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ABSTRACT

This research dealt with the ectoparasitic helminth communities infesting the
African sharptooth catfish, Clarias gariepinus Burchell, 1822 and the Nile tilapia
Oreochromis niloticus Linnaeus, 1758 inhabiting the degraded aquatic
environments of the Nile Delta, Egypt, from summer 2021 to spring 2022. The
study was carried out in four interconnected locations: Nezam Drain, a typical
agricultural drainage system; Amlak Drain, which is heavily polluted from
multiple sources; and two smaller agricultural drains (MAS-1 and MAS-2)
linked to Amlak and Nezam Drains, respectively. Amlak Drain notably releases
water into Manzala Lake, a crucial habitat for local fish populations. The
investigation involved 246 specimens of C. gariepinus, which yielded 6,361
monogenean Worms across Six species. In comparison, 124 specimens of O.
niloticus produced 450 pathogenic microorganisms, comprising six monogenean
and one digenean species. Using Jaccard’s index, the study found complete
similarity (Sj=100%) in monogenean communities of C. gariepinus across all
habitats and a high similarity (Sj=87.5%) for O. niloticus between MAS-1 and
MAS-2. The research evaluated both intraspecific and interspecific aggregation
indices, uncovering non-random distribution patterns among monogenean
species and indicating a stronger interspecific aggregation that suggests
coexistence dynamics. The condition factor (K), which indicates fish health,
showed that higher parasite loads adversely affected fish welfare; those with
better condition factors (Class Il1) had lower parasite intensities than those in
poorer health classes (I and II). These results emphasize the negative impact of
ectoparasitic infections on fish health and highlight how environmental
degradation influences the structure of parasite communities. The findings
advocate for effective management strategies to address these issues in the Nile
Delta’s aquatic ecosystems.

INTRODUCTION

Fish serve as an essential protein source for humans and animals, accounting for
nearly 40% of protein consumption for two-thirds of the global population (Osuigwe &
Obiekezie, 2007). They also play a significant role in alleviating poverty of various
communities in developing nations (Obosi and Agbeja, 2015; Efole et al., 2016; Agbebi
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& Adetuwo, 2019). Nevertheless, improving fish production means increasing the
intensity of production, which has been linked to the spread of parasites and deterioration
in water quality (Osuigwe & Obiekezie, 2007). Parasites can harm fish by causing
physical damage (such as the fusion of gill filaments and replacement of tissues),
physiological harm (including cell growth, immune system changes, altered growth
patterns, and negative behavioral reactions), and reproductive harm (Bamidele et al.,
2007, Akinsanya et al., 2008, Bamidele et al., 2015). Ectoparasites, in particular, are
highly destructive and have been a major cause of death in farmed fish species (Shalaby
& Ibrahim, 1988).

Identification of the factors influencing the composition of parasite communities
has been a fundamental aspect of ecological parasitology for a long time (Holmes, 1987;
Poulin, 2001; Thompson et al., 2020; Brian & Aldridge, 2023). It is commonly
assumed that parasite communities are usually positioned on a spectrum ranging from
interactive to isolationist, i.e. from species-rich assemblages, where interspecific
interactions significantly shape the community, to species-poor assemblages, with a
fewer number of species and less interaction. This idea has emerged as a key paradigm in
the ecology of parasite communities. The level of interaction within parasite communities
is a key theme of modern parasite ecology. The concept of isolationist versus interactive
communities was introduced by Holmes and Price (1986). As postulated by Rohde
(1979) and Koskivaara and Valtonen (1992), certain species can expose their host fish
to infection from a new species by reducing the host’s immune response. Rohde (1979)
suggested that a new species is more likely to cause a more severe and exhaustive
infection if it is present alongside two or more other species on the same host. Gutierrez
and Martorellp (1999) observed no interaction between monogenean species. This
output supports the theory introduced by Rohde (1979, 1994) and postulated that the
most common species (D. paravalenciennesi and D. uncusvalidus) had a positive
interaction.

Louizi et al. (2023) surveyed three native cichlids (Oreochromis aureus, Coptodon
zillii and Coptodon guineensis) from Morocco and recovered 1328 monogenean worms
from 56 cichlid fish comprising two monogenean species (family Dactylogyridae and
genus Cichlidogyrus): Cichlidogyrus cubitus was recovered from C. guineensis and three
phenotypes of Cichlidogyrus cirratus were isolated from O. aureus and C. zillii. These
authors attributed the species-poor monogenean communities of the cichlid hosts to the
enemy release hypothesis (Heger & Jeschke, 2014), and likely facilitated the lateral
movement of parasites in wild populations between O. aureus and C. zillii, as well as the
syngeneic diversification of C. cirratus. Oliveira et al. (2019) found similar species
richness and community structure of the monogeneans from two populations of Cichla
monoculus, suggesting a broad spread of these pathogens across their range in the biome
of Amazon. However, the structure of communities of these parasites showed variations
in abundance and prevalence, as well as dominance. The monogenean communities
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exhibited a high qualitative similarity (87.5%). Similarly, the structure of parasite
communities varied based on the definite circumstances of each environment, as noted in
other host-parasite systems (Santana-Pineros et al., 2012; Marcogliese et al., 2016).

Ecological interactions among cohabitant monogeneans differ from one host-
parasite model to another, for example character displacement (Rohde, 1991),
coexistence (Simkova et al., 2000, 2002), competitive coexistence (EI-Naggar & El-
Tantawy, 2001), and competitive exclusion (EI-Naggar, 2012). Poulin (2001)
hypothesized that monogenean species possessing similar copulatory tools tend to
segregate over space (microhabitat patches), however monogeneans possessing divergent
copulatory organs coexist calmly. Poulin (2001) concluded that niche segregation is not
induced by competitive interactions, but possibly by fortifying reproductive barriers.
Rohde and Hobbs (1986) hypothesized that monogenean species resident over the same
microhabitat patch might possess similar organs of clinging or attachment, however these
cohabitatnts must possess divergent copulatory organs, in terms of morphometric
features. This pattern of coexistence, facilitated by variability in shape and size of
copulatory organs, likely reinforce the reproductive barriers of congeneric and cohabitant
monogeneans.

The condition factor (K) measures the physical condition of a fish in relation to its
overall welfare (Anani & Nunoo, 2016). It is frequently applied to assess how abiotic
and biotic factors impact the health or general welfare of population of fish (Otieno et al.,
2014; Dambatta et al., 2017; Saber et al., 2020). Additionally, the K value provides
insights when comparing two populations of fish under definite feeding, climate, and
population density circumstances (Golam & Al-Misned, 2013). A K value of 1.00
indicates the fish is in poor health, thin, and long, while a value of 1.40 suggests the fish
is in good health and well-proportioned (Barnham & Baxter, 1998). The average
condition factor (K) of the fish in the study conducted by Ngueguim et al. (2020) was
above one (>1), indicating healthy fish, adequate feeding, and suitable environmental
conditions (Ayode, 2011; Ujjania et al., 2012). The average condition factor for parasite-
free fish was notably higher than that of infected fish, suggesting that the presence of
parasites did not promote growth or survival. The impact of environmental conditions on
the growth and survival of fish has been previously explored (Nehemia et al., 2012;
Olopade et al., 2015). Ngueguim et al. (2020) identified a considerable disparity in the
condition factor between parasite-free and parasite-infected fish. These findings are in
line with previous research (Zouhir et al., 2010) that has shown the pathogenicity of
parasites is influenced by factors such as the host (size, age, and health), the parasite
(stage of development and size), and the environment (stress, isolation, pollution).

Kouadio et al. (2023) conducted a study on the seasonal association between the
health status of fish and density of monogeneans parasites in Heterobranchus isopterus
and Clarias gariepinus caught from the Bagoue River. These authors calculated the
correlation coefficient to explore how the health status of fish was related to the total
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parasite count. They found a significant positive relationship between the health status of
fish andparasite burden in both host species during the rainy season. Conversely, during
the dry season, there was a negative relationship between the health status of fish and
parasite count in both fish hosts. Guidelli et al. (2011) concluded that most ectoparasites
were negatively associated with the condition factor of their fish hosts.

The aims of this study were to (1) analyze the ectoparasitic communities of the
catfish, Clarias gariepinus and the Nile tilapia, Oreochromis niloticus inhabiting polluted
aquatic habitats, (2) demonstrate the relationship between ectoparasitic communities and
condition factor of the two host species, and (3) illustrate the comparative degree of
intraspecific versus interspecific aggregation of individuals within the investigated
monogenean species.

MATERIALS AND METHODS

1. Area of investigation

This research dealt with the ectoparasitic helminth communities infesting the
African Sharptooth catfish, Clarias gariepinus Burchell, 1822 and the Nile tilapia
Oreochromis niloticus Linnaeus, 1758 in the north range of the Nile Delta in Dakahlia
Governorate, Egypt (Fig. 1A). The present study was conducted over four consecutive
seasons (from summer 2021 to spring 2022). Four varying water quality habitats were
explored, namely Nezam Drain (a typical agricultural drain), Amlak Drain (multisource
polluted drain), two minor agricultural drains (MAS-1 connected to Amlak Drain and
MAS-2 connected to Nezam Drain) (Fig. 1B). Amlak Drain joins Nezam Drain and flows
northwards to dump huge quantities of water into the southern sector of Manzala Lake
(Fig. 1A), one of the highly productive ecosystems and animal protein sources in the Nile
Delta. MAS-1 terminates close to Amlak Drain and receives its outflow through a
pumping unit. MAS-2 terminates close to Nezam Drain and receives its outflow through
a pumping unit (Fig. 1B).
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2. The condition factor (CF)

The condition factor (CF) reflects the overall fish health prominence and is
considered as a pointer of the quality of the surrounding environment. CF is estimated
according to Fulton (1904); the distinctive weight of the fish (g) is relative to the cube of
its length (cm). As fish become lengthier, they become heavier. This association is
formulated as follows: K= 100 (W/L3) (Richter et al., 2000). The total length of fish was
measured in centimeters with the aid of an ordinary ruler and the total body weight was
estimated with the aid of an ordinary balance. The viscera were weighed with a balance.

3. Community structure of helminth parasite species

In accordance with Bush et al. (1997), the ecoparasitological indices of prevalence,
mean intensity, and abundance of the helminth parasite species of the catfish and the Nile
tilapia were computed. As a statistical concept, prevalence (% of infection) refers to the
number of people in a given population who are infected with a parasite species at any
given moment. Mean intensity (M) is the total number of worms of a particular parasite
species divided by the number of hosts infected with that parasite; prevalence (P%) is the
number of host individuals infected/infested by one or more individuals of that parasite
species divided by the number of hosts examined for that parasite species; and the total
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number of individuals of a specific parasite species divided by the total number of hosts
(both infected and non-infected) of that species under examination is known as
abundance (A).

The indices describing the structure of the community included mean intensity,
prevalence, dominance and abundance. Roohi et al. (2016) computed the dominance of
helminth parasite species as follows:

D = Nmax / Ntotal
Nmaximum = the total number of members of the dominant species,
Ntotal = total number of individuals belonging to various species.

4. Dominance index (Simpson index)

A measure of diversity that considers both the total number of species and their
relative abundance is Simpson's diversity index (D). Diversity rises in tandem with
species richness and evenness. Dodge (2008) states that the following formula is used to
determine Simpson's diversity index (D). Simpson index was calculated as follows:

1/D=1/3 pi?

Where, p is the species i proportion in the community. According to Krebs (1999)
and Magurran (2004), the diversity index is sensitive to changes in the most common
species and gives changes in unusual species less weight.

Simpson’s diversity index is a formula designed to measure the diversity of species
in a biological community (Simpson, 1949). Designated as D, this index was calculated
as follows:

D =Zni (ni-1) / N(N-1)

Where:

ni: The number of organisms that belong to species i,

N: The total number of organisms that belong to different species in the

community.

Simpson’s diversity index runs from 0 to 1. A greater value corresponds to
diminished diversity.

Ecologists frequently compute Simpson’s index of diversity, also known as a
dominance index and computed as 1 — D. The diversity of species increases with an
index’s greater value. Ecologists can also compute Simpson’s reciprocal index, defined as
1/D. The minimum value for this index is 1, while the maximum value corresponds to the
total number of species. The Simpson diversity index spans from 0 to 100%, where 0
indicates unlimited diversity and 1 signifies no diversity; thus, a higher D number
corresponds to reduced diversity. Consequently, the Simpson index is typically
represented as its inverse (1/D) or its complement (1-D), commonly referred to as the
Gini-Simpson index. Simpson evenness is designed as follows:

E1/D = (1/D)IS
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Where, S is the species number in the sample (CCR). According to Magurran
(2004), this index provides a scale (0-1) regarding the evenness of the various parasite
species in the component community.

5. Community similarity (similarity coefficients for binary data):
5.1. Sorenson’s coefficient (coefficient of community)

The range of Sorenson’s coefficient level is 0 to 1. The two communities are
completely unlike when the coefficient value gets close to zero. On the other hand, there
is an overlap between the two communities when the coefficient value is around 1.
According to Hammond and Pokorny (2020), the formula below is used to estimate this
coefficient:

Ss=2c/(S1+S2)

Ss = Sorensen’s similarity coefficient.

¢ = number of parasite species shared by both communities.

S1 = number of parasite species unique to the first community.

S2 = number of parasite species unique to the second community.

5.2. Jaccard’s index

When comparing the variety and similarity of two sample groups (binary data), a
statistic known as the Jaccard’s index (Jaccard similarity coefficient) is used (Jaccard,
1901). It primarily depends on whether a live thing is present locally or not. Jaccard’s
equation was calculated as follows:

S;=100c/(a+b-c)

S; = Jaccard’s similarity coefficient.

¢ = number of parasite species shared by both communities.

a = number of parasite species unique to the first community.

b = number of parasite species unique to the second community.

5.3. Intraspecific aggregation index
Intraspecific aggregation index (JK) was calculated as follows:

inki(nki — 1) m E B
k

] =izl my _
= =
1y, 1y

Where, nki means the number of parasite species k on host individual i, mk and Vk
represent mean numbers and variance in numbers of parasitic species k, respectively.
When J equals 0, individuals of the target species exhibit a random distribution. J value of
0.75 signifies a 75% increase in the anticipated number of conspecifics inside an
environmental patch relative to a random distribution pattern (Morand et al., 1999;
Simkova et al., 2000).
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5.4. Interspecific aggregation index

Interspecific aggregation index (Ck) was calculated as follows:
P
ng;ny
2 : kit m,
C . —i-l m, P _ Covy
kKl = =
m, m,m,

Where, Cov means the covariance between two species (k and 1), nki and ni
represent the mean numbers of the parasite species k and 1 on host individual I, mk and
m1 represent mean numbers of the parasite species k and 1, and P means the number of
host species. The positive associations between the two species are indicated by C>0.
However, negative associations are indicated by C<0 (Simkova et al., 2000).

5.5. Relative strength of Intraspecific vs. Interspecific aggregation index
Relative strength of Intraspecific vs. Interspecific aggregation index (Ak) was
calculated as follows:

_Ge+ D0+ D
g+ 1)

Where, Jx means the intraspecific aggregation index of species k and J1 means the
intraspecific aggregation index of species 1. Cka1 represents the interspecific aggregation
index between individuals of the parasite species k and 1. Intraspecific aggregation
becomes stronger than interspecific aggregation when Aki>1. However, interspecific
aggregation becomes stronger than intraspecific aggregation when Axi<l (Simkova et
al., 2000).

RESULTS

1. Parasite community structure

Out of 246 specimens of the African sharptooth catfish, Clarias gariepinus
Burchell, 1822 caught from Nezam Drain (51), MAS-2 (74), Amlak Drain (69) and
MAS-1 (52), a total of 6361 monogenean worms were isolated from the skin and gills
during the period from summer 2021 to spring 2022. The community comprised 6
monogenean species, namely Gyrodactylus groschafti Ergens, 1973; Gyrodactylus
rysavyi Ergens, 1973; Macrogyrodactylus congolensis (Prudhoe, 1975) Yamaguti, 1963;
Quadriacanthus aegypticus EI-Naggar and Serag, 1986; Quadriacanthus clariadis
clariadis Paperna, 1979 and Quadriacanthus kearni EI-Naggar and Serag, 1985. The load
of these pathogenic microorganisms was affiliated as follows: Nezam Drain
(number=1084, sharing ratio= 17%), MAS-2 (3471, 55%), Amlak Drain (1140, 18%) and
MAS-1 (666, 10%) (Fig. 2). Figs. (3- 6) illustrate the sharing ratios of the skin and gill
monogenean species of C. gariepinus inhabiting Amlak Drain, Nezam Drain, MAS-1 and
MAS-2, respectively. Data pooled from all investigated habitats revealed that the



Community Structure and Species Diversity of Ectoparasitic Helminthes 273

monogenean community is structured as follows: Quadriacanthus aegypticus
(number=1084, sharing ratio= 17%), Quadriacanthus clariadis clariadis (253, 4%),
Quadriacanthus kearni (166, 3%), Gyrodactylus rysavyi (717, 11%), Gyrodactylus
groschafti (101, 2%) and Macrogyrodactylus congolensis (4071, 64%).
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60/0 \
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¥

Drain
18%

Q. aegypticus
5 22%
M. congolensis
57%
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Fig. 2. Pie chart showing ratios of the total skin
and gill parasitic load of the catfish, Clarias

Fig. 3. Pie chart showing the ratios of the skin
and gill parasites of the gill parasites of the

gariepinus catfish, Clarias gariepinus inhabiting Amlak
Drain
Q. kearni Q. ¢. clariadis
404 Q. kearni

Q. ¢, clariadis

2%\

G groschafii
1%

G. groschafti
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Fig. 4. Pie chart showing the ratios of the skin
and gill parasites of the gill parasites of the
catfish, Clarias gariepinus inhabiting Nezam

Fig. 5. Pie chart showing the ratios of the skin
and gill parasites of the gill parasites of the
catfish, Clarias gariepinus inhabiting MAS-1

Drain

The greatest number of Macrogyrodactylus congolensis was computed at Nezam
Drain (number=2533, sharing ratio= 62%), Gyrodactylus rysavyi at MAS-2 (424, 12%),
Gyrodactylus groschafti at Amlak Drain, Nezam Drain and MAS-2 (59, 58%),
Quadriacanthus aegypticus at MAS-1 (362, 38%), Quadriacanthus clariadis clariadis at
MAS-1 (76, 11%) and Quadriacanthus kearni at MAS-1 (73, 8%) (Figs. 3 - 6). In
contrast, the lowest number of Macrogyrodactylus congolensis was computed at MAS-1
(number=220, sharing ratio= 33%), Gyrodactylus rysavyi at Amlak Drain (52, 7%),
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Gyrodactylus groschafti at Nezam Drain (10, 1%), Quadriacanthus aegypticus at (178,
10%), Quadriacanthus clariadis clariadis at (43, 2%) and Quadriacanthus kearni at
MAS-2 (16, 1%).

Out of 124 specimens of the white tilapia, Oreochromis niloticus Linnaeus, 1758
caught from MAS-1 (62) and MAS-2 (62), a total of 450 pathogenic microorganisms
were isolated from the gills during the period from summer 2021 to spring 2022 (182
from O. niloticus at MAS-1 and 268 from the same host at MAS-2). The community
comprised 6 monogenean species and one digenean species, namely Cichlidogyrus
ergensi Dossou, 1982; Cichlidogyrus halli typicus (Price and Kirk, 1967) Paperna, 1979;
Cichlidogyrus thurstonae Ergens, 1981; Gyrodactylus cichlidarum Paperna, 1968;
Macrogyrodactylus clarii Gussev, 1961; Scutogyrus longicornis longicornis Paperna and
Thurston, 1969; and the digenean Centrocestus formosanus (Nishigori, 1924) Price,
1932. The load of these pathogenic microorganisms was affiliated as follows: MAS-1
(number=182, sharing ratio= 40%) and MAS-2 (268, 60%) (Fig. 7). Figs. (8, 9) illustrate
the sharing ratios of the gill monogenean species of O. niloticus inhabiting MAS-1 and
MAS-2, respectively. Data pooled from the two habitats revealed that the monogenean
community is structured as follows: Cichlidogyrus halli typicus (number=206, sharing
ratio= 46%), digenean cysts (Centrocestus formosanus) (147, 33%), Cichlidogyrus
ergensi (34, 7%), Gyrodactylus cichlidarum (26, 6%) and Cichlidogyrus thurstonae (26,
6%). Other monogenean species (Scutogyrus longicornis longicornis, Cichlidogyrus
tiberianus and Macrogyrodactylus clarii are represented by few individuals (3) and minor
sharing ratios (1%). The cichlid host, O. niloticus from MAS-2 harbored greater numbers
of C. halli typicus (120), C. ergensi (31) and C. formosanus (92); however, O. niloticus
from MAS-1 harbored fairly more worms of G. cichlidarum (17) and Scutogyrus
longicornis longicornis (4). The oviparous monogenean, C. thurstonae scored the same
number at both habitats (13 worms).

- Q. ¢ clariadis
Bl ) B G grostani

2%

MAS-2
60%

Fig. 6. Pie chart showing the ratios of the skin ~ Fig. 7. Pie chart showing ratios of the total
and gill parasites of the gill parasites of the gill parasitic load of the white tilapia,
catfish, Clarias gariepinus inhabiting MAS-2 Oreochromis niloticus
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2. Dominance index and Simpson’s diversity index

Fig. (2) shows the proportions of the monogenean load on C. gariepinus from
different study sites. It can be seen that the catfish dwelling MAS-2 harbored the heaviest
monogenean burden (55%) compared to the monogenean burden on C. gariepinus in
other localities. Concerning the monogenean community of C. gariepinus inhabiting
Amlak Drain, the skin viviparous monogenean M. congolensis was the most dominant,
followed by the oviparous gill monogeneans Q. aegypticus and Q. c. clariadis (Fig. 3).
Regarding the monogenean community of C. gariepinus dwelling Nezam Drain, the skin
viviparous monogenean M. congolensis was the most dominant, followed by the
oviparous gill monogenean Q. aegypticus and the skin viviparous monogenean G.
rysavyii (Fig. 4). At MAS-1 habitat, Q. aegypticus scored the highest dominance level,
followed by M. congolensis and Q. c. clariadis (Fig. 5). On the other hand, at MAS-2
habitat, M. congolensis dominated the community, followed by G. rysavyii and Q.
aegypticus (Fig. 6).

Fig. (7) shows the proportions of the ectoparasitic load on O. niloticus from the two
investigated habitats. It is obvious that the cichlid fish host dwelling MAS-2 habitat
harbored the heaviest monogenean burden (60%) compared to the ectoparasitic burden on
the same host in MAS-1 habitat. Concerning the monogenean community of O. niloticus
dwelling, the oviparous gill monogenean C. halli typicus was the most dominant,
followed by the cysts of the digenean C. formosanus and the oviparous monogenean C.
ergensi (Fig. 8). Concerning the monogenean community of O. niloticus inhabiting
MAS-2 locality, the oviparous gill monogenean C. halli typicus was the most dominant,
followed by the cysts of the digenean C. formosanus, the viviparous G. cichlidarum and
the oviparous C. thurstonae (Fig. 9).

C. thurstonae
7%
C. ergensi
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S. I longicornis C. thurstonae

2% 0 . ;

C. halli typicus ’ 3% \ C. halli typicus 1%
47% 45%
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Digenean cysts
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G crchlidarum
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Fig. 8. Pie chart showing the ratios of the gill parasit
of the gill parasites of the white tilapia, Oreochromis
niloticus inhabiting MAS-1

Fig. 9. Pie chart showing the ratios of the gill
parasites of the white tilapia, Oreochromis
niloticus inhabiting MAS-2
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3. Community similarity indices

Jaccard’s index revealed complete similarity (Sj=100%) of the monogenean
communities of the catfish C. gariepinus among habitats (Nezam Drain, Amlak Drain,
MAS-1 and MAS-2). On the other hand, Jaccard’s index indicated high similarity
(Sj=87.5%) of the monogenean communities of tilapia O. niloticus between MAS-1 and
MAS-2.

Similarly, Sorenson’s coefficient scored complete similarity (Ss=1) of the
monogenean communities of the catfish C. gariepinus among habitats (Nezam Drain,
Amlak Drain, MAS-1 and MAS-2). On the other hand, Sorenson’s coefficient showed
high similarity (Ss=0.94) of the monogenean communities of tilapia O. niloticus between
MAS-1 and MAS-2.

4. Intraspecific aggregation index

For Macrogyrodactylus congolensis from Clarias gariepinus in Amlak Drain,
Nezam Drain, MAS-1 and MAS-2, index of intraspecific aggregation (J) values were
0.05, 0.36, 0.05 and 0.54, respectively. Index of intraspecific aggregation (J) for
Gyrodactylus rysavyii from Amlak Drain, Nezam Drain, MAS-1 and MAS-2 were 0.99,
1.04, 0.13 and 2.47, respectively. Estimated J values for Quadriacanthus aegypticus from
C. gariepinus were 0.64, 1.73, 0.63 and 1.00, respectively. Obtained J values for Q. c.
clariadis from C. gariepinus in the above mentioned habitats were 1.66, 0.08, 1.80 and
1.81; and for Q. kearni were 1.33, 1.08, 0.57 and 3.79, respectively. These findings
indicate that individuals of monogenean species exhibit non-random distribution.

Computed values of the index of intraspecific aggregation (J) for monogenean
microfauna Cichlidogyrus halli typicus, C. thurstonae, Scutogyrus longicornis
longicornis and C. ergensi of Oreochromis niloticus inhabiting MAS-1 were 0.90, 0.48,
7.38 and — 20.83, respectively. On the other hand, at MAS-2, estimated values of J for the
above mentioned monogenean species were — 0.32, 2.10, 100 and 1.46, respectively,
except for C. ergensi at MAS-1 and Cichlidogyrus halli typicus at MAS-2. These findings
indicate that individuals of monogenean species exhibit non-random distribution.

5. Interspecific aggregation index

Regarding the cohabitants Macrogyrodactylus congolensis and Gyrodactylus
rysavyii from the skin of Clarias gariepinus, computed values of the index of
interspecific aggregation (C12) were 4.50, 4.50, 9.00 and 9.00 in Amlak Drain, Nezam
Drain, MAS-1 and MAS-2, respectively. On the other hand, concerning the gill resident
monogeneans belonging to genus Quadriacanthus from Amlak Drain, Nezam Drain,
MAS-1 and MAS-2, estimated values of the index of interspecific aggregation (C12) for
Q. aegypticus—Q. c. clariadis, Q. aegypticus—Q. kearni, and Q. c. clariadis—Q. kearni
were >1. Concerning the monogenean gill parasites of Oreochromis niloticus inhabiting
MAS-1 and MAS-2, computed values of the index of interspecific aggregation (C12) for
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Cichlidogyrus halli typicus—C. thurstonae, C. halli typicus-S. I. longicornis, C. halli
typicus—C. ergensi, C. thurstonae-S. I. longicornis, C. thurstonae— C. ergensi, and S. .
longicornis —C. ergensi were >1. These data indicate that all monogenean pairs exhibit
positive associations.

6. Relative strength of Intraspecific versus Interspecific Aggregation index

Regarding the cohabitants Macrogyrodactylus congolensis and Gyrodactylus
rysavyii from the skin of C. gariepinus, computed values of the index assessing the
relative strength of intraspecific aggregation versus interspecific aggregation (A12) were
0.07, 0.09, 0.01 and 0.05 in Amlak Drain, Nezam Drain, MAS-1 and MAS-2,
respectively. On the other hand, concerning the gill resident monogeneans belonging to
genus Quadriacanthus from Amlak Drain, Nezam Drain, MAS-1 and MAS-2, estimated
values of Az for Q. aegypticus—Q. c. clariadis, Q. aegypticus—Q. kearni, Q. c.
clariadis—Q. kearni were all < 1.

Concerning the monogenean gill parasites of O. niloticus inhabiting MAS-1 and
MAS-2, computed values of the index assessing the relative strength of intraspecific
aggregation versus interspecific aggregation (Aiz) for Cichlidogyrus halli typicus—C.
thurstonae, C. halli typicus-S. I. longicornis, C. halli typicus—C. ergensi, C.
thurstonae-S. I. longicornis, C. thurstonae— C. ergensi, and S. I. longicornis —C. ergensi
were all < 1.

7. Relationship between mean intensity of ectoparasite species and condition factor
of C. gariepinus and O. niloticus.

Regarding the monogenean microfauna of C. gariepinus at Nezam Drain, the
overall mean intensity values on condition factor classes I, Il and 11 were 10.27, 7.42 and
3.00 worms per infested fish, respectively. At Amlak Drain, the overall mean intensity
values on condition factor classes I, Il and Il were 21.64, 8.73 and 8.00 worms per
infested fish, respectively. Concerning the monogenean microfauna at MAS-1, the overall
mean intensity values on condition factor classes I, Il and 111 were 13.55, 8.04 and 2.50
worms per infested fish, respectively. At MAS-2, the overall mean intensity values on
condition factor classes I, Il and 111 were 10.58, 10.47 and 15.83 worms per infested fish,
respectively. Fig. (10) shows an individual catfish, C. gariepinus belonging to condition
factor (Class 1) experiencing weight loss in response to high parasite load and high
pollution level in all investigated habitats.

For the monogenean microfauna of O. niloticus at MAS-1, the overall mean
intensity values on condition factor classes I, 1l and 111 were 8.32, 5.13 and 3.56 worms
per infested fish, respectively. At MAS-2, the overall mean intensity values on condition
factor classes I, Il and 111 were 6.16, 12.00 and 2.33 worms per infested fish, respectively.
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Fig. 10. Photograph showing an individual catfish, C. gariepinus belonging to condition
factor (Class 1) showing weight loss in response to monogeenan load and
environmental pollution. Note the broad head region (intermittent arrow) and the
slim trunk region (red arrowhead)

DISCUSSION

Ectoparasite communities of C. gariepinus (6 species) and O. niloticus (7 species)
are dominated by a few species, indicating that these assemblages are isolationist in
nature (non-interactive). The skin viviparous gyrodactylid Macrogyrodactylus
congolensis was the core species in monogenean communities of C. gariepinus inhabiting
MAS-2, Nezam Drain and Amlak Drain (73, 62 and 57%, respectively). However, at
MAS-1, the core species was Q. aegypticus (38%), followed by M. congolensis (33%).
Regarding the monogenean communities of O. niloticus, the oviparous ancyrocephaline
monogenean Cichlidogyrus halli typicus was the core species on this cichlis host at both
MAS-1 and MAS-2 habitats (47 and 45%, respectively). It is worth noting that the
digenean cysts encapsulated into the cartilaginous support of the gill arches attained
relatively high sharing ratio in the buildup of the gill ectoprarsitic community of O.
niloticus in MAS-1 and MAS-2 (30% and 34%, respectively).

Survey of the monogenean assemblages on C. gariepinus revealed that the skin
viviparous monogeneans (M. congolensis and cohabitant G. rysavyii) are more abundant
than the gill oviparous monogeneans (Quadriacanthus spp.). This higher abundance may
be attributed to differences in the physical activity, feeding reproductive potential,
duration of the life cycle, nature of the microhabitat and body size of pathogen. El-
Naggar et al. (2001, 2004) highlighted the amazing physical activity of M. congolensis
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and G. rysayii. Both species were observed to practice leech-like, upside down leech-like
locomotion, searching and prolongation and shortening movements. Unlike M.
congolensis, G. rysayii swims actively across the water column for a brief time. Unlike
G. rysavyii, M. congolensis conducts pendulum-like movement. However, the gill
monogeneans (Cichlidogyrus and Scutogyrus spp.) only translocate in a leech-like
movement. Scutogyrid and cichliogyrid pathogens are oviparous monogeneans (egg-
laying), while skin gyrodactylids are viviparous (live-holding). Oviparous species release
eggs into water, whereas viviparous species release larvae, which directly attach to the
same host individual or a neighboring one. Furthermore, skin viviparous monogeneans
are larger in size and exhibit higher reproductive potential than gill monogeneans. While
oviparous gill monogeneans generally lay one egg per 24 hours, viviparous skin
monogeneans may give birth up to 3 or 4 overlapping generations per 24 hours.

According to Bromagen (2022), the body size reveals features of the biography,
ecology, and evolution of the living organism. This plays a critical role in success or
failure during biological interactions (e.g. competition, reproduction, microhabitat
selection, etc.). Usually, there is a negative association between body size and population
density in nature (Bromagen, 2022). This assumption is in line with our data; the
abundance of adult stage of the oviparous Quadriacanthus species was higher than those
of the cohabitants (Macrogyrodactylus, Gyrodactylus and Ergasillus). On the other hand,
the abundance of encysted metacercaria topped other gill residents. Yet the gill biotope is
regarded as a food- and space-rich resource, other drivers may play a pivotal role in the
survival of these tiny pathogens.

Monogenean parasitic communities have been categorized mostly as non-
interactive or isolationist in nature, in terms of interspecific interactions between different
species (Koskivaara & Valtonen, 1992; Rhode et al., 1994; Simkova et al., 2000;
Karvonen et al., 2007). However, Karvonen et al. (2007) argued that the majority of
these studies were conducted at scales improper for investigation, in terms of low parasite
abundance (Koskivaara & Valtonen, 1992; Simkova et al., 2000) or microhabitat level
(Mouillot et al., 2005). On the other hand, Salgado-Maldonado et al. (2020) proposed
that the majority of fish parasite communities are made up of a limited number of species,
suggesting that interactions between different species are not crucial in shaping these
communities. They also suggested that competition between different species could still
occur in these communities, that the presence of other species could influence the
diversity of the community, and that grouping of individuals within the same species
could help different species live together by reducing the overall competition.

Mendoza-Franco et al. (2019) examined interactions among low-diversity
monogenean parasitic populations, concentrating on Astyanax aeneus, a tropical
freshwater fish. Their research indicated that interactions between different species
(interspecific interactions) could be a significant factor in the organization of
low-diversity parasite communities. Interactions structuring low-diversity can
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occasionally lead to the exclusion of one species, but there are different mechanisms by
which different species can coexist (Morand et al., 1999). The way species share
resources can reduce the overall competition and is crucial for the diversity of parasite
(monogenean) communities in fish (Simkova et al., 2000).

In the present study, indices of the aggregation indicated that individuals of
monogenean species exhibit non-random distribution, all monogenean pairs exhibit
positive associations, and interspecific aggregation is stronger than intraspecific
aggregation. Karvonen et al. (2007) found no evidence for competitive exclusion among
the monogeneans of the genus Dactylogyrus (D. formosanus, D. intermedius and D.
wegeneri) on the scale of the gill filaments of the crucian carp, Carassus carassus
existing in dense populations in lentic water of ponds, where circumstances are optimum
for population proliferation and transmission of monogeneans that exhibit direct and
simple life cycle. Moreover, these authors observed that individual of each Dactylogyrus
species attain high aggregation trend over the gill filaments, indicating that these
microorganisms actively search for conspecifics residing in the same microhabitat patch.

Olubiyo et al. (2023) explored how parasites impact the development of African
catfish (Clarias gariepinus) in Omi Dam, located in Kogi State, Nigeria. Typically, fish
that were not infected with parasites showed a positive allometric growth pattern, with a
condition factor greater than 1.5. Conversely, fish infected with parasites demonstrated a
negative allometric growth pattern, with a condition factor less than 1. The influence of
parasites in the lives of parasite-loaded C. gariepinus was identified as a possibly
significant factor contributing to the weight loss observed in individuals of this group,
which in turn affected certain morphometric values, such as those related to body weight.

The grouping of conspecific individuals (intraspecific aggregation) can facilitate
the coexistence of species that might otherwise be rejected. A greater number of parasite
species may exist within the same host population when their distribution among host
individuals is clustered (Ives, 1988, 1991). The host population serves as a reservoir of
resource patches, within which parasites are unevenly dispersed. Generally, parasite
populations are spread out in a clustered pattern among host individuals, with most host
individuals harboring a few parasites and the majority of parasites are aggregated in a few
host individuals (Poulin, 1998; Poulin & Morand, 2004). Clustering is the most
distinctive aspect of parasitic infections in fish (Poulin, 1993; Simkova et al., 2000).

The study conducted by Ngueguim et al. (2020) aimed at analyzing the impacts of
ectoparasite infections on length-weight associations and condition factor of fishes in
aquaculture systems of Cameroon. The findings showed that 34.87% of the fish samples
were infested by ectoparasitic pathogens, specifically Oreochromis niloticus (34.37%),
Cyprinus carpio (37.10%), and Clarias gariepinus (33.67%). The prevalence level of
ectoparasite infestation varied according to fish weight and size, leading to patterns of
negative allometric growth, regardless of whether the fish was infected or not. The
average condition factor spanned from 1.07 to 3.01, with fish not infected showing
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significantly higher condition factors than their infected counterparts. Regarding the
infected group, Oreochromis niloticus demonstrated the highest condition levels,
followed by Cyprinus carpio and Clarias gariepinus. The study concluded that
ectoparasite infections had a significant influence on the length-weight associations and
fish condition factor.

Lizama et al. (2007) study has demonstrated detrimental effects of endoparasites
on the condition factor of tilapia. Lizama et al. (2007) demonstrated a negative
relationship between the monogenean Cichlidogyrus sp. and condition factor of O.
niloticus. Some investigations indicate that parasites do not influence the condition factor
of tilapia (Velloso & Pereira, 2010; Guidelli et al., 2011; Oliveira & Tavares-Dias,
2016).

A study by Paredes-Trujillo et al. (2021) revealed that the Nile tilapia with fewer
ectoparasites (Cichlidogyrus and Gyrodactylus) had higher energy availability compared
to those with more ectoparasites. Furthermore, the Nile tilapia with more ectoparasites
were found to weigh less than those with fewer. Additionally, Paredes-Trujillo et al.
(2021) observed a notable, non-linear negative relationship between the number of
ectoparasites and energy availability per fish, likely due to the increased production of
gill mucus by ectoparasites, which reduced the energy available to the Nile tilapia. These
monogeneans along with the protozoans Trichodina and Vorticella caused hypertrophy,
hyperplasia, necrosis as well as further proliferative modifications in the epithelium,
leading to respiratory issues (such as Cichlidogyrus sclerosus) and even death (Del Rio-
Zaragoza et al., 2010).

The mean intensity of the monogenean gill parasites of O. niloticus and the skin
and gill monogeneans of C. gariepinus showed negative impacts on the general health of
fish expressed by the condition factor. Fish with high condition factor (Class IlI)
harbored low mean intensity values, however fish with low condition factor (Class I and
Class II) harbored high mean intensity. The condition factor serves as a numerical
measure and an ecological index that reflects the interaction between abiotic and biotic
elements in the health status of fish. It indicates the well-being of fish populations at
different life stages (Blackwell et al., 2008). Examining the differences in this factor
among populations or individuals can help identify how various parameters, like the
quality of environment and availability of food, impact them (Munyasya et al., 2015). As
a health-related metric, it can also highlight the influence of parasites on their hosts, in
both wild and captive settings. Lizama (2003) proposed that the condition factor of fish,
as a quantitative indicator of well-being, can be utilized to explore the connection
association between health and natural parasitism.

Our findings reinforce the opinion that monogeneans can harm the fish host and
cause severe negative impacts on the health status and length-weight relationship of the
fish. Similar adverse impacts of monogeneans on the performance of their fish hosts were
reported by Hoque et al. (2018), Mladineo et al. (2023) and Abdel-Maged et al. (2024).
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As observed by Abdel-Maged et al. (2024), the monogeneans, Pricea multae and
Gotocotyla acanthura triggered great damage to the gills in the marine fish host,
Scoberomorus commerson. The features of microhabitat destruction involved partial to
complete fusion and desquamation of gill lamellae (i.e. peeling of dead cells from
epithelium/epidermis), with extensive loss of lamellae and infiltration of lymphocytes at
the site of infestation, damage of pillar cell which support lamellae, along with clubbing
of gill lamellae and hypertrophy (i.e. excessive enlargement) of the lamellar tips. Abdel-
Maged et al. (2024) characterized the host response which comprised the presence of
numerous scattered or shuffled lymphocytes and mucous globules at the attachment sites
of monogeneans. Hoque et al. (2018) detected the cause of rapid mass mortality (more
than 2000 fries in 24 hours) in farmed Mystus gulio infested by Dactylogyrus species.
These authors calculated parasitological indices comprising prevalence, abundance, mean
intensity and dominance, and estimated that 51 specimens of farmed M. gulio were
infested with a total of 140 worms of Dactylogyrus sp. (mean intensity = 2.75
worms/infested fish). This monogenean recorded a dominance level >10%. The
prevalence of Dactylogyrus sp. (85%) revealed that this pathogen was abundant in
recently died M. gulio. Mladineo et al. (2023) recognized severe histopathological
impacts of Sparicotyle chrysophrii on the gills of Sparus aurata and observed that clamp
attachment is dynamic, distressing a series of microhabitats in the gills. The primary
clinical signs of the blood feeder, S. chrysophrii on S. aurata involved lethargy and
progressive anemia. The terminal stage of infestation comprised progressive emaciation
and mortality.

CONCLUSION

This study provides significant insights into the community structure and species
diversity of ectoparasitic helminths affecting the African Sharptooth catfish (Clarias
gariepinus) and the Nile tilapia (Oreochromis niloticus) in the degraded aquatic
ecosystems of the Nile Delta, Egypt. The findings reveal a high prevalence of
monogenean parasites, with Macrogyrodactylus congolensis and Cichlidogyrus halli
typicus identified as dominant species in their respective hosts. The research highlights
the detrimental impact of ectoparasitic infections on the health of fish, as indicated by the
negative correlation between parasite load and the condition factor of both fish species.

The study underscores the importance of environmental quality in shaping parasite
communities, with higher parasite loads observed in more polluted habitats, particularly
Amlak Drain. The observed non-random distribution patterns of monogenean species
suggest complex interspecific interactions, with evidence of stronger interspecific
aggregation compared to intraspecific aggregation. This indicates a dynamic coexistence
among parasite species that may influence their community structure.
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Overall, the results emphasize the urgent need for effective management strategies
to mitigate the impacts of pollution and ectoparasitic infections on fish health in the Nile
Delta. Addressing these issues is crucial for the sustainability of local fisheries and the
overall health of aquatic ecosystems. Future research should focus on the long-term
effects of environmental degradation on parasite-host interactions and explore potential
interventions to enhance fish health and biodiversity in these critical habitats.
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