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Abstract A new species of Gyrodactylus is
described from the gills of the near-threatened Clan-
william sawfin, Cheilobarbus serra (Smiliogastrinae)
collected from the Matjies River, Cape Fold Ecore-
gion, Western Cape Province, South Africa. Mor-
phometry and morphology of the haptoral hard parts
(hamuli, bars and marginal hooks) of Gyrodactylus
serrai n. sp. differ from the other known species of
the genus in the smaller size of hamuli and the shape
and size of marginal hooks. Furthermore, ITS rDNA
for the new species is unique among available Gyro-
dactylus spp. data in GenBank. Based on the uncor-
rected p-distances, G. serrai n. sp. is genetically
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most closely related to Gyrodactylus moroccensis
Rahmouni, 2023 and Gyrodactylus pseudomoroccen-
sis Rahmouni, 2023 from two species of Luciobarbus
(Barbinae) from northern Africa, with interspecific
divergence of 8.7% and 8.8%, respectively. The pres-
ence of a median ridge in the terminal part of the ven-
tral bar membrane at G. serrai n. sp. most probably
represents a morphological link to the North African
Gyrodactylus spp. that suggests a morphogenetic
association across the African continent as a result
of ancient waterways that facilitated the dispersion of
cyprinids and their parasite fauna or an independent
evolution event retaining similarities from a common
ancestor. The description of Gyrodactylus serrai n.
sp. represents only the second species of Gyrodacty-
lus described from an endemic South African cypri-
nid host, underscoring the need for focused research
on this group of fishes to provide a sound under-
standing of the parasitic communities of these highly
threatened and poorly studied hosts.

Introduction

The Cyprinidae is a highly diverse family of fresh-
water fishes with more than 1700 recognised spe-
cies in 10 subfamilies and 158 genera (Fricke et al.,
2023). Southern Africa boasts more than 80 cypri-
nid species of which 56 are known from the rivers
of South Africa (Skelton, 2001). Recent taxonomic
studies, however, indicate that the cyprinid diversity
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may be higher than currently thought (Skelton et al.,
2018; Chakona et al., 2022). This is evident in South
Africa’s Cape Fold Ecoregion (CFE) where there are
currently 18 endemic cyprinid species, with an addi-
tional six candidate species awaiting formal taxo-
nomic description (Skelton, 2001; Chakona et al.,
2013, 2014, 2022; Skelton et al., 2018). Despite the
growing discovery of higher cyprinoid diversity, lim-
ited attention has been given to studying the parasite
communities associated with these fishes, in par-
ticular, those endemic to South African rivers (see
Acosta et al., 2022). One example is the genus Chei-
lobarbus Smith which represents one of 33 genera of
the subfamily Smiliogastrinae and contains only two
valid species, the endangered Cheilobarbus capensis
(Smith) and the near-threatened Cheilobarbus serra
(Peters), both endemic to the CFE (Impson et al.,
2017; Chakona et al., 2022). The subfamily Smili-
ogastrinae is a monophyletic clade of both diploid
and tetraploid barbs consisting of 11 genera and 268
species endemic to Africa, and 19 genera with around
211 species distributed across Asia (Fricke et al.
2023). Within the Smiliogastrinae, the African rep-
resentatives form a monophyletic lineage and is the
sister group of the Asian genus Sysfomus McClelland
(Yang et al., 2015; Ren and Mayden, 2016; Schedel
et al., 2022). Both the African barbs and Systomus are
nested among Asian representatives, making it likely
that the Smiliogastrinae originated in Asia and dis-
persed into Africa in a “single” dispersal event with
subsequent diversification on the continent (Yang
et al., 2015; Ren and Mayden, 2016; Lavoué, 2020).
Ren and Mayden (2016) estimated the crown age of
the Smiliogastrinae as 37.4-31.2 Mya and the time of
divergence between Sysfomus and the African barbs
as 26.4 Mya (95% CI 28.4-20.5 Mya).
Monopisthocotylans of Gyrodactylus von Nord-
mann, 1832 are fish parasites with a global distribu-
tion parasitising a wide host range spanning many
fish families (Harris et al., 2004; Paladini et al., 2011;
Dos Santos et al., 2019; Lebedeva et al., 2021). Two
decades ago, 409 valid species of the genus were
confirmed (Harris et al., 2004) but the known diver-
sity of the genus is thought to be over 500 species,
with more than 80 Gyrodactylus spp. described in
the last decade (PubMed search November 2023).
Compared to the worldwide diversity of Gyrodacty-
lus, the number of known African species (44) is still
low, with only six species reported from cyprinid
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hosts distributed across the African continent [i.e., G.
ivindoensis Price & Gery, 1968 (Gabon); G. kyogae
Paperna, 1973 (Uganda); G. nyingiae Shigoley et al.,
2023 (Morocco); G. moroccensis Rahmouni, 2023
(Morocco); G. paludinosus Truter et al., 2022 (South
Africa); G. pseudomoroccensis Rahmouni, 2023
(Morocco)]. The Moroccan species, G. nyingiae, G.
moroccensis, and G. pseudomoroccensis, are parasites
of species of Luciobarbus Heckel (Barbinae) while
the remaining three Gyrodactylus spp. infect various
species of Enteromius Cope (Smiliogastrinae).

In comparison to the rest of the world, the gyro-
dactylid diversity in South Africa is rather low, with
only eight recognised species of Gyrodactylus. Two
of these species are known from marine hosts and
six occur in freshwater environments with only two
species reported from cyprinid hosts (Truter et al.,
2022; Maduenyane et al., 2023). Gyrodactylus eyi-
payipi Vaughan et al., 2010 and G. molweni Christi-
son et al., 2021 were found on marine fishes, Sygna-
thus acus Linnaeus and Chelon richardsonii (Smith)
respectively, along the coast of the Western Cape
Province (Vaughan et al.,, 2010; Christison et al.,
2021). The freshwater species described from South
Africa are G. paludonisus from Enteromius palu-
dinosus (Peters), G. transvaalensis Prudhoe & Hus-
sey, 1977 from Clarias gariepinus (Burchell) and G.
ulinganisus Garcia-Vasquez et al., 2011 from Oreo-
chromis mossambicus (Peters) (Prudhoe and Hus-
sey, 1977; Garcia-Vasquez et al., 2011; Truter et al.,
2022). Additionally, two freshwater species, G. thlapi
Christison, Shinn & Van As, 2005 and G. sturmbau-
eri Vanhove et al., 2011 parasitise Pseudocrenila-
brus philander Weber that were originally described
from Botswana and Zambia, respectively, has also
been reported from South Africa (Christison et al.,
2005; Truter et al., 2016; ZahradniCkova et al., 2016).
The sixth species G. sprostonae Ling, 1962, which
naturally infects Carassius auratus (Linnaeus) and
Cyprinus carpio Linnaeus (invasive species in South
Africa), underwent a spillover event and already para-
sitises a native endemic cyprinid species Labeobar-
bus aeneus (Burchell) (Maduenyane et al., 2023).

During recent surveys that aimed to document
the parasite communities associated with endemic
freshwater fishes of the CFE, undescribed Gyrodac-
tylus specimens were collected from the Clanwilliam
sawfin, Cheilobarbus serra (Truter et al., 2023). Pre-
vious studies indicated that integration of molecular
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data, in particular, the internal transcribed spacer
(ITS) ribosomal DNA, and detailed morphological
characterisation is the most rigorous approach for the
delineation of species boundaries in the genus Gyro-
dactylus (Dos Santos et al., 2019; Garcia-Vazques
et al., 2019; Christison et al., 2021; Jin et al., 2024).
In keeping with this recommendation, the present
study describes a new species, Gyrodactylus serrai n.
sp. from the endemic C. serra in South Africa, based
on the combination of morphological and molecular
(ITS rDNA) data. This is the first monopisthocotylan
to be described from a host of the genus Cheilobar-
bus. The conservation implications of this discovery
on a threatened narrow-range endemic species are
also discussed.

Materials and Methods

In December 2022, 15 individuals of Clanwilliam
sawfin, C. serra [total length (cm) = 14-35 (23.2)]
were collected from the Matjies River (32°30°00”S,
19°19°57”E), Cederberg Wilderness Area, Western
Cape Province, South Africa as part of a monitoring
survey by the local conservation agency (CapeNa-
ture) and biodiversity inventory of endemic species
in South Africa. Ethical approval for the study and
research permits for fish collection was obtained prior
to sampling from the North-West University Anim-
Care Research Ethics Committees (NWU-00781-
22-A5) and CapeNature (CN44-87-23462; CN16-87-
23461) respectively. Fish were caught using fyke nets
and transported to a temporary field station where
they were kept in aerated water collected from the
sampling site following the NWU-approved protocol
(SOP NWU-00272-17-A5) for the temporary hold-
ing of fish. Each fish was humanely killed by percus-
sive stunning and cervical transection and dissected
following the protocol for the Ethical Handling of
Ectothermic Vertebrates (SOP NWU-00267-17-A5).
All external and internal organs were screened for the
presence of parasites using a Nikon SMZ445 Zoom
Stereo Microscope (Nikon, Tokyo, Japan). Mono-
pisthocotylan parasites were preserved for both mor-
phometric and molecular analysis as per Rehulkova
et al. (2018). The terminology and methods of meas-
urements of the parasite’s body, male copulatory
organ and haptoral hard parts followed Christison
et al. (2005). Photomicrographs were captured using

a compound microscope (Nikon Eclipse Ni, Nikon,
Tokyo, Japan) equipped with differential interference
contrast, a computerised digital camera system and
NIS-Elements BR 4.60© software for image analy-
sis. All measurements are presented in micrometres,
unless otherwise stated, and are presented as the
range with the mean and number of measurements
in parentheses. Drawings of the sclerotised structures
were made with the aid of a camera lucida attached
to a phase contrast compound microscope (Olympus
BX51, Olympus, Tokyo Japan) at the Parasitology
Lab, Department of Botany and Zoology, Faculty of
Science, Masaryk University, Brno, Czech Republic.
The line drawings were digitised using Adobe Illus-
trator© software (Adobe Inc., San Jose, CA, USA)
and a Wacom Intuos Pro drawing tablet (Wacom,
Saitama, Japan), following Truter et al. (2022).

Before depositing the specimens in museum col-
lections, the specimens in Ammonium Picrate Glyc-
erine (APG) were transferred into Canada balsam fol-
lowing Ergens (1969). Type and voucher specimens,
as well as molecular voucher [=hologenophore (Plei-
jel et al., 2008)] were deposited in the parasitologi-
cal collection in the National Museum, Bloemfontein,
South Africa (NMB) and in the Helminthological
Collection of the Institute of Parasitology, Biology
Centre of the Academy of Sciences of the Czech
Republic, in Ceské Bud&jovice (IPBCAS).

Genomic DNA was isolated from the anterior
part of the parasites’s bodies (n = 3) using the
DNeasy Blood and Tissue Isolation kit (Qiagen,
Hilden, Germany), according to the manufacturer’s
protocol. DNA was eluted in 50 pl. The ITS1-5.8S-
ITS2 region of the rDNA was amplified with the
primers ITS-1F (5-GTTTCCGTAGGTGAACCT
-3'; Rokicka et al., 2007) and ITS-2R (5'-TCCTCC
GCTTAGTGATA-3"; Matéjusova et al., 2001).
Polymerase chain reactions (PCR) had a final vol-
ume of 25 pl: 3 pl of DNA extraction supernatant,
10.5 pl DreamTaq PCR Master Mix (2X) (Thermo
Fisher Scientific, Waltham, Massachusetts, USA),
9.5 pl of nuclease-free water, and 1 pl of each
PCR primer. The temperature profile of the PCR
followed Prikrylova et al. (2013), denaturation of
3 min at 95 °C and 30X cycles of amplification (1
min at 94 °C, 1 min at 50 °C and 1 min 30 s at 72
°C). PCR products were visualised on 1% agarose
gel using GelRed® (Millipore Sigma, Burling-
ton, Massachusetts, USA). PCR amplicons were
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purified and sequenced at Ingaba Biotechnical
Industries (Pty) Ltd using PCR primers. Contigu-
ous sequences were assembled using Geneious V.
7.1.3 (Kearse et al., 2012).

The newly generated sequence of ITS1-5.8S-
ITS2 rDNA region was subjected to a BLAST
search and sequences for Gyrodactylus spp. with
an identity of 85% and above and a coverage of
75% and above were retrieved from the GenBank
database and included in the final alignment.
Gyrodactylus alekosi Ptikrylova, Blazek and Van-
hove, 2012a, 2012b and Gyrodactylus rysavyi
Ergens, 1973 were selected as outgroups follow-
ing Prikrylova et al. (2013). The list of sequences
included in a phylogenetic reconstruction is pro-
vided in Table 1. Selected sequences were aligned
with the aid of the Fast Fourier transform algo-
rithm in MAFFT (Katoh et al., 2019) applying
the L-INS-I method. The alignment was manu-
ally trimmed to unify the length and followed by
trimming using trimAl v.1.2 (Capella-Gutierrez
et al., 2009). The optimal phylogenetic model was
selected based on the Akaike Information Criterion
(AIC; Hurvich and Tsai, 1989) using ModelFinder
(Kalyaanamoorthy et al., 2017) in IQ-TREE v2.2.

Based on the corrected AIC, the general-
ised time-reversible model, GTR+F+I+G4 (G =
0.26) (Tavaré, 1986; Rodriguez et al., 1990), was
selected. The phylogenetic analysis applying maxi-
mum likelihood (ML) was computed in IQ-TREE
v.2.2. (Nguyen et al., 2015) with bootstrap sup-
port values (1000 replicates). A Bayesian Infer-
ence (BI) tree was generated in MrBayes v.3.2
(Huelsenbeck and Ronquist, 2001; Ronquist and
Huelsenbeck, 2003). Posterior probabilities were
calculated using the Metropolis-coupled Markov
chain Monte Carlo algorithm (MCMC) for 3x 100
generations, sampling trees every 10> generations.
The first 30% of trees were discarded as a rela-
tive burn-in period after verifying that the stand-
ard deviation split frequency fell below 0.01. The
uncorrected p-distances and numbers of base pair
differences in the alignment were generated using
MEGA X (Kumara et al., 2018). Conversion of
alignment files was carried out using ALTER v.1.2
(Glez-Pena et al., 2010), and resulting trees were
visualised in FigTree v.1.3 (http://tree.bio.ed.ac.uk/
software/figtree) and edited using Adobe Illustrator
software.
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Results

The gills of five C. serra (P = 33.3 %) were para-
sitised with one to two specimens of Gyrodactylus.
Morphometric and molecular examination of the
individuals indicated that these newly collected speci-
mens were morphologically and genetically different
from any currently known species of Gyrodactylus
(Figs. 1, 2, 3; Table 2). The description of the new
species is presented below. The present results form
part of a larger study and the records of the other
parasitic taxa isolated from C. serra are presented in
Truter et al. (2023).

Gyrodactylidae van Beneden & Hesse, 1832

Gyrodactylus von Nordmann, 1832

Gyrodactylus serrai n. sp.

Type-host: Cheilobarbus serra (Peters) (Cyprini-
dae, Smiliogastrinae)

Type locality: Matjies River (32°30°00” S,
19°19°57” E), Cederberg Wilderness Area, Western
Cape Province, South Africa

Type-material: Holotype (NMB P 1036), two
paratypes (NMB P 1037 and 1038) and one holog-
enophore (NMB P 1039), two paratypes IPBCAS (M
—797).

Site of infections: Gill filaments.

ZooBank registration: urn:lsid:zoobank.
org:act:247315F9-F25A-4432-9AC6-59ABD-
80BAFOS.

Synonym: Gyrodactylus sp. sensu Truter et al.
(2023)

DNA sequence: A nucleotide sequence of ITS1-
5.8S-ITS2 rDNA region (1012 bp; access. No
PP800215).

Etymology: The specific name is derived from the
species name of the type-host, Cheilobarbus serra.

Description (Figs. 1, 2)

[based on 8 specimens in AGP and 1 hologeno-
phore]. Overall body appearance as defined for the
genus as determined in Gussev (1985) and Rehulkova
et al. (2018). Total body length of coverslip flattened
specimens 575-824 (698.5; n = 4); width 106-201
(159.5, n = 4) at level of uterus. Pharyngeal bulb
width 30.4-35 (32.8, n = 3) and length 15-23.8 (19.8,
n = 3) across anterior bulb; width 35.7-45.6 (42, n =
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Table 1 List of Gyrodactylus spp., their host species, country of collection, and GenBank accession number for ITS rDNA
sequences used for phylogenetic reconstruction

Gyrodactylus species

Host species (Family)

Country of collection

Accession Number Reference

Gyrodactylus alekosi
Gyrodactylus banmae

Gyrodactylus gibralta-
rensis

Gyrodactylus gymnodip-
tychi
Gyrodactylus jiroveci
Gyrodactylus kobayashii
Gyrodactylus mhaiseni
Gyrodactylus monogolicus
Gyrodactylus moroccensis
Gyrodactylus nemachili
Gyrodactylus nordmanni
Gyrodactylus papernai

Gyrodactylus pseodo-
moroccensis

Gyrodactylus pseu-
donemacheili
Gyrodactylus rysavyi
Gyrodactylus salaris
Gyrodactylus sandai
Gyrodactylus serrai n. sp.

Gyrodactylus tayshirensis

Gyrodactylus vukicae

Gyrodactylus zavkhanensis
Gyrodactylus sp. 1
Gyrodactylus sp. 2
Gyrodactylus sp. 3
Gyrodactylus sp. 4

Gyrodactylus sp. 5

Clarias gariepinus (Clari-
idae)

Danio renio (Cyprinidae)

Luciobarbus graellsii
(Cyprinidae)

Gymnodiptychus dybowskii
(Cyprinidae)

Barbatula barbatula
(Nemacheilidae)

Carassius auratus
(Cyprinidae)

Alburnus sellal (Leucis-
cidae)

Oreoleuciscus potanini
(Leuciscidae)

Luciobabrbus rabatensis
(Cyprinidae)

Oreoleuciscus potanini
(Leuciscidae)

Oreoleuciscus humilis
(Leuciscidae)

Salmo salar (Salmonidae)

Luciobarbus ksibi
(Cyprinidae)

Thymallus brevirostris
(Salmonidae)

Clarias gariepinus (Clari-
idae)

Thymallus thymallus (Sal-
monidae)

Cyprinoion macrostomum
(Cyprinidae)

Cheilobarbus serra
(Cyprinidae)

Barbatula conilobus
(Nemacheilidae)

Garra rufa (Cyprinidae)

Thymallus brevirostris
(Salmonidae)

Aulopyge huegelii
(Cyprinidae)

Carassius auratus
(Cyprinidae)

Carassius auratus
(Cyprinidae)

Luciobarbus bocagei
(Cyprinidae)

Luciobarbus comizo
(Cyprinidae)

Mozambique

China
Spain

China

Czech Republic
China

Iraq

Mongolia
Morocco
Mongolia
Mongolia

Russia

Morocco
Mongolia
Senegal
Finland

Iraq

South Africa
Mongolia

Iraq
Mongolia

Bosnia and Herzegovina

China
China
Portugal

Spain

FR850682

MW353802
OR773480

MH445967

AMS502860

KJ755085

OR773082

0Q913866

OR773478

0Q641771

0Q641779

EF446729
OR773479

0Q641756

FR850679

AF484544

OR773089

PP800215

0Q641774

OR773090
0Q641773

KY848504
ON117567
ON117568
OR807835

OR807837

Prikrylova et al. (2012b)

Jin et al. (2022)
Rahmouni et al. (2023)

Zhang et al. (2023)
Prikrylova et al. (2008)
Unpublished

Benovics et al. (2024)
Lebedeva et al. (2023)
Rahmouni et al. (2023)
Lebedeva et al. (2023)
Lebedeva et al. (2023)

Zigtara et al. (2008)
Rahmouni et al. (2023)

Lebedeva et al. (2023)
Prikrylova et al. (2012b)
Zigtara and Lumme (2002)
Benovics et al. (2024)
Present study

Lebedeva et al. (2023)

Benovics et al. (2024)
Lebedeva et al. (2023)

Unpublished
Unpublished
Unpublished
Rahmouni et al. (2023)

Rahmouni et al. (2023)
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Table 1 (continued)

Gyrodactylus species Host species (Family) Country of collection Accession Number Reference

Gyrodactylus sp. 6 Luciobarbus bocagei Spain OR807838 Rahmouni et al. (2023)
(Cyprinidae)

Gyrodactylus sp. 7 Labeobarbus maroccanus ~ Morocco OR807839 Rahmouni et al. (2023)
(Cyprinidae)

Gyrodactylus sp. 8 Luciobarbus zayanensis Morocco OR807840 Rahmouni et al. (2023)
(Cyprinidae)

Gyrodactylus sp. 9 Luciobarbus rabatensis Morocco OR807841 Rahmouni et al. (2023)
(Cyprinidae)

Gyrodactylus sp. 10 Luciobarbus massaensis Morocco OR807842 Rahmouni et al. (2023)
(Cyprinidae)

Gyrodactylus sp. 11 Luciobarbus rifensis Morocco OR807843 Rahmouni et al. (2023)
(Cyprinidae)

Gyrodactylus sp. 12 Luciobarbus yahyauii Morocco OR807844 Rahmouni et al. (2023)
(Cyprinidae)

Gyrodactylus sp. 13 Luciobarbus massaensis Morocco OR807845 Rahmouni et al. (2023)
(Cyprinidae)

Gyrodactylus sp. 14 Alburnus sellal (Leucis- Iraq OR773084 Benovics et al. (2024)
cidae)

Gyrodactylus sp. 15 Barbus lacerta (Cyprini- Iraq OR773086 Benovics et al. (2024)
dae)

The newly generated sequence is presented in bold

h

HAQ
)/

—
Y/

Fig. 1 Line drawings of the complex of sclerotised haptoral structures of Gyrodactylus serrai n. sp. from Cheilobarbus serra; h—
hamuli, db—dorsal bar, vb—ventral bar, mh—marginal hook. Scale bars = 10 pm.
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Fig. 2 Photomicrographs of Gyrodactylus serrai n. sp. ex Cheilobarbus serra. A Complex of sclerotised haptoral structures; B Ven-
tral bar; C Dorsal bar; D Marginal hook. Scale bars: A = 20 pm, B, C, D = 10 pm.

4) and length 21.2-35 (27.9, n = 4) across posterior
bulb. Male copulatory organ (MCO) 14.4-20.2 (17,
n = 3) in diameter, composition of spines not observ-
able. Up to two developing embryos observed in four
specimens.

Hamuli with well-developed inner roots; roots
facing upwards and turn in their mid-length slightly
internally, narrow towards the end of roots (Fig. 2A).
Hamuli shaft turns into point with tip projecting
nearly straight upwards and reaches near to 2/3 of
hamuli shaft length. Hamuli total length 43.2-50.3
(47.2, n = 9), inner root length 11.7-16.7 (14, n =
9), hamuli shaft length 31.9-37.5 (34.6, n = 9) and
hamuli point length 20.7-23.9 (22.4, n = 9). Ham-
uli connected with dorsal bar, branch-like projec-
tions on upper part of bar [Figs 1 (db), 2C)] 17.8-21
(19, n = 9) wide, 1.4-2.4 (2, n = 9) long. Ventral
bar bears tongue-like shaped membrane with well-
developed terminal ridge and having short lateral
processes, body of ventral bar with depression in
middle of upper line [Figs. 1 (vb), 2B]. Ventral bar
median length 5-6.4 (5.6, n = 9), membrane length
10.2-13.2 (12.2, n = 9), ventral bar width 19.1-22.7
(20.6, n = 9), lateral processes 1.2-2.2 (1.7, n = 9)
long. Marginal hook total length 25.1-27.8 (26.5, n
= §8), marginal hook shaft length 20.1-22.2 (21.2,n =

11), marginal hook proper 4.9-5.3 (5.1, n = 12) long,
marginal hook proper proximal width 3.5-4.1 (3.8,
n = 10), marginal hook distal width 3.3-3.6 (3.5, n
= 9). Sickle proper well separated, rises slightly for-
ward from middle part of base, turns gradually into
point. Point projecting slightly downwards and ends
beyond tip of toe of sickle proper. Pronounced sickle
heel, slightly rounded. Upper line of toe flat, in half of
its length slopes into blunt tip that heads moderately
downwards [Figs. 1 (mh), 2D].

Remarks

Of the six Gyrodactylus spp. known from the Afri-
can continent from cyprinid hosts, G. serrai n. sp.
is similar in the overall shape of hamuli and ven-
tral bar to G. ivindoensis ex Enteromius holotaenia
(Boulenger) from Gabon and G. nyingiae ex Lucio-
barbus pallaryi (Pellegrin) from Morocco. G. ser-
rai n. sp. can be differentiated from both species:
(1) by having smaller hamuli, total hamuli length of
G. serrai n. sp. 43.2-50.3 vs G. ivindoensis 52-58
and G. nyingiae 65.9-88.8; hamulus point length G.
serrai n. sp. 20.7-23.9 vs G. nyingiae 31.7-42.3;
(2) by having less pronounced lateral processes of
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ORB807843 Gyrodactylus sp. 11
ORB807841 Gyrodactylus sp. 9

0.97/94

0.99/97

0.97/87

0.60/54

0.99/83

ORB807844 Gyrodactylus sp. 12
OR773089 G. sandai
OR773086 Gyrodactylus sp. 15

KY848504 Gyrodactylus sp. 1

—|_— OR773082 G. mhaiseni
0.79/73 OR773084 Gyrodactylus sp. 14

1/100

B 0.56/64

0.99/100

0.99/79

0.53/64

Morocco
ORB807842 Gyrodactylus sp. 10
ORB807839 Gyrodactylus sp. 7
OR807838 Gyrodactylus sp. 6 Spain
OR807835 Gyrodactylus sp. 4 Portugal
1100 - OR807837 Gyrodactylus sp. 5 Spain
OR773479 G. pseudomoroccensis
OR773480 G. gibraltarensis Morocco
OR773478 G. moroccensis
G. serrai n. sp. South Africa
ORB807840 Gyrodactylus sp. 8
ORB807845 Gyrodactylus sp. 13 Morocco

Iraq

Bosnia and Herzegovina

0.97/78 1/96

0.89/88

, 1/100——FR850679 G. rysavyi
L FR850682 G. alekosi

Fig. 3 Phylogenetic tree based on the 889 bp alignment of the
ITS rDNA sequences of 36 Gyrodactylus spp. Values at the
nodes indicate posterior probabilities from BI and bootstrap

the ventral bar and a smaller width of the ventral
bar, G. serrai n. sp. ventral bar width 19.1-22.7 vs
G. ivindoensis 27.1 and G. nyingiae 24.8-25.4; (3)
size and shape of the marginal hook, the total length
of marginal hook G. serrai n. sp. 25.1-27.8 vs G.
ivindoensis 21-24 and G. nyingiae 31.7-42.1. Addi-
tionally, the marginal hook sickle proper of G. ivin-
doensis is more subtle, sickle widely opened with
point heading upwards and not reaching beyond the
tip of the toe, while the marginal hook sickle of G.
serrai n. sp. is more sturdy, curving gradually into
a point which ends beyond the tip of the toe. Gyro-
dactylus serrai n. sp. is distinguishable from the
four remaining Gyrodactylus spp. known on cypri-
nid hosts (G. kyogae, G. moroccensis, G. paludino-
sus, G. pseudomoroccensis) by the overall appear-
ance of the haptoral hard structures.
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| Iraq
0Q641779 G. nordmanni
1/991 OQ641756 G. pseudonemacheili
0Q913866 G. mongolicus Mongolia
0Q641773 G. zavkhanensis
0.76/70 0Q641771 G. nemachili
EF446729 G. papernai Russia
0Q641774 G. tayshirensis Mongolia
AM502860 G. jiroveci Czech Republic
MH445967 G. gymnodiptychi China
OR773090 G. vukicae Iraq
0.99/96 ON117568 Gyrodactylus sp. 3
e rssoss G kobayashii )
| 1/100 I: ON117567 Gyrodactylus sp. 2 China
MW353802 G. banmae
AF484544 G. salaris Finland

Southern Africa

values from ML analysis analyses. Dashes indicate values
below 50. Letters (A, B) represent two well-supported clades.
The newly identified species from the present study is in bold.

Molecular Characterisation and Phylogenetic
Reconstruction

The ITSI1-5.8S-ITS2 rDNA regions for one out
of three isolates were successfully amplified and
sequenced. The haptor of the sequenced specimens
is deposited as hologenophore (for accession num-
ber see above). The sequence of 1012 bp consists of
partial ITS1 (469 bp), 5.8S (157 bp), and partial ITS2
(385 bp) rDNA and the final alignment consisted
of 36 Gyrodactylus spp., including G. alekosi and
G. rysavyi as the outgroup, spanned 1320 bp before
trimming, and the final trimmed alignment of unam-
biguously aligned sequences used in the analysis was
889 bp.

The ML and BI analyses generated trees with iden-
tical topologies. The phylogenetic analysis (Fig. 3)
divided species into two well-supported lineages.



Page 9of 16 67

Syst Parasitol (2024) 101:67

Ovl 961 9¢¢ TSI 0¢l 08 98 8Ll STI IS8T v9T 8T T8I LLI €€l S6I 6T vl 01 “ds smovpoidn — |¢
vyl S6l  tvee 18T 8Tl 81 881 8Ll €€l ¥8T  S9T 08l 06 981 L€ 961 STE LI 6 ds smcpovpoikny  0¢
LTT  6L1  €€€ 6Ll SL 0Ll SLT  SLI TLOT8T T¥D L9T S8 691 6L €81 TEE v6 g ds smjc1ovpoiky 67
6€l 00T 9¢€ 10T 88 661 68 00C ¥8 <TOT 6SI TSI LOT €6l 68 S6I See  TII L -ds smj&poopoiky 8z
YEr 96l 8€¢ 6l 19 T6I 881 T6l 'L tve6l ST 981 861 ¥38I €L L8l 0¢E 66 9 'ds smpovposkn [z
STl 081 9¢c  LLI TS T8l 061 LLI T9 6Ll TYl YL §LT  SLI S9 V¥LI teE 16 G “ds smpovposdy 9z
0€T  6LT 8¢ SLI 9¢ T8l 681 6LI L9 08T 9Vl LT 08T LLI 'L LLI L€ 86 ¥ ds smpooposkny Gt
L'S8T  LST 9%c T8I ¢6l T8I 08l LI 6l $LT 89T LOT 08I OLI 961 STI 6¢€E 81 ¢ “ds snjGovpoidn 4
69T LTI 8¢c S9T 981 €91 9L TIT T6I 09T €91 TOI §ST TSI TGl 1 Tee €81 T ds smcpoopoikny ¢
Tl 09T  €T€  +v9T 8%l €91 991 L9T ¥l 66l 66 0SI  ¥LI LST OSI  6SI LI TSI [ “ds smdovposly 7z
9Ll  SE€I 6T 8T 08I €r 661 0T 81 9T L9196l Sy L6 881 891 TeE 681 SISUPUDYNADZ "D [T
8T  L¥I €€ 991 88T 0Ll 08 891 96l +9I LST 9%l S91 991 L61 L¥I LTE 88l oAy (Og
9Ll TEL €€€ 6¢ €Ll v'e 961 e 9Ll 6¢ T9T 8Vl €y 88 I8l V¥SI  €ve  §LI sisuaysivy 'y 61

061 8T¢ LT Tl 081 I'LT  SLT  TTl §LT €TT 6LT  T6l 891 8Tl 0Ll  0T¢ L€l wpuvs D 8]
891 L'eE 0¥l ¥6l  6€l 8L L€l L8 9€l 99T  9¢l  TPL TSI 981 I'€l  ¥EE 6l SUDS D L]
09C 89T vee  9¢e  Tee T'IE T'€E TEE  €€e 9IE  9¢€E  TEE  tvEeE  0€E 9¢€E 9L 9¢€E avs€en 9]
8ST Tl S9C 6'LI vy 791 ¥ ¢8I I'T 9T 96l 8v 66 L8l 691 tee ¢8I iayovuduopnasd -H - G|
OIT  TLT  L9T 681 LLT  vLT SLI 8v 6LI  Tvl 181  LLT 691 8y €81 9¢c 88  sisusdootouwopnasd H ]
09T Tl €9¢C 6¢  LSI L91 Se 8L 8v  ¥9I  0OCI 8y L6 I8l S9I 0ve S8l mwusadvd 'y ¢l
0ST 961 ST TPl €SI Lyl LST  LLT LST 6ST €Tl 891 TSI I8l €81 SIE 061 upwpiou n 7]
SST  Tel €9¢ €l SSI 1€ 8¢l L'LT I'c 091  ¥6I I't 96 I8 S9I ¢6¢¢ 18I yupvwdun ]
LOT 99T €9 291 ¢y 8ST  SST  LSIT €81 0%l LLT  §LL  ¥LI TI 06l  S€E L8 sisuaovolou "y O]
8ST T2l €9 01 6SI ¢y 8¢l 61 791 091 €¢I ¢ S6 S8 €91  See T8I snorjouout "5 6
601  LPT  IST  9¢T STl 9vl OVl  THl ¥l THI 09T  L9T 19T 0¥l +91 80¢ TSI syl "o 8
6ST T¢I L9C  6€1 191 €61 €bl1  LET  LST  9€1 Tyl 6SI  6ST 08T €01 9¢c T8I nysvqoy "H L
691 971  €9¢C ¢ LSI Lyl 9¢  8SI 6y  8vI  I¥I S6 €81 191 L€ 681 aa04 "D 9
6vI  ¥E1  S9T 88  0SI 98  tEl S8 ¥SI 8 evl  Ivl 738 LLT  LST  €T€  6LI np&Gdipouniss -5 S
€1 S91 79T 991 ¢ 191 6ST 191 IT $9T  #2I 09T 79T  LSI 681 €¢€  T6 SISUDUDIDIGLS D) 14
IST  9IT L9  OST €91  LvI 191  LbI 691  SPI  9%I 6 vl 66l 891 0ce 8l avuunq “H ¢
ST €9 09 €9¢ S9T 89T SkT  ¥9T €9 9T €T S9T  S9T  ¥ST  T9T 09T See 1s0y2[p "D 4
IZ1 Tl L9 291 8L  ¥91  L9T 091 LL 19T SET 19T  L9T  6SI I8 €91 92 “ds u aias H [

81 LT 91 ST 4! €l ! I o1 6 8 L 9 S v € T I soradg

SISATeue onou
-0301Ayd oy ur papnjour saroads 9y Jo Juowudife saouanbas YN S.LI dq 688 uo paseq (feuoderp Joddn) soouaroyIp jo "ou pue (Jeuo3erp I1omof) ouelsip-d pajoariodun) g Iqel

pringer

NS



Syst Parasitol (2024) 101:67

67 Page 10 of 16

el €l S6 86 9¢I  SIT Il LL 98 S 60 S6I §LI LYl 6LL €81 SLI G ds smQovpoisny 9z
orl  6C1 96 86 vTI  LIT ¥l 9L 06 9 8 ¥61 081  $SI 08I S8 LLI v ds snilpovposln ¢t
vLT TP 8PI  LST  €LT  ILT  #91 091  ILT  +8T  €LT  TLI LTL 91 18I 9%l SLI ¢ "ds sm&ovpoikny 4
OLT 9T  #ST  +91  8LI 691  SLT 79T  €L1  L9T  8ST 091  €II 86l  $9I TSI TSI ¢ ds snilovpoadny ¢
601 ¥8  6IT 80T OVl  LZI  #EI  0Cl  OvI  ThL  I€1  LET  SPI Il S9r LS +91 [ “ds smjdpooposdy 7z
Y91  THT  9ST  6ST  LST  9ST 291  8ST 281  TLL 6§ 09T 091  9vl  L¥I S91 6'¢ SISUGUDYNADZ "D [T
€ST  I€T S9T 99T 6L  L9T 691  9ST  LLT  9LT  T9T  ¥9I  6CI  S€I  6€1  9¥I €91 avopman 0
91 ThT €91 79T SST  IST  8ST TSI 08T 89T  9ST  LST  SST  +€1  9pl S¢ bl sisuaaysivy 'y 61
YOI 80T €0 00T 921 cgl LTl €01 €cr 11 I SIT  S9T  OST  LOT  9ST 09T  9SI wpuvs 'H QI
ILT  T¥T 19T 991 891  ILT  CLT  8ST  8LT  €LT 09T 6ST  6€1 €I ¢yl 0TI  O€l  LIT Supps 'y L]
¥9T  IST 99T  9ST 6T  €9T  ¥9T  €9T  L9T  L9T  L9T 69T SLT 69T  LST  T9T  S9T  S9T avs€en 9]
€91  6€1 9T 09T  8ST  6ST 09T 8T  6L1  ILT  LST  8ST 19T  L¥I  9¥l 91 Lyl ¢ ayovuduopnasd 'H - GJ
orl €Tl L8 68 LIT  ¥IT  €II 99 8L S 9% 0S TLT  S9T  TEl 09T  L9T  +S1  swsuaoooiowopnasd 'y ]
€91 ST 6¥I  8ST  6ST  LST €91  OST  LLT 691  T9T 29T 19T Syl Spl 8¢ ISI 0¢ wusadvd 'y ¢
OLT  9¢T  8ST  6ST  L9T 19T  S9T €SI 99T  +91  £9T 99T  8ST  SST  9vI  ObT  8ST L€ mupwpiou n gl
19T  LeT  9ST  8ST  +ST  SST  LST  SST  8LT 691  LST  8ST  8ST  #¥I 8l 81  6vl 8T ynpvudu H 11
el 91 06 88 6IT 601  LII 9 SL €9 s 09 TLT  OLT  8TT €91  €LT  9SI S1SU220040UL "D (]
9T 9¢T 6ST  SST 19T  8ST €91 09T 08T  ILT  6ST 091 8T TPl I¥l €T Syl S snorjouout " 6
SII 8¢ ¢TI LIT TP €1 9pT STl Ivl LET STT OET  6WT ST 88  8¥I  6¢1  tI sy " 8
€91  €€I  ThI  8PI  TOT 191  6ST  8PI  T9T  ¥91  SSI  #SI 6 16 €€1  6£1  6C1  Tel 1nysvrqoy "H L
69T 8T 91 69T  6ST  6ST 89T €91 81T LI  8ST 091  6ST  OvI  ¥SI o 9vl 8¢ ad041f "D 9
791  S€1 SST IST €91  +ST #9161 ILT  T9T  SST  LST  OST  SE€I  6fl 98 Lyl 8L wGdipouwds - S
8¢l 6T 6 68 Tcl 911 1Tl 0L 6L 9 8¢ €9 €LT  OLT €61 9T  +LT 191 SISUDUDIDIGLS D) 4
OLT ¥ SST €91  8LT  OLT  €LT  T9T  €LT  S9T  SST  LST  TII T vl 6vI  0ST LT avuunq "H ¢
197 65C  +¥9T TST  0ST  SST  SST 09T  ¥9T  8ST  €9T 99T  L9T 79T  0ST  T9T  L9T  OLT 502D "D 4
SPT TE€l 601  TIT Thl 92T  O¢I €8 66 L8 18 L8 €91  T9T  ¥E€I 89T 991  8SI ‘ds “u nasas D I
9¢ S¢ e €€ (43 1€ 0¢ 6C 8T LT 9 ST T €T (44 1T 0T 61 soradg
811 6l S¢c S8 86T S8 S6I TSI TSI €81 0¢I S8  T6I ¥8 LST  T6I t¥EE  S9I 1 ds smdpovposkny  9¢
T 6ST 9T LST €l €91 SST SST THI €¢I €y 0ST  L9T TSI 9%l TIT  +0E 6% ¥1 -ds smpovpoidn ¢
LTT T8I S¢e ¢8I 86 89T 08I 9LI TOI 08 6€I 091 98I LI +0I SLI S¢€ €Tl ¢1 “ds smdpovposly  p¢
Y11 881 §C¢ T8I 101 6L T8I 6LI 000 9L €¢I 891 L8 T'LT 101 S8 <TTE LTI Tl “ds smpGovpoudn  ¢¢
PPl T6I  0€e 08T €¢I TI'8T €61 9Ll 9€l €8T T9I S8T TSI 98] 6€l  €0T TIE TII 11 “ds smjiovpoisn ¢
81 LT 91 SI ! ¢l ! I o1 6 8 L 9 S v € T I soradg

(panunuod) g dqel,

pringer

a's



Syst Parasitol (2024) 101:67 Page 11 of 16 67

R =T~ N N ) Gyrodactylus serrai mn. sp. clustered within lineage
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cf-—-—-"==- - - =~ sub-lineage. Gyrodactylus serrai mn. sp. resulted as a
- o — "~ e on o sister taxon to the species in a highly supported clus-
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Discussion

The description of G. serrai n. sp. from an endemic
cyprinid host, C. serra, makes this the fourth species
of this genus formally described from a freshwater
host in South Africa. This is also the first parasite
to be described from a species in the genus Cheilo-
barbus (Rehulkové et al., 2018; Truter et al., 2022).
Gyrodactylus serrai n. sp. is easily separated from
congeners (G. kyogae, G. moroccensis, G. paludino-
sus, and G. pseudomoroccensis) by differences in the
morphology of the haptoral sclerites (Figs. 1 and 2)
as well as differences in host preference. The ventral
bar of the newly identified species G. serrai n. sp. has
a well-developed ridge through most of the length of
its membrane. This feature is seen in Eurasian and
Mediterranean morphotypes and provide support to
the Asian origin of hosts in the Smiliogastrinae and
its associated parasites, which most likely dispersed
into Africa through a single event and subsequent
diversification and dispersal. This allowed for para-
sitic species to develop differentiating features, while
retaining morphological similarities with common
ancestors (Gussev, 1985; Yang et al., 2015; Ren and
Mayden, 2016; Lavoué, 2020; Rahmouni et al., 2023).

Molecular inference with congeners provided
insights into the position of G. serrai n. sp. by plac-
ing it in a well-supported lineage consisting of gyro-
dactylids from various cyprinoid species from Iraq
and peri-Mediterranean countries (Fig. 3, lineage A).
In Africa, there are most probably still many taxa to
be discovered and as a consequence the phylogenies
are partial, and the currently available data can’t sup-
port a strong conclusive interpretation. Our phyloge-
netic analyses confirm this in clusters within lineage
A which are well-supported, however, high values of
uncorrected p-distances indicate that closely related
species data is not available for South African spe-
cies, as those could be species with p-distances
between 2 and 5%. In our analysis, two species within
lineage B, G. pseudonemacheili and G. zavkhanensis
are the most closely related, with the lowest observed
p-distance of 1.1%, while the closest species to G.
serrai n. sp. were the Moroccan species, G. moroc-
censis and G. pseudomoroccensis, 8.7 and 8.8%,
respectively. Compared to other studies that focus
on African Gyrodactylus species, genetic data avail-
ability provides an understanding of the evolutionary
relationships between species from hosts within the

@ Springer

same families or speciation events which is currently
not possible for gyrodactylids of African cyprinoids
(see Prikrylova et al. 2012a, 2012b; Rahmouni et al.
2023). We encourage continued efforts to obtain and
supplement species descriptions with molecular data,
as there is only comparative data available for 16
African gyrodactylids, all primarily known from cich-
lids and catfishes (Pfikrylova et al., 2013; Christison
et al., 2021; Rahmouni et al., 2023).

Although the application of molecular techniques
in species descriptions is not always successful or
possible to complement morphological descriptions
(see Prikrylova et al., 2017; Raphahlelo et al., 2020;
Truter et al., 2022), careful examination and visual
documentation in the form of photomicrographs and
detailed drawings should be provided to eliminate
taxonomic discrepancies. This is especially important
where, what is most probably two separate species, is
presented as a single species, as can be seen in Shig-
oley et al. (2023). Similarly, clarity and resolution
of species relationships will be promoted with better
availability of genetic data.

Despite the vast diversity of cyprinid hosts across
the African continent, only seven Gyrodactylus spe-
cies parasitising cyprinid hosts from four African
countries are known (Rehulkové et al., 2018; Truter
et al., 2022; Rahmouni et al., 2023; Shigoley et al.,
2023; present study). Until recently, Gyrodactylus
from cyprinid hosts in Africa were represented by
only G. kyogae and G. ivindoensis from Uganda and
Gabon in central Africa, respectively. Nearly 50 years
after the description of the aforementioned species,
G. paludinosus was discovered from a small cyprinid
in South Africa and another three from large cyprin-
ids in Morocco (Truter et al., 2022; Rahmouni et al.,
2023; Shigoley et al., 2023). Considering known fish
diversity and discovery over time, the estimate of
gyrodactylid diversity is between 10,000 and 20,000
species in diverse ecosystems worldwide (Bakke
et al., 2002).

The description of G. serrai n. sp. is a result of the
investigation of the indigenous cyprinid hosts in South
Africa’s Cape Fold Ecoregion (Truter et al., 2023),
a unique area that is characterised by high endemism
(Chakona et al., 2022). Although South Africa does
not house an immense fish diversity as found in tropi-
cal countries, the present endemic hosts in its freshwa-
ter systems are important objects to study to illustrate
and document its unique fish parasites. These parasites
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that have over decades of interest in the hosts’ taxon-
omy, biology and conservation never been considered
as a contributing component to endemic biodiversity,
and we therefore advocate here for increased attention
and study of these fish species that can aid in improved
efforts in conserving highly endemic hosts and their idi-
osyncratic parasites.
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