based scenarios are

generally favoured (see, for e.g., Berra 2001, Zanata et al.

2005). In either case, the presence of North and South

Indian species of host fish and their monogenoids in Aru-

nachal waters indicates that the host fish must have brought

their parasites with them as they travelled from North or

South Indian waters to the Brahmaputra River system of

the Arunachal Pradesh region. Moreover, these worms did

not engage in host switching (i.e., they remained on their

original hosts and did not colonise new potential host

species). Thus, our observation that previously non-sam-

pled catfishes harboured new monogenoid species while

previously sampled catfishes harboured already known

monogenoid species supports the prediction of Whittington

et al. (2000) that the monogenoids are probably the most

host-specific of all fish parasites.

Variety of species on Wallago attu

Wallago attu presented a unique problem. This fish—

sometimes known as the freshwater shark—is a commer-

cially and recreationally important catfish native to Indian
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subcontinent (Froese and Pauly 2018). The species has

been listed as endangered (Mijkherjee et al. 2002) and

vulnerable (Ng et al. 2019) because of a rapid population

declines throughout its range due to their over-exploitation

for food, ornamental and recreational purposes, pollution,

and environmental degradation, among other reasons. The

systematics of the monogenoids of this host fish have

become unmanageable due to new species descriptions

over the last three decades. To date, approximately 40

nominal monogenoid species from 10 genera have been

recorded from W. attu (Lim et al. 2001; Pandey and

Agarwal 2008). Much of the information on these parasite

taxa has been published in obscure, often inaccessible local

journals, thus giving rise to numerous nomenclatural syn-

onymies in the literature. Not surprisingly, our sampling

efforts from W. attu in Arunachal Pradesh consistently

yielded only five species: Thaparoleidus gomtius, Tha-

parocleidus yogendraii, Thaparocleidus indicus, Tha-

paroleidus sudhakari, and Mizelleus indicus. While we

have no intention of discrediting the observations of pre-

vious authors who described these species, we also would

not be surprised if many of the previously described spe-

cies are spurious. In any case, the taxonomy of mono-

genoids from threatened W. attu is in a state of

Table 2 Distribution of monogenoids in relation to altitude (elevation in meter above sea level) of major river basins of Arunachal Pradesh,

India

Low Altitude Mid Altitude High

Altitude

River basins Dikrong Subansiri Kameng Siang Epipani Tirap Tawangchu

(Papumpare) (Lower

Subansiri)

(East and West

Kameng)

(East and West

Siang)

(Lower Dibang

Valley)

(Tirap) (Tawang)

Altitude (113 m) (119 m) (165 m) (404 m) (530 m) (692.38 m) (1747.60 m)

No. of fish species

sampled

11 1 2 6 1 2 1

No of parasite

species

recovered

14 5 2 9 2 3 0

Name of parasite

species

Bychowskyella
sp. n. 1

Mizellus indicus Bifurcohaptor
indicus

Mizellus indicus Thaparocleidus
malabaricus

Thaparocleidus
motumensis

Bychowskyella
sp. n. 2

Thaparocleidus
indicus

Cornudiscoides
proximus

Thaparocleidus
sp. n. 1

Thaparocleidus
octotylus

Thaparocleidus
pterocryptissi

Bychowskyella
sp. n. 3

Thaparocleidus
gomtius

Thaparocleidus
sp. n. 2

Gyrodactylus sp.
n. 3

Bifurcohaptor
indicus

Thaparocleidus
sudhakari

Thaparocleidus
indicus

Cornudiscoides
sp. n. 1

Thaparocleidus
yogendrai

Thaparocleidus
gomtius

Cornudiscoides
sp. n. 2

Thaparocleidu
motumensis

Cornudiscoides
proximus

Thaparocleidus
sudhakari

Cornudiscoides
agarwali

Thaparocleidus
pterocryptissi

Gyrodactylus
sp. n. 1

Thaparocleidus
yogendrai

Gyrodactylus
sp. n. 2

Gyrodactylus
sp. n. 3

Thaparocleidus
sp. n. 3

Thaparocleidus
sp. n. 4

Thaparocleidus
aori
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considerable confusion and instability. The parasites may

have a negative impact on threatened hosts, in part because

they can accelerate severe population declines (De Castro

and Bolker 2005; Blehert et al. 2009) and, as a result, the

extinction risk of their host species (Altizer 2007; Heard

et al. 2013). Thus, a precise validation of the taxo-

nomic assignments of monogenoids from W. attu is

required, particularly based on critical evaluations and

DNA-based taxonomy.

Missing parasite groups

So far, the following seven monogenoid genera have been

identified from freshwater Indian Siluriformes: Ancylodis-

coides (Yamaguti, 1937), Bifurcohaptor (Jain, 1958), By-

chowskyella (Akhmerov, 1952), Cornudiscoides (Kulkarni,

1969), Mizelleus (Jain, 1957) Quadriacanthus (Paperna,

1961), and Thaparocleidus (Jain, 1952) (Pandey and

Agarwal 2008). Of these species, we failed to find only

two: Ancylodiscoides and Quadriacanthus. Since the pre-

sent study sampled only 21 out of 69 Siluriformes, the

absence of these two genera could simply be due to the

small sample size.

Future of parasitological research in Arunachal
Pradesh

Arunachal Pradesh has a relatively short history of mod-

ernisation, having begun only after India’s independence in

1947 (Planning Commission of India 2018). The state has

just one university and no research centres or laboratories

for studying parasitology. Consequently, the fish parasites

inhabiting this area, including monogenoids, have

remained largely unknown. In fact, in 2011, we were the

first group of researchers to study fish parasites of this

region. Two of our previous (unpublished) studies, which

were conducted as parts of projects sponsored by the

Government of India [UGC; 39–603/2010 (SR) and DST;

SR/SO/AS-56/2011], revealed about 87 new species of

parasitic monogenoids from 45 species of fish representing

31 genera, 13 families, and six orders. This confirms

Arunachal Pradesh’s status as a hotspot for fish parasites.

Over the last couple of years, a few Arunachali students

have developed an interest in fish parasites, partly due to

the motivation provided by one of us (AT) and partly due

to the growing recognition of the relevance of parasitology

in the fisheries and aquaculture sector, which represents the

most dominant form of self-employment in Arunachal

Pradesh. If these students can secure a permanent position

at a state college or university, they can begin a new tra-

dition in systematic work on parasites in Arunachal

Pradesh.

Conclusion

With ten first host records, two new host records, and

Arunachal Pradesh a new geographic locality record for 10

parasite species, the present study considerably increase the

current knowledge of the diversity and distribution of the

monogenoids that infect Siluriforme fishes in Arunachal

Pradesh, India. Understanding and monitoring the para-

sitological health of fish fauna of this region will be crucial

to their production, management and conservation. The

knowledge presented here will assist future comparative

studies on the helminth fauna of the same host species in

other areas of India and Asia. However, the true diversity

of the monogenoids of Silurifomes in Arunachal Pradesh is

still unknown, as this study screened only about 30% (21 of

69) of the catfish species that inhabit this region.
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