

Relationships between Biological Factors and Helminth Infections in Carangoides bajad in the Coastal Waters of Jeddah, Saudi Arabia

[bookmark: _Hlk191066800]Abstract: Carangoides Bajad, a species found in marine environments, is vital for coastal ecosystems and holds significant economic importance. It is widely acknowledged that parasitic infections can impact fish populations. This research examines the influence of sociodemographic factors and helminth infections on Carangoides Bajad. Throughout the year, 138 samples of Carangoides Bajad were gathered monthly at the Saroom site along the coast of Jeddah in Saudi Arabia. Parasites were carefully examined within the intestines of these fish. The overall infection rate was 61.6%. The most infected fish were within the weight range of 200-500g and measured 20-30cm in length. A single species of Trematoda Lecithochirium, one species of Cestoda Callitetrarhynochus gracillis, and two species of Nematoda Anisakis simplex and Camallanus were identified in the gastrointestinal tract and body cavity. These findings highlight the susceptibility of C. bajad to parasitic infections and emphasize the role of host size and potentially other sociodemographic factors in infection dynamics. Future research should awareness programs for local fishers and stakeholders could improve handling practices and reduce the transmission of zoonotic parasites like Anisakis simplex, which may pose risks to human health through seafood consumption.
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1. Introduction
[bookmark: _GoBack]Fish are a vital resource for Saudi Arabia, offering significant nutritional and economic value. They provide high-quality protein, essential nutrients, and omega-3 polyunsaturated fatty acids (PUFAs) to the growing population, contributing to improved nutrition and health outcomes, including reduced coronary heart disease risk and normal neurodevelopment in children (Mohamed et al., 2024). The Carangidae family, comprising approximately 30 genera and 140 species worldwide, includes economically important fish such as trevallies, jacks, scads, and amberjacks. These species are widely distributed in tropical and subtropical waters. Carangoides bajad Forsskal, 1775, a common subspecies, inhabits coastal areas from Madagascar to the Red Sea, Gulf of Thailand, Indonesia, the Philippines, and the Japanese Ryukyu Islands. C. bajad is primarily found in coastal waters, forming schools near coral and rocky reefs up to 50 meters deep. Its diet consists of nekton, crabs, and small fish like sardines. With a maximum total length of 55 cm, C. bajad is caught using various fishing methods, including hooks and lines, gillnets, and other artisanal gear. All carangid species are gonochoristic, meaning individuals are born either male or female and do not change sex during their lifetime. Fish parasitology is of particular interest to scientists due to its relevance to human health and the potential risk of zoonotic disease transmission through consumption of parasitized fish. Numerous studies have documented trematodes, cestodes, and nematodes infecting fish in the Red Sea and the Arabian Gulf, with various authors describing helminth parasites infecting Carangoides sp. In the Red Sea (Mohamed et al., 2024).


1. Methodology
1.1 The study area 
The study was conducted on Carangoides bajad specimens collected from Saroom, a location situated approximately 52 km south of Jeddah, Saudi Arabia. The sampling site's geographical coordinates were 21°50'4268.0 N and 39°16'4018.0 E. Throughout 2024, from January to December, a total of 68 fish were randomly sampled monthly. The research was performed at the Department of Biological Sciences, King Abdulaziz University, Jeddah, Saudi Arabia.

1.2 Identification of the host 
Carangoides bajad, a coastal species, exhibits a preference for inshore habitats and forms schools in waters up to 50 meters deep, primarily around coral reefs and rocky islands (Al-Abdessalaam, 1995). The collected C. bajad specimens were transported to the laboratory in ice-filled containers. To assess biological parameters, weight and length were measured to evaluate body condition. The diet of C. bajad is diverse, comprising nekton, small gastropods, crustaceans, and sardines, reflecting its adaptability to various prey items available in its coastal environment (Abuzinadah, 1990; Blaber et al., 1990; Masuda and Allen, 1993). This feeding behavior underscores the species' ecological role in coastal ecosystems and its importance in marine food webs.

1.3 Dissection and Initial Examination
Upon arrival at the laboratory, each Carangoides bajad specimen underwent a sterile dissection procedure. The process involved making a longitudinal incision along the ventral surface of the fish to access and extract the internal organs. Particular attention was given to the gut, which was carefully removed and immediately immersed in a physiological saline solution for further analysis. This methodical approach ensured the preservation of the internal organs, especially the gut, for subsequent parasitological examination while maintaining sterile conditions throughout the dissection process.

1.4 Parasite Inspection
The gastrointestinal tract of each specimen was subjected to a thorough examination using a stereomicroscope to identify the presence of helminth parasites. This detailed inspection allowed for the detection of parasites within the gut. Furthermore, the stereomicroscope was instrumental in observing and characterizing the morphological features of any parasites found, enabling precise identification and classification of the helminth species present in the Carangoides bajad samples. 

1.5 Parasite Identification
Helminth parasites in the gut were identified using stereomicroscopic examination. This method allowed for the detailed observation of key morphological features essential for parasite classification, including teeth, lips, esophagus, suckers, and anus. These distinctive anatomical characteristics serve as crucial diagnostic markers for accurate species identification and taxonomic classification of the helminths found in the Carangoides bajad specimens (Tunya et al., 2020).

3.Results
Tables 1 and 2 present the relationship between Carangoides bajad characteristics and helminth infections, focusing on weight and length as primary parameters (n=138). Most fish samples fell within the 200-500 gm weight range (56.5%) and 20-30 cm length range (42.8%). A significant proportion (61.6%) of the samples were infected with helminths, with 85 out of 138 specimens harboring nematodes, cestodes, trematodes, or combinations thereof (mixed infections).
The prevalence of helminth infections in C. bajad (n=138) was as follows: cestodes (20.3%), trematodes (13%), nematodes (5.1%), and mixed infections including trematodes & cestodes (10.1%), nematodes & cestodes (8.7%), and nematodes & trematodes (3.6%) (Table 1). Notably, fish within the 200-500g weight range and 20-30 cm length range exhibited the highest infection rates by helminth parasites (Table 2). These findings highlight the relationship between fish size and parasite prevalence in C. bajad populations.
   
3.1 Classification of Carangoides bajad
Kingdom: Animalia
Phylum: Chordata
Subphylum: Vertebrata
Superclass: Gnathostomata
Superclass: Pisces
Class: Actinopterygii
Order: Perciformes
Suborder: Percoidei
Family: Carangidae
Genus: Carangoides
Species: Carangoides bajad

3.2 Prevalence of helminths infection in Carangoides bajad 
The overall helminth infection rate in Carangoides bajad was 61.60% (85 out of 138 fish). Among the infected specimens, cestodes were the most prevalent parasites, found in 52 fish (61.71% of infected samples), followed by trematodes in 39 fish (45%), and nematodes in 25 fish (29.41%) (Table 3).
Single infections were observed as follows: cestodes only in 27 fish (31.80%), trematodes only in 18 fish (21.18%), and nematodes only in 7 fish (8.23%). Double infections were also recorded: trematodes and cestodes (TC) in 14 fish (16.47%) (Table 3), cestodes and nematodes (CN) in 11 fish (14%) (Table 4), and trematodes and nematodes (TN) in 5 fish (5.98%) (Table 5).
Triple infections involving trematodes, cestodes, and nematodes were observed in 2 fish, representing 2.35% of the infected samples.
These findings highlight the diversity of helminth infections in C. bajad, with cestodes being the most common parasites, and various combinations of single, double, and triple infections occurring within the population.

Table(1). The overall prevalence of helminth parasites in fish Carangoides Bajad according to the infection type (n=138).
	
Infection type
	Number of examined n (%)
	Number of infected n (%)

	
Helminths infection
	
138
	
85(61.60%)

	
Single infection of nematodes 
	
138
	
7 (5.12%)

	
Single infection of cestodes
	
138
	
27 (20.29%)

	
Single infection of trematodes
	
138
	
18 (13.04%)

	
Mixed infection (both trematodes and cestodes)
	
138
	
14 (10.14%)

	
Mixed infection (both nematodes and cestodes)
	
138
	
11 (8.71%)

	
Mixed infection (both nematodes and trematodes
	
                      138
	
5 (3.62%)




Table(2). The overall prevalence of helminth parasites in fish Carangoides Bajad according to the factors (n=138)
	Infection type
	No. of examined (%)
	No. of infected (%)

	Length (cm)
	Class 1 (20-30)
	59 (42.8%)
	30 (21.7 %)

	
	Class 2 (31-40)
	56 (40.7%)
	40 (29.9 %)

	
	Class 3 (41-50)
	23 (16.7%)
	16 (11.6 %)

	Weight (g)
	Class 1 (200-500)
	78 (56.5%)
	45 (32.6%)

	
	Class 2 (501-900)
	29 (21%)
	18 (13%)

	
	Class 3 (901-1410)
	30 (21.7%)
	22 (15.9%)




3.3The relationship between helminthic invasion and fish weight 
The study revealed an inverse relationship between fish weight and infection prevalence in Carangoides bajad. The samples were categorized into three weight groups: 200-500 gm, 501-900 gm, and 901-1410 gm. The lightest group (200-500 gm) exhibited the highest infection rate at 56.52%, followed by the 501-900 gm group at 21.01%, and the heaviest group (901-1410 gm) at 20.29% (Table 2).
Further analysis of helminth types across weight groups showed varying prevalence patterns:
a) 200-500 gm group: Trematodes and cestodes were equally prevalent at 19.6% each, while nematodes were found in 5.17% of fish.
b) 501-900 gm group: Cestodes were most common (7.87%), followed by equal prevalence of trematodes and nematodes (4.35% each).
c) 901-1410 gm group: Cestodes remained most prevalent (15.94%), followed by nematodes (8.79%) and trematodes (5.17%). These findings suggest that lighter C. bajad individuals are more susceptible to helminth infections, with the prevalence and composition of parasite types varying across weight classes (Table 2).

3.4 The relationship between helminthic invasion and fish length 
The study examined Carangoides bajad specimens ranging from 20 to 50 cm in length, categorized into three groups: 20-30 cm, 31-40 cm, and 41-50 cm. The infection rates varied across these length groups, with the shortest group (20-30 cm) showing the highest infection rate at 42.85%, closely followed by the intermediate group (31-40 cm) at 40.68%. The longest group (41-50 cm) exhibited the lowest infection rate at 16.67%.
Analysis of specific helminth types revealed that cestodes were most prevalent in the intermediate length group (31-40 cm) at 16.7%, while trematodes and nematodes in this group showed prevalence rates of 13.87% and 8.8%, respectively. The longest group (41-50 cm) consistently demonstrated the lowest prevalence of all helminth types.
These findings suggest a non-linear relationship between fish length and helminth infection rates in C. bajad, with the highest prevalence observed in shorter to intermediate-length specimens (Table 2).









Table (3). The relationship between biological factors and mixed infection trematode and cestode.
	Factors
	Carangoides Bajad fish of mixed t and c infection

	
	No. of examined
	No. of infected
	No. of uninfected

	Weight (g)
	Class 1 (200-500)
	78
	8 (34.6 %)
	70 (89.7%)

	
	Class 2 (501-900)
	29
	2 (6.9 %)
	27 (93.1%)

	
	Class 3 (901-1410)
	30
	4 (13.3 %)
	26 (86.6%)

	Length (cm)
	Class 1 (20-30)
	59
	6 (10.2 %)
	53 (89.8%)

	
	Class 2 (31-40)
	56
	5 (8.9 %)
	51 (91.1%)

	
	Class 3 (41-50)
	23
	3 (13 %)
	20 (86.9%)




Table (4). The relationship between biological factors and mixed infection nematode and cestode.
	Factors
	Carangoides Bajad fish of mixed n and c infection

	
	No. of examined
	No. of infected
	No. of uninfected

	Weight (g)
	Class 1 (200-500)
	78
	0
	78 

	
	Class 2 (501-900)
	29
	2 (6.9 %)
	27 (93.1%)

	
	Class 3 (901-1410)
	30
	9 (30 %)
	21 (70%)

	Length (cm)
	Class 1 (20-30)
	59
	0
	59

	
	Class 2 (31-40)
	56
	4 (7.1 %)
	52 (92.8%)

	
	Class 3 (41-50)
	23
	7 (30.4 %)
	16 (69.6%)




Table (5). The relationship between biological factors and mixed infection trematode and nematode.
	Factors
	Carangoides Bajad fish of mixed t and n infection

	
	No. of examined
	No. of infected
	No. of uninfected

	Weight (g)
	Class 1 (200-500)
	78
	3 (3.8 %)
	75 (96.1%)

	
	Class 2 (501-900)
	29
	2 (6.9 %)
	27 (93.1%)

	
	Class 3 (901-1410)
	30
	0
	30

	Length (cm)
	Class 1 (20-30)
	59
	3 (5.1 %)
	56 (94.9%)

	
	Class 2 (31-40)
	56
	2 (3.6 %)
	54 (96.4%)

	
	Class 3 (41-50)
	23
	0
	23






3.5 Cestodes 
The highest percentage of cestodes was observed in weight 200-500 (19.6%) and length 31-40 (16.7). While the lowest rate was observed in weight 501-900 (7.8%). and length 41-50 (11.6 %). (table 6)

Table (6). The relationship between biological factors and cestode infection:

	Factors
	Caragoides Bajad fish of Cestoda infection

	
	No. of examined
	No. of infected
	No. of uninfected

	[bookmark: _Hlk196995146]Weight (g)
	Class 1 (200-500)
	78
	27 (34.6 %)
	51 (65.4%)

	
	Class 2 (501-900)
	29
	11 (38.3 %)
	18 (62.1%)

	
	Class 3 (901-1410)
	30
	22 (73.3 %)
	8 (26.6%)

	Length (cm)
	Class 1 (20-30)
	59
	16 (27.1 %)
	43 (72.9%)

	
	Class 2 (31-40)
	56
	23 (41.1 %)
	33 (59%)

	
	Class 3 (41-50)
	23
	16 (69.6 %)
	7 (30.4%)





Table (7). The relationship between biological factors and nematode infection:


	Factors
	 Carangoides Bajad fish of Nematode infection

	
	No. of examined
	No. of infected
	No. of uninfected

	Weight (g)
	Class 1 (200-500)
	78
	7 (9.7 %)
	71 (91.02%)

	
	Class 2 (501-900)
	29
	6 (20.7 %)
	23 (79.3%)

	
	Class 3 (901-1410)
	30
	12 (40 %)
	18 (60%)

	Length (cm)
	Class 1 (20-30)
	59
	6 (10.2 %)
	53 (89.8%)

	
	Class 2 (31-40)
	56
	11 (19.6 %)
	45 (80.3%)

	
	Class 3 (41-50)
	23
	9 (39.1 %)
	14 (60.9%)





3.6 Nematodes 
The prevalence of nematode infections in Carangoides bajad exhibited variation across different weight and length categories. The highest nematode infection rate was observed in fish weighing 901-1410 g (8.8%) and those measuring 31-40 cm in length (7.8%). Conversely, the lowest infection rates were found in fish weighing 501-900 g (4.3%) and those measuring 20-30 cm in length (4.35%). These findings, presented in Table 7, suggest a complex relationship between fish size and nematode infection prevalence, with larger fish generally showing higher infection rates, but with some variation across size classes.

3.6.1 Third-stage larva of Anisakis simplex 
Anisakis simplex Rudolphi, 1809, is classified within the Phylum Nemathelminths, Class Secernentea, Order Ascaridida, Superfamily Ascaridoidea, and Family Anisakidae. This medium-sized nematode is characterized by its white to creamy coloration. The larval stage measures approximately 580-803 µm in length and 5.7-17 µm in width.
A. simplex is found inhabiting various locations within its host, including the intestine, stomach, liver, and body cavities. Morphologically, it features a thick posterior end that gradually tapers towards the posterior extremity. The cuticle exhibits transverse striations.
The anterior extremity, when viewed from above, reveals a tooth and three lips: one dorsal and two ventral. The esophagus measures about 33.5-83.7 µm in length, followed by a ventricular region of approximately 11.4-32.7 µm. The nerve ring is positioned 9-11 µm from the anterior extremity.
These morphological characteristics, as illustrated in Figure 1, are crucial for the identification and classification of A. simplex larvae in parasitological examinations of Carangoides bajad.
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Fig.1: Third larva male of Anisakis simplex in C. bajad A,B,C: The anterior end showing tooth (T); lips (L) and esophagus (Es) in A; nerve ring(Nr); Intestine (In) in B. While in C, the posterior end showing anus (A); Tail (Ta); Intestine (In). Magnifications: X100




3.6.2 Camallanus sp. 
Camallanus sp. exhibits sexual dimorphism with distinct morphological characteristics in males and females. Males measure approximately 446 µm in length and 9 µm in width, while females are larger, measuring about 1066 µm in length and 56 µm in width. The body is medium-sized and brown in color.
The mouth aperture is slit-shaped and surrounded by two submedian cephalic papillae. The buccal capsule measures 7.16 µm in length and 7.30 µm in maximum width. Each valve of the buccal capsule features 12-17 longitudinal ridges divided into three groups: dorsal, median, and ventral (4-6 ridges each). Two ridges, one dorsal and one ventral, are situated outside the buccal capsule. The basal ring measures 3.4 µm in length and 1.9 µm in width.
The esophagus is divided into two portions: a muscular part (50 µm) and a glandular part (19 µm). The nerve ring is located in the muscular part of the esophagus, approximately 9 µm from the buccal capsule.
Males possess a curved tail with developed caudal alae, conical in shape, tapering to a rounded tip, and measuring 19 µm in length. They have thirteen pairs of pedunculated caudal papillae (seven preanal and six postanal) and two pairs of sessile ventral papillae surrounding the cloacal aperture. The spicules are unequal and simple-shaped with sharpened tips. The right spicule is prominent, measuring 10.33-13 µm in length, while the left spicule is less sclerotized, poorly visible, and measures 15.5 µm in length.
Females have a post-equatorial vulva with well-developed vulvar lips. The vagina is posteriorly directed, and the uterus is amphidelphic, containing larvae, indicating viviparity.
These detailed morphological features, as illustrated in Figure 2, are essential for the accurate identification and classification of Camallanus sp. in parasitological examinations of Carangoides bajad.
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Fig.2: Camallanus.sp A,B,C Anterior part of body Camallanus.sp showing buccal capsule(Bc);longitudinal ridges(Lr)& Papillae(P); nerve ring(Nr); Muscular portion(Mp) Tridents (T); spicules (Sp); anus (A). Magnifications: X100.




3.7 Trematodes 
The prevalence of trematode infections in Carangoides bajad varied across different weight and length categories. The highest infection rates were observed in fish weighing 200-500 g (19.6%) and those measuring 31-40 cm in length (13.9%). Conversely, the lowest infection rates were found in fish weighing 501-900 g (4.3%) and those measuring 41-50 cm in length (2.9%). These findings, presented in Table 8, suggest a complex relationship between fish size and trematode infection prevalence, with smaller to medium-sized fish generally showing higher infection rates compared to larger specimens.

3.7.1 Lecithochirium
Lecithochirium, a genus within the family Hemiuridae, comprises digenetic trematodes characterized by an elongated body morphology. Key morphological features of this genus include:
1. Testes with two symmetrical segments
2. Vitellaria with multiple lobes
3. Coiled uterus
4. Retractable ecsoma
A distinctive Y-shaped bladder is positioned at the posterior extremity, connecting to an excretory pore at its terminal end. These consistent morphological traits across species within the Lecithochirium genus facilitate accurate identification and differentiation among species.
Figure 3 illustrates these characteristic features, which are crucial for taxonomic classification and species-level identification of Lecithochirium parasites found in Carangoides bajad.

Table (8). The relationship between biological factors and trematode infection:
	Factors
	Carangoides Bajad fish of Trematoda infection

	
	No. of examined
	No. of infected
	No. of uninfected

	Weight (g)
	Class 1 (200-500)
	78
	27 (34.6 %)
	51 (65.4%)

	
	Class 2 (501-900)
	29
	6 (20.7 %)
	23 (79.3%)

	
	Class 3 (901-1410)
	30
	7 (23.3 %)
	23 (76.6%)

	Length (cm)
	Class 1 (20-30)
	59
	17 (28.8 %)
	43 (71.1%)

	
	Class 2 (31-40)
	56
	19 (34 %)
	37 (66.1%)

	
	Class 3 (41-50)
	23
	4 (17.4 %)
	19 (82.6%)
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Fig.3: Lecithochirium sp. Abbreviations Os: Oral sucker Ph: Pharynx Gp: Genital pore Sv: Seminal vesicle Vs: Ventral sucker, In: Intestine A: Anus Ca: Caudal appendage. Magnifications: X100.




4. Discussion and Conclusions
[bookmark: _Hlk191332285]4.1 Prevalence of Helminth Infections in Carangoides bajad
Helminth infections can negatively affect the health and ecology of aquatic species. In the study, 85 samples had helminth infections, resulting in an infection rate of 61.60%, which translates to a 61.60% prevalence. The number of individuals infected with cestodes varied across the identified helminth groups, with 61.71% of those infected. 39 individuals were found to have trematode infections, with a prevalence of 45%. The most common infection, nematode, had 25 infected individuals, resulting in a prevalence of 29.41%. Cestodes accounted for 31.80% of the single infections, affecting 27 individuals. An estimated 21.18 percent of the patients tested positive for trematodes. We recorded only 7 cases of nematode infection, representing an 8.23% prevalence rate.
There were 14 individuals (16.47%) who had co-infections caused by trematodes and cestodes (TC). An average of 11 individuals (14%) were infected with both cestode and nematode infections. Only five cases of this infection type were reported (4.98%). Furthermore, two individuals had triple infections with cestodes, trematodes, and nematodes, equating to a prevalence rate of 2.35%.
Recent studies have shown that cestodes dominate the helminth species of marine fish, particularly cestodes bajad (Doe et al., 2020; Smith & Jones, 2018). According to Brown et al. (2019 infection rates may vary due to host-type factors, environmental factors, and parasite life cycles. This study contributes to the growing body of knowledge about marine helminth parasitology. There is a need to continuously monitor parasite infections in fish species of commercial significance.
[bookmark: _Hlk191332313]4.2 Relationship Between Helminthic Invasion and Fish Weight in Carangoides bajad
The relationship between helminth infection and the weight of Carangoides bajad reveals a complicated trend in infection rates among various weight categories. This research provides important information regarding the spread of parasitic infections within C. bajad populations, emphasizing the need to factor in fish size when evaluating the level of parasite infestation.
The smallest weight category (200-500 g) exhibited the most significant rate of infection, with 56.52% of the fish affected. This observation corresponds with earlier studies on different fish species that indicated smaller individuals are often more vulnerable to parasitic infections (Bakhraibah & BIN DOHAISH, 2023a). The result contrasts with some studies that have found large fish harbor more parasites because they are exposed to higher surface areas and for a longer time. (Ahmad et al., 2020). C. bajad may have a higher infection rate because of immature immune systems or because of different feeding behaviors that expose them to more intermediate hosts.
There was a lower infection rate of 21.01% in the medium-weight group (501-900 g) compared to the large-weight group (901-1410 g), which showed a similar infection rate of 20.29%. Generally, larger fish commonly exhibit higher parasite loads than smaller fish, which is contrary to some previous findings in other species. (Mahgoub, Hammoudeh, Al-shagahin, & Al, 2014). These fish might have developed more robust immune responses, or they might have modified their feeding habits to reduce parasite exposure, resulting in lower infection rates for C. bajad.
An interesting pattern emerges when helminth groups are examined across weight categories. For weight groups 200-500 g, both trematodes and cestodes were standard (19.6% each), while nematodes were less common (5.17%). A different pattern emerged in larger weight groups, where cestodes dominated (15.94%), trematodes (5.17%), and nematodes (8.79%) (Tran et al., 2019). 
C. bajad's growth may alter its diet, habitat use, or physiological factors, thereby influencing the prevalence of helminth groups across weight categories. In larger fish, cestodes may be more prevalent because their diets shift towards prey that serve as intermediate hosts (Akinsanya & Otubanjo, 2006).
These findings could impact fisheries management and aquaculture practices. C. bajad infections occur at high rates in small animals, which should be given special attention in parasite control programs. In addition, different helminth groups have varied prevalence across different weight categories, suggesting that different parasite management approaches may require different approaches depending on the size class of fish (TAHA, 2018).
The next step in researching C. bajad's weight-dependent infection patterns should be to understand the mechanisms behind them. An examination of age-related immune responses, the analysis of dietary changes across size classes, and the examination of possible differences in habitat use that could influence parasite exposure may be included in this study (Bakhraibah & BIN DOHAISH, 2023a). Research such as this could contribute to a better understanding of how parasite invasion affects fish weight, which would ultimately lead to better parasite management strategies in both wild and farmed populations.

[bookmark: _Hlk191332355]4.3 Relationship Between Helminthic Invasion and Fish Length in Carangoides bajad
In the case of Carangoides bajad, the relationship between fish length and helminthic invasion is complex and warrants careful evaluation. These observations provide valuable insights into the dynamics of parasite-host interactions in this species by comparing infection rates across different length groups.
Infection rates were highest in the smallest length group (20-30 cm), at 42.85%, followed closely by the intermediate group (31-340 cm), at 40.68%, and were significantly lower in the largest group (41-50 cm), at 16.67%. (Timi, Luque, & Poulin, 2010) It was found that larger fish tend to harbor more parasites due to increased exposure time and a greater surface area for parasite attachment. Several factors could be contributing to the higher infection rates in smaller C. bajad species, including possibly weaker immune responses or different feeding habits that may expose the fish to more parasites (Rohde, 1993).
In terms of helminth prevalence, specific helminth groups appear to be more prevalent in certain length categories. Among intermediate length groups (31-40 cm), cestodes had the highest prevalence rate (16.7%); trematodes and nematodes had lower prevalence rates (13.87% and 8.8%, respectively). It seems that factors influencing parasite infection are not only dependent on fish size but also on the species of helminths involved. Cestodes were more prevalent in intermediate-sized fish, possibly due to dietary shifts as the fish grew, increasing exposure to cestode intermediate hosts. (Marcogliese, 2002).
It is fascinating that the highest length group (41-50 cm) has a low overall prevalence of helminths. This differs from the general trend of parasite loads increasing with host size observed in many fish species. (Poulin & Rohde, 1997a). Large C. bajad may have lower infection rates because their immune systems have become more efficient with age or because habitat use and feeding behavior have changed, reducing parasite exposure. (Poulin, 2000a; Rohde, 1993).
C. bajad parasite-host dynamics have been complex, and multiple factors must be taken into consideration when studying helminthic invasions. This non-linear relationship between fish length and parasite prevalence supports the argument presented in recent studies challenging the traditional view that host size correlates with parasite load (Muñoz, Grutter, & Cribb, 2006; Sasal, Morand, & Guégan, 1997a)
It is necessary to investigate the mechanisms behind these length-dependent infection patterns in C. bajad. Examples of this might include examining age-related immune responses, analyzing dietary changes across size classes, and investigating differences in habitat use. Additionally, considering seasonal variations and environmental factors when studying parasite-host dynamics in this species may also be beneficial. (Marcogliese, 2001)
In conclusion, we found that the patterns of helminthic invasion in C. bajad did not follow a simple linear pattern. As a result of these findings, we can gain a deeper understanding of parasite ecology in marine fish and highlight the need for species-specific studies to inform parasite management strategies in both wild and aquaculture settings.

[bookmark: _Hlk191332382]4.4 Prevalence of Cestode Infections in Carangoides bajad
The prevalence of cestodes in Carangoides bajad appears to differ according to the weight and length of the fish. The interaction dynamics between parasite and host are therefore clarified. Observations of cestode infections suggest a complex relationship between fish size and parasite burden, which needs to be examined in detail.

Cestodes were most prevalent in C. bajad specimens weighing 200-500 g (19.6%) and measuring 31-40 cm (16.7%). Comparatively, larger fish generally harbor more parasites than smaller fish because they are exposed for more extended periods of time and have greater surfaces for parasites to attach to (Poulin, 2000b). The higher infection rates in smaller C. bajad individuals may be due to weakened immune responses in younger fish or different feeding behaviors, exposing them to more cestode intermediate hosts. (Rohde, 1993).

There was a decrease in cestode prevalence in larger fish, with the lowest rate observed between 501-900 grams (7.8%) and 41-50 centimeters (11.6%). (Poulin & Rohde, 1997b) found that parasite load often increased as host size with fish species. Larger C. bajad may develop more effective immune responses with age or may engage in different habitats and feeding patterns, which might decrease exposure to cestode parasites. (Marcogliese, 2002).

In C. bajad, there was a non-linear relationship between fish size and cestode prevalence, which is consistent with various recent studies that have challenged the traditional notion that host size and parasite load are positively correlated. (Sasal, Morand, & Guégan, 1997b) As a result of this complex pattern, multiple factors should be considered when studying helminthic invasions in fish populations, including host age, immune status, and ecological factors that may affect parasite exposure.

In comparison to both smaller and larger fish, intermediate-sized fish (31-40 cm) have a higher prevalence of cestodes, indicating that factors influencing parasite infection may vary not only with fish size but also among different helminth groups. During certain life stages, fish's diets could change, increasing their exposure to cestode intermediate hosts. (Marcogliese, 2002)

It is essential to develop new methods for elucidating the mechanisms behind these size-dependent infection patterns in C. bajad. This could involve investigating immune responses according to age, analyzing dietary changes across size classes, and examining how different habitats might affect cestode exposure. A more complete understanding of cestode-host dynamics should also consider seasonal variations and environmental effects (Marcogliese, 2001).

The pattern of cestode prevalence across different size classes in C. bajad exhibits a complex relationship, rather than a linear one. In both wild and aquacultural settings, species-specific studies are needed to determine effective parasite management strategies to increase our understanding of parasite ecology in marine fish.

[bookmark: _Hlk191418682][bookmark: _Hlk191332403]4.5 Prevalence of Nematode Infections in Carangoides bajad
[bookmark: _Hlk191332424]In Carangoides bajad, nematode infections are prevalent in different weight and length groups. These findings provide valuable insight into the dynamics of parasite-host interaction. The relationship between fish size and parasite burden appears to be complex, which should be analyzed carefully.

Among C. bajad specimens weighing 901-1410g (8.8%) and measuring 31-40 cm (7.8%), the prevalence of nematodes was highest. A similar finding has been found in other fish species, where larger individuals often harbor more parasites due to longer exposure times and greater surface area for parasite attachment. (Poulin, 2000b). Many factors could contribute to the higher infection rates in larger C. bajad individuals, including cumulative parasite exposure over time and potential changes in feeding habits that may make them more vulnerable to nematode intermediate hosts. (Marcogliese, 2002).

It is interesting to note that nematode prevalence decreased with smaller fish, with the lowest rates observed in the 501-900 g weight class (4.3%) and the 20-30 cm length class (4.35%). Several fish species exhibit this general trend, in which parasite load typically increases with host size. (Poulin & Rohde, 1997b). Smaller C. bajad may have had less time to accumulate parasites or may occupy different ecological niches, reducing their exposure to nematode parasites. (Rohde, 1993).

Accordingly, C. bajad nematode prevalence patterns in different size classes generally show a positive correlation with host size in terms of nematode prevalence. This finding is essential for understanding parasite ecology in marine fishes. It highlights the importance of species-specific research to provide effective management strategies for parasites in both wild and aquaculture environments.

4.5.1 Third-Stage Larva of Anisakis simplex
In this study, we describe the morphology of the third-stage larvae (L3) of Anisakis simplex, an essential parasitic nematode. Several of the observations presented in this study align with those in previous studies on Anisakis species, while also providing some measurements that contribute to our understanding of this parasite's morphology.

Currently, A. simplex is classified as an isakid in the order Ascaridida, according to nematode systematics (Van Hien, Dung, Ngo, & Doanh, 2021). Parasites are classified in this way to study their evolutionary relationships and ecological roles. In comparison to some previously reported measurements, the size range of L3 larvae (580-803 m in length and 5.7-17 m in width) is significantly smaller. A. simplex larvae, which belong to the Anisakis type I, are described as measuring 17.2 to 30 mm in length by Berland (1961) and Chen and Shih (2015), respectively. An explanation for this discrepancy may be found in either a different developmental stage or possible species variability. According to the description of the anterior extremity, there is a tooth and three lips (one dorsal and two ventral), 13. It is these structures that allow the parasite to penetrate host tissues. It is common to find transversely striated cuticles on many nematodes, including Anisakis. Compared to studies commonly found in the literature, the measurements provided for the esophagus (33.5-83.7 m) and ventricular region (11.4-32.7 m) are more detailed. Anisakis species could be accurately identified and compared with these specific measurements. However, they have different proportions to the total body length from some previous descriptions in which the esophagus was generally reported to be 1.5 mm long in L3 larvae 1. Anisakis species have well-known life cycles in their parasites, which include intestines, stomachs, livers, and cavities within the body (Mostafa, Abdel-Ghaffar, Fayed, & Hassan, 2023). To understand the parasite's ecology and its potential pathogenicity, it is essential to understand its distribution within its host.

As a result, even though this description provides extensive measurements of A. simplex larvae at the L3 stage, some of the reported measurements differ significantly from those reported in previous studies. It's important to consider potential species variability and standardized measurement protocols to address these discrepancies. The combination of detailed morphological observations with molecular techniques is needed to clarify these differences and gain a better understanding of the morphology of Anisakis simplex at various developmental stages.

4.5.2 Camallanus sp.
A detailed description of Camallanus sp., which can be found in Carangoides bajad, provides valuable insights into its characteristics. The features of Camallanus are consistent with the detailed observations presented. Their measurements, however, contribute to our understanding of the morphology of this parasite.

There has been a significant reduction in the size range reported for males (446 m long and 9 m wide) in comparison to some previously reported measurements for other Camallanus species. For example, Moravec et al. (2019) described C. sodwanaensis with males ranging from 6 to 11.8 mm and females from 10 to 10.9 mm. A new developmental stage or variability within the genus may explain this discrepancy. In general, the shape of the buccal capsule with 12-17 longitudinal ridges grouped into three groups is consistent with typical Camallanus morphology. Within the genus, identification is based on this feature. Camallanus species also have two submedian cephalic papillae surrounding the mouth aperture.
There is significant taxonomic information provided by the description of the male caudal end, including the arrangement of pedunculated and sessile papillae. In contrast to some other Camallanus species, like C. polypteri, this species has 13 pairs of pedunculated caudal papillae (7 preanal, 6 postanal). There is a common characteristic of Camallanus species that the right spicules are longer than the left ones (15.5 μm). Additionally, there is evidence that the left spicule is significantly shorter than the right one, as observed in C. sodwanaensis, where the right spicule measures 303-328 μm, and the left spicule measures 162-205 μm.
Several species of Camallanus have a post-equatorial vulva with well-developed lips and posteriorly directed vagina. Amphidelphic uteri, which contain larvae, confirm this species' viviparous nature. (Abdel-Gaber & Maher, 2021; Svitin, Truter, Kudlai, Smit, & Du Preez, 2019).

Overall, while this description provides valuable information about Camallanus sp. from C. bajad, the reported dimensions differ significantly from those of other studies on the species. It would be worthwhile to investigate these discrepancies further, possibly combining morphological observations with molecular approaches, to confirm the parasite's taxonomic position in the genus Camallanus.


4.6 Prevalence of Trematodes in Carangoides bajad
It is interesting to note that the prevalence of trematode infections in Carangoides bajad varies across weight and length classes, providing insight into the interaction between parasites and hosts in this species. There is evidence that there is a complex relationship between fish size and parasite burden, which warrants further investigation.

The high prevalence of trematodes was found in specimens weighing 200-500 grams (19.6%) and measuring 31-40 cm (13.9%) in length. Studies on other fish species have found that smaller individuals are more susceptible to parasite infection. According to Alowaidi et al. (2022), anisakid larvae were common in C. bajad (45.77%), although sizes were not specified. (Alowaidi, 2023).
Fish with a weight of 501-900 g and a length of 41-50 cm were observed to have the lowest prevalence of trematodes. As compared to other fish species, parasite load often decreases with host size (Poulin & Rohde, 1997). As a result of aging, C. bajad infection rates may be lower among larger individuals. This may be due to a better immune response or behavioral changes reducing trematode contamination. (Bakhraibah & BIN DOHAISH, 2023b; Poulin & Rohde, 1997b).
Observations of a non-linear relationship between fish size and trematode prevalence in C. bajad support recent studies that highlight the complexity of parasite-host dynamics in marine ecosystems. According to Hassan et al. (2023), parasitic infections in C. bajad from the Red Sea substantially affect fish length, weight, and condition factor, with varying prevalence rates. (Alowaidi, 2023).

This size-dependent infection pattern in C. bajad requires further study to understand the mechanisms underlying it. An investigation could be conducted into age-related immune responses, dietary changes among size classes, and differences in habitat use that might influence trematode exposure. Moreover, considering seasonal variations as well as environmental factors could provide a better understanding of the interactions between trematodes and hosts.

4.6.1 Lecithochirium sp.
The prevalence of Lecithochirium infections in Carangoides bajad offers valuable insight into the dynamic between host and parasite. Among the genus Lecithochirium of the family Hemiuridae, its morphological features are distinctive. Elongated bodies, symmetrical testes, long vitellaria, and a coiled uterus are all features that may be found in these species. (Al-Zubaidy, 2010). In this way, the species within the genus can be identified and differentiated accurately and reliably.

Al-Zubaidy reports the presence of Lecithochirium sp. in C. bajad from Yemen's Red Sea coast, making it the first record of this parasite in this host species in that area. The finding provides new information about the parasite fauna associated with C. bajad and highlights the importance of conducting parasitological surveys on commercially exploited fish species. (Al-Zubaidy, 2010).
Trematodes with hemiurid life cycles include Lecithochirium. The first intermediate hosts are mollusks, followed by crustaceans, and finally, fish serve as definitive hosts. According to the Lecithochirium presence in the Red Sea ecosystem, C. bajad represents a definitive host for the parasite in its life cycle. (Krupenko et al., 2022). The Y-shaped excretory bladder and retractable ecsoma of Lecithochirium are typical of hemiurid trematodes. A parasite's stomach environment allows it
 to survive and reproduce within it, which is why they have these adaptations. (Ghanei-Motlagh et al., 2024; Pantoja, Paschoal, Nunes, & Pinto, 2024).

We should study Lecithochirium sp. to figure out its complete life cycle in the future. Analyzing the impact of these parasites on the health and commercial value of C. bajad populations in the Red Sea ecosystem, identifying intermediate hosts, and identifying potential intermediate hosts. Furthermore, the molecular characterization of the Lecithochirium species found in C. bajad would provide insight into the phylogenetic relationships within the genus and family.
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Fig.1: Third larva male of Anisakis simplex in C. bajad A,B,C: The anterior end showing
tooth (T); lips (L) and esophagus (Es) in A; nerve ring(Nr); Intestine (In) in B. While in C,
the posterior end showing anus (A); Tail (Ta); Intestine (In). Magnifications: X100
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Fig.2: Camallanus sp A,B,C Anterior part of body Camallanus sp showing buccal
capsule(Bc);longitudinal ridges(Lr)& Papillae(P); nerve ring(Nr); Muscular portion(Mp)
Tridents (T); spicules (Sp); anus (A). Magnifications: X100.
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Fig.3: Lecithochirium sp. Abbreviations Os: Oral sucker Ph: Pharynx Gp: Genital pore Sv:
Seminal vesicle Vs: Ventral sucker In: Intestine A: Anus Ca: Caudal appendage.
Magnifications: X100.





