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Abstract 

Background: Monogenea van Beneden, 1858 is a group of parasitic �atworms, commonly found infecting bony �sh. 
Several genera, such as Cichlidogyrus Paperna, 1960, are reported to include potential pathogenic species that can 
negatively impact aquaculture �sh stocks. They can switch from introduced to native �sh and vice versa. In Africa (and 
all over the world), �sh species belonging to Cichlidae are often kept in aquaculture and represent a major source of 
food. Thus, research on the biodiversity and occurrence of monogenean species on these �sh is of importance for 
aquaculture and conservation. The present study is a survey of the diversity of species of Cichlidogyrus in the south of 
the Democratic Republic of the Congo (DRC) on three cichlid species: Orthochromis sp. ‘Lomami’, Serranochromis cf. 
macrocephalus, and Tilapia sparrmanii Smith, 1840.

Methods: Specimens of Cichlidogyrus were isolated from the gills and mounted on glass slides with Hoyer’s medium. 
The genital and haptoral hard parts were measured and drawn using interference contrast.

Results: In total, six species of Cichlidogyrus were found, all new to science: C. bulbophallus n. sp. and C. pseudo-
zambezensis n. sp. on S. cf. macrocephalus, C. �agellum n. sp. and C. lobus n. sp. on T. sparrmanii, C. ranula n. sp. on S. 
cf. macrocephalus and Orthochromis sp. ‘Lomami’, and C. maeander n. sp. found on Orthochromis sp. ‘Lomami’ and T. 
sparrmanii. The �rst four species are considered to be strict specialists, C. ranula n. sp. an intermediate generalist and 
C. maeander n. sp. a generalist. These parasite species show morphological similarities to species found in the Lower 
Guinea and Zambezi ichthyofaunal provinces, which might be explained by past river capture events between river 
systems of the Congo Province and both these regions.

Conclusions: Serranochromis cf. macrocephalus and Orthochromis sp. ‘Lomami’ can harbour respectively three and 
two species of Cichlidogyrus, all described in this study. Tilapia sparrmanii can harbour seven species, of which three 
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Background
Since the second half of the 20th century, the number 
of described monogenean species increased substan-
tially, as interest in �sh parasites increased in general 
because of intensi�ed aquaculture and stocking [1, 2]. 
At the moment, more than 5500 species and 750 genera 
have been described [3, 4]. Within the Monogenea, the 
Gyrodactylidae van Beneden & Hesse, 1863 and the Dac-
tylogyridae Bychowsky, 1933 are the most species-rich 
families, each consisting of more than 500 to thousands 
of species described [2, 3].

Several genera of the Monogenea, such as Cichlido-
gyrus Paperna, 1960, Dactylogyrus Diesing, 1850 and 
Gyrodactylus von Nordmann, 1832, are reported to 
include potential �sh pathogens, especially in aquacul-
ture stocks [3–5]. �ere is a possibility that they switch 
from introduced to native �sh, where they can cause high 
mortality (see [5–7] and references herein). Additionally, 
spillback phenomena from native to introduced �sh have 
been observed [8]. �us, research on the biodiversity 
and occurrence of monogenean species is of importance 
for aquaculture and conservation, especially in a time of 
intense aquaculture and worldwide translocation of their 
hosts.

In Africa (and all over the world), �sh species belong-
ing to the Cichlidae are often kept in aquaculture and 
represent a major source of food [9]. Among the non-
ostariophysan groups, the Cichlidae is the most species-
rich family, with about 1700 described species belonging 
to 250 genera. More than 1100 of these species occur in 
the inland waters of Africa [10–12]. At present, African 
cichlid �shes are known to harbour six genera of Mono-
genea: two of them are mesoparasites living in the host’s 
body cavity and four are ectoparasites found on the gills 
of their host [13]. �e gill parasites include three gen-
era belonging to the Dactylogyridae (Cichlidogyrus [14], 
Onchobdella Paperna, 1968 [15] and Scutogyrus Pariselle 
& Euzet, 1995 [16]) and one genus belonging to the Gyro-
dactylidae (Gyrodactylus) [17]. Among these, Cichlido-
gyrus is the most species-rich, including 125 described 
species [18–20]. Species of this genus naturally occur on 
cichlids from Africa and the Middle East [21, 22].

�e present study is a survey of the diversity of spe-
cies of Cichlidogyrus on cichlid species in the south 
of the Democratic Republic of the Congo (DRC). �e 
diversity of this parasite genus is investigated for the �sh 
hosts Orthochromis sp. ‘Lomami’ and Serranochromis 

cf. macrocephalus from the upper course of the Lomami 
River, and Tilapia sparrmanii Smith, 1840 from the 
Ngulungu River, an a�uent of the upper course of the 
Lomami River (DRC). �ese three �sh species belong 
to the so-called haplotilapiine lineage [23–25]. Tilapia 
sparrmanii belongs to the tribe Tilapiini which, together 
with the tribe Steatocranini, form the sister taxon to the 
group comprising the East African radiations. �e latter 
contains Orthochromis Greenwood and Serranochromis 
Regan. Orthochromis is a polyphyletic genus consisting 
of haplochromine cichlid species inhabiting exclusively 
riverine habitats [23]. One monophyletic taxon occurs 
in the Malagarasi River system (suggested by Salzburger 
et�al. [23] to be named Schwetzochromis), the other taxon 
in the Congo River system. �e taxon occurring in the 
Congo River system falls in a cluster consisting of two 
main monophyletic clades: one clade including species of 
Orthochromis, the other including Serranochromis [23].

�e Lomami River is a left bank a�uent of the Mid -
dle Congo, running through the Upper Congo ecoregion 
[26]. For most of its course it runs parallel to the Upper 
Congo (Lualaba), joining the Middle Congo downstream 
from Kisangani, near Yangambi. �e species richness of 
�sh in the Congo Basin is largest in the main courses of 
the major rivers [27]. However, a relatively low number of 
�sh species are reported from the Lomami River, which 
is most likely an indication of limited inventorying in this 
river [27]. By consequence, the knowledge on the diver-
sity of monogenean �sh parasites in this river is also non-
existent, despite the aforementioned conservational and 
economic importance of their cichlid hosts [2]. �ere-
fore, additional sampling in this river is needed to better 
understand the true diversity of �sh and their parasites 
[27].

To date, only few studies have reported gill parasites 
of Serranochromis macrocephalus (Boulenger), T. spar-
rmanii  or species of Orthochromis. Five species of Cich-
lidogyrus have been reported from S. macrocephalus: 
C. dossoui Douëllou, 1993 [28]; C. halli (Price & Kirk, 
1967) [28]; C. quaestio Douëllou, 1993 [28]; C. sclero-
sus Paperna & �urston, 1969 [28]; and C. zambezensis 
Douëllou, 1993 [28, 29]. Four species of Cichlidogyrus 
has been reported from T. sparrmanii (C. dossoui [30]; C. 
papernastrema Price, Peebles & Bamford, 1969 [29, 31]; 
C. quaestio [30]; and C. tiberianus Paperna, 1960 [30]) 
and only one species of Cichlidogyrus has been reported 
from a representative of Orthochromis (C. consobrini 

are described in the present study. These results highlight the species diversity of this parasite genus in the Congo 
Basin.

Keywords: Africa, DRC, Cichlidae, Monogenea, Cichlidogyrus, Serranochromis, Tilapia, Orthochromis, Diversity
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Jorissen, Pariselle & Vanhove 2018 [29]). However, this 
is likely an underestimation of the true species richness 
of this genus on these hosts. Indeed, taxonomic reports 
of Cichlidogyrus often indicate that the diversity on a 
single host can reach high levels, e.g. 25 species of Cich-
lidogyrus have been reported from the host Coptodon 
guineensis (Günther) [18].

Methods
Collection, sample preparation and�conservation
Fish were bought from local �shermen from the Upper 
Lomami Basin in the Haut-Lomami province (DRC), 
during a �eld expedition in May 2017. Specimens of Ser-
ranochromis cf. macrocephalus and Orthochromis sp. 
‘Lomami’ were caught in the main stream (8°33�36�S, 
24°36�36�E) on 29–30 May 2017. Specimens of Tila -
pia sparrmanii were captured from the Ngulungu River 
(8°44�09�S, 24°43�58�E), an a�uent of the Lomami River, 
on 22 May 2017 (Fig.�1). �e specimens of Orthochromis 
sp. ‘Lomami’ were caught using dip nets in the rapids of 
the river. Specimens of Serranochromis cf. macrocepha-
lus were caught using seine nets. Specimens of Tilapia 
sparrmanii were caught using a combination of dip nets 
and �sh pots. Fish were �xed in the �eld with formalde-
hyde (10%). Gills of the right gill chamber were dissected 
in the laboratory and screened exhaustively for monoge-
nean parasites using an entomological needle under an 
Optica 4.0.0 stereomicroscope. Parasites were mounted 

on glass slides under a coverslip, directly in a drop of 
Hoyer’s medium. Coverslips were sealed with nailpolish.

Fish were deposited in the ichthyology collection at the 
Royal Museum of Central Africa in Tervuren (Belgium) 
and stored in 70% ethanol. Specimens of Serranochromis 
cf. macrocephalus are stored under the collection num-
bers RMCA_Vert_2017.018.P.0019–0021. Specimens 
of Tilapia sparrmanii  are stored under the collection 
numbers RMCA_Vert_2017.018.P.0022–0029. Speci-
mens of Orthochromis sp. ‘Lomami’ are stored under the 
collection numbers RMCA_Vert_2017.018.P.0001 and 
RMCA_Vert_2017.018.P.0004–0005. Mounted parasite 
specimens were deposited in the invertebrate collec-
tion of the Royal Museum of Central Africa, Tervuren, 
Belgium (RMCA); the collection of the research group 
Zoology: Biodiversity and Toxicology at Hasselt Univer-
sity, Diepenbeek, Belgium (HU); the Finnish Museum of 
Natural History, Helsinki, Finland (MZH); and the Iziko 
South African Museum, Cape Town, Republic of South 
Africa (SAMC) (see “Type-material” for details on repos-
itories and accession numbers).

Microscopy and�illustrations
As dactylogyrid monogeneans are often di�erenti-
ated based on their hard parts [21] and because soft 
internal organs were no longer visible in the whole-
mounted specimens after �xation, the species descrip-
tions focus on the details of the sclerotised parts, i.e. 

Fig. 1 Map of the DRC situated on the African continent (left) and sampling region (right). Rivers in grey with in black the main streams (left) and 
Lomami Basin (right). Sampling locations are indicated as red dots (shape�les downloaded from the Digital Chart of the World database using 
DIVA-GIS, maps created using QGis 2.18.14 software)
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haptor, male copulatory complex (MCC) and vagina 
(when sclerotised). �ese hard parts were studied on 
the whole-mounted specimens with a Nikon Eclipse 

80i compound microscope using interference contrast. 
Measurements were based on those of Pariselle & Euzet 
[32]. Additional measurements were taken for the unci-
nuli and the MCC (Table�1, Fig.�2). In total, 42 di�erent 
metrical features were measured. For each species, the 
average, the range and number of measured specimens 
are provided. Measurements and drawings were made 
with the aid of a drawing tube at a magni�cation of 
1000�  (objective � 100 immersion, ocular �10). Draw-
ings were made freehand and edited in Adobe Illustra-
tor CS5.1. Drawings are from multiple specimens in 
case not all structures were clearly visible in one sin-
gle specimen. Micrographs were also taken with the 
Nikon Eclipse 80i and processed using NIS-Elements. 
Filaments associated with anchors and uncinuli are not 
presented as they are not diagnostically informative.

Table 1 Additional measurements to those made in Pariselle & 
Euzet [32]

Structure Measurement De�nition

Accessory piece Apl Total axial length

Apw Maximum width

Penis stylet Stw Maximum width

Heel Hel Maximum length

Hew Maximum width

Uncinuli Us Length of secondary shaft

Uw Maximum width of �rst uncinuli

Fig. 2 Measurements used in the description of the new species of Cichlidogyrus (measurements on the MCC and vagina are based on those of C. 
bulbophallus n. sp.). Abbreviations: A, anchors (a, anchor total length; b, anchor blade length; c, anchor shaft length; d, anchor guard length; e, anchor 
point length); U, uncinuli (U, total axial length; Us, axial length of secondary shaft; Uw, maximum width of �rst uncinuli); VB, ventral transverse bar (w, 
ventral bar maximum width; x, axial length of one branch); DB, dorsal transverse bar (h, axial length of the dorsal bar auricle; w, dorsal bar maximum 
width; y, distance between auricles; x, dorsal bar total length); MCC, male copulatory complex (Stl, axial length of penis stylet; Stw, maximum width 
of the penis stylet; Apl, axial length of accessory piece; Ap, linear length of the accessory piece; Apw, maximum width of the accessory piece; He, 
partial length of the heel; Hel, total length of the heel; Hew, width of the heel); VG, vagina (Vgl, total axial length; Vgw, maximum width), BODY, body


































