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Abstract
This study was done to investigate the food and feeding habits of Macrobrachium macrobrachion and Atya gabonensis from the Lower River Benue, Makurdi, as well as the influence of physicochemical parameters on their distribution. A total of 123 specimens of M. macrobrachion and 195 specimens of A. gabonensis were collected between August 2021 and January 2022 using basket traps and hand-picking techniques. Stomach contents were analyzed by numerical and frequency of occurrence methods, while water quality parameters (temperature, dissolved oxygen, pH, transparency, total dissolved solids, and electrical conductivity) were monitored monthly. The results of the analysis showed that M. macrobrachion had 14.5% empty stomachs, while A. gabonensis recorded 15.3%. Detritus formed the dominant food item for both species (30.6% in M. macrobrachion and 42.9% in A. gabonensis), followed by green algae, insect parts, and plant materials.  Seasonal variation in water quality was significant (p < 0.05) across most parameters. Dissolved oxygen peaked in November (6.70±0.10 mg/L), pH was highest in January (7.22±0.01), temperature was highest in August (37.30±0.10 °C), transparency peaked in December (189.50±0.50 cm), TDS in August (62.00±1.00 mg/L), and electrical conductivity in January (148.00±2.00 µS/cm). The findings of this work indicates that both species are primarily detritivores with tendencies toward omnivory. The findings also showed that the feeding ecology of M. macrobrachion and A. gabonensis is closely tied to detritus availability, with environmental factors such as water quality fluctuations or stability which may  likelymay likely influence food resources and feeding intensity. The results provide essential data for the management and conservation of freshwater prawn populations in the River Benue ecosystem.
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1.Introduction
Food is simply referred to as any ingested material that can be digested, assimilated and utilized for energy production [1] (Ugwumba and Ugwumba 2007). All living things  havethings have the  range of materials which can be effectively utilized as food as long as it can furnish the organism with the basic nutrients required for growth, repair of tissues and provide source of energy for reproduction. 
The food and feeding habit of organisms deals with the investigation of the dietary composition, their quantity and selectivity of the food materials (Hyslop, 1980). The knowledge of the natural diet of animal species is generally essential for the studies of their nutritional requirement, interaction with other organisms and their potential for culture. Several studies of food and feeding habits have emphasized more on the qualitative rather than quantitative aspects. Majority of quantitative studies on food consumed are time consuming and are therefore the work of specialists (FAO, 1972, Ugwumba and Ugwumba, 2007 and Njifonjou et al., 2009). Hence, the more common information has always been what the fish has eaten and  approximatelyand approximately in what proportions rather than show how much each species has eaten. Many species take in microscopic food and after being digested are reduced to fragments and are so mixed up that identification of individual food types and quantity becomes very difficult. So far, the foregut is the only means of observing the natural diet in many aquatic organisms because the food type they consumed are very difficult to identify from field observation (Kalu, 1997). 
The dietary composition of aquatic species is fundamental to understanding their ecological roles and contributions to ecosystem dynamics. Studies on food and feeding habits of organisms are important because essential functions such as growth, development and reproduction depends on energy that enters in the form of food (Wootton, 1992). One standard method used to study the diet is the stomach contents analysis (Hyslop, 1980). Stomach content analysis provides vital information on feeding relationships between species (Arrington et al., 2002), habitat use, feeding strategies, influence of environmental factors on resource utilization, efficient utilization of resources within an ecosystem (Chea et al., 2017) and help in the development of management and conservation strategies that consider multiple species (Abdel-Aziz and Gharib, 2007). The frequency of occurrence method and the numerical method are two of the most often utilized techniques (Hyslop, 1980; Ugwumba and Ugwumba, 2007; Akuna and Amachree 2019; Okadi et al., 2024). 

Prawns inhabit diverse aquatic environments including lakes, ponds, rivers irrigation ditches as well as in the estuaries (New, 2002; De Grave and Fransen 2011; Idung et al., 2013; Jimoh et al., 2016). The species exhibit omnivorous feeding behavioursbehaviour that are central to nutrient cycling, energy transfer, and maintaining the ecological balance within riverine ecosystems (Idung et al., 2013; Jimoh et al., 2016). Understanding the dietary habits of a species is fundamental for comprehending its ecological role. In the case of commercially valuable species like Macrobrachium  macrobrachiommacrobrachion and Atya gabonenssisgabonensis prawns, this knowledge is also paramount for the success of its aquaculture endeavoursendeavors. Studies on stomach content can reveal important details about the diets and trophic position of a species as well as quantify its food sources and identify its preferred food. The knowledge of the diet in nature is crucial for the establishment of its nutritional needs and financial success of shrimp farming (Ayisi et al., 2017). Understanding the physicochemical properties of water is essential for assessing its quality and identifying potential risks to human health and ecosystem integrity (Chakraborty, 2021). 
Physicochemical parameters such as pH, temperature, dissolved oxygen, turbidity, conductivity, and nutrient concentrations provide valuable insights into the overall health and ecological status of aquatic environments (Rahman et al., 2021). Changes in these parameters can indicate natural processes such as seasonal variations or anthropogenic influences such as pollution events (Mammeri et al., 2023). Several studies have highlighted the importance of monitoring and assessing water quality in rivers to mitigate pollution and safeguard environmental and public health (Kassegne & Leta, 2020; Mammeri et al., 2023; Rahman et al., 2021). Lower River Benue serves as a suitable habitat for many aquatic organisms including Prawn species. Despite high economic value and importance of these species their food and feeding habit are not highly ivestigaatedinvestigated hence this study aims to investigate the food and feeding habit of Atya gabonesis and Macrobrachium macrobrachion species from Lower River Benue . 
2.0 Materials and Methods 
2.1 Study Area
The study was conducted at the lower River Benue axis at Wadata Market in Makurdi.  
I recommend including, as Figure 1, a map of the study area
2.2 Sample collection
A total of one hundred and twenty-three (123) specimen of M. macrobrachiommacrobrachion and one hundred and ninety-five (195) specimen of A. gabonensis were hand-picked under rocks and crevices under the water by the help of fishermen who dived in, while M. macrobrachion Macrobrachiom were trapped using unabated local non-return basket trap made of bamboo and a non-return set trap. The collected samples were transported live to the fisheries laboratory, University of Agriculture, Makurdi in ice box containing water.Thewater. The shrimps were identified to the species level, using keys provided by Fischer et al. (1981) and Powell (1982).  
2.3 Laboratory procedures

 The stomachs of the collected prawns were examined and scored with regards to whether they are empty (0/4), ¼ full, ½ full, ¾ full and/or full (4/4). Each stomach contents were dissected out with the contents washed into a Petri dish. These contents were examined under a binocular microscope. The analysis of the stomach contents was carried out by both the numerical and frequency of occurrence methods as described by Lagler (1978) and Hyslop (1980). The food items were identified with the aid of the keys using several texts (Edmunds, 1978; Schneider, 1990; Anderson, 1999).
2.3.1 Water quality parameters
A six (6) month sampling was done between August, 2021 and January, 2022. Water samples were collected from Wadata landing site. Water samples were collected between the hours of 08:00am and 9:00am from the sampling site in 1-litre plastic containers. Prior to sample collection, the containers were washed with detergent and rinsed thoroughly to avoid any possible contaminant.
2.3.2 Temperature
Temperature was determined insitu using Mercury-in-Glass Thermometer (0-100 C).
2.3.3 Dissolved Oxygen
Well-knit oxygen meter (Model- DO 510) was used to determine the dissolved oxygen at the sampling site. This was done by immersing the probes of the DO meter into the water body and allowed to stabilize for few minutes and readings taken directly from the screen.
2.3.4 pH (Hydrogen ion Concentration)
The pH of the water was determined using pH meter (Model – 0009) (III) Pentype- automatic temperature compensation (0°C- 50°C) at the sampling station. The pH meter was inserted in the water and readings were taken.
2.3.5  Transparency2.3.5 Transparency 
Transparency was determined using Secchi disc, according to Ammal and Abdel-sater (2005); a metallic disc of 20cm in diameter with four quadrants of alternate black and white on the upper surface. The disc with centrally placed weight at the lower surface was suspended with a graduated cord at the center. Transparency was measured by gradually lowering the Secchi disc at the sampling points. The depth at which it disappears in the water (X1) and reappears (X2) was noted. The transparency of the water body was computed as follows: 
Transparency (Secchi Disc Transparency) = (X1 + X2)/2 
Where, X1 = Depth at which Secchi disc disappears 
X2 = Depth at which Secchi disc reappears.
2.3.6 Total Dissolve solids (TDS)
Total dissolved solids (TDS) were measured using a PHT-027 Multi-parameter water quality monitor,  Oyem and Ezeweali (2004). The meter was set to read the parameter of interest at a time. The probes were immersed into the water sample and allowed to stabilize for about five minutes and readings were taken directly from the screen of the meter and recorded.

2.3.7 Electrical conductivity	
Electrical conductivity was determined at the sampling site using Pye Unicam (Model 292) conductivity meter (standardized with buffer solution at pH 4.0, 7.0 and 9.0).
3.0 Data Analysis 
Microsoft Excel (2007) was used for Data analysis.
4.0   Results
Table 1 presents the occurrence of food items in the gut of prawns from Lower River Benue. The result showed that out of 318 counts of M .macrobrachion and A. gabonensis 18 empty stomach were found in M. macrobrachion with a percentage of 14.50%,30 empty stomach were found in A. gabonensis with 15.30%,38 stomach recorded detritus in M. macrobrachion with 30.60% and 84 stomach recorded detritus for A. gabonensis  with 42.90% 36 stomach recorded green algae for M. macrobrachion with 29.00% and 37 in A. gabonensis with 18.90%,14 stomach recorded insect parts for M .macrobrachion with 11.30%,29 for A. gabonensis with 14.80%, 17 stomach had plant materials in M. macrobrachion  with 13.70%,15 in M .macrobrachion with 7.7%  .The total count for M .macrobrachion was 123 and A. gabonensis had 195 making a total of 318 within food items.

 Table 1: Occurrence of Food Items in the Gut of Prawns from Lower River Benue
	Food Items
	Macrobrachium macrobrachion
	AtyagabonensisAtya gabonensis
	Total (Within Food Items)

	
	Count
	Percentage
	Count
	Percentage
	Count
	Percentage

	Empty
	18
	14.50 (37.50)
	30
	15.30 (62.50)
	48
	59.76

	Detritus
	38
	30.60 (31.10)
	84
	42.90 (68.90)
	122
	35.12

	Algae
	36
	29.00 (49.30)
	37
	18.90 (50.70)
	73
	5.12

	Insect Parts
	14
	11.30 (32.60)
	29
	14.80 (67.40)
	43
	-

	Plant Materials
	17
	13.70 (53.10)
	15
	7.70 (46.90)
	32
	-

	Total
	123
	100.00 (38.68)
	195
	100.00 (61.32)
	318
	100.00


*values in the parentheses represent the percentage occurrence within food items
Mean Monthly Water Quality Parameters from Lower River Benue
Table 2 shows the mean monthly water quality parameters from Lower River Benue. The result shows that dissolved oxygen in Aug showed significant difference with all the months at (p<0.05) significant difference was also not seen in Sept and December. 
The highest mean values for DO were recorded in Nov (6.70±0.10).PH in Aug showed significant difference between Sept, Dec and Jan but did not differ significantly with October and Nov the highest mean value (7.22±0.01) for PH were seen in January. 
Temperature showed significant difference in all the months with the highest mean value (37.30±0.10) recorded in Aug. 
Transparency showed that Aug differed significantly with the rest of the months, but there was no significant difference between Sept, Oct and Dec, Jan also differed significantly with the rest of the months the highest mean value (189.50±0.50) was recorded in Dec. 
TDS showed that apart from Oct the TDS in Aug showed significant difference with the rest of the months no significant difference was seen between Sept and Oct. Dec and Jan also differed significantly from each other the highest mean value (62.00±1.00) was recorded in Aug.
EC apart from Aug and Dec EC differed significantly in each of the months with the highest mean value (148.00±2.00) recorded in Jan. 

Table 2: Mean Monthly Water Quality Parameters of Lower River Benue
	Month
	Dissolved Oxygen
	pH
	Temperature
	Transparency
	TDS
	EC

	August
	5.40±0.10e
	6.95±0.05bc
	37.30±0.10a
	173.00±1.00c
	62.00±1.00a
	134.50±0.50b

	September
	5.95±0.05c
	6.49±0.01d
	33.53±0.03d
	188.00±0.00a
	59.00±1.00b
	117.50±2.50d

	October
	6.35±0.05b
	6.85±0.05c
	32.74±0.04e
	187.80±0.20a
	59.50±0.50ab
	124.50±0.50c

	November
	6.70±0.10a
	7.05±0.05ab
	29.54±0.04f
	184.75±0.25b
	32.00±1.00f
	143.50±1.50a

	December
	5.90±0.10c
	6.43±0.01d
	35.24±0.04b
	189.50±0.50a
	49.50±0.50d
	131.50±1.50b

	January
	5.65±0.05de
	7.22±0.01a
	34.35±0.05c
	161.50±0.50d
	54.00±1.00c
	148.00±2.00a

	P-Value
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


*means in the same column with different superscripts differ significantly



5.0 Discussion
The food items found in the stomach of the prawns were categorized into four groups. These were detritus, green algae, insect parts and plant materials the food mostly eaten by the species was detritus followed by green algae this is  in agreement with Obande (2006) who also found similar food items in the stomach of A. gabonensis it also agreed with Adetayo and Kusemiju (1994) who reported the species to be omnivorous-detritus but is not in agreement with Khan et al (2001) who reported that periphyton are the most reported food items of Penaeus monodon and P. indicus larvae and that this was related to their rocky habitat which supported a lot of periphyton communities.Detrituscommunities. Detritus being the highest food item shows that these prawn species can occupy any niche in the habitat in relation to its food habitat.
The physicochemical parameters of Lower River Benue showed some variation for months and seasons. The water temperature of the Lower River Benue was within the range of 29.54⁰ʗ - 37.30⁰ʗ meant for domestic purposes and for fish culture in the tropics (Huet, 1977; WHO, 1984). The lowest water temperature was recorded in the rainy seasons than the dry seasons in this study, this was similar to the findings of Mustapha (2008) and Anago et al, (2013) but differs from other studies where the water temperatures were observed to be low during the dry season (Oladimeji and Wade, 1984; Ibrahim et al, 2009b and Andem et al., 2012). The variation in water temperature for months and seasons could be attributed to meteorological conditions such as trade winds, sunshine durations and absorption of solar radiation by the reservoir water. 
The transparency was low in rainy season than dry season. The low transparency of the river in the rainy season may be attributed to the washing silt, sediments, debris, organic and inorganic suspended particles flushed into the reservoir by flood and surface run-off during rainy season. High water transparency in the dry season could be due to absence of flood water and settling of the particles at the bottom of the reservoir. This result is similar with the findings of Ibrahim et al. (2009b), Bala and Bolorunduro (2011) and Anago et al. (2013). Lower transparency recorded during rainy season when there was turbulence and high turbidity, has a corresponding low primary productivity, because turbidity reduces the amount of light penetration, which in turn reduces photosynthesis and hence primary productivity (USEPA, 1991; APHA, 1995). 
The hydrogen ion concentration (pH) was near neutral throughout the wet and dry season, and it was within the range for inland waters (pH 6.4 – 7.22) (Antoine and Al-Saadi, 1982) Boyd and Lichtkoppler (1979) and for supporting aquatic life including fish. Environmental Protection Agency (EPA, 1976) recommended pH 6.5 - 8.5 for drinking and 6.0 – 9.0 for aquatic life. Thus the pH range recorded in this study is within the acceptable level of 6.0 -8.5 for culturing tropical fish species (Huet, 1977) and for drinking water (WHO, 1984). Aquatic organisms are affected by pH because most of metabolic activities are pH dependent (Wang et al., 2002), optimal pH range for suitable aquatic life is pH 6.5 – 8.5 (Murdock et al., 2002). Fresh water ranges of pH 6.0 – 9.0 have been noted to be productive and thus recommended for fish culture (Adeniji, 1981), outside this range, water may have sour taste and could be corrosive to metals. Bala and Bolorunduro (2011), Offem et al. (2011), Andem et al. (2012) and Anago et al. (2013) reported similar findings in some of the Nigeria water bodies.
The total dissolved solid which usually consist of inorganic materials dissolved in water (Wetzel, 1983) are essential in the life of aquatic bio-community, and water bodies normally containing 80 to 400mg/L of TDS are unlikely to support good fisheries (Bala and Bolorunduro, 2011). Total dissolved solids act directly on fish swimming in the water, causing death or reduction of growth rate and resistance to diseases; as low TDS could prevent successful development of eggs and larvae and reduce the abundance of food available to fish (Alabaster and Lloyd, 1980). Though the monthly values obtained from this study were lower than what was obtained by Mustapha (2008), Bala and Bolorunduru (2011) and Anago et al. (2013). The range recorderecorded in this work are in line with the findings of (Bala and Bolorunduro, 2011).
Conductivity levels below 50μmhos/cm are regarded as low; those between 50-600μmhos/cm are medium while those above 600μmhos/cm are high conductivity (Anago et al., 2013). Thus the range of 124.50 -148μs/cm electrical conductivity obtained in this study indicates low conductivity of the reservoir when compared with findings of Mustapha (2008), Bala and Bolorunduro (2011) and Anago et al. (2013). A value above 50μS/cm but below 600μS/cm indicates medium conductivity of the Reservoirs. Boyd (1979) reported that natural water normally has conductivity ranges from 20- 1500μS/cm. The TDS and electrical conductivity parameters could be used as Morpho-Edaphic Index to estimate potential fish yield in the reservoir (Jenkins, 1982).
Dissolved oxygen (DO) is by far the most important chemical parameter in aquaculture. Low dissolved oxygen levels are responsible for most fish kills, either directly or indirectly, thanthen all other problems combined. The dissolved oxygen value recorded 5.40- 6.40ppm in Benue river indicated the water to be of good quality and will support fish production. Duodoroff and Fry (1959) recommended 5mg/l dissolved oxygen for warm fresh water fish species. Boyd (1979) reported that dissolved oxygen concentration of 3mg/L to 12mg/L will promote the growth and survival of fish in reservoirs. Oniye et al., (2002) reported mean oxygen concentration of 0.17mg/l in Zaria Dam, while the following values has also been reported at various reservoirs 4.8 – 8.2mg/l in Oyun Reservoir (Mustapha, 2008), 4.7 – 9.8mg/l in Sabke Reservoir (Bala and Bolorunduro, 2011), 2.24 – 3.46mg/l in Ona River Apata, Ibadan and 0.7 – 1.8mg/l in Awba Reservoir (Anago et al., 2013). 

6.0 Conclusions 
The study revealed that Macrobrachium macrobrachion and Atya gabonensis fed majorly on detritus, with green algae, insect parts, and plant materials as supplementary items, confirming their omnivorous detritivorous feeding habit. Seasonal variations in water quality parameters of the Lower River Benue, including temperature, transparency, pH, total dissolved solids, conductivity, and dissolved oxygen, were all within ranges suitable for sustaining aquatic life and fish culture. 
These findings indicate that the river provides favorable conditions for prawn populations and highlight the importance of detritus availability and water quality stability in maintaining their ecological balance.
The abstract states that: “The results provide essential data for the management and conservation of freshwater shrimp populations in the Benue River ecosystem.”
I believe it is necessary to include a couple of paragraphs indicating how these results would contribute to the management and conservation of shrimp populations in this ecosystem.
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