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Abstract
A total of 800 samples of Macrobrachium felicinum were surveyed in Lower River Benue, Makurdi, Benue State, Nigeria, for an interval of 4 months from May 2023 to August 2023 to check the parasitic infestation by standard parasitological methods; out of which 692 comprising of 407 ecto and 285 endo parasites were recovered. The highest percentage of parasite load (28.32%) was recorded in the month of June, in which the ectoparasites (17.49%) and the endoparasites (10.83%) The lowest percentage of parasite load (21.24%) was recorded in the month of May, in which ecto-parasites were 16.76% and endo-parasites were 4.48%. During the study, four protozoan parasites were identified, comprising Apiosoma sp., Amphileptus sp., Chilodonella sp., and Epistylis sp., among which the first three were ecto-parasites and Epistylis sp. was an endo-parasite. Similarly, 3 parasites comprising Myxobolus sp., Cucullanus sp., and Procamallanus sp., 1 species of cnidarian ecto-commensal (Myxobolus sp.), and 2 species (Cucullanus sp. and Procamallanus sp.) belonging to the phylum nematode were detected only in the intestine.  Among the ecto parasite species, while Myxobolus sp. had the highest percentage parasite load (18.93%), the least percentage parasite load (12.14%) was recorded for Chilodonella sp. Also, among the endo parasites, while Cucullanus sp had the highest percentage parasite load (19.94%), the least percentage parasite load (7.80%). was recorded for Epistylis sp. Generally, among the parasites (ecto and endo), while Cucullanus sp. had the highest percentage parasite load (19.94%), the least percentage parasite load (7.80%) was recorded for Epistylis sp. The organ (carapace regions, gills, skin and intestine) wise parasitic prevalence of infested M. Felicinum showed that the gills had the highest parasitic prevalence (50.43%), the least parasitic prevalence (3.03%) was recorded for skin. Carapace regions and intestine recorded (5.35%) and (41.18%), respectively.  The intensity of parasitic infection was observed to be higher in female Macrobrachium felicinum than the male. Also, the intensity of parasitic infection was high with an increase in size.
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Introduction
About 60 percent of prawn species are freshwater prawns, which belong to the genus Macrobrachium in the crustacean subfamily Palaemonidae. They are highly valued as proteinaceous, nutritious food, with an average adult weight of 50g and a total length of 200mm. The market price of larger forms of prawns varies between 60 and 120g. According to Kutty et al. (2000), they are widely dispersed throughout freshwater environments and estuaries worldwide.
Shrimp and prawns have a substantial economic significance in terms of food production, foreign exchange gains, and employment (FAO, 2008); it has been observed that they exist in Nigeria's fresh and brackish seas.
Due to their relatively quick growth rate, high market price, and export value, several macrobrachium species, such M. rosenbergii, have been spreading in some regions of the world, including India, in recent years. West Bengal state was the top producer, with 2906 metric tons out of the total 8778 metric tons of scampi produced in India between 2010 and 2011 (MPEDA, 2011). As per MPEDA (2011), India exported 2723 metric tons of several macrobrachium species, including M. rosenbergii, in 2011–2012, a 31.61% increase in quantity over the previous years.
In both their natural and cultured habitats, shrimp and prawns serve as hosts for a wide range of parasites, from protozoan to metazoan; some of these parasites display notable pathogenicity by reducing the hosts' ability to proliferate and thrive (Jayasree et al., 2001). 
Macrobrachium infections, including those caused by viruses, bacteria, and parasites, were discovered to be significant contributors to significant losses in pond production in some regions of the world, including Asia (Chu et al., 2011). Penaeus monodon in particular, a cultivable penaeid prawn, has received a lot of attention in the study of parasites and diseases, but non-penaied prawns have received less attention overall. Bonami and Widada (2011) provided a thorough analysis of viral diseases affecting M. rosenbergii. Studies on some parasites from some machrobrachium species, including M. rosenbergii, have been conducted in a number of locations around the world (Rodriguez et al., 2001; Montoya, 2003), but the majority of these studies have concentrated on either specific parasites or groups of parasites.
Organisms that entirely rely on their host for nutrition produce parasitic diseases by disrupting normal bodily functions and inflicting pain. Many parasite species, particularly those that are typical of the mollusca and crustacean, have been described from diverse shellfish (Sindermann, 1990); amazingly, few have shown to have a significant impact on the host population in terms of disease if circumstances are favorable. Studies have shown that at high densities, parasites have the tendency to cause mortality most especially, in cultured shrimps leading to severe loss in economic value (Mojit et al., 2010).
Protozoan genera like Zoothamnium, Epistylis, Vorticella, Anophrys, Acineta, Lagenophrys, and Ephelota, which are present in shrimp ponds across America and are associated with low water quality, also affect shrimps at various stages of development. At high levels of infection, these protozoans may cause gill obstruction (brown gill), this can lead to anorexia, stunted growth, decreased motility, and heightened vulnerability to infection by various viral or bacterial infections (Nunan et al., 2004).
According to Macpherson (2005), there is an increasing trend toward eating raw, undercooked, smoked, pickled, or dried shrimp, crabs, pork, fish, and mollusks, which makes it easier for parasites like trematodes, cestodes, and nematodes to infect consumers and spread zoonotic diseases. 
The aim of this study was to investigate the parasitic infestation in Macrobrachium felicinum from Lower River Benue and their probable reasons for prevalence between the sexes, different length groups and months during the study period, more so that there is paucity of latest information on the parasitic infestation in Macrobrachium felicinum most especially from Lower River Benue and Nigeria at large.
Materials and methods 
The study was carried out in the lower river Benue, Makurdi, which is located in Benue State, in the middle belt region part of Nigeria (Figure 1). Geographically, the river is bounded by 7° 47'N and 10° 0' E. 
A total of 800 samples of the experimental prawn (Macrobrachium felicinum) were collected from Lower River Benue, Makurdi, Benue State, Nigeria, for an interval of 4 months from May 2023 to August 2023 to check the parasitic infestation by standard parasitological methods. 200 samples each comprising of different sizes were collected monthly and transported to the Biological Science Laboratory, Joseph Sarwuan Tarka University, Makurdi. The total length of each specimen was measured in (cm) using a meter rule while the body weight was measured in grams using a sensitive mettle weighing balance.
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Figure 1. Map of Benue River

Sex determination and structure 
The prawns were sorted out after capture and identified using Holthius (1980) and Powell (1982). The total length and weight of the prawn was recorded in fresh condition. The sexes of the shrimps were determined based on morphological characteristics as stated by Sagua (1980). Male shrimps possess appendix masculina on the second pleopod while females have none. Females were broader than the males.
The sex ratio of the prawn was determined by counting the number of male and female specimens caught in the period of study and was calculated using the formula;
Sex ratio = M: F, where M = Male, F = Female (where the number of male = n and the number of female = ×), Sex ratio M: F = n/n: ×/n  
Examination of M. Felicinum for collection, identification and counting of parasites 
The exoskeleton, gills, surface of the body underneath the exoskeleton and legs were firstly examined with a magnifying lens. Thereafter, these parts were washed thoroughly using a tooth brush. The water from the washed parts was poured in a test tube and centrifuged, using an ordinary centrifuge at 4500 rpm for 5 min (Okayi et al., 2015). The supernatant was decanted and the sediment examined under a light microscope. The intestinal portion was also sliced open and removed. The intestinal contents were then washed in regular saline solution for sedimentation and flotation. The water from the washing was then placed into a test tube and centrifuged using a standard centrifuge at 4500 rpm for 5 minutes. After decanting the supernatant, the sediment was inspected with a light microscope. The wet mount was inspected under a microscope for various parasites after a drop of the residue was placed on the slide. The parasites were identified by producing sketches of them as they were seen under the light microscope and comparing them to the Mehlhorn (2008) and Pouder et al. (2005) parasitic visual references. The full content of each slide was screened and counted to establish the overall number of parasites seen. Smears that had been air-dried were stained with hematoxylin and eosin and examined under a 400x microscope. 
Results
The list of parasites recovered from M. Felicinum and their sites of infestation is shown in Table 1. A total of 7 species of parasites comprising of 4 species of protozoan (Apiosoma sp., Amphileptus sp., Chilodonella sp., and Epistylis sp.) and 3 species of metazoan (Myxobolus sp., Cucullanus sp., and Procamallanus sp.) were recovered from the infested M. Felicinum.
Among the detected protozoan parasites, Apiosoma sp., Amphileptus sp., Chilodonella sp were ecto-parasites, while Epistylis sp was found to be an endo-parasite. 
Among the detected metazoans, 1 species of cnidarian ecto-commensal (Myxobolus sp.) and 2 species (Cucullanus sp., and Procamallanus sp.) belonging to phylum nematode were detected only in the intestine.


Table 1. List of parasites recovered from M. Felicinum and their sites of infestation
	Groups
	Recovered parasites
	Organ specificity

	Protozoan (Ciliates)
	Apiosoma sp.
	Gill

	
	Amphileptus sp.
	Carapace region and Gill

	
	Chilodonella sp.
	Gill and skin

	
	Epistylis sp.
	Intestine

	Metazoan (Myxosporadians)
	Myxobolus sp.
	Gill

	Nematode
	Cucullanus sp.
	Intestine

	
	Procamallanus sp.
	Intestine



The monthly distribution of the parasites recorded during the study period is presented in Table 2. A total of 692 comprising of 407 ecto and 285 endo parasites were recovered from the infested M. Felicinum. The highest percentage of parasite load (28.32%) was recorded in the month of June, in which the ectoparasites (17.49%) and the endoparasites (10.83%). The lowest percentage of parasite load (21.24%) was recorded in the month of May, in which ecto-parasites were 16.76% and endo-parasites were 4.48%. During the study, four protozoan parasites were identified, comprising Apiosoma sp., Amphileptus sp., Chilodonella sp., and Epistylis sp., among which the first three were ecto-parasites and Epistylis sp. was an endo-parasite. Similarly, 3 parasites comprising Myxobolus sp., Cucullanus sp., and Procamallanus sp., 1 species of cnidarian ecto-commensal (Myxobolus sp.), and 2 species (Cucullanus sp. and Procamallanus sp.) belonging to the phylum nematode were detected only in the intestine.  Among the ecto parasite species, while Myxobolus sp. had the highest percentage parasite load (18.93%), the least percentage parasite load (12.14%) was recorded for Chilodonella sp. Also, among the endo parasites, while Cucullanus sp had the highest percentage parasite load (19.94%), the least percentage parasite load (7.80%). was recorded for Epistylis sp. Generally, among the parasites (ecto and endo), while Cucullanus sp. had the highest percentage parasite load (19.94%), the least percentage parasite load (7.80%) was recorded for Epistylis sp. 
Table 2. Monthly parasitic prevalence of M. Felicinum from Lower River Benue. 
	Parasite species
	May
	June
	July
	August
	Total

	
	No.
	%
	No.
	%
	No.
	%
	No.
	%
	No.
	%

	Apiosoma sp.
	22.00
	3.18
	25.00
	3.61
	27.00
	3.9
	28.00
	4.05
	102.00
	14.74

	Myxobolus sp.
	39.00
	5.64
	26.00
	3.76
	29.00
	4.19
	37.00
	5.35
	131.00
	18.93

	Amphileptus sp.
	41.00
	5.92
	28.00
	4.05
	8.00
	1.16
	13.00
	1.88
	90.00
	13.00

	Chilodonella sp.
	14.00
	2.02
	42.00
	6.07
	16.00
	2.31
	12.00
	1.73
	84.00
	12.14

	Cucullanus sp.
	25.00
	3.61
	38.00
	5.49
	32.00
	4.62
	43.00
	6.21
	138.00
	19.94

	Epistylis sp.
	2.00
	0.29
	23.00
	3.32
	11.00
	1.59
	18.00
	2.60
	54.00
	7.8.00

	Procamallanus sp.
	4.00
	0.58
	14.00
	2.02
	35.00
	5.06
	40.00
	5.78
	93.00
	13.44

	TOTAL
	147.00
	21.24
	196
	28.32
	158
	22.83
	191.00
	27.6
	692
	100

	Ecto
	116.00
	16.76
	121.00
	17.49
	80.00
	11.56
	90.00
	13.01
	407.00
	58.81

	Endo
	31.00
	4.48
	75.00
	10.83
	78.00
	11.27
	101.00
	14.59
	285.00
	41.18


No. = Number, % = Prevalence
The organ wise parasitic prevalence of M. Felicinum from Lower River Benue is presented in Table 3. Apiosoma sp. (14.74%), Myxobolus sp (18.93), Amphileptus sp. (7.66%) and Chilodonella sp. (9.10%) were found in the gill. In the carapace regions, only Amphileptus sp. (3.35%) was detected. Also, on the skin of M. Felicinum, only Chilodonella sp. (3.03%) was detected. Additionally, Cucullanus sp. (19.94%), Epistylis sp. (7.80%) and Procamallanus sp. (13.44%) were detected in the intestinal part of the studied M. Felicinum. 
Among the body parts (carapace regions, gills, skin and intestine) of the infested M. Felicinum, while the gills had the highest parasitic prevalence of 50.43), the least parasitic prevalence of (3.03%) was recorded for skin. Carapace regions and intestine recorded (5.35%) and (41.18%), respectively.   
Table 3. Organ wise parasitic prevalence of M. Felicinum from Lower River Benue.
	Parasite species
	CPR.
	Gills
	Skin
	INT.
	Total

	
	No.
	%
	No.
	%
	No.
	%
	No.
	%
	No.
	%

	Apiosoma sp
	NR
	NR
	102
	14.74
	NR
	NR
	NR
	NR
	102.00
	14.74

	Myxobolus sp
	NR
	NR
	131.00
	18.93
	NR
	NR
	NR
	NR
	131.00
	18.93

	Amphileptus sp
	37.00
	5.35
	53.00
	7.66
	NR
	NR
	NR
	NR
	90.00
	13.00

	Chilodonella sp
	NR
	NR
	63.00
	9.10
	21.00
	3.03
	NR
	NR
	84.00
	12.14

	Cucullanus sp
	NR
	NR
	NR
	NR
	NR
	NR
	138.00
	19.94
	138.00
	19.94

	Epistylis sp
	NR
	NR
	NR
	NR
	NR
	NR
	54.00
	7.80
	54.00
	7.80

	Procamallanus sp
	NR
	NR
	NR
	NR
	NR
	NR
	93.00
	13.44
	93.00
	13.44

	Total
	37.00
	5.35
	349.00
	50.43
	21.00
	3.03
	285.00
	41.18
	692.00
	100.00


CRP. = Carapace regions, INT. = Intestine, No. = Number, % = Prevalence, NR = Not recovered
The parasitic prevalence of M. Felicinum based on sex is shown in Figure 1. The result showed that the prevalence of parasites was higher in female in the months of June (16.75%), July (13.73%) and August (19.36%) than the male counterpart with parasitic prevalence of 11.56%, 9.10% and 8.23%, respectively. However, the prevalence of parasites was higher for male (12.73%) in the month of May compared to the female with parasitic prevalence of 8.54%. 
Generally, female M. Felicinum had higher parasitic prevalence (58.38%) than the male (41.62%) though, there was no significant difference in prevalence rate of parasites between the female and male (p>0.05) based on Chi square analysis.
Figure 2. Parasitic prevalence of M. Felicinum based on sex

The length (mm) and average weight (g) parasitic prevalence of M. felicinum from Lower River Benue are presented in Table 4. For ecto-parasites, the highest parasitic prevalence of 17.49% was recorded for the length group of 125.1-200.0mm and its corresponding average weight of 211.06g while the lowest (4.48%) was recorded for the length group of 25.0-50.0mm and its corresponding average weight of 42.53g. For endo-parasites, the highest parasitic prevalence of 11.71% was recorded for the length group 50.1-75.0mm and its corresponding average weight of 66.06g while the lowest (5.20%) was recorded for the length group 25.0-50.0mm and its corresponding average weight of 42.53g. Generally, length group (125.1-200.0mm) and its corresponding average weight of 211.06g of M. felicinum had the highest parasitic prevalence (29.05%) while the lowest parasitic prevalence of 9.68% was recorded for the length group 25.0-50.0mm and its corresponding average weight of 42.53g.
Table 4. Length (mm) and average weight (g) parasitic prevalence of M. felicinum from Lower River Benue
	Total length
	Av.wt(g)
	Ecto-parasites
	Endo-parasites
	Total

	
	
	No.
	%
	No.
	%
	No.
	%

	25.0-50.0
	42.53
	31.00
	4.48
	36.00
	5.20
	67.00
	9.68

	50.1-75.0
	66.06
	95.00
	13.73
	81.00
	11.71
	176.00
	25.43

	75.1-100.0
	101.76
	103.00
	14.88
	42.00
	6.07
	145.00
	20.95

	100.1-125.0
	161.06
	57.00
	8.24
	46.00
	6.65
	103.00
	14.88

	125.1-200.0
	211.06
	121.00
	17.49
	80.00
	11.56
	201.00
	29.05

	Total
	582.47
	407.00
	58.82
	285.00
	41.18
	692.00
	100.00


Av.wt = Average weight, g = grams, % = Prevalence
Discussion
The parasitic occurrence of freshwater prawn M. felicinum (Holthuis, 1949) was studied from Lower River Benue, Makurdi ffrom the months of June to August, 2023. The occurrence of the detected parasites varied in different months during the study period being highest in June but lowest in May. The variation in the number of parasites among the different month could be attributed to the changes of a seasonal pattern in different months of the study. This assertion is in agreement with the reported work of Paulista et al., (2009).
7 species of parasites comprising of 4 ecto-parasites (Apiosoma sp., Myxobolus sp., Amphileptus sp., Chilodonella sp.) and 3 endo-parasites (Cucullanus sp., Epistylis sp. and Procamallanus sp.) were recovered from the different body parts of M. felicinum. Apiosoma sp., Myxobolus sp. and Chilodonella sp. occurred in the gills; Amphileptus sp. was recovered from the carapace region and gill while Cucullanus sp., Epistylis sp. and Procamallanus sp. occurred in the intestine of the infested M. felicinum. 
The occurrence of these parasites in the various body parts of M. felicinum in this study is not envisaging as they have been previously recovered from same species or related prawns. Chilodonella sp., Amphileptus sp. and Myxobolus sp. have been recovered from the skin, gill and carapace regions of Macrobrachium rosenbergii (Paul et al., 2010). Okayi et al., (2015) reported Apiosoma sp. from the exoskeleton and gills and Procamallanus sp. from the gills of Atya gobonensis, respectively from Lower River Benue. Nurlatiffah et al., (2019) recovered Epistylis sp. from vanname shrimp (Litopenaeus vannamei) reared in different ponds.
Generally, the gills of M. felicinum were most infested compared to the other external parts. The highest infestation rate recorded by the gills could be due to the fact the gills are the center of filter feeding and are the sites of gaseous exchange. Similar observation had been made by Okayi et al., (2015).
Females of M. felicinum were more infested with parasites than the males. The higher number of parasites recorded for the female M. felicinum compared to the males could be attributed to the fact the female were more prone or vulnerable to catch in nature than the males which migrate into deeper waters soon after spawning (Okayi et al, 2015). Also, the higher number of parasites recorded for the female M. felicinum compared to the males could be due to the physiological state of the females as most gravid females could have had reduced resistance to infection by parasites; this is because the immune system of the females is highly compromised during pregnancy. This agrees with the reported work of some authors in same or related species and other aquatic organisms such as fish (Ayuba et al. 2016, Ogonna et al. (2017) and Solomon et al. (2018) but disagrees with the findings of Kawe et al. (2016) Afolabi et al. (2020) who reported higher prevalence in male organisms (C. gariepinus) than the female. 
Parasites–host interactions are usually governed by environmental and biological factors (Nagel and Grutter, 2007). However, host size and overall surface area could resemble determinant factors for a successful association. In one study, individuals of T. chinensis were always found on host shrimps that are slightly larger in carapace length compared to its own body length (Khalfan et al., 2022). Similar findings were observed by Ota (2019), who concluded that the small-sized shrimp, Neocaridina spp., may not offer adequate space for the isopod to safely attach itself. Khalfan et al., (2023), using behavioral experiments, further elucidated this hypothesis and concluded that 0.7–1.0 ratios of parasite body length to host shrimp carapace length appeared to be preferred by the isopod T. chinensis, because it provides adequate space for safe attachment while avoiding potential consumption by the available host shrimps. In the same study, the authors found that relatively large size differences between the parasite body length and host shrimp carapace length resulted in the disappearance of the isopod from the experimental tank, potentially via predation by the large host shrimp. Incidences of host predation on the parasite were also observed in another study on T. chinensis isopods under laboratory conditions (Xu et al., 2021). Similar predation incidence was observed in gnathiid isopods. Different size classes of coral reef fishes were able to prey on the isopods, and larger fishes in particular consumed more isopods compared with their smaller counterparts (Penfold et al., 2008). 
In this present study, variation in parasitic occurrence existed among the length groups of M. felicinum being higher in the larger sized samples compared to the smaller samples. The higher intensity of parasites in larger M. felicinum compared to the smaller sized could be due to the fact that the parasites get larger space for their feeding and breeding. The findings of the higher intensity levels of the parasites with higher body length agrees with the reports of Özer (2003). 
An increase in size as suggested by Oniye et al. (2004) is an indication of an increase in length and weight of fish and this could also be a function of age. The variation in parasite prevalence that existed among the length and weight groups of M. felicinum  being higher in the larger sized samples than the smaller sized samples might therefore, be attributed to the fact that larger sized M. felicinum  provided a larger surface area for parasitic infection than the smaller ones and the ability of larger sized M. felicinum  to cover wide areas in search of food, as a result, they could take in more food than smaller ones which may expose them to parasitic infections (Tachia et al., 2010 and Bichi and Dawaki 2010). Okayi et al., (2015) reported that the prevalence of shrimp (Atya gabonensis) in Lower Benue River, Makurdi was found to increase as it grew and could be attributed to the longer time of exposure to the environment by body size.
Conclusion 
The present study demonstrated that M. felicinum served as hosts for a wide range of parasites; parasitic diseases are the most serious limiting factors in fishery sector and prime cause for chronic mortalities and poor growth which affects yield and marketability of aquatic animals.
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