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INTRODUCTION

Catfish (C. gariepinus) is recognized as one of the most 
extensively cultured freshwater fish species globally, 

largely due to its rapid growth rate and remarkable 

adaptability to diverse rearing environments, including 
tarpaulin and concrete ponds (Mahyuddin, 2008; 
Hermawan, 2013). These characteristics have significantly 
contributed to its high economic value within the 
domestic market (around 1.14 tons in 2023), which is 
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Abstract | Monogeneans are ectoparasitic flatworms that attach to fish skin and gills using specialized haptors, causing 
epithelial damage, respiratory impairment, and increased susceptibility to secondary infections. Their distribution 
and severity are influenced by environmental and management factors, including aquaculture system type. This study 
characterized the biodiversity of monogeneans infecting African catfish (Clarias gariepinus) and evaluated variation 
in infestation patterns across culture container types in relation to host clinical and physiological indicators. Using a 
descriptive exploratory design with stratified random sampling, fish were collected from concrete tanks (n = 3) and 
tarpaulin ponds (n= 1). Stocking densities ranged from 170–240 fish/m2 in concrete tanks and 150–160 fish/m2 in 
tarpaulin ponds. A total of 108 fish (27 per unit) were examined through skin mucus scraping and gill lamella sampling, 
followed by light microscopy and morphometric identification. Prevalence, intensity, and dominance were calculated, 
and hematocrit, leukocrit, and opercular beat rate were measured. Marked differences were observed between systems, 
with tarpaulin ponds showing substantially higher prevalence, intensity, and dominance. Actinocleidus sp. was the most 
prevalent genus in tarpaulin systems (74.07%), while Dactylogyrus sp. exhibited the highest intensity (14 ind/fish), 
indicating aggregated, potentially pathogenic infestations. In contrast, infestation levels in concrete ponds were markedly 
lower, and Gyrodactylus sp. was absent. Overall, the monogenean community was dominated by Actinocleidus sp., which 
showed the highest total abundance (166 individuals), prevalence (28.70%), and dominance (53.89%), indicating broad 
distribution within the population. These findings demonstrate that pond type strongly influences parasite community 
structure and transmission dynamics, with tarpaulin systems presenting greater epidemiological risk. 
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further bolstered by a steady increase in consumer demand 
annually (MMAF-RI, 2024). Despite its promising 
potential for aquaculture, the industry continues to face 
significant challenges, particularly those related to disease 
management and fish health (Saluta, 2019).

Disease outbreaks in aquaculture are commonly driven by 
imbalances among the host, pathogenic organisms, and 
environmental conditions, with ectoparasitic infections 
representing a major contributing factor (Sumiati and 
Aryati, 2010). Among ectoparasites, monogeneans 
are of particular concern in catfish aquaculture due to 
their direct life cycle, which enables rapid transmission 
without the need for intermediate hosts, especially under 
high stocking densities typical of intensive production 
systems. These parasites primarily colonize the gills, 
causing epithelial hyperplasia, impaired respiration, and 
increased susceptibility to secondary infections, ultimately 
affecting growth performance and survival in C. gariepinus 
(Tuwitri et al., 2021). From an epidemiological standpoint, 
the dynamics of monogenean infestations are assessed 
using key indicators such as prevalence, intensity, and 
dominance, which describe the proportion of infected 
hosts, the average parasite load per infected individual, and 
the most frequently encountered parasite species (Sarjito et 
al., 2013). These parameters are essential for understanding 
transmission patterns and evaluating the potential impacts 
of monogenean parasites on catfish (C. gariepinus) health, 
growth, and overall production performance.

Environmental conditions and culture systems play a 
pivotal role in shaping these epidemiological patterns 
by influencing host susceptibility and parasite survival. 
In conventional tarpaulin ponds, inadequate water 
management can result in the accumulation of organic 
waste and ammonia, increasing physiological stress and 
vulnerability to parasitic infections. In contrast, concrete 
ponds, depending on their design and management 
practices, may allow improved control of water parameters; 
however, in the present study, the concrete ponds were 
unroofed and exposed to environmental fluctuations, 
which could also influence parasite transmission dynamics, 
thereby suppressing parasite populations. Furthermore, 
the integration of biofloc technology in both pond types 
enhances microbial assimilation of organic waste, leading 
to reduced ammonia concentrations and in one study the 
prevalence and intensity of ectoparasites were 15% for 
Gyrodactylus sp.; 10% for Dactylogyrus sp., while Lernaea 
sp. and Vorticella sp. were 7.5% (Fachrussyah et al., 2024).

Among ectoparasites, monogeneans such as Dactylogyrus 
sp., Gyrodactylus sp., and Actinocleidus sp. are frequently 
reported in catfish culture and predominantly colonize 
the gills, where they cause tissue damage and respiratory 
impairment, increasing susceptibility to secondary 

infections. Despite clear evidence that environmental 
factors and rearing systems strongly influence monogenean 
infestation levels, comparative studies across different 
catfish culture systems remain limited. This limitation 
constrains farmers, aquaculture health consultant, and 
farm managers in selecting specific prevention and control 
strategies. Comparative data would enable farmers to 
optimize stocking density, water quality management, 
and biosecurity protocols according to the risk profile of 
each culture system, ultimately reducing treatment costs, 
minimizing production losses, and improving fish welfare 
and farm sustainability. Environmental conditions and 
farming practices play a decisive role in the transmission 
dynamics and infection intensity of parasitic diseases in 
aquaculture system (Buchmann and Bresciani, 2006). 
Addressing this knowledge gap is crucial for developing 
environment-specific disease prevention and management 
strategies that support the sustainability and productivity 
of catfish aquaculture. 

MATERIALS AND METHODS

This study was conducted at four major catfish production 
centers in the city of Semarang. Sampling of C. gariepinus 
reared in tarpaulin ponds was performed at the Teaching 
Factory of the Faculty of Fisheries and Marine Sciences, 
Universitas Diponegoro, where the ponds were equipped 
with protective roofing. In contrast, sampling from concrete 
pond systems was carried out at multiple production 
sites in Semarang, including Sambiroto, Mranggen, and 
Pedurungan, where the ponds were operated under open 
conditions without roof coverings. 

This study adopted a descriptive exploratory design to 
characterize monogenean parasite biodiversity in cultured 
C. gariepinus. Fish were collected using random sampling 
to ensure representative coverage across culture systems. A 
total of 108 individuals were sampled in accordance with 
assumed prevalence levels for populations of 1,000–10,000 
fish, following the recommendations of Kabata (1985). All 
specimens were transported to the Aquaculture Laboratory, 
Faculty of Fisheries and Marine Sciences, Universitas 
Diponegoro, for parasitological analysis.

Parasitological assessment began with measurements 
of opercular beat rate, recorded three times at one-
minute intervals, together with observations of external 
morphological abnormalities. Fish total length and body 
weight were then measured. Ectoparasites were examined 
through skin mucus scraping, while gill parasites were 
assessed by excising gill lamellae and mounting them 
on microscope slides with distilled water. Samples were 
observed under a light microscope at magnifications of 
×40, ×100, and ×400.
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Parasitological indices, including prevalence (P), intensity 
(I), and dominance (D), were calculated, alongside 
hematological parameters (hematocrit and leukocrit). 
Monogenean parasites were identified based on diagnostic 
morphological characteristics such as body shape and 
size, opisthaptor structure, and the number of large and 
small hooks by comparison with standard identification 
keys (Kabata, 1985; Zhang et al., 2023) and supported by 
relevant scientific literature and fish disease references.

Data analysis 
Intensity and prevalence were calculated using the 
following formulas.

Intensity (I)
Intensity is defined as the number of parasites infecting an 
organism within a given space and time with the formula 
used to calculate intensity as follows:

Prevalence (P)
Prevalence is defined as the number of fish in a population 
that are infected by a disease. The formula used to calculate 
prevalence as follows:

Dominance (D)
Dominance is a condition in which certain individuals 
are more dominant than others within a population. The 
formula used to calculate dominance as follows:

Statistical analysis
Statistical analyses were performed using SPSS version 
26.0 (IBM Corp., Armonk, NY, USA). Data were tested 
for normality using the Shapiro-Wilk test. Prevalence 
was compared between pond types using the Chi-square 
test. Intensity and dominance were compared using the 
Mann-Whitney U test for two-group comparisons and 
the Kruskal-Wallis test for multiple-group comparisons. A 
significance level of p < 0.05 was used for all tests.

RESULTS AND DISCUSSION

Sampling
Data obtained from the identification of 108 fish (C. 
gariepinus) across four different sampling locations are 
presented in Table 1.

Sampling in this study was conducted on catfish (C. 

gariepinus) cultured in two pond types tarpaulin and 
concrete across four locations in Semarang and surrounding 
areas. The tarpaulin pond at the Teaching Factory FPIK 
UNDIP (3.14 × 1 m) contained 500 fish (159 fish/m2). 
Concrete ponds were located in Sambiroto (5 × 1.5 m; 
1,800 fish; 240 fish/m2), Mranggen (5 × 6 m; 7,000 fish; 233 
fish/m2), and Pedurungan (3.5 × 2 m; 1,200 fish; 171 fish/
m2). Fish were randomly sampled from each pond, with 27 
individuals taken per pond type at each location. Stocking 
density differed between systems, with concrete ponds 
ranging from 171–240 fish/m2 and the tarpaulin pond at 
159 fish/m2 (Table 1). These differences are presented to 
provide contextual information for interpreting infestation 
patterns across systems.

Table 1: Catfish rearing sampling locations.
S. Types of 

ponds
Locations Pond 

size 
(m)

Fish popu-
lation (fish/
pond)

Stocking 
density 
(fish/m2)

1. Tarpaulin Teaching factory 
FPIK UNDIP

3,14x1 500 159

2. Concrete Sambiroto 5x1,5 1.800 240

Mranggen 5x6 7.000 233

Pedurungan 3,5x2 1.200 171

Each site differed in technical characteristics, including 
water source, seed origin, feed type, and probiotic use. The 
tarpaulin pond (Teaching Factory Univeritas Diponegoro) 
used well water, self-produced seed, commercial feed 
mixed with probiotics, and was roofed. Sambiroto concrete 
ponds also used well water and self-produced seed, 
commercial feed mixed with bran, and probiotics applied 
before stocking. Mranggen ponds used groundwater 
with locally sourced seed, commercial feed mixed with 
local microorganisms (MOL), which refer to farmer-
prepared microbial fermentation products derived from 
locally available organic materials (e.g., fruit residues, or 
plant-based substrates) and/or probiotics (commercial 
probiotics), and probiotics applied prior to stocking. 
Pedurungan ponds used groundwater, self-produced 
seed, commercial feed mixed with MOL, and probiotics 
applied before stocking. Such practices are commonly used 
in Indonesian aquaculture to enhance water quality and 
microbial balance. Unlike the tarpaulin pond, all concrete 
ponds were unroofed and exposed to weather. These 
differences were intended to assess how pond type and 
culture conditions influence parasite infestation levels.

Clinical simptomps 
The African catfish (C. gariepinus) observed during the 
research showed a number of clinical symptoms as shown 
in Figure 1.
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Figure 1: Clinical symptoms of African catfish (C. 
gariepinus)

Clinical signs were recorded qualitatively through visual 
examination without application of a standardized scoring 
system, and the frequency of each clinical manifestation 
was not quantified. The clinical signs showed fin damage, 
including fraying, tearing, or incomplete fins, which 
may indicate tissue injury caused by ectoparasite activity 
and increase the risk of secondary bacterial or fungal 
infections. In addition, pale discoloration was observed on 
the operculum and body surface, and reddish lesions were 
found on the fins.

Catfish (C. gariepinus) examined during the study also 
exhibited external clinical symptoms in the form of excessive 
mucus production on the body surface. This increased 
mucus secretion is generally a defensive physiological 
response and often indicates parasitic infection affecting 
the skin or gills, which may subsequently lead to further 
damage or infection in these areas. 

Monogenean parasites
The monogenean parasites found can be seen in Figures 
2–4, and Tables 2–4.

Figure 2: Morphometrics of Dactylogyrus sp.

Microscopic observation of catfish (C. gariepinus) at a 
magnification of ×40 revealed the presence of parasites 
morphologically identified as Dactylogyrus sp. The observed 
specimens displayed key diagnostic features of this genus, 
including anterior head glands, a mouth connected to the 
pharynx, and eyespots. At the posterior end, an attachment 
organ (opisthaptor) was clearly visible, equipped with two 

main structures: Anchors and marginal hooks.

Table 2: Morphometrics of Dactylogyrus sp.
No Morphology Morphometric
1. Body length Length: 218,46 µm

Width: 57,12 µm
2. Opishaptor:

Marginal hooks
Bar

7 pairs of marginal hooks 
Double bars

3. Eyes spot 1 pair eye spot

Table 3: Morphometrics of Gyrodactylus sp.
No Morphology Morphometric
1. Body length Length: 218,46 µm

Width: 57,12 µm
2. Opishaptor:

Anchor
Marginal hooks
Dorsal Bar

1 pair of anchor
8 pairs of marginal hooks (21,28 µm)
Single bar (17,42 µm)

Figure 3: Morphometrics of Gyrodactylus sp.

Table 4: Morphometrics of Actinocleidus sp. 
No Morphology Morphometric
1. Body length Length: 291,18 µm

Width: 57,12 µm
2.

3.

Opishaptor:
Anchor/Haptor
Bar
Male Aparatus

1 pair of anchor/haptor
Double bars
present

Based on microscopic observations, parasites 
morphologically identified as Gyrodactylus sp. were 
detected, a member of Monogenea commonly found 
on the body surface and gills of freshwater fish. The 
parasite has a transparent, elongated body, allowing clear 
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observation of both internal and external structures under 
the microscope. The posterior end is equipped with a 
characteristic attachment organ (opisthaptor) consisting 
of two large anchors and sixteen marginal hooks arranged 
in a circular pattern. In the middle of the parasite’s body, 
a well-developed embryo with hooks was visible inside 
the parent, which is a distinctive feature of the viviparous 
reproductive system of the genus Gyrodactylus.

Figure 4: Morphometrics of Actinocleidus sp.

Observations revealed the presence of parasites 
morphologically identified as Actinocleidus sp. This parasite 
has an elongated body flattened dorsoventrally, with the 
posterior region forming a haptor structure composed of 
a pair of large symmetrical anchors, small marginal hooks, 
and a transverse bar connecting the anchors. Other internal 
organs such as the testes, ovary, and digestive tract were not 
clearly visible in the image; therefore, the distinctive haptor 
morphology served as the strongest basis for identifying 
the parasite as Actinocleidus sp. Although internal organs 
were not clearly distinguishable in some specimens, genus-

level identification was based on diagnostic haptoral 
morphology, including anchor structure, transverse bars, 
and hook arrangement.

Intensity, prevalence and dominance 
calculations
The results of the intensity, prevalence, and dominance 
calculations are shown in Table 5.

A total 308 monogeneans community infestating C. 
gariepinus was structured by differential patterns of 
prevalence, intensity, and dominance among genera. 
Actinocleidus sp. emerged as the most epidemiologically 
widespread parasite, exhibiting the highest prevalence 
(28.70%), total abundance (166 individuals), and 
dominance (53.89%). This indicates that Actinocleidus 
sp. represents the principal component of the parasite 
community and the most consistently established genus 
within the host population.

In contrast, Dactylogyrus sp. showed the highest mean 
intensity (8.25 ind/fish), despite a lower prevalence 
(11.11%), suggesting a more aggregated infection pattern 
characterized by heavier burdens in infected individuals. 
Such aggregation may imply higher pathogenic potential 
at the individual host level, even if population-level 
distribution is less extensive than that of Actinocleidus sp.

Gyrodactylus sp. displayed comparatively low prevalence 
(7.56%) and dominance (13.96%), although its intensity 
(6.14 ind/fish) remained relatively elevated, reflecting 
moderate infection pressure but limited overall contribution 
to community structure.

Overall, these results indicate a parasite assemblage 
dominated numerically and epidemiologically by 
Actinocleidus sp., while Dactylogyrus sp. may pose greater

Table 5: Intensity, prevalence, and dominance of monogeneans in catfish.
No. Parasite ∑ parasite 

(ind)
∑ infected fish 
(fish)

∑ Fish examined 
(fish)

I (ind/ 
ekor)

P (%) D (%)

1. Dactylogyrus 99 12 108 8,25 11,11 32,14
2. Gyrodactylus 43 7 108 6,14 7,56 13,96
3. Actinocleidus 166 31 108 5,35 28,70 53,89

Table 6: Intensity, prevalence, and dominance of monogeneans based on aquaculture container.
Types of aquaculture 
container

Parasite ∑ parasite  
(ind)

∑ infected fish 
(fish)

∑ Fish examined 
(fish)

I (ind/
fish)

P (%) D (%)

Tarpaulin Dactylogyrus 98 7 27 14 25,92 33,56
Gyrodactylus 43 11 27 3,9 40,74 14,72
Actinocleidus 151 20 27 7,55 74,07 51,71

Concrete Dactylogyrus 1 1 81 1 1,23 6,25
Gyrodactylus 0 0 81 - - -
Actinocleidus 15 11 81 1,36 13,58 93,75
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Table 7: Hematology of catfish based on aquaculture container.
Types of aquaculture 
ponds

Fish condition Hematology
Hematocrit (%) Leukocrit (%)

Tarpaulin Parasite infestation 23% ± 0,0801 2% ± 0,0083
Non-parasite infestation 12% ± 5 3% ± 0

Concrete Parasite infestation 18% ± 0,0520 2% ± 0,0086
Non-parasite infestation 22% ± 6 2% ± 1

individual-level pathological risk due to higher infection 
intensity. The contrasting distribution patterns among 
genera suggest differences in transmission dynamics and 
host parasite interaction strategies within the culture 
system. The following section presents the results of the 
intensity, prevalence, and dominance calculations based on 
aquaculture container type, as shown in Table 6.

Clear structural divergence in the monogenean assemblage 
between tarpaulin and concrete systems suggests strong 
environmental modulation of parasite transmission 
patterns. In tarpaulin ponds, infestation pressure was 
substantially higher across all indices. Actinocleidus sp. 
dominated (74.07% prevalence; 51.71% dominance; 
7.55 ind/fish), indicating broad host distribution and 
successful establishment. Dactylogyrus sp. showed the 
highest intensity (14 ind/fish) despite moderate prevalence 
(25.92%), reflecting a highly aggregated pattern with 
potential pathological implications. Gyrodactylus sp. 
exhibited intermediate prevalence (40.74%) but lower 
intensity (3.9 ind/fish), suggesting widespread but lighter 
infestations.

In contrast, parasite burden in concrete ponds was 
markedly reduced. Gyrodactylus sp. was absent, while 
Actinocleidus sp. (13.58% prevalence) and Dactylogyrus sp. 
(1.23% prevalence; 1 ind/fish) showed substantially lower 
infestation levels, indicating constrained transmission and 
establishment. Importantly, the absence of Gyrodactylus 
sp. in concrete systems suggests that reproductive strategy 
(viviparity and rapid autoinfection cycles) may confer an 
advantage only under specific environmental conditions.

Notably, these differences occurred despite higher 
stocking densities in concrete systems, contradicting 
classical density-dependent expectations. This suggests 
that container-associated environmental factors may exert 
stronger regulatory effects on parasite persistence than 
host density alone. Overall, culture system type appears 
to function as a key ecological determinant shaping 
parasite community structure, aggregation patterns, and 
transmission potential in intensive catfish aquaculture.

Hematocrit and leucocrit
The results of the hematological parameters based on the 
aquaculture medium can be seen in Table 7.

Table 7 shows that infested catfish reared in tarpaulin 
ponds had a higher hematocrit value (23%) compared to 
those in concrete ponds (18%), indicating that infested fish 
were still able to maintain hematocrit within the normal 
range despite differences between container types. In non-
infested fish, the opposite pattern was observed: Fish in 
concrete ponds had a higher hematocrit (22%) than those 
in tarpaulin ponds (12%), which was considered relatively 
low. Leukocrit values in both tarpaulin and concrete ponds 
remained stable at 2–3%, suggesting that the fish immune 
response to infection and environmental conditions was 
still within a normal range.

Opercular beat rate measurement results
The mean and standard deviation of catfish operculum 
opening measurements grouped by culture pond type are 
presented in Table 8.

Table 8: Operculum aperture of catfish based on the 
aquaculture container.
Container 
type

Average 
length (cm)

Average 
weight (g)

Average opercular 
aperture (/m)

Tarpaulin 22,74±5,91 85,59±36,61 59,55±19,86
Concrete 19,39±1,71 41,03±8,46 65,25±16,04

Fish reared in tarpaulin ponds showed an average opercular 
beat rate of 59.55±19.86 times per minute, whereas fish 
from concrete ponds exhibited a higher rate of 65.25± 
16.04 times per minute.

DISCUSSION

Sampling
Sampling was conducted at four catfish culture sites that 
differed in water source, seed origin, feed composition, 
and probiotic use factors closely linked to the health 
of C. gariepinus. The tarpaulin pond at Teaching Factory 
FPIK UNDIP used well water, self-produced seed, and 
commercial feed supplemented with probiotics. Probiotic 
application has been reported to improve growth, biomass, 
immunity, hematological profiles, and feed efficiency 
(Dewi and Tahapari, 2017; Aini et al., 2022). Concrete 
ponds in Sambiroto also used well water and self-produced 
seed, with commercial feed mixed with bran and probiotics 
applied before stocking. Similar approaches have been 
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shown to enhance growth and survival through  Bacillus 
sp. supplementation and improve feed quality with bran 
(Pratiwi et al., 2020). In Mranggen, concrete ponds used 
groundwater and local seed, with commercial feed mixed 
with MOL and/or probiotics, which are known to improve 
FCR, growth rate, suppress pathogens, and enhance water 
quality (Subandiyono et al., 2023). Pedurungan applied 
a comparable system combining MOL and probiotics 
to maintain water quality and reduce organic buildup 
that may favor parasites (Putri et al., 2021). The use of 
microbial amendments in aquaculture has been associated 
with modulation of microbial communities, enhancement 
of water quality, and potential indirect effects on pathogen 
dynamics (Newaj-Fyzul et al., 2014). These variations 
highlight how culture inputs strongly influence fish health 
and susceptibility to parasites.

Roofed tarpaulin ponds provided greater thermal stability 
and protection from weather, reducing stress but increasing 
the risk of organic and ammonia accumulation that favors 
monogenean development (Setiawan et al., 2023; Ageng’o 
et al., 2024). In contrast, unroofed concrete ponds allowed 
better water circulation and waste management, which 
can help control parasite populations, although higher 
temperature fluctuations may induce chronic stress and 
affect hematological health. Overall, pond design and water 
management play a crucial role in shaping environmental 
conditions and parasite vulnerability in cultured catfish.

Importantly, infestation levels were higher in the tarpaulin 
pond despite its lower stocking density (159 fish/m2) 
compared to concrete ponds (171–240 fish/m2). This 
pattern suggests that density alone does not explain the 
observed variation in parasite indices. If density were the 
primary driver, higher infestation would be expected in 
concrete systems.

Clinical symptoms
One limitation of this study is that clinical signs were 
assessed qualitatively without a standardized scoring 
system. Consequently, the frequency and severity of 
observed abnormalities could not be quantified or 
statistically analyzed in relation to parasite burden. 
Although these observations provided contextual support 
for parasitological findings, future studies incorporating 
quantitative clinical indices would enable more robust 
evaluation of host–parasite interactions.

Morphology and morphometry of monogenea
Based on the results of this study, catfish (C. gariepinus) 
exhibited physical clinical signs including frayed caudal, 
dorsal, and pectoral fins; slightly pale operculum openings; 
red and white spots or lesions; generalized body paleness; 
and excessive mucus production. Clinical manifestations 

were assessed qualitatively through external visual 
examination without the use of standardized lesion scoring. 
These symptoms are consistent with common indicators of 
parasitic infection in fish, such as body discoloration and 
increased mucus secretion (Putri et al., 2016). The specific 
signs observed also correspond to infections caused by 
monogenean parasites.  Actinocleidus  sp. is known to 
induce pale to brownish gill discoloration in severe cases 
(Wirawan et al., 2018); in this study, the infection level 
was categorized as mild, with pale operculum openings 
serving as an early indication of gill damage. In addition, 
infections by Dactylogyrus sp. and Gyrodactylus sp., which 
are associated with frayed fins (Laia et al., 2018), white 
spots (Pujiastuti and Setiati, 2015), and reddish lesions 
on the body (Laia et al., 2018), further reinforce that the 
observed clinical conditions in catfish were closely related 
to parasitic infestation. However, signs such as fin erosion 
and mucus hypersecretion are considered nonspecific 
indicators of physiological stress in fish and may arise from 
multifactorial causes; therefore, clinical observations should 
be interpreted alongside parasitological confirmation.

Dactylogyrus sp.
Agustiya et al. (2023), to support parasite identification, 
morphometric analysis was conducted by measuring 
body size and attachment structures, which are important 
diagnostic characters for determining genus or species. 
The  Dactylogyrus  sp. parasites found on the skin and 
gills of catfish (C. gariepinus) had a flattened body, with 
a prohaptor at the anterior end and an opisthaptor 
(posterior sucker) at the posterior end equipped with one 
pair of large anchors and 14 marginal hooks (7 pairs). Two 
pairs of eyespots were located near the pharynx, and the 
head possessed four lobes. Monogeneans life cycles are 
oviparous (egg laying). This morphology is consistent with 
descriptions of Dactylogyrus sp. reported by Suhardi et al. 
(2014), who stated that Dactylogyrus  sp. is an egg-laying 
monogenean possessing an opisthaptor with 1–2 pairs of 
large hooks and 14 marginal hooks at the posterior. It also 
has four lobes on the head and two pairs of eyes near the 
pharynx. The body of  Dactylogyrus  sp. is dorsoventrally 
flattened and bilaterally symmetrical. The prohaptor 
functions as both a feeding organ and a locomotory 
structure, enabling the parasite to attach and move on host 
tissues (Hasyimia et al., 2016). The opisthaptor structure 
in  Dactylogyrus  sp. is diagnostic because the shape and 
size of anchors and the number of marginal hooks are 
important for species identification (Malmberg, 1957; 
Gussev, 1985). The digestive tract extending directly 
toward the posterior without branching also reflects the 
simple digestive system typical of monogeneans. This 
opisthaptor morphology supports the identification of 
the parasite as Dactylogyrus  sp., which commonly infects 
freshwater fish gills, including C. gariepinus, and may cause 
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tissue damage due to hook attachment and suction, leading 
to excessive mucus production and epithelial hyperplasia 
(Buchmann and Bresciani, 2006).

Morphometric measurements showed that the parasite had 
an average body length of 218.46 µm and width of 57.12 
µm. A distinctive feature observed was the presence of 7 
pairs of marginal hooks symmetrically arranged around 
the haptors, which functions as the main attachment organ 
to the host’s gill tissue. The haptor measured 30.16 µm in 
length and 59.21 µm in width, indicating a relatively wider 
structure that supports strong attachment. 

The combination morphometric profile and haptoral 
configuration are consistent with members of the family 
Dactylogyridae. The presence of seven pairs of marginal 
hooks and double transverse bars represents key diagnostic 
characters widely used in dactylogyrid classification. 
Additionally, the observation of a single pair of eyespots is 
also consistent with many dactylogyrids, particularly those 
whose larval stages (oncomiracidia) rely on photoreception 
for host localization. While eyespots are primarily 
functional during the free-swimming larval stage, their 
persistence in adult forms reflects retained developmental 
traits. Beyond taxonomy, the structural features indicate 
functional specialization for stable gill attachment and 
efficient direct transmission, traits that are particularly 
advantageous in high-density aquaculture systems. 
However, because the identification was not confirmed 
molecularly, the results remain tentative and serve only as 
preliminary taxonomic indications.

Gyrodactylus sp.
Microscopic examination revealed monogenean specimens 
exhibiting morphological characteristics consistent with 
the genus Gyrodactylus, a viviparous ectoparasite commonly 
infecting freshwater and marine fishes. The parasites 
displayed an elongated, transparent, and bilaterally 
symmetrical body, allowing clear visualization of internal 
and external structures. The anterior region, bearing the 
mouth and pharynx, functions in host attachment and 
nutrient acquisition, with the mouth facilitating direct 
ingestion of host mucus and epithelial cells (Zidni et al., 
2018). Adhesive glands likely contribute to stabilization 
during feeding and movement (Hirazawa, 2010).

A defining feature was the posterior opisthaptor, which 
serves as the primary attachment organ and contains 
anchors (hamuli) and marginal hooks that secure the 
parasite to host tissues (Hasyimia et al., 2016). This haptoral 
configuration represents a key diagnostic characteristic of 
Gyrodactylus sp. and underpins its capacity for effective 
host colonization (Bakke et al., 2007; Kearn, 2004). The 
observed specimens measured 653.51 µm in total body 

length and possessed eight pairs of marginal hooks (mean 
length 21.28 µm), anchors measuring 26.96 µm, and a 
dorsal bar of 17.42 µm. These morphometric parameters 
fall within the known range for Gyrodactylus species and 
are taxonomically informative at the genus level.

Comparative assessment with Gyrodactylus gymnodiptychi 
(Zhang et al., 2023) revealed close similarity in key 
morphometric traits, suggesting potential phylogenetic 
affinity. However, in the absence of detailed copulatory 
organ analysis or molecular confirmation, identification 
remains conservatively tentative.

Embryos bearing developing hooks were observed within 
the parental body, confirming viviparity a hallmark 
reproductive strategy of Gyrodactylus sp. that facilitates 
rapid population expansion via direct transmission. 
This observation was qualitative, and no quantitative 
analysis was conducted to evaluate relationships between 
reproductive status, infection intensity, or host condition.

Actinocleidus sp.
Actinocleidus  sp. is a monogenean worm inhabiting 
freshwater fish gills with a direct life cycle (Bunkley-
Williams and Williams, 1994). Morphological observation 
showed an elongated, dorsoventrally flattened body with a 
posterior haptor composed of paired anchors, transverse 
bars, and marginal hooks. The anchors are fused centrally 
with fan-shaped dorsal bars, consistent with previous 
descriptions (Bunkley-Williams and Williams, 1994). The 
opisthaptor is plate-like and relatively small (about 10% 
of body length) and contains 14 rows of marginal hooks 
(Kabata, 1985). The transverse bars connecting the anchors 
provide structural stability and are diagnostic features 
distinguishing  Actinocleidus  from other monogeneans 
(Kritsky and Boeger, 2002). Infection may cause severe 
gill damage, hyperplasia, hemorrhage, and respiratory 
impairment (Buchmann and Bresciani, 2006; Noga, 2010).

Measurements indicated a body length of 291.18 µm, 
ventral bar length of 20.42 µm, anchor size of 42.90 
µm, and a haptor measuring 42.52 × 44.74 µm. The 
nearly symmetrical haptor shape reflects efficient 
attachment capability. When compared with Actinocleidus 
oculatus  described by Beverley and Burton (1986), 
similarities were observed in attachment structures despite 
differences in overall body size. The slightly larger body 
length found in this study still falls within an acceptable 
taxonomic range, supporting genus-level identification. 

Intensity, prevalence, dominance analysis
Analysis of 108 catfish showed infection intensities 
of Dactylogyrus  sp. (8.25 ind/fish), Gyrodactylus  sp. (6.14 
ind/fish), and Actinocleidus sp. (5.35 ind/fish). Based on 
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Salsabilla et al. (2021), these values fall within the low to 
moderate range and are still categorized as mild infections, 
as the fish remained healthy and active. Nevertheless, 
excessive monogenean infestation can damage gill tissues, 
causing hyperplasia and hemorrhage that may interfere 
with respiration and reduce oxygen supply (Anshary, 
2010; Noga, 2010). Prevalence values were 11.11% for 
Dactylogyrus sp., 7.56% for Gyrodactylus sp., and 28.70% 
for Actinocleidus sp. Dactylogyrus sp. and Actinocleidus sp. 
infections are classified as frequent, while  Gyrodactylus 
sp.  is occasional. The relatively high prevalence is linked 
to the direct life cycle of monogeneans, which allows 
rapid transmission in aquaculture systems (Noga, 2010). 
Dominance analysis revealed that Actinocleidus sp. was the 
dominant parasite (53.89%), followed by Dactylogyrus sp. 
(32.14%) and  Gyrodactylus  sp. (13.39%). This indicates 
that  Actinocleidus  sp. was the most influential parasite 
species in the population and potentially poses the greatest 
risk to fish health due to its gill-targeting behavior.

Intensity, prevalence, dominance based on 
culture containers
In tarpaulin ponds, infection intensity varied among genera, 
with Dactylogyrus sp. reaching 14 ind/fish, Gyrodactylus 
sp. 3.9 ind/fish, and Actinocleidus sp. 7.55 ind/fish. Based 
on the classification of Salsabilla et al. (2021), intensities 
of 1–5 ind/fish are considered low and 6–55 ind/fish 
moderate. Accordingly, Dactylogyrus sp. and Actinocleidus 
sp. fall within the moderate infection category, whereas 
Gyrodactylus sp. is classified as low intensity. Notably, despite 
its relatively high prevalence (approximately 40–50%), 
Gyrodactylus sp. maintained low mean intensity, indicating 
widespread but light infections. In contrast, Dactylogyrus 
sp. exhibited moderate intensity with comparatively 
lower prevalence, suggesting a more aggregated infection 
pattern. These findings emphasize that prevalence and 
intensity capture different epidemiological dimensions 
distribution across hosts versus parasite burden per infected 
individual and should be interpreted complementarily 
when assessing infection severity. Prevalence values were 
25.92% for Dactylogyrus  sp., 40.74% for Gyrodactylus  sp., 
and 74.07% for Actinocleidus sp. Based on Salsabilla et al. 
(2021),  Dactylogyrus  sp. falls into the frequent category 
(10–29%), Gyrodactylus sp. into the common category (30–
49%), and  Actinocleidus  sp. into the moderate prevalence 
category (70–89%). Dominance values were 33.56% 
for  Dactylogyrus  sp., 14.72% for  Gyrodactylus  sp., and 
51.71% for Actinocleidus sp. Although Dactylogyrus sp. had 
the highest intensity (14 ind/fish), Actinocleidus sp. showed 
the highest prevalence (74.07%) and dominance. 

In concrete ponds, infection intensity was low for both 
Dactylogyrus sp. (1 ind/fish) and Actinocleidus sp. (1.36 
ind/fish), corresponding to the “low” infection category 

of Salsabilla et al. (2021). Prevalence was also limited 
(1.23% for Dactylogyrus sp. and 13.58% for Actinocleidus 
sp.), indicating sporadic occurrence, and Gyrodactylus sp. 
was not detected in any examined fish. Despite the overall 
low infestation levels, dominance analysis revealed a 
pronounced asymmetry, with Actinocleidus sp. accounting 
for 93.75% of the parasite assemblage. This near-
monospecific structure suggests a simplified community 
likely shaped by ecological filtering, where environmental 
conditions within the concrete system selectively favor a 
single taxon while constraining others. In contrast to the 
more heterogeneous assemblage observed in tarpaulin 
ponds, these findings indicate that container type may 
play a decisive role in regulating parasite community 
composition and assembly dynamics. Overall, comparison 
between pond types indicates that tarpaulin ponds had the 
highest intensity and prevalence for all three monogenean 
parasites, whereas concrete ponds showed the highest 
dominance for Actinocleidus sp.,. Catfish reared in tarpaulin 
ponds are generally more susceptible to parasite infestation 
than those cultured in concrete ponds. This is due to 
differences in environmental conditions and management 
systems. Tarpaulin ponds typically have smaller water 
volumes and heat-absorbing surfaces, resulting in higher 
and unstable temperatures that induce stress and lower 
fish immunity. In addition, limited water circulation and 
waste accumulation create favorable conditions for parasite 
development. The smooth tarpaulin surface also facilitates 
parasite attachment, unlike the rough concrete surface 
which is easier to clean.

Hematology
Hematological condition is an important indicator for 
evaluating the physiological health of fish. Salasia et al. 
(2001) stated that hematological analysis is effective for 
early disease detection and for observing fish responses to 
environmental and biological factors. Parameters such as 
hematocrit and leukocrit not only describe health status 
but also reflect non-specific defense mechanisms. Through 
hematological values, the adaptive capacity and stress level 
experienced by fish can be identified. The results showed 
differences in hematocrit values between culture systems. 
In infested fish, hematocrit in tarpaulin ponds reached 
23%, higher than in concrete ponds (18%). Values between 
20–30% are still considered normal for teleost fish such 
as catfish (Yanuhar et al., 2021), indicating that although 
parasite infestation was higher in tarpaulin ponds, blood 
condition remained within physiological limits. This 
suggests that hematocrit reduction is influenced not only 
by parasites but also by environmental conditions. Concrete 
ponds in this study had high stocking density, temperature 
fluctuations, and possible ammonia accumulation, which 
may induce chronic stress and suppress erythrocyte 
production (Wedemeyer, 1996).
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Conversely, in non-infested fish, hematocrit values 
in concrete ponds (22%) were much higher than in 
tarpaulin ponds (12%). The 12% value is below the 
normal range, indicating physiological stress despite the 
absence of parasite infection. This finding confirms that 
environmental factors such as water quality and potential 
nutritional imbalance strongly influence fish hematology, 
sometimes more significantly than parasite presence itself.

Opercular beat response
Opercular beat rate, or the frequency of gill cover 
movements, is an important physiological indicator that 
reflects respiratory activity and the stress response of fish 
to environmental conditions. In this study, the opercular 
beat rate was measured over one minute as a parameter 
to assess metabolic rate and the ability of fish to adapt to 
environmental and biological factors. The normal opercular 
beat rate of catfish ranges from 68–72 beats per minute 
(Putri et al., 2016).

The results showed that the average opercular beat rate of 
catfish reared in concrete ponds (65.25 ± 16.04 beats/min) 
was slightly higher than that of fish reared in tarpaulin 
ponds (59.55 ± 19.86 beats/min). Although differences 
were observed, these values remain within the normal range 
for catfish and reflect normal physiological responses to 
the respective pond environments. The relatively warmer 
conditions in concrete ponds may induce fish to increase 
respiratory activity as an adaptive response (Barton and 
Iwama, 1991).

Based on sex, female fish exhibited slightly higher 
opercular beat rates (65.07 ± 16.88 beats/min) than males 
(61.39 ± 15.37 beats/min), which may be related to higher 
metabolic demands in females, particularly during gonadal 
maturation (Pickering, 1993). When examined by body 
size, a decreasing trend in opercular beat rate was observed 
with increasing fish size. All size groups showed values 
within the normal range, except fish measuring 6–8 cm, 
which exhibited the highest rate (94 ± 9.64 beats/min). 
This elevated rate indicates increased respiratory activity, 
which may be attributed not only to smaller body size 
with a higher surface area-to-volume ratio, but also to 
the higher prevalence of parasite infection in this size 
group. High parasite infestation can induce physiological 
stress and increase oxygen demand, thereby accelerating 
opercular movements as a compensatory mechanism.

Limitations section 
This study has several limitations. First, parasite 
identification was based solely on morphological 
characteristics and was not confirmed molecularly; 
therefore, identifications should be considered preliminary. 
Second, water quality parameters (temperature, pH, 

ammonia, dissolved oxygen) were not measured, limiting 
our ability to correlate environmental factors with 
infestation patterns. Third, clinical signs were assessed 
qualitatively without a standardized scoring system, 
preventing statistical analysis of clinical severity. Fourth, 
the study design was unbalanced, with only one tarpaulin 
pond compared to three concrete ponds, which may limit 
the generalizability of findings. Fifth, no statistical tests 
were performed to compare infestation indices between 
pond types. Future studies should incorporate molecular 
confirmation, comprehensive water quality monitoring, 
quantitative clinical scoring, balanced sampling designs, 
and appropriate statistical analyses.

CONCLUSION 

The biodiversity of Monogenean parasites in 
catfish (C. gariepinus) revealed infestation by 
three genera:  Dactylogyrus  sp.,  Gyrodactylus  sp., 
and  Actinocleidus  sp. All three were found in fish 
from tarpaulin ponds, whereas only  Dactylogyrus  sp. 
and  Actinocleidus  sp. occurred in concrete ponds. These 
results indicate that monogenean infestation reflects 
interactions between culture systems, environmental 
conditions, and host physiology. Higher infestation in 
tarpaulin ponds emphasizes the role of microenvironmental 
stability and water management. The dominance 
of  Actinocleidus  sp. suggests its potential as a biological 
indicator for aquaculture ecosystem health and early 
disease risk detection.
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