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This book is intended as an aid in investigating the diversity and ecology of
parasites of African freshwater fishes. However, given the species richness and
degree of endemicity of African freshwater fishes, and the existence of several
textbook cases in evolutionary biology, the evolution of their parasite fauna is also
a promising subject for research.
When attempting to establish the historical relationships and diversification
mechanisms of parasites through a phylogenetic approach, a recurrent question
is to what extent the distribution of character states for typical parasitological traits
such as host choice, host-specificity or infection site corresponds to the animals’
classification. In this respect, the analysis of morphological or other phenotypic
traits in combination with molecular data is critical to understanding parasite
evolution. However, any morphology- or genetics-based phylogenetic approach
requires coverage of as many representatives of the taxa under study as possible.
Despite the progress in molecular techniques, achieving adequate taxon coverage
(not to mention phenotypic characterisation) remains a challenge that hampers the
development of comprehensive hypotheses about their evolutionary relationships.
Data on African fish parasites are relatively scarce and the rate of species discovery
has not kept up with recent advances in phylogenetics and molecular biology.
For example, regarding the evolution of cymothoid isopods, whose historical
relationships have traditionally been regarded as correlated with their infection
site, Smit et al. (2014) assert that the small numbers of representatives covered is
a point of attention for recent molecular phylogenetic work. Phylogenetic studies on
African lineages of fish parasites, or on fish parasite taxa that are well-represented
in African freshwater bodies, are quite rare, with some notable exceptions, e.g. the
morphology-based phylogeny of lernaeid copepods by Ho (1998). Therefore, there
is no comprehensive view at present of the evolution of many of the taxa covered
in this book. Another constraint is that the fossil record of parasites worldwide
is often patchy or non-existent and rarely taken into consideration, despite its
obvious potential, e.g. in developing a timeframe for parasite evolution (De Baets
et al. 2015; Leung 2017).
A number of systematic studies on the tapeworms of African freshwater fishes have
used molecular data to assess phylogenetic relationships and potential intraspecific
variation (e.g., Schaeffner et al. 2011; Kuchta et al. 2012). A pattern of low species
richness, relatively narrow host-specificity and a wide geographical range, seems
to emerge. Conversely, there has been little research into the molecular phylogeny
and intraspecific genetic diversity of African fish acanthocephalans (Amin et al.
2016) and examination of these aspects could be worthwhile. For example,
Acanthogyrus tilapiae has a broad host range among cichlids (Amin et al. 2008).
Indeed, for the study of host-specificity, in-depth understanding of parasite
(molecular) taxonomy is a necessity, as several seemingly generalist species have
proven to be incorrectly identified or to consist of complexes of closely related but
more host-specific species (Pouyaud et al. 2006; Smit et al. 2014). Likewise, the
current knowledge of digeneans infecting African freshwater fishes appears too
fragmented to identify conclusive evolutionary patterns (see Scholz et al. 2016).
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The scarce molecular work has mainly focused on diplostomids and clinostomids,
with some recent advances in barcoding and classification (e.g., Chibwana et al.
2013; Caffara et al. 2017). In the absence of reliable morphological characters
for species-level identification in non-adult stages, such genetic work has also
facilitated species delineation (Otachi et al. 2015) and life cycle reconstruction
(Chibwana et al. 2015). When sequence data from a wider host and geographic
range are included, patterns do emerge, e.g. on the link of infection site (eye lens
or other tissues) with diplostomid evolution and host-specificity (Locke et al. 2015).
For monogeneans, with several relatively well-studied genera that are endemic
or mostly constrained to Africa, some patterns in host use, host-specificity and
speciation mechanisms can be discerned on an African scale. For example,
congruence between the phylogeny of representatives of Cichlidogyrus and their
cichlid hosts has been shown several times, although the speciation mechanisms
underlying this pattern seem to differ between cichlid-monogenean systems
(Mendlová et al. 2012; Vanhove et al. 2015). Relatively extensive sampling,
especially of certain groups of cichlids, also indicated correlations between host
genetic diversity and parasite species richness (Pariselle et al. 2003; Grégoir et al.
2015), and between host-specificity and host behaviour, phylogeny or ecology
(Mendlová & Šimková 2014; Kmentová et al. 2016).
As with other parasite taxa, we are reminded that taxon sampling remains of the
utmost importance. Whereas earlier work suggested that the morphology of the
attachment organ in representatives of Cichlidogyrus was poorly influenced by
host choice (Vignon et al. 2011), the addition in a phylogenetic reconstruction of a
species that resulted from a distant host-switching event indicated an adaptative
component to haptor morphology (Messu Mandeng et al. 2015). Unexpectedly
distant host-switches are known from other African dactylogyridean monogeneans,
such as Quadriacanthus (see Nack et al. 2016).
The monogeneans of other African freshwater fish families have recently also
become the subject of molecular phylogenetic research, including those infecting
catfishes (Francová et al. 2017) and cyprinids (Šimková et al. 2017). The
above-mentioned work on the evolution of African monogeneans deals mainly
with representatives of the Dactylogyridea. A different picture emerges for the
gyrodactylids. The many endemic African lineages and genera are attractive
subjects for evolutionary parasitology (e.g., Přikrylová et al. 2017) and mechanisms
deemed important in gyrodactylid speciation, such as hybridisation and hostswitching, have been demonstrated for their African representatives (Barson et al.
2010; Přikrylová et al. 2013; Zahradníčková et al. 2016).
In addition to studying the patterns and processes underlying parasite biodiversity,
evolutionary parasitology also considers the hypotheses that parasites may act as
tags for the taxonomy and biogeography of African fishes (e.g., Paugy et al. 1990;
Barson et al. 2010; Pariselle et al. 2011; El Hafidi et al. 2013), or as drivers of the
diversification of their hosts. The latter aspect has been explored for the African
Great Lakes, comparing the parasite communities of different cichlid species
or populations, and linking these to immunogenetics, trophic specialisation and
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sexual selection (Maan et al. 2006, 2008; Blais et al. 2007; Raeymaekers et al.
2013; Hablützel et al. 2014, 2016, 2017).
There are several practical applications of evolutionary and ecological fish
parasitology. For instance, fish parasites may be used as indicators for
anthropogenic stressors such as pollution (Sures et al. 2017). This approach has
also been taken for African fishes (e.g., Madanire-Moyo et al. 2012).
Greater knowledge of the diversity and speciation of African fish parasites will
increase understanding of their host range and host-specificity. This is important
in view of the co-introduction of parasites that potentially accompanies the
translocation of fishes for aquaculture or fisheries (Vanhove et al. 2016). Alien
parasites in Africa have already caused mass fish mortalities in hatcheries (Hecht &
Endemann 1998). An overview for South Africa by Smit et al. (2017) lists 23 alien
fish parasites, of which seven are considered invasive. The authors suggest that a
lack of monitoring is the most likely explanation of this relatively modest number.
There have not been many reports of fish diseases in Africa and they have been
given little attention. However, fish parasites are expected to gain importance with
the further development of aquaculture (Hecht & Endemann 1998). This requires
increased efforts to protect fish health but, as pointed out by Akoll et al. (2012a),
African countries may lack the capacity to control fish health and implement
biosecurity systems and hence, more awareness of fish parasites and their ecology
is important to Africa. Although parasite infections do not always demonstrably
harm their fish hosts (e.g., Ndeda et al. 2013), Paperna (1996) lists numerous
cases where fish parasites have detrimental effects, especially in aquaculture. It is
therefore not surprising that Akoll et al. (2012b) emphasise the risks of fish parasites
for the productivity and sustainability of African aquaculture. In addition, though
seldom reported, there are potential dangers to fish populations in nature (e.g.,
Marshall & Cowx 2003 discuss a tapeworm infecting an economically important
cyprinid in Lake Victoria), to fisheries economics (consumer rejection of infected
fish: Kabunda & Sommerville 1984) and to human health (fish-borne zoonoses:
Florio et al. 2009). Building capacity for pathogen monitoring, identification and risk
analysis in developing countries is vital for aquatic health management (BondadReantaso et al. 2005) and for any integrated approach to health (Keune et al.
2017). It is hoped that this book can contribute to this endeavour.
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