
Ecological studies of parasites of commercially
important fish species along the Kenyan Coast

Item Type Report

Authors Aloo, P.A.

Download date 26/05/2023 21:53:13

Link to Item http://hdl.handle.net/1834/1309

http://hdl.handle.net/1834/1309


 
 

 
 

FINAL REPORT ON THE “ECOLOGICAL 
STUDIES OF PARASITES OF COMMERCIALLY 

IMPORTANT FISH SPECIES ALONG THE 
KENYAN COAST” 

 
 
 

BY 
 
 

 
P.A. ALOO 

DEPARTMENT OF ZOOLOGY 
KENYATTA UNIVERSITY 

P.O. BOX 43844 
NAIROBI, KENYA. 
TEL: 254-02-449231 

E-MAIL: subabooks@iconnect.co.ke 
 
 

 
 
 
 



 2

ABSTRACT 
This study has been carried out over a period of four months (August, November 2001 
and January, March 2002). The study aimed at establishing the magnitude of 
parasitization in different fish species as well as quantifying the relationship between 
the parasites and their fish hosts. Fish samples were collected from five main landing 
beaches: Vanga, Shimoni, Gazi, Mombasa and Kilifi. Fish samples examined for 
Parasites included: Siganus sutor, Plectorhynchus flavomaculatus, P. Sordidus, Lethrinus 
nebulosus, Sardinella gibosa,  Scarus horrid, Sellar crumenophthalmus, Rastrelliger kanarguta, 
Parupeneus indicus, Mugil cephalus, Scombromorus commerson, Epinephelus macrospilas, 
Thunnus sp, Leptoscarus viagensis, L. sordidus and Hemiramphus far.  Fish samples were 
purchased from fishermen who used a variety of fishing gears mainly gillnets, traps 
(madema), hand lines and cast nets. 
 
Results of this study have revealed that out of the 16 fish species examined, only 8 
species were infected with parasites.  These were the rabit fish (Siganus sutor),  the 
mackerels (Selar crumenophthalmus, Scormbromorus commerson  and Ratrelliger Kanarguta), 
Parrot Fish (Leptoscarus vagiensis,), the sardine (Sardinella gibosa),  the   tuna (Thunnus 
sp,), and the needle fish (Hemiramphus far). Of the eight species, S. sutor was the most 
heavily infected with helminth parasites while Sardinella and Leptoscarus were the main 
species infected with ectoparasites. Intensity of infection increased with age (size) 
especially in Siganus sutor where very young fish were rarely infected while adults were 
heavily infected (P<0.01). 
 
INTRODUCTION 
Despite its enormous reaches of desert and dry savannah, Africa has its aquatic 
habitats. Three of the largest lakes in the world – Victoria, Tanganyika and Malawi – lie 
within the continent, as do three of the world’s longest rivers – the Nile, Congo and 
Niger. There are also numerous smaller lakes, rivers, streams as well as many man-
made lakes behind dams on the Nile, Zambezi and Volta. In all these inland bodies of 
water there are about 3000 species of fish (Khalil& Polling, 1997) representing several 
families and groups, and around them occur large numbers of fish eating birds and 
mammals. Some of these vertebrates are found only in Africa. 
 
Knowledge of the parasites of fish has accumulated in many parts of the world 
especially in Europe, Russia and U.S.A. but such comparative studies in Africa have 
been lacking until recently. Research commitments to the study of parasites of fresh 
water and marine fishes of the African continent have been sporadic and inadequate 
considering the fish wealth of the continent. This has been attributed to the lack of 
laboratory equipments and library facilities (Khalil, 1971; Paperna, 1980; Roberts and 
Sommerville, 1982). 
 
Like in  any aquatic system, parasites play an important role in the ecology of coastal 
and marine ecosystems as well as in mariculture. Apparently the origin of most diseases 
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in mariculture is likely to be the wild-caught fingerlings or juvenile fish (Martens and 
Moens, 1995). Parasite species found to cause non or limited pathological damage in 
wild fish may, under conditions of mariculture, become pathogenic (Diamant and 
Paperna, 1986; Paperna, Diamant and Overstreet, 1984). Therefore, studies of parasitic 
infection of economically important marine fish species have recently become an area of 
interest. However, very little is known about the parasitic fauna of marine fishes of the 
Eastern African coast in comparison with the information available from other coastal 
regions of the continent. Kenya has 6% of Lake Victoria which is the second largest 
freshwater body in the world. Besides the inland waterbodies the country has a 
coastline of a bout 500 km with a diverse population of marine fish species. With the 
ever-increasing need for cheap sources of protein, more and more attention is being 
focused on fish, both from natural and fish farming. Fish are host to many adult 
helminth parasites and larval forms, the adult of which occur in amphibians, reptiles, 
birds and mammals as well as predatory fish. Some of these parasites cause diseases to 
fish, affecting their health and reproduction, making them fall easy prey to predators 
and some infect man. In fish farming, parasites may lead to epidemics and mortalities, 
resulting in economic losses (Khalil & Polling, 1997). 
 
Marine fish species landed in Kenya can be categorized as demersal, pelagic, sharks and 
rays, crustaceans, mollusks and deep sea/big-game fish. Practically all fishing is 
artisanal and practiced inshore of the reef and demersal fish make up over 38% of the 
species taken. The commonest demersal fish families are the scavengers (Lethrinidae) 
and the rabbitfish (Siganidae) each of which contribute some 20% of the demersal catch, 
while parrotfish (Scaridae) and snapper (Lutjanidae) are the next most common and 
contribute between 6 and 8%. Sharks and rays make up around 21% of landings and 
pelagic species account for just under 15%. Prawns account for the greater part of the 
crustacean catch which is just under 10% of the total; while mollusks, make up a mere 
2.5% of the total catch. 
 
The importance of marine fish to the coastal community and Kenyans in general cannot 
be under estimated because marine fish contribute to about 10% of the total Kenyan 
annual fishery production. They are a source of income to many people around the 
coast; some are exported and earn Kenya the much-needed foreign exchange. Marine 
fishes are also a source of tourism and sport fishing. 
 
In Kenya, Malvestuto and Ogambo-Ongoma (1978) reported that the aspects of fish 
parasitology from both marine and freshwaters have always lagged behind studies of 
the other aspects of the ecology of these animals. Reports available are mainly from 
freshwaterbodies but they are scanty and no meaningful conclusions can be drawn 
from them. For the Kenyan coast, studies on fish parasites include those on four 
monogeneans (Paperna, 1972; Oliver and Paperna, 1984) and on ecto- and endoparasites 
of Siganus sutor (Martens and Moens 1995). The above studies have been restricted to 
one or two species of the many commercially important marine fishes. 
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MATERIALS AND METHODS 
 
Study Area 
The Kenyan coast (fig.1) is situated immediately south of the equator; it covers a 
distance of about 500km while the actual length of the sea front is about 600km. The 
coastline forms part of the Western border of the Indian Ocean. Its most distinctive 
feature is the almost continuous fringing coral reef usually running parallel to the coast. 
Other features of the Kenyan Coast include the Lamu Archipelago with its extensive 
mangrove forests, the Tana River, Kenya’s longest river which discharges through a 
complex wetland system into Ungwana Bay, the Sabaki River which incorporates the 
Athi and Galana Rivers and discharges just North of Malindi; Mombasa Island at the 
entrance to the most extensive embayment on the coast, with Mombasa Harbour on one 
side and the Kilindini Harbour on the other, the former leading to Port Tudor and the 
latter to Port Reitz; and, the southern complex of Gazi Bay, Chale Island, Funzi Bay and 
Funzi Island, Wasini Island and a number of smaller coral islands. 
 
Close to one million people inhabit the Kenya coastal areas at an overall density of 100-
200 persons/km 2. Of these, about 400, 000 live in Mombasa which is Kenya’s major 
seaport and second largest urban area. The coast provides these people with food, 
shelter and employment. 
 
On land, the coastal corridor is important for its agricultural crops such as cassava, 
maize, cowpeas, rice, mango, banana, pineapple, cashew and coconut as well as sisal 
and cotton. In the intertidal and sub-tidal areas, the coast provides finfish, shellfish, 
marine algae and timber (from mangroves). The coast is also the gateway for the greater 
part of Kenyan imports and exports, a magnet for tourists and, potentially, the key to 
further prosperity if petroleum deposits are discovered offshore as expected. 
 
Underlying these resources and uses which are of direct human interest, are the 
inherent ecological values which rank any stretch of Kenya coast among the most 
productive and valuable of natural ecosystems. The rich biological diversity reflects the 
varied habitats which, starting from the oceanic side, include deep waters 
comparatively close inshore, coral reefs, seagrass meadows, sandy beaches, rocky 
shores, mangrove swamps, estuarine mudflats, lowland coastal forests, and coastal hill 
forests which eventually give way to the savannah plains further inland. 
 
 
Fish Sampling 
Initially fish samples were collected using traps and gillnets from four  sampling 
stations: Vanga, Shimoni and Gazi (South Coast) and Kilifi (North Coast) ( Plates 1 and 
2). This did not give enough samples and varieties of species as was required so it was 
changed  to purchasing  fresh fish from fishermen operating in the same stations. After 
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buying fresh samples, fish were transported to the Kenya Marine and Fisheries 
Laboratories at the sampling stations except in Kilifi where the Fisheries Department 
Laboratory was used. In the laboratory fish samples were sorted into taxonomic groups 
and a sub sample of each species drawn based on sex and size for parasitological 
studies. 
 
Parasitological Studies 
 
The sub sampled fish species were examined for both ectoparasites and endoparasites 
(Fig. 2). 
 
(a) Ectoparasites 

 
The external surface of the fish was examined thoroughly using a hand lense. Areas 
around the fins, nostrils, operculum and the buccal cavity were examined for 
external parasites (Monogeneans, crustaceans). Gills were removed and examined 
whole under a dissecting microscope. Gill smears were also made and examined 
under the microscope. Pieces of gills were placed in 4% formalin in a vial, shaken 
and the sediment examined under a microscope. Small fish were placed in 
containers of 4% formalin, shaken and the sediment examined for parasites. 

 
(b) Endoparasites  

 
Each subsampled fish species was opened up dorso-ventrally and the internal 
organs examined. The entire digestive system was removed and placed in a petri 
dish with physiological saline. The gut was divided into sections and each section 
examined for parasites. The gonads, liver, heart and gall bladder and the pericardial 
cavity were examined for parasites. If found, each group of parasites was treated as 
follows: 

 
i) Nematodes were killed in boiling water to straighten for measurements and 

taxonomic studies. 
 
ii) Cestodes were placed in distilled water in vials and left overnight in a 

refrigerator. This makes the worms relaxed so their scolex, which is of 
taxonomic importance, can extrude. 

 
iii) Trematodes were pressed between two slides with Glacial Acetic Acid (GAA). 

This makes the worms transparent so internal organs can be seen. All parasites 
were preserved in 70% alcohol after individual treatments. 
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RESULTS 
A total of 16 fish species were examined for parasites. These were Siganus sutor, 
Plectorhynchus flavomaculatus, P. Sordicus, Lethrinus nebulosus, Sardinella gibosa,  Scarus 
horrid, Sellar crumenophthalmus, Rastrelliger kanarguta, Parupeneus indicus, Mugil cephalus, 
Scombromorus commerson, Epinephelus macrospilas, Thunnus sp, Leptoscarus viagensis L. 
sordidus and Hemiramphus far. Out of the above number of fish species, only 8 were 
infected with parasites. These were the rabbit fish (Siganus sutor),  the mackerels (Selar 
crumenophthalmus, Scormbromorus commerson  and Ratrelliger Kanarguta), Parrot Fish 
(Leptoscarus vagiensis) the sardine (Sardinella gibosa),  the   tuna (Thunnus sp,), and the 
needle fish (Hemiramphus far) (Plates 3-7). 
 
Results of this study have revealed that marine fish species from the Kenyan Coast 
harbour two species of ectoparasites and a number of endoparasites. 
 
Ectoparasites  
Two crustacean ectoparasites were observed to infect fishes from the Kenyan Coast. 
One crustacean parasite was observed to infect the sardine (Sardinella gibosa) where the 
intensity of infection was one parasite per host fish. Site specificity was also observed in 
this parasite since it only infected the ventral side of the fish. The parasite was absent in 
juvenile fish only infecting adults. 
 
A second ectoparasite which was identified as an isopod  was observed, to infect a 
number of fish species viz: Hemiramphus far where the parasite was found below the 
operculum; Mugil cephalus where the parasite was rare but occurs in the mouth and on 
the skin; the parasite was observed to be prevalent in one particular species of the 
parrot fishes, Leptoscarus vagiensis with the highest intensity of two parasites in the 
mouth. Although the parasite was not highly host specific it showed preference for the 
parrot fish compared to the other hosts. Also observed during this study was the fact 
that the parasite was common on L. vagiensis from Gazi station. 
 
Endoparasites 
Siganus sutor, Selar crumenophthalmus, Rastrelliger kanarguta, and the Tuna Thunnus sp. 
were all infected with endoparasites. The rabbit fish (Siganus sutor) was observed to be 
heavily infected with cestodes and nematodes but rarely with trematodes. One 
nematode (Eustrongylides sp.) was observed in the intestines of Siganus from Kilifi 
where it occurred abundantly (maximum intensity = 60 worms). The parasites appeared 
red in colour suggesting that perhaps they feed on the host’s blood. Siganus sutor was 
also heavily  infected heavily by a cestode worm in which the intensity of infection 
varied with sampling stations. Fish species from Shimoni and Gazi were more heavily 
infected (maximum intensities = 80 and 127 worms respectively). This cestode parasite 
only infected Siganus sutor in the intestines. The rabbit fish was also a host to a 
trematode which infected fish species from Shimoni and Kilifi only (maximum intensity 
= 4 worms). 
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The mackerels Scombromorus commerson, Rastrelliger kanarguta and Selar 
crumenophthalmus were observed to be infected by one nematode (Camallanus sp). The 
parasite was recovered from below the testis or ovary, in the intestines, liver pericardial 
cavity and encysted below the skin. However, the  parasite occurred abundantly 
around the gonads. Of the three hosts, the parasite showed preference towards Selar 
crumenophthalmus (maximun intensity = 29 worms in a male fish) (Table 1). 
 
 
Table 1. Variation in Parasitic Infection of fish from the Kenyan Coast. 
 
Fish species     Parasite  Organ       Max. No.    
Intensity         Infected  
   
 Siganus Sutor   Nematode  Intestines   60 
     Cestode  Intestines    127 

Trematode  Intestines    4 
 
 Selar crumenophthalmus  Nematode  Below ovary/testes  29 
        within liver 
        below the skin 
 
 Sardinella gibosa   Crustacean   Ventral side   1 
        on the skin 
 
 Leptosarus vagiensis    Isopod   Inside the mouth/ 

skin 2 
 
 Mugil cephalus    Ectoparasite  Mouth    1 
 
 
Intensity of infection was observed to increase with the size of the host (age) where 
juvenile fish were rarely infected but adults were heavily infected (P<0.01). There was 
only a slight variation in infection with the sex of the host since both males and females 
were almost equally infected but males showed a slightly heavier parasite burden 
(P>0.05). Infection rate also varied with stations, for example Siganus sutor from 
Shimoni and Gazi were more heavily infected than those from the other stations. 
Nematodes were not recorded in Siganus sutor from Gazi, and the mackerels from Gazi 
had low nematode infection compared with those from Kilifi. 
 
DISCUSSION 
Although literature on parasites of marine fishes is voluminous, diverse and scattered, 
most of this work has been done on economically important species of north temperate 
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seas (Holmes, 1983). A substantial proportion of the above literature is descriptive 
(either taxonomic or survey), many of the surveys are restricted to one taxon (or few 
taxa) and the parasite fauna of only a small fraction of the marine fishes can be regarded 
as well known. 
 
In Africa only scanty information is available on parasites infecting marine fish species 
(Paperna, 1980). Most of the reports are from Southern, Central and Western Africa but 
such reports are very scarce from Northern and Eastern Africa (Douellou, 1992). In 
Kenya, aspects of fish parasitology have been ignored compared to other aspects of the 
ecology of these animals (Malvestuto and Ogambo-ongoma, 1978). A few studies have 
been carried out on fish parasitology but mostly on fish from inland water bodies (Aloo, 
1995).  Studies of parasites infecting fish species from the Kenyan coast have been 
ignored. 
 
In this study, Siganus sutor was observed to have the richest gastrointestinal helminth 
community. Two parasite groupsspecies were found in almost all populations 
examined regardless of the stations (Cestodes and Nematodes). These features are 
suggestive of an interactive community (Holmes and Price, 1986). Most of the cestodes 
were found on the anterior of the intestines while the larval stages of an unidentified 
small orange worms occurred lower down in the digestive system. 
 
An increase in the intensity of infection with the size of the host was observed in the 
infected species especially in Siganus sutor and Selar crumenophthalmus. There are many 
reasons but one obvious reason is that as the fish grows, the amount of food consumed 
increases which includes the larval stages of the parasites (Paling, 1965; Mashego, 1989). 
Siganus sutor was observed to feed on seaweeds especially Ulva spp. There is need to 
establish the relationship between the weed and the larval stages of parasites to confirm 
whether the fish picks up larval stages as they feed on the weed. 
 
Although both male and female fish were almost equally infected, males tend to 
harbour more parasites than females. This has been reported in many fish species 
(Thomas, 1964; Batra, 1984; Mbahinzireki, 1984). 
 
The parasites did not seem to affect the health status of their hosts, however, those 
occurring in vital organs such as liver and gonads may affect the functioning of such 
organs.  
 
In the mackerels especially Selar sp; the nematodes were specifically recovered from 
around the gonads and within the liver. This suggests that the worms are site specific 
and probably derive certain nutrients from the organs. This needs further investigation 
to establish the reasons for organ specificity.  The subject of organ specificity among fish 
parasites has been reported by various researches for example, William and Jones  
(1994) reported that host and organ specificity is determined by ecological requirements 
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of the hosts and the parasites. Hosts when they share the same environment and have, 
for example, similar feeding requirements are likely to harbour parasites which are 
closely related taxonomically. 
 
Another interesting observation during this study was variation in parasitic infection 
with sampling stations.  Although Siganus sutor was more infected than the other fish 
hosts,  the intensity of infection of this fish with different parasites varied from one 
station to another. At Kilifi, the fish was heavily infected by the nematodes while the 
other helminths occurred in very low numbers. At Shimoni and Gazi, the same fish was 
heavily infected with the cestode while the other parasites occurred in low numbers or 
absent. Noteworthy is the fact that all siganids from Gazi did not harbour any 
nematodes. The above variations can be attributed to changes in physico-chemical 
parameters or variation in food habits of the host. Among the mackerels, those from 
Kilifi were observed to be more heavily infected by the nematode. Moller and Anders 
(1986) concluded that fish from more polluted water tend to harbour more 
endoparasites than those from less polluted waters. More work should be carried out to 
establish the variations in the physico-chemical parameters between the stations. 
 
Polyanski (1961a) reported that the main factors determining the variety of parasite 
fauna as well as the intensity and incidence of infection can be summarised as follows: 
The diet of the host, lifespan of the host, the mobility of the host throughout its life 
including the variety of habitats it encounters, its population density (or 
“gregariousness”) and the size attained, large hosts provide more habitats suitable for 
parasites than do small ones. During this study, S. sutor  which was the most heavily 
infected was observed to feed mainly on a particular type of seaweed and coral 
materials. Fish from Shimoni that fed purely on the weed had heavier parasite burden 
compared to those from Kilifi which fed on a variety of food items. 

 
Two species of ectoparasites were observed to infect fish from the Kenyan Coast. One of 
the parasites was host specific and only infected the sardine (Sardinella gibosa) while the 
second parasite (an isopod) occurred in three hosts; Leptoscarus Vagiensis, Mugil cephalus 
and  Hemiramphus far. The parasite was noted to occur frequently on Leptoscarus than 
the other two hosts. In the preferred hosts, the isopod occurred on the skin but majority 
were recovered from the buccal cavity. It was observed that most of the parasites found 
in the mouth were fecund females or those with juveniles. Therefore there seem to be an 
association between the breeding habit of the parasite and Leptoscarus. This observation 
is worth further investigations. 
 
The above findings show that the marine habitat has a poor community of 
ectoparasites. These findings agree with those of Dubinnin (1958) that the ectoparasite 
community of marine fish species is usually poor due to the high salinity. 
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CONCLUSION 
The four-month survey has shown that marine fish species from the Kenyan coast  
harbour a wide range of parasites especially the endoparasites. The study has 
established that the siganids, the mackerels and one parrot fish are the most heavily 
infected fish species. This study therefore is, the only one that has given some details on 
the parasitic organisms infecting marine fish species along the Kenya coast. However, 
the above study can  only be complete if it covers a whole season to investigate the 
following: - 
 

• Seasonal variation in prevalence of infection 
• Variation in intensity of infection with sex, age 
• Variation in infection with the physico-chemical parameters 
• Variation in infection rate with pollution state of the habitat 
• Variation in parasite fauna with the diet of the host 
• Variation in infection with the habitat type 

 
 
Seasonal variation  
There is need to establish whether there is any marked periodicity of parasites of 
marine parasites.  
 
Variation in infection with sex and age 
Most researchers have reported that male fish are usually more infected than female. In 
this study only a slight difference was observed. There is need to examine a large 
number of hosts to reach any meaningful conclusions. More fish samples should be 
examined to establish the variation in parasites fauna and age of the hosts in an entire 
one year. 
 
Variation in infection with physico-chemical parameters 
A heavily infected host such as Siganus sutor should be sampled from parts of the ocean 
with different physico-chemical parameters (e.g. open ocean, estuaries) to establish 
abundance of parasites in different habitats. 
 
Variation in infection with Pollution  
Fish should be sampled from highly polluted, water areas, moderate pollution and 
unpolluted waters and their parasitic fauna compared. 
 
Variation in infection with diet 
An attempt was made during this work to check the guts of each fish examined. This 
needs to be investigated further to relate diet and parasitism in marine fish species from 
the Kenyan Coast. 
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Variation in infection with habitat  
Reports have indicated differences in parasitic fauna of fish from shallow and deep 
water. This aspects needs further investigation.  
 
NOTE: The above areas are worth further investigation in order to give a detailed 
account on parasitism in  commercially important marine fish species inhabiting the 
Kenyan portion of the Indian Ocean. The identifications of the parasites are still being 
confirmed. 
 
 
ACKNOWLEDGEEMENT  
I wish to thank WIOMSA for providing funds to carry out the above survey which has 
provided baseline data on fish parasites from the Kenyan Coast. I am also grateful to 
the Director of Kenya Marine and Fisheries Research Institute for providing technical 
assistance and laboratory space. My special thanks go to Mr. Kuria Kairu for allowing 
me access to laboratory space at the sampling stations. Mr Rashid Anam provided all 
the technical assistance and guidance   in fish identification and I am grateful to him. 
 
Lastly I wish to acknowledge my institution, Kenyatta University especially the Vice 
Chancellor for giving me permission to be away from the Department once a week 
every month for the four months. The Department of Zoology assisted me with some 
equipments and technical assistance and I wish to thank them especially Mr. Joseph 
Mwangi who assisted during sampling. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 12

REFERENCES 
 
Aloo, P.A (1995) “ Ecological Studies of the Helminth Parasites of Fish in Lake 

Naivasha, Kenya” Unpublished Ph. D Thesis, Kenyatta University. 137 pp. 
 
Batra, V.A (1984). Prevalence of Helminth Parasites in three species of cichlids from a 

manmade lake in Zambia. Zool. J. Linn. Soc. 82: 319-333 
 
Diamant, A. and Paperna, I. (1986). “The Parasites of wild Red Sea rabbitfish (siganus 

spp.) (Teleostei: Perciformes) as potential pathogens in Mariculture” In:  
Pathology in Marine Aquaculture (Eds C.P. Vivares et al). Spec. Publ. Eur. 
Aquacult. Soc.  9, 71-83. 

 
Douellou, L. (1992). “A survey of fish parasite in Lake Kariba, Zimbabwe”. Lake Kariba 

Research Project. Final Report. 71 pp. 
 
Dubinnin, V.B. (1958). “The influence of increased salinity of the river Malyi Uzen on 

the parasite fauna of its fishes in: Dogiel, V.A., Petruchevski, G.K. and Polyanski 
Yui (1958) Parasitology of Fishes. Oliver and Boyd. 384 pp. 

 
Holmes, J.C. (1983). “Evolutionary relationships between parasitic helminthes and their 

hosts”. Coevolution (eds, D.J. Futuyma and M. Slatkin), Sinauer, Sunderland, 
Massi, pp 161-85. 

 
Holmes, J.C. and Price, P.W. (1986). “Communities of parasites” in Community 

Ecology: Pattern and Process (Eds, J. Kikkawa and D.J. Anderson), Blackwell 
Scientific Publications, Melbourne, Australia, PP. 187-213. 

 
Khalil, L.F. (1971). Checklist of the helminth parasites of African Freshwater Fishes. 

Commonwealth Agricultural Bureaux, Farnham Royal, Slough SL23BN, 
England. 79 pp. 

 
Khalil, L. F. and Polling K. (1997) Checklist of the Helminth Parasites of African 

Freshwater Fishes. University of the North Department of Zoology. Republic of 
South Africa pp 184 

 
Malvestuto, S.P. and Ogambo-Ongoma, A. (1978). “Observation on the infection of 

Tilapia leucosticta (Pisces: Cichlildae) in Lake Naivasha, Kenya. J. Parasit. 64: 383-
384. 

 
 
 
 



 13

Martens, E. and Moens, J. (1995). “The metazoan ecto-and endoparasites of the 
rabbitfish, Siganus Sutor (Cuvier and Valenciennes, 1835) of the Kenyan Coast. 
African Journal of Ecology Vol. 33 Number 4 December 1995 (eds, F.I.B. Kayanja), 
Blackwell Science; pp 405-416. 

 
Mbahinzireki G.B. 1984: Parasite fauna of the Haplochromis  species (Pisces: Cichlidae) 

from Mwanza Gulf of Lake Victoria. MSc thesis, University of Dar-es-Salaam, 
157pp. 

 
Mashego, S.N (1989). Nematodes Parasites of Barbus species in Lebowa and Venda, 

South Africa S. Afr. J. Wild Res. 9(1): 35-37 
 
Moller, H. and Anders, K. (1986). Diseases and parasites of Marine fishes. Kiel: Moller 

365 pp 
 
Oliver, G. and Paperna, I. (1984). Diplectanidae Bychowsky, 1957 (Monogenea, 

Monopisthocotylea), Parasites de Perciformes de Mediterranee Orientale, de la 
mer Rouge et de l’ocean Indien”. Bull. Mus. Natn. Hist. Nat., Paris  6, 49-65. 

 
Paling, J. E. (1965). The population dynamics of the Monogenean gill parasite Discocotyle 

sagittata Leuckart on the Windermere trout, Salmo trutta L. Parasit. 55: 67-69 
 
Paperna, I. (1980). Parasites, infections and diseases of fish in Africa. CIFA Tech. Paper 

No. 7. FAO Publication. 216 pp 
 
Paperna, I. (1972). “ Ichthyophthirius  multifilis (Ciliata, Holotrichia) in fish in Uganda.  

Prog. Fish Cult. 34: 162-4 
 
Paperna, I., Damant, A. and Overstreet, R.M. (1984). “Monogenean infestations and 

mortality in wild and cultured Red Sea Fishes. Helgolander Meeresunters 37, 445 - 
462. 

 
Polyanski, Yu. I. (1961a). “Zoogeography of parasites of the USSSR marine fishes. In:  

Parasitology of fishes (English translation) (Eds. Dogiel, V.a., Petrushevskii,  
G.K. and  Polyanski, Yu. I.) Edinburgh and London: Oliver and Boyd, pp. 230-
246 

 
Roberts, R.J. and Sommerville, C. (1982). “Disease of tilapias In: The biology and 

culture of tilapias (eds) R.S.V. Pullin and R.H. Lowe-McConnell). ICLARM 
Conference proceedings, Manilla Phillippines 7: 247-263 

 



 14

Thomas J.D. 1964: A comparison between the helminth burdens of male and female 
brown trout, Salmo trutta L. from a natural population in the River Teify, West 
Wales. Parasitology 54: 23-27 

 
William, H. and Jones, A. 1994. Parasitic worms of fish. Taylor and Francis. 


