


Population dynamics of Nile Tilapia (Oreochromis niloticus, Linnaeus, 1758) from Roseries reservoir, Sudan


Abstract:
Growth parameters are essential data points that can indicate the status of fisheries management and the extent of their exploitation. Fish growth parameters can be determined using two primary methods: direct readings from hard structures such as otoliths, spines, or vertebrae, and indirect estimates derived from length distribution data over time. This study investigated the population dynamics of Nile tilapia (Oreochromis niloticus) in the Roseries Reservoir, analyzing 636 specimens collected monthly from four sites, during January - December 2022. The total length of each fish was measured to the nearest 1.0 mm from the tip of the snout to the end of the upper lobe of the caudal fin (left side) utilizing a standard measuring board.  The von Bertalanffy growth model was applied to analyze growth patterns.  The total annual instantaneous mortality rate Z was estimated using length-converted catch curves.  The relative yield per recruit (Y'/R) and relative biomass per recruit (B'/R) were calculated as exploitation functions to determine biological reference points.  The age at first capture (tc) was determined from the estimated growth parameters (L∞, K, and t0) using the ELEFAN I method. The peak distribution occurred in September. Specimens ranged from 7 to 41.5 cm (TL), averaging 19.428 ± 6.581 cm. The length-weight relationship demonstrated a strong correlation (r = 0.945), indicating a negative allometric growth with a b-value of 2.804. Growth parameters were determined using the von Bertalanffy growth model, with an asymptotic length (L∞) of 45.15 cm, a growth coefficient (K) of 0.310 yr.⁻¹, and a theoretical age at length zero (t0) of -0.321 yr. -1. The growth performance index (Φ') was estimated at 2.801, with a maximum longevity (Tmax) of 9.36 years. Total mortality (Z) was calculated at 1.170 yr.⁻¹, natural mortality (M) at 0.70 yr.⁻¹, and fishing mortality (F) at 0.47 yr.⁻¹, resulting in an exploitation rate (E) of 0.41. O. niloticus exhibited one round of recruitment, peaking from April to August, coinciding with the rainy season, while the length at first capture (Lc) was determined to be 7 cm. The maximum relative yield per recruit (Y/R) was achieved at an exploitation rate (Emax) of 0.499. The estimated total mortality and fishing mortality rates indicate the current fishing pressure faced by O. niloticus, emphasizing the need for effective management practices to ensure sustainability. The achievement of maximum relative yield per recruit at a specific exploitation rate underscores the importance of aligning fishing practices with biological data to optimize yields while preserving the fish population. Overall, this research serves as a foundational reference for future studies on Nile tilapia in Sudan and informs local and federal fisheries management strategies.
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Introduction:
In many countries, fisheries contribute to food security and poverty reduction among populations living in coastal areas, along riverbanks, and on small islands. Inland fish play a critical role as an essential food and nutritional resource, particularly contributing to the economies of rural areas in developing countries (Ouédraogo et al., 2025). Africa is home to at least 3,300 freshwater fish species (Leveque and Paugy, 2017), representing approximately 10% of the global total (Nyboer et. al., 2019). Among these species, Cichlids represented 10%, as noted by Leveque and Paugy (2017). In Sudan's inland waters, Mahmoud et. al., (2024) recorded 134 fish species, while Abdalla and Adam (2024) reported that the Blue Nile accounts for nearly one-third of the country's freshwater fish species richness at 36%. Specifically, in the Roseries Reservoir, Mahmoud and Hagar (2020) recorded 53 distinct fish species. In fish stock assessment, the study of life history traits such as growth and mortality rates are helpful for rational fisheries resource utilization and management and predicting the future status of fishing stocks. In stock assessment, length frequency method is preferred to the direct age method to estimate the growth of fish because data on age from hard structures of fish are not easily available due to reasons like budget constraints, lack of trained manpower, and low access to technology (Yoseph et al., 2017). Understanding the length-weight relationship of fish is critical for conducting fishery stock assessments and management studies (Jellyman, 1997). This relationship provides valuable insights into fish population dynamics, including growth patterns, recruitment mortality rates, exploitation levels, and stock biomass as highlighted by Pervin and Mortuza (2008), Pauly and Morgan (1987), and Pauly (1983). The dynamics of fish populations are fundamentally based on biological processes such as reproduction, growth, maturity, mortality, and levels of exploitation (Jakobsen et. al., 2016).
Growth parameters are essential data points that can indicate the status of fisheries management and the extent of their exploitation, as stated by Omitoyin et. al., (2013). Fish growth parameters can be determined using two primary methods: direct readings from hard structures such as otoliths, spines, or vertebrae, and indirect estimates derived from length distribution data over time, as discussed by Gayanilo et. al., (2002) and Panfili et. al., (2002). Length-based stock assessment tools are particularly advantageous in tropical and subtropical waters where seasonal variations in hard structures are subtle and often present unclear annual marks, as noted by Panhwar and Liu (2013).
This study was conducted at four fishing sites within the Roseries Reservoirs in Sudan. The primary objective was to investigate the population dynamics aspects of O. niloticus, including growth, mortality, recruitment, and exploration rate, in the Roseries reservoir. The results will offer valuable insights for the sustainable development, management, and exploitation of this commercially significant fish species in Sudan's freshwater ecosystems.
Materials and Methods:
Study area:
The Roseires Dam is situated on the Blue Nile River in Sudan, serving the dual purpose of water storage for agricultural irrigation and hydroelectric power generation. Approximately 550 kilometers from Khartoum, the dam's first phase of construction was completed in 1966. Subsequently, the second phase raised the dam's height from 68 meters to 78 meters, which enhanced its storage capacity from 3.0 billion cubic meters to 7.3 billion cubic meters. This expansion of the reservoir has transformed it into a crucial source of fish resources, supporting local communities by providing essential livelihoods, employment opportunities, and income. Fish samples were systematically collected from four designated sites within the reservoir as detailed in Table 1. This dam not only plays a vital role in regional water management but also significantly contributes to the socioeconomic development of the surrounding areas.
Table 1. Shows the coordinates of the fish sampling sites in Roseires Reservoir (Blue Nile, Sudan) and the distance from the Damazin City Site. 
	Site
	Distance (km)
	Coordinate
	Elevation (m)

	Awal Bab 
	4
	11°45'14"N 34°21'51"E
	487

	EL Regiba 
	16
	11°38'39"N 34°20'51"E
	497

	Kirma 
	43
	11°41'09"N 34°30'35"E
	506

	Wad El-Mahi 
	80
	11°25'27"N 34°40'17"E
	507


Samples collection:
A total of 636 fish specimens were collected monthly from four sites (Table 1) from January to December 2022. To facilitate sampling, gillnets with stretched bar mesh sizes of 2 cm, 4 cm, 6 cm, and 8 cm were employed. These nets varied in length from 50 m to 100 m and in depth from 2 m to 4.5 m, as detailed in Table (2). Fish identification was conducted following the Neumann et. al., (2016) and Bailey (1994). The total length of each fish was measured to the nearest 1.0 mm from the tip of the snout to the end of the upper lobe of the caudal fin (left side) utilizing a standard measuring board. Additionally, fish body weight was recorded to the nearest 1.0 g using a digital balance model FRUIT 2000B. 
Table 2. Details of gillnets used to collect fish samples.
	Gear No.
	Length (m)
	Depth (m)
	Mesh size (cm)

	2
	50
	2
	2

	12
	90
	4
	4

	12
	95
	4
	6

	12
	100
	4.5
	8



Length-Weight Relationship:
The length-weight relationship for O. niloticus was established using the Le Cren equation:
Log (W) = log (a) + b log (L)
W represents total weight, L is total length, a is the intercept, and b is the regression coefficient.
Growth Parameters:
The von Bertalanffy growth model was applied to analyze growth patterns. Key parameters include asymptotic length L∞ and growth coefficient K derived from the von Bertalanffy growth function:
Lt =L∞ (1-e-k(t-t0)).
The theoretical age at zero length t0​ was calculated as:
log10 (−t0) = − 0.3922 − 0.2758 × log10 L∞− 1.038 × log10 K. (Pauly, 1979).
Longevity Tmax​ was estimated as 2 × log L∞ + log K​. The growth performance index was calculated as:
3 /K + t0. (Moreau et. al., 1986)
Mortality Parameters:
The total annual instantaneous mortality rate Z was estimated using length-converted catch curves. Natural mortality M was calculated as:
log10M = - 0.0066 - 0.279 × log10L∞+ 0.6543 × log10K + 0.4634 × log10T. Pauly (1980).
Where: M = instantaneous natural mortality, L∞ asymptotic length, “T” mean surface temperature (24.5 °C), and “K” = growth rate. 
Fishing mortality (F) was derived from:
F = Z – M. Beverton & Holt, (1957).
The exploitation rate (E) was obtained using:
E = F/Z. Gulland (1971).
Relative Yield and Biomass per Recruit:
The relative yield per recruit (Y'/R) and relative biomass per recruit (B'/R) were calculated as exploitation functions to determine biological reference points. The exploitation rates at the maximum exploitation rate (Emax) were derived for 0.1 (E0.1) and 0.5 (E0.5) of the virgin biomass (E0) using the Knife-edge option. The model developed by Pauly and Soriano (1986) was employed to predict Y'/R based on previous values of M/K, L∞, and Lc. The relative biomass per recruit was estimated as described by Gayanilo et. al., (2005). This approach enables assessing sustainable fishing levels and informs management strategies for fishery resources.
Length at First Capture:
Length at first capture, Lc, ​ was determined using Beverton and Holt's equation. The ELEFAN I method was used to estimate age at first capture, tc​.
Lc = L̄-K × (L∞ - L̄) ÷ Z.  Beverton & Holt, (1957).
Where: L̄=mean length of the fish catch; K= growth coefficient; L∞= asymptotic length, and Z= the total mortality.
Recruitment Pattern:
The age at first capture (tc) was determined from the estimated growth parameters (L∞, K, and t0) using the ELEFAN I method following Gayanilo et. al., (2005). The "Percent of sample total" option in FiSAT was used to estimate the recruitment pattern when the samples had dissimilar sizes.
Maximum fishing effort (Fmax) was determined as:
0.67×K/0.67-Lc (Hoggarth et. al., 2006).
The precautionary limit reference point (Flimit) was set at:
⅔×M (Patterson, 1992).
The precautionary target reference point (Fopt) was calculated as:
0.4×M (Pauly, 1984).
Virtual Population Analysis:
Structured virtual population analysis was conducted using FiSAT II software, incorporating parameters such as L∞​, K, M, and F. Biological reference points were estimated through Beverton and Holt’s model (1992).
length at optimum cohort biomass calculated as:
Lopt = L∞ × (3÷3 + M÷K).
Data Analysis:
The length-weight relationship data were analyzed using Microsoft Excel, while population parameters were estimated using FiSAT software in accordance with methodologies of Gayanilo et. al., (1996) and Pauly and Morgan (1987).
Results:
Growth parameters:
In this study, 636 specimens of O. niloticus were randomly collected monthly from four sites in the Roseries Reservoir (Table 1) from January to December 2022. The peak distribution of the fish occurred in September as shown in Fig. (1). The length-weight relationship exhibited a strong correlation (r = 0.945) indicating a negative allometric growth pattern with a b-value of 2.804 as illustrated in Fig. (2). The total length of the specimens ranged from 7 to 41.5 cm with an average of 19.428 ± 6.581 cm as shown in Fig. (3).


Fig. (1): Monthly fish distribution from the reservoir during the study period.

Fig. (2): Length-weight relationship of O. niloticus from the reservoir.
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Fig. (3): Total length distribution of O. niloticus in Roseries reservoir.
The von Bertalanffy growth parameters were calculated as follows: an asymptotic length (L∞) of 45.15 cm, a growth coefficient (K) of 0.310 yr.⁻¹ and a theoretical age at length zero (t0) of -0.321 yr.⁻¹. The growth performance index (Φ') based on the L∞ and K parameters of the von Bertalanffy growth function (vBGF) was estimated at 2.801 while longevity (Tmax) was determined to be 9.36 years, as shown in Fig. (4), and Table (3). The von Bertalanffy growth function was derived accordingly:
Lt = 45.15 × 1-exp(-0.310×(t+0.321)).
[image: E:\Tangroo\Tilapia\Von bertelanffy.bmp]
Fig. (4): Von Bertalanffy growth curve of O. niloticus by ELEFAN I based on length-frequency distribution (L∞ 45.15 cm and K 0.310 yr -1).
The total mortality (Z) was estimated at 1.170 yr.⁻¹ natural mortality (M) at 0.70 yr.⁻¹ and fishing mortality (F) at 0.47 yr.⁻¹ with an exploitation rate (E) of 0.41 as shown in (Fig. 5 and Table 3). 
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Fig. (5): Total, natural, fishing mortality, and exploitation rate using length-converted catch curve from FiSAT output.
In this investigation, O. niloticus showed one round of recruitment with a peak occurring from April to August, coinciding with the rainy season as appears in Fig. (6).
[image: E:\Tangroo\Tilapia\Recuritment.bmp]
Fig. (6): Annual recruitment of O. niloticus from the Roseries reservoir. 
The probability of capture for this species indicated that the length at first capture (Lc) was 7 cm. The lengths at which 25%, 50%, and 75% of the fish were vulnerable to capture were 12.27 cm, 14.12 cm, and 15.90 cm, respectively, as shown in Fig. (7) and Table (3).
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Fig. (7): Gillnet selection and the selective curve illustrate the probability of capture in the reservoir.
The maximum relative yield per recruit (Y/R) was achieved at an exploitation rate (Emax) of 0.499. The exploitation rates corresponding to 10% and 50% of the maximum Y/R (E01 and E05) were estimated at 0.418 and 0.312, respectively. Additionally, Lc/L∞ was 0.260, and the probability distribution of length M/K was 1. The calculated length at optimum cohort biomass (Lopt) was 25.17 cm.
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Fig. (8): Beverton and Holt's relative yield per recruitment (Y/R) and biomass per recruit (B/R) of O. niloticus in the Roseries reservoir.
Population analysis revealed a moderate catch-to-stock ratio in the reservoir as indicated by the yellow shading in Fig. (9), particularly within the length range of 11 to 25 cm. The highest abundance was observed in fish less than 9 cm (shown by striped green), with a gradual decline in abundance as age increased. Natural mortality was significantly high among slightly larger fish (violet shading), while fishing mortality began at 7 cm and peaked at 21.8 cm (red line) as illustrated in Fig. (9). 
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Fig. (9): Length of structured virtual population analysis of O. niloticus.
Table (3): Bio-parameters of O. niloticus from Roseries reservoir.
	Parameters
	Estimated values
	Parameters
	Estimated values

	L∞ (cm)
	45.15
	E
	0.41

	K yr.-1
	0.310
	E01
	0.418

	t0
	-0.321
	E05
	0.312

	Phi (Փ')
	2.801
	Emax
	0.499

	Z
	1.170
	L25
	12.27

	M
	0.70
	L50
	14.12

	F
	0.47
	L75
	15.90

	Lc/L∞
	0.260
	Tmax
	9.36

	M/K
	1
	Lopt
	25.17

	Fmax
	0.464
	Fopt
	0.278

	Flimit
	0.050
	Lc
	7

	tm50 (yr.-1)
	0.98
	Lm50 (cm)
	11.81


Discussion:
In the current study, 636 specimens of O. niloticus were collected monthly from four sites in the Roseries reservoir, as shown in Table (1), between January and December 2022. The total length of the fish ranged from 7 to 41.5 cm, with an average length of 19.428 ± 6.581 cm, as shown in Fig. (3). The distribution peak occurred in September, as illustrated in Fig. (1). The straight lined equation of length-weight relationship yielded a slope (b) of 2.804, highly significant (p < 0.001), with a correlation value (r = 0.945), as shown in Fig. (2), indicating a negative allometric growth pattern. Similar negative allometric growth patterns have been reported for O. niloticus by Shuaib et. al., (2024); Abdalla et. al., (2023 & 2020); Abdalla (2018); Abdel Rahman (2003); Ahmed (2002); Ibrahim (2007); Ahmed et. al., (2011), and Hirpo (2013). These studies, conducted in Lake Nubia, Jebel Aulia reservoir (White Nile), Khashm El-Girba and Atbara River (Sudan), and Lake Beseka (Ethiopia), support the findings of this study.
The present study estimated von Bertalanffy growth parameters for O. niloticus with an asymptotic length (L∞) of 45.15 cm and a growth coefficient (K) of 0.310 yr.⁻¹ and a theoretical age at length zero (t0) of -0.321 yr.⁻¹. According to Amponsah et. al., (2020) and Tessier et. al., (2019), they observed that the asymptotic length falls within the range of (19.4 – 65.8 cm), as documented in Sakumo II (Ghana) and NT2 Reservoir (Lao PDR). Hence, these findings align with Shuaib and Abdalla (2024), who reported similar growth parameters with slightly lower growth curvature and theoretical age at length zero in Nubia Lake (Sudan). Comparable results were also noted in Halali Reservoir (India) and Lake Tana (Ethiopia) according to Waithaka et. al., (2020) and FAO (2018).
However, differences exist when comparing these findings with other studies. For instance, Abdalla et. al., (2024) reported a lower asymptotic length and higher growth coefficient and theoretical age at length zero in Khashm El-Girba Reservoir (Sudan), indicating rapid growth. Similarly, lower asymptotic lengths were recorded in Lake Langeno (Ethiopia), Siombak Lake (Indonesia), Manzala Lake (Egypt), and the River Nile (Aswan, Egypt) (Tesfaye et. al., 2022; Muhtadi et. al., 2021; Mehanna et. al., 2020; El-Kasheif et. al., 2015 & El-Bokhty et. al., 2014). Variations in growth parameters have also been documented in Lake Abaya and Chamo (Ethiopia) and Kaptai Reservoir (Bangladesh) (Tesfaye et. al., 2021; Shija et. al., 2019, and Ahmed et. al., 2003). The observed differences may be attributed to factors such as fishing pressure, habitat conditions, food availability, and geographic variations influencing growth dynamics.
In this study, the growth performance index (Φ') for O. niloticus was estimated at 2.801, based on the L∞ and K parameters of the von Bertalanffy growth function (vBGF), as illustrated in Table (3). This result matched closely with findings from Abdalla et. al., (2024) for the same species in Khashm El-Girba reservoir, and Shuaib and Abdalla (2024) in Nubia Lake (Sudan). Moreover, this study's findings agree with results documented in Lake Manzala and El-Bahar El-Faraouny (Egypt), and Lake Langeno (Ethiopia), as noted by Mehanna et. al., (2020), El-Kasheif et. al. (2015), and Tesfaye et. al. (2022). However, this study's growth performance index is lower than those reported by other researchers. For instance, Shija et. al. (2024) in Lake Abaya (Ethiopia), and Tesfaye et. al. (2021) in Lake Chamo (Ethiopia). The highest value recorded was 4.44 in Wadi El-Raiyan (Mehanna, 2020), while the lowest was 2.08 in the Nam Theun 2 reservoir (Lao PDR) according to Beaune et. al. (2021). These variations may be attributed to differences in local environmental conditions, food availability, and fishing pressures that influence growth dynamics across different habitats.
During this study, the longevity (Tmax) of O. niloticus was found to be 9.36 years, as presented in Table (3). This result is higher than the Tmax recorded in Khashm El-Girba reservoir, where Abdalla et. al., (2024) reported a longevity of 4.62 years, suggesting that environmental factors in the Roseries reservoir may support a longer lifespan for this species. In contrast, the longevity observed in this study is lower than that reported in Nubia Lake, where Shuaib and Abdalla (2024) found a Tmax of 12.86 years, indicating potential differences in habitat conditions or resource availability that may enhance growth and survival. Additionally, the longevity results are significantly higher than those reported by Abdalla (2018), who noted an average lifespan of around 3 years for O. niloticus in Khashm El-Girba Reservoir and the Atbara River. This disparity may be referring to differences in environmental conditions, fishing pressures, and management practices between the study sites. Furthermore, the findings align closely with the maximum longevity of 10 years reported by Mayank and Dwivedi (2016), supporting the notion that O. niloticus can exhibit considerable variability in lifespan depending on local ecological factors.
The total mortality (Z) for O. niloticus in this study was estimated at 1.170 yr.⁻¹, with natural mortality (M) at 0.70 yr.⁻¹ and fishing mortality (F) at 0.47 yr.⁻¹, as shown in Fig. (5) and Table (3). These results indicate a moderate level of mortality for this species in the Roseries reservoir. In comparison, Abdalla et. al., (2024) recorded significantly higher total, natural, and fishing mortality rates of 2.38, 1.22, and 1.16 yr.⁻¹, respectively, in Khashm El-Girba reservoir, suggesting that differences in both reservoirs' environmental or fishing pressures may be influencing mortality rates in these locations. Conversely, Shuaib and Abdalla (2024) reported lower mortality rates in Nubia Lake, with total, natural, and fishing mortalities of 0.65, 0.63, and 0.02 yr.⁻¹, respectively. This disparity may reflect a more stable ecosystem or lower fishing pressure in Nubia Lake compared to the Roseries reservoir.
Further comparisons with literature indicate that total mortality rates for Nile tilapia can vary widely. For instance, rates as low as 0.8 yr.⁻¹ have been reported in Lake Naivasha (Kenya) and Kaptai reservoir (Bangladesh), as noted by Waithaka et. al., (2020) and Ahmed et. al., (2003). Conversely, El-Bokhty et. al., (2014) documented a high rate of 3.64 yr.⁻¹ in the Nile River at Aswan (Egypt). Natural mortality has also shown considerable variation, ranging from 0.30 yr.⁻¹ in Nam Theun 2 reservoir (Lao PDR) to 1.44 yr.⁻¹ in Aswan, Egypt. Similarly, fishing mortality rates have been reported as low as 0.26 yr.⁻¹ in Lake Naivasha (Waithaka et. al., 2020). These variations in mortality rates across different studies can be attributed to several factors, including fishing practices, fishing gears and methods, and population dynamics specific to each habitat.
In the present study, the exploitation rate (E) for O. niloticus was calculated at 0.41 yr.⁻¹, as shown in Fig. (5) and Table (3), as derived from the formulas E = F/Z or E = F/(F+M). This result indicates that the species is experiencing a high level of fishing pressure. In comparison, Abdalla et. al., (2024) reported a slightly higher exploitation rate of 0.49 yr.⁻¹ for O. niloticus in Khashm El-Girba reservoir, while Shuaib and Abdalla (2024) found a significantly lower rate of 0.04 yr.⁻¹ in Nubia Lake, suggesting a strong variation in fishing intensity across these locations.
The current study's exploitation rate and the estimated optimum exploitation (Emax) of O. niloticus were found to be 0.41 and 0.499, respectively, indicating that the species is close to the optimum exploitation rate of 0.5. This aligns with findings from Amponsah et. al., (2021) in Sakumo II (Benin) and Shija et. al., (2019) in Lake Chamo (Ethiopia), who reported exploitation rates of 0.29 and 0.48, respectively. However, several studies have documented higher exploitation rates than those observed in this study. Beaune et. al., (2021) reported an exploitation rate of 0.79, while Mehanna (2005) indicated rates of 0.76, and other researchers, such as Shija et. al. (2024) and Tesfaye et. al., (2022), reported rates of 0.74 and 0.67, respectively. These elevated rates suggest that the Nile tilapia stocks in those environments may be overfished, thereby raising concerns about sustainability.
Conversely, some fisheries have maintained exploitation rates below optimal levels, as seen in Lake Naivasha (Kenya), Lake Sakumo II (Ghana), and others, with rates ranging from 0.23 to 0.48, as noted by Waithaka et. al., (2020) and Amponsah et. al., (2020). Notably, Shija et. al. (2019) indicated that Lake Abaya (Ethiopia) has reached an optimal exploitation level of 0.5, while other water bodies like Lake Tana, Langeno (Ethiopia), and the Nile River at Aswan (Egypt) have reported rates exceeding optimal levels, from 0.52 to 0.78. These differences in exploitation rates can be attributed to variations in fishing practices, management strategies, and ecological conditions across different regions. This investigation suggests that the exploitation rate of O. niloticus in this study is a high fishing pressure; the comparison with other studies highlights significant disparities that underscore the need for careful management to ensure sustainable yields.
In the present investigation, O. niloticus exhibited one round of recruitment, peaking from April to August, coinciding with the rainy season, as illustrated in Fig. (6). This finding is consistent with the observations made by Abdalla et. al., (2024) in Khashm El-Girba reservoir, where a similar recruitment pattern was reported. However, this result contrasts with findings from Nubia Lake, where Shuaib and Abdalla (2024) documented two rounds of recruitment for O. niloticus. Similarly, Amponsah et. al., (2020) identified two recruitment peaks in Sakumo II (Ghana). In contrast, Assefa et. al., (2019) observed a year-round recruitment pattern in Lake Tana (Ethiopia), with a peak during May and June. This variability may refer to the influence of environmental factors and regional characteristics on the reproductive strategies of this species.
In the current investigation, the capture probability analysis revealed that the length at which 50% of Nile tilapia (O. niloticus) are vulnerable to capture is 14.27 cm, as presented in Fig. (7) and Table (3). This finding indicates a moderate vulnerability size for this species in the study area. In contrast, Abdalla et. al., (2024) reported a capture probability of 15.65 cm for Nile tilapia in the Khashm El-Girba reservoir, suggesting a slightly larger size at vulnerability in that location.
Additionally, Shuaib and Abdalla (2024) found a lower capture length of 10.07 cm in Nubia Lake, indicating that environmental conditions or fishing practices may facilitate earlier capture in that habitat. Similarly, Amponsah et. al., (2020) reported an even lower capture length of 4.1 cm in Sakumo II (Ghana), which may reflect differences in the local fishing gear used or the density of juvenile fish in that area. Conversely, Assefa et. al., (2019) recorded a capture probability of 18.14 cm in Lake Tana (Ethiopia), which represents a significantly larger size at vulnerability. These variations may refer to differences in the fishing intensity, species management strategies, or ecological conditions that affect growth and survival rates in different environments.
In the present study, the maximum relative yield per recruit (Y/R) was attained at an exploitation rate (Emax) of 0.499, with corresponding values for virgin fisheries at 10% (E0.1) and complete fisheries at 50% (E0.5) of maximum Y/R recorded at 0.418 and 0.312, respectively. The optimal length for cohort biomass or pre-recruitment yield (Lopt) was established at 25.17 cm TL. These results are consistent with those reported by Abdalla et. al., (2024) and Amponsah et. al., (2020), who found Emax, E0.5, and E0.1 values of 0.48, 0.35, and 0.35, respectively, indicating similar patterns in yield dynamics. However, the findings differ from those of Assefa et. al., (2019) in Lake Tana (Ethiopia), who reported Emax, E0.5, and E0.1 values of 0.52, 0.45, and 0.32, respectively. This differentiation may be due to variations in geographical, stock densities, or fishing practices that influence the yield potential of O. niloticus. Additionally, Shuaib and Abdalla (2024) recorded Emax, E0.5, and E0.1 values of 0.421, 0.355, and 0.278, respectively, further highlighting differences in yield dynamics across different lakes.
In terms of fishing effort, the maximum fishing effort (Fmax), precautionary limit reference point (Flimit), and precautionary target reference point (Fopt) in this study were calculated as 0.464, 0.050, and 0.278, respectively. In contrast, Shuaib and Abdalla (2024) reported significantly lower values for Fmax (0.18), Flimit (0.42), and Fopt (0.252) in Nubia Lake. This variation may reflect differences in fishing pressure and management strategies, which can greatly affect the sustainability and yield of fish stocks. Overall, while the findings of this study are consistent with some existing literature, the observed differences in exploitation and fishing effort metrics underscore the influence of environmental factors and fishing practices on the dynamics of O. niloticus populations across various ecosystems.
This study highlights the population dynamics of a key commercial species in Sudan, particularly during the ongoing conflict, and serves as a valuable baseline for future research on inland fish population dynamics in the region.
Conclusion:
This study provides valuable insights into the population dynamics of O. niloticus in the Roseries Reservoir. The data indicate a peak distribution in September and a strong correlation in the length-weight relationship, suggesting a negative allometric growth pattern. The observed range of total lengths and the calculated growth parameters highlight the species' adaptability and growth potential in this environment. The von Bertalanffy growth model parameters reveal important aspects of the species' life history, including an asymptotic length and growth coefficient that contribute to understanding its biological characteristics. Additionally, the estimated total mortality and fishing mortality rates indicate the current fishing pressure faced by O. niloticus, emphasizing the need for effective management practices to ensure sustainability. 
The findings related to recruitment patterns and the probability of capture further illustrate the reproductive strategies of this species. The achievement of maximum relative yield per recruit at a specific exploitation rate underscores the importance of aligning fishing practices with biological data to optimize yields while preserving the fish population. Overall, this research serves as a foundational reference for future studies on Nile tilapia in Sudan and informs local and federal fisheries management strategies.
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