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Cestodes are parasitic flatworms that live in the digestive tract of vertebrates as adults and
often in the liver, muscle, haemocoel, mesentery and brain of various animals as larval stages.
To identify the cestodes infecting Clarias gariepinus Burchell, 1822 (sharptooth catfish) in the
Vaal Dam, a total of 45 host specimens were collected with the aid of gill nets between October
2011, January and April 2012. The fish were sacrificed and examined for cestode parasites.
Two adult cestodes, Tetracampos ciliotheca Wedl, 1861 (prevalence 86.7%, mean intensity = 15,
n = 45) and Proteocephalus glanduligerus (Janicki, 1928) (prevalence 51.1%, mean intensity = 5,
n = 45) were found in the intestines of the catfish. Both T. ciliotheca and P. glanduligerus
are new locality records. There were statistically insignificant differences in the
infection of the male and female C. gariepinu. Fish with standard length ranging from
40 cm - 54 cm (= 3 years) had the highest prevalence and mean intensity while those ranging
from 10 cm — 24 cm (< 1 year) had the lowest prevalence and mean intensity for both
cestodes. The study highlights the importance of changing feeding habits of C. gariepinus
with age on the prevalence and mean intensity of the two gastrointestinal cestode parasites.

Introduction

Cestodes represent a highly specific group within Neodermata that is characterised by several
striking morphological features, the most obvious one being the evolutionary loss of a digestive
tract throughout all developmental stages. According to Paperna (1996), cestodes occur almost
exclusively in siluriform fish, most commonly in Clariidae and Polypteridae. In Africa, the
helminth fauna of African teleosts has been studied since the middle 19th century, when Leydig
(1853) and Wedl (1861) described the first tapeworms from bichirs and clariid fish, respectively.
Khalil (1971) published the first checklist of parasites of freshwater fish in Africa and in its
updated edition (Khalil & Polling 1997) a total of 359 species of helminths, including 61 species of
adult and larval tapeworms (Cestoda), were reported. Adult tapeworms identified to the species
level belong to the orders Amphilinidea (1 species), Caryophyllidea (20 species in 7 genera),
Bothriocephalidea (13 species in 3 genera) and Proteocephalidea (21 species in 6 genera) (Khalil
& Polling 1997).

The sharptooth catfish, Clarias gariepinus (Burchell, 1822) is one of the favoured fish species
for aquaculture in Africa (Awachie & Ezwenwaji 1981). The catfish is an omnivorous fish and
can survive in extremely harsh conditions, a feature that has made it favourable for culture
in many parts of the world (Peteri, Nandi & Choridhury 1992). With the growing interest in
the development of aquaculture in Africa, there is also an increase in the awareness of the role
of parasites and diseases as major factors affecting fish farming (Paperna 1996). It is therefore
imperative that the parasites that infect fish in natural waters are investigated to form the basis
for management of parasite infections in fish farms.

The objectives of the present study were to specifically identify the cestodes collected from the
sharptooth catfish based on their morphological features, and to note their prevalence and mean
intensity in the Vaal Dam. This paper will complement other papers on the helminthic fauna
of the same locality (e.g. Bertasso & Avenant-Oldewage 2005; Crafford & Avenant-Oldewage
2009, 2010, 2011; Degger, Avenant-Oldewage & Greenfield 2009; Retief, Avenant-Oldewage & Du
Preez 2006, 2007, 2009).

Materials and methods
Study sites and surveys conducted

The study area was the Vaal Dam, which is located on the border between the Gauteng and Free
State Province and is approximately 150 km south of Johannesburg. Surveys were conducted in
October 2011, January and April 2012 in the dam (26°52.249'S, 28°10.249'E; Figure 1).
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Collection of fish and parasites

A field laboratory was set up for each survey on University
of Johannesburg Island. Sharptooth catfish were collected
from the Vaal Dam using gill nets of varying stretched mesh
sizes of 90 mm, 110 mm and 130 mm. Fish were sacrificed
by severing the spinal cord behind the head and were then
dissected by making an insertion from the anus towards
the head. Once they had been dissected, the intestines were
removed and placed in a 0.9% physiological saline solution
in Petri dishes for examination.

The gastrointestinal tract was dissected from the rectum to
the oesophagus and parasites encountered were carefully
detached from the intestinal mucosa. The intestines were
pulled open carefully using two sharp pointed tweezers to
ensure that the cestodes were kept intact. Each cestode was
carefully and slowly dislodged from the intestinal wall,
ensuring that it remained intact. Cestodes were transferred
to a clean sampling bottle containing 0.9% physiological
saline solution, which was then shaken for a few minutes
to remove debris and induce muscle fatigue, which in turn
deters strong contraction of the scolices and relaxes them.
Whilst swirling the sampling bottle, an equal amount of a hot
alcohol-formaldehyde-acetic acid (AFA) solution was added
to kill and fix the specimens. Specimens were then stored
in 70% ethanol. The following literature was consulted for
identification: Kuchta, Scholz and Bray (2008) for Tetracampos
ciliotheca Wedl, 1861 and Mashego (2001) for Proteocephalus
glanduligerus (Janicki, 1928)

Statistical analyses

Prevalence and mean intensity levels for the two cestodes
showed no significant seasonal variations hence data
collected over the three surveys were pooled. Infection levels
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of fish were compared using Student’s t test and Kolmogrov-
Smirnov tests (SPSS V. 20 Statistical Package for Social
Sciences, SPSS Inc.). To give an approximate indication of
age, the Von Bertalanffy growth curve for C. gariepinus from
River Asi, Turkey (Yalgin, Solak & Akyurt 2002) was used,
since there are no such data from the Vaal Dam. Parasite
prevalence and mean intensities were determined (Bush,
Fernandez, Esch & Seed 2001).

Ethical considerations

The parasites were obtained from fish sampled for the
approved projects of Messrs Beric Gilbert and Ebi Hussain
since the fish were already dead after the sampling procedure.
Ethical clearance was obtained from the UJ Faculty Ethics
Committee in 2011 for both these projects. Fish were
sampled according to the guidelines of a permit obtained
from Gauteng Nature Conservation. Potential health and
safety hazards were disclosed to the Ethics Committee. Staff
and students were covered by the university third-party
insurance. All researchers participated voluntarily.

Results

Two adult cestode species, T. ciliotheca, a pseudophyllidean
(Figure 2) and P. glanduligerus, a proteocephalid were
encountered in catfish examined from the Vaal Dam. Out
of the 45 catfish examined, 39 (86.7%) were infected by
T. ciliotheca whilst P. glanduligerus occurred in 23 (51.1%)
of the examined fish (Table 1). Tetracampos ciliotheca was
restricted to the anterior portion of the intestine whereas
P. glanduligerus was found in the anterior and mid anterior
portions of the intestines.

Variations in the infections of the different sexes were recorded
(Table 1). More females were infected (prevalence = 51.1%,
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FIGURE 1: Map showing the position of the Vaal Dam and its tributaries.
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mean intensity = 21) than males (prevalence = 33.3%, mean
intensity = 9) for T. ciliotheca. A similar trend was noted
for P. glanduligerus where the females were also more
infected (prevalence = 35.6%, mean intensity = 8) than
males (prevalence = 17. 8%, mean intensity = 3). However,
Student’s t-tests revealed a lack of significant differences
(p values > 0.05) in the prevalence and intensity of infection
between sexes for both cestodes.

The effect of host age on parasite dispersion is presented
in Table 2. Fish with standard length ranging from
40 cm — 54 cm (= 3 years) had the highest prevalence and
mean intensity while those ranging from 10 cm — 24 cm
(< 1 year) had the lowest prevalence and mean intensity
for both cestodes (Table 2). Differences in prevalence

FIGURE 2: Light micrographs of acetocarmine stained Tetracampos ciliotheca (a)
scolex scale bar = 30 um; (b) rostellar hook scale bar = 100 um.
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and intensity of infections were statistically significant
(Kolmogrov-Smirnov tests, p values < 0.05).

Discussion

Tetracampoos ciliotheca, previously known as Polyonchobothrium
clarias Woodland, 1925 has a widespread distribution in
siluroid fishes of Africa. Previous records of this cestode
include those from Egypt (Amin 1978; Imam 1971; Eissa,
Badran, Sohair & Heba 2010; Eissa, Zaki, Nadia & Zaki
2012), Nigeria (Aderounmu & Adeniyi 1972; Oniye, Adebote
& Ayanda 2004; Goselle, Shir, Udeh, Abelau & Imandeh
2008) and from Senegal (Khalil 1973). In South Africa,
T. ciliotheca was first recorded by Van As and Basson (1984)
with subsequent findings by Mashego (2001), Barson and
Avenant-Oldewage (2006), Madanire-Moyo, Luus-Powell
and Olivier (2010) and Madanire-Moyo, Luus-Powell, Jooste
and Olivier (2012). Chishawa (1991) and Douéllou (1992)
recorded it incorrectly as a larval ptychobothriid from Lake
Kariba (Zimbabwe), when in fact it was an adult. A detailed
morphological description of this species from Clarias
gariepinus is given by Barson and Avenant-Oldewage (2006),
and the present specimens fit their description.

The genus, Tetracampos was recently resurrected by Kuchta et
al. (2008) on the basis of an examination of new material from
the type-host in Sudan, its comparison with type specimens
of the taxa described from African catfish and a critical
study of the literature, including the original description of
T. ciliotheca by Wedl (1861). According to Kuchta et al. (2008),
the descriptions and illustrations by Wedl (1861) correspond
with those of the tapeworms recently found in African
catfish as well as those previously placed in the genera
Polyonchobothrium Diesing, 1854 and Senga Dollfuss, 1934
(Protasova 1977). Janicki (1928) provided a comprehensive
description of Polyonchobothrium  cylindraceum  Janicki,
1928 from Clarias anguillaris Linnaeus, 1758. Tadros (1968)
synonymised this cestode with P. clarias. Meggitt (1930)
described P. fulgidum Meggit, 1930 from the same host. Tadros

TABLE 1: Intestinal cestode infection in relation to sex of Clarias gariepinus (Burchell, 1822) collected from Vaal Dam, South Africa.

Sexes No examined No infected with Prevalence % Mean Intensity No infected with Prevalence % Mean Intensity
T. ciliothecat P. glanduligerus
Mean Intensity range Mean Intensity range
Male 21 16 35.6 9 5-30 8 17.8 3 1-9
Female 24 23 51.1 21 7-48 15 333 8 1-24
Combined 45 39 86.7 15 5-35 23 51.1 5 1-14

T, T. ciliotheca = Tetracampos ciliotheca Wed|, 1861.
1, P. glanduligerus = Proteocephalus glanduligerus (Janicki, 1928).

TABLE 2: Intestinal cestode infection in relation to size of Clarias gariepinus (Burchell, 1822) collected from Vaal Dam, South Africa.

Parasite species Statistical parameter Length groups (cm) (Corresponding age groupst)

10-24 (< 1 year) 25-39 (2 1year<3years) 40-54 (23 years) Total
Tetracampos ciliotheca Wedl, 1861 No. of fish examined 6 11 28 45
No. of fish infected 3 9 27 39

% infection 6.7 20.0 60.0 86.7
Proteocephalus glanduligerus (Janicki, 1928) No. of fish examined 6 11 28 45
No. of fish infected 1 5 17 23

% infection 2 11.1 37.8 51.1

+, data according to Yalgin, S., Solak, K. & Akyurt, 1., 2002, ‘Growth of the catfish Clarias gariepinus (Clariidae) in the River Asi (Orontes), Turkey’, Cybium 26, 163-172.
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(1968) synonymised all bothriocephalid genera possessing
an apical disc armed with hooks, namely Polyonchobothrium,
Tetracampos Wedl, 1861, Senga and Oncobothriocephalus
Yamaguti, 1959. However, his synonymy has not been
widely accepted, although Dubinina (1987) considered
Polyonchobothrium and Senga to be synonymous. According
to Kuchta and Scholz (2007), P. clarias, P. cylindraceum and
P. fulgidum are conspecific with T. ciliotheca and are considered
to be its junior synonyms.

Proteocephalids are common parasites of siluroids in Africa.
However, only one species of proteocephalid cestodes,
P. glanduligerus has been recorded in South Africa (Mashego
2001; Van As & Basson 1984; Madanire-Moyo et al. 2010) and
from Zimbabwe (Barson, Bray, Ollevier & Huyse 2008). The
cestode which was isolated from under the mucous lining
of the intestine of C. gariepinus from the Vaal Dam matches
the descriptions made by Freze (1965), Mashego (2001)
and Barson and Avenant-Oldewage (2006). Proteocephalid
cestodes have also been recorded in Zimbabwe (Barson 2004;
Chishawa 1991; Douéllou 1992; Madanire-Moyo & Barson
2010) but were not identified to species level.

The prevalence values for T. ciliotheca and P. glanduligerus
were 86.7% and 51.1%, respectively compared with 71%
and 14%, respectively in C. gariepinus populations from
Rietvlei Dam (Barson & Avenant-Oldewage 2006). Williams
and Jones (1994) suggested that parasitism varies from one
aquatic system to the other and this is influenced by the
interplay of mixed biotic and abiotic factors.

The two parasites were found in the intestinal lumen and this
finding is attributed to the fact that cestodes lack a digestive
system. As adults, they reside in intestines of vertebrates,
an environment extremely rich in nutrients that they take
in through the outermost layer of their bodies, the syncytial
neodermis called tegument (Chervy 2009). The neodermis
of tapeworms bear microtriches, distinct elaborations of
various shapes whose nomenclature was standardised by
Chervy (2009) and which contribute to nutrient absorption.

An increase in size of fish is a reflection of length, which is
usually considered as a measure of age (Yalgin et al. 2002). The
juvenile fish (10 cm — 24 cm/< 1 year) had lower prevalence
values while sub-adults (23 cm - 39 cm/ = 1 year < 3 years)
and adults (40 cm — 54 cm/ = 3 years) had higher prevalence
of infection for both cestode species as shown in Table 2. A
possible explanation of this phenomenon is a change in diet
from weeds, seeds, phyto- and zooplankton as juveniles to
insect larvae, snails, crustaceans, worms and fish as adulthood
is attained (Reed, Buchard, Hopson, Jennes & Yaro 1967).
Clarias species are known to be omnivorous with a tendency
towards carnivory as they age. The present findings tend to
support that of Geets and Ollivier (1996), who postulated
that herbivorous fish are generally considered to harbour
fewer intestinal parasites than omnivorous or carnivorous
ones (i.e. C. gariepinus juveniles tend to be herbivorous and
could thus be expected to harbour fewer intestinal parasites).
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Conclusion

Two adult cestodes, T. ciliotheca (prevalence 86.7%, mean
intensity = 15, n = 45) and P. glanduligerus (prevalence
51.1%, mean intensity = 5, n = 45) were found in the intestine
of the catfish. Parasite prevalence and mean intensity
levels were related to the length of the host specimens.
The study highlights the importance of changing feeding
habits of C. gariepinus with age on the prevalence and
mean intensity of the two gastrointestinal cestode parasites
at the Vaal Dam. It may be advisable to incorporate
antihelminthic therapy into the diet of prospective
C. gariepinus broodstock obtained from the wild.

Acknowledgements

The authors wish to thank the University of Johannesburg
Research Committee and the National Research Foundation
for funding and Mr Ebrahim Karim for assistance with the
graphics.

Competing interests

The authors declare that they have no financial or personal
relationship(s) which may have inappropriately influenced
them in writing this article.

Authors’ contributions

A.A-O. (University of Johannesburg) was the project leader.
G.M-M. (University of Johannesburg) was responsible for
collection of data, experimental design and first draft of
manuscript.

References

Aderounmu, E.A. & Adeniyi, F., 1972, ‘Cestodes in fish from a pond at Ile-Ife, Nigeria’,
The African Journal of Tropical Hydrobiology and Fisheries 2, 151-156.

Amin, O.M., 1978, ‘Intestinal helminths of some Nile fishes near Cairo, Egypt,
with redescriptions of Camallanus kirandensis Baylis, 1928 (Nematoda) and
Bothriocephalus aegyptiacus Rysavy and Moravec, 1975 (Cestoda)’, Journal of
Parasitology 64, 93—101. http://dx.doi.org/10.2307/3279616, PMid:627980

Awachie, J.B.E. & Ezenwaji, G.H.M., 1981, ‘The importance of Clarias species in
fisheries development of the Anambra River basin, Nigeria’, CIFA Technical Paper
7,212-224.

Barson, M., 2004, ‘A study of the helminth parasites of fish and fish-eating birds in
the Manyame catchment, Zimbabwe’, M.Phil. thesis, Dept. of Biological Sciences,
University of Zimbabwe.

Barson, M. & Avenant-Oldewage, A., 2006, ‘On cestode and digenean parasites
of Clarias gariepinus (Burchell, 1822) from the Rietvlei Dam, South Africa’,
Onderstepoort Journal of Veterinary Research 73, 101-110. PMid:16958260

Barson, M., Bray, R.A., Ollevier, F. & Huyse, T., 2008, ‘Taxonomy and faunistics of
the helminth parasites of Clarias gariepinus (Burchell, 1822), and Oreochromis
mossambicus (Peters, 1852) from temporary pans and pools in the Save-Runde
River floodplain, Zimbabwe’, Comparative Parasitology 75, 228-240. http://
dx.doi.org/10.1654/4337.1

Bertasso, A. & Avenant-Oldewage, A., 2005, ‘Aspects of the ecology of the Asian
tapeworm, Bothriocephalus acheilognathi Yamaguti, 1934 in yellowfish in the
Vaal Dam, South Africa’, Onderstepoort Journal of Veterinary Research 72,
207-217. http://dx.doi.org/10.4102/0jvr.v72i3.198, PMid:16300189

Bush, O.A., Fernandez, J.C., Esch, G.W. & Seed, R.J., 2001, Parasitism: The diversity and
ecology of animal parasites, Cambridge University Press, Cambridge, U.K.

Chervy, L., 2009, ‘Unified terminology for cestode microtriches: A proposal from
the international workshops on cestode systematics in 2002-2008’, Folia
Parasitologica 56, 199-230.

Chishawa, A.M.M., 1991, ‘A survey of the parasites of three Siluriformes fish species
in Lake Kariba’, University of Zimbabwe, University Lake Kariba Research Station
Bulletin 1/91, 8-25.

Crafford, D. & Avenant-Oldewage, A., 2009, ‘Application of a fish health assessment



http://dx.doi.org/10.2307/3279616
http://dx.doi.org/10.1654/4337.1
http://dx.doi.org/10.1654/4337.1
http://dx.doi.org/10.4102/ojvr.v72i3.198

Page 5 of 5

index and associated parasite index to Clarias gariepinus (Teleostei: Clariidae) in
the Vaal River system, South Africa’, African Journal of Aquatic Science 34, 261—
272. http://dx.doi.org/10.2989/AJAS.2009.34.3.8.984

Crafford, D. & Avenant-Oldewage, A., 2010, ‘Bioaccumulation of non-essential trace
metals in tissues and organs of Clarias gariepinus (sharptooth catfish) from the
Vaal River system - Strontium, aluminium, lead and nickel’, Water SA 36, 621-640.
http://dx.doi.org/10.4314/wsa.v36i5.61996

Crafford, D. & Avenant-Oldewage, A., 2011, ‘Uptake of selected metals in tissues
and organs of Clarias gariepinus (sharptooth catfish) from the Vaal River System
— Chromium, copper, iron, manganese and zinc’, Water SA 37, 181-200. http://
dx.doi.org/10.4314/wsa.v37i2.65864

Degger, N., Avenant-Oldewage, A. & Greenfield, R., 2009, ‘Innovative fluorescence
detection technique for metals in cestode egg-shells’, African Zoology 44, 204—
207. http://dx.doi.org/10.3377/004.044.0208

Douéllou, L., 1992, A survey of fish parasites in Lake Kariba, University of Zimbabwe,
University Lake Kariba Research Station Bulletin 1/92, 1-71.

Dubinina, M.N., 1987, ‘Class Cestoda Rudolphi, 1808’, in O.N. Bauer (ed.), Keys to the
parasites of freshwater fish of the USSR, 2nd edn., vol. 3, part 2, pp. 5-76, Nauka,
Leningrad.

Eissa, I.A.M., Badran, A.F., Sohair, .M. & Heba, A.l., 2010, ‘Entero-Parasitic Infestation
and the associated pathological lesions in Clarias gariepinus at Ismailia Province’,
Journal of Agricultural and Veterinary Sciences 3, 21-32.

Eissa, I.A.M., Zaki, V.H., Nadia, G.M.A. & Zaki. M.S., 2012, ‘Studies on prevailing
cestodiasis in wild African catfish Clarias gariepinus at Kafr El-Sheikh governorate’,
Life Science Journal 9, 506-511.

Freze, V.I., 1965, ‘Proteocephalata in fish, amphibians and reptiles’, in K.I. Skrjabin
(ed.), Essentials of cestodology, vol. V., Israel Program for Scientific Translations,
Jerusalem., Translated from Russian in 1969.

Geets, A. & Ollivier, F., 1996, ‘Endoparasitic helminthes of the white spotted rabbit
fish (Siganus sutor (Valenciennes) 1935) of the Kenyan coast: Distribution within
the host population and microhabitat use’, Belgian Journal of Zoology 126, 21-36.

Goselle, O.N., Shir, G.I., Udeh, E.O., Abelau, M. & Imandeh, G.N., 2008, ‘Helminth
parasites of Clarias gariepinus and Tilapia zilli at Lamingo Dam, Jos, Nigeria’,
Science World Journal 3, 23-28.

Imam, E.A., 1971, ‘Morphological and biological studies on the enteric helminths
infecting some of the Egyptian Nile fishes particularly Polyonchobothrim clarias
of Karmot Clarias lazera and Clarias anguillaris’, PhD thesis, Dept. of Parasitology,
Cairo University.

Janicki, C., 1928, ‘Cestoden s. str. aus Fischen und Amphibien’, in L.A. Ja"gerskiold
(ed.), Results of the Swedish zoological expedition to Egypt and the White Nile,
pp. 1-581, The Library of the Royal University of Uppsala, Uppsala, Sweden.

Khalil, L.F., 1971, Check list of the helminth parasites of African freshwater fish,
Commonwealth Agricultural Bureaux, Farnham Royal, England.

Khalil, L.F., 1973, ‘Some helminth parasites from African freshwater fishes with the
description of two new species’, Revue de Zoologie et de Botaniques Africaines
87, 795-807.

Khalil, L.F. & Polling, L., 1997, Check list of the helminth parasites of African freshwater
fishes, Dept. of Zoology/ Biology, Sovenga, University of the North, South Africa.

Kuchta, R. & Scholz, T., 2007, ‘Diversity and distribution of fish tapeworms of the
“‘Bothriocephalidea” (Eucestoda)’, Parassitologia 49, 21-38.

Kuchta, R., Scholz, T. & Bray, R.A., 2008, ‘Revision of the order Bothriocephalidea
Kuchta, Scholz, Brabec & Bray, 2008 (Eucestoda) with amended generic diagnoses
keys to families and genera’, Systematic Parasitology 71, 81-136. http://dx.doi.
org/10.1007/s11230-008-9153-7, PMid:18716900

Leydig, F., 1853, ‘Ein neuer Bandwurm aus Polypterus bichir, Archiv fir.
Naturgeschichte 19, 219-222.

|m| Original Research

Madanire-Moyo, G.N. & Barson, M., 2010, ‘Diversity of metazoan parasites of the
African catfish Clarias gariepinus (Burchell, 1822) as indicators of pollution in a
subtropical African river system’, Journal of Helminthology 84, 216-227. http://
dx.doi.org/10.1017/5S0022149X09990563

Madanire-Moyo, G.N., Luus-Powell, W.J. & Olivier, P.A.S., 2010, ‘Ecology of metazoan
parasites of Clarias gariepinus (Osteichthyes: Clariidae) from the Nwanedi-
Luphephe Dams of the Limpopo River System, South Africa’, African Zoology 45,
233-243. http://dx.doi.org/10.3377/004.045.0202

Madanire-Moyo, G.N., Luus-Powell, W.J., Jooste, A. & Olivier, PAS., 2012, ‘A
comparative assessment of the health status of feral populations of Clarias
gariepinus from three dams in the Limpopo and Olifants River Systems, Limpopo
Province, South Africa, using the fish health assessment index protocol’, African
Journal of Aquatic Science 37, 27-37. http://dx.doi.org/10.2989/16085914.2012
.665575

Mashego, S.N., 2001, ‘Redescription of Proteocephalus glanduliger (Janicki, 1928)
Fuhrmann, 1933 (Cestoda: Proteocephalidae: Proteocephalinae)’, Annals of the
Transvaal Museum 38, 13-17.

Meggitt, J.F., 1930, ‘Report on a collection of cestodes mainly from Egypt.
VI. Conclusion’, Parasitology 22, 338-345. http://dx.doi.org/10.1017/
S0031182000011215

Oniye, S.J., Adebote, D.A. & Ayanda, O.l., 2004, ‘Helminth parasites of Clarias
gariepinus (Teugels) in Zaria, Nigeria’, Journal of Aquatic Science 19, 71-75. http://
dx.doi.org/10.4314/jas.v19i2.20027

Paperna, ., 1996, ‘Parasites, infections and diseases of fishes in Africa: An update’,
FAO/CIFA Technical Paper 31.

Peteri, A., Nandi, S. & Choridhury, A., 1992, ‘Manual on seed production of African
catfish (Clarias gariepinus) Field document’, FAO, UNS, Ministry of Fisheries and
Livestock, Bangladesh.

Protasova, E.N., 1977, ‘Cestodes of fish — Bothriocephalata’, in K.M. Ryzhikov (ed.),
Principles of Cestodology 8, p. 298, Moscow, Nauka.

Reed, W., Buchard, J., Hopson, A.J., Jennes, J. & Yaro, |. 1967, Fish and Fisheries of
Northern Nigeria, Gaskiya Corporation, Zaria, Nigeria.

Retief, N-R., Avenant-Oldewage, A. & Du Preez, H.H., 2006, ‘The use of cestode
parasites from the largemouth yellowfish, Labeobarbus kimberleyensis (Gilchrist
and Thompson, 1913) in the Vaal Dam, South Africa, as indicators of heavy metal
bioaccumulation’, Physics and Chemistry of the Earth 31, 840—-847. http://dx.doi.
org/10.1016/j.pce.2006.08.004

Retief, N-R., Avenant-Oldewage, A. & Du Preez, H.H., 2007, ‘Ecological aspects of the
occurrence of Asian tapeworm, Bothriocephalus acheilognathi Yamaguti, 1934
infection in the Largemouth yellowfish, Labeobarbus kimberleyensis Gilchrist
and Thompson, 1913 in the Vaal Dam, South Africa’, Physics and Chemistry of the
Earth 32, 1384-1390. http://dx.doi.org/10.1016/].pce.2007.07.044

Retief, N-R., Avenant-Oldewage, A. & Du Preez, H.H., 2009, ‘Seasonal study on
Bothriocephalus as indicator of metal pollution in yellowfish, South Africa’, Water
SA 35, 315-322.

Tadros, G., 1968, ‘A re-description of Polyonchobothrium clarias (Woodland, 1925)
Meggitt, 1930 (Bothriocephalidae: Cestoda) with a brief review of the genus
Polyonchobothrium Diesing, 1854 and the identity of the genera Tetracampos
Wedl, 1861, Senga Dollfus, 1935, and Oncobothriocephalus Yamaguti, 1959’
Journal of Veterinary Science of the United Arab Republic 5, 53—84.

Van As, J.G. & Basson, L., 1984, ‘Checklist of freshwater fish parasites from southern
Africa’, South African Journal of Wildlife Research 14, 49-61.

Wedl, K., 1861, ‘Zur Helminthen fauna Aegyptens’, Sitzungsberichte aus der Kaiserliche
Akademie der Wissenschaften 44, 463-482.

Williams, H. & Jones, A., 1994, Parasitic worms of Fish, Taylor & Francis, Bristol, UK.

Yalgin, S., Solak, K. & Akyurt, I., 2002, ‘Growth of the catfish Clarias gariepinus
(Clariidae) in the River Asi (Orontes), Turkey’, Cybium 26, 163-172.

http://www.ojvr.org . doi:10.4102/0jvr.v80i1.522



http://dx.doi.org/10.2989/AJAS.2009.34.3.8.984
http://dx.doi.org/10.4314/wsa.v36i5.61996
http://dx.doi.org/10.4314/wsa.v37i2.65864
http://dx.doi.org/10.4314/wsa.v37i2.65864
http://dx.doi.org/10.3377/004.044.0208
http://dx.doi.org/10.1007/s11230-008-9153-7
http://dx.doi.org/10.1007/s11230-008-9153-7
http://dx.doi.org/10.1017/S0022149X09990563
http://dx.doi.org/10.1017/S0022149X09990563
http://dx.doi.org/10.3377/004.045.0202
http://dx.doi.org/10.2989/16085914.2012.665575
http://dx.doi.org/10.2989/16085914.2012.665575
http://dx.doi.org/10.1017/S0031182000011215
http://dx.doi.org/10.1017/S0031182000011215
http://dx.doi.org/10.4314/jas.v19i2.20027
http://dx.doi.org/10.4314/jas.v19i2.20027
http://dx.doi.org/10.1016/j.pce.2006.08.004
http://dx.doi.org/10.1016/j.pce.2006.08.004
http://dx.doi.org/10.1016/j.pce.2007.07.044

