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Abstract

Saudi Arabia’s extensive coastlines along the Red Sea and Arabian Gulf offer vital marine resources
where Lethrinus nebulosus faces threats from parasitic and bacterial coinfections. This study investigates
the prevalence and interrelation of the digenean parasite Pseudoplagioporus sp. Yamaguti, 1938 and
various pathogenic bacteria, examining their correlations with host morphometric traits (weight, length,
width, age, and sex). This research provides novel insights into the synergistic impact of these pathogens
on fish health, a neglected area of study in Red Sea fisheries. Over 5 months (September 2022-March
2023), 35 fish were collected from Al-Qunfudhah. A total of 35 samples were initially collected;
however, 7 samples were excluded from the study due to severe clinical sickness/poor condition,
which made them unsuitable for accurate dissection and parasitological examination. Therefore, a
final sub-sample of 28 specimens was successfully dissected and analyzed. successfully examined. Six
bacterial genera, including Staphylococcus, Escherichia coli, and Salmonella, were identified alongside
internal parasites (n = 16 Digenea). Statistical analysis (ANOVA and t-test) revealed significant inverse
correlations (P < 0.05) between bacterial frequency index and host morphometric parameters. Notably,
male fish exhibited higher susceptibility to both bacterial and parasitic infections compared to female
fish. Furthermore, the interaction between Pseudoplagioporus sp. and pathogenic bacteria appeared
competitive rather than symbiotic, suggesting that coinfections significantly alter host immunity and
condition factors. These results prompt the development of integrated strategies for monitoring fish
health and controlling infectious agents in marine ecosystems.
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INTRODUCTION

Fish health in marine ecosystems is
critically influenced by the complex interactions
between pathogenic microorganisms and
parasites.! Despite their economic and ecological
importance, limited research has addressed
how these pathogens interact with host traits
and the resident microbiome of Lethrinus spp.
(Shaour fish), a keystone species found in the
southern Red Sea of Saudi Arabia. Globally, the
fisheries sector plays a vital role in food security
and employment; however, it faces significant
challenges, particularly regarding the spread of
bacterial and parasitic diseases. These outbreaks
hinder sustainable development and threaten the
socioeconomic stability of coastal communities.!
Fish infections leading to disease outbreaks are a
major concern, resulting in significant economic
damage owing to high morbidity and mortality.?
Furthermore, the high stocking densities typical of
modern aquaculture facilitate rapid transmission
of pathogens, frequently leading to catastrophic
outbreaks.? Consequently, comprehensive
management, including biosecurity, nutritional
strategies, and stringent water quality control, is
critical for maintaining health in intensive farming
practices.®> Many bacterial pathogens and parasites
are opportunistic, persistently present in the
environment or as asymptomatic carriers, making
facilities highly vulnerable and hampering the
development of economically stable aquaculture.

Extensive bacterial infections in marine
fish species have significantly affected economically
vital fish raised in marine and brackish water
aquacultures globally, resulting in substantial
financial losses.® Furthermore, trematodes,
specifically internal parasitic flatworms (Digenea),
represent the most diverse group of fish parasites,
occurring in either larval or adult form in the
majority of fish species. Digenea pose serious
threats to fish hosts by disseminating through
various internal organs, where they attach via
suckers and feed on the mucus, epithelial cells,
and blood.® While adult digeneans typically
inhabit the digestive system as their definitive
host, leading to nutrient competition, growth
retardation, and diminished disease resistance, the
larval stages are often more pathogenic.”#Certain
larvae, such as encysted metacercariae, use fish

as intermediate hosts, infecting tissues ranging
from the skin and gills to internal musculature and
often causing fatal damage.’ Nevertheless, beyond
their pathogenicity, parasites possess specialized
life cycle strategies that can serve as biological
indicators of host ecology, such as utilizing parasite
community structures to differentiate between
sympatric fish populations.*

Furthermore, exploring the ecological
dimensions of parasitism provide critical insights
into the host’s parasite avoidance strategies. Since
host mortality can preclude parasite survival,
many pathogens and parasites evolve to avoid
killing their hosts. This co-evolutionary stability
is maintained through robust selection for host
resistance, evolutionary constraints, and natural
variation in defense strategies, all of which sustain
host populations.'® Conversely, certain parasites do
not prioritize host longevity; specifically, parasites
with complex multistage life cycles may actively
facilitate host elimination. For instance, some
cestodes manipulate fish behavior to increase
vulnerability to avian predation.'! In such cases,
the predatory bird serves as the definitive host for
the subsequent life-cycle stage, as exemplified by
the tapeworm Schistocephalus solidus.*

Fish parasites induce a spectrum
of physiological disruptions, including cell
proliferation, altered growth patterns, tissue
replacement, potential immunomodulation,
and adverse behavioral reactions, ultimately
leading to mortality.* Despite these pathogenic
effects, complete eradication of parasites is
counterproductive, as they constitute
approximately half of the global biological
diversity. Parasites play pivotal ecological roles,
such as modulating prey populations, a process
in which ecosystems require extensive periods
to adapt. Furthermore, the absence of parasitic
pressure could potentially shift reproductive
strategies toward asexual reproduction, thereby
reducing the diversity of sexually dimorphic traits.*
Significantly, parasites can, in specific instances,
facilitate horizontal gene transfer between species,
driving evolutionary changes that would otherwise
be unattainable.> However, there is a notable
dearth of fundamental information regarding
specific pathogens, their transmission dynamics,
and the complex immunological and genetic
interactions with their hosts.®
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The emergence and progression of
fish diseases are governed by the dynamic
relationship between the pathogen, host,
and environment. Stress conditions, notably
high population density, fluctuations in
temperature, and hypoxia, significantly
accelerate the dissemination of pathogenic
bacteria, precipitating widespread outbreaks.”
Consequently, integrative, multidisciplinary
studies encompassing pathogen characteristics,
host biology, and broader environmental factors
are paramount for developing effective prevention
and control measures to mitigate the constraints
on aquaculture production. The present study
aims to identify prevalent parasitic and bacterial
infections in lethrinid fish, a commercially
significant marine genus, while addressing the
imperative for sustainable solutions. Furthermore,
it provides an overview of current and future pre-
clinical and commercial strategies tailored for the
enhancement of marine fish health and industry
stability.

METHODOLOGY

All experiments were performed in
the laboratories of the Faculty of Science in
Baljurashi City, Al-Baha. A comprehensive survey
was conducted to identify the pathogenic
bacterial genera and internal parasites infecting
Lethrinus nebulosus, with a particular emphasis
on the digenean genus Pseudoplagioporus sp.
Morphometric traits (weight, length, width, and
age) were measured, and infection frequencies
were calculated. Statistical analyses, probability
modeling, and frequency indices (Fl) were applied
to determine host-pathogen relationships.

Study area

The sampling area encompassed Al-
Qunfudhah, also known as Kunfuda, a city located
in the Tihamah region along the Red Sea coast in
Saudi Arabia and serves as a significant seaport on
the Red Sea and has been in existence since 1311
A.C. (709 Hijri), as recorded in ancient sources.

Fish samples
Collection of the host fish (Spangled emperor;
L. nebulosus)

At the collection site, monthly samples

of at least 35 fishes were collected using trawling
nets between September 2022 and March 2023.
The systematic position and nomenclature of
the fish examined in the present study were
verified in accordance with standard taxonomic
databases.’®

Clinical and postmortem examination on the host
fish (Spangled emperor; L. nebulosus)

Clinical and postmortem examination on
the host fish was carried out on the gills, branchial
cavity, abdominal cavity, internal organs, and
musculature according to the methods adopted
in Mhaisen & Al-Maliki and Justine et al.?%*

Live specimens were transported to the
laboratory in aerated aquaria containing seawater
to maintain physiological integrity. Specimens that
were not processed immediately were preserved
in iceboxes at low temperatures until dissection.
Concurrent with fish collection, seawater samples
were obtained from a depth of 50 cm in sterile
one-liter polyethylene bottles for subsequent
laboratory and control treatments.

Standard morphometric and meristic
analyses were conducted for species identification.
During the sampling period (September 2022
to March 2023), approximately 35 specimens
were examined monthly. Data regarding fish
identification, collection dates, and water
temperature were meticulously recorded.
Morphometric measurements included the
total length, standard length (from the mouth
to the base of the caudal fin), total body weight,
and age. Following external measurements,
internal dissections were performed to isolate
parasites, specifically focusing on the digenean
genus Pseudoplagioporus sp. from the gills,
abdomen, and intestine. The recovered parasites
were documented and photographed using light
microscopy at magnifications of 4x, 10x, and 40x.

Parasitological studies

Fish that underwent subsampling were
assessed for the presence of both external and
internal parasites.

Endoparasites

Mature digenean parasites, identified as
belonging to the genus Pseudoplagioporus sp.,
infesting the alimentary canal and interior cavities
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of these fish species (L. nebulosus) were detached,
examined according to Khidr et al.?? and Taman?
and then identified according to Yamaguti.?* The
preparation was done completely according
to Bush et al. and Khidr et al.?>?® Descriptions
and measurements were performed on the
stained specimens depending on Yamaguti.?*
For parasite identification, individual specimens
were transferred to a clean slide in a droplet of
freshwater, gently flattened using a thin glass cover
slip, and examined under a research microscope
while alive.

Bacteriology studies
Working methods
Sterilization procedures

All culture media and heat-stable
solutions used in this study were sterilized by
autoclaving at 121 °C and 15 psi for 15 min,
following established protocols.?”%

Preparation of the culture media and reagents

Nutrient agar medium (FLUKA-
LOBALCHEMIE-CHENNALI) was prepared by adding
6 g of peptone, 14 g of agar, 5 g of salt, and 1 g of
meat extract to 1000 mL distilled water, followed
by sterilization.?” Salmonella-Shigella (MAST
GROUP-UK) medium was prepared following the
manufacturer’s instructions by adding 50 g of the
medium to a liter of distilled water, dissolving it
by heating, stirring to boil once, sterilizing it in
an autoclave for 15 min, letting it cool, and then
pouring it. MacConkey medium (CONDALAB —
UK) was prepared following the manufacturer’s
instructions by adding 50.5 g of powder in a liter
of distilled deionized water and boiling it at 100 °C
without putting it in the autoclave. It was left until
it reached 50 °C to cool and then it was poured.
Gram stain, iodine tincture, indole reagent, and
catalase reagent were also prepared.?”*

Isolation and culturing of bacterial colonies
Bacteria were isolated from hairy fish
by collecting swabs from most parts of the fish,
including external parts (eyes, gills, caudal and
pelvic fins, and pharynx) and internal parts
(intestine, abdominal cavity, backbone cavity,
kidneys, and anus).?””?° Swabs were inoculated
onto Nutrient agar plates and incubated at 37 °C
for 24 hrs. The isolates were purified, cultured

again in pure form in other dishes, numbered,
data written on them, and incubated. The isolates
were cultured on reagent media (MacConkey and
Salmonella-Shigella) and incubated. Tests were
performed on growing bacteria.?”*

Bacterial and microscopic diagnosis

The phenotypic characteristics of the
isolated colonies were studied after culturing and
purifying the bacterial isolates on culture media.
The shape, size, texture, and color of the isolated
bacterial colonies were examined.?”*° Swabs
of the isolates were prepared on microscope
slides and examined under a light microscope to
study the shape, size, arrangement, and color of
the bacteria. Smears of bacterial isolates were
prepared on microscope slides, stained with Gram
stain, and their movement was examined under a
light microscope and photographed.”

Biochemical diagnosis
Catalase test

A developing colony was transferred from
a constitutive agar medium to a sterile, dry glass
slide using a sterile needle, and then one drop
of catalase reagent was added. The appearance
of bubbles on the surface of the glass slide was
evidence of catalase production.?”*

Indole test

This test was conducted by inoculating
test tubes containing peptone water with bacterial
colonies and incubating for 24 hrs at a temperature
of 37 °C. Then, 1-2 drops of Kovacs reagent were
added to the medium. The appearance of a red
ring on the surface of the medium indicated a
positive test result.?”?

Fermentation test

The isolates were classified as sugar-
fermenting or non-fermentative according to their
color on the MacConkey medium.??

Gram test

Gram stain test was done by placing
a swab of bacteria on a sterile slide, passing it
over a flame, immersing it in a violet crystal,
washing it with water, immersing it in iodine,
alcohol, and saffron, and then examining it under
a microscope.?”
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Motion test

A movement test was performed in which
a swab of bacteria was placed on a sterile slide with
a sterile inoculation needle, a cover was placed on
the slide, a drop of water was placed on the edge
of the cover of the slide, and a drop of iodine or
saffron dye was added until it was clear under a
microscope. Sidr oil was used on the lenses during
the examination.?”3!

Other biochemical experiments

Another biochemical experiment was
conducted to confirm the results following the
method proposed by Melebari et al.?? with some
modifications. First, within 5 hrs, each swab
was directly enriched at 37 °C in 5 mL of sterile
Tryptone Soy Broth from Difco Laboratories
in Detroit, USA. After 24 hrs, all samples were
streaked onto blood agar (Scharlau), Eosin
Methylene Blue Agar (Scharlau), and Salmonella-
Shigella Agar (Fluka Analytical) plates, and
incubated at 37 °C for 24 hrs. Blood agar media
were used for the determination of hemolytic
reactions under aerobic and anaerobic conditions
for the screening of the possible growth of
different kinds of bacteria, such as Clostridium
perfringens, Staphylococcus aureus (confirmation
and identification of a pathogenic bacterial genus
under Study), and Streptococcus pyogenes. Visible
bacterial colonies on the plates were inspected
and subcultured on fresh sterile nutrient agar
plates to obtain pure isolates. The pure isolates
were transferred to sterile agar slants and kept at
a temperature of 4 °C for future use.

Methods used for calculating rates
To determine the prevalence (number
of infected hosts/number of examined hosts

x 100) and mean intensity (total number of

parasites/number of infected hosts), calculations

were performed as described by Khidr et al.?®

Furthermore, infestation rate (total number of

parasites/total number of examined hosts) and

seasonal variation (variations in infection rates
across different seasons) were also elucidated.

1. The prevalence of each parasite species was
calculated by dividing the number of infected
individuals by the total number of hosts
investigated in a host species.

2. The mean intensity was calculated by dividing
the total number of parasite species in a host
species sample by the number of infected
individuals.

3. Therelative density or abundance of a parasite
species in a host sample was calculated by
dividing the total number of parasites by the
total number of hosts, including infected and
uninfected individuals.

4. The dominance of a parasite species in a
host sample was calculated by dividing the
number of parasites (for each species) in the
infested fish sample by the total number of
parasites infested in the same fish sample (for
all species).

Prevalence = number of individuals of a host
species infected with a particular parasite
species / number of hosts examined

(1)

Mean intensity = total number of individuals of a
particular parasite species in a sample of a host
species / number of infected individuals of the

host species in the sample

(2)

Relative density or Abundance = total number
of individuals of a particular parasite species in
a sample of hosts / total number of individuals
of the host species (infected + uninfected) in the
sample

..(3)

Dominance = number of parasites infested fish
sample / total number of parasites infested the
same fish sample

.(4)

Frequency Index (FI) = Appearance rate =
number of times colonies appeared in a genus /
total number of colonies for all genera

...(5)

This mathematical formula was derived
based on the observed data. This equation was
applied to find the ratio of a specific bacteria genus
/ species to the total number of bacteria genera,
as aresult of the numbers of times it appears. This
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method can be used as a substitute for traditional
laboratory methods in counting bacteria.

Flao1/MT

where Fl is the frequency index and MT
is the morphometric trait of the fish (examples:
weight, length, width, and age). This mathematical
formula was developed by Taman N.A., based on
observed data.

Statistical analysis

All data were subjected to statistical
analysis of variance of a randomized complete
block design, as appropriate, using the statistical
analysis software CoStat v 6.451 (2017), with
three replicates.® All experimental measurements
were conducted in triplicate, and results are
presented as the mean of three replicates. Under
the tables, each value represents the mean of
three replicates. The different letters in the same
column indicate multiple values for each effect.
The comparisons are different from each other;
the letter a has the highest mean, followed by b
and c.

Averages that take different letters
indicate the existence of significant differences,
and the farther the letters are from each other,
this indicates significant differences, such as
the difference between a and d or e. The
differences between a and b were small. Numbers
with the same letters are not significant. The
statistical analysis confirmed beyond any doubt
the validity of these results. Mean separations
were determined using Duncan multiple range
test or similar post-hoc tests at a significance
level of P < 0.05. In the results tables, different
superscript letters within the same column denote
significant differences between treatments, where
‘a’ represents the highest mean value, followed
by ‘b’, ‘¢, and so forth, in descending order. The
presence of distinct letters indicates statistically
significant differences, whereas means sharing
the same letter are considered not significant.

Furthermore, an independent samples
t-test was conducted using SPSS (version 25.0) to
compare the means between male and female
cohorts across selected variables, with the
significance threshold maintained at 0.05. Table 1
summarizes the results of an independent samples

t-test conducted to compare the means of male
and female participants across several variables.
The analysis was performed using SPSS with the
significance level set at 0.05.

RESULTS

The findings revealed: (i) a clear inverse
relationship between the frequency of pathogenic
bacterial infections and host morphometric traits;
(ii) higher susceptibility of males compared to
females to both bacterial and parasitic infections;
and (iii) a competitive, rather than symbiotic,
relationship between internal parasites and
pathogenic bacteria. Furthermore, these results
suggest that microbial dysbiosis may underlie
reduced immunity in infected hosts, highlighting
the role of the microbiome as a critical determinant
of host defense.

Parasitic and bacterial pathogens in L. nebulosus

This study investigated the parasitic and
bacterial pathogens affecting the Lethrinidae
family, specifically the Spangled Emperor fish (L.
nebulosus), inthe Red Sea, Saudi Arabia. Atotal of 45
specimens were collected from the Al-Qunfudhah
coast, 28 of which underwent comprehensive
clinical and laboratory examination over a Seven-
month period (September 2022-March 2023).
The morphometric characteristics of the hosts,
including length, width, sex, age, and weight, were
guantitatively analyzed as summarized in Table 1
and Figures 1 & 2.

Microscopic examination of the gills
and viscera (abdominal cavity and intestines)
revealed diverse parasitic infestations. Among
the recovered endoparasites, digenean specimens
belonging to the genus Pseudoplagioporus sp.
were taxonomically identified (Figures 3 and 4).
A total of 115 parasites were isolated, comprising
79 ectoparasites and 36 endoparasites. The
seasonal dynamics and prevalence of these
parasites were determined and statistically
analyzed, as presented in Table 2 and Figure 5.

Regarding bacteriological findings,
pathogenic bacteria were isolated from the
internal organs of fish collected during the
winter. Following confirmatory biochemical
testing, six pathogenic bacterial genera were
successfully identified (Table 3). The occurrence
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of these bacterial taxa correlated with both host ~ Seasonal traits and morphometric dynamics of
morphometric traits and the presence of internal L. nebulosus

parasitic infections (Tables 4 & 5 and Figures 6 & The morphometric parameters of L.
7). nebulosus, encompassing body weight, total

Table 1. The number of fishes examined, the number and type of internal parasites (Pseudoplagioporus sp.)
recovered from them during three seasons (Autumn, Winter, and Spring), and the morphometric traits of each
fish during the indicated period

Fish No. No. of Sex WT LT LF LA wd. Age Age
Parasites gm cm cm cm years according
to (VBGM)

Autumn (September) - 9/2022

1 0 F 200° 24%® 20® 220 9.0° 2 1.85°
2 0 F 203 26° 21.5% 24 9.4°(9) 3 2.222
3 0 M 159% 22.2 18.8" 21° 9.9°(10) 2 1.48°
4 0 M 108° 19° 15.4¢ 17¢ 6.2¢(6) 1 1.00°
5 0 F 2052 27° 20%® 24 13.0° 3 2.40°
6 10 Monogenea M 199° 25% 20%® 23 10.4° (10) 2 2.042
9 Copopoda
7 0 F 175° 28° 232 26° 9.9°(10) 3 2.58°
LSD at 5% - 66.62 6.78 3.80 3.97 1.84 - 1.75
Winter (December) - 12/2022
1 0 F 812° 35° 29° 322 16° 4 4.17°
2 0 M 654° 342 28 310 13 4 3.89%
3 3 Digenea M 389c 29.3b 24%® 27® 10.4° (10) 3 2.78%
4 0 M 344.5¢ 28° 26° 27® 11° 3 2.58°
5 5 Digenea M 227.5¢ 24¢ 20° 220 7¢ 2 1.85¢
LSD at 5% - 8.26 2.57 5.58 8.72 3.25 - 1.15
Spring (March) - 3/2023
1 0 F 530° 31® 28 30° 16 4 3.15%
2 0 M 481%* 302 253 28 18° 3 2.943¢
3 8 Digenea M 451° 32° 26% 29% 20° 4 3.392
4 0 M 345 302 24bcd 273 9¢ 3 2.943b¢
5 0 M 344 27bede 23bed 25bede 116« 2 2.40¢¢
6 0 F 359¢ 293bed 24bcd 273 12bd 3 2,760
7 0 M 342 28abede 24bcd 263bcde 10« 2 2.58b
8 0 F 306¢de 27bede 23bed 25bede  17,5bd(12) 3 2.40¢¢e
9 0 M 292def Zgabcde 22cde 25bcde 10cd 3 2.58b6d
10 0 F 269¢f 293bed 24bcd 273 9¢ 3 2,760
11 0 M 441° 302 23bed 273 18° 3 2.943¢
12 5 Copopoda M 335« 27bede 22¢de 25bede 16 3 2.40¢¢
13 0 M 227¢ 25¢% 279f 23def 16 3 2.64b
14 0 F 269¢f 26 279f 244 15.5%¢(12) 2 2.22¢
15 3 Copopoda M 246%" 24¢f 19¢f 22¢f 153%¢ 2 1.85¢
16 4 Copopoda M 189" 20f 18f 19f 116« 1 1.17f
LSD at 5% - 59.14 4.05 3.77 4.70 5.50 - 0.59

Abbreviation of the table: WT = Weight (gm), LT = Total length (cm) LF = Length from mouth to fork (cm), LA = Average length,
Wd. = Width (cm), (VBGM) = (Von Bertalanffy Growth Model), F = Female, and M = Male

Note: Values are expressed as Mean of three replicates. Means within the same column followed by different superscript letters
(a, b, ¢, etc.) are statistically significantly different according to Duncan’s Multiple Range Test (P < 0.05), where 'a' represents
the highest mean value. Means sharing the same letter are not statistically significant (P > 0.05)
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= Autumn (September) - 9/2022 1
= Autumn (September) - 9/2022 2
Autumn (September) - 9/2022 3
Autumn (September) - 9/2022 4
= Autumn (September) - 9/2022 5
= Autumn (September) - 9/2022 6
= Autumn (September) - 9/2022 7
= Winter (December) - 12/2022 1
m Winter (December) - 12/2022 2
m Winter (December) - 12/2022 3
m Winter (December) - 12/2022 4
= Winter (December) - 12/2022 5
Spring (March) - 3/2023 1
= Spring (March) - 3/2023 2
Spring (March) - 3/2023 3
» Spring (March) - 3/2023 4
= Spring (March) - 3/2023 5
m Spring (March) - 3/2023 6
1 Spring (March) - 3/2023 7
Spring (March) - 3/2023 8

Figure 1. Number of fishes examined, the number and type of External and internal parasites (Pseudoplagioporus
sp.) recovered from fish during three seasons (autumn, winter, and spring), and the morphometric characteristics
of each fish during the indicated period

[ | M Age years @MWd.cm M LTcm M WTgm M No. of Parasites

20
m  Digenea

Spring
(March)
3/2023

8 451

n  Digenea 2275

10.4
m  Digenea 29.3

E

Winter (December)
12/2022
-
w

Autumn
(September)
9/2022

0 50 100 150 200 250 300 350 400 450

Figure 2. The number of fish examined and the number of digenean parasites (Pseudoplagioporus sp.) recovered
from them during three seasons (autumn, winter, and spring), connecting with the sex and morphometric traits
of each fish during the indicated period
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Figure 3. Pseudoplagioporus sp. Yamaguti, 1938, lateral
views from Lethrinus nebulosus collected off Saudi
Arabia, whole parasite (A), vitelline follicle region (B),

oral sucker region (C), and eggs (D & E).
Note: C: Cecum, CS: Cirrus Sac, E: Egg, GP: Genital Pore, Oe: Oesophagus,
OS: Oral Sucker, Ph: Pharynx, VF: Vitelline Follicle, VS: Ventral Sucker

B N

G.

e Thal

length, standard length (mouth to caudal fin base),
body width, sex, and age, along with their seasonal
fluctuations during the study period (September,
December, and March), are summarized in Table
1 and Figures 1 & 2.

Seasonal morphometric variations and parasitic
prevalence

In September, the morphometric analysis
revealed that the maximum recorded weight
was 205 g for a female specimen, whereas
the minimum weight was 107.9 g for a male.
Regarding body length, the highest value was
28 cm (females), compared to a minimum of 19
cm (males). Similarly, the maximum body width
recorded was 13 cm in females, with a minimum of
6.2 cm in males. Age determination indicated that
the oldest specimens were females (3 years old)
and the youngest were males (1 year old). These
findings suggest a potential correlation between
female sex and higher morphometric values during
this season.

In December (winter/rainy season), a
significant increase in morphometric parameters
was observed. The maximum weight reached 812
g in females, compared to a minimum of 227.5 g
in males. Similarly, the maximum length (35 cm)

]

©

Figure 4. Pseudoplagioporus sp. Yamaguti, 1938, lateral views from Lethrinus nebulosus collected off Saudi Arabia,

terminal genitalia (A & B).
Note: C: Cecum, CS: Cirrus Sac, E: Egg, GP: Genital Pore
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and width (16 cm) of the female specimens were
recorded. While the maximum age recorded for
both sexes was 4 years, the youngest specimen
was a 2 year-old male. By March (spring/dry
season), the maximum weight recorded was 530 g
(female), whereas the widest body dimension (20
cm) and longest length (32 cm) were observed in
males. The age groups during this period ranged
from 1-4 years.

Regarding parasitic dynamics, seasonal
variations were evident throughout the study
period. In autumn (September), examination of
seven specimens revealed ectoparasitic infections
exclusively in males, comprising 10 Monogenea
and 9 Copepoda, whereas females remained
infection-free. During the winter (December),
internal parasitic infections, specifically digeneans
of the genus Pseudoplagioporus sp., were
identified only in male specimens.

The spring season (March) exhibited the
highest fish abundance and parasitic diversity.
Out of the 16 examined specimens, the study
recorded a significant prevalence of both
ectoparasites (12 Copepoda) and endoparasites
(8 Pseudoplagioporus sp.). Notably, Monogenea
infections were entirely absent (0%) in this season.
Internal infections were predominantly associated
with older, larger male specimens, whereas
ectoparasitic infestations were distributed across

males of varying ages and sizes, as detailed in
Table 1 and Figures 1 & 2.

Statistical comparative analysis of host traits

To evaluate gender-based dimorphism,
anindependent samples t-test was used. Levene’s
Test confirmed the homogeneity of variances
across most parameters. The analysis revealed
that only the ‘AGE’ variable showed a statistically
significant difference between sexes (P < 0.05),
with females being significantly older on average.
Conversely, variables such as weight (WT), lengths
(LT, LF, LA), and width (WD) exhibited numerical
variations but did not reach statistical significance,
indicating no strong evidence for gender-based
differences in these morphometric traits within
the sampled population (Table 1).

Epidemiological indices and parasitic dynamics

The analysis of parasitic prevalence,
intensity, and dominance revealed distinct
seasonal and gender-related patterns. The
highest prevalence of endoparasites (40%) was
recorded during winter and was attributed
to Pseudoplagioporus sp. infections. This was
characterized by 100% dominance in males and 0%
in females. In contrast, the lowest endoparasitic
prevalence (6.3%) was observed in spring and
was maintained by the same gender-specific
dominance pattern (100% in males).

110 A ONo. of EF E No. of IF ONo. of P.
100 L] Prev_alence % B Mean intensity_ [ Relative intensity
% - g g
80 A
70 A
60 A

100 |

20

3D-F3

December, 2022

8D-F2

March, 2023

Figure 5. Prevalence, mean intensity, relative intensity & dominance of internal parasites (Digenea, Pseudoplagioporus

sp.) of Lethrinus nebulosus.
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Regarding intensity, the maximum
mean intensity (4%) was observed in winter,
whereas the maximum relative intensity (2%) was
recorded in spring; both were associated with
Pseudoplagioporus sp. Statistical comparison of
epidemiological indices between sexes, Table 2
and Figure 5 showed no significant difference
in EF (P = 0.151). However, highly significant
differences (P < 0.05) were observed in IF, P, GP,
Prevalence, MI, and RIl. The most pronounced
statistical difference was recorded for Dominance
(P =0.000), reinforcing the observed male-biased
infection pattern.

Bacteriological findings and parasitic association

During the winter (rainy) season, six
bacterial genera were successfully isolated
and identified (Table 3). These isolates were
characterized by their presence and density within
both internal organs and external surfaces. Notably,
their occurrence was closely associated with the
presence of Pseudoplagioporus sp. infections.
Details regarding the specific anatomical sites of
isolation reflect the microbial colonization patterns
during this period of high parasitic intensity. Table
3 also shows the six isolated genera of bacteria
in this study, and their presence and density in
both the internal (Digenea, Pseudoplagioporus
sp.) and external organs, and their association
with digenean infection (Pseudoplagioporus sp.).
Abbreviations indicate the places from which they
were separated, for the five fish appears only in
winter, which are rainy months. The fish traits are
listed in Table 1.

Interplay between morphometric Traits, parasitic
Infection, and bacterial FI

A detailed comparative analysis was
conducted during the winter season to elucidate

the complex relationships between host
morphometric traits, sex, and the prevalence
of pathogenic bacteria and internal parasites
(Pseudoplagioporus sp.). These relationships
were validated through mathematical probability
modeling and confirmed by statistical analyses,
which consistently demonstrated confidence levels
approaching 100%. (Table 4 & 5 and Figures 6 &
7). The results established a significant inverse
relationship between the FI of pathogenic
bacteria and the host’s morphometric traits (MT),
expressed by the derived formula: Fl . 1/ MT. This
indicates that as body weight, length, width, and
age increase, the bacterial load (Fl) significantly
decreases, and vice versa.

Comparative analysis based on mathematical
probability

Comparison I: Sex-based susceptibility (Fish 1
vs. Fish 2)

Based on the law of mathematical
probability, a comparison was made between
Fish 1 (female) and Fish 2 (male). Although both
exhibited relative morphometric similarities
(weight, length, and age) and a mutual absence of
parasitic infections, including digenean parasites
(Pseudoplagioporus sp.), they differed significantly
in their bacterial Fl. Fish 1 presented 26 pathogenic
cultures, with 16 isolated from internal organs,
yielding an internal bacterial FI of 61.5%, with
the highest FI of 25% for both S. aureus and
Micrococcus sp., and the lowest Fl of 6.3% for both
Kurthia sp. and Shigella sp. In contrast, Fish 2 had
23 pathogenic cultures, 17 of which were internal,
resulting in a higher internal FI of 73.9%. For Fish
2, the highest Fl was 47% for Micrococcus sp., and
the lowest was 11.8% for Kurthia sp., whereas
Shigella sp. and S. aureus were entirely absent.
Consequently, Fish 2 (male) exhibited a higher

Table 3. Types and Characters of bacteria genera isolated in this research

No. Bacteria Shape Movement  Gram Catalase Indole F Texture
1 Escherichia sp. R - - + + + Sticky
2 Salmonella sp. R - - + - + Sticky
3 Shigella sp. R - - + - + Normal
4 Micrococcus sp. S - + + - - Normal
5 Staphylococcus sp. S - + + - - Normal
6 Kurthia sp. R - + + + - Sticky
Journal of Pure and Applied Microbiology 2687 www.microbiologyjournal.org
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Table 4. Frequency Index of bacteria genera isolated from fishes (Winter December, 2022). Paired and one-sample T-test results
for external and internal infection frequency indices

Fish Genera of External  No.of Total No. Flof external Internal No. of Total No. FI of internal
No. bacteria organs app. of app. organs % organs app. of app. organs %
1 Shigella sp. RE 1 3 30¢ KID 1 1 6.3
LG 1
PF 1
Salmonella sp. RG 4 4 40° PHX 1 3 18.8¢f
INT 2
Escherichia sp. RE 1 2 20" PHX 1 3 18.8¢f
DF 1 ANS 2
Micrococcus sp. RE 1 1 10 BBC 2 4 25¢
ANS 1
ABC 1
Staphylococcus sp.  — - 0 0 PHX 2 4 25¢
ANS 2
Kurthia sp. - - 0 0 ANS 1 1 6.3
Total FI for 10 38.5 16 61.5
all genera
2 Shigella sp. - - 0 0 - - - 0]
Salmonella sp. - - 0 0 BBC 1 3 17.7°
ANS 2
Escherichia sp. - - 0 0 INT 2 4 23.5¢
ANS 2
Micrococcus sp. RE 1 5 83.3° PHX 5 8 47°
LE 1 INT 1
PF 2 BBC 1
CF 1 ABC 1
Staphylococcus sp.  — - - 0 - - 0]
Kurthia sp. LG 1 1 16.7 ABC 2 2 11.88
Total FI for 6 26.1 17 73.9
all genera
3 Shigella sp. - - 0 0 ABC 1 1 12.5¢
Salmonella sp. RG 2 3 25 ABC 1 1 12.5¢
LG 1
Escherichia sp. LE 2 5 41.7¢ - - - 0]
RG 2
LG 1
Micrococcus sp. LE 2 3 25 BBC 1 3 37.5°
LG 1 ABC 1
ANS 1
Staphylococcus sp. LG 1 1 8.3k ANS 1 1 12.5¢
Kurthia sp. - - 0 0 ABC 2 25¢
Total Fl for all 12 60 8 40
4 Shigella sp. LE 2 2 9.1 ANS 1 1 3.7
Salmonella sp. RE 1 6 27.3¢ BBC 2 8 29.6¢
RG 1 ABC 3
CF 4 ANS 3
Escherichia sp. RE 3 5 22.7¢ ANS 2 2 6.9"
LG 1
PF 1
Micrococcus sp. RE 2 7 31.8¢ INT 3 8 29.6°
LE 2 BBC 1
LG 2 ABC 1
PF 1 ANS 3
Staphylococcus sp.  RG 1 1 4.6% INT 3 6 22.2¢
BBC 3
Kurthia sp. RG 1 1 4.6% ABC 2 2 6.9"
Total FI for 22 449 27 55.1
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all genera
5 Shigella sp. CF 3 3 17.7 ANS 1 1 7.7"
Salmonella sp. RE 2 9 52.9° INT 3 18.8¢f
RG 3
LG 2
CF 2
Escherichia sp. RE 2 2 11.8 BBC 1 1 7.7"
Micrococcus sp. RE 3 3 17.6' PHX 2 3 23.1¢
INT 1
Staphylococcus sp.  — 0 0 ABC 1 1 7.7"
Kurthia sp. - - 0 0 BBC 3 4 30.8¢
KID 1
Total FI for 17 56.7 13 43.3
all genera
LSD at 5% - - - 3.84 - - - 3.53

Abbreviation of the Table: app. = appearance, FI = Frequency Index of bacteria genera. Abbreviation of internal organs: ABC:
Abdominal Cavity, ANS: Anus, BBC: Backbone Cavity, KID: Kidney, INT: Intestine, PHX: Pharynx. Abbreviation of external organs:
RE: Right Eye, LE: Left Eye, RG Right Gills, LG: Left Gills, CF: Caudal Fin, PF: Pelvic Fin.

Note: Values are expressed as Mean of three replicates. Means within the same column followed by different superscript letters
(a, b, c, etc.) are statistically significantly different according to Duncan’s Multiple Range Test (P < 0.05), where 'a' represents the
highest mean value. Means sharing the same letter are not statistically significant (P > 0.05)
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Figure 6. Frequency Index of pathogenic bacteria genera isolated from internal organs of Lethrinus nebulosus fish.

(Winter December, 2022)

bacterial load along with the lowest morphometric
traits, indicating that bacterial load increases as
morphometric traits decrease. These findings
demonstrate that males are more susceptible to
bacterial infections than females, a trend further
supported by Tables 1 and 5, which indicate that
males also maintain a higher susceptibility to
parasitic infections, including Pseudoplagioporus
sp., across all study seasons.

Comparison Il: Impact of morphometric scale
(Fish 2 vs. Fish 4)

Based on the law of mathematical
probability, a comparison was conducted between
Fish 2 (male) and Fish 4 (male). Although both
shared the same sex and the mutual absence
of parasites, including the digenean parasite
Pseudoplagioporus sp., they differed fundamentally
and noticeably in their morphometric traits

Journal of Pure and Applied Microbiology

2689

www.microbiologyjournal.org



Taman et al | J Pure Appl Microbiol. 2026;20(3):2676-2698. https://doi.org/10.22207/JPAM.20.3.61

Table 5. Frequency Index of bacteria genera isolated from internal parts of examined fishes (Winter December, 2022),
connecting with both internal parasites (Digenea, Pseudoplagioporus sp.) existing and fish morphometric traits. T-test results
comparing males and females in morphometric and epidemiological traits

Fish  Sex WT LT  Wwd. Age No Genera of Int. No. of Total No.  Flof Int.
No. gm. cm cm  years of IP. bacteria org. app. of app. org. %
1 F 812 35 16 4 0 Shigella sp. KID 1 1¢f 6.3"
Salmonella sp. PHX 1 3cd 18.8f
INT 2
Escherichia sp. PHX 1 3 18.8f
ANS 2
Micrococcus sp. BBC 2 4¢ 25¢
ANS 1
ABC 1
Staphylococcus sp.  PHX 2 4¢ 25¢
ANS 2
Kurthia sp. ANS 1 1¢f 6.3"
Total FI for 16 61.5
all genera
2 M 654 34 13 4 0 Shigella sp. - - of o
Salmonella sp. BBC 1 3cd 17.7°
ANS 2
Escherichia sp. INT 2 4¢ 23.5¢%
ANS 2
Micrococcus sp. PHX 5 8° 472
INT 1
BBC 1
ABC 1
Staphylococcus sp. - - of o
Kurthia sp. ABC 2 2¢e 11.8¢
Total FI for 17 73.9
all genera
3 M 389 29.3 10 3 3 Dig. Shigella sp. ABC 1 1¢f 12.58
Salmonella sp. ABC 1 1¢f 12.5¢
Escherichia sp. - - of o
Micrococcus sp. BBC 1 3cd 37.5°
ABC 1
ANS 1
Staphylococcus sp.  ANS 1 1¢f 12.5¢
Kurthia sp. ABC 2 2¢e 25¢
Total FI for 8 40
all genera
4 M 344 28 11 3 0 Shigella sp. ANS 1 1¢f 3.7
Salmonella sp. BBC 2 8? 29.6¢
ABC 3
ANS 3
Escherichia sp. ANS 2 2¢e 6.9"
Micrococcus sp. INT 3 8° 29.6°
BBC 1
ABC 1
ANS 3
Staphylococcus sp.  INT 3 6° 22.2¢
BBC 3
Kurthia sp. ABC 2 2¢e 6.9"
Total FI for 27 55.1
all genera
5 M 227 24 7 2 5 Dig. Shigella sp. ANS 1 1¢f 7.7"
Salmonella sp. INT 3 3 18.8f
Escherichia sp. BBC 1 1¢f 7.7"
Micrococcus sp. PHX 2 3cd 23.1¢
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INT 1
Staphylococcus sp.  ABC 1 1¢f 7.7"
Kurthia sp. BBC 3 4¢ 30.8°
KID 1
Total FI for 13 433
all genera

Abbreviation of the table: app. = appearance, IP = Internal parasites, Fl = Frequency Index of bacteria genera. Abbreviation of
internal organs: ABC: Abdominal Cavity, ANS: Anus, BBC: Backbone Cavity, KID: Kidney, INT: Intestine, PHX: Pharynx. Abbreviation
of external organs: RE: Right Eye, LE: Left Eye, RG Right Gills, LG: Left Gills, CF: Caudal Fin, PF: Pelvic Fin
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Figure 7. Total number of appearance and Frequency Ind

ex of internal pathogenic bacteria genera isolated from

internal organs of Lethrinus nebulosus fish (Winter: December, 2022), connecting with both internal parasites

(Digenea, Pseudoplagioporus sp.) existing and fish sex.

(weight, length, width, and age) and bacterial FI.
As previously established, Fish 2 presented 23
pathogenic cultures, 17 of which were internal,
yielding an internal Fl of 73.9%, with the highest
FI of 47% for Micrococcus sp. and the lowest
of 11.8% for Kurthia sp. In contrast, Fish 4 had
a higher total of 49 pathogenic cultures, with
27 isolated from internal organs, resulting in a
lower internal bacterial FI of 55.1%. For Fish 4,
the highest Fl was 29.6% for Salmonella sp. and
Micrococcus sp., whereas the lowest was 3.7%
for Shigella sp. Ultimately, Fish 4 exhibited the
lowest morphometric traits along with a higher
total bacterial culture count, further proving that
bacterial load increases as morphometric traits
decrease.

Comparison Ill: Parasite-induced bacterial
suppression (Fish 4 vs. Fish 5)

Based on the law of mathematical
probability, a comparison was conducted between
Fish 4 (male) and Fish 5 (male). Although both
exhibited close and noticeable relative similarity
in morphometric characteristics (weight, length,
width, and age) and shared the same sex,
they fundamentally differed in their parasitic
infection and bacterial FI. Fish 5 was infected
with internal parasites identified as a digenean
infection of Pseudoplagioporus sp. and presented
30 pathogenic cultures, with 13 isolated from
internal organs, resulting in an internal bacterial
Fl of 43.3%. In Fish 5, the highest FI was 30.8%
for Kurthia sp., whereas the lowest was 7.7% for
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Shigella sp., Staphylococcus sp., and Escherichia
sp. In contrast, parasite-free Fish 4 presented a
higher load of 49 pathogenic cultures, with 27
isolated from internal organs, yielding an internal
FI of 55.1%. Based on previous conclusions, the
bacterial invasion in Fish 5 should have been
greater than or equal to that in Fish 4 because
of their morphometric similarities; however, the
opposite was observed. This unexpected result
demonstrated that the internal parasitic infection
(Pseudoplagioporus sp.) actively reduced the
bacterial invasion in Fish 5.

Comparison IV: Confirmatory analysis of parasitic
interference (Fish 3 vs. Fish 4)

Based on the law of mathematical
probability, a comparison was conducted between
Fish 3 (male) and Fish 4 (male). Although both
exhibited close and noticeable relative similarities
in morphometric characteristics (weight, length,
width, and age) and shared the same sex, they
differed significantly in their internal parasitic
infection and bacterial FI. Fish 3 was infected
with internal parasites belonging to the digenean
genus Pseudoplagioporus sp. and presented
20 pathogenic cultures, with 8 isolated from
internal organs, resulting in an internal bacterial
FI of 40.0%. For Fish 3, the highest FI was
37.5% for Micrococcus sp., and the lowest was
12.5% for Shigella sp., Staphylococcus sp., and
Salmonella sp., whereas Escherichia sp. completely
disappeared from the internal organs. In contrast,
parasite-free Fish 4 presented a higher load of 49
pathogenic cultures, with 27 isolated from internal
organs, yielding an internal Fl of 55.1%. Based on
the previous conclusions, the bacterial invasion
in Fish 3 should have been greater than or equal
to that in Fish 4 because of their morphometric
similarities; however, the opposite was observed.
This further indicated that the parasitic infection
(Pseudoplagioporus sp.) actively reduced the
bacterial invasion in Fish 3.

Statistical validation and integrative findings

The robustness of the derived
mathematical models and the observed biological
patterns were further substantiated by rigorous
statistical analyses, demonstrating high confidence
levels (Tables 4 and 5).

Comparative assessment of infection indices

A one-sample t-test revealed that both
external and internal Fl deviated significantly
from the hypothesized reference values (P =
0.000). Furthermore, the paired-samples t-test
indicated no significant difference between the
two indices (P = 0.959). This suggests a comparable
distribution pattern between internal infections
(specifically Pseudoplagioporus sp.) and external
pathogenic colonization (Table 4).

Gender-based morphometric and epidemiological
disparities

Statistically significant differences (P <
0.05) were found between males and females
regarding body weight, total length, width, age,
and total infection count (Table 5). In contrast,
no significant differences were observed in total
bacterial appearance or internal FI (P > 0.05),
suggesting that while susceptibility varies, the
internal bacterial density may stabilize once
established. Decisive evidence appears in the
statistical analysis that confirms the results, with
a confidence rate of almost 100%, as shown in
Tables 4 and 5.

Synthesis of conclusive findings

Based on the integrative evidence from
the mathematical probability laws, derived
equations, and statistical validations, the following
conclusions are established:

1. Inverse morphometric law: A definitive
inverse relationship exists between the
bacterial FI and host MT (weight, length,
width, and age). As the physical scale of the
host increases, the pathogenic bacterial load
proportionally decreases.

2. Gender-specific susceptibility: Male
specimens exhibited a significantly higher
susceptibility than females to both pathogenic
bacterial invasions and internal parasitic
infections, including Pseudoplagioporus sp.

3. Antagonistic interspecific interaction: The
relationship between internal parasites
(Pseudoplagioporus sp.) and pathogenic
bacteria is characterized by competition
rather than symbiosis, where the parasitic
presence appears to actively suppress
bacterial colonization.
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DISCUSSION

This study revealed the association
between parasitic and bacterial pathogens, host
morphology, and pathogenicity in Saudi Arabian
lethrinid fish (spangled emperor fish) collected
from the Al-Qunfudhah Sea. To our knowledge,
this is the first study of its kind conducted on the
Red Sea coast of Saudi Arabia (Al-Qunfudhah) to
descriptively and statistically study both parasites
and pathogenic bacteria from all aspects of their
host pathology, and to analyze and reveal the
hidden relationship between the two types of
pathogens and their presence, fish characteristics,
and other factors in this species.

The study also demonstrated the
relationship between internal parasites of the
genus Pseudoplagioporus sp., during winter (rainy
season) and the identified pathogenic bacterial
genera Staphylococcus sp., E. coli, Micrococcus sp.,
Salmonella sp., Shigella sp., and Kurthia sp. The
prevalence, intensity, presence, and dominance
of these parasites in their hosts were calculated
during the study period, and the FI of the
pathogenic bacteria was analyzed and connected
to the aggregated values of fish MT. The results
showed that with increasing (MT), the frequency
factor (FI) decreased, and vice versa, which were
confirmed by statistical analysis.

A clear variation in the composition of
the internal digenean parasite (Pseudoplagioporus
sp.) was observed across the study seasons. During
autumn (September), which is the dry season, we
did not record any internal parasite infestations in
either females or males. In winter (December), the
study recorded eight internal parasites, all of which
were in males and identified as Pseudoplagioporus
sp., and no infestations were recorded in females.
Spring (March), which is considered a dry season
in the study area but low in temperature, was
characterized by a high incidence of both fish and
internal parasites. All internal parasitic infestations
were relatively large in terms of weight, height, and
age. Parasitic infestations varied across seasons
as previously explained. Internal parasites were
present in the rainy and moderate seasons, which
indicates that temperature and the external
environment play a prominent role in the presence
and density of parasitic species. A recent study
demonstrated that temperature and even the

duration of exposure affect both the mortality rate
of parasites and contact or separation from their
hosts.? Other studies have reported that the type
and rate of parasitic infection in fish depend on
the environmental and hydrobiological conditions
of the water.?? It has also been shown that the
types and occurrence of parasites vary according
to spatial environmental conditions, as she studied
some parasitic species of the same fish species at
two locations in the Red Sea.**

An interesting result of the current
study is the complete dominance of internal
parasitic infections in males over females,
including Pseudoplagioporus sp., as explained
in detail previously in the results in Table 2 and
Figure 5. These results may be due to the lifestyle
and physiological and behavioral characteristics
of each sex. A precise topographic relationship
exists between the parasite and its host, which
may be an important factor in the mechanisms
underlying parasite diversity, spread, and density
in the host.*® Our results differ from those of
Adou et al. and Aydogdu et al,***” who found
no significant differences in the prevalence and
severity of parasitic infections according to fish
sex. However, these results are in agreement with
those of Bakhraibah,** where no infection was
found in female fish, unlike males, which showed
infection with parasitic crustaceans only in Jeddah
on the Red Sea coast.

The prevalence of some parasite species
is attributed to the territorial behavior exhibited
by fish hosts, where they establish and defend
coastal areas for feeding and reproduction. This
territorial behavior enhances access to and
continuous exposure to protozoa, crustaceans,
and free-swimming stages of dimorphic flukes,
exposing them to the risk of easy transmission of
parasites between invertebrates and intermediate
fish hosts.?® This behavior also increases the
occurrence of parasitic worms (monofilaments and
flukes) in shallow freshwater (lakes, ponds, and
rivers). The reproduction of this class of parasitic
worms is linked to increased contact with fish in
shallow waters and high levels of stress during
spawning.?>*° The current study strongly suggests
the role of territorial behavior in the spread of
parasites and their selection of male hosts over
females, as the biological, reproductive, and life
cycle characteristics of this genus of fish support
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this suggestion. The genus Lethrinus is marine,
brackish, non-migratory, and associated with coral
reefs, with depths ranging from 10-75 m.*! This has
proven its territoriality; this genus is caught using
hand lines, traps, trawls, purse seines, and nets. It
is mostly marketed fresh, which is why it is rarely
available throughout the year.*?

As the reproductive nature of the
embellished emperor fish is uncertain, a recent
study classified juveniles of this species as
hermaphrodites, in which the transition from
the ovary to the testis occurs before maturation;
thus, no true sex reversal was observed.*® In an
aquarium, male pursuit of a female with a slightly
distended abdomen signals the onset of mating.
The male used his mouth to slap and push against
the female’s abdomen. The eggs and sperm were
then released onto the water surface.*®

Another study studied the productive
characteristics and spawning seasons of Lithrinus
fish in the Red Sea in Jeddah, Saudi Arabia.
Extended spawning periods were recorded in
batches released during different months of the
year, with the main spawning season occurring
in February and March and an additional shorter
spawning season in September.** This was
confirmed by the results of the current study,
which showed higher fish and parasite densities in
March and September than in the other months.
This is attributed to the territorial spawning
behavior of the fish and their tendency to resort
to shallow waters for easier mating. It has also
been proven that this species can survive for
long periods at salinities as low as 10 parts per
thousand, which demonstrates its resistance to
environmental conditions and, consequently, its
resistance to parasitic pathogens. Therefore, it
is a potential species for estuarine aquaculture
because poor environmental conditions can affect
the presence of parasites.*#

Dominance can be related to the
prevalence and intensity of parasites and can
be influenced by internal factors, such as fish
susceptibility to disease, and external factors,
such as uncertain fluctuations in water quality.
Furthermore, the infection rate depends on the
type and number of microorganisms that attack
the fish.

The relationship between the pathogen,
host, and environment is complex and determines

the emergence and development of fish diseases?®
demonstrated that stressful conditions, including
high population density, temperature changes, and
hypoxia, can accelerate the spread of pathogenic
bacteria and lead to widespread disease outbreaks.
Poor water quality can cause stress to the fish,
making them more susceptible to infections. Stress
from poor environmental conditions can reduce
the immune response to pathogens.*® In addition,
low water temperatures can suppress immunity,
whereas high temperatures can cause hormonal
stress, allowing pathogens to quickly enter fish.*748

The digestive tract, especially the small
intestine, of fish is the organ most commonly
infected by digenean parasites (Pseudoplagioporus
sp.) because it provides a food source for parasites,
including blood, tissue cells, body fluids, and the
odor of food present in the gut lumen. The structure
and physiological functions of the intestine (the
parasite microhabitat) can influence the presence
and number of parasites.*>*° In addition, parasites
can cause decreased body weight, morphological
changes, decreased resistance, and secondary
infection by other pathogens (fungi, bacteria, and
viruses), ultimately leading to death.**° This is
what the current study confirmed, as both parasitic
and bacterial infections affect small hosts in size,
age, and weight. The morphometric characteristics
of the fish were measured after parasitic and
bacterial pathogens caused diseases in the fish,
leading to a decrease in their weight.

Bacterial strains have also been isolated
from diseased fish and linked to immune-related
gene expression.>! Given their characteristic ulcer-
forming properties, they have been hypothesized
to either open a gateway for parasitic infections
or enhance parasitic damage.>* A modern study
performed proteomic profiling of the intestine
of Labeo rohita infected with Edwardsiella
tardifolia, revealing mucosal defense mechanisms,
histopathological changes, and related proteins.>?
The same study confirmed that altered intestinal
cytoskeletal proteins and cell adhesion molecules
play roles in maintaining intestinal integrity and
facilitating pathogen invasion. In their study, they
identified WAP65 and muc-2 as pivotal proteins
in the immune response and mucosal defense,
whereas fibrinogen and kininogen were involved
in the inflammatory response and wound healing
process. Their dysregulation highlighted the
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impact of infection on host defense mechanisms
and showed how the specific proteome of L. rohita
intestines can be used as a reference to determine
their mechanisms of action during bacterial
infection.

Overall, this study highlights the
importance of recognizing that climate change
can induce changes in the communities and
distribution of pathogenic bacteria in fish.5-8
For example, in the United Kingdom, a 2018
government report recorded fish infections with
bacterial species for the first time, attributing
their presence to the higher ambient water
temperatures experienced during the spring.?%2¢->°

CONCLUSION

This study provides the first documented
evidence of competitive interactions between the
bacterial and parasitic pathogens of Lethrinus spp.
in the southern Red Sea ecosystem. The novelty of
this research lies in its integrative approach, linking
pathogen frequency with host morphometrics and
immunity, thereby underlining the critical role of
pathogen-host dynamics in disease resistance.
These insights are paramount for the advancement
of sustainable aquaculture and the preservation
of marine ecosystem health.

The findings, validated by statistical
modeling and probability laws, establish three
fundamental conclusions:

Inverse Morphometric Law

There is a definitive inverse relationship
between the Bacterial FI and the host’s MT,
including weight, length, width, and age. This
relationship suggests that pathogenic colonization
significantly hinders fish growth and overall
physiological condition.

Gender-Specific Susceptibility

Male specimens exhibited a significantly
higher susceptibility to both bacterial and internal
parasitic infections (Pseudoplagioporus sp.) than
females, indicating potential gender-related
variations in immune competency or ecological
exposure.

Interspecific Competition
The interaction between internal

parasites (Pseudoplagioporus sp.) and pathogenic
bacteria is characterized by competition rather
than symbiosis, in which each group effectively
limits the colonization success of the other.
Furthermore, this study highlighted the
vital role of the host-associated microbiome in
maintaining immune homeostasis. The higher
infection rates observed in fish with lower
morphometric indices were likely associated with
microbial dysbiosis, which compromises the host’s
biological barriers. Therefore, we recommend
microbiome profiling and metagenomic analysis
as essential diagnostic tools for early detection of
disease risk in both wild and farmed populations.
Future research focusing on immunological
markers is warranted to further elucidate the
complex host-microbe-parasite dynamics.

Study limitations

A significant challenge encountered
during this study was the maintenance of live fish
specimens in specialized containers, a process
complicated by limited laboratory infrastructure
and logistical constraints in the study region.
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