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Abstract 
African catfish, Clarias gariepinus (Siluriformes; Clariidae) is the second most cultured fish in Africa. 

Apparently, monogeneans predominate the parasite community of C. gariepinus. Information on the 

biology, distribution and epizootiology of monogeneans is crucial for designing and effectively guiding 

aquaculture health management. The aim of this review is to systematically analyze available literature 

on monogeneans infesting C. gariepinus in Africa to better understand and identify gaps on parasite 

diversity and geographical distribution. From the 90 published records on monogeneans infesting C. 

gariepinus in Africa from 1960 to 2022, there are 23 Monogenea species belonging to four genera: 

Gyrodactylus Nordmann, 1832; Macrogyrodactylus Malmberg, 1957; Quadriacanthus Paperna, 1961; 

and Paraquadriacanthus Ergens, 1988. Species of genus Macrogyrodactylus and Quadriacanthus are the 

most reported while Paraquadriacanthus sp. is the least. Unlike Paraquadriacanthus which shows strict 

host-specificity, most monogenean genera exhibit a broader host spectrum. Most monogenean genera are 

moderately distributed across Africa except Paraquadriacanthus which is localized along the Nile in 

Egypt. Unlike Egypt and southern Africa, there is a scarcity of information on monogeneans infesting C. 

gariepinus from other parts of Africa. Reliance on only microscopic morphology for parasite 

identification is obsolete and incapable of yielding reliable insights into species diversity and 

geographical distribution of monogeneans infesting C. gariepinus. 

 

Keywords: Biogeography, clariidae, ectoparasites, host-specificity, ichthyoparasitology, microhabitat, 

platyhelminthes 

 

1. Introduction 

The class Monogenea are hermaphroditic, mainly ectoparasitic flatworms of fresh, brackish 

and marine water fishes (Buchmann & Bresciani, 2006; Whittington & Chisholm, 2008) [41]. 

Monogenea are diverse in morphology (Francová et al., 2017; Paperna, 1979, 1996) lifestyle 

(Cribb et al., 2002) [51, 73] and host-specificity (Whittington et al., 2000). The class is divided 

into two subclasses based on feeding behaviour; namely: Monopisthocotylea (Polyonchoinea) 

consuming epithelial cells and mucous, and Polyopisthocotylea (Heteronchoinea) that strictly 

feed on blood (Buchmann & Lindenstrøm, 2002) [42]. The Polyonchoinea consists of six orders 

Dactylogyridea, Gyrodactylidea, Lagarocotylidea, Montchadskyellidea, Capsalidea and 

Monocotylidea consisting of species frequently parasitizing wild and cultured fishes (Paperna, 

1991; Reed et al., 2012). Members of Heteronchoinea parasitizing mostly marine fishes are 

distributed into two infrasubclasses: Polystomatoinea containing one order (Polystomatidea) 

and Oligonchoinea with three orders (Mazocraeidea, Diclybothriidea and Chimaericolidea) 

(Boeger & Kritsky, 2001; Ogawa, 2015) [31, 133]. Several members of the subclass 

Polyonchoinea are highly pathogenic and frequently linked to fish mortalities in capture 

fisheries and aquaculture (Whittington & Chisholm, 2008). Most monogeneans parasitizing 

Africa’s freshwater fish belong to families Dactylogyridae and Gyrodactylidae (Scholz et al., 

2018) [156, 161, 186, 187].  

Clarias gariepinus, commonly known as the African catfish, is recognized as one of the most 

widely distributed freshwater fish species in Africa, occurring naturally in eight out of the 

continent's ten ichthyofaunal regions (Roberts, 1975; Skelton et al., 1994; Snoeks & Getahun, 

2013) [159, 171]. Despite being naturally absent in certain regions such as the Maghreb, Upper 

and most of the Lower Guinea, and the southern region of the Southern Cape  
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ichthyofaunal provinces (Skelton & Teugels, 1992), C. 

gariepinus remains highly valued for its versatility and 

economic accessibility, making it a preferred choice for 

aquaculture (Brummett, 2008b; Hecht et al., 1996; Oké & 

Goosen, 2019) [38]. This species showcases remarkable 

adaptability, thriving across a spectrum of African freshwater 

habitats, including rivers, lakes, swamps, reservoirs, wetlands, 

and anthropogenic water bodies such as irrigation canals and 

ponds (Isyagi, 2007; Skelton, 2012) [90]. The geographical 

range of C. gariepinus spans from the Nile River system in 

North Africa down to the Limpopo River in South Africa, 

encompassing major river basins like the Nile, Niger, Congo, 

Orange and Zambezi, as well as numerous African lakes such 

as Lake Victoria, Lake Tanganyika, Lake Malawi, Lake Chad, 

Lake Turkana in Kenya, Lake Tana and Lake Awassa in 

Ethiopia, Lake Upemba in the Democratic Republic of 

Congo, and Lake Kariba in Zimbabwe (IUCN, 2018; Skelton, 

1994; Truter et al., 2023b) [92]. Additionally, C. gariepinus can 

inhabit coastal regions such as estuaries and mangrove 

swamps (Van Wilgen, 2012) [180]. Studies further illustrate the 

species distribution across diverse aquatic habitats, such as 

the Nile delta in Egypt (Paperna, 1979), the Olifants & Elands 

Rivers in South Africa (Madanire-Moyo et al., 2012) [105], the 

Okavango Delta in Botswana (Bruton et al., 2018) [39], the 

Siba river in Uganda (Paperna, 1973), as well as streams in 

Mozambique (Prikrylová et al., 2012). Recent translocations 

have extended the distribution range of C. gariepinus outside 

the species natural geographical range such as to the rivers of 

the Cape province in South Africa (Skelton & Teugels, 1992), 

in northern Algeria as well as parts of Central Africa 

Republic, Lesotho, Gabon, Cameroon and Burundi where the 

species was not native (Fishbase, 2024; Mulega et al., 2022) 

[70, 118]. This wide range of habitats underscores C. gariepinus' 

adaptability to varying ecological conditions, emphasizing its 

ecological significance and integral role in African aquatic 

ecosystems. 

C. gariepinus is the second most economically important 

freshwater fish in Africa (Adeleke et al., 2020; de Graaf & 

Garibaldi, 2014; FAO, 2020b) [6]. The species is highly 

preferred for aquaculture due to desirable production 

attributes including fast growth rate, reaching an average of 

0.4 kg within three months and nearly 1 kg after 7 - 9 months 

(Brummett, 2008a; Opiyo et al., 2017) [37], versatility under 

culture conditions (Fleuren, 2008; Oké & Goosen, 2019) as 

well as acceptance and utilization of artificial feeds 

(Chepkirui-Boit et al., 2011; Hecht, 2013; Skelton, 2001) [71]. 

The adoption of simple artificial reproduction and hatchery 

management technologies that enhance seed production have 

further accelerated C. gariepinus culture (Abdulraheem et al., 

2012; Adebayo & Popoola, 2008; Amoah et al., 2020; de 

Graaf et al., 1995; de Graaf & Janssen, 1996; Müller et al., 

2018) [11]. As such, C. gariepinus is easy to produce in a 

variety of culture environments and systems including 

earthen-ponds with minimal resource input required for rapid 

fish growth, thus becoming a desirable species for small-scale 

rural farmers (Anetekhai, 2013; Isyagi, 2007; Isyagi et al., 

2009; Williams et al., 2008) [13]. Consequently, the production 

of C. gariepinus is relatively cheaper compared to other 

cultivated fish species (Brummett, 2008a) [37], hence a 

potential alternative source of animal protein and an ideal 

candidate to improve food security in Africa (Obiero et al., 

2019) [2, 5, 52, 53, 54, 81, 82, 83, 90, 119, 132, 141, 165-169, 188].  

Despite the enormous water resources and better fish growth 

attributes, the proportion of C. gariepinus to total aquaculture 

production in Africa is drastically declining since 2015 (Cai 

& Leung, 2017; FAO, 2019) [46]. Several initiatives have 

focused on improving production of C. gariepinus through 

breeding (Abdulraheem et al., 2012; Adebayo & Popoola, 

2008; Huisman & Richter, 1987), genetics (Alal et al., 2021; 

Barasa et al., 2017), feeding (Chepkirui-Boit et al., 2011; 

Marimuthu et al., 2010; Okomoda et al., 2019; Remilekun et 

al., 2021) and enhancing culture environment (Hossain et al., 

1998; Isyagi, 2007; Mahlatji, 2014; Oké & Goosen, 2019). 

However, limited effort has been invested in infectious agents 

including parasites which constrain fish productivity through 

deteriorated health and mortalities (Adeleke et al., 2020; 

Akoll, 2005; Akoll et al., 2012; Barber & Poulin, 2002; 

Obiekezie & Taege, 1991; Tchokote & Olufemi, 2012), thus 

lowering the quality and quantity of seed (Atukunda et al., 

2018; Charo-karisa et al., 2008; Matsiko & Mwanja, 2008) [2, 

5, 6, 7, 10, 19, 23, 48, 49, 86, 88, 90, 109, 111, 113, 131, 135, 158, 172]. 

The parasite communities of C. gariepinus in aquatic systems 

of Africa consists of Protozoa, Myxozoa, Nematoda, Cestoda, 

Digenea, Monogenea, Acanthocephala and Crustacea (Kibet 

et al., 2019; Schaeffner, 2018; Scholz et al., 2018), dominated 

by monogeneans (Akoll et al., 2012; Akoll & Mwanja, 2012; 

Kibet et al., 2019). The direct lifecycle of monogeneans 

(Bakke et al., 2007) [20] as well as the conditions typical of 

intensive C. gariepinus aquaculture such as the high-stocking 

density (Oké & Goosen, 2019), poor water quality (Boyd, 

2017) [35] and the indiscriminate movement of seed and 

broodstock within and across borders (Huchzermeyer & van 

der Waal, 2012; Mwanja et al., 2015), possibly enhance 

parasite transmission, proliferation and pathological effects on 

the host, consequently lowering fish productivity. Therefore, 

the drastic decline in Africa’s C. gariepinus production can be 

attributed to the high fry mortality linked to parasitic 

infections in hatcheries (Akoll, 2005; Akoll et al., 2012; 

Walakira et al., 2014), which ultimately limits the supply of 

fingerlings of the required quality and quantity to the 

outhgrowers. Currently, there is a gap in effective fish disease 

management largely due to the limited information on the 

diversity and distribution of the parasites infecting C. 

gariepinus, especially the dominant monogeneans [7, 134, 160]. 

Previous reviews on parasites of Africa’s freshwater fish have 

focused on the occurrence and diversity in individual 

countries (Adebambo, 2020; Flourizel et al., 2019; Kibet et 

al., 2019; Mahmoud & Abdalla, 2022), on particular regions 

(Akoll & Mwanja, 2012; Francová et al., 2017), or on specific 

parasite genera across several countries (Prikrylová et al., 

2012) [4, 7, 72, 73, 87, 98, 110, 123, 183]. However, detailed information 

on parasite biology especially conditions associated with 

reproduction, distribution (local area or widespread), host-

specificity, site predilection, parasite specific pathology and 

management of monogeneans in culture systems in Africa 

remain scattered. Therefore, a comprehensive review of the 

existing information on monogenean parasites of C. 

gariepinus in Africa is crucial to guide the designing of 

monitoring and control programs for these least studied 

parasites of fish. This review focuses on analyzing and 

compiling information on diversity, host ranges, infestation-

site preference and geographical distribution of monogeneans 

parasitizing C. gariepinus in Africa. The review contributes to 

a better understanding of monogenean parasites infesting C. 

gariepinus in Africa, and provides substantial data to guide 

future planning and boost C. gariepinus productivity and 

biosecurity. 
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Methods: The systematic literature search was conducted on 

research articles, books, dissertations, theses and conference 

abstracts published on parasites of C. gariepinus. The 

literature search strategy involved browsing in published web-

based resources including Science Direct, Google Scholar, 

PubMed, Web of Science and Scopus using a combination of 

keywords: “fish parasites, “African catfish”, “Clarias 

gariepinus”, “monogenea”, “ectoparasites”, “freshwater fish”, 

and “Africa”. Conference proceedings and doctoral theses 

were also collected from various libraries using the online 

catalogue. No limit was put on the number of years searched. 

The search results were screened and selected by title 

relevance to the present review, concerning biology, diversity, 

distribution, pathology and epizootiology of monogeneans 

infesting C. gariepinus in Africa.  

 

Results: A systematic review of 98 publications including 

peer-reviewed articles, theses and conference abstracts 

revealed 23 species of class monogenea infesting C. 

gariepinus in Africa (Table 1). Overall, 23 monogenean 

species were reported on/in C. gariepinus from aquatic 

systems in Africa. Most monogenean species recorded 

seemed to exhibit a strict host-specificity to C. gariepinus, 

with predilection for the gills. The most frequently 

encountered monogenean parasite species was 

Macrogyrodactylus clarii (Fig. 1). 

 

 
 

Fig 1: Diversity and publication statistics of Monogenea species parasitizing C. gariepinus in Africa 

 

At country level, the highest species richness of monogeneans 

parasitizing C. gariepinus was recorded in Egypt with 16 

species (Fig.2). 

 

 
 

Fig 2: Monogenean Species richness by country across Africa 
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Correspondingly, a remarkably high number of publications (77) were published in Egypt (Fig.3). 

 

 
 

Fig 3: Number of encountered records on monogeneans infesting C. gariepinus across Africa 

 

On regional scale, nearly half of the records on monogeneans 

infesting C. gariepinus originated from Northern Africa 

(44%) compared to other regions (Fig. 4). 

 

 
 

Fig 4: Geographic distribution of Dactylogrus (zig zag graph), Gyrodactylus (open graph), Macrogyrodactylus (black graph), 

Paraquadriacanthus (downward diagonal) and Quadriacanthus (upward diagonal) infesting C. gariepinus across Africa 

 

Discussion: Overall, 23 monogenean species were reported 

on/in C. gariepinus from Africa, consistent with recent review 

of Truter et al. (2023). The recorded species belong to four 

genera: Gyrodactylus von Nordmann, 1832; 

Macrogyrodactylus Malmberg, 1957; Quadriacanthus 

Paperna, 1961; and Paraquadriacanthus Ergens, 1988, in the 

class of Polyonchoinea [65]. 

 

Gyrodactylus von Nordmann, 1832: Gyrodactylus are small 

monogeneans ranging from 0.4 to 1.5 mm long (Pugachev et 

al. 2010) with fusiform body shape. Members of the genus 

belong to the family of Gyrodactylidae in the Order: 

Gyrodactylidea, Subclass: Polyonchoinea under the class: 

Monogenoidea. Anteriorly, the prohaptor has two small 

cephalic lobes forming a characteristic “V-shaped” process 

(Whittington et al., 2000) and lack eye spots. Posteriorly, the 

parasite has a haptor (formerly opisthaptor) armed with 16 

marginal hooks located on the periphery, a pair of centrally 

located anchor hooks (hamuli) supported by a membranous 

ventral bar and sclerotized dorsal bar (Pugachev et al., 2010).  

Gyrodactylus are viviparous species, characterized with the 

presence of fully developed embryo in the uterus (Bakke et 

al., 2007; Boeger et al., 2003) [20, 32]. A healthy worm, up to 

three generations developing in another within the parent 
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uterus embryo (Cable et al., 2002; Cable & Harris, 2002) [44], 

a phenomenon called hyperviviparity. As a result of 

hyperviviparity, worms exhibit a rapid generation time that 

consequently leads to an explosive population growth (Bakke 

et al., 2007; Cable & Harris, 2002; Philip D. Harris, 1993) [20, 

44, 79, 80]. The hyperviviparity reproductive strategy among 

Gyrodactylus increases survival of offspring; reduced 

mortality during transmission and accelerated establishment 

of reproductively active population (Boeger et al. 2003) [32]. 

Among temperate species, survival time of individuals 

detached from the host ranged from 3.7 days to 5 days 

maximum between 10 and 25 °C (Cable et al., 2002; Lester & 

Adams, 1974; Scott & Anderson, 1984) [44]. When attached on 

the host at 10 °C, Gyrodactylids survive up to 24.5 days 

(Cable et al., 2002) [45]. During the lifetime, Gyrodactylus 

give birth twice (Cable et al., 2002) [45] and mature within 24 

hours at 25 ℃. The rapid generation time can result in 

exponential parasite population growth on a single host.  

Several other water quality parameters including dissolved 

oxygen, pH, electrical conductivity, and total dissolved solids 

have shown pronounced impacts on the survival and 

reproduction of gyrodactylid parasites (Cavalcanti et al., 

2020; Gilbert & Avenant-Oldewage, 2021; Waruiru et al., 

2020) [185]. Unlike temperature whose increase is known to 

enhance gyrodactylid reproduction; low levels of dissolved 

oxygen have been shown to reduce parasite survival while 

acidic conditions can inhibit parasite reproduction (Scott & 

Anderson, 1984) [162]. Furthermore, the electrical conductivity 

and the total dissolved solids appear to positively influence 

the mean intensity of values of gyrodactylids (A. A. El-

Naggar et al., 2017). With regard to feeding, Gyrodactylus 

feed on mucus and epithelial cells (Cable et al., 2002) [44, 47, 76, 

103, 162]. 

 

Occurrence and identification 

The review revealed that eight species, namely, Gyrodactylus 

clarii, G. turkanaensis, G. alekosi, G. alberti, G. gelnari, G. 

groschafti, G. transvaalensis and G. rysavyi occur on/in C. 

gariepinus in Africa (Table 1). With regard to identification, 

several previous studies published information on 

monogeneans identified only genus level (Mavuti et al., 2017; 

Murugami, 2017; Murugami et al., 2018; Mwita, 2014; Mwita 

& Nkwengulila, 2004, 2008; Akoll, 2005;) [7]. Importantly, the 

present review revealed the challenge associated with 

identification of species under the genus Gyrodactylus. In this 

regard, nearly half of all the gyrodactylid records were 

identified to genus. Besides, the identity of G. clarii described 

from C. gariepinus in Uganda (Paperna, 1973), was 

subsequently considered a synonym of G. rysavyi (Paperna, 

1979). Likewise, G. alberti previously reported in Egypt (El-

Naggar et al., 2001) was later on re-described as G. rysavyi 

(Arafa et al., 2007). Morphological identification of 

monogeneans generally relies on the hard parts of the haptor 

(Hodneland & Nilsen, 1994; L. F. Khalil & Mashego, 1998; 

Pugachev et al., 2010) [97]. Consequently, the occurrence and 

identity of Gyrodactylus species in Africa remains 

questionable. Therefore, the review highlights the urgent need 

for further investigations into monogeneans utilizing 

appropriate tools particularly molecular techniques to improve 

species identification. So far, next generation sequencing has 

been utilized to delineate gyrodactylids (Vanhove et al., 2018) 
[85, 114, 120, 121, 124, 125, 126, 181].  

The distribution of gyrodactylids infesting C. gariepinus 

across Africa is linked to the habitat range of host within the 

African ichthyofaunal provinces of Congolese, Eastern - 

Coast, Nilo-Sudanian, Southern, and Zambezian (Nelson et 

al., 2016; Snoeks & Getahun, 2013; Teugels, 1996; Van 

Steenberge et al., 2020) [129, 171, 179]. However, some parasite 

species including G. clarii, G. alberti and G. turkanaensis 

have been recorded once each in Uganda and Kenya both in 

Eastern - coast province (Fig. 1). G. groschafti has been 

recorded twice Egypt and Nigeria both within Nilo-Sudanian. 

G. gelnari and G. alekosi occurred at least in three provinces 

but have not yet been recorded in Congolese and Nilo-

Sudanian provinces and Congolese and Eastern - coast 

respectively. Meanwhile, G. transvaalensis and G. rysavyi 

have a wider distribution in Africa, occurring in four 

provinces except Eastern - coast and Congolese respectively. 

The true picture of the distribution of the gyrodactylids 

remains uncertain due to the a) limited number dedicated 

studies conducted in various African countries, b) challenges 

of identification using morphological structure and c) the 

limited sampling effort [173].  

 

Host and site specificity: The review revealed that 62.5% 

(5/8) of the gyrodactylids described appeared specific to C. 

gariepinus, consistent with general observation, that 

monogeneans are usually oioxenous (Bakke et al., 2002; 

Giorgi et al., 2004; Whittington et al., 2000). Meanwhile, 

three species, G. gelnari, G. rysavyi and G. transvaalensis, 

have been recorded to parasitize both C. gariepinus and C. 

anguillaris (Beletew et al., 2016; Prikrylová et al., 2012; 

Schaeffner, 2018) [29, 77]. With the available information, G. 

gelnari, G. rysavyi and G. transvaalensis could be considered 

stenoxenous, until addition records suggest otherwise. The 

occurrence of G. gelnari, G. rysavyi and G. transvaalensis on 

more than one host, increases the potential threat to fish 

health. With two or more hosts, a parasite is capable of 

utilizing any of the alternative host to survive in the 

environment in absence of principle host, and as such, sustain 

the organism in the system [160].  

Concerning preferred sites for attachment, most members of 

genus Gyrodactylus infesting C. gariepinus appear to prefer 

gills with sporadic occurrence on the skin and fins. Although 

limited studies have explored niche preference selection 

among Gyrodactylus species of C. gariepinus in Africa, the 

choice of microhabitats among gyrodactylids can change 

depending on the level of infection (Buchmann & Bresciani, 

1997; Heinecke et al., 2007; Jensen & Johnsen, 1992; Pie et 

al., 2006) [40, 93], host species (Heinecke et al., 2007; Pie et al., 

2006) [84], and to some extend environmental conditions 

especially water temperature (Blažek et al., 2008) [30]. It is 

also noteworthy that viviparous gyrodactylids probably 

migrate to the skin as a behavioral strategy to enhance 

transmission (P D Harris & Tinsley, 1987). Although, the 

current review revealed that some species were recorded only 

in one host and at one site, the available information is 

insufficient to affirm the host and site specificity. For 

instance, G. transvaalensis was recorded on the skin (Prudhoe 

& Hussey, 1977), on the gills (Mushagalusa Mulega et al., 

2023), and on fins of C. anguillaris,(Prikrylová et al., 2012), 

which may suggest preference of different sites with respect 

to prevailing conditions. As such, dedicated research effort 

committed to collecting more specimens from various regions 

of Africa to ascertain the host-site specificity of gyrodactylids 

in C. gariepinus is urgently needed [79, 80, 118, 122, 149, 150, 153]. 

 
Pathology: Gyrodactylids are principally ectoparasitic 
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worms, attaching and feeding on mucus, epithelial cells, and 
blood from the host’s skin, fins, and gills of fish (Bakke et al., 
2007; Reed et al., 2012). The gills are a primary target for 
gyrodactylid attachment (Akoll et al., 2012) [7, 20]. 
Gyrodactylids use specialized structures, including hooks and 
a haptor (attachment organ), to firmly anchor themselves to 
the host fish (Beletew et al., 2016; Reed et al., 2012) [29, 156]. 
In gill-parasites, the characteristic strongly curved hamulus 
shafts of gyrodactylids often penetrate the gill tissue (Bakke 
et al., 2007) [20]. On the skin, studies have observed non-
penetrating attachment strategy of Gyrodactylus to the host 
(Bakke et al., 2007; Shinn et al., 2003) [20], thus inflicting 
minimal damage on the host epithelium Continuous feeding 
activities can lead to tissue damage and disruption of the 
host's protective mucosal layer. As gyrodactylids feed on gill 
tissue and mucus, they cause physical damage to the delicate 
respiratory epithelium (Akoll, 2005; Paperna, 1996). This 
damage can impair the function of gills, leading to respiratory 
distress in fish (Klinger & Floyd, 2013). Reduced oxygen 
uptake due to compromised gills can result in hypoxia and 
further stress on the fish (Akoll, 2005) [7]. Gyrodactylid 
infestations weaken the fish's immune defenses at the 
attachment sites (Kabata, 1985; Thoney & Hargis, 1991), 
making the fish more susceptible to secondary infections by 
bacteria, fungi, or other parasites (Bandilla et al., 2006; 
Kabata, 1985; Kotob et al., 2016; Xu et al., 2007) [22]. 
Opportunistic pathogens can exploit the compromised tissue 
and cause additional damage and disease. The presence of 
gyrodactylids triggers an inflammatory response in the fish's 
tissues that involves the recruitment of immune cells to the 
site of attachment (Whittington & Chisholm, 2008). Chronic 
inflammation can lead to swelling, hyperplasia (increased cell 
growth), and potentially irreversible tissue damage over time 
(Okunade et al., 2023; Olubiyo et al., 2023). Fish infested 
with gyrodactylids may exhibit abnormal behavior, such as 
flashing (rapidly rubbing against surfaces), lethargy, or 
reduced feeding activity (Barber et al., 2000; Boyd, 2017; 
Whittington & Chisholm, 2008) [35]. These behavioral changes 
are indicative of discomfort and stress caused by the parasite's 
presence. Severe gyrodactylid infestations can negatively 
impact fish growth and reproductive performance. Reduced 
feeding efficiency due to gill damage can lead to stunted 
growth and poor overall condition. In some cases, heavy 
parasite loads may directly affect reproductive organs, 
impairing the fish's ability to spawn or reproduce successfully 
(Barber, 2007) [24, 94, 99, 100, 136, 138, 163, 186, 187, 190]. 
 
Macrogyrodactylus Malmberg, 1957: This is the largest 
gyrodactylid, attaining a maximum length of approximately 
1.5-2 mm. Similar to Gyrodactylus, Macrogyrodactylus 
possesses a haptor armed with one pair (two) of hamuli, 
ventral and dorsal bars and 16 marginal hooks, and lack eye-
spots. The head region is notched anteriorly to form two 
lobes. Each lobe has a single adhesive area, located 
anteroventrally near the distal extremity and terminates in a 
single spike-like process. 
Posteriorly, the haptor consists of one pair of hamuli, eight 
pairs of marginal hooklets, two different connecting bars and 
a pair of accessory sclerites. The ventral bar consists of a Y -
shaped sclerite and two pairs of relatively long, posteriorly 
directed, rod-like sclerites, a pair of long ventral bar rods (M. 
M. El-Naggar & Serag, 1987; Maduenyane et al., 2022a). The 
dorsal bar consists of two sclerites appear to articulate with 
each other at the inner borders with straight or V-shaped 
arrangement. In addition, there are two slightly curved plate, 
the accessory sclerites, in each of the anterolateral region of 

the haptor, in close proximity with the anterolateral marginal 
hooklets [107].  

The haptor has 16 marginal hooklets, consists of a rod-like 

handle and a sickle. Two marginal hooklets occur on the 

anterolateral lobes while the rest on the posterior edge of a 

separate fan-shaped tegumental flap. The tegumental flap 

extends posteriorly forming fourteen finger-like processes 

through which the marginal hooklets protrude into the ventral 

surface of the haptor. There is a domus-like structure 

originating from near the tip of the blade of the sickle and 

extending proximally as far as the middle region of the 

handle. 

The Macrogyrodactylus species are viviparous with the parent 

containing up to 4 generations on embryos. In this regard, the 

second embryo inside the uterus of the first generation has the 

third generation also carrying fourth generation (L. F. Khalil, 

1964) [96]. Macrogyrodactylus species can survive up to 10 

days off the host at between 13℃ and 30℃ without changing 

the water (L. F. Khalil, 1964) [96]. Apparently, information on 

survival time of the species detached from the host is lacking, 

yet critical in estimation of risk associated with used of water 

from contaminated facilities.  

Like other monogeneans, macrogyrodactylids are highly 

sensitive to fluctuations in water quality parameters due to 

their intimate association fish and the aquatic environment. 

Understanding the influence of the various water quality 

parameters is crucial since macrogyrodactylids are one of the 

most geographically spread monogenean genera infesting C. 

gariepinus (Truter et al., 2021, 2023b). Fluctuations in DO, 

temperature, pH, and TDS appear to influence the physiology 

of these worms especially when outside the optimum ranges, 

and thus could be useful indicators of water quality. Low 

levels of DO, temperature and pH have been shown to reduce 

parasite survival and proliferation (A. A. El-Naggar et al., 

2017; Madanire-Moyo et al., 2010) [106]. 

The feeding behavior of macrogyrodactylids is specialized 

and adapted to their mode of attachment and habitat on fish 

hosts. As ectoparasites, macrogyrodactylids primarily feed on 

the surface tissues of their hosts, particularly on the skin and 

gill epithelium (M. M. El-Naggar et al., 1999; Mashaly et al., 

2019). These worms use specialized attachment structures, 

including hooks and clamps on their haptoral (attachment) 

apparatus, to firmly anchor themselves onto the skin or gills 

of fish hosts (Arafa et al., 2009; M. M. El-Naggar, Arafa, et 

al., 2019). The feeding site is typically localized to the area of 

attachment, where the parasite directly contacts the host's 

epithelial cells. Macrogyrodactylids feed primarily by grazing 

on the surface tissues of fish hosts, and can use a combination 

of physical attachment and suction to secure themselves and 

access nutrients (Arafa et al., 2009). The parasites use 

specialized structures, such as the anterior attachment organ 

(prohaptor) and clamps, to hold onto the host's tissues while 

feeding. Macrogyrodactylids primarily feed on mucus, 

epithelial cells, and blood from the host's skin and gill tissues 

(M. M. El-Naggar et al., 2001; Mashaly et al., 2019). Mucus, 

which serves as a protective layer on the host's skin and gills, 

provides a nutrient-rich substrate for macrogyrodactylid 

feeding. Continuous feeding by macrogyrodactylids can lead 

to physical damage and disruption of the host's epithelial 

tissues. The parasites may cause erosion, ulceration, or 

hyperplasia (increased cell growth) at the feeding site, which 

can compromise the integrity and function of the host's skin 

and gills (Arafa et al., 2009). The feeding activities of 

macrogyrodactylids can induce host immune responses and 
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inflammation, contributing to tissue damage and potential 

secondary infections (Barber & Poulin, 2002). The parasites 

rely on the continuous production of mucus and shedding of 

epithelial cells by the host for sustained feeding and survival. 

Macrogyrodactylids exhibit distinct feeding behavior patterns, 

including attachment, detachment, and repositioning on the 

host's body surface. The parasites may migrate within the 

host's gill arches or move between different body regions to 

optimize feeding opportunities and avoid host responses (L. F. 

Khalil, 1964; Mashaly et al., 2019) [96, 112]. 

 

Occurrence and identification: Species of 

Macrogyrodactylus Malmberg, 1957 (Gyrodactylidae) are 

endemic to Africa (L. F. Khalil & Mashego, 1998; Truter et 

al., 2021) [97], and often implicated in fish diseases (Barson et 

al., 2008; M. M. El-Naggar et al., 2016; Paperna, 1991). 

Among the nine Macrogyrodactylus species known (Truter et 

al., 2021) [27], only three species namely, M. clarii, M. 

congolensis, and M. karibae occur on C. gariepinus (Table 1). 

Among the macrogyrodactylids infesting C. gariepinus, M. 

clarii is the most frequently reported across Africa (50%), 

although M. congolensis and M. karibae are moderately 

reported (Fig. 1). Although less diverse, species of genus 

Macrogyrodactylus are the most encountered (31.6%) 

monogenean parasitizing C. gariepinus across Africa (Fig. 1, 

Fig. 4), and thus pose a significant threat to fish health and 

productivity. Such parasite species deserve more attention 

especially under intensive C. gariepinus aquaculture [55, 56, 57, 

58, 59, 60, 61, 62, 63].  

 

Host and site specificity 

Unlike M. congolensis that has been recorded from clariid 

hosts C. gariepinus and C. anguillaris thus exhibiting an 

extended host spectrum, the review revealed that both M. 

clarii and M. karibae appeared host-specific to C. gariepinus 

(Table 1). Evidence of hybridization of monogenean parasites 

known to infest clariids C. gariepinus and C. anguillaris 

(Barson et al., 2010; N’Douba & Lambert, 1999) enhances 

the possibility for an extended host range and consequently 

threats to fish health management especially under weak 

biosecurity enforcement (Huchzermeyer & van der Waal, 

2012; Wanja et al., 2020). Regarding preference of sites for 

parasite attachment, macrogyrodactylids are strictly 

ectoparasitic, attaching to host skin, fins and gills (Table 1). 

M. clarii and M. karibae appear to restrict the occurrence to 

gills (Barson et al., 2008; L. F. Khalil & Mashego, 1998) [27, 

97]. Meanwhile, M. congolensis has been recorded at multiple 

sites including the gills, skin and fins of C. gariepinus (Akoll 

et al., 2012; Barson et al., 2010). The ability of M. 

congolensis to infest multiple host sites is likely to increase 

the parasite’s pathological impact on the host (Barber et al., 

2000). Due to the relatively large size, macrogyrodactylids are 

likely to cause extensive damage to the host-infestation sites 

and consequently secondary microparasite infections 

(Bandilla et al., 2006; Busch et al., 2003; Kotob et al., 2016) 

thus increasing host morbidity and mortality rates [7, 22, 43, 87, 

100, 127].  

 

Geographical distribution  

Species of genus Macrogyrodactylus are widely distributed, 

having been reported in all the major regions of Africa (Fig. 

4). Unlike M. karibae that is localized to Southern Africa, M. 

clarii and M. congolensis are recorded across Africa (Truter et 

al., 2021). Although M. congolensis was first described 

infesting C. gariepinus from Lake Upemba in the DRC 

(Prudhoe, 1957) [152], no further records were obtained from 

the DRC or any other locality in Central Africa. Generally, 

records on macrogyrodactylids parasitizing C. gariepinus 

from Central, East and West Africa are scarce. Meanwhile, 80 

percent of the records on macrogyrodactylids infesting C. 

gariepinus were obtained from Northern and Southern Africa 

(Fig. 4). The high number of macrogyrodactylid records in 

Northen and Southern Africa could be commensurate with the 

level of aquaculture infrastructure development in this region 

(FAO, 2020a) that is likely reflected by the magnitude of the 

sampling efforts (Fig. 3). Although less records of 

macrogyrodactylids were obtained from west Africa, the 

occurrence of M. clarii and M. heterobranchii from a clariid 

host C. anguillaris in Nigeria (Shotter, 1980) and Senegal 

(Přikrylová & Gelnar, 2008) respectively creates the 

possibility of encountering more macrogyrodactylids in the 

region since hybridization of congeneric monogeneans has 

already been documented in Zimbabwe [164].  

More so, the indiscriminate movement fish resources across 

boundaries is likely to enhance the possibility of parasite host-

switching and hybridization (Bakke et al., 2002) [20], and thus 

the likelihood of M. heterobranchii infesting C. gariepinus in 

new localities. Therefore, this call for more parasitological 

investigations in the region as a basis for comprehensive fish 

health management [151]. 

 

Quadriacanthus Paperna, 1961  

Members of the genus Quadriacanthus have fusiform body 

and belong to class Monogenoidea, subclass: Polyonchoinea, 

Order: Dactylogyridea in the family Dactylogyridae 

(Francová et al., 2017; Lim et al., 2001). The prohaptor has 

eye-spots represented by many brown, oval to spherical 

pigment granules scattered in cephalic area (M. M. El-Naggar 

& Serag, 1986; Lim et al., 2001). The haptor slightly lobed 

and demarcated from the body by a constriction. The haptor 

consist of 4 hamuli with short, single root and at least 2 

associated accessory sclerites. A pair of dorsal anchors/ 

hamuli are larger than ventral hamuli. Both dorsal and ventral 

anchors have small patches. The dorsal bar is robust, broad 

and V-shaped, with expanded mid-region as 2 posterolateral 

arms and funnel-like process projecting from its posterior 

extremity. The ventral bar is Y-shaped with 2 arms 

articulating at the proximal ends. Marginal hooks have 

dissimilar shape and size with three of 7 pairs of marginal 

hooklets larger than others and provided with proximal 

extension. In this regard pair 4 is elongated with expanded 

handle; and pairs 5 and 7 are short with expanded handles (M. 

M. El-Naggar & Serag, 1986; Lim et al., 2001). 

Quadriacanthus species are oviparous organisms, producing 

eggs of different sizes and shapes (Reda et al., 2003) [155].  

 

Occurrence and identification 

The genus Quadriacanthus Paperna, 1961 (Dactylogyridae) 

consists of a total of 38 species of parasites of clariids in 

Africa and Asia (Bouah et al., 2022; Francová et al., 2017; 

Lim et al., 2001; Tripathi et al., 2007) [34, 175], with almost a 

third parasitizing C. gariepinus in Africa (Scholz et al., 2018) 

[161]. The review recorded eleven species, namely Q. 

aegypticus Q. allobychowskiella, Q. ashuri, Q. bagrae, Q. 

clariadis, Q. fornicatus, Q. numidus, Q. papernai, Q. pravus, 

Q. voltaensis, and Q. zuheiri infest C. gariepinus from 

African aquatic systems. Among the Quadriacanthus species 

Q. aegypticus are the most frequently reported across Africa. 
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Eight species, including Q. ashuri, Q. fornicatus, Q. papernai. 

Q. pravus, Q. voltaensis and Q. zuheiri have only been 

recorded once each (Fig. 1, Table 1). In addition, several 

reports have presented Quadriacanthus species identified only 

to genus level (Abdel Latif et al., 2009; Acosta et al., 2020; 

Beletew et al., 2016; A. A. Khalil & El-houseiny, 2019; 

Mokonyane, 2020; Olivier et al., 2009; Onojafe et al., 2021; 

Truter et al., 2023a) [137, 139, 176-178]. The existence of such 

single parasite species records highlights the minimal parasite 

survey efforts, and thus the need for more routine 

investigations on fish parasitology [1, 3, 29, 73, 95, 115].  

 

Host and site specificity  

Genus Quadriacanthus comprises mostly parasites of clariids, 

except Q. bagrae from bagrids (Paperna, 1979), Q. 

anaspidoglanii from claroteids (Schaeffner, 2018), Q. tilapiae 

from cichlids (Paperna, 1973), and Q. euzeti from a 

phylogenetically distant notopterid (Nack et al., 2016). 

Nevertheless, the existence of Q. tilapiae reported from 

cichlids is doubtful and possibly linked to sample 

contamination (Nack et al., 2016), accidental infection (Lim 

et al., 2001) or the specimen was incorrectly identified and 

synonymized to Q. bagrae (Kritsky & Kulo, 1988). Amongst 

the Quadriacanthus species parasitizing C. gariepinus (Table 

1), only Q. bagrae and Q. voltaensis are recorded to infest 

alternative hosts; bagriid catfish Bagrus bajad and B. docmak 

(Francová et al., 2017; Hussein et al., 2019); and a clariid 

catfish C. camerunensis (Schaeffner, 2018; Tripathi et al., 

2007) respectively. Having a wider host-range has significant 

implications in parasite management since clariids and 

bagrids are both endemic to Africa and share most of their 

habitats (Ferraris, 2002; Nelson et al., 2016) [69, 89, 102, 128]. 

Genus Quadriacanthus exhibits a strict host-site specificity, 

infesting only the gills of C. gariepinus (Paperna, 1961; 

Kritsky & Kulo, 1988; El-Naggar et al., 2017; Francová et al., 

2017). Heavy infestation of gills is known to cause respiratory 

distress and increased rate of respiration (Thoney & Hargis, 

1991; El-Naggar et al., 2019), leading to less-tolerance of the 

clariid to low oxygen conditions (Klinger & Floyd, 2013; 

Reed et al., 2012). Gill infestation possess more challenges 

especially for intensive aquaculture typical of high stocking 

density and poor water quality which increase fish stress and 

susceptibility to parasite infestations (Boyd & Tucker, 1998; 

Whittington & Chisholm, 2008) [36, 73, 99, 102, 129, 156]. 

 

Geographical distribution 

Whereas Quadriacanthus species are the monogenean 

parasites of C. gariepinus with the widest geographical 

distribution spanning across Africa and Asia (Lim et al., 

2001; Schaeffner, 2018; Tripathi et al., 2007), majority of the 

genera’s records available are from Egypt (Fig. 4), a fact 

possibly attributable to the level of aquaculture development 

in the country. Among the Quadriacanthus species 

encountered; Q. aegypticus and Q. clariadis are widely 

distributed across Africa while Q. ashuri, Q. fornicatus, Q. 

papernai, Q. pravus, Q. voltaensis and Q. zuheiri are 

geographically localized to the individual parasite's type 

locality. Localization of monogenean species to the type 

parasite locality possibly reflects absence of routine parasite 

surveys and thus a gap in information of the geographical 

spread of the parasite [160, 175].  

 

Paraquadriacanthus Ergens, 1988 [65]. 

Members of Paraquadriacanthus have elongated bodies. 

Anteriorly, the prohaptor of Paraquadriacanthus species have 

four pairs of head organs and four eye spots present as 

scattered granular pigments in the cephalic area. Posteriorly, 

the haptor is well demarcated from the body and consist of a) 

4 rootless anchors with the dorsal anchors having a pair of 

large patches with hooked termination while ventral anchor 

having a pair of small triangular patches; b) two connecting 

bars: the undivided dorsal connecting bar has an onchium - a 

sclerotized anterior shield and arrow- or T-shaped posteriorly 

directed portion. The ventral bars are separated to form a V-

shaped structure. c) 14 (7 pairs) larval type marginal hooks of 

similar sizes (Pugachev et al. 2010; Lim et al. 2001; Ergens 

1988). In some cases, pair 4 or 6 of the marginal hooks have 

proximal ovate enlarged handle (Lim et al., 2001) [154]. 

 

Occurrence and identification  

The genus Paraquadriacanthus Ergens, 1988 

(dactylogyridean) is a monotypic group. The genus has a 

single species, Paraquadriacanthus nasalis described from 

the nasal cavities of the type-host C. gariepinus. The 

preference of the, rarely examined, nasal cavity could explain 

the low frequency of records. Though Quadriacanthoides 

andersoni had been identified as a new Quadriacanthus 

species (Kritsky & Kulo, 1988), a comparison of the paratype 

of P. nasalis and the holotype of Q. andersoni confirmed that 

the two genera were synonyms, and the respective type 

species were conspecific (Arafa, 2012; Kritsky, 1990).  

 

Host and site specificity  

Available literature indicates that P. nasalis has been recorded 

in Nilo-Sudan ichthyofauna region on C. gariepinus 

inhabiting Nile River in Egypt (Arafa, 2012; El-Naggar et al., 

2017; Ergens, 1988). Unlike other monogeneans infesting the 

gills, skin and fins, P. nasalis has only been recorded 

parasitizing the nasal cavity of C. gariepinus (Arafa, 2012; 

El-Naggar et al., 2017; Hagras et al., 1999, Ergens, 1988). 

Though Kritsky and Kulo (1988) reported P. nasalis (syn. Q. 

andersoni) from the external surface of C. gariepinus, the 

parasite collection method used in the study precluded the 

exact determination of infestation site that could include the 

gills, fins, skin, nares or the mouth.  

 

Geographical distribution: Currently, P. nasalis records 

have been geographically localized along the Nile River in 

Egypt (Arafa, 2004, 2012; Ergens, 1988; Hagras et al., 1999; 

Kritsky, 1990; Kritsky & Kulo, 1988). The restricted 

distribution of P. nasalis to the Nile River in Egypt could be 

linked to the lack of appropriate parasite identification tools 

as well as sampling campaign targeting monogeneans within 

the Nile basin countries including Sudan, Ethiopia and 

Uganda and other habitat ranges of C. gariepinus. 

Investigations into the biotic and abiotic factors of the Nile 

River waters in Egypt could as well help to elucidate on the 

scarceness of the P. nasalis in other regions of Africa [78, 101, 

102].  

 

Identification: Molecular approaches have been considered 

essential in addressing the identification challenges in 

Monogeneans. However, the high amino acid sequence 

variability in the barcoding gene, cytochrome c oxidase 

subunit I (COI) of monogeneans coupled with high species 

diversity, has rendered the development of truly “universal” 

barcoding primers for flatworms a nightmare. 
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Alien monogenean parasites of C. gariepinus in Africa 

Species of Dactylogyrus Diesing, 1850 (Dactylogyridae) are 

primarily gill parasites of cyprinid fishes (Gibson et al., 1996; 

Molnar et al., 2019). However, several fish parasite surveys in 

Kenya (Mavuti et al., 2017; Wanja et al., 2020; Waruiru et 

al., 2020) [185], and Nigeria (Oscar et al., 2015) [142] have 

recorded Dactylogyrus sp. from C. gariepinus although the 

parasite species identity was not ascertained. Some records 

from Nigeria (Enyidi & Uwanna, 2019) [64, 75, 114, 116] and South 

Africa (Smit et al., 2017) have described the dactylogyrid 

parasites from C. gariepinus as Dactylogyrus extensus 

Mueller and Van Cleave, 1932. The occurrence of alien 

species of parasites could as well be linked to the introduction 

of exotic fish species in an attempt to boost aquaculture 

production (Hecht & Endemann, 1998; Wurtz & Simpson, 

1960), for ornamental purposes (Mouton et al., 2001; Waruiru 

et al., 2020) [185], the indiscriminate movement of fish seed 

and broodstock across borders (Bondad-Reantaso, 2007) [33], 

as well as fish escapees from aquaculture into the wild 

(Andrew et al., 2008; Huchzermeyer & van der Waal, 2012) 

[12]. While it is unusual for Dactylogyrus species to infest 

clariid hosts, the fact that several C. gariepinus specimens 

were examined during these studies lowers their possibility as 

accidental infections. Records of Dactylogyrus species from 

several specimens by different authors might suggest that the 

parasite species is in fact well established on the clariid host. 

However, since all studies reporting Dactylogyrus species 

from C. gariepinus relied on only microscopic morphology 

for parasite identification, use of appropriate parasite 

identification tools such as microscopic morphometry and 

nucleic acid-based assays as well as a combination of these 

techniques might provide comprehensive and reliable 

information on the status of dactylogyrids as parasites of C. 

gariepinus in Africa [87, 117, 170, 184, 185, 189].  

 

Pathology of fish infested with monogeneans  

Members of class Monogenea are principally ectoparasitic 

(Buchmann & Bresciani, 2006; Řehulková, 2018) [41], 

infesting the gills, skin and fins (Arafa, 2012; Ghoneim et al., 

2015; Mashaly et al., 2019). Apparently, one species, P. 

nasalis appears to infect the nasal cavities of C. gariepinus 

(Arafa, 2004, 2012; Ergens, 1988). Monogeneans utilize 

humus and the marginal hooklets for attachment onto the host. 

The hooks and hooklets penetrate epithelial cells and generate 

a firm contact with the host, consequently damaging host cells 

and tissues (Whittington & Chisholm, 2008) [74].  

Polyonchoinean monogeneans feed by breaking down newly 

produced epithelial and mucous cells, thereby causing 

significant damage to the host (Paperna, 1996). In severe 

infections, monogeneans elicit inflammatory reactions in the 

host such as hyperplasia of organs of attachment especially 

gills (Akoll, 2005; Arafa et al., 2009) as well as skin and fin 

erosions (Arafa et al., 2013; L. F. Khalil & Mashego, 1998) 

[97]. As such, the impact of the pathological effects of 

monogeneans on the host fish might vary according to the 

preferred site of parasite attachment, as well as the intensity 

of the parasites on that particular site, and has significant 

implications on fish health, productivity as well as 

profitability especially in aquaculture (Opiyo et al., 2018; 

Walakira et al., 2014) [7, 112, 140, 157, 183].  

With the exception of G. alekosi, G. transvaalensis and P. 

nasalis, all monogeneans known to infest C. gariepinus have 

been recorded from the gills (Table 1), making fish gills the 

most preferred site for monogenean attachment and thus 

infestation. Gill infestation is known to elicit a range of host 

responses and pathological effects including hyperplasia and 

oedema, and consequent gill fusion (Akoll, 2005; Arafa et al., 

2009) [7], that lead to decrease or loss of gill respiratory 

surface area, respiratory stress and subsequently death of the 

host (Paperna, 1991; Thoney & Hargis, 1991). Infested gills 

have been described to be grey-white in color, having lost the 

natural red color, and being covered in mucous (Kabata, 

1985; Obiekezie & Ajah, 1994; Paperna, 1964; Venter, 2002) 

[94, 182]. The attachment of monogeneans to the fish gills elicits 

several pathological effects including breakdown of coating 

epithelium, necrosis of epithelial cells, vacuolations inside 

and outside of host cells, infusion of gill lamellae, rapture of 

blood capillaries (hemorrhage), infiltration of erythrocytes, 

and degeneration and fibrosis of interlamellar epithelium 

(Arafa et al., 2009; M. M. El-Naggar, Mashaly, et al., 2019). 

The host response to monogenean infestation includes 

excessive mucoid secretions, appearance of lymphocytes and 

hyperplasia of the tissue at the site of attachment to the gill 

tissues. (Arafa et al., 2009) [130, 174]. 

Species of genus Quadriacanthus exhibits a strict host-site 

specificity, infesting only the gills of C. gariepinus (Francová 

et al., 2017; Paperna, 1961) [73]. Therefore, the 

histopathological effects of Quadriacanthus species impact 

exclusively the gills, including compression of gill lamellae, 

degeneration and rapture of the outermost pavement cells, 

breakdown of the wall of the blood spaces, fibrosis, necrosis, 

reduction and desquamation of the lamellae epithelial layers, 

loss of innermost pavement cells, swelling and rapture of 

blood cells and swelling and vacuolation of the lamellar 

tissues at the site of hook insertion (M. M. El-Naggar, 

Mashaly, et al., 2019; M. M. El-Naggar & Serag, 1985). Host 

responses to monogenean infestation include proliferation of 

undifferentiated epithelial cells into mucous cells, 

hyperplasia, and appearance of lymphocytes at the site of 

haptor attachment. Severe epithelial hyperplasia compromises 

respiratory exchange and kills the host fish through 

hypoxaemia, causes dysfunction of respiratory system 

(Crafford, 2013; Whittington & Chisholm, 2008) [50, 112].  

Besides gill infestation, a few monogenean species including 

G. alberti, G. groschafti, G. rysavyi, G. transvaalensis and M. 

congolensis have been recorded infesting the skin, while only 

G. alekosi is recorded from the fin of C. gariepinus (Table 1). 

Skin and fin infestations cause infiltration of 

melanomacrophage centers into the epidermis (Akoll, 2005; 

Maduenyane et al., 2022b) [7, 108], irritation to the host 

resulting into abnormal behavior such as flashing and rubbing 

against the pond wall in aquaculture that consequently 

reduces feeding time (Whittington & Chisholm, 2008), and 

increasing likelihood for secondary bacterial and fungal 

infections (Barber 2007; Kotob et al. 2016) [24, 100]. Other 

histopathological features induced by skin infesting 

monogeneans include copious mucous production which 

obscures chromatophores, making the skin appear paler than 

normal (Kabata, 1985; Thoney & Hargis, 1991), and 

consequently lowered market value. Additionally, greyish-

white patches have been noted on C. gariepinus bearing skin-

infesting macrogyrodactylid M. congolensis, probably as a 

result of the severe irritation of the skin (L. F. Khalil & 

Mashego, 1998; Obiekezie & Ajah, 1994; Paperna, 1996) [94, 

97, 130, 143-148, 174, 186, 187].  

Although monogeneans are principally ectoparasites (Bakke 

et al., 2002; Buchmann & Lindenstrøm, 2002; Cribb et al., 

2002) [42], 51, G. alberti is reported to infest a wide range of 
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microhabitats on the external and internal host surfaces (El-

Naggar et al., 2001). The infestation of multiple host sites by 

any parasite is likely to increase the scope of pathological 

disturbances incurred by the host, and ultimately amplify the 

magnitude of morbidity and mortality. Even if there is 

contention as to whether G. alberti is a synonym of G. 

rysavyi, (Arafa et al., 2007), the predilection for multiple host 

sites raises interest in G. alberti attachment mechanism [20].  

General comment on identification 

Morphological method utilizes shapes, measurement and 

arrangement of majorly marginal hook, hamuli and bars for 

species identification. The structures keratin-like proteins that 

imparts rigidity and chemical resistance especially to 

proteinase digestion, hence have a stable in shape. However, 

present challenges to capture the subtleties of their shape.  

Meanwhile, the ventral bar shape which is crucial in 

identifying a novel gyrodactylids, are flexible and fragile, 

hence easily distort by fixatives including formalin or ethanol 

or even in air-drying process. The processed specimen 

mounted using either Canada Balsam or saturated ammonium 

picrate-glycerin, are examined using light microscope, hence 

offers cheap method for identification of monogeneans. Apart 

from the disadvantages of fixatives and mountants (Bakke et 

al., 2007) [20], lack of technical skills to appropriately process 

the specimens remain a major hindrance for most 

parasitologists  

 

General Conclusions and Recommendations  

The African catfish inhabiting Africa’s freshwaters is host to 

diverse fauna of polyonchoinean monogeneans belonging to 

the genera Gyrodactylus von Nordmann 1832, 

Macrogyrodactylus Malmberg 1957, Quadriacanthus Paperna 

1961, and Paraquadriacanthus Ergens 1988. Members of 

Macrogyrodactylus and Quadriacanthus have been 

encountered the most while Quadriacanthus is the most 

diverse monogenean genera parasitizing C. gariepinus in 

Africa’s freshwaters. Although rudimentary, microscopic 

morphology of the sclerotized parts of the monogenean 

attachment organ is the most common method of parasite 

identification [65].  

While most monogeneans infesting C. gariepinus are 

generally host specific, the extended host range displayed by 

some species enhances the likelihood for spread beyond the 

host’s ecological niche, thus a potential threat in biosecurity. 

Updated information on the zoogeography of both host and 

parasite species is crucial in an attempt to understand the 

infestation and transmission patterns of parasites. Infestation 

of multiple hosts is also likely to enhance parasite 

transmission especially in the event of indiscriminate 

movement of seed and broodstock across geographical 

barriers, in polyculture, or even the occurrence of host 

escapees from farms to the wild and vice versa. 

Although some monogeneans exhibit a wider spectrum of 

microhabitats, most species encountered are host-site specific, 

parasitizing only particular sites of predilection on C. 

gariepinus. Infestation of multiple host sites is likely to 

increase the scope of host pathological disturbances, intensify 

the magnitude of morbidity and mortality, and thus pose 

challenges to fish health management. 

While representatives for each of the four monogenean genera 

parasitizing C. gariepinus have been encountered in all 

regions of Africa, only M. clarii, M. congolensis, G. rysavyi, 

Q. clariadis and Q. aegypticus display the widest 

geographical span across Africa, and thus require more 

attention for improved C. gariepinus health management. The 

impact of ecological and anthropogenic factors on the 

prevalence and distribution of monogeneans needs to be 

assessed as a possible cause for the observed parasite 

distribution across the continent. The clustering of most 

records on monogeneans infesting C. gariepinus to the Nile 

basin, Nigeria and southern Africa could be commensurate to 

the high level of aquaculture development and intensive 

parasite surveillance. The occurrence of several monogenean 

species of C. gariepinus with single records that are limited to 

the parasite type-locality highlights either limited number of 

studies or identification challenges. 

Overreliance on microscopic morphology for parasite 

identification increases the possibility for inaccurate parasite 

diagnosis and misidentifications. The several records of 

monogeneans reported as Gyrodactylus sp. highlight the 

absence of appropriate identification tools and skills 

necessary to ascertain parasite species identity. The use of a 

combination of techniques such as microscopic morphology, 

haptoral sclerite morphometry and DNA sequence analysis 

will yield reliable information and thus provide more insights 

into parasite diversity, geographic distribution, microhabitat 

preference and host range. Since C. gariepinus has become 

one of the preferred aquaculture fish species in Africa, routine 

parasite surveys should be conducted especially in parasite 

type-localities as well as in the central, eastern, and western 

regions of Africa for an improved health management and the 

sustainability of productivity.  

 

Acknowledgements 

We are very grateful to the Regional Universities Forum for 

Capacity Building in Agriculture (RUFORUM), Makerere 

University and Mbarara University of Science and 

Technology for the mentorship and resources to conduct this 

review.  

 

References 

1. Abdel Latif AM, Abbas AA, Shaheen AA. Monogeniasis 

in African catfish (Clarias gariepinus) and common carp 

(Cyprinus carpio). Benha Vet Med J. 2009;Special:313-

326. 

2. Abdulraheem I, Otubusin S, Abebi O, Olowofeso O, 

Adeyemi K, Ashley-Dejo S. Induced breeding of African 

catfish (Clarias gariepinus) under varying brood stock 

ratios. Glob J Sci Frontier Res Agric Vet Sci. 

2012;12(8):53-57. 

3. Acosta AA, Netherlands EC, Retief F, Necker L de, 

Preez L du, Truter M, et al. Conserving freshwater 

biodiversity in an African subtropical wetland: South 

Africa’s Lower Phongolo River and floodplain. In: 

Managing Wildlife in a Changing World. IntechOpen; 

2020. p.37. doi:10.5772/intechopen.93752 

4. Adebambo AA. Fish species parasites: A review in 

Nigerian water bodies. J Res For Wildl Environ. 

2020;12(3):223-234. Available from:  

https://www.ajol.info/index.php/jrfwe/article/view/20079

9 

5. Adebayo OT, Popoola OM. Comparative evaluation of 

efficacy and cost of synthetic and non-synthetic 

hormones for artificial breeding of African catfish 

(Clarias gariepinus Burchell, 1822). J Fish Aquat Sci. 

2008;3(1):66-71. 

6. Adeleke B, Robertson-Andersson D, Moodley G, Taylor 

S. Aquaculture in Africa: A comparative review of 

https://www.fisheriesjournal.com/


 

~ 69 ~ 

International Journal of Fisheries and Aquatic Studies https://www.fisheriesjournal.com 

Egypt, Nigeria, and Uganda vis-à-vis South Africa. Rev 

Fish Sci Aquac. 2020;29(2):167-197.  

doi:10.1080/23308249.2020.1795615 

7. Akoll P. Prevalence and pathology of protozoan and 

monogenean parasites from fry and fingerlings of 

cultured Clarias gariepinus (Burchell, 1882) in Uganda. 

Delft: UNESCO-IHE Institute for Water Education; 

2005. 

8. Akoll P, Konecny R, Mwanja WW, Nattabi JK, Agoe C, 

Schiemer F. Parasite fauna of farmed Nile tilapia 

(Oreochromis niloticus) and African catfish (Clarias 

gariepinus) in Uganda. Parasitol Res. 2012;110(1):315-

23. doi:10.1007/s00436-011-2491-2494 

9. Akoll P, Mwanja WW. Fish health status, research and 

management in East Africa: Past and present. Afr J Aquat 

Sci. 2012;37(2):117-129.  

doi:10.2989/16085914.2012.694628 

10. Alal GW, Barasa JE, Chemoiwa EJ, Kaunda-Arara B, 

Akoll P, Masembe C. Genetic diversity and population 

structure of selected lacustrine and riverine populations 

of African catfish, Clarias gariepinus (Burchell, 1822), 

in Kenya. J Appl Ichthyol. 2021;1-12. 

doi:10.1111/jai.14167 

11. Amoah K, Adu-Asiamah P, Dong X, Ampofo-Yeboah A, 

Abarike ED. A comparative study on the hatchability and 

survival rate of African catfish, Clarias gariepinus 

(Burchell, 1822), induced with catfish’s pituitary gland 

hormone from farmed and wild sources. Aquac Int. 

2020;28(6):2221-34. doi:10.1007/s10499-020-00591-4 

12. Andrew TG, Huchzermeyer KDA, Mbeha BC, Nengu 

SM. Epizootic ulcerative syndrome affecting fish in the 

Zambezi river system in southern Africa. Vet Rec. 

2008;163(21):629-632. doi:10.1136/vr.163.21.629 

13. Anetekhai MA. Catfish aquaculture industry assessment 

in Nigeria. Inter-African Bureau for Animal Resources, 

African Union; 2013. p.84. 

14. Arafa SZ. Anatomical observations on the monogenean 

parasite Paraquadriacanthus nasalis Ergens, 1988 from 

the nasal cavities of the Nile catfish Clarias gariepinus in 

Egypt. Egypt J Zool. 2004;43:71-93. 

15. Arafa SZ. Scanning electron microscope observations on 

the monogenean parasite Paraquadriacanthus nasalis from 

the nasal cavities of Clarias gariepinus in Egypt with a 

note on some surface features of its microhabitat. 

Parasitol Res. 2012;110(5):1687-1693.  

doi:10.1007/s00436-011-2686-2688 

16. Arafa SZ, El-Naggar MM, El-Abbassy SA. Mode of 

attachment and histopathological effects of 

Macrogyrodactylus clarii, a monogenean gill parasite of 

Clarias gariepinus, with a report on host response. Acta 

Parasitol. 2009;54(2):103-112. doi:10.2478/s11686-009-

0026-2 

17. Arafa SZ, El-Naggar MM, El-Abbassy SA, Stewart MT, 

Halton DW. Neuromusculature of Gyrodactylus rysavyi, 

a monogenean gill and skin parasite of Clarias 

gariepinus. Parasitol Int. 2007;56(4):297-307. 

doi:10.1016/j.parint.2007.06.005 

18. Arafa SZ, El-Naggar MM, Kearn GC. Ultrastructure of 

the digestive system and experimental study of feeding in 

the monogenean parasite Macrogyrodactylus congolensis. 

Acta Parasitol. 2013;58(4):420-433. doi:10.2478/s11686-

013-0169-z 

19. Atukunda G, State AE, Molnar J, Atekyereza P. 

Aquaculture development and Uganda’s agricultural 

extension system: The case of fish farmers in central and 

northern regions. J Fish Aquac Dev. 2018;2(1):11. 

doi:10.29011/2577-1493.100037 

20. Bakke TA, Cable J, Harris PD. The biology of 

gyrodactylid monogeneans: The “Russian-doll killers.” 

In: Adv Parasitol. 2007;64:161-378. doi:10.1016/S0065-

308X(06)64003-7 

21. Bakke TA, Harris PD, Cable J. Host specificity 

dynamics: Observations on gyrodactylid monogeneans. 

Int J Parasitol. 2002;32(3):281-308. doi:10.1016/S0020-

7519(01)00331-9 

22. Bandilla M, Valtonen ET, Suomalainen LR, Aphalo PJ, 

Hakalahti T. A link between ectoparasite infection and 

susceptibility to bacterial disease in rainbow trout. Int J 

Parasitol. 2006;36(9):987-991.  

doi:10.1016/j.ijpara.2006.05.001 

23. Barasa JE, Mdyogolo S, Abila R, Grobler JP, Skilton RA, 

Bindeman H, et al. Genetic diversity and population 

structure of Clarias gariepinus (Burchell, 1822) in 

Kenya: Implication for conservation and aquaculture. 

Belg J Zool. 2017;147(2):105-127.  

doi:10.26496/bjz.2017.9 

24. Barber I. Parasites, behaviour and welfare in fish. Appl 

Anim Behav Sci. 2007;104(3-4):251-264.  

doi:10.1016/j.applanim.2006.09.005 

25. Barber I, Hoare D, Krause J. Effects of parasites on fish 

behaviour: A review and evolutionary perspective. Rev 

Fish Biol Fish. 2000;10(2):131-165.  

doi:10.1023/A:1016658224470 

26. Barber I, Poulin R. Interactions between fish, parasites 

and disease. In: Hart PJB, Reynolds JD, editors. 

Handbook of Fish Biology and Fisheries, Volume 1. 

Blackwell Publishing; 2002. p.259-289.  

doi:10.1002/9780470693803.ch17 

27. Barson M, Bray RA, Ollevier F, Huyse T. Taxonomy and 

faunistics of the helminth parasites of Clarias gariepinus 

and Oreochromis mossambicus from temporary pans and 

pools in the Save-Runde river floodplain, Zimbabwe. 

Comp Parasitol. 2008;75(2):228-240. doi:10.1654/4337.1 

28. Barson M, Přikrylová I, Vanhove MPM, Huyse T. 

Parasite hybridization in African Macrogyrodactylus spp. 

(Monogenea, Platyhelminthes) signals historical host 

distribution. Parasitology. 2010;137(10):1585-1595. 

doi:10.1017/S0031182010000302 

29. Beletew M, Getahun A, Vanhove MPM. First report of 

monogenean flatworms from Lake Tana, Ethiopia: Gill 

parasites of Clarias gariepinus and Oreochromis 

niloticus tana. Parasites Vectors. 2016;9(1):7. 

doi:10.1186/s13071-016-1691-1692 

30. Blažek R, Jarkovský J, Koubková B, Gelnar M. Seasonal 

variation in parasite occurrence and microhabitat 

distribution of monogenean parasites of gudgeon Gobio 

gobio (L.). Helminthologia. 2008;45(4):185-91. 

doi:10.2478/s11687-008-0037-9 

31. Boeger WA, Kritsky DC. Phylogenetic relationships of 

the Monogenoidea. In: Littlewood DTJ, Bray RA, 

editors. Interrelationships of the Platyhelminthes. 

London: Taylor & Francis; 2001. p. 92-102. 

32. Boeger WA, Kritsky DC, Pie MR. Context of 

diversification of the viviparous Gyrodactylidae 

(Platyhelminthes, Monogenoidea). Zool Scr. 

2003;32(5):437-448. 

33. Bondad-Reantaso MG. Assessment of freshwater fish 

seed resources for sustainable aquaculture. FAO Fish 

https://www.fisheriesjournal.com/


 

~ 70 ~ 

International Journal of Fisheries and Aquatic Studies https://www.fisheriesjournal.com 

Tech Pap. 2007;501. Available from:  

https://books.google.com/books?id=RTT3jgo5lU4C 

34. Bouah EF, N’Douba V, Pariselle A. Two new 

Quadriacanthus species (Monogenea: Dactylogyridae) 

including a new geographical record of Quadriacanthus 

mandibulatus Francová & Řehulková, 2017, gill parasites 

from Heterobranchus bidorsalis (Siluriformes) in Côte 

d’Ivoire. Acta Parasitol. 2022;1-11. 

35. Boyd CE. General relationship between water quality and 

aquaculture performance in ponds. In: Fish diseases. 

Amsterdam: Elsevier; 2017. p. 147-166. 

36. Boyd CE, Tucker CS. Pond aquaculture water quality 

management. New York: Springer US; 1998. 

37. Brummett RE. Catfish in aquaculture: pros and cons. In: 

Ponzoni RW, Nguyen NH, editors. Proc Workshop Dev 

Genet Improv Prog Afr Catfish Clarias gariepinus. 

WorldFish Center Conf Proc 1889; 2008a. p. 82-88. 

38. Brummett RE. Clarias catfish: biology, ecology, 

distribution and biodiversity. Proc Workshop Dev Genet 

Improv Prog Afr Catfish Clarias gariepinus. WorldFish 

Center Conf Proc 1889; 2008b. p. 64-72. 

39. Bruton M, Merron G, Skelton PH. Fishes of the 

Okavango Delta & Chobe River. Cape Town: Penguin 

Random House South Africa; 2018. 

40. Buchmann K, Bresciani J. Microenvironment of 

Gyrodactylus derjavini on rainbow trout Oncorhynchus 

mykiss: association between mucous cell density in skin 

and site selection. Parasitol Res. 1997;84:17-24. 

41. Buchmann K, Bresciani J. Monogenea (phylum 

Platyhelminthes). In: Woo PTK, editor. Fish diseases and 

disorders. 2nd ed. Vol. 1. Wallingford: CABI; 2006. p. 

297-344. 

42. Buchmann K, Lindenstrøm T. Interactions between 

monogenean parasites and their fish hosts. Int J Parasitol. 

2002;32(3):309-319. 

43. Busch S, Dalsgaard I, Buchmann K. Concomitant 

exposure of rainbow trout fry to Gyrodactylus derjavini 

and Flavobacterium psychrophilum: effects on infection 

and mortality of host. Vet Parasitol. 2003;117(1-2):117-

122. 

44. Cable J, Harris PD. Gyrodactylid developmental biology: 

historical review, current status and future trends. Int J 

Parasitol. 2002;32(3):255-280. 

45. Cable J, Tinsley RC, Harris PD. Survival, feeding and 

embryo development of Gyrodactylus gasterostei 

(Monogenea: Gyrodactylidae). Parasitology. 

2002;124(1):53-68. 

46. Cai J, Leung P. Short-term projection of global fish 

demand and supply gaps. FAO Fish Aquac Tech Pap. 

2017. Available from: http://agris.fao.org/agris-

search/search.do?recordID=XF2018000754 

47. Cavalcanti LD, Gouveia EJ, Leal FC, Figueiró CSM, 

Rojas SS, Russo MR. Responses of monogenean species 

to variations in abiotic parameters in tilapiculture. J 

Helminthol. 2020;7. 

48. Charo-Karisa H, Osure GO, Gitonga NK. Catfish 

research, production and marketing in Kenya. In: Ponzoni 

RW, Nguyen NH, editors. Proc Workshop Dev Genet 

Improv Prog Afr Catfish Clarias gariepinus. WorldFish 

Center Conf Proc 1889; 2008. p. 33-41. 

49. Chepkirui-Boit V, Ngugi CC, Bowman J, Oyoo-Okoth E, 

Rasowo J, Mugo-Bundi J, Cherop L. Growth 

performance, survival, feed utilization and nutrient 

utilization of African catfish (Clarias gariepinus) larvae 

co-fed Artemia and a micro-diet containing freshwater 

atyid shrimp (Caridina nilotica) during weaning. Aquac 

Nutr. 2011;17(2). 

50. Crafford D. Aspects of the biology of selected 

monogenean parasites from fish in the Vaal Dam, South 

Africa [dissertation]. Johannesburg: University of 

Johannesburg; 2013. 

51. Cribb TH, Chisholm LA, Bray RA. Diversity in the 

Monogenea and Digenea: does lifestyle matter? Int J 

Parasitol. 2002;32(3):321-328. 

52. de Graaf G, Galemoni F, Banzoussi B. Artificial 

reproduction and fingerling production of the African 

catfish, Clarias gariepinus (Burchell 1822), in protected 

and unprotected ponds. Aquac Res. 1995;26(4):233-242. 

53. de Graaf G, Garibaldi L. The value of African fisheries. 

FAO Fish Aquac Circ. 2014;1093:1-76. 

54. de Graaf G, Janssen H. Artificial reproduction and pond 

rearing of the African catfish Clarias gariepinus in sub-

Saharan Africa: a handbook. FAO Fish Tech Pap. 

1996;362. 

55. El-Naggar AA, Mashaly MI, Hagras AEM, Alshafei HA. 

Monogenean microfauna of the Nile catfish, Clarias 

gariepinus as biomonitors of environmental degradation 

in aquatic ecosystems at the Nile Delta, Egypt. IOSR J 

Environ Sci. 2017;11(8):45-62. 

56. El-Naggar MM, Arafa SZ, El-Abbassy SA, Kearn GC, 

Cable J. Ultrastructure of the anterior adhesive apparatus 

of the gill parasite Macrogyrodactylus clarii and skin 

parasite M. congolensis (Monogenea; Gyrodactylidae) 

from the catfish Clarias gariepinus. Parasitol Int. 

2019;71:151-159. 

57. El-Naggar MM, Cable J, Arafa SZ, El-Abbassy SA, 

Kearn GC. Scanning and transmission electron 

microscopy of the histopathological impact of 

Macrogyrodactylus clarii (Monogenea: Gyrodactylidae) 

on the gills of catfish, Clarias gariepinus. Folia Parasitol. 

2016;63:17. 

58. El-Naggar MM, El-Naggar AA, El-Abbassy SA. 

Microhabitat and movement of the viviparous 

monogeneans Gyrodactylus alberti, Macrogyrodactylus 

clarii and M. congolensis from the Nile catfish Clarias 

gariepinus. J Egypt Ger Soc Zool. 2001;35:169-187. 

59. El-Naggar MM, Kearn GC, Hagras AEM, Arafa SZ. On 

some anatomical features of Macrogyrodactylus 

congolensis, a viviparous monogenean ectoparasite of the 

catfish Clarias gariepinus from Nile water. J Egypt Ger 

Soc Zool. 1999;29:1-24. 

60. El-Naggar MM, Mashaly MI, Allam HE. Mode of 

attachment of Quadriacanthus spp. (Monogenea: 

Dactylogyridae) to the gills of the Nile catfish Clarias 

gariepinus and their local histopathological impacts. Int J 

Zool Appl Biosci. 2019;4(1):17-26. 

61. El-Naggar MM, Serag HM. The monogenean 

Quadriacanthus kearni n.sp. and a report of Q. clariadis 

clariadis Paperna, 1979 on the gills of Clarias lazera in 

Nile Delta. J Egypt Soc Parasitol. 1985;15(2):479-492. 

62. El-Naggar MM, Serag HM. Quadriacanthus aegypticus n. 

sp., a monogenean gill parasite from the Egyptian teleost 

Clarias lazera. Syst Parasitol. 1986;8(2):129-140. 

https://doi.org/10.1007/BF00009869 

63. El-Naggar MM, Serag HM. Redescription of 

Macrogyrodactylus clarii Gussev 1961, a monogenean 

gill parasite of Clarias lazera in Egypt. Arab Gulf J Sci 

Res B Agric Biol Sci. 1987;B5:257-271. 

https://www.fisheriesjournal.com/


 

~ 71 ~ 

International Journal of Fisheries and Aquatic Studies https://www.fisheriesjournal.com 

64. Enyidi U, Uwanna P. Parasites of African catfish Clarias 

gariepinus and Oreochromis niloticus polycultured in 

earthen ponds. Aquac Stud. 2019;19(2):81-89. 

https://doi.org/10.4194/2618-6381-v19_2_01 

65. Ergens R. Paraquadriacanthus nasalis gen. et sp. n. 

(Monogenea: Ancyrocephalidae) from Clarias lazera 

Cuvier et Valenciennes. Folia Parasitol. 1988;35(2):189-

192. 

66. FAO. FAO Yearbook, Fishery and Aquaculture Statistics 

-2017. FAO Fisheries and Aquaculture Department; 

2019. Available from:  

www.fao.org/fishery/static/Yearbook/YB2018_USBcard/

index.htm 

67. FAO. Aquaculture growth potential in Africa. World 

Aquacult Perform Ind (WAPI). 2020 Mar. Available 

from: http://www.fao.org/3/ca8179en/ca8179en.pdf 

68. FAO. Global aquaculture production 1950-2018 

(FishstatJ). FAO Fisheries Division; 2020. Available 

from: 

http://www.fao.org/fishery/statistics/software/fishstatj/en 

69. Ferraris CJ. Clariidae genera. 2002. Available from: 

http://silurus.acnatsci.org/ACSI/taxa/Genera_by_Family/

Genera_Clariidae.html 

70. FishBase. Introductions of Clarias gariepinus. 2024. 

Available from:  

https://www.fishbase.se/introductions/IntroductionsList.p

hp?ID=1934&GenusName=Clarias&SpeciesName=garie

pinus&fc=139&StockCode=2130 

71. Fleuren W. Reproductive and growout management of 

African catfish in the Netherlands. In: Ponzoni RW, 

Nguyen NH, editors. Proc Workshop Dev Genet Improve 

Program African Catfish Clarias gariepinus. WorldFish 

Center Conf Proc. 2008;1889:73-78. 

72. Flourizel I, Sadiq HO, Eyiseh TE. A review of the 

parasites of catfishes and tilapias in the wild and 

homestead ponds in Nigeria. Int J Fish Aquat Stud. 

2019;7(5):307-310. 

73. Francová K, Seifertová M, Blažek R, Gelnar M, 

Mahmoud ZN, Řehulková E. Quadriacanthus species 

(Monogenea: Dactylogyridae) from catfishes (Teleostei: 

Siluriformes) in eastern Africa: New species, new records 

and first insights into interspecific genetic relationships. 

Parasites Vectors. 2017;10(1):361.  

https://doi.org/10.1186/s13071-017-2223-2224 

74. Ghoneim WM, Khalil RH, Saad TT, Tanekhy M, Abdel-

Latif HMR. Ectoparasite fauna of cultured African 

catfish, Clarias gariepinus (Burchell, 1822), El-Behera 

Province, Egypt. Int J Fish Aquat Stud. 2015;3(1):19-22. 

75. Gibson DI, Timofeeva TA, Gerasev PI. A catalogue of 

the nominal species of the monogenean genus 

Dactylogyrus Diesing, 1850 and their host genera. Syst 

Parasitol. 1996;35(1):3-48.  

https://doi.org/10.1007/BF00012180 

76. Gilbert BM, Avenant-Oldewage A. Monogeneans as 

bioindicators: A meta-analysis of effect size of 

contaminant exposure toward Monogenea 

(Platyhelminthes). Ecol Indic. 2021;130:108062. 

77. Giorgi MS, Arlettaz R, Guillaume F, Nusslé S, Ossola C, 

Vogel P, Christe P. Causal mechanisms underlying host 

specificity in bat ectoparasites. Oecologia. 

2004;138(4):648-54. https://doi.org/10.1007/s00442-003-

1475-1471 

78. Hagras AEM, El-Naggar MM, Kearn GC, Arafa SZ. 

Monthly occurrence, seasonal population dynamics and 

distribution of four monogeneans on the catfish Clarias 

gariepinus in Dakahlia province, lower Egypt. J Egypt 

Ger Soc Zool. 1999;29(D):49-66. 

79. Harris PD, Tinsley RC. The biology of Gyrdicotylus 

gallieni (Gyrodactylidea), an unusual viviparous 

monogenean from the African clawed toad, Xenopus 

laevis. J Zool. 1987;212(2):325-346. 

80. Harris PD. Interactions between reproduction and 

population biology in gyrodactylid monogeneans - a 

review. Bull Fr Peche Piscic. 1993;328:47-65. 

81. Hecht T. A review of on-farm feed management practices 

for North African catfish (Clarias gariepinus) in sub-

Saharan Africa. In: Hasan MR, New MB, editors. FAO 

Fish Aquacult Tech Pap No. 583. Rome: FAO; 2013. p. 

463-479. 

82. Hecht T, Endemann F. The impact of parasites, infections 

and diseases on the development of aquaculture in sub-

Saharan Africa. J Appl Ichthyol. 1998;14(3-4):213-221. 

https://doi.org/10.1111/j.1439-0426.1998.tb00644.x 

83. Hecht T, Oellermann L, Verheust L. Perspectives on 

clariid catfish culture in Africa. Aquat Living Resour. 

1996;9(5):197-206. https://doi.org/10.1051/alr:1996054 

84. Heinecke RD, Martinussen T, Buchmann K. Microhabitat 

selection of Gyrodactylus salaris Malmberg on different 

salmonids. J Fish Dis. 2007;30(12):733-743. 

85. Hodneland K, Nilsen F. On the occurrence and 

morphology of Gyrodactylus pterygialis from saithe 

Pollachius virens in a Norwegian Fjord. J Parasitol. 

1994;80(6):938-945. https://doi.org/10.2307/3283443 

86. Hossain MAR, Beveridge MCM, Haylor GS. The effects 

of density, light and shelter on the growth and survival of 

African catfish (Clarias gariepinus Burchell, 1822) 

fingerlings. Aquaculture. 1998;160(3-4):251-258. 

https://doi.org/10.1016/S0044-8486(97)00250-0 

87. Huchzermeyer KDA, van der Waal BCW. Epizootic 

ulcerative syndrome: Exotic fish disease threatens 

Africa’s aquatic ecosystems. J S Afr Vet Assoc. 

2012;83(1):1-6. https://doi.org/10.4102/jsava.v83i1.204 

88. Huisman EA, Richter CJJ. Reproduction, growth, health 

control and aquacultural potential of the African catfish, 

Clarias gariepinus (Burchell 1822). Aquaculture. 

1987;63(1-4):1-14. https://doi.org/10.1016/0044- 

8486(87)90057-3 

89. Hussein A-N, Ammar K, Mansour A, Morsy K. 

Morphological and morphometric characterization of four 

monogenean parasites from fishes of the River Nile, 

Qena Governorate, Egypt. Egypt Acad J Biol Sci B Zool. 

2019;11(1):31-45. 

https://doi.org/10.21608/eajbsz.2019.29077 

90. Isyagi AN. The aquaculture potential of indigenous 

catfish (Clarias gariepinus) in the Lake Victoria Basin, 

Uganda [dissertation]. Stirling (UK): University of 

Stirling; 2007. Available from:  

https://search.proquest.com/docview/1442482634?accou

ntid=6180 

91. Isyagi AN, Veverica KL, Asiimwe R, Daniels WH. 

Manual for the commercial pond production of the 

African catfish in Uganda. Kampala: Walimi Fish Co-op 

Society Ltd.; 2009. Available from:  

http://www.ag.auburn.edu/fish/international/uganda/docs/

catfish%20manualchapters/1Contents_Preface_Definitio

ns_BMPsummary.pdf 

92. IUCN. The IUCN Red List of Threatened Species. 

Version 2018-2. Gland (Switzerland): IUCN; 2018. 

https://www.fisheriesjournal.com/


 

~ 72 ~ 

International Journal of Fisheries and Aquatic Studies https://www.fisheriesjournal.com 

Available from: www.iucnredlist.org 

93. Jensen AJ, Johnsen BO. Site specificity of Gyrodactylus 

salaris Malmberg, 1957 (Monogenea) on Atlantic salmon 

(Salmo salar L.) in the River Lakselva, northern Norway. 

Can J Zool. 1992;70(2):264-267. 

94. Kabata Z. Parasites and diseases of fish cultured in the 

tropics. Parasitology. 1985;91(3):318.  

https://doi.org/10.1017/S0031182000062880 

95. Khalil AA, El-houseiny W. Effect of ginger (Zingiber 

officinale) on Clarias gariepinus infested with gill 

monogenia. Egypt J Aquat Res. 2019;3(4):55-61. 

96. Khalil LF. On the biology of Macrogyrodactylus 

polypteri Malmberg, 1956, a monogenetic trematode on 

Polypterus senegalus in the Sudan. J Helminthol. 

1964;38(3-4):219-22. 

97. Khalil LF, Mashego SN. The African monogenean 

gyrodactylid genus Macrogyrodactylus Malmberg, 1957, 

and the reporting of three species of the genus on Clarias 

gariepinus in South Africa. Onderstepoort J Vet Res. 

1998;65(4):223-231. Available from:  

https://repository.up.ac.za/handle/2263/20363 

98. Kibet CJ, Donde OO, Okwiri B, Otachi EO. Taxonomic 

status of fish parasites in Kenyan inland water systems 

and their significance on the freshwater fisheries and 

aquaculture productivity within the region. Lakes Reserv 

Res Manag. 2019;24(4):402-410.  

https://doi.org/10.1111/lre.12284 

99. Klinger R, Floyd RF. Introduction to freshwater fish 

parasites. Gainesville (FL): IFAS Extension, University 

of Florida; 2013. p. 1-12. 

100. Kotob MH, Menanteau-Ledouble S, Kumar G, 

Abdelzaher M, El-Matbouli M. The impact of co-

infections on fish: a review. Vet Res. 2016;47(1):98. 

https://doi.org/10.1186/s13567-016-0383-0384 

101. Kritsky DC. Synonymy of Paraquadriacanthus Ergens, 

1988 and Quadriacanthoides Kritsky et Kulo, 1988 

(Monogenea Dactylogyridae) and their type species. 

Folia Parasitol. 1990;37(1):76. Available from: 

https://folia.paru.cas.cz/artkey/fol-199001-0009.php 

102. Kritsky DC, Kulo S-D. The African species of 

Quadriacanthus with proposal of Quadriacanthoides gen. 

n. (Monogenea: Dactylogyridae). Proc Helminthol Soc 

Wash. 1988;55(2):175-87. Available from:  

http://bionames.org/bionames-archive/issn/0018-

0130/55/175.pdf 

103. Lester RJG, Adams JR. Gyrodactylus alexanderi: 

reproduction, mortality, and effect on its host 

Gasterosteus aculeatus. Can J Zool. 1974;52(7):827-33. 

104. Lim LHS, Timofeeva TA, Gibson DI. Dactylogyridean 

monogeneans of the siluriform fishes of the Old World. 

Syst Parasitol. 2001;50(3):159-97.  

https://doi.org/10.1023/A:1012237801974 

105. Madanire-Moyo GN, Luus-Powell WJ, Jooste A, Olivier 

PAS. 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. Afr J Aquat Sci. 2012;37(1):27-37. 

https://doi.org/10.2989/16085914.2012.665575 

106. Madanire-Moyo GN, Luus-Powell WJ, Olivier PAS. 

Ecology of metazoan parasites of Clarias gariepinus 

(Osteichthyes: Clariidae) from the Nwanedi-Luphephe 

Dams of the Limpopo River System, South Africa. Afr 

Zool. 2010;45(2):233-243.  

https://doi.org/10.3377/004.045.0202 

107. Maduenyane M, Dos Santos QM, Avenant-Oldewage A. 

First isolation and scanning electron microscopy of 

haptoral sclerites of Macrogyrodactylus (Monogenea). J 

Helminthol. 2022;96:e9.  

https://doi.org/10.1017/S0022149X22000037 

108. Maduenyane M, Dos Santos QM, Avenant-Oldewage A. 

Light and scanning electron microscopy of the effects of 

Macrogyrodactylus congolensis (Prudhoe, 1957) on the 

skin of the African sharptooth catfish Clarias gariepinus 

(Burchell, 1822). J Fish Dis. 2022;45(4):595-602. 

https://doi.org/10.1111/jfd.13584 

109. Mahlatji ML. The impact of water and sediment quality 

on the health of Clarias gariepinus (Burchell, 1822) and 

Labeo rosae (Steindachner, 1894) at the Phalaborwa 

Barrage, Olifants River, Limpopo province [dissertation]. 

Turfloop (South Africa): University of Limpopo; 2014. 

110. Mahmoud ZN, Abdalla RM. A review of parasites of 

freshwater fishes of the Sudan from 1902 to 2020. Napata 

Sci J. 2022;1(1). https://doi.org/10.53796/nsj115 

111. Marimuthu K, Cheen AC, Muralikrishnan S, Kumar D. 

Effect of different feeding frequency on the growth and 

survival of African catfish (Clarias gariepinus) 

fingerlings. Adv Environ Biol. 2010;4(2):187-193. 

112. Mashaly MI, El-Naggar AA, Hagras AEM, Haidi A. 

Microhabitat selection of ectoparasitic monogenean 

populations of the Nile catfish, Clarias gariepinus. 

Jordan J Biol Sci. 2019;12(5):573-580. Available from: 

http://www.jjbs.hu.edu.jo/files/vol12/n5/Paper%20Numb

er%207.pdf 

113. Matsiko SD, Mwanja M. The current status of catfish 

culture and research in Uganda. In: Ponzoni RW, Nguyen 

NH, editors. Proc Workshop Dev Genet Improve 

Program African Catfish Clarias gariepinus. WorldFish 

Center Conf Proc. 2008;1889:57-63. 

114. Mavuti SK, Waruiru RM, Mbuthia PG, Maina JG, 

Mbaria JM, Otieno RO. Prevalence of ecto- and endo-

parasitic infections of farmed tilapia and catfish in Nyeri 

county, Kenya. Livest Res Rural Dev. 2017;29(6). 

Available from:  

https://lrrd.cipav.org.co/lrrd29/6/stek29122.htm 

115. Mokonyane MP. Diversity of freshwater fish parasites 

and water quality of the Kwena Dam, Mpumalanga 

Province, South Africa [dissertation]. Turfloop (South 

Africa): University of Limpopo; 2020. 

116. Molnar K, Szekely C, Lang M. Field guide to warmwater 

fish diseases in Central and Eastern Europe, the Caucasus 

and Central Asia. FAO Fish Aquac Circ. 2019;1182:1-

128. Available from:  

http://www.fao.org/3/ca4730en/ca4730en.pdf 

117. Mouton A, Basson L, Impson D. Health status of 

ornamental freshwater fishes imported to South Africa: a 

pilot study. Aquarium Sci Conserv. 2001;3:313-319. 

118. Mulega AM, Van Steenberge M, Kmentová N, Bukinga 

FM, Rahmouni I, Masilya PM, et al. Monogeneans from 

catfishes in Lake Tanganyika. II: New infection site, new 

record, and additional details on the morphology of the 

male copulatory organ of Gyrodactylus transvaalensis 

Prudhoe and Hussey, 1977. Preprints. 2022. 

https://www.preprints.org/manuscript/202210.0447/v1 

119. Müller T, Kucska B, László H, Ittzés Á, Urbányi B, 

Blake C, et al. Successful, induced propagation of 

African catfish (Clarias gariepinus) by ovarian lavage 

with sperm and hormone mixture. Aquaculture. 

https://www.fisheriesjournal.com/


 

~ 73 ~ 

International Journal of Fisheries and Aquatic Studies https://www.fisheriesjournal.com 

2018;485:197-200. 

https://doi.org/10.1016/j.aquaculture.2017.11.051 

120. Murugami JW. Predation and risk factors associated with 

parasitic infestations of farmed fish in Kirinyaga county, 

Kenya [dissertation]. Morogoro: Sokoine University of 

Agriculture; 2017. Available from:  

http://suaire.sua.ac.tz/handle/123456789/2208 

121. Murugami JW, Waruiru R, Mbuthia PG, Maina K, 

Thaiyah A, Mavuti ROSK, Nduhiu H, Mdegela R. 

Helminth parasites of farmed fish and water birds in 

Kirinyaga County, Kenya. Int J Fish Aquat Stud. 

2018;6(3):6-12. Available from:  

http://edocs.maseno.ac.ke/handle/123456789/2821 

122. Mushagalusa Mulega A, Van Steenberge M, Kmentová 

N, Muterezi Bukinga F, Rahmouni I, Masilya PM, et al. 

Monogeneans from Catfishes in Lake Tanganyika. II: 

New infection site, new record, and additional details on 

the morphology of the male copulatory organ of 

Gyrodactylus transvaalensis Prudhoe and Hussey, 1977. 

Pathogens. 2023;12(2):200. 

123. Mwanja M, Rutaisire J, Ondhoro C, Ddungu R, Aruho C. 

Current fish hatchery practises in Uganda: the potential 

for future investment. Int J Fish Aquat Stud. 

2015;2(4):224-232. 

124. Mwita CJ. The community of parasites infecting Clarias 

gariepinus in the Tanzanian waters: a case of Lake 

Victoria. Open J Ecol. 2014;4(14):873-882. 

125. Mwita CJ, Nkwengulila G. Parasites of Clarias 

gariepinus (Burchell, 1822) from the Mwanza gulf, Lake 

Victoria. Tanzan J Sci. 2004;30(1):53-62. 

126. Mwita CJ, Nkwengulila G. Determinants of the parasite 

community of clariid fishes from Lake Victoria, 

Tanzania. J Helminthol. 2008;82(1):7-16. 

127. N’Douba V, Lambert A. Un nouveau Macrogyrodactylus 

(Monogenea, Gyrodactylidae) parasite de Heterobranchus 

longifilis Valenciennes, 1840 (Teleosteen, Siluriforme) 

en Côte d’Ivoire. Zoosystema. 1999;21(1):7-12. 

128. Nack J, Bitja Nyom AR, Pariselle A, Bilong Bilong CF. 

New evidence of a lateral transfer of monogenean 

parasite between distant fish hosts in Lake Ossa, South 

Cameroon: the case of Quadriacanthus euzeti n. sp. J 

Helminthol. 2016;90(4):455-459. 

129. Nelson JS, Grande TC, Wilson MVH. Fishes of the 

world. 5th ed. Hoboken: Wiley Blackwell; 2016. 

130. Obiekezie AI, Ajah PO. Chemotherapy of 

macrogyrodactylosis in the culture of African clariid 

catfishes Clarias gariepinus and Heterobranchus 

longifiliis. J Aquac Tropics. 1994;9:187-192. 

131. Obiekezie AI, Taege M. Mortalities in hatchery-reared 

fry of the African catfish, Clarias gariepinus (Burchell) 

caused by Gyrodactylus groschafti Ergens, 1973. Bull 

Eur Assoc Fish Pathol. 1991;11(2):82-85. 

132. Obiero KO, Meulenbroek P, Drexler S, Dagne A, Akoll 

P, Odong R, et al. The contribution of fish to food and 

nutrition security in Eastern Africa: emerging trends and 

future outlooks. Sustainability. 2019;11(6):160. 

133. Ogawa K. Diseases of cultured marine fishes caused by 

Platyhelminthes (Monogenea, Digenea, Cestoda). 

Parasitology. 2015;142(1):178-195. 

134. Oké V, Goosen NJ. The effect of stocking density on 

profitability of African catfish (Clarias gariepinus) 

culture in extensive pond systems. Aquaculture. 

2019;507:385-392. 

135. Okomoda VT, Aminem W, Hassan A, Martins CO. 

Effects of feeding frequency on fry and fingerlings of 

African catfish Clarias gariepinus. Aquaculture. 

2019;511:734232. 

136. Okunade OA, Oladosu GA, Ajani EK, Adejinmi JO, 

Adeogun OA. Histopathological assessment of infested 

farmed Clarias gariepinus at various developmental 

stages in different culture management systems. Alex J 

Vet Sci. 2023;77(1). 

137. Olivier PAS, Luus-Powell WJ, Saayman JE. Report on 

some monogenean and clinostomid infestations of 

freshwater fish and waterbird hosts in Middle Letaba 

Dam, Limpopo Province, South Africa. Onderstepoort J 

Vet Res. 2009;76(2):187-199. 

138. Olubiyo CK, Audu PA, Adang LK, Olubiyo GT. 

Occurrence of helminthes on Clarias gariepinus in Omi 

Dam, Omi, Yagba West Local Government Area, Kogi 

State. J Surv Fish Sci. 2023;10(1S):6722-6727. 

139. Onojafe JO, Egwuyanga AO, Eke SS. Helminthes 

parasites of Clarias gariepinus in Abraka Delta State, 

Nigeria. Asian J Fish Aquat Res. 2021;12(4):14-15. 

140. Opiyo MA, Marijani E, Muendo P, Odede R, Leschen W, 

Charo-Karisa H. A review of aquaculture production and 

health management practices of farmed fish in Kenya. Int 

J Vet Sci Med. 2018;6(2):141-148. 

141. Opiyo MA, Orina PS, Charo-Karisa H. Fecundity, growth 

parameters and survival rate of three African catfish 

(Clarias gariepinus) strains under hatchery condition. J 

Aquac Eng Fish Res. 2017;3(2):75-81. 

142. Oscar EV, Arit ET, Philip EA. Monogenean parasites of 

the African catfish Clarias gariepinus from two fish 

farms in Calabar, Cross River State, Nigeria. J Coast Life 

Med. 2015;3(6):433-437. 

143. Paperna I. Studies on monogenetic trematodes in Israel. 

3. Monogenetic trematodes of the Cyprinidae and 

Claridae of the Lake of Galilee. Isr J Aquac Bamidgeh. 

1961;13(1):14-29. 

144. Paperna I. Host reaction to infestation of carp with 

Dactylogyrus vastator Nybelin, 1924 (Monogenea). 

Bamidgeh. 1964;16(4):129-141. 

145. Paperna I. New species of Monogenea (Vermes) from 

African freshwater fish: a preliminary report. Rev Zool 

Bot Afr. 1973;87:505-518. 

146. Paperna I. Monogenea of inland water fish in Africa. 

Tervuren: Royal Museum for Central Africa; 1979. 

(Annales - Serie in 8°; 226). 

147. Paperna I. Diseases caused by parasites in the aquaculture 

of warm water fish. Annu Rev Fish Dis. 1991;1(C):155-

94. 

148. Paperna I. Parasites, infections and diseases of fishes in 

Africa: an update. In: CIFA Technical Paper No. 31. 

Rome: Food and Agriculture Organization of the United 

Nations; 1996. 

149. Pie MR, Engers KB, Boeger WA. Density-dependent 

topographical specialization in Gyrodactylus 

anisopharynx (Monogenoidea, Gyrodactylidae): boosting 

transmission or evading competition? J Parasitol. 

2006;92(3):459-463. 

150. Prikrylová I, Blažek R, Vanhove MPM. An overview of 

the Gyrodactylus (Monogenea: Gyrodactylidae) species 

parasitizing African catfishes, and their morphological 

and molecular diversity. Parasitol Res. 

2012;110(3):1185-1200. 

151. Přikrylová I, Gelnar M. The first record of 

Macrogyrodactylus species (Monogenea, 

https://www.fisheriesjournal.com/


 

~ 74 ~ 

International Journal of Fisheries and Aquatic Studies https://www.fisheriesjournal.com 

Gyrodactylidae) on freshwater fishes in Senegal with the 

description of Macrogyrodactylus simentiensis sp. nov., a 

parasite of Polypterus senegalus Cuvier. Acta Parasitol. 

2008;53(1):1-8. 

152. Prudhoe S. Trematoda - Exploration du Parc National de 

l’Upemba. Mission GF de Witte (1946-49). Brussels: 

Institut des Parcs Nationaux du Congo Belge; 1957. p. 1-

28. 

153. Prudhoe S, Hussey CG. Some parasitic worms in 

freshwater fishes and fish-predators from the Transvaal, 

South Africa. Zool Afr. 1977;12(1):113-147. 

154. Pugachev ON, Gerasev PI, Gussev AV, Ergens R, 

Khotenowsky I. Guide to Monogenoidea of freshwater 

fish of Palaearctic and Amur regions. Milan: 

LEDIZIONI-LediPublishing; 2010. 

155. Reda ES, El-Naggar MM, Arafa SZ. Egg variability, 

hatching and anatomy of the oncomiracidia of three 

Quadriacanthus species (Monogenea) from the Nile Delta 

catfish, Clarias gariepinus. Acta Parasitol. 

2003;48(4):246-254. 

156. Reed P, Francis-Floyd R, Klinger R, Petty D. 

Monogenean parasites of fish [Internet]. Gainesville: 

University of Florida IFAS Extension; 2012. Available 

from: http://edis.ifas.ufl.edu 

157. Řehulková E. Ectoparasitic helminths (Monogenea). In: 

Scholz T, Vanhove MPM, Smit NJ, Jayasundera Z, 

Gelnar M, editors. A guide to the parasites of African 

freshwater fishes. Abc Taxa; 2018. p. 89-98. 

158. Remilekun AO, Akinola OG, Olubusola OO. Causal 

factors of mass mortality of hatchery reared Clarias 

gariepinus fry during exogenous feeding. Int J Fish 

Aquat Stud. 2021;9(1):235-239. 

159. Roberts TR. Geographical distribution of African 

freshwater fishes. Zool J Linn Soc. 1975;57(4):249-319. 

160. Schaeffner VCC. Host-parasite list. In: Scholz T, 

Vanhove MPM, Smit NJ, Jayasundera Z, Gelnar M, 

editors. A guide to the parasites of African freshwater 

fishes: diversity, ecology and research methods. Brussels: 

ABC Taxa, Royal Belgian Institute of Natural Sciences; 

2018. p. 372-373. 

161. Scholz T, Vanhove MPM, Smit NJ, Jayasundera Z, 

Gelnar M, editors. A guide to the parasites of African 

freshwater fishes. Brussels: Royal Belgian Institute of 

Natural Sciences; 2018. 

162. Scott ME, Anderson RM. The population dynamics of 

Gyrodactylus bullatarudis (Monogenea) within laboratory 

populations of the fish host Poecilia reticulata. 

Parasitology. 1984;89(1):159-194. 

163. Shinn AP, Bron JE, Sommerville C, Gibson DI. 

Comments on the mechanism of attachment in species of 

the monogenean genus Gyrodactylus. Invertebr Biol. 

2003;122(1):1-11. 

164. Shotter RA. Aspects of the parasitology of the catfish 

Clarias anguillaris (L.) from a river and a lake at Zaria, 

Kaduna State, Nigeria. Bull Inst Fondam Afr Noire. 

1980;42(4):836-859. 

165. Skelton PH. The distribution of African freshwater fishes. 

In: East. 1994. p. 65-91. 

166. Skelton PH. A complete guide to the freshwater fishes of 

southern Africa. Cape Town: Struik Publishers; 2001. 

167. Skelton PH. A complete guide to the freshwater fishes of 

southern Africa. Cape Town: Struik Nature; 2012. 

168. Skelton PH, Teugels GG. Neotype description for the 

African catfish Clarias gariepinus (Burchell, 1822) 

(Pisces: Siluroidei: Clariidae). Ichthyol Bull JLB Smith 

Inst Ichthyol. 1992;56:7. 

169. Skelton PH, Teugels GG, Guegan JF, Albaret JJ. 

Diversity and distribution of freshwater fishes in East and 

Southern Africa. 1994. 

170. Smit NJ, Malherbe W, Hadfield KA. Alien freshwater 

fish parasites from South Africa: diversity, distribution, 

status and the way forward. Int J Parasitol Parasites 

Wildl. 2017;6(3):386-401. 

171. Snoeks J, Getahun A. African fresh and brackish water 

fish biodiversity and their distribution: more unknowns 

than knowns. In: Fourth International Conference on 

African Fish and Fisheries; 2008 Sep 22-26; Addis 

Ababa, Ethiopia. p. 67-76. 

172. Tchokote E, Olufemi B. The monogenean trematode, 

Gyrodactylus, a major constraint to African catfish 

(Clarias gariepinus) production: a case study of small 

scale fish farms in Ibadan, Nigeria. Bull Anim Health 

Prod Afr. 2012;60(1):57-62. 

173. Teugels GG. Taxonomy, phylogeny and biogeography of 

catfishes (Ostariophysi, Siluroidei): an overview. Aquat 

Living Resour. 1996;9(5):9-34. 

174. Thoney DA, Hargis WJ. Monogenea (Platyhelminthes) as 

hazards for fish in confinement. Annu Rev Fish Dis. 

1991;1(C):133-153. 

175. Tripathi A, Agrawal N, Pandey KC. The status of 

Quadriacanthus Paperna, 1961 and Anacornuatus Dubey 

et al., 1991 (Monogenoidea: Dactylogyridae) with 

redescription of Q. kobiensis Ha Ky, 1968, new 

geographical records for Q. bagrae Paperna, 1979 and Q. 

clariadis Paperna, 1961 from India. Parasitol Int. 

2007;56(1):23-30. 

176. Truter M, Acosta AA, Weyl OLF, Smit NJ. Novel 

distribution records and molecular data for species of 

Macrogyrodactylus Malmberg, 1957 (Monogenea: 

Gyrodactylidae) from Clarias gariepinus (Burchell) 

(Siluriformes: Clariidae) in southern Africa. Folia 

Parasitol. 2021;68:27. 

177. Truter M, Hadfield KA, Smit NJ. Parasite diversity and 

community structure of translocated Clarias gariepinus 

(Burchell) in South Africa: testing co-introduction, 

parasite spillback and enemy release hypotheses. Int J 

Parasitol Parasites Wildl. 2023;20:170-179. 

178. Truter M, Hadfield KA, Smit NJ. Review of the 

metazoan parasites of the economically and ecologically 

important African sharptooth catfish Clarias gariepinus 

in Africa: current status and novel records. Adv Parasitol. 

2023;119:65-222.  
179. Van Steenberge MW, Vanhove MPM, Chocha Manda A, 

Larmuseau MHD, Swart BL, Khang’Mate F, et al. 

Unravelling the evolution of Africa’s drainage basins 

through a widespread freshwater fish, the African 

sharptooth catfish Clarias gariepinus. J Biogeogr. 

2020;47(8):1739-1754. 

180. Van Wilgen NJ. Alien & Invasive Animals: a South 

African Perspective, Mike Picker & Charles Griffiths: 

book review. Afr Zool. 2012;47(1):193-194. 

181. Vanhove MPM, Briscoe AG, Jorissen MWP, Littlewood 

DTJ, Huyse T. The first next-generation sequencing 

approach to the mitochondrial phylogeny of African 

monogenean parasites (Platyhelminthes: Gyrodactylidae 

and Dactylogyridae). BMC Genomics. 2018;19(520):1-

16. 

182. Venter J. Ectoparasites of fishes from Soetdoring Nature 

https://www.fisheriesjournal.com/


 

~ 75 ~ 

International Journal of Fisheries and Aquatic Studies https://www.fisheriesjournal.com 

Reserve. Bloemfontein: University of the Free State; 

2002. 

183. Walakira J, Akoll P, Engole M, Sserwadda M, Nkambo 

M, Namulawa V, et al. Common fish diseases and 

parasites affecting wild and farmed Tilapia and catfish in 

Central and Western Uganda. Uganda J Agric Sci. 

2014;15(2):113-125. 

184. Wanja DW, Mbuthia PG, Waruiru RM, Mwadime JM, 

Bebora LC, Nyaga PN, et al. Fish husbandry practices 

and water quality in Central Kenya: potential risk factors 

for fish mortality and infectious diseases. Vet Med Int. 

2020;2020:6839354. doi:10.1155/2020/6839354. 

185. Waruiru RM, Mbuthia PG, Wanja DW, Mwadime JM. 

Prevalence, intensity and influence of water quality on 

parasites of farmed fish in Kirinyaga County, Kenya. 

Livest Res Rural Dev. 2020;32(10). Available from: 

https://www.researchgate.net/publication/344444753. 

186. Whittington ID, Chisholm LA. Diseases caused by 

Monogenea. In: Eiras JC, Segner H, Wahli T, Kapoor 

BG, editors. Fish Diseases. Vol. 2. 1st ed. Enfield: 

Science Publishers Inc.; 2008. p. 697-737. 

doi:10.1201/9781482280487-15. 

187. Whittington ID, Cribb BW, Hamwood TE, Halliday JA. 

Host-specificity of monogenean (platyhelminth) 

parasites: a role for anterior adhesive areas? Int J 

Parasitol. 2000;30(3):305-320. 

188. Williams S, Olaosebikan B, Adeleke AO, Fagbenro O. 

Status of African catfish farming in Nigeria. In: Ponzoni 

RW, Nguyen NH, editors. Proceedings of a Workshop on 

the Development of a Genetic Improvement Program for 

African Catfish Clarias gariepinus. WorldFish Center 

Conference Proceedings Number 1889. Penang: 

WorldFish Center; 2008. p. 49-56. 

189. Wurtz AG, Simpson CJH. The culture of carp (Cyprinus 

carpio L.) in ponds in Uganda: I Preliminary 

observations on growth and reproduction. East Afr Agric 

For J. 1960;26(2):111-116. 

190. Xu DH, Shoemaker CA, Klesius PH. Evaluation of the 

link between gyrodactylosis and streptococcosis of Nile 

tilapia, Oreochromis niloticus (L.). J Fish Dis. 

2007;30(4):233-238. 

https://www.fisheriesjournal.com/

