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Egypt), aimed to identify strategies for sustainable yield. The TropFishR
package in R is used to visualize and assess the stock status of O. niloticus
in this work. A total of 739 fish were analyzed, with males representing
75.2% and a male-to-female ratio of 1:0.33. The gonadosomatic index
revealed two distinct spawning seasons: March-April and September.
Growth parameters for the stock were Loo = 33.61 cm, K = 0.339/year,
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Reproductive biology, and © = 2.85. Total mortality (Z) was calculated as 4.03 year™!, with
River Nile natural mortality (M) at 0.586 year and fishing mortality (F) at 3.44

year™!, resulting in an exploitation rate (E) of 0.85. These results indicate
DOL: that the stock is severely overfished, with an Feun/Fmax ratio of 1.9. It is
131383;;2% mja.2025.16 recommended that fishing pressure be reduced and that strong, evidence-

based management techniques be implemented to support the
maintenance and restoration of spawning biomass.
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INTRODUCTION
Fisheries play an essential role in a particular region's food security, economy,

and environmental sustainability. Egypt is no exception, and here the fisheries sector
contributes significantly to the national food supply, with the River Nile and its
tributaries being home to a range of fish species. Nile tilapia (Oreochromis niloticus)
is perhaps the most well-known commercially important fish or, more precisely,
aquaculture animal as well as a vertebrate in the region, particularly, the Aswan area
(Abouelfadl et al., 2020). O. niloticus is of great importance to the economy and food
security of the local people. Appropriate stock evaluation and sustainable
management practices for O. niloticus are necessary to secure the future of fisheries
in the River Nile.

The O. niloticus fish is found in the Nile and its affluents, coastal lagoons, and
Lake Nasser in Egypt (Authman ef al., 2012). Nonetheless, the recent analysis shows
a drop in fish catches in the basin of the River Nile, which raises the problem of
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overfishing and stock depletion (FAO, 2020). Overexploitation of fish stocks,
environmental changes, and habitat deterioration present a serious obstacle to the
sustainable management of fisheries resources (Mohammed-Abdallah et al., 2022).
These issues require an innovative stock assessment to evaluate fisheries population
dynamics and guide proper management efforts accurately.

Knowing the reproductive features and population dynamics of O. niloticus is
crucial for family management and resource allocation strategies, as well as for
environmental protection efforts (Muchlisin, 2014). Analyzing biological parameters
such as age composition, growth, and reproduction can help clarify population
sustainability. Newer models of fishery assessment, i.e., the Yield per Recruit model,
improve the predictive evaluation of the outcome of fisheries exploitation on
resources and ecosystems, aiding conservation efforts while sustaining economic
demands (Ganga, 2017).

Although many studies have been conducted on O. niloticus populations in
Egyptian waters, those near the Nile at Aswan have been scarce (Kassem et al., 2023).
To improve stock assessment, this study demonstrates how TropFishR, an advanced
fisheries analysis tool, could be integrated into data evaluation as an assessment
technique. This research aims to extend knowledge of the population structure and
reproductive processes of O. niloticus using advanced, integrated, intensive
assessment methods along the River Nile in Aswan. The research results will help
inform economic management of fisheries to optimize the remaining ecological value
of the river system.

MATERIAL AND METHOD
Study area
About 18.6 Kilometers in length, the study was conducted in several chosen
fishing communities in Aswan River Nile, geographically between Lat. 24°
2'4.68"N” and Lat. 24° 11'35.14". (Fig. 1). To cover the whole area, four stations of
fishing grounds were chosen (Ferial, Elmahata, Aboelrish and Bahreef), the ground

of these areas is characterized by muddy and rocky bottom with depths ranging
between 1.5 to 2.5m (Saber et al., 2024).
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Figure 1. Map of the study area of the River Nile in Aswan city.

Sampling

739 Individuals were sampled from four regions along the River Nile in Aswan
city (Ferial, Elmahata, Aboelrish, and Bahreef) to cover the whole area. Fish samples
of O. niloticus were collected monthly from January 2021 to December 2021 using a
trammel net with inner layers mesh sizes of 56, 64, and 76mm, while the outer layer
mesh size was 152.4mm for three nets. The three nets were constructed with the same
twine diameter, 0.13mm in the inner layer and 0.21mm for the outer layer. The nets
were used by small fishing vessels (symbok) without engines, working by paddle.
Sampling was carried out. All individuals were taken to the laboratory for accurate
measurements. All individuals were measured to the nearest mm for total length (TL)
and to the nearest g for total weight (WT). Finally, the sex of each specimen was
recorded.
sex ratio

The sex ratio was calculated from the formula of Sex ratio (M:F) = Number of
Females/Number of males (Vazzoler, 1996). This ratio was determined across
different months and length groups.
Gonado-somatic index (GSI)

Gonado-somatic index (GSI) is a measure that describes the state of maturity of
a fish by expressing the wet weight of the gonads as a percentage of fish weight. The
GSI was calculated using the following formula: G.S.I. = (gonad weight/fish gutted
weight) x 100 (Sokal and Rohlf, 1969).
Growth Parameters

Growth parameters, including curvature parameter (K), asymptotic length (Loo),
theoretical age at length zero (to), and the growth performance index (®'), were
estimated using the ELEFAN SA. The growth performance index was calculated as
@' =2 log TLoo + log K (Pauly and Munro, 1984). Analyzing data’s TropFishR v.4.4.1
R package was used.
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Mortality

Total mortality (Z) was estimated from the length converted catch curve of
Pauly (1983), and natural mortality (M) was calculated using the empirical formula
of Pauly (1980) as Log M=-0.065-0.287 Log TLw+0.604 Log K+0.513 Log T, with
a mean annual water temperature T of 22.5 °C. The estimate of (F) was obtained by
subtracting (M) from (Z). Then, the exploitation ratio was computed as E = F/Z
(Eberhardt and Ricker, 1977). TropFishR v.4.4.1 R package was used to evaluate the
data.

Virtual Population Analysis (VPA):

Virtual population analysis as modified in Jones and Van Zalinge (1981) was
applied to assess the O. niloticus stock in River Nile, Aswan city by using TropFishR
package. The inputs for VPA included ‘a’ and ‘b’ constants from length weight
relationship, fishing mortality (F), natural mortality (M), terminal fishing mortality
(Ft) and growth parameters (Lo and K).

Relative yield and biomass per recruit

Relative yield per recruit (Y/R)' and relative biomass per recruit (B/R)" were
estimated by TropFishR package software using Beverton and Holt (1966) model as
follows:

(Y'/R) =E*UM/K) *[ 1- 3U/(1+m) + 3U2/(1+2m) -U3/(1+3m)]

(B/R)=(Y/R)' / F

RESULT

A total of 739 O. niloticis individuals, with a total length ranging from 12 to
24.3 cm, including 556 males and 183 females, were collected for reproductive
biology studies.

Sex ratio

The sex distribution is illustrated in the Table (1). The two sexes did not appear
in equal proportions during the several seasons, with males prevailing in all seasons.
The overall sex ratio (M: F) was 1:0.33. The number of males exceeded that of
females. Fig. 2 illustrates the variance in male to female sex ratios of O. niloticus
across different length groups. The seasonal variation in the sex ratio of O. niloticis
1s shown in Fig. 3.

Table 1: Seasonal changes in the sex ratio of Nile tilapia (Oreochromis niloticus)
in the River Nile, Aswan City.

season Male Female total sex ratio M:F
No. % No. %
spring 113 80.71429 27 19.28571 140 1:0.24
summer 110 72.36842 42 27.63158 152 1:0.38
Autumn 229 79.51389 59 20.48611 288 1:0.26
Winter 104 65.40881 55 34.59119 159 1:0.53
total 556 75.23681 183 24.76319 739 1:0.33
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Figure 2. Proportions of male and female Oreochromis niloticus by length group.
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Figure 3. seasonal variation in the percentages of males and females of
Oreochromis niloticus at River Nile, Aswan city.
Gonado-somatic index (GSI)

Females recorded GSI values much higher than GSI values of males. The
overall GSI values were illustrated that O. niloticus have two spawning seasons, the
first one in March and April and the second one in September (Fig. 4).
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Figure 4. Monthly variation in GSI values for Oreochromis niloticus from River
Nile in Aswan city
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Length distribution

A total of 739 samples of O. niloticus were collected throughout the study
period. The average, minimum, and maximum lengths of O. niloticus were
determined to be 16.7 cm, 12 cm, and 24.3 cm, respectively. Thirteen length groups
were identified for O. niloticus were ranged from 12.5 to 24.5 cm. Table 2 illustrates
the length distribution of O. niloticus, with December showing the highest sample
count (N = 134), while February recorded the lowest sample count (N = 14).

Table 2: Monthly Length-Frequency Distribution of Nile Tilapia (Oreochromis
niloticus) in the River Nile, Aswan City.

Lglrﬁtsh 2021 | 2021 | 2021 | 2021 | 2021 | 2021 | 2021 | 2021 | 2021 | 2021 | 2021 | 2021
(cm) Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec
12 1 0 0 0 0 0 0 2 0 0 0 0
13 4 0 1 2 0 1 5 5 3 0 4 6
14 7 2 7 9 4 9 5 13 2 5 20 21
15 22 0 6 10 4 7 13 4 4 5 9 38
16 21 2 8 17 5 19 11 11 5 17 17 35
17 31 7 12 12 6 9 6 12 13 12 14 19
18 14 2 2 10 2 3 5 7 11 19 11 13
19 6 1 0 4 0 5 1 6 4 7 3 1
20 0 0 1 1 0 0 0 1 1 3 4 1
21 2 0 0 0 0 0 0 1 1 0 1 0
22 0 0 0 0 0 0 0 0 0 2 1 0
23 0 0 0 0 0 0 0 0 0 0 0 0
24 0 0 0 0 0 1 0 0 0 0 0 0
Total 108 14 37 65 21 54 46 62 44 70 84 134

Fig. 5 displays the restructured length-frequency of O. niloticus with growth
curves overlaid. For length-frequency data, the ELEFAN SA and ELEFAN GA
algorithms were both used. Based on a higher Rn (goodness-of-fit index) value, the
ELEFAN SA results were judged more appropriate for the data set than the
ELEFAN_GA results. The asymptotic length (Loo) was 33.61 cm with a growth rate
(K) of 0.339 per year. t anchor was 0.343. ts was 0.91. Growth performance index
(@) was 2.85. The Powell Wetherall plot showed Z/K to be 1.98 with a 95%
confidence interval of 1.77 — 2.19 Fig. 6.

154




Mesopotamia Journal of Agriculture, Vol. 53, No. 4, 2025 (149-164)

<
N
w
>
7} o
(1] o™~
©
% o
=]
(9)]
C [(o]
L)) ~
—
o~N
=

Figure 5. Reconstructed length-frequency distribution accompanied by growth

curves.
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Figure 6. Powell Wetherall Plot of Oreochromis niloticus

Mortality parameters

The linearized length-converted catch curve was used for the estimation of total
mortality (Z) as illustrated in Fig. 7. The total mortality (Z) of O. niloticus was 4.03
+ 0.23 per year, the natural mortality rate (M) was 0.586 year™ and fishing mortality

rate (F) estimated at 3.444 year!. Exploitation rate (E) was 0.85.

Figure 7. Total mortality estimation (Z) using a linearized catch curve that is
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Virtual Population Analysis (VPA):

Individuals measuring 16.5 cm exhibited the greatest degree of exploitation,
with an annual catch of 159. Natural losses were greatest among individuals
measuring 12.5 cm in length. The number of surviving individuals in the stock
showed a decreasing trend in response to increasing fishing pressure. The greatest
number of survivors in the stock was recorded within the length range of 12.5 cm.
The fishing effort reached its peak at F = 3.84 per year for individuals measuring 18.5
cm, while it was minimal at F = 0.001 per year for those measuring 12.5 cm (Fig. 8).
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Figure. 8. Length-structured VPA of Oreochromis niloticus in the River Nile, Aswan
City.

Relative Yield per recruit and Biomass per recruit

Table 3 presents the estimated biological reference points for O. niloticus,
specifically yield per recruit (YPR) and biomass per recruit (BPR). The present E
value (0.85) exceeds the optimal level proposed by Gulland (1969), where Fq, equals
M or E equals 0.5. The stock can be classified as overfished based on an Ecur value
exceeding 0.5. The current estimated fishing mortality (Feur) significantly exceeds
the optimal biological fishing mortality Fmax (1.81 year—1) and F0.1 (0.87 year—1).
The ratio of Feur to Fmax is calculated as 1.9, significantly exceeding the optimal
level of 1, indicating another result of overfishing. Figure 9 presents the graphical
outputs of the catch curve and yield per recruit (YPR) model.

Table 3. The impact of variations in fishing mortality on the biological reference
points of Nile Tilapia (Oreochromis niloticus) in the River Nile at Aswan city.

Level of F F E YPR BPR
01 0.87 0.216 51.58 100.7

05 0.65 0.161 47.65 118
Max 1.813 0.449 55.42 63.7
Current 3.44 0.851 53.83 41.2
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Figure. 9: a) Relative yield per recruit (Y'/R) and relative biomass per recruit (B'/R) of
O. niloticus from the River Nile in Aswan City. b) Isopleth plot of Oreochromis niloticus
from the River Nile in Aswan City.

DISCUSSION

The sex ratio is a valuable metric for analyzing spawning populations (Sabrah
et al., 2017). The current study indicates that the sex ratio of O. niloticus showed a
dominance of males throughout the entire study period. These findings agree with the
results of Njiru et al. (2006) In Lake Victoria, Waithaka et al. (2020)In Lake
Naivasha, El-Kasheif ef al. (2013) in Damietta branch and Bakhoum (2002) in lake
Edku. In contrast, these results disagree with Shalloof ez al. (2008) who reported that
females dominated the catch for O. niloticis in Abu-zabal Lake, which 1s located
about 800 km from Aswan (Table 4). The dominance of males may be associated
with variations in ecological conditions across different study areas, which can
influence sex differentiation based on genetic background and the development of
various strains.

The gonado-somatic index (GSI) refers to the relationship between the gonad
weight and the fish somatic weight (Wootton, 1990) and the changes in the gonado-
somatic index are an indicator of the reproductive seasonality of fish species (King,
1995; Tagarao et al., 2020). In the present study, the results showed that GSI values
of females more than those of males for O. niloticis, which may be due to low energy
investment in gamete production as compared to the female(Buxton, 1990; Panicker,
2021). The present GSI values were illustrated that O. niloticis have two spawning
seasons, the first one in March and April and the second one in September. These
finding agrees with the results of Shalloof et al. (2008) in Abu-zabal Lake and agree
with Bakhoum (2002) in lake Edku. (Table. 4).

In the present study, results from fishing trials indicate that a total of 739 O.
niloticis were caught, with total lengths between 12 and 24.3 cm. When compared
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with other studies on the species ( Mahmoud et al., 2013; El-Kasheif ef al. 2015;
Khallaf et al., 2018; Assefa et al. 2019) the length range is relatively narrower. The
main reason for this situation is the use of varying mesh sizes, coupled with the
differing environmental conditions across regions. The study utilized commercial
traps with a mesh size of 64 mm, alongside low and high-selective trammel nets with
mesh sizes ranging from 56 to 76 mm, specifically designed for this research. The
use of commercial catch or highly selective fishing tools for Length-frequency data
(LFQ) can result in inaccurate estimates of growth parameters and predictions of the
length and duration of stock participation, as it may exclude smaller individuals from
the dataset.

A comparison was conducted between the total mortality (Z), natural mortality
(m), fishing mortality (F), and exploitation rate (E) of O. niloticus and those reported
by various authors across different locations (Table 5). The Z, M, and F values were
within the ranges observed for these parameters in other populations of the same
species. In the present study, the exploitation rate considered the highest value was
0.85, it was very close to Beaune et al. (2021) from Nam Theun 2 reservoir, Thailand.
The lowest value of E for the species was 0.43, recorded by El-Kasheif et al.
(2015)from El-Bahr El-Faraouny Canal, Egypt.

Relative Yield per Recruit (Y'/R) and Relative Biomass per Recruit for O.
niloticus using the knife-edge selection procedure. The results of the analysis
indicated that the present exploitation rate (Epresent= 0.85) of O. niloticus was higher
than the optimum exploitation rate (E0.1= 0.216 and Emax= 0.449), which indicates
that the stock of O. niloticus is over exploited.

Table (4): The Spawning season and sex ratio of Nile Tilapia (Oreochromis
niloticus) in the present study and from various regions by various authors.

i
species Region Author Spawning season iel\i:raFl;)
Lake Edku, Egypt Bakhoum., (2002) Apr — may 1: 0.93
Victoria, Kenya Njiru et al., (2006) —_— 1: 0.7
Abu-zabal Lak Mar, Apr, J d
bu-zabal Lake, Shalloof et al., (2008) an APL AR anc 1. 37
S Dt et
S amietta BIancl 1 g|_kasheif ef al., (2013) S 1:0.68
S Egypt
S} , .
Naivasha, Kenya Waithaka et al., (2020) —_— 1: 0.48
River Nile i
ver ? n Present study Mar, Apr and Sept | 1:0.33
Aswan city
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Table (5): Values of total, fishing and natural mortalities (Z, F and M) and
exploitation rate (E), of Nile Tilapia (Oreochromis niloticus) from various
regions by various authors.

Species Region Author Z M F E
Lake Manzalah El-Bokhty, (2006) | 338 | 1.04 | 2.34 | 0.59
Nozha ggs;‘t’dmme’ Mahré%‘;‘;)e fal. 1y 365 | 0.403 | 0.962 | 0705
River Nile Hassan é‘oi')KaSheif 097 | 04 | 057 | 058
El—BahrCEalI;I;laraouny El—Kzz;lz)eli;et al., 115 | 065 0.5 0.43

Lake Victoria, Kenya | Yongo & Outa (2016) | 2.18 | 1.14 | 1.05 | 0.46

O.niloticus

Lake Tana, Ethiopia Assefa et al., (2019) 237 | 098 | 1.39 | 0.59

Hilali reservoir, India | Johnson et al. (2020) 1.32 | 0.60 | 0.72 | 0.54

Nam Theun 2

reservoir, Thailand Beaune et al. (2021) 141 | 030 | 1.11 | 0.79

Danau Siombak,

) Mubhtadi et al., (2022) | 3.20 1.27 1.93 0.59
Indonesia

River Nile, Aswan city Present study 4.03 | 05806 | 3.44 | 0.85

CONCLUSIONS

This study investigates revealed critical insights into the population's structure,
growth, reproductive biology, and exploitation status of Nile tilapia (Oreochromis
niloticus) in the River Nile at Aswan, Egypt. The findings demonstrated that the stock
is currently severely overfished, with exploitation rates significantly exceeding
optimal biological levels, indicating unsustainable fishing pressure. The presence of
two distinct spawning seasons highlights the importance of temporal protection
measures to safeguard reproductive biomass. The male-dominated sex ratio and
growth parameters provide valuable biological context for management strategies. To
ensure the sustainability of the O. niloticus fishery in Aswan, it is essential to
implement evidence-based management approaches that reduce fishing pressure and
support the restoration and maintenance of spawning stock biomass for long-term
fishery productivity and ecosystem health.

ACKNOWLEDGMENT
The authors express their gratitude to the Fish Biology Lab in the Faculty of Fish and
Fisheries Technology at Aswan University for their assistance in conducting this
study.
CONFLICTS OF INTEREST
The authors state that there are no conflicts of interest with the publication of this
work.

159



Mesopotamia Journal of Agriculture, Vol. 53, No. 4, 2025 (149-164)

Ethical approve

Ethical approval The Animal Use and Care Committee of the Faculty of Fish and
Fisheries Technology at Aswan University in Egypt (Fac. FFT. No. 2/2022) gave its
approval for the current study’s standard operating procedure.

«paa Olgubs Qi) 4gi B (Oreochromis niloticus) i) Jal) daw (g aulli jjal
- Alaall dafdiue 813 Jaf s TropFishR daja aladiul
s g ae e ¢ aull dela deallae dgene o7 pla dsallue spena ¢ daillgd Cangs alla
321
ran [yl daals [ Mlawly liad) lingl i 4S |
ran [ uladlly jladl aslal agill agaall 2
[ aY) dsals [ Jagual g b aglell BUS [ (gaall le aud 3

il

bl b Gl SIS Laglng Jelal e adiead) (gl an ) duhall sda cdaa
dsl b TropFishR Loja alasiul o . aliicee ) (3aiad st in) aaatl (uas oolsad) daill g
AleY) < dans 739 Maa) dalas o5 Al 138 8 Ll dald) (g hae Alls iy pspeaiR
dgag oo dabalal) aaall pdge (i i€ 1:0.33 Gl ) oS Ao cul€y %75.2 dews 6SAl)
—atY) aal) 1 euil€h g aall gail) e lalae Wl et s dial- ol et ST Graee (e sse
& D =2.85. saill ydisas din (K) = 0.339/ 5ail Jalaag cam (Loo) = 33.61 gD Jshall
4 0.586 Loy (M) Zpmplal) clgl) Jana pe il 8 4.03 Loty (Z) AU sl Jans laea
23 (E) Pliiw) Jane ) 6ol Laa i adl 33,44 daiis (F) aal) Ao cilidgll Janay 42 i)
naall Jagaia Juliy aagny - maal) & 2il LYY e Sl gg3aall o ) bl s2a uds .0.85

KL Ealal) dygaad) ALK 5aleiady Dlua aed AN e A6 4168 5)))) bl il gy

il e Aand) Cilaanill 2ualin — IS Lagly — L) Ll ; Asalidal) cilalst)

REFERENCES
Abouelfadll, Kh. Y., Aly, W., & Osman, A. G. M. (2020). Ageing Nile tilapia
(Oreochromis niloticus): A comparative study between scales and otoliths.
International Journal of Aquatic Biology, &8(4): 262-271. https://ij-
aquaticbiology.com/index.php/ijab/article/view/914/564
Assefa, W. W., Wondie, A., & Enyew, B. G. (2019). Population dynamics and
exploitation patterns of Oreochromis niloticus in Lake Tana, northwest

160


https://ij-aquaticbiology.com/index.php/ijab/article/view/914/564
https://ij-aquaticbiology.com/index.php/ijab/article/view/914/564

Mesopotamia Journal of Agriculture, Vol. 53, No. 4, 2025 (149-164)

Ethiopia. Lakes and Reservoirs, 24(4), 344-353.
https://doi.org/10.1111/Ire.12290

Authman, M. M. N., Abbas, W. T., & Gaafar, A. Y. (2012). Metals concentrations in
Nile tilapia Oreochromis niloticus (Linnaeus, 1758) from illegal fish farm in

Al-Minufiya Province, Egypt and their effects on some tissues structures.
Ecotoxicology and Environmental Safety. 84, 163-172.
https://doi.org/10.1016/j.ecoenv.2012.07.005

Bakhoum, S. (2002). Comparitive reproductive biology of the nile tilapia
oreochromis niloticus ( L.), BLUE TIL API A, Oreochromis aureus ( Steind.)
And their hybrids in lake edku, egypt. Egyptian Journal of Aquatic Biology
and Fisheries, 6(3), 121-142. https://ejabf.journals.ekb.eg/article _1753.html

Beaune, D., Guillard, J., Cottet, M., Kue, K; Lae, R., Chanudet, V., Descloux S., &
Tessier, A. (2021). Investigating key biological parameters of Nile tilapia
(Oreochromis niloticus L.) in a large Asian reservoir to better develop

sustainable fisheries. Hydroecologie Appliquee, 21, 157-179.
https://doi.org/10.1051/hydro/2020001

Beverton, R. J. H., & Holt, S. J. (1966). Manual of methods for fish stock assessment:
part II, tables of yield functions. FAO Fisheries Technical Papers (FAO), 67.
https://www.fao.org/4/x5685e/x5685¢00.htm

Buxton, D. (1990). Ovine toxoplasmosis: a review. 83(August), 509-511.
https://pmc.ncbi.nlm.nih.gov/articles/PMC1292779/

Eberhardt, L. L., & Ricker, W. E. (1977). Computation and Interpretation of
Biological Statistics of Fish Populations. The Journal of Wildlife Management,
41(1), 154. https://waves-vagues.dfo-mpo.gc.ca/Library/1485.pdf

El-Bokhty, E. E. B. (2006). Assessment of family Cichlidae inhabiting Lake Manzala,
Egypt. Egyptian Journal of Aquatic Biology & Fisheries, 10, 85-106
https://ejabf.journals.ekb.eg/article 1903.html

El-Kasheif, M. A., Authman, M. M. N., Al-Ghamdi, F. A., Ibrahim, S. A., & El-Far,
A. M. (2015). Biological aspects and fisheries management of tilapia fish
oreochromis niloticus (Linnaeus, 1758) in El-Bahr El-Faraouny canal, al-

minufiya province, egypt. Journal of Fisheries and Aquatic Science, 10(6),
405-444. DOI: 10.3923/jfas.2015.405.444

El-Kasheif, M. A., Shalloof, K. A. Sh., & Authman, M. M. N. (2013). Studies on
Some Reproductive Characters of Tilapia Species in Damietta Branch of the
River Nile, Egypt. Journal of Fisheries and Aquatic Science, 8(2):323-339.
DOI: 10.3923/jfas.2013.323.339

FAO. (2020). The State of World Fisheries and Aquaculture 2020: Sustainability in
Action. Food and Agriculture Organization of the United Nations.
https://openknowledge.fao.org/items/b752285b-b2ac-4983-92a9-
fdb24e92312b

161


https://doi.org/10.1111/lre.12290
https://doi.org/10.1016/j.ecoenv.2012.07.005
https://ejabf.journals.ekb.eg/article_1753.html
https://doi.org/10.1051/hydro/2020001
https://www.fao.org/4/x5685e/x5685e00.htm
https://pmc.ncbi.nlm.nih.gov/articles/PMC1292779/
https://waves-vagues.dfo-mpo.gc.ca/Library/1485.pdf
https://ejabf.journals.ekb.eg/article_1903.html
https://doi.org/10.3923/jfas.2015.405.444
https://doi.org/10.3923/jfas.2013.323.339
https://openknowledge.fao.org/items/b752285b-b2ac-4983-92a9-fdb24e92312b
https://openknowledge.fao.org/items/b752285b-b2ac-4983-92a9-fdb24e92312b

Mesopotamia Journal of Agriculture, Vol. 53, No. 4, 2025 (149-164)

Ganga, U. (2017). Beverton and holt’s yield per recruit model. Course Manual
Summer School on Advanced for Fish Stock Assessment and Fisheries
Management. ICAR-Central Marine Fisheries Research Institute, 226-231.
https://eprints.cmfri.org.in/12180/1/19-
Beverton%20and%20Ho01t%275%20yield%20per%20recruit%20model.pdf

Hassan, A., & El-Kasheif, M. (2013). Age, growth and mortality of the cichlid fish
Oreochromis niloticus (L.) from the River Nile at Beni Suef Governorate,

Egypt. Egyptian Journal of Aquatic Biology and Fisheries, 17(4), 1-12.
https://ejabf.journals.ekb.eg/article 2181.html

Johnson, C., Sarkar, U. K., Koushlesh, S. K., Das, A. K., Das, B. K., & Naskar, B. K.
(2020). Population structure of Nile tilapia and its impact on fisheries of a

tropical impacted reservoir, Central India. Environmental Science and
Pollution Research, 27(23), 29091-29099. https://doi.org/10.1007/s11356-
020-09234-w

Jones, R., & Van Zalinge, N. P. (1981). Estimates of mortality rate and population

size for shrimp in kuwait waters. Kuwait Bulletin of Marine Science, 144(2),
273-288.
https://www.sealifebase.se/References/FBRefSummary.php?1d=85033
Kassem, M. A. H., Farrag, M. M. S., Saber, M. A., & Abouelfadl, K. Y. (2023). An
Experimental Trammel Net in the River Nile, Aswan, Egypt Influencing the

Age and Growth of the Nile tilapia Oreochromis niloticus (Linnaeus,
1758). Egyptian Journal of Aquatic Biology and Fisheries, 27(2), 155-171.
https://ejabf.journals.ekb.eg/article 291672 38808.html

Khallaf, E. A., Authman, M. M. N., Galal, M., & Zaid, R. A. (2018). A comparative
biological study on oreochromis niloticus from two Nilotic Canals in the Delta

of Egypt. Egyptian Journal of Aquatic Biology and Fisheries, 22(5), 39—63.
https://ejabf.journals.ekb.eg/article 17953.html

King, M. (1995). Fisheries biology, assessment and management. Fishing News
Books, Oxford, 341.
https://www.scirp.org/reference/referencespapers?referenceid=853350

Mahmoud, H. H., Ezzat, A. A., El-Sayed Ali, T., & El Samman, A. (2013). Fisheries
management of cichlid fishes in Nozha Hydrodrome, Alexandria, Egypt.
Egyptian ~ Journal  of  Aquatic  Research,  39(4),  283-289.
https://doi.org/10.1016/j.ejar.2013.12.006

Mohammed-Abdallah, E., El-Ganainy, A., Farrag, M. M. S., Moustafa, M. A., &
Osman, A. G. M. (2022). Reproductive biology of greasy grouper,

Epinephelus tauvina and coral hind grouper Cephalopholis miniata (Family:
Serranidae) in the southern Red Sea, Shalatien, Egypt. International Journal
of Aquatic Biology, 10(6), 524-536. https://ij-
aquaticbiology.com/index.php/ijab/article/view/1774/719

162


https://eprints.cmfri.org.in/12180/1/19-Beverton%20and%20Holt%27s%20yield%20per%20recruit%20model.pdf
https://eprints.cmfri.org.in/12180/1/19-Beverton%20and%20Holt%27s%20yield%20per%20recruit%20model.pdf
https://ejabf.journals.ekb.eg/article_2181.html
https://doi.org/10.1007/s11356-020-09234-w
https://doi.org/10.1007/s11356-020-09234-w
https://www.sealifebase.se/References/FBRefSummary.php?id=85033
https://ejabf.journals.ekb.eg/article_291672_38808.html
https://ejabf.journals.ekb.eg/article_17953.html
https://www.scirp.org/reference/referencespapers?referenceid=853350
https://doi.org/10.1016/j.ejar.2013.12.006
https://ij-aquaticbiology.com/index.php/ijab/article/view/1774/719
https://ij-aquaticbiology.com/index.php/ijab/article/view/1774/719

Mesopotamia Journal of Agriculture, Vol. 53, No. 4, 2025 (149-164)

Muchlisin, Z. A. (2014). A general overview on some aspects of fish reproduction.
Aceh International Journal of Science and Technology. 3 (1), 43-52.
https://doi.org/10.13170/A1JST.0301.05

Muhtadi, A., Nur, M., Latuconsina, H., & Hidayat, T. (2022). Population dynamics
and feeding habit of Oreochromis niloticus and O. mossambicus in Siombak
Tropical Coastal Lake, North Sumatra, Indonesia. Biodiversitas, 23(1), 151—
160. https://doi.org/10.13057/biodiv/d230119

Njiru, M., Ojuok, J. E., Okeyo-Owuor, J. B., Muchiri, M., Ntiba, M. J., & Cowx, L.
G. (2006). Some biological aspects and life history strategies of Nile tilapia
Oreochromis niloticus (L.) in Lake Victoria, Kenya. African Journal of
Ecology, 44(1), 30-37. https://doi.org/10.1111/].1365-2028.2006.00610.x

Panicker, B. A., & Katchi, V. I. (2021). Study of some aspects of reproductive
biology of goby, Parachaeturichthys ocellatus (Day 1873) from creeks of
Mumbai. International Journal of Advanced Research in Biological Sciences.
8(3): 8-22. https://ijarbs.com/pdfcopy/2021/mar2021/ijarbs2.pdf

Pauly, D. (1980). On the Interrelations between Natural Mortality, Growth
Parameters and Mean Environmental Temperature in 175 Fish Stocks. ICES
Journal of Marine Science, 39, 175-192.
https://doi.org/10.1093/icesjms/39.2.175

Pauly, D. (1983). Some Simple Methods for the Assessment of Tropical Fish Stock.
FAO Fisheries Technical, Rome, Paper No. 234, 52 P.
https://www.scirp.org/reference/referencespapers?referenceid=3346629

Pauly, D., & Munro, J. L. (1984). Once More on the Comparison of Growth in Fish
and Invertebrates. ICLARM Fishbyte, 2, 21.
https://www.scirp.org/reference/referencespapers?referenceid=2072916

Saber, M. A., Farrag, M. M. S., Kassem, M. A. H., & Youssef Abouelfadl, K. (2024).

Investigates trammel net size selectivity as a critical metier for management of

small scale fisheries at Aswan City, Nile River. Iranian Journal of Ichthyology,
11(4), 218-228. https://ijichthyol.org/index.php/iji/article/view/1027

Sabrah, M. M., & Heneish, R. A., Alwany, M. E., & Ahmad, M. 1. (2017). Sexual

maturity, spawning activity, sex ratio and fecundity of two Mullidae species

dwelling the Gulf of Suez, Red Sea. Egyptian Journal of Aquatic Research,
43(1), 83-91. https://doi.org/10.1016/j.ejar.2016.04.007

Shalloof, K. A. Sh., & M Salama, H. M. (2008). Investigations on Some Aspects of
Reproductive Biology in Oreochromis niloticus (Linnaeus, 1757) Inhabited
Abu-zabal Lake, Egypt. Global Veterinaria, 2(6), 351-359.
https://api.semanticscholar.org/CorpusID:85594160

Sokal, R. R., & Rohlf, F.J. (1969). Biometry. The principles and practices of
statistics in biological research. 2nd Edition, W.H. Freeman, San

Francisco.

163


https://doi.org/10.13057/biodiv/d230119
https://doi.org/10.1111/j.1365-2028.2006.00610.x
https://ijarbs.com/pdfcopy/2021/mar2021/ijarbs2.pdf
https://doi.org/10.1093/icesjms/39.2.175
https://www.scirp.org/reference/referencespapers?referenceid=3346629
https://www.scirp.org/reference/referencespapers?referenceid=2072916
https://ijichthyol.org/index.php/iji/article/view/1027
https://doi.org/10.1016/j.ejar.2016.04.007
https://api.semanticscholar.org/CorpusID:85594160

Mesopotamia Journal of Agriculture, Vol. 53, No. 4, 2025 (149-164)

https://www.scirp.org/reference/referencespapers?referenceid=109776
1

Tagarao, S. M., Solania, C. L., Jumawan, J. C., Masangcay, S. G., & Calagui, L. B.
(2020). Length-Weight Relationship (LWR), Gonadosomatic Index (GSI) and
Fecundity of Johnius borneensis (Bleeker, 1850) from Lower Agusan River
basin, Butuan City, Philippines. Journal of Aquaculture Research &
Development, 11(6), 598. https://www.walshmedicalmedia.com/open-
access/lengthweight-relationship-lwr-gonadosomatic-index-gsi-and-
fecundity-of-johnius-borneensis-bleeker-1850-from-lower-agusan.pdf

Vazzoler, A.E.A.M. (1996). Biologia da Reproducao de Peixes Teleosteos: Teoria e
Pratica. Universidade Estadual de Maringa, EDUEM, Sao Paulo, 169 p.
http://old.periodicos.uem.br/~eduem/novapagina/?q=node/673

Waithaka, E., Boera, P., Obegi, B., Mutie, A., Morara, G., Loki, P., Nyamweya, C.,
Aura, M. C., & Outa, N. O. (2020). The Impacts of Co-Management Towards
Sustainable Development and Utilization of Fisheries Resources in Lake
Naivasha, Kenya. Poultry, Fisheries & Wildlife Sciences, 8(1).
https://www.longdom.org/open-access/polyphyletic-origins-of-
schizothoracinae-fishes-cyprinidae-in-respect-to-their-mitochondrial-

proteincoding-genes-44728.html
Wootton, R. J. (1990). Ecology of teleost fishes. Fish and Fisheries Series 1.
Chapman and Hall, London, 404
Pp. https://www.scirp.org/reference/referencespapers?referenceid=2072907
Yongo, E., & Outa, N. (2016). Growth and population parameters of Nile tilapia,
Oreochromis niloticus (L.) in the open waters of Lake Victoria, Kenya. Lakes
and Reservoirs, 21(4), 375-379. https://doi.org/10.1111/lre.12154

164


https://www.scirp.org/reference/referencespapers?referenceid=1097761
https://www.scirp.org/reference/referencespapers?referenceid=1097761
https://www.walshmedicalmedia.com/open-access/lengthweight-relationship-lwr-gonadosomatic-index-gsi-and-fecundity-of-johnius-borneensis-bleeker-1850-from-lower-agusan.pdf
https://www.walshmedicalmedia.com/open-access/lengthweight-relationship-lwr-gonadosomatic-index-gsi-and-fecundity-of-johnius-borneensis-bleeker-1850-from-lower-agusan.pdf
https://www.walshmedicalmedia.com/open-access/lengthweight-relationship-lwr-gonadosomatic-index-gsi-and-fecundity-of-johnius-borneensis-bleeker-1850-from-lower-agusan.pdf
http://old.periodicos.uem.br/~eduem/novapagina/?q=node/673
https://www.longdom.org/open-access/polyphyletic-origins-of-schizothoracinae-fishes-cyprinidae-in-respect-to-their-mitochondrial-proteincoding-genes-44728.html
https://www.longdom.org/open-access/polyphyletic-origins-of-schizothoracinae-fishes-cyprinidae-in-respect-to-their-mitochondrial-proteincoding-genes-44728.html
https://www.longdom.org/open-access/polyphyletic-origins-of-schizothoracinae-fishes-cyprinidae-in-respect-to-their-mitochondrial-proteincoding-genes-44728.html
https://www.scirp.org/reference/referencespapers?referenceid=2072907
https://doi.org/10.1111/lre.12154

