CHAPTER 4
RESULTS AND DISCUSSION
DISTRIBUTION PATTERNS OF MONOGENEANS

4.1 Introduction

The aim of this thesis was to document the monogenean species on the
freshwater siluriform fishes of Thailand in order to reveal and to elucidate the
distribution patterns of the different types of monogeneans. The monogenean species
obtained from the freshwater siluriform fishes of Thailand during the course of this
study have been identified and described and the descriptions of these monogeneans
are given in Appendices 3.1-3.8 (Section 2.3.2). In this Chapter, the distribution of
the different monogeneans on different freshwater siluriforms in Thailand- will be
analysed and compared with monogenean species from the siluriforms from other
biogeographic regions in order:

(a) to determine the number and types of species and genera infecting the siluriforms,

e T

and

(b) to determine the host-sp ity of the monc

(c) to determine the affinity of the Thai monogeneans.

4.2 Host-monogenean data (Tables 4.1 & 4.2)

The number of fish examined, infected fish, number of monogeneans
collected are summarised from Appendices 3.1-3.8 and tabulated in Table 4.1. The
prevalence and mean intensity are calculated and also tabulated (Table 4.1). Forty
four catfish species from 21 genera and eight families from 32 localities in Thailand
were examined for monogeneans (see Section 3.3). Eighty-three monogenean species
were found on 40 of 44 fish host species examined (Table 4.1). These 83 species
have been identified to belong to Bifurcohaptor Jain, 1958 (two species),
Bychowskyella Achmerow, 1952 (eight species), Cornudiscoides Kulkarni, 1969 (13
species), Hamatopeduncularia Yamaguti, 1953 (two species), Mizelleus Jain, 1957
(one species), Quadriacanthus Paperna, 1961 (two species) and Thaparocleidus Jain,
1952 (55 species) (Table 4.2) (Appendices 3.1-3.8).
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Table 4.1 Host-monogenean data

No. of fish| No.of Mean —{
Fish species Monogenean  species examined
(infected) collected
Ariidas
Lim, 1996 5 (1) 2 20 2
Hamstopeduncularia n. sp. 1 5 (4 12 80 3
Bagridae
Bagrichthys mcropterus - 5 (0) 0 -0 0
Batasio tengara Thaparocleidus n. sp. 1 1@ 6 100 6
nemurus Bi baungi Lim & Furtado, 19833 42 (3) 5 7 2
Bifurcohaptor n. sp. 1 42 (2) 6 5 3
Cornudiscoides mslayensis Lim, 1987 42 (25 142 60 6
Cornudiscoides selangoricus Lim, 1987 42 (15) 36 36 2
Cornudiscoides sundanensis Lim, 1987 42 (14) 51 33 4
Thaparocleidus n. sp. 2 a2 (24) 121 57 5
Thaparocleidus n. sp. 3 a2 (24) 84 57 4
Thaparocleidus n. sp. 4 42 (33) 313 L) 9
Hemibagrus wyckoides |Cornudiscoides n. sp. 1 12 (9) 66 % 7
Cornudiscoides n. sp. 2 12 (3) 24 25 8
Thaparocleidus n. sp. 5 12 (5) 18 a2 4
Thaparocleidus n. sp. 6 12 (8) o1 61 n
Thaparocleidus n. sp. 7 12 (10) 159 83 16
Thaparocleidus n. sp. § 12 (8) 15 6 14
Thaparocleidus n. sp. 9 12 (6) 101 50 by
wyckii - 6 (0) 0 0 0
Mystus atrifasciatus  |Cornudiscoides germinus Gussev, 1976 4@ 25 100 6
Thaparocleidus n. sp. 10 LNE) 23 % 8
Mystus bocourti Cornudiscoides n. sp. 3 5(3) 1 60 5
Thaparocleidus n. sp. 11 5 (4) 8 80 2
Mystus gulio Cornudiscoides n. sp. 4 303 1 100 H
Cornudiscoides n. sp. 5 3@ 14 67 6~
Mystus nysticetus Cormudiscoides n. sp. 6 1 20 100 20
Thaparocleidus n. sp. 12 1 8 100 8
Thaparocleidus n. sp. 13 1@ 100 100 100
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No. of fish| No.of
Fish species Monogenean  species examined ®
(infected) | collected
Mystus Lim, 1987 s (8 6 89 B
Cornudiscoides bagri Lim, 1987 9 (8 103 % 13
Cornudiscoides facicirrus Lim, 1987 9 (5) 28 56 3
Thaparocleidus n. sp. 14 9 (5) 35 56 7
Mystus wolffii Cornudiscoides n. sp. 5 6 (6) 64 100 1
siamensis n. sp. 15 9 () 58 89 7
Claridas
Clarias batrachus Bychowskyella tchangi Gussev, 1976 12 (6) a 50 7
Bychowskyella n. sp. 1 12 @ 46 33 1
Quadriacanthus kobiensis Ha, 1968 12 (9) 6 7% 8
Clarias cataractus Quadriacanthus kobiensis 5 (4) 21 80 5
Clarias gariepinus Quadriacanthus bagrae Paperna, 1979 4(2) 7 50 38
Clarias mcrocephalus  |Bychowskyella tchangi 16 (9) 68 56 8
Quadriacanthus 16 (9) 55 56 6
Clarias meladerma Bychowskyella teysmanni Lim, 1991 4@ H 50 3
Bychowskyella n. sp. 2 43 9 % 3
Quadriacanthus kobiensis LG 4 25 4
Clarias nieuhofi Bychowskyella n. sp. 3 1 (m 74 2] 1
lan. sp. 4 1 55 64 ]
Bychowskyella n. sp. 5 1 () 10 36 3
The Clarias hybrid Quadriacanthus bagrae 27 (9) 121 33 13
Gyrodactylus sp. 27 (1) 1 26 2
Heteropneustidae
fossilis la tchangi 10 (5) s 50 1
Gyrodactylus sp. 10 (1) 25 70 4
Pangasiidae ~
waandersii caecus (Mizelle & Kritsky, 7.(6) 161 86 21
1969) Lim, 1996
Thaparocleidus n. sp. 16 7.(5) 7 n 14
Thaparocleidus n. sp. 17 7N 73 100 10




Table 4.1 cont'd

No. of fish| No.of Moan
Fish species Monogenean species examined (*)
(infected) | collected
Pangasianodon gigas - 70 0 0 0
o caecus ERU) 240 44 €0
hypophthalmus Thaparocleidus siamensis (Lim, 1990) 9 ®) 258 89 32
Lim, 1996

Pangasius bocourti Thaparocleidus n. sp. 17 8 (M 4 8 6
Thaparocleidus n. sp. 18 8 (3) 19 38 6
Pangasius conchophilus |Thaparocleidus caecus 10 (9) 7% %0 8
Thaparocleidus n. sp. 16 10 @) 9 30 3
Thaparocleidus n. sp. 19 10 (5) 32 50 6
Thaparocleidus n. sp. 20 10 (6) 4 60 8
Pangasius krempfi Thaparocleidus caecus 2@ 26 100 13
Thaparocleidus n. sp. 17 2@ 9 100 5
Thaparocleidus n. sp. 21 2@ 9 100 5
Pangasius larnaudii Thaparocleidus caecus 4@ 56 100 u
Thaparocleidus n. sp. 22 1@ 1 50 6
Thaparocleidus n. sp. 23 44 14 100 4
Thaparocleidus n. sp. 24 4 (2 8 100 4
Thaparocleidus n. sp. 25 4@ 39 100 10
Thaparocleidus n. sp. 26 LRE) 55 s 18
| Pangasius macronems Thaparocleidus n. sp. 27 1 @ a4 73 6
Thaparocleidus n. sp. 28 1 (10) 61 92 6
Thaparocleidus n. sp. 29 1 () 42 82 s
Thaparocleidus n. sp. 30 1 6 12 45 2
Pangasius sanitwongsei | Thaparocleidus n. sp. 26 2@ 5 100 3
caecus 7@ n 29 6
Ppleurotaenia Thaparocleidus n. sp. 27 LRE) 43 43 1
Thaparocleidus n. sp. 28 1@ 10 29 s
Thaparocleidus n. sp. 29 74 u 57 3
Thaparocleidus n. sp. 31 7@ 8 29 4
Thaparocleidus n. sp. 32 70 8 43 EN

Schilbeidae
Laides hexanema Thaparocleidus n. sp. 33 4@ 23 100 6
Thaparocleidus n. sp. 34 4@ 19 100 5
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Table 4.1 cont'd

No. of fish| No.of Moan,
Fish species Monogenean  species examined *)
(infected) collected
Siluridae

dinemn n. sp. 35 4@ 139 100 35
Thaparocleidus n. sp. 36 4@ 7 100 19
Bemisil n. sp. 37 1 5 100 7
Thaparocleidus n. sp. 38 1) 6 100 5
apogon n. sp. 39 53 18 60 6
Thaparocleidus n. sp. 40 5 (3) 28 60 1
bicirshis n. sp. 41 2 @ 25 100 9
Thaparocleidus n. sp. 42 2@ % 100 13
bleekeri n. sp. 39 s (@) 191 4 48
Thaparocleidus n. sp. 40 95 58 56 12
Thaparocleidus n. sp. 44 ENE) 30 3 10
Thaparocleidus n. sp. 45 9@ 8 22 4
n. sp. 42 6 (@ 66 671 17
cryptopterus Thaparocleidus n. sp. 43 6@ 52 3 21
Thaparocleidus n. sp. 44 6 (3) 8 50 3
Oonpok bimaculatus Thaparocleidus n. sp. 46 22 (9) 18 a1 2
Thaparocleidus n. sp. 47 22 (13) 31 59 2
Thaparocleidus n. sp. 48 22 (16) 82 73 s
Thaparocleidus n. sp. 49 22 (20) 230 91 12
s sp. n. sp. 50 3@ 17 61 9
Wallago attu Mizelleus siamensis Lim & Lerssutthichawal, | 5 (5) 59 100 12

1996
Thaparocleidus indicus (Kulkami, 1969) Lim,| 5 (4) 28 80 7

1996
kao Lim & 5 (5) 6 100 13

1996

Sisoridae

Bagarius bagarius Thaparocleidus n. sp. 51 6 (2 29 33 1
Bagarius yarrelli - 2 (0 0 o 0
mjor la sisoris Lim, 1991 2@ 10 100 7




Table 4.2 Number of monogenean species on Thai catfish (Bif = cor =

Tha = Byc = la; Ham = i Miz = Mizelleus; Qua = Quadriacanthus;

Gyr = Gyrodactylus

| No. of monogensan species
No. of | No. of I’
Fish host species fion | fien | No. of No. of
Gyx |genara |species
Bif | Cor | Tha | Byc | Ham | Miz | Qua
Ariidae: s 1 olo oo |2/ o0ofo]o0 1 2
Hemipimelodus borneensis 5 4 -l - - - 2 - - 4 1 2
Bagridae: 103 79 2 113 |15 [ oo | oo o] 3 30
Bagrichthys macropterus 5 0 - - - - E N ) 0 0
Batasio tengara 1 1 - - 1| - - - - |0 1 1
Hemibagrus nemurus a2 33 2 |3 | 3| - |- - - 1o 3 8
Hemibagrus wyckoides 12 1n -l 2| s |- - - - 0 2 7
Hemibagrus wyckii 6 0 - - - - - -l -0 0 0
Mystus atrifasciatus 4 4 - 1 1 - - - - |0 2 2
Mystus bocourti s 4 - 1 1| - - - - 0 2 2
Mystus gulio 3 3 -2 | - - - - - 0 1 2
Mystus nysticetus 1 1 - 1| 2 - E B N ) 2 3
Mystus singaringan 9 8 - 3 01| - - - - |0 2 4
Mystus wolffii 6 6 - 1] - - - -l -1o 1 1
Pseudonystus siamensis B 8 - - 1| - - - - 10 1 1
Clariidae: 79 54 oo o | 7|00 f2]1 3 10
Clarias batrachus 12 n -1 - - 2 - - 1 0 2 3
Clarias cataractus s 4 -l - - - - - 1 0 1 1
Clarias gariepinus 4 2 - - - - -] - 1|0 A 1
Clarias mcrocephalus 16 10 - - - 1 - - 10 2 2
Clarias meladerma 4 4 - i & 2 = - 1 L 2 3
Clarias nieuhofi un 7 - -l -1 3 - |- - 0 1 3
Clarias hybrid 27 16 - -l -1 - - -1 - 1 1 i
Hetaropneustidas: 10 7 oo fo|1]o0o|ofo]|1 2 2
Heteropneustes fossilis 10 7 -l - -] J - -l -1 2 2
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Table 4.2 cont'd

No. of monogensan species

No. of | No. of f——
Fish host species fish | fish Ancylodiscoidinae |Ancyrocephalinae No. of |No. of
Gyr |genara |species
Bif Tha | Byc | Ham | Miz | Qua
Pangasiidaa: 67 s8 o 1 | 0o [ofo|o 1 19
Helicophagus waardersii 7 7 - 3 -1 -1-]- 1 3
Pangasianodon gigas 7 0 - R o o
Pangasianodon hypophthalms 9 9 - 2| - =] -] - 1 2
Pangasius bocourti 8 7 - 2 | - | -1-]- 1 2
Pangasius conchophilus 10 10 - o - -1-1- 1 4
Pangasius krempfi 2 2 - 3 |- -f-]- 1 3
Pangasius larnaudii ] 4 - 6| - -|-1- 1 6
Pangasius macronems u 1 a -] - -]- 1 4
Pangasius sanitwongsei 2 1 - 1l -] -]-1- 1 1
Pteropangasius pleurotaenia 7 7 - 6| - -1-1- 1 6
Schilbaidae: 4 4 0 20|00 |o0 1 2
Laides hexanem 4 4 - 2 | - -|-]- 1 2
Siluridas: 57 51 ° 1 0o |10 2 19
Belodontichthys dinema 4 4 - 2| - | -]-]- 1 2
Hemisilurus mekongensis 1 1 2 | - |- |-]- 1 2
Keyptopterus apogon 5 3 - 2 | - - f-]- 1 2
Keyptopterus bicirrhis 2 2 - 2 |- - - - 1 2
Keyptopterus bleekeri 9 8 - - - -] - 1 4
Keyptopterus cryptopterus 6 6 - 3| - -1-]- 1 3
onpok bimiculatus 22 20 a |- - 1-1- 1 4
Silurichthys sp. 3 2 - 1| - - -] - 1 1
Wallago attu s B - 2 | - -] - 2 3
Sisoridae: 10 4 ° 11|00 |o0 2 ES
Bagarius bagarius 6 2 - 1l - -f-]- 1 1
Bagarius yarrelli 2 0 - e 0 0
Glyptothorax major 2 2 - PO U R R 1 1
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No monogenean was found on the following four siluriforms: Bagrichthys
macropterus (Bagridae) (five specimens examined), Hemibagrus wyckii (Bagridae)

(six speci ), Pe ianodon gigas (P: iidae) (seven specimeffs) and Bagarius

yarrelli (Sisoridae) (two specimens) (Table 4.2). A total of 335 siluriform

specimens were examined, and only 263 individuals (78 %) were found to be infected

with monc Heterop Jossilis (seven specimens) and Clarias hybrid
(seven specimens) were infected with Gyrodactylus, which were not described in this

study due to low number of specimens obtained.

4.2.1 Ariidae

Thus far only brackish water and marine ariids have been examined for
monogeneans and 47 species have been recorded: Hamatopeduncularia Yamaguti,
1953 (20 species), Chauhanellus Bychowsky & Nagibina, 1969 (21 'species),
Neocalceostoma Tripathi, 1957 (one species) and Neocalceostomoides Kritsky,
Mizelle & Bilgees, 1978 (five species) (Appendix 1). These four monogenean genera
are found on the ariid fishes from the Pacific Ocean to the Indian Ocean (see Kearn
& Whittington, 1994; Kritsky, Mizelle & Bilqees, 1978; Lim, 1994, 1995a, 1996a;
Siddiqui & Kulkarni, 1983; Tripathi, 1957, Venkatanarsaiah & Kulkarni, 1990;
Whitthington & Kearn, 1995; Young, 1967; Zhang & Ding, 1993) (Appendix 1).

Hemipimelodus Bleeker, 1858
Two species of Hamatopeduncularia Yamaguti, 1953 were obtained from

four of the five i of Hemipimelodus borneensis examined. The two

P

Hamatopeduncularia species are H di laria longi latrix Lim, 1996
P gicop

and one new species of Hamatopeduncularia (Table 4.1 & Appendix 3.1:

l ix is Arius L a

Monogeneans of Ariidae). The type host of H.
marine ariid in Peninsular Malaysia.
This is the first time that Hamatopeduncularia has been recorded on a

freshwater ariid. In Australia H di laria and Chauhanellus were found on

P

Arius graeffei which have migrated into the freshwater systems (Kearn &
Whittington, 1994; Whittington & Kearn, 1995). This indicates the ability of

He di laria and Chauhanellus to withstand a wide and varying range of

P
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salinities. Investigations into the physiology of these monogeneans will elucidate how

monogeneans are able to adapt to macro-environment changes.

Summary

Although four monogenean genera, Chauhanellus (21 species), Hamatope-
duncularia (20 species), Neocalceostoma (one species) and Neocalceostomoides
(five species) have been recorded from marine ariids (Arius and Osteogeneiosus) (see
Kritsky, Mizelle & Bilgees, 1978; Lim, 1994, 1995a, 1996a; Siddiqui & Kulkarni,
1983; Tripathi, 1957 & Appendix 1), only two species of Hamatopedun-cularia are

found on the Thai freshwater ariid, Hemipimelodus borneensis.

4.2.2 Bagridae )

Twelve species of bagrid fishes belonging to six genera were examined for
monogeneans (see Table 3.2: Chapter 3). Except for Bagrichthys macropterus and
Hemibagrus wyckii, the other ten bagrid species were infected with 30 monogenean
species (22 new species and eight previously described species) (Table 4.1 &
Appendix 3.2: Monogeneans of Bagridae). The 30 monogenean species obtained
belong to three genera; Thaparocleidus Jain, 1952 (15 species), Cornudiscoides
Kulkarni, 1969 (13 species) and Bifurcohaptor Jain, 1958 (two species) (Tables 4.1
& 4.2). These three monogenean genera also have been recorded from the bagrids of
India and Peninsular Malaysia.

To date, a total of 42 monogenean species have been collected from bagrid
species in Indian subcontinent (24 monogenean species from seven bagrid species),

Peninsular Malaysia (seven species from two bagrid species), China (six

monogenean species from seven bagrid species), Russia (four monogenean species
from three bagrid species) and Africa (two monogenean species from three bagrid
species) (Appendices 1 & 3.2). There are records of monogenean species on the
other two bagrid genera from India, Aorichthys and Rita which are not found in
Thailand. Four monogenean species (one species of Ancylodiscoides Yamaguti, 1937
and three species of Thaparocleidus Jain, 1952) were found on Aorichthys aor,
while three monogenean species (one species each of Bifurcohaptor,

Hamatopeduncularia and Thaparocleidus) were found on A. seenghala. Two
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monogenean species (one species each of Bychowskyella Achmerow, 1952 and
Thaparocleidus) were found on Rita rita (see Appendices 1 & 3.2). The presence of
Hamatopeduncularia (usually found on ariids) on Indian bagrid is probably a
misidentification. The monogenean genera infecting the bagrid species in Africa and
Asia are different. Quadriacanthus Paperna, 1961 is the only genus found on the
Affican bagrids, whilst there are five monogenean genera on Asian bagrids:
Ancylodiscoides, Bifurcohaptor, Bychowskyella, Cornudiscoides  and
Thaparocleidus (Table 4.1). Closely related to the African bagrid is the Claroteidae
(formerly Bagridae) which is endemic to Africa and it is infected with Bagrobdella
Paperna, 1969 and Protoancylodiscoides Paperna, 1969 (Appendix 1).

Bagrichthys Bleeker, 1853
No monogenean was found on the five specimens of Bagrichthys
macropterus examined in this study. Thus far, there is no record of monogeneans on

this host genus.

Batasio Blyth, 1860
A new species of 7haparocleidus was found on Batasio tengara.(Tables 4.1
& 4.2) This is the first time that monogenean is recorded on B. fengara, although this

fish species is also found in Malaysia and the Indian subcontinent.

Hemibagrus Bleeker, 1864

Eight monogenean species belonging to three genera were obtained from
Hemibagrus nemurus, Thaparocleidus (three species), Cornudiscoides (three
species) and Bifurcohaptor (two species), while five species of Thaparocleidus and
two species of Cornudiscoides were found on H. wyckoides (Table 4.1). No mono-
genean was present on H. wyckii. The three Cornudiscoides species and one species
of Bifurcohaptor found on H. nemurus of this study were previously described from
Malaysian H. nemurus (syn. Mystus nemurus), viz., Cornudiscoides malayensis Lim,
1987, Cornudiscoides selangoricus Lim, 1987, Cornudiscoides sundanensis Lim,
1987 and Bifurcohaptor baungi Lim & Furtado, 1983) (see Lim, 1987b; Lim &
Furtado, 1983).
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Previous works have recorded ten monogenean species found on Malaysian
H. nemurus (see Lim, 1987a); six species of Thaparocleidus, three species of
Cornudiscoides and one species of Bifurcohaptor. In China, the Hemibagrus species
were infected with two monogenean genera, Ancylodiscoides and Bychowskyella.
Hemibagrus macropterus is host to one species of Ancylodiscoides and one species

of Bychowskyella, while H. elong and H. g were infected with one species

of Bychowskyella. Bychowskyella pseudobagri Achmerow, 1952 was also found on

the bagrid fishes of the genus Pelteobagrus (Pelteobagrus brashnikowi and P.
fulvidraco) in Russia and China (see Appendix 1). Thus far, there is no record of
Bychowskyella on Southeast Asian Hemibagrus.

Mystus Scopoli, 1777

Thirteen monogenean species were obtained from six Mystus speci.es in this
study: eight species of Cornudiscoides (four of eight are new species) and five new
species of Thaparocleidus (Tables 4.1 & 4.2; Appendix 3.2). Mystus bocourti (syn.
Heterobagrus bocourti) has one new Cornudiscoides species and one new

Thaparocleidus species, while M. singaringan possesses three species of

Cornudiscoides (Cornudiscoides anchoratus Lim, 1987, Cornudiscoides bagri Lim,
1987 and Cornudiscoides facicirrus Lim, 1987) and one new Thaparocleidus
species. C. anchoratus Lim, 1987, C. bagri Lim, 1987 and C. facicirrus Lim, 1987
were first described from Malaysian M. nigriceps. M. gulio (an estuarine and
freshwater fish) has two new Cornudiscoides species. M. wolffii shares one
Cornudiscoides species with M. gulio. Cornudiscoides germinus Gussev, 1976 and a
new species of Thaparocleidus were found on Thai striped Mystus, M. atrifasciatus.
C. germinus was first described from the Indian M. vittatus. Another Thai striped
Mystus, M. mysticetus possesses three new species of monogeneans (one
Cornudiscoides and two Thaparocleidus) (Table 4.1). No Bifurcohaptor was found
on Mystus in this study.

Currently, 18 species of monogeneans from four genera are recorded on five
Mystus species in the Indian subcontinent (16 monogenean species from five Mystus ~

species) and Peninsular Malaysia (three species from one Mystus

species). The five genera are Cornudiscoides (11 species), Thaparocleidus (three
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species), Bifurcohaptor (two species), Bychowskyella (one species) and
Gyrodactylus (one species) (Appendix 3.2). In Peninsular Malaysia only

Toids

Cornudiscoides, Thapar and Bifurcohap have been recorded. No

Bychowskyella has been found to date on Malaysian Mystus.

Pseudomystus Jayaram, 1968

One new species of Thaparocleidus was found on Pseudomystus siamensis

haloide 1oi

in this study (Table 4.1 & Appendix 3.2). Parancyrocep
Reichenbach-Klinke, 1959 was described from this fish species (which was formerly
known as Leiocassis siamensis) exported from Thailand to Europe (see Reichenbach

-Klinke, 1959). The type species for Parancyrocephaloides is Parancyrocep

baloide

daicoci Yamaguti, 1938 described from a marine fish, Daicocus peterseni
(Dactylopteridae) ~(see Yamaguti, 1963). Subsequently another l species,
Parancyrocephaloides indicus Kulkarni, 1969, was described from another marine
fish in India Clupea harengus (see Kulkarni, 1969c). The two species, P. daicoci and
P indicus suggest that Parancyrocephaloides is probably a marine monogenean and
not a parasite of freshwater siluriforms (Gussev, 1976, 1978; Lim, 1988). The species
described by Reichenbach-Klinke (1959) could be a Thaparocleidus species.

Summary

The Thai bagrid fishes possess 30 monogenean species belonging to three
genera:  Bifurcohaptor (two species), Cornudiscoides (13 species) and
Thaparocleidus (15 species). Within the bagrid species, Hemibagrus nemurus has the
highest number of monogenean species (eight species), followed by H. wyckoides
(seven species). In Malaysia, H. nemurus were found to be infected with ten
monogenean species from these three genera (see Lim, 1987a).

Six monogenean genera have been recorded on the bagrids. Only one genus
Quadriacanthus is found on the bagrids (Bagrus) in Africa, while Asian bagrids are
hosts to the other five genera: Ancylodiscoides on Aorichthys in India and on

i 7

Pseudobagrus in China, Bifurcohap and Cor on Mystus and

7 Tvell, .

Hemibagrus in India and Southeast Asia, B on Hemibagrus and

Pelteobagrus in China, and Thaparocleidus from at least eight Asian bagrid genera
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(Appendix 3.2 & present data). Although Quadriacanthus are widely found on
clariids, in both Africa, India and Southeast Asia, it is also found on Bagrus species in
Afiica but not bagrids in elsewhere. Bychowskyella can also be found on bagrids of
the Amur-Chinese region, but not the bagrids of India and Southeast Asia. In India

and Southest Asia Bychowskyella are found on clariids (Section 4.2.3), silurids

(Section 4.2.7) and sisorids (Section 4.2.8). Bifurcohaptor and Cornudiscoides are

restricted to the bagrids of India and Southeast Asia.

4.2.3 Clariidae

Five genera of monogeneans have been reported from the Clariidae:
Bychowskyella Achmerow, 1952, Quadriacanthus Paperna, 1961 Paraquadri-
acanthus Ergens, 1988, Gyrodactylus Nordmann, 1832 and Macrogyrodactylus
Malmberg, 1957 (see El-Naggar & Serag, 1985; Ergens, 1988; Gussev, 1976; Ha,
1968, Hanek & Furtado, 1973; Kritsky, 1990; Kritsky & Kulo, 1988;
Lerssutthichawal & Lim, 1997; Lim, 1990a, 1991b; Lim & Furtado, 1983, Long,
1981; Paperna, 1961, 1969, 1979). To date there are 19 species belonging to five
genera of monogeneans infecting the Clariidae: Quadriacanthus (ten species),
Bychowskyella (four species), Gyrodactylus (three species), Paraquadriacanthus
(one species), and Macrogyrodactylus (one species) (Appendix 3.3: Monogeneans of
Clariidae and Heteropneustidae). The other African clariid, Heterobranchus also
possesses Quadriacanthus (see Paperna, 1969). Paraquadriacanthus Ergens, 1988
(from nasal cavity) and Macrogyrodactylus Paperna, 1969 were also recorded from

the African clariids, but are thus far not found on Asian clariids.

Clarias Scopoli, 1777

Clarias is the only genus of clariids examined from Thailand. Two species of
Quadriacanthus, seven species of Bychowskyella and one species of Gyrodactylus
were obtained from seven species of Clarias Scopoli, 1777 (Table 4.1, Appendices
3.3 & 3.9). Quadriacanthus kobiensis Ha, 1968 was found on four Clarias species:
Clarias batrachus, C. cataractus, C. macrocephalus and C. meladerma. ~
Quadriacanthus bagrae Paperna, 1979 was obtained from C. gariepinus (syn. C.

lazera) and the Clarias hybrid (crossbred between C. gariepinus and C.
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macrocephalus). Quadri is was first recorded from C. fuscus in
Vietnam (see Ha, 1968), and later found on C. batrachus in India, and Peninsular

Malaysia and now Thailand (see Gussev, 1976; Lim & Furtado, 1983; present study).

Clarias cataractus, C. macrocephalus and C. laderma are the new host species
records for Q. kobiensis (see Lerssutthichawal & Lim, 1997). This indicates that Q.
kobiensis has not only a wide host range but also a wide geographical range.

Of the seven species of Bychowskyella obtained, two are known species;
Bychowskyella tchangi Gussev, 1976 from C. batrachus and C. macrocephalus and
Bychowskyella teysmanni Lim, 1991 from C. meladerma. The other five are new

species of Bychowskyella obtained from C. batrachus (one Bychowskyella species),

1 Tl

C. laderma (one B: species) and C. nieuhofi (three Bychowskyella

species) (Table 4.1 & Appendix 3.3). Bychowskyella ichangi was first found on

Indian C. batrachus and was also recorded from Malaysian C. batrachus and

presently from Thai C. batrachus and C. macrocephalus, while B. te i was
found on Malaysian C. teysmanni and Thai C. meladerma (see Gussev, 1976; Lim,
1991b; Lerssutthichawal & Lim, 1997). Clarias gariepinus introduced into Thailand
has only one species of Quadriacanthus, (). bagrae Paperna, 1979. Seven
Quadriacanthus species were recorded from C. gariepinus (see El-Naggar & Serag,
1985; Ergens, 1988; Kritsky, 1990; Kritsky & Kulo, 1988; Paperna, 1961, 1969,
1979).

Summary

Clarias batrachus is widely distributed in India, Southeast Asia and Indo-
China. In fact the same monogenean species, Bychowskyella tchangi is found on  C.
batrachus in all three regions. However, Quadriacanthus kobiensis is found on C.
batrachus in India and Southeast Asia but not in South China. There are seven
species of Quadriacanthus recorded on C. gariepinus in the original habitat (Africa),
but only Q. bagrae was found on C. gariepinus imported into Thailand. This
suggests that only Q. bagrae can adapt to survive in the different habitats. The
present five new Bychowskyella species increase the number of monogeneans in the ~

clariids to 24 species.
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In Africa clariids are infected with Gyrodactylus, Macrogyrodactylus,
Paraquadriacanthus and Quadriacanthus (see Appendix 3.3), while in Asia the
clariids are hosts to Gyrodactylus, Bychowskyella and Quadriacanthus (Gussev,
1976; Ha, 1968; Hanek & Furtado, 1973; Lerssutthichawal & Lim, 1997; Lim,
1991b; Lim & Furtado, 1983; Long, 1981; present data)

Previous record lists a Dactylogyrus on a Clarias species (both wild and

cultured) in Thailand (see Section 1.3). This is definitely a misidentification and the

species is probably either a Quadri or a Bychowskyella species (see Table

1.6; Section 1.3).

4.2.4 Heteropneustidae
Heteropneustes Muller, 1840

Only one species of Heteropneustes Muller, 1840 were examined.
Bychowskyella tchangi Gussev, 1976 and Gyrodactylus sp. were obtained from the
of Heterop Jossilis ined (Table 4.1). Thus far, only

ten sp
Bychowskyella fossilisi Majumdar & Agarwal, 1988 and Gyrodactylus gussevi
Dubey, Gupta & Agarwal, 1990 were described from Indian H. fossilis. However,
the description and illustrations given for B. fossilisi by Majumdar and Agarwal
(1988) indicate that this species is similar to B. tchangi from C. batrachus (see
Gussev, 1976). It is possible that B. fossilisi could be a synonym of B. tchangi (see

Appendix 3.3: Monogeneans of Clariidae and Heteropneustidae).

Summary

Bychowskyella and Gyrodactylus are two monogenean genera recorded
from Heteropneustes fossilis in India. Thai fish specimens were also infected with
these two monogenean genera. Bychowskyella tchangi which is the monogenean of
the Clariidae is also found on Thai H. fossilis. Whilst in Indian fish specimens B.

Jossilisi was recorded (Majumdar & Agarwal, 1988).
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4.2.5 Pangasiidae
Ten pangasiid species belonging to four genera were examined for

monogeneans. Nineteen species of Thaparocleidus were obtained from nine

pangasiid species (Table 4.1 & Appendix 3.4: Monc of P iidae). No

monogenean was found on Pangasianodon gigas. Of the 19 Thaparocleidus species,
two are known species, Thaparocleidus caecus (Mizelle & Kritsky, 1969) Lim, 1996
and 7. siamensis (Lim, 1990) Lim, 1996,

To date only four species of monogeneans have been described from
pangasiids:  Thaparocleidus caecus (Mizelle & Kritsky, 1969) Lim, 1996,
Thaparocleidus siamensis (Lim, 1990) Lim, 1996, Thaparcoleidus campylop-
terocirrus (Zeng, 1988) Lim, 1996 and Thaparcoleidus pangasi (Tripathi, 1957)
Lim, 1996. T. caecus was first described as Ancylodiscoides caecus Mizelle &
Kritsky, 1969 from an unknown aquarium fish (see Mizelle & Kritsky, 1969i and this

species was subsequently found on Pangasianodon hypophthall (formerly
Pangasius sutchi) imported from Thailand to Peninsular Malaysia (see Lim, 1990b,
1996b). T. siamensis was first described from an imported P. hypophthalmus in
Peninsular Malaysia (see Lim, 1990b, 1996b). 7. pangasi is from the Indian

Pangasius pangasius (see Tripathi, 1957; Lim, 1996b).

Helicophagus Bleeker, 1858

Helicophagus waandersii is the sole representative species of the genus
Helicophagus found in Thailand. 7. caecus and two new species of Thaparocleidus
were obtained (Table 4.1 & Appendix 3.4).

Pangasianodon Chevey, 1930
The two species of Pangasianodon (P. gigas and P. hypophthalmus) were

examined. No monogenean was found on all seven individuals of Pangasianod
gigas, while 7. caecus and T. siamensis were found on P. hypophthalmus. These

bohal;

two monogenean species were described from P. hypop (syn. Pang

sutchi) imported from Thailand for culture in Peninsular Malaysia (see Lim, 1990b; ~
1996b). In China, P. hypophthalmus was infected by 7. campylopterocirrus which is

similar to 7. siamensis (see Lim, 1996b).
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Pangasius Valenciennes, 1840

Thaparocleidus caecus and 15 new Thaparocleidus species were obtained

from the six Pangasius species examined in this study. Pangasius larnaudii p

the highest number of 7haparocleidus species (with 7. caecus and five new

Thaparocleidus species), followed by P. conchophilus (with T. caecus and three new

Thaparocleidus species) and P. macronema (with four new Thaparocleidus species).
T. caecus and two new Thaparocleidus species were found on P. krempfi,

while two new Thaparocleidus species were found on P. bocourti. Pangasius

sanitwongsei possesses only one species of Thaparocleidus which was also found on

P. larnaudii (Table 4.1 & Appendix 3.4).

Pteropangasius Fowler, 1937
Pteropangasius pleurotaenia was examined and found to be infected with
T caecus and five new Thaparocleidus species. Three of these five new species were

also found on Pangasius macronema (Table 4.1 & Appendix 3.4).

Summary

All the monogenean species found on pangasiid fishes belong to the

Thaparocleidus (19 species). Of the two Pe ianodon species ined, 7.

hypophthalmus were always infected with high prevalence and mean intensity (for

example the preval for 7. si is is 89 % prevalence with a mean intensity of
32), while P. gigas (from cultured pond) were uninfected (Tables 4.1 & 4.2). The
absence of monogenean specimens on P. gigas could probably be due to either the
changes in habitats and other environmental factors and/or the chemicals used during
the nursing period. Pangasius larnaudii and Pteropangasius pleurotaenia have the
highest number of Thaparocleidus species (six species each). 7. caecus is the most

common species being found on at least six pangasiid species.

4.2.6 Schilbeidae

Currently, eight species of Bychowskyella and five species of Thaparo-*
cleidus were recorded on schilbeids from India (Dubey, Gupta & Agarwal, 1992a;
Gussev, 1976, 1977, Jain, 1957b, 1959, 1961b; Lim, 1996b; Majumdar & Agarwal,
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1988; Tripathi, 1957) (Appendix 3.5: Monogeneans of Schilbeidae). Unlike the Asian
schilbeids, the African schilbeids were infected with Schilbetrema Paperna &
Thurston, 1968 (12 species) and Schilbetrematoides Kritsky & Kulo, 1992 (one
species) (see El-Naggar, 1985; Kritsky & Kulo, 1992a, 1992b; Paperna, 1969, 1973,
1979; Paperna & Thorston, 1968) (Appendix 3.5)

Laides Jordan, 1919
Two new species of Thaparocleidus were obtained from Laides hexanema
(Table 4.1 & Appendix 3.5). This is the first time that monogeneans are recorded

from L. hexanema.

Summary

Schilbeid fishes from different regions possess different monogenean genera.

Toidh

In Thailand the schilbeids as represented by L. A possesses Thapar
species, while the Indian schilbeids (Eutropiichthys, Silonia and Pseudeutropius)
possess both Bychowskyella and Thaparocleidus species. Thus far only L. hexanema
was examined, It would be interesting to note whether Bychowskyella could be found

on the other Thai schilbeids, Clupi. . Eutropiichthys and Platytropius. The

African schilbeids (Schilbe and Physalia), on the other hand, possess Schilbetrema
and Schilbetrematoides (see Appendix 3.5). This could imply that the Asian and
African schilbeids and their respective monogeneans could have differentiated

allopatrically (see Section 3.4). It will be interesting to test this premise.

4.2.7 Siluridae

Nine species of silurid fishes belonging to six genera were examined for
monogeneans and all were found to be infected. One species of Mizelleus and 18
species of Thaparocleidus were obtained from the nine silurids (Table 4.1 &
Appendix 3.6: Monogeneans of Siluridae). Mizelleus siamensis Lim &
Lerssutthichawal, 1996, Thaparocleidus indicus (Kulkarni, 1969) Lim, 1996 and
Thaparocleidus kao Lim & Lerssutthichawal, 1996 were described from Thai
Wallago attu (see Lim & Lerssutthichawal, 1996: Appendix 3.8).
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Currently, there are 72 recorded monogenean species from 13 genera on
silurid species (see Gussev, 1978; Lim, 1991b, 1996b; Lim & Lerssutthichawal,
1996) (Appendix 1). Lim (1996b) has recently synonymised six of the 13
monogenean genera found on silurids as the synonyms of Thaparocleidus (see
Section 4.3.1). It is probable that there are only 68 species in four monogenean
genera on the silurids. The silurids seem to possess high species diversity per host
species as shown by the presence of 27 species belonging to three genera

/

Thaparocleidus, Ancylodiscoides and Gyrodactylus) on Silurus asotus (Appendix
72

1).

Belodontichthys Bleeker, 1858
Two species of Thaparocleidus were found on Belodontichthys dinema
(Table 4.1 & Appendix 3.6). This is the first time that monogeneans are recorded

from this fish species.

Hemisilurus Bleeker, 1858
Two new species of Thaparocleidus were obtained from Hemisilurus

mekongensis in this study (Table 4.1 & Appendix 3.6).

Kryptopterus Bleeker, 1858

Four species of Kryptopterus were examined for monogeneans and all were

found to be infected with seven new Thaparocleidus species: Kryptopterus apogon

(with two Thaparocleidus species); K. bicirrhis (with two Thaparocleidus species),
K. bleekeri (with four Thaparocleidus species) and K. cryptopterus (with three
Thaparocleidus species) (Table 4.1 & Appendix 3.6). Four of these new
Thaparocleidus species could be found on more than one fish species: K.
cryptopterus shared one species with K. bicirrhis, and another with K. bleekeri,
while K. apogon shared two species with K. bleekeri (Tables 4.1 & 4.2).

Two unidentified species of Ancylodiscoides were found on K. apogon from
Ubonratana Reservoir, Thailand (see Chinabut, 1981). These two species probably

belong to the genus Thaparocleidus. Currently there is only one species of
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Thaparocleidus found on the two species of Kryptopterus, K. apogon and K.

bicirrhis, from Peninsular Malaysia (see Lim, 1987a).

Ompok Lacepede, 1803

Ompok bimaculatus is the only species of the genus Ompok examined in this
study (Section 3.3.2.10). Four new species of 7haparocleidus were found on this fish
species (Table 4.1 & Appendix 3.6).

In India, three species of Thaparocleidus and one species of Bychowskyella
were obtained from two species of Ompok (see Jain, 1959; Gussev, 1976, 1977,
Appendix 1), while five species of Thaparocleidus have been recorded from Ompok
hypophthalmus (syn. Silurodes hypophthalmus) in Peninsular Malaysia (see Lim,
1986a). Thus far, no Bychowskyella was recorded from Ompok species in Southeast

Asia.

Silurichthys Bleeker, 1856
A new species of Thaparocleidus was collected from Silurichthys sp. of
Thailand (Table 4.1 & Appendix 3.6). In Peninsular Malaysia Bychowskyella baueri

Lim, 1991 and one species of Thaparocleidus have been found on Silurichthys
hasselti (see Lim, 1987a, 1991b). Unlike Malaysian Silurichthys, no Bychowskyella

was found so far on Thai Silurichthys.

Wallago Bleeker, 1851

Three species of mc Mizell 7 is Lim &
Lerssutthichawal, 1996, Thaparocleidus kao Lim & Lerssutthichawal, 1996 and 7
indicus (Kulkarni, 1969) Lim, 1996 were obtained from Wallago attu (Table 4.1 &
Appendix 3.8).

To date 29 monogenean species from 13 genera have been described from
both Thai and Indian W. attu (see Lim & Lerssutthichawal, 1996 & Appendix 1). It is

17, )

probable that there are only two monogenean genera, Mi. and Thapar

on W. attu and the rest are either misidentifications and synonyms (Lim &
Lerssutthichawal, 1996). Lim and Lerssutthichawal (1996) suggest that five of the 13

7 7

monogenean genera recorded, Ne I Dactylogyrus, H ia,
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Heteronchocleidus and  Urocleidus are misidentifications. This is because
Dactylogyrus is a genus found mainly on cyprinids; while Neocalceostoma and
Hamatopeduncularia are restricted to ariids (see also Lim, 1995a, 1996a),
Heteronchocleidus is a monogenean of anabantoid fishes (see also Lim, 1986b) and
Urocleidus is found only on North American catfish, and not on Old World catfish.
Wallagotrema Tripathi, 1957 is another genus found on Indian W. atru. This
monogenean genus is probably synonymous to Mizelleus or Thaparocleidus (see Lim
& Lerssutthichawal, 1996).

Wallago leerii was not examined in this study, however, three species of

Thaparocleidus were found on Malaysian W. leerii (see Lim, 1987a).

Summary

Nineteen monogenean species from two genera, Thaparoclei;ius 18
species) and Mizelleus (one species) were collected from nine silurid species in
Thailand. The four species of Kryptopterus were found to share some
Thaparocleidus species. The diversity of Thaparocleidus in the Siluridae of
Southeast Asia is comparatively lower than that of the temperate silurids. Ompok
bimaculatus of Thailand possesses four Thaparocleidus species and O.

K hthali in Peninsular Malaysia has five Thaparocleidus species, while

'POP

Silurus asotus in the Palearctic region were found to be infected with 25

Thaparocleidus species (see Appendix 1). H , this app ly low diversity in
tropical fish gills could be due to infrequent sampling (Lim, 1998).

4.2.8 Sisoridae

Three species of Bifurcohaptor and three species of Bychowskyella have
been found on sisorids of India, Peninsular Malaysia and China. Bifurcohaptor
gorakhnathai Kumar & Agarwal, 1982, Bifurcohaptor son (Tripathi, 1957) Kulkarni,
1969, Bifurcohaptor vishwanathai Agarwal & Kumar 1977, Bychowskyella

bagariusi Sharma, 1983 are found on Bagarius bagarius in India, Bychowskyella

sisoris Lim, 1991 described from Glyptothorax major in Malaysia and Glyptothorax

sinense from China was infected with Bychowskyella glyptothoraci Ma, Wang & Li,
1983 (Appendices 1 & 3.7: Mc of Sisoridae).
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Bagarius Bleeker, 1853

Bagarius bagarius and B. yarrelli are two species of Bagarius examined
for monogeneans. A new species of Thaparocleidus was collected from B. bagarius
(Table 4.1 & Appendix 3.7). No monogenean specimen was found on B. yarrelli in
this study. This is the first time that 7haparocleidus was recorded from B. bagarius.
Unlike the Indian B. bagarius, no Bychowskyella and Bifurcohaptor species were

found on the Thai B. bagarius.

Glyptothorax Blyth, 1860

Bychowskyella sisoris was also found on G. major in Thailand.

Summary

Thus far two monogenean genera were recorded from sisorids,
Bifurcohaptor (three species) from Indian Bagarius bagarius, and Bychowskyella
(three species) from Indian B. bagarius, Southeast Asian Glyptothorax major and
Chinese G. sinense. Unlike the Indian B. bagarius, only Thaparocleidus (one

species) was found on Thai B. bagarius.

4.3 Discussion

The above Sections summarisd the monogeneans found on the siluriforms
surveyed in this study. In the following sections the taxonomic status of the
monogeneans obtained during the course of this study will be discussed before

discussing the diversity and specificity of the monogeneans obtained.

4.3.1 Ancyrocephalidae Bychowsky, 1937

Taxonomically the monogeneans of the siluriforms from the Old World are
included within the subfamilies Ancylodiscoidinae Gussev, 1961 and
Ancyrocephalinae Bychowsky, 1937 in the family Ancyrocephalidae Bychowsky,
1937 (see Gussev, 1978; Lim, 1988). These two subfamilies are differentiated on the
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basis of the morphology of the seminal vesicles: genera with blind sac-like seminal
vesicles are included in the Ancylodiscoidinae, while genera with dactylogyrid-type
seminal vesicles are in the Ancyrocephalinae (see Lim, 1996a, 1992c; Lim &
Lerssutthichawal, 1996).

Thirteen monogenean genera have been recorded on the catfish of the
Oriental and Palearctic regions. Eight of these genera are found on freshwater catfish,

while the other five genera are from marine siluriforms species. Five of the eight

freshwater genera belong to the Ancylodiscoidinae: Ancylodiscoides Yamaguti, 1937,
Bifurcohaptor Jain, 1958, Cornudiscoides Kulkarni, 1969, Pseudancylodiscoides
Yamaguti, 1963 and Thaparocleidus Jain, 1952 (see Gussev, 1976, 1978, 1985;
Lim, 1987b, 1996b, 1998; Lim & Furtado, 1983). While the other three genera are
placed in the Ancyrocephalinae: Bychowskyella Achmerow, 1952, Quadriacanthus
Paperna, 1961, and Mizelleus Jain, 1957 (see Lim, 1998; Lim & Lerssuttllljchawal,
1996).

The five monogenean genera on marine catfishes are Anchylodiscus
Johnston & Tiegs, 1922 in the subfamily Ancylodiscoidinae, He peduncularia
Yamaguti, 1953 and Chauhanellus Bychowsky & Nagibina, 1969 in the subfamily

Ancyrocephali and N I Tripathi, 1957 and Neocalceostomoides

Kritsky, Mizelle, & Bilgees, 1978 in the family Neocalceostomatidae Lim, 1995. The

Anchylodiscus and He di laria could be found on both marine and

freshwater plotosids and ariids, respectively (see Lim, 1992c, 1996a).

The family Ancyrocephalidae, in particular the subfamily Ancyrocephalinae,
is a heterogenous and an ‘unnatural’ grouping (see Kritsky & Boeger, 1989). The
status of the Ancyrocephalidae will be discussed in details in Chapter 6. Herein it is
suffice to say that the family Ancyrocephalidae as proposed by Bychowsky and
Nagibina (1978) (see also Gussev, 1978; Lim, 1998) will be retained until a more

detailed revision could be done (see Section 6.2).
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(i) Ancylodiscoidinae Gussev, 1961

Three of the five genera of Ancylodiscoidinae are found on freshwater
catfish of Thailand. The three genera are Bifurcohaptor Jain, 1958 (two species),
Cornudiscoides Kulkarni, 1969 (13 species) and Thaparocleidus Jain, 1952 (55
species) which make up 2 %, 17 % and 66 % of the monogenean obtained,
respectively (Tables 4.3 & 4.4).

Table 4.3 of on Thai
No. of No. of No. of [No. of fish
Monogenean genera | fish spp. |fish genera| families
species (%) infected | infected | infected
Ancylodiscoidinae Gussev, 1961 (70) (85)
Thaparocleidus Jain, 1952 55 66 28 16 5
Cornudiscoides Kulkarni, 1969 13 17 8 2 1
Bifurcohaptor Jain, 1958 2 2 1 1 1
Ancyrocephalinae Bychowsky, 1937 (13) (1s)
Bychowskyella Achmerow, 1952 8 10 6 3 2
Hamatopeduncularia Yamaguti, 1953 2 2 1 1 1
Mizelleus Jain, 1957 1 1 1 1 1
Quadriacanthus Paperna, 1961 2 2 6 1 1
Total 7 genera 83 species ’




Table 4.4 Monogenean-host data

Monogenean genera Fish families Fish host genera No. of monogenean
(No. of species) species
Ancylodiscoidinae:
Bifurcohaptor Bagridae Hemibagrus (1) 2
Cornudiscoides Bagridae Hemibagrus (2) 5
Mystus (6) 8
Thaparocleidus Bagridae Batasio (1) 1
Hemibagrus (2) 8
Mystus (4) 5
Pseudomystus (1) 1
Pangasiidae Helicophagus (1) 3
Pangasianodon (1) 2
Pangasius (6) 16
Pteropangasius (1) 6
Schilbeidae Laides (1) 2
Siluridae Belodontichthys (1) 2
Hemisilurus (1) 2
Kryptopterus (4) 7
Ompok (1) 4
Silurichthys (1) 1
Wallago (1) 2
Sisoridae Bagarius (1) 1
Ancyrocephalinae:
Bychowskyella Clariidae Clarias (4) 7
idae s (1) 1
Sisoridae Glyptothorax (1) 1
Hamatopeducularia Ariidae Hemipimelodus (1) 2
Mizelleus Siluridae Wallago (1) 1
Quadriacanthus Clariidae Clarias (6) 2
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(a) Bifurcohaptor Jain, 1958

Two species of Bifurcohaptor were obtained from Hemibagrus nemurus
(Bagridae) in the present study (Table 4.4). One of the two species is Bifurcohaptor
baungi Lim & Furtado, 1983 which was first described from H. nemurus (syn.
Mystus nemurus) in Peninsular Malaysia; the other is a new species. No
Bifurcohaptor species was found on sisorid fishes in this survey although three
Bifurcohaptor species were recorded from Indian Bagarius bagarius (see Agarwal &
Kumar, 1977; Kumar & Agarwal, 1982; Tripathi, 1957).

Hitherto, seven species of Bifurcohaptor were recorded from the Oriental
region on two fish families, Bagridae and Sisoridae with four and three species,
respectively. The four species of Bifurcohaptor from bagrids are from Hemibagrus
(with one Bifurcohaptor species) and Mystus (with three Bifurcohaptor species). The
three species from sisorids are from Bagarius bagarius (Table 4.5). The seven
Bifurcohaptor species are recorded in the Oriental region of India, Sri Lanka and
Peninsular Malaysia. In India the Bifurcohaptor is found on Mystus species and B.
bagarius, while in Southeast Asia Bifurcohaptor is recorded on Hemibagrus
nemurus and Mystus species (see Lim, 1987a; Lim & Furtado, 1983; present data).
Bifurcohaptor is absent from B. bagarius of Thailand.

Table 4.5 Diversity and distribution of Bifurcohsptor species (B = Bagridae, S = Sisoridae)

Bi furcohaptor species Fish host species
1. B. baungi Hemibagrus nemurus (B) Penin. Malaysia Lim & Furtado, 1983
Thailand  present study
2. B. giganticus Aorichthys aor (B) India Jain, 1958; Gussev, 1978
3. B. gorakhnathai Bagarius bagarius (S) India Kumar & Agrawal, 1982
4. B. indicus Mystus vittatus (B) India Jain, 1958; Kulkarni, 1969b
Gussev, 1976
5. B. lanki M. keletius (B) Sri lanka  Gussev, 1976
6. B. son Bagarius bagarius India Tripathi, 1957;
Kulkarni <
7. B. vishwanathai B. bagarius India Agrawal & Kumar, 1977

8. Bi. n. sp.1  Hemib nemurus Thailand present study
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(b) Cornudiscoides Kulkarni, 1969
Thirteen species of Cornudiscoides were obtained from eight bagrid  fish

species of two gnera, Hemibagrus (five Cornudiscoides species) and Mystus (eight

Cornudiscoides species). No Cornudiscoides species was found on the other three

bagrids (Bagrichthys macropterus, Pseudomystus siamensis and Batasio tengara)

examined in this study (Tables 4.4 & 4.6).

Table 4.6 and of

Cormudiscoides species Fish host species

1. C. anchoratus Mystus nigriceps
Mystus singaringan
2. C. bagri M. nigriceps
M. singaringan
3. C. facicirrus M. nigriceps
M. singaringan
4. C. germinus Mystus vittatus

Mystus atrifasciatus

5. C. heterotylus Mystus tengara
6. C. jaini Mystus keletius
7. C. malayensis Hemibagrus nemurus
8. C. megalorchis M. tengara

9. C. microtylus M. tengara

10. C. proximus M. vittatus

11. C. raipurensis M. vittatus

12. C. selangoricus H. nemurus

13. C. sundanensis H. nemurus

14. C. vittati M. vittatus

15. C iscoides n.sp.1

16 iscoides n.sp.2 H.

17. Cornudiscoides n.sp.3 Mystus bocourti
18. Cornudiscoides n.sp.4 Mystus gulio
19. Cornudiscoides n.sp.5 M. gulio

20. Cornudiscoides n.sp.6 Mystus

Penin. Malaysia
Thailand
Penin. Malaysia
Thailand
Penin. Malaysia
Thailand
India
Thailand
India
Sri Lanka
Penin. Malaysia
‘Thailand

India
India
India
India
Penin. Malaysia
Thailand
Penin. Malaysia
‘Thailand
India
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand

Lim, 1987b

present study

Lim, 1987b

present study

Lim, 1987b

present study

Gussev, 1976

present study

Kulkarni, 1969b

Gussev, 1963; Gussev, 1976
Lim, 1987b

present study

Kulkarni, 1969b

Kulkarni, 1969

Gussev, 1976

Dubey, Gupta & Agarwal, 1992b
Lim, 1987b

present study

Lim, 1987b

present study

Dubey, Gupta & Agarwal, 1992b
present study

present study

present study

present study

present study

present study
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Thus far 14 Cornudiscoides species have been described from Indian and
Southeast Asian bagrids. There are no records of Cornudiscoides on the Chinese and
African bagrids. Cornudiscoides are thus restricted to the Bagridae of the Oriental
region and probably to the fish genera, Hemibagrus and Mystus (see Lim, 1987a).
The present six new Cornudiscoides species brings the number of Cornudiscoides

species to 20 (Table 4.6).

(c) Thaparocleidus Jain, 1952

In 1996, Lim assigned Silurodiscoides Gussev, 1976 as a junior synonym of
Thaparocleidus Jain, 1952. Thaparocleidus has the greatest diversity in terms of
number of species. In this study 55 Thaparocleidus species (four previously
described species and 51 new species) were obtained. Twenty-eight catfish species
from 16 genera in five siluriform families examined were infected with
Thaparocleidus species (Table 4.3). Of the 55 Thaparocleidus species, 19 were
found on nine pangasiid species, 18 on nine silurid species, 15 on eight bagrid
species, two on one schilbeid species (Laides hexanema) and one on a sisorid
species (Bagarius bagarius) (Table 4.4 & Appendices 3.2, 3.4, 3.5,3.6,3.7 & 3.8).
This is the first time that Thaparocleidus is recorded on sisorids.

Besides siluriform fishes, Thaparocleidus have also been found on
notopterid fishes, Chitala lopis (syn. Notopterus chitala) and Notopterus notopterus
(Notopteridae: Osteoglossiformes) (see Jain, 1955; Lim, 1996b; Lim & Furtado,
1986). Lim (1987a) suggested that the presence of Thaparocleidus on notopterids
which are phylogenetically unrelated to the catfish could be secondarily acquired by
the notopterids and probably indicates the antiquity of ancylodiscoidin group.

To date 80 Thaparocleidus species were recorded on 22 fish host species
from 15 genera of six (siluriform and notopterid) families (see Lim, 1996b; Lim &
Lerssutthichawal, 1996). Of the 80 Thaparocleidus species, 51 were from the fish
species of the Oriental region, while 29 Thaparocleidus species were from bagrids
(with three Thaparocleidus species) and silurids (with 26 Thaparocleidus species) of
the Palearctic region (Appendix 1).
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(ii) Ancyrocephalinae Bychowsky, 1937

This subfamily contains both freshwater and marine genera. This subfamily is
recognised as an unnatural groupings by Lim (1998) and a revision is urgently
needed. The possibility of reverting to Gussev (1978) original groupings of all genera
of monogeneans from catfish into Ancylodiscoidinae is being considered (Lim, pers.
com.). However in this thesis the Ancyrocephalinae is retained while noting that a
revision is urgently needed.

Four monogenean genera in the subfamily Ancyrocephalinae (see above)
were found on the freshwater catfishes of Thailand, viz., Bychowskyella Achmerow,
1952 (eight species), Hamatopeduncularia Yamaguti, 1953 (two species), Mizelleus
Jain, 1957 (one species) and Quadriacanthus Paperna, 1961 (two species).
Hamatopeduncularia has a single dactylogyrid-type seminal vesicle, while the other

three genera have two dactylogyrid-type seminal vesicles.

(a) Bychowskyella Achmerow, 1952

Eight species of Bychowskyella (five new and three previously described
species) were found on three fish families in Thailand: Clariidae (four Clarias
species), Heteropneustidae (Heteropneustes fossilis) and Sisoridae (Glyptothorax
major). Bychowskyella tchangi Gussev, 1976 was found on Clarias batrachus, C.
macrocephalus and H. fossilis, while B. teysmanni Lim, 1991 was found on C
meladerma in this study. The five new species of Bychowskyella were collected from

C. batrachus (one Bychowskyella species), C. meladerma (one Bychowskyella

species) and C. nieuhofi (three Bychowskyella species) (see Table 4.1; Appendices
33&3.9).

The 23 previously known species of Bychowskyella were found mainly on
the catfish in India and Southeast Asia with four species on the catfish from South
China and the Amur-Chinese region (Table 4.7). Bychowskyella also has a wide host
range having been recorded from six fish families, viz., Bagridae, Clariidae,
Heteropneustidae, Schilbeidae, Siluridae and Sisoridae. The antiquity of the species
within Bychowskyella has been postulated based on the presence and / or absence of ~

the onchium on the haptor (see Lim, 1991b). Lim (1991b) suggested that the most
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Table 4.7

and

of la species
(B = Bagridae, C = Clariidae, H = Heteropneustidae, Sc = Schilbeidae, Si = Siluridae,

Ss = Sisoridae; RM = Peninsular Malaysia)

| Bychowskyella species Fish host species Localities References
1. B. asiatica oOmpok pubda (Si) India Jain, 1959; Gussev 1976
2. B. austrofugianensis Clarias fuscus (C) China Long, 1981
3. B. bagariusi Bagarius bagarius (Ss) India Shamma, 1983
4. B. baueri Silurichthys_hasselti (Si) ™ Lim, 1991
5. B. bychowsk; taakree (Sc) India Gussev, 1977
6. B. caballeroi Pseudeutropius garua (Sc) India Gussev, 1977
7. B. cauveryi Silonia silondia (Sc) India Tripathi, 1957; Gussev, 1976
8. B. fossilisi Heteropneustes fossilis (B) India Majumdar & Agarwal, 1988
9. B. gharui P. garua India Tripathi, 195:1: Gussev, 1976
10. B. glyptothoraci Glyptothorax sinense (Ss) China Ma, Wang & Li, 1983
11. B. gomtia Eutropiichthys vacha (Sc) India Jain, 1959; Gussev, 1976
12. B. gussevi P. garua India Majumdar & Agarwal, 1988
13. B. kangpurensis Mystus tengara (B) India Gupta & Sachdeva, 1986
14. B. meridionalis C. fuscus China Long, 1981
15. B. pricei P. garua India Majumdar & Agarwal, 1988
16. B. (B) China Li & Zhang, 1992
H. guttatus (B) China Li & zhang, 1992
H. macropterus (B) China Llong, 1981
Pelteobagrus brashnikowi (B)  China Long, 1981
P. fulvidraco (B) China Long, 1981
17. B. raipurensis__ Rita rita (B) India Majumdar & Agarwal, 1988
18. B. singhi Wallago attu (Si) India Rajeswari & Kulkarni, 1983
19. B. sisoris Glyptothorax major (Ss) ™ Lim, 1991
Thailand  present study
20. B. tchangi Clarias batrachus (C) China Long, 1981
India Gussev, 1976
- Lim & Furtado, 1983
Thailand Lerssutthichawal & Lim, 1997
Clarias macrocephalus (C) ™ Lim, 1991 '3
Thailand Lerssutthichawal & Lim, 1997
Heteropneustes fossilis (H) Thailand  present study
21. B. teysmanni Clarias teysmanni (C) M Lim, 1991
Clarias meladerma (C) Thailand  present study
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Table 4.7 cont'd

Bychowskyella species Fish host species Localities References

22. B. vacha E. vacha (Sc) India Tripathi, 1957; Gussev, 1976
23. B. wallagonia W. attu (Si) India Jain, 1959; Gussev, 1976
24. Bychowskyella n. sp.1 C. batrachus Thailand  present study

25. Bychowskyella n. sp.2 C. meladerma Thailand  present study

26. Bychowskyella n. sp.3 C. nieuhofi Thailand  present study

27. Bychowskyella n. sp.4 C. nieuhofi Thailand  present study

28. Bychowskyella n. sp.5 C. nieuhofi Thailand  present study

primitive species is the Bychowskyella with two onchia and the advanced is the

lla without onchium (see Section 6.4.4).

Bychowskyella was included in subfamily Ancylodiscoidi by Gussev
(1978) and in the subfamily Ancyrocephalinae by Kritsky and Boeger (1989). Lim
(1987a) also placed Bychowskyella and Quadri hus within the Ancylodiscoi-

dinae and into the Ancyrocephalinae in 1998.

(b) H di laria Y: i, 1953

P &

In this study two species of H di laria, H. longi latrix Lim,

P sieop

1996 and one new Hamatopeduncularia species were present on Hemipimelodus
borneensis, a freshwater ariid, in this study. The 20 previously described
Hamatopeduncularia species were found on marine ariids and on ariids which
migrated from the sea into the freshwater environment (see Lim, 1996a; Kearn &

Whittington, 1994). The p of H. longi latrix from both marine and

p

freshwater ariids suggests that this monogenean species can tolerate a wide range of
salinity. Thus far H. longicopulatrix is found on a marine ariid species (4rius
venosus). Hamatopeduncularia have also been recorded from non-ariid fish group
such as Wallago attu (Siluridae), Aorichthys seenghala (Bagridae) and Terapon
theraps (Teraponidae) (see Agrawal & Sharma, 1988; Karyakarte & Das, 1972;
Tewari & Agrawal, 1986b). Lim (1996a) suggested that Hamatopeducularia should

only be limited to the ariids and that the p of He di laria species on

la tic Aantifi

non-ariid catfishes should be d for

P
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(¢) Mizelleus Jain, 1957

Only one species of Mizelleus (M. si is Lim & 1 hick 1
1996) was found in Thailand on Wallago attu (Siluridae) (see Lim & Lerssutthi-
chawal, 1996: Appendix 3.8).

To date, six species of Mizelleus have been described from W. attu: five

species on Indian . attu and one species on Thai W. attu (Table 4.8). Mizelleus was

formerly emplaced in the subfamily Al ylodiscoidi has been igned into
bfamily A phali t of the p of two dactylogyrid-type
seminal vesicles (see Lim & Lerssutthichawal, 1996).

Table 4.8 Diversity and distribution of Mizelleus species on

Wallago attu

Mizelleus species Localities References

. M. chauhani India Agrawal & Sharma, 1989

. M. hindanensis India Tewari & Agrawal, 1986

. M. indicus India Jain, 1957a; Kulkarni, 1969a;

India Gussev, 1976

. M. lucknowensis India Agrawal & Sharma, 1986

. M. siamensis Thailand Lim & Lerssutthichawal, 1996
6. M. wallagonius India singh, Kumari & Agrawal, IBQZJ
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(d) Quadriacanthus Paperna, 1961
Two species of Quadriacanthus were collected from four Clarias species.
Quadriacanthus kobiensis Ha, 1968 was found on C. batrachus, C. cataractus,

C. macr halus and C. laderma, while Q. bagrae Paperna, 1979 was found on

P

C. gariepinus and on the hybrid of C. gariepinus and C. macrocephalus (see
Appendices 3.3 & 3.9). Quadriacanthus has a wide geographical distribution, this
genus is found in Indo-China (Ha, 1968; Long, 1981), Southeast Asia (Lerssut-
thichawal & Lim, 1997; Lim, 1992a, 1992b; Lim & Furtado, 1983), India (Gussev,
1976) and the Ethiopian region (Kritsky & Kulo, 1988; Paperna, 1961, 1965, 1969,
1973, 1979).

Currently, 11 Quadriacanthus species have been recorded from three
different fish host families, viz., Clariidae, Bagridae and Cichlidae (see Gussev, 1976;
Ha, 1968; Lerssutthichawal & Lim, 1997, Lim & Furtado, 1983; Long, 1981;
Paperna, 1965, 1973, 1979; Paperna & Thurston, 1968) (Table 4.9). Thus far,
Quadriacanthus have been recorded on the African bagrids and cichlids, but not on
the Oriental bagrids. According to Paperna (1969), Quadriacanthus prefers to infect
the clariid fish more than bagrids and cichilds. Quadriacanthus is closely related to
Bychowskyella in having haptoral armaments which are similar morphologically as

well as in their development pattern (see Lim & Furtado, 1983; Paperna, 1979). Like

Bychowskyella and Mizell Quadri hus has just been placed into subfamily

Ancyrocephalinae (see Lim & Lerssutthichawal, 1996).

4.3.2 Diversity within monogeneans

As already noted, all 83 monogenean species (excluding Gyrodactylus)
found on 40 Thai freshwater catfish species belong to the family Ancyrocephalidae.
The subfamily Ancylodiscoidinae with 70 species is more diverse than the subfamily
Ancyrocephalinae with 13 species. The distribution of the monogenean diversity are
summarised in Table 4.3 and Table 4.4.

Of the seven monogenean genera found in this study, Thaparocleidus has
the highest species diversity (55 species or 66 % of the total monogeneans obtained)

and could be found on 28 fish species of 16 genera from five families (Bagridae,
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Table 4.9 and of species (C, Claridae; B, Bagridae;
ci, Cichlidae)
Quadriacanthus spp Fish host spp Localities References
1. . aegypticus Clarias gariepinus (C) Egypt El-Naggar & Serag, 1985
Egypt Kritsky & Kulo, 1988
2. 0. allobychowskiella C. gariepinus Uganda Ppaperna, 1979
Egypt El-Naggar & Serag, 1985
Egypt Kritsky & Kulo, 1988
3. Q. ashuri C. gariepinus Egypt Kritsky & Kulo, 1988
4. Q. bagrae Bagrus docmac (B) Uganda Paperna, 1979
B. bayad (B) Uganda Paperna, 1979
B. orientalis (B) Tanzania Paperna, 1979
Clarias gariepinus Egypt Kritsky & Kuld, 1988
Thailand Lerssutthichawal & Lim, 1997
Clarias hybrid (C) Thailand Lerssutthichawal & Lim, 1997
5. Q. clariadis C. gariepinus Israel Paperna, 1961
Egypt Molnar & Mossalam, 1985
Egypt Kritsky & Kulo, 1988
C. mossambicus (C) Uganda Paperna & Thurston, 1968

6. 0. gyrocirus

7. Q. kobiensis

8. 0. numidus
9. Q. papernai
10.0. tilapiae

11.Q. voltaensis

L

Heterobranchus isopterus (C)  Ghana

Clarias batrachus (C)

C. batrachus

o

. fuscus (C)

Q

macrocephalus (C)

o

gariepinus
C. gariepinus
Tilapia esculenta (Ci)

Clarias walkeri (C)

Penin. Malaysia
Thailand
Vietnam
Thailand
Egypt
Egypt
Uganda
Ghana

Paperna, 1969

1long, 1981

Ha, 1968

Gussev, 1976

Lim & Furtado, 1983
Lerssutthichawal & Lim,1997
Ha, 1968

Lerssutthichawal & Lim, 1997
Kritsky & Kulo, 1988
Kritsky & Kulo, 1988
Paperna, 1973

Paperna, 1965, 1969
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Pangasiidae, Schilbeidae, Siluridae and Sisoridae). Cornudiscoides is next with 13
species (17 %), and is restricted to the Bagridae (Hemibagrus and Mpystus). This is
followed by Bychowskyella with eight species (10 %) found on Clariidae, Heterop-
neustidae and Sisoridae; Bifurcohaptor with two species (2 %) restricted to the
Bagridae (Hemibagrus), Quadriacanthus with two species (2 %) from the Clariidae;
Hamatopeduncularia with two species found only on the freshwater Ariidae; and

Mizelleus with one species on the Siluridae (Tables 43 &4.4).

4.3.3 Diversity of monogeneans on catfish
In this section diversity is defined in terms of species number or species

richness (see Section 6.3.1).

4.3.3.1 On different host families

Table 4.2 shows that the bagrids have the greatest monogenean species
diversity with 30 species of monogeneans belonging to three monogenean genera,
Bifurcohaptor (two species), Cornudiscoides (13 species) and Thaparocleidus (15
species). The pangasiids and silurids are next with 19 monogenean species each. All
the 19 monogenean species from pangasiids belong to Thaparocleidus, whilst silurids
are infected with two monogenean genera, Mizelleus (one species) and
Thaparocleidus (18 species). The clariids possess nine monogenean species from two
genera, Quadriacanthus (two species) and Bychowskyella (seven species), while
heteropneustid possesses one species of Bychowskyella. Sisorids on the other hand
have two species from two monogenean genera, Bychowskyella (one species) and
Thaparocleidus (one ~ species). The freshwater Ariidae as represented by
Hemipimelodus, has only one monogenean genus, Hamatopeduncularia with two
species. The monogenean diversity within the host family is correlated to the diversity
of the host families. The number of species or monogenean species diversity for each
fish family is dependent on the diversity of the fish host species in the family
concerned. The Bagridae, for example, with 12 host species, has the highest diversity
in monogenean species (30 species), while Pangasiidae and Siluridae with ten and <

nine host species, respectively, have 19 monogenean species each.
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4.3.3.2 On different host genera and species

The number of monogenean species per catfish host species in Thailand
ranges from one to eight (Table 4.10). Hemibagrus nemurus has the highest number
of monogenean species with eight species from three genera (Table 4.2):
Thaparocleidus and Cornudiscoides with three species each, and Bifurcohaptor (two

species). The diversity of species per host species vary from one to six in the
pangasiids, two Thaparocleidus species were found on P. bocourti, while six

Thaparocleidus species were collected from P. larnaudii.

Table 4.10 Monogenean distribution pattern on different fish hosts

(Gyrodactylus not included)

No. of fish host species
Fish host families No. of monogenean spacies on each fish species Total
0 1 2 3 4 5 6 7 8

Ariidae - = 1 - - _ - _ _ .
Bagridae 2 3 3 1 1 - - 1 1 10
Clariidae - 3 1 3 - - - - = 7
Heteropneustidae - 1 - - - - = - - 1
Pangasiidae 1 1 2 2 2 - 2 - - 9
Schilbeidae - - 1 - - - - - - 1
Siluridae = 1 4 2 2 - b = - 9
sisoridae 1 2 | - - - -] - . . 2
Total 4 11 12 8 5 0 2 1 1 44
Percentage (%) 9 25 28 18 11 0 5 2 2 100
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4.3.3.3 Multispecies monogenean community on the fish hosts

Fish species usually possess more than one monogenean species. The co-
existing species could be congeneric species (species belonging to the same genus) or
sympatric species (different monogenean species, genera or families, which share the
same host species) (see Lim, 1987a).

In this study 29 fish host species (66 %) of the 44 examined fish host
species possess more than one monogenean species, while 11 species (25 %) were
infected with only one monogenean species (Table 4.10). The majority of Thai
freshwater catfish (12 fish host species or 28 %) usually have two co-existing
congeners, while 18 % have three co-existing species. Of the 83 monogenean species
obtained, 78 species (94 %) could be found together with other monogenean species,
whilst only five species are found alone: Bychowskyella sisoris on Glyptothorax
major, Thaparocleidus n. sp. | on Batasio tengara, Thaparocleidus n. ;p. 15 on
Pseudomystus siamensis, Thaparocleidus n. sp. 50 on Silurichthys sp.  and
Thaparocleidus n. sp. 51 on Bagarius bagarius.

In this study the highest number of sympatric monogenean species is eight,
found on H. nemurus: two species of Bifurcohaptor, three species of Cornudiscoides
and three species of Thaparocleidus. This number is comparatively lower than that of
the same fish host species in Peninsular Malaysia which possesses ten monogenean
species from three genera: Thaparocleidus (six species),  Cornudiscoides (three
species) and Bifurcohaptor (one species) (see Lim, 1987a). Hemibagrus (H. nemurus

and H. wyckoides) habours more monogenean species than other fish host species.

4.3.4 Monogenean-host distribution patterns: Specificity

Previous studies as well as the present data (see Table 4.4 & Appendix 1)
indicate that certain genera and families of monogeneans are restricted to certain
groups of fish hosts, although there are some monogeneans that are capable of
infecting a wide range of hosts (see Gussev, 1978; Lim, 1990a; Rohde, 1993; present
data).

Host specificity is the direct result of co-evolution with a particular host (see
Brooks, 1979, 1986, 1989; Lim, 1987a; Rohde, 1993). Host specificity can be

narrow or wide depending on the monogenean species concerned. Several hypotheses
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have been founded to explain wide host specificity. Wide host specificity, could be
due to the ability of the host to exchange the parasites (see Leong & Holmes, 1981,
Lim, 1987a).

Specificity is exhibited by monogeneans at generic and familial levels. As
mentioned in section 4.3.1 only two monogenean families, Ancyrocephalidae and
Neocalceostomatidae are present on catfish. Within the Ancyrocephalidae, subfamily
Ancylodiscoidinae is mainly found on catfish (except some species on notopterids;
see Lim & Furtado, 1986), while subfamily Ancyrocephalinae is a heterogenous
group which possesses a number of genera and species and can be found on a wide
range of fish host groups, such as on the Characiformes, Cypriniformes, Perciformes
and Siluriformes (see Ergens, 1988; Kritsky & Boeger, 1995; Kritsky & Kulo, 1988,
1992a, 1992b; Lim, 1987a; Paperna, 1969; Paperna & Thurston, 1968).

4.3.4.1 At familial and generic levels

Among the seven monogenean genera found in this study, Cornudiscoides
and Hamatopeduncularia are specific to particular host genera and families:
Cornudiscoides is restricted to Hemibagrus or Mystus (Bagridae), while Hamatope-
duncularia is found only on the ariids. Unlike Hamatopeduncularia and

Chauh ltus (Ancyrocephali and  Ne 7 and Ne 7, i1

(Neocalceostomatidae) have been recorded from marine ariids only (see Lim, 1994,

1995a, 1996a). One genus not found in this study is the Anchylodiscus which was

recorded from estuarine and marine plotosids (see Lim, 1992c; Paperna, 1977).
Bychowskyella and Thaparocleidus could be found on a wide variety of fish

di<onide

families, whilst the other five monogenean genera; Bifur , Cor

Mizelleus, Quadri hus and He peduncularia have a limited host range.
Bychowskyella is present on the Bagridae, Clariidae, Heteropneustidae, Schilbeidae,
Siluridae and Sisoridae; while Thaparocleidus is found on Bagridae, Pangasiidae,
Schilbeidae, Siluridae and Sisoridae and on non-siluriform Notopteridae (see Lim,
1996b); Quadriacanthus is restricted to Clariidae in the Oriental region, but it occurs
on the Clariidae as well as the Bagridae and Cichlidae in the Ethiopian region (Africa) ~

(Section 4.3.1) (see Paperna, 1969, 1973, 1979; Paperna & Thurston, 1968).
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There are some monogenean genera which are restricted to a particular
catfish host species: for example: Mizelleus is thus far only found on the Wallago
attu (Siluridae) of India and Thailand.

4.3.4.2 At species level
This study shows that the majority of monogenean species (63 species or
76 %) are restricted to one fish host species, while 16 species (19 %) have two host

species (Table 4.11). Only four species (5 %) have more than two host species,

1
P

" Lohi

Quadri on four Clarias species and Bychowskyella
tchangi on two Clarias species and on Heteropneustes fossilis (Heteropnuestidae),
Thaparocleidus caecus is the most common species and could be found on six
pangasiid host species belonging to four genera, viz., Helicophagus waandersii,

y janodon hypophthal) P hophilus, P. krempfi, P. larnaudii

P

and Pteropangasius pleurotaenia (Table 4.1 & Appendix 3.4). Besides 7. caecus,
there are six other Thaparocleidus species which could also be found on more than
one pangasiid species, as exemplified by Thaparocleidus n. sp. 16 on P. conchophilus
and H. waandersii, Thaparocleidus n. sp. 17 on P. bocourti, P. krempfi as well as
H. waandersii (Table 4.1 & Appendix 3.4).

The fish species from different families in the same region can be found to be
infected with the same monogenean species, for example C. batrachus (Clariidae)
and H. fossilis (Heteropneustidae) share the same Bychowskyella species (B.
rchangi).

A similar pattern is observed in Peninsular Malaysia and India. Of the 36
monogenean species on Malayan freshwater catfish, 33 species (91 %) are mono-
specific (see Lim, 1987a). In India all the 76 monogenean species (100 %) from
catfish are monospecific. High specificity is also observed on freshwater African
catfish. Eighty percent (28 species) of the known African monogenean species are

restricted to a single fish host species (see Appendix 1).
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Table 4.11 Host distribution patterns of monogenean species

No. of monogenean species on fish host

Monogenean genera F -~ ’—
onl (on2 |on3 (on4 |on5 | on6 Total

host | hosts | hosts | hosts | hosts | hosts

Bifurcohaptor 2 - = - - - 2 —l

Bychowskyella 6 1 1 - - - 8
Cornudiscoides 8 5 - - - - 13
Hamatopeduncularia 1 1 - - - - 2
Mizelleus 1 - - - - - 1
Quadriacanthus = 1 - 1 - d 2
Thaparocleidus 45 8 1 - - 1 55
Total no. of monogenean species| 63 16 2 1 0 1 83
Percentage (%) 76 19 3 1 0 1 100

This study confirms the specificity of the majority of monogeneans, this is
especially true for the monogeneans of the bagrids where there are no common
monogenean species amongst the bagrids, unlike the pangasiids which have several

common monogeneans (see Section 4.2.5).

4.3.5. Biogeographical distribution of monogeneans

A tolal of 225 monogenean species from 21 genera (16 freshwater
monogenean genera and five marine genera) have been reported on the Old
World siluriforms and are summarised in Table 4.12 & 4.13 (see Appendix 1). Of
these, 175 monogenean species (78 %) are from 56 Old World freshwater
catfish species (26 fish genera and nine families) (see Appendix 1). The 21 genera
include Anchylodiscus Johnston & Tiegs, 1922, Ancylodiscoides Yamaguti,
1937, Ancyrocephalus Creplin, 1939, Bagrobdella Paperna, 1969, Bifurcohaptor
Jain, 1958, Bychowskyella Ach , 1952, Chauhanellus Bychowsky & Nagibina,

125



01

1e303 puers ’

w
=y
@

Telol

o '
o

o e
~ '
' -

'
- -
'
'

' '
- @
~

7561 ‘utep snprarooredeyy

2661 ‘oTny 3 £{S3TIY SSProjewsIIaqrIyos
896T ‘uoasanyy 3 euzsdeq EweIIqITYOS
1961 ‘euzadeq snyjuecerIpend

€967 ‘Tanbewex ssproosTporAoUEPnasd
6961 ‘euradeg saproosTporAoUPO3OId
886T ‘susbig snyjueoerIpenbered

LS6T ‘utep snarTazIH

8L6T ‘s93DTTE 3 STT82TH ‘AYS3TIN SSPTUWOISOOTEO0AN
1S6T ‘Tyaediil PWOISOSOTEOOSN

£S6T ‘Braquren snrA3oeporiboroey|

€561 ‘Tanbewey errernounpadojeurey

€8T ‘uuewpION SnrA30EpaTAY

6961 ‘TuTBYTNY SSProosTPALIC)

6961 ‘eutquben 3 Aysmoysfg snyraueyneyd
2661 ‘moTsuNDY erTadysmoyoig

8561 ‘urep z03deyooInyrg

6961 ‘euzaded erspqorbes

6681 ‘urTdead snreydacorfouy

1€6T ‘Tanbewex ssproosIporiowy

2261 ‘sbeTl 3 uoaswyor smosTPOTAGOUY

3

T

ST3oTRSTRY

TrensTy

(satoads sutiew = w fsaTosds Ia3eMyssI] = MJ)

SuotBex JUSIR3FTP WOIF SSUSTIIED PIIOM PO O3 Jo seToeds Ueeusboucl PSTIOSSP JO ISGEAN ZI'p STAEL

126



44}
snrA30epozAbozoen

(z) sarA3oepozdo
m [§¢] m §9)
(2) sny3ueoerapend  (z) sny pend (1) snyaueoerIp m say3ueoeTIpenberes
m (€) ®er ) er @) er (1) er (8) snyzueceripend FEPTTIRTY
(1) seproo
-stporAouroiarg
(€) errepqoibeg 9epTaROTIRTD)|
(g) sapreroczedeyr
(1) snrA3oepozio
(1) erzernounpedojeuey
(€) sapraroctedeyr (8) seproostpauzoy
(1) sspro> (s T (8) (@ er
=ST (1) er [(34] TOOST (8) S3PTOISTPAUIOD 4y (€)
(1) er (v) (2)  (g) Taes (1) (1) snyauecerpend seprabeg
(€) m
T T m
3] m
(s) (on) (€) (s) 2]
erzernounpadogeuey (@)
(2) sar (zu) sar (g) sar (2) sar (1) sarraueyney> +9UPTTIY|
@souTy>-TTN. wuTYR-opur wrsAvTed JusuT3ucogE (eoTIR0)
» STaoveTRd 2 wTD wWos PTG TemnsuTuey werpur uerTen3SIY uerdoTaT
SoTTRmG usTL
suotbey.

(238p POUSTIGNAUN ,, /SSTTTWR} USTIIe0 SuTTew , fsasayiusted ut satoads uesusbouow 3O *ON)
(fpras sTY3 BUTPRTOUT) SUCTEST JUBISFIFTP UT SOTTTURZ USTIIEO STOTIRA UO eIeuab uweusboucw Jo A3TSIMATA ET'V STIRL

127



/ (sutTew

(o/g€) €€ (w/0e) 2 (0/€8) €8 (92/6€) 9 (8/9L) 8 (6/1) o1 (s/02) se /333eysa13)
0L
(1) sapraroozeceyr (g) F03deyoongTe
= (1) er (1) er (1) er (1) er - - SEpTIoSTS
(1) Ewo3sosoTeI0aN
(2) erzernounpedoseury
(6T) snprarooredeyr
(92) (9) snpr (81 (ot (5) snarrszmy -
(1) saproostporAouy (1) seprodsTPOTAOWY (1) snorrezmy (1) er (€) er - sepTMITS
(g) snprarooredeyrs (T)$9pTOIRURIIAATIUIS
B = (2) snprarooredeyr N (8) erradysmoyohy N (21) BwRIIaqTIYOS  FEPTATTUS
B - (2) snosporAyouy - (2) snostporAyouy - ,2epTs030Td
= (0 (61 (2) sapr (1 - - eeprTsebues
- - - - - - (1) snreydsoozfouy  ePTIOYIW
(1) snrA3oepozfo (1) snrAzoepozfo - sepT3
- (1) errakysmoyoig - (1) errakysmoyoig - - -snaudoza33H
esouTyD-TTUN. wuTYR-opuT wrsAerer JueuT3uCOqE (T30
2 oporveTed 2 T wWos PTG TernsuTUeg weTpur weTez3STY werdoTia
soTTRmG USTL

P.3ued ET°¥ STTL

128



1969, Cornudiscoides ~ Kulkarni, 1969, Gyrodactylus Nordmann, 1832,
Hamatopeduncularia Yamaguti, 1953, Macrogyrodactylus Malmbergs, 1957,
Mizelleus Jain, 1957, Neocalceostoma Tripathi, 1957, Neocalceostomoides Kritsky,
Mizelle & Bilqees, 1978, Paraquadriacanthus Ergens, 1988, Protoancylodiscoides
Paperna, 1969, Pseudancylodiscoides Yamaguti, 1963, Quadriacanthus Paperna,
1961, Schilbetrema Paperna & Thurston, 1968, Schilbetrematoides Kritsky & Kulo,
1992 and Thaparocleidus Jain, 1952 (Table 4.12 & Appendix 1). The marine genera

are Anchylodi Chauh 11, H 7 laria, Ne ' and

P

Neocalceostomoides (see Appendix 1). However Hamatopeduncularia could be
found on freshwater ariids (Section 4.2.1). The Thai freshwater catfish harbour eight
genera: Bifurcohaptor, Bychowskyella, Cornudiscoides, Gyrodactylus, Mizelleus,

Toidh 7 7

and H

Quadri hus, Thapar ia (a marine genus).
Species incorrectly identified as Dactylogyrus Diesing, 1850, and
Urocleidus Mueller, 1934 from Indian freshwater siluriforms had been re-assigned to

Thaparocleidus (see Lim, 1996b). The report of Heteronchocleidus Bychowsky,

1957 from Wallago attu should be re- ined b Heteronchocleidus is a
monogenean of the anabantoids (see Lim & Lerssutthichawal, 1996). While
Dactylogyrus is found mainly on the cyprinids and on Hemirhamphidae (see Lim,
1987a).

The monogenean genera and species from the different biogeographical
regions are different (Table 4.12). Of the 16 monogenean genera recorded on the
freshwater catfish, eight are present in the Oriental region, while nine are in Ethiopian
region and five are in Palearctic region (Tables 4.12 & 4.13).

The monogenean genera found on the freshwater catfish within the different
parts of the Oriental region are similar (Table 4.13). India, South China, Malaysia
and Thailand share three monogenean genera, Bychowskyella, Quadriacanthus and
Thaparocleidus. The other four genera seemed to be restricted to certain areas and
habitats: Ancylodiscoides is found in Indian subcontinent and South China,
Bifurcohaptor and Cornudiscoides in India, Malaysia and Thailand, and Mizelleus in

India and Thailand. However, the three genera, Hamatopeduncularia ~

Toidh 7

and N recorded from the freshwater catfish from

1,
Heter

India could be errorneous (see Lim, 1996a; Lim & Lerssutthichawal, 1996).
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Monogenean species diversity in different regions

Sixty-four percent (112 species) of the known freshwater monogeneans of
Old World siluriforms (175 species) are from the siluriform fish of the Oriental region
(see Appendix 1). Sixty-seven percent of the 112 Oriental monogenean species, that
is 76 species, are from 18 Indian catfish species (Table 4.12), with 20 mnogenean
species each from China and Peninsular Malaysia. India shares four monogenean
species with Thailand, two species with Indo-China and South China and two species
with Peninsular Malaysia (Table 4.14). Thailand and Malaysia have the same 13
monogenean species (Table 4.14). Of the 11 monogenean genera recorded from
freshwater catfish in the Oriental region (including the present study) (Table 4.12),
Thaparocleidus has the greatest diversity (102 species) which are distributed on 41
fish species in five families (Table 4.13 & Appendix 1). While Bychowskylella (with
28 species) are found to infect six host families (Table 4.7).

The Ethiopian region (Africa) possesses 30 monogenean species from nine
genera (including Gyrodactylus and Macrogryodactylus). Six of the seven genera are
endemic to Ethiopian region, Bagrobdella (three species) and Protoancylodiscoides
(one species) from the Claroteidae (formerly Bagridae), Macrogyrodactylus (one
species) and Paraquadriacanthus (one species) from the Clariidae, Schilbetrema (12
species) and Schilbetrematoides (one species) from the Schilbeidae, whilst five
monogenean genera (33 species), Ancylodiscoides, (one species), Bychowskyella
(one species), Pseudancylodiscoides (one species), Thaparocleidus (29 species) and
Gyrodactylus (one species) were recorded from the Palearctic (Amur-Chinese

regions) (Tables 4.12 & 4.13; Appendix 1). Pseud. lodiscoides is restricted to the

bagrid of the Palearctic region.
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Table 4.14 Distribution of known monogenean species on Thai catfish.

(A: Ariidae; B: Bagridae; C: Clariidae; H: Heteropneustidae; P: Pangasiidae;

Si: Siluridae; Ss: Sisoridae)

Localities
Monogenean species Fish host species
That India AErs
Bifurcohaptor baungi Lim & Furtado, 1983 Hemibagrus nemurus (B) + + - - -
Bychowskyella sisoris Lim, 1991 Glyptothorax major (Ss) + + - - -
Bychowskyella tchangi Gussev, 1976 Clarias batrachus (C) + . . R 2
Cornudiscoides anchoratus Lim, 1987 Mystus nigriceps (B) - . = - -
M. singaringan (B) + - - - -
C. bagri Lim, 1987 M. nigriceps - . = = -
M. singaringan + = - - N
C. facicirrus Lim, 1987 M. nigriceps - . - - -
M. singaringan + - - - -
C. germinus Gussev, 1976 M. vittatus (B) - - + - -
M. mysticetus (B) + - - - -
C. malayensis Lim, 1987 Hemibagrus nemurus + + - - -
C. selangoricus Lim, 1987 H. nemurus + + - - -
C. sundanensis Lim, 1987 H. nemurus + + - - -
Hamatopeduncularia longicopulatrix Arius venosus (A) - + - - -
Lim, 1996 Hemipimelodus bormeensis (A) + - - = s
Quadriacanthus bagrae Paperna, 1979 Bagrus docmac (B) - - - - +
Clarias gariepinus (C) + - - - .
Clarias hybrid + = - - -
Q. kobiensis Ha, 1968 c. fuscus (C) - - - R =
C. batrachus + + + - -
C. macrocephalus (C) + - - - -
C. cataractus (C) + - - - -
C. meladerma (C) + - - - -
Thaparocleidus caecus (Mizelle & Pangasianodon hypophthalmus (P) + 2 - - -
Kritsky,1969) Lim, 1996
Helicophagus waandersii (P) . . - = -
Pangasius conchophilus (P) + - - - -
P. krempfi (P) B = - = -
P. larnaudii (P) + - - - -
Pteropangasius pleurotaenia (P)| + - = = -
T. siamensis (Lim, 1990) Lim, 1996 Pangasianodon hypophthalmus + + - - -
T. indicus (Kulkarni, 1969) Lim, 1996 Wallago attu (Si) + - - - -
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4.4 Summary

Previous investigations on monogeneans have shown that the majority of
monogeneans are restricted to a particular host species (host-specific) (Llewellyn,
1956; Gussev, 1976; Kennedy, 1975; Rohde, 1979). This is also shown to be true of
the monogeneans on the Thai siluriform fishes where 76 % of the monogeneans are
found on one host species (Section 4.3.4.2). The most quoted reason for host-
specificity is the co-evolution of the monogeneans with their hosts (see Brooks,
1989; Lim, 1987a). However, there are also some species that have wide specificity
and can be found on a number of related as well as unrelated fish host species in the
tropics (see Lim, 1987a; Lim & Furtado, 1986). This is shown by 24 % of the

monogenean species from the monogeneans on the Thai catfish: for example 7.

ceacus are found on six species of p iids while H. longicopulatrix is found on
both marine and freshwater ariids of Peninsular Malaysia and Thailand, respectively
(Section 4.3.1). A possible explanation for the presence of a particular monogenean
species on unrelated hosts is the ability of this species to adopt and overcome host
immune system. This phenomenon is known as host-capture or host-transfer (see
Lim, 1987a).

On a larger scale (see Section 4.3.5) some groups of monogeneans have
shown to be restricted to a particular macro-environment within a given biogeo-
graphical region (Gussev, 1976; Lim, 1987a) as exemplified by the presence of
Mizelleus in India and Thailand (Section 4.3.1) and not in Peninsular Malaysia.
Analyses of the global distribution pattern of the monogeneans reveal that
monogeneans are usually restricted to biogeographical regions (Gussev, 1976; Lim,
1987a). This is indicated by the difference in monogenean genera on the catfish of
Affica and Southeast Asia (Section 4.3.5). However, there are some monogeneans
which are found on related hosts in apparently unconnected faunistic regions; for
example Quadriacanthus is found on African, India and Southeast Asian clariids
(Section 4.2.3), suggesting some affinities between these different biogeographical
regions (Lim, 1997, 1998; Paperna, 1979). A comparative analysis of the
monogenean fauna on the Thai freshwater siluriforms reveal that the Thai
monogeneans are related to those of India, South China and Peninsular Malaysia and
Africa (Section 4.3.5).
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The species richness on each siluriform host species vary from one to eight
(Section 4.3.3.1). The absence of monogeneans on some host species (Bagrichthys
macropterus (Bagridae), Hemibagrus wyckii (Bagridae), Pangasianodon gigas
(Pangasiidae) and Bagarius yarrelli (Sisoridae) (Section 4.2) might be apparent due
to the survey of too few host species and localities. Ninety-four percent of the
monogeneans are co-existing species on 72 % of infected fish species. The co-
existing species can be of the same genus (congeners) or belong to different genera.

For example on the bagrids, H. nemurus habours Bifurcohaptor (two species),

Cornudiscoides (three ies)and Thaparcoleidus (three species), while P. larnaudii
P pa

on the other hand is host to six species of Thaparocleidus (Section 4.3.3.2).
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