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                                                                Abstract        
The fisheries stock status of Citharinus citharus in Oguta Lake was investigated from September 2023 to April 2024. Assorted fishing gears were deployed to catch fish. The standard lengths in centimeters (cm) of 32,748 specimens of C. citharus were measured. The length data were analyzed with Electronic Length Frequency II (ELEFAN II) and fitted into the Von Bertalanffy Growth Model (VBGM). The VBGM was L(t) =  62.85 [1 – e -0.165(t – 0.87)]. Total Mortality (Z) = 2.297yr-1, Fishing Mortality (F) = 1.86yr-1, Natural Mortality (M) = 0.45yr-1 and Exploitation rate (E) = 0807yr-1. Length at first sexual maturity (Lm) = 41.9 cm. C. Citharus is experiencing overexploitation and overfishing in Oguta Lake. Conservation and Management strategies should include restrictions on using the use of small mesh sizes that would reduce the catching of sexually immature individuals (of Length ≤ 41.9cm) and the closure of the fishing Season of C citharus from July to September annually.  
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Introduction 
Fish populations are influenced by natural control mechanisms that constantly alter their structure and numbers, as well as their life cycles, in response to various factors (Milner et al., 2003). These influences occur alongside human-induced factors such as overfishing, habitat loss, pollution, and, more recently, climate change. Stock assessments are serve as a foundation for understanding shifts in fishery patterns and addressing issues like habitat degradation, predation, and optimal harvesting rates (Olopade et al., 2019). Regular stock evaluations and reference benchmarks are necessary for monitoring purposes and for assessing whether fish stocks are overfished or subject to overfishing, which aids in the development of fishery management plans (Mohamed et al., 2021). According to Kebtieneh et al. (2016), the primary aim of stock assessment is to equip decision-makers with vital information to make informed decisions regarding the ideal level of exploitation of aquatic living resources like fish. Stock assessment provides the groundwork for calculations that lead to an understanding of growth, mortality, recruitment, and other essential parameters of fish populations (Olopade et al., 2019).
	Knowledge of Fisheries Stock Status, such as Recruitment (age and rate of entry into catches), growth rates, Mortality, and Exploitation rates, provides information needed in determining the determination of the population dynamics of a fish species. The information is utilized in formulating management strategies to improve the fishery and the conservation in that particular ecosystem. Recent Research has highlighted the importance of considering ecosystem dynamics in Fisheries management (Atal et. al., 2021).  Zhang (2023) said that models are frequently employed to understand the relative impacts of various factors and predict future population trends. In Fish populations, dynamics are influenced by complex interactions of life history traits, behavior, genetics, and environmental conditions (Winemiller, 2025). 
 	Citharinus Citharus, popularly known as the moon fish because of its oval-shaped morphology, is a freshwater Fish species in the Citharinidae Family (Skelton, 2019). It is native to Africa (Nelson, 2006) found in several Lakes and Rivers in Nigeria (Olaosebikan & Raji, 2015). It is listed in the International Union for Conservation of Nature (IUCN, 2024), Red List as least concern with serial (3:1, 182293). However, while the species as a whole is considered to be of “Least Concern”. Local population may face threats such as habitat degradation, over-fishing, or pollution, noted Froese and Pauly in FishBase (2024). Oguta Lake is the largest naturally occurring lake in South-East Nigeria (Ukagwu & Okeke, 2024.) C. Citharus is relatively abundant in the lake (Njoku, 2009). The local inhabitants cherish it as smoked fish, often used in to prepareing local delicacies. 
 	Studies on C. Citharus have been done (Abdoli et. al., 2005; Kelvin, 2006; Pauly & Shaefer, 2006; Lazard, 2009; Abobi, 2012; Obirikorang et. al., 2016), but no published works on the fisheries stock assessment of C. Citharus in Oguta Lake. The aim of the study is, therefore, to investigate the fish species’ parameters in order to provide a database useful in the formulation of management strategies for the conservation and sustainability of C. citharus fishery in Oguta Lake. 
 
Materials and Methods 
 	Four sites within the main basin of Oguta Lake were designated as the sampling stations (Fig. 1). These sampling stations were chosen because of their easy accessibility and proximity to fishing landing areas of the Lake. Assorted fishing gears with mesh sizes 1.0 to 3cm, Hooks and line, traps, and baskets were used to catch fish by professional fisher folks forthrightly from September 2023 to April 2024. This period corresponds to when there is active fishing in the lake with all available fishing gear. Catches of the Local fishmongers were regularly examined. Fishes caught were identified with the 
Identification keys of Paugy (2003) and Adesulu & Sydenham (2007). The samples’ Standard Length (SL) of the samples was measured from the snout to the caudal peduncle, taken to the nearest centimeter (cm). The length Data obtained were analyzed with Electronic Length Frequency Analysis (ELEFAN II) using FISAT II (FAO–ICLARM) tools/software as explained in detail by Gayanilo et al. (2005), and fitted into Von Bertalanffy Growth Model (VBGM): 
L(t) = L∞[1 – e-k(t – to)] 
Where, Lt) = Length of fish at age, t. 
L∞ = Asymptotic Length (Maximum Length tThe fish will attain maximum length at that particular ecosystem). 
	 	\K = growth coefficient or the growth curvature to which the fish reaches L∞. 
 	to = theoretical time when the fish length is zero.  	t = age of the fish in years. 
The total mortality (Z) was estimated from the length converted catch curve (Pauly, 
1984). The natural Mortality (M) was also calculated using Pauly’s empirical formula (1980) incorporated in the FISAT II Software. The Fishing Mortality (F) was derived from F = Z - M. The Exploitation Rate (E) was calculated by the quotient; E = F/Z. 
 Relative Yield per Recruit (Y1/R) was estimated by the model of Beverton & Holt (1966) as modified by Pauly & Soriano (1986). Following FAO (2011): 
	 	Y1/R = 1: indicates that the fishery is operating at its maximum sustainable Yield 
(MSY) 
 Y1/R < 1: indicates that the fishery is not operating at its  MSY and needs room for improvement. 
Y1/R > 1; is not biologically possible as it would indicate that the fishery is producing more Yield than is sustainable. 
Lc = Length at first Capture (i.e., Recruitment) was visible at the ELEFAN II Plot. The Length at first sexual maturity (Lm) was computed from: Lm = [image: ](Hoggarth et. al., 2006) 
𝐿𝑐
The Reproductive Load is computed from - [image: ] using Froese (2006): 
𝐿𝑐⁄𝐿∞ < 0.5 ; indicates over-fishing as fish areis being caught before they reacht half their maximum potential size 
0.5 ≤ 𝐿𝑐⁄𝐿∞< 0.7 ;  suggests moderate fishing pressure with fish being caught between half and 2/3rd of their maximum potential size. 
𝐿𝑐⁄𝐿∞> 0.7 ; indicates sustainable fishery practices as fish is being caught closer to the maximum potential size. 
Results and Discussion 
A total number of 32,798 specimens of C. Citharus were examined, ranging in size from (SL) 9 to 63 cm, with a mean ± sd (36.5 ± 16.25 cm, 95% CL). The length Data plot is shown in the ELEFAN II Plot of Fig.1. The X – axis is the length classes of the fish in cm. The Y – axis is the frequency or abundance of the fish in each length class. The curves represent different age groups within the fish population. The curves also help to determine the number of age groups present in the population and as well as the shift in growth rates. In the observation, seven age groups were distinct.  In Table 1, is presented- the length-at-age and growth rates of C. Citharus in Oguta Lake are presented. The fishes were growing faster at younger ages than at older ages. The growth rate between the ages at of 1 yr and 2 yrs is significantly different (p < 0.05), and so on is indicated ion the foot-note. The length converted catch curve is shown in Fig. 3. The length catch curve was determined only for the individuals that were fully exploited. Individuals that were not fully recruited to the catches (represented as backward- projected points) and groups whose lengths were close to L∞ (points on the descending arm of the curve) were excluded from the regression analysis. 
The VBGM for the species was  
	  	 	 	L(t) = 62.85[1 – e -0.165(t – 0.87)] 
 	The total mortality (Z) was 2.297 yr-1. Fishing mortality (F) = 1.86yr-1, Natural mortality (M) = 0.45yr-1 and Exploitation rate (E) = 0.807yr-1. Using the knife-edge method as shown in Fig. 4, the Exploitation maximum (Emax) = 0.80 yr-1.  
Note: Emax helps determine the maximum quantity of fish that can be caught each year without depleting the stock. The values of the Relative Yield per Recruit (Y1/R) were all below 0.5. 
The length at first sexual maturity was computed as 41.9cm, and the Reproductive Load (𝐿𝑐⁄𝐿∞) = 0.14 yr-1. The Recruitment pattern per year is depicted in FIG.5: Indicating that the recruitment occurred throughout the year with major peaks taking place in the middle and end of the rainy season (July and September, respectively), with the lowest in December due perhaps to the Harmattan (Cold) period. The Fish spawned less during the cold period. 
Evaluating the stock status of a fish is crucial for maintaining the stability of the ecosystem and ensuring long-term food security (Keddy et. al., 2010). C. citharus is a freshwater fish species that is an important resource in Oguta Lake, supporting Local Livelihoods and contributing to the regional food supply. The asymptotic length (L∞) of 62.85 cm estimated in this study indicated the maximum length the fish can attain in Oguta Lake. Fishbase (2024) estimated 58 cm as the maximum length, which means the fish has the propensity of growing bigger in Oguta Lake at a slow growth coefficient (k) of 0.165 yr-1. The fish lives for seven years, the same as in Sagua (2000). 
 	The Total Mortality (Z) estimated was 2.297yr-1 and fishing mortality (F) = 1.86yr-1 while Natural Mortality (M) = 0.45yr-1, suggesting that of the total mortality of the fish in the Lake, Natural Mortality contributes 19.59%. Wwhile in comparsion, Fishing Mortality contributes a whooping 80.97%. Fishing Mortality depicts the rate at which fish are removed from the population due to fishing activities. In contrast, while the Natural Mortality depicts the rate at which fish die from natural causes (diseases, debility, old age, etc). 
 	The Exploitation rate (E) is the proportion of the Fish population that is harvested through Fishing. Fish is said to be optimally exploited when E = 0.5yr-1 (Hilborn & 
Walters, 2013), the Exploitation rate in the study was 0.807 yr-1, which shows that C. Citharus in Oguta Lake is experiencing over-exploitation. This exploitation rate(0.807yr-1) is indicative of the fact that C. Citharus is heavily exploited with the fishing effort exceeding the recommended levels (0.5yr-1) for sustainable management (Hoggarth et. al., 2006). 
The estimated Relative Yield per Recruit (Y1/R) had values less than 1, which indicates that C. Citharus fishery is not operating at its maximum sustainable yield (MSY). MSY in fish is the quantity that can be harvested in a population or ecosystem without depleting the population or causing long-term harm to the ecosystem (Jamluddin et. al., 2019). 
 	Reproductive load is a critical component of fish stock assessment as it helps ensure long-term sustainability of fish population and the ecosystem they inhabit (Morgan, 2008). In this study, the Reproductive Load (𝐿𝑐⁄𝐿∞) was 0.14 which was less than 0.5. By Froese (2006) postulation, C. Citharus was undergoing over-fishing during the period of observation period, and the fish were being caught before they reached their maximum potential size. The mature adult population (spawning biomass) is depleted to a level where they no longer have the reproductive capacity to replenish themselves (not enough adults to produce young ones). 
Conclusion and Recommendations
 	Having established that C. citharus is undergoing over-exploitation and heavy fishing in Oguta Lake using ELEFAN II and Von Bertalanffy Growth Model, the management strategies should include: 
1. Engaging the relevant stakeholders and informing them of the need to regulate the fishing gears and methods to minimize the capture of sexually immature individuals.  
2. No C. Citharus should be caught below the length of (Lm) = 41.9cm, which is the estimated size at the first sexual maturity.  
3. Seasonal Closure of Fishing of C. Citharus during the Identified Recruitment periods of July and September every year. 
4. Strengthen the monitoring and enforcement mechanisms to ensure compliance and prevent the collapse of C. citharus fishery. 
5. Government agencies, Extension workers and the non-governmental organizations should be active in disseminating of information on these management strategies to ensure C. citharus conservation status and sustainability for food security. 
 
 
 
Table 1. Length-at-age of C. Citharus in Oguta Lake from April, 2023 to September 2024. 
	Age(yr) 
	Length (cm) 
	Growth rate (cm/yr) 

	1 
 
	14.11 
 
	 
11.4a 

	2 
 
	25.51 
 
	 
9.88b 

	3 
 
	35.39 
 
	 
8.20c 

	4 
 
	43.59 
 
	 
6.82d 

	5 
 
	50.41 
 
	 
6.98d 

	6 
 
	57.39 
 
	 
2.16e 

	7 
 
	59.55 
 
	 
1.18e 

	8 
	60.73 
	 


 	 	 
 Note: Values with different superscripts are significantly different (P < 0.05) 
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Fig 1 Map of Oguta Lake showing the sampling stations indicated with numbers (1, 2, 3, 
4) 
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Fig 2 ELEFAN II Plot of C. citharus in Oguta Lake from September 2023 to April 2024 
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Fig 3. Length converted Catch Curve of C. citharus in Oguta Lake 
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Fig 4. Stock status of C. Citharus in Oguta Lake 
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Fig 5. Recruitment rate per year of C. citharus in Oguta Lake 
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Sketch map of Oguta Lake
Numbers represent sampling stations.
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