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Abstract 
 

Sander lucioperca is one of the species whose fishing has significantly expanded over 
the past decades worldwide. This situation has raised growing concerns about the risk 
of over-exploitation of the species as a commercial target. Thus, to improve the long-
term sustainability of this fishery, it is necessary to implement an efficient 
management strategy founded on a rigorous scientific assessment of the current 
status of the stock. Given that information on catches and fishing effort for this species 
is not available in Morocco, this study aims therefore to assess the stock status of the 
Sander lucioperca population in Al Massira Dam Lake using length-based data-limited 
methods. The estimates of total mortality (Z) and natural mortality rates (M) were 0.58 
year⁻¹ and 0.25 year⁻¹, respectively. The estimated fishing mortality rate (F=0.33) 
exceeded the fishing mortality ratio corresponding to the maximum sustainable yield 
(Fmax=0.22), with an exploitation rate of 0.57, which is above the reference level (0.5). 
This suggests that the Sander lucioperca stock in Al Massira Reservoir is overexploited. 
The results presented here offer new key tools for assessing the stock of this species' 
population, thereby aiding in its management.  

Introduction 
 

Sander lucioperca (Linnaeus, 1758) is a piscivorous 
fish belonging to the family Percidae, found in both fresh 
and brackish water ecosystems (Kottelat & Freyhof, 
2007). S. lucioperca, native to the major rivers of Eastern 
Europe, is naturally distributed between the Elbe in the 
west, the area around the northern Baltic Sea and south-
west Russia (Deelder & Willemsen, 1958; Sonesten, 
1991). S. lucioperca is one of the most predatory fish in 
aquatic ecosystems and is of great ecological 
importance as well as significant economic value. It is 
important for local and recreational fisheries (Cowx, 
1997; Lappalainen, 2001).   

The predatory S. lucioperca, which eats herbivorus 
species, is essential in regulating phytophagous fish 

species, which are employed to purify waters, especially 
in lakes and reservoirs (Van Densen & Grimm, 1988). 
The fish was introduced in 1939 in Morocco into the 
Middle Atlas lakes, the reservoirs and certain rivers, 
where it has developed stable populations (Azeroual, 
2003). S. lucioperca is among the most precious fish in 
freshwater fisheries (Nikolić et al., 2023). These fisheries 
have become an important social and economic sector, 
offering employment, nutrition, and food to the 
communities. Although its socio-economic importance 
is considerable, to date no study has been performed to 
assess the stock status of the S. lucioperca population in 
Morocco. 

Artisanal fisheries, which often have limited data, 
suffer from a lack of information on catches, surveys and 
species biology (FAO, 2015). Despite making up more 

How to Cite 
 

Bousseba, M., Ferraj, L., Ouahb, S., Droussi, M., Hasnaoui, M. (2025). Quantitative Fishery Assessment of Data-Limited Sander lucioperca: Tools for 
Fisheries Management and Conservation. Turkish Journal of Fisheries and Aquatic Sciences, 25(9), TRJFAS26223. 
https://doi.org/10.4194/TRJFAS26223 

https://orcid.org/0000-0003-4334-1078
https://orcid.org/0009-0009-8626-3605
https://orcid.org/0009-0001-4928-7212
https://orcid.org/0000-0002-7935-2652


 
Turkish Journal of Fisheries & Aquatic Sciences TRJFAS26223 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

than 50% of worldwide fisheries and providing 
employment for around 90% of fishers, these fisheries 
have difficulty gathering appropriate data (Salgueiro-
Otero et al., 2022). The aggregation of catches in 
national statistics masks their contribution and prevents 
stock assessment (Zeller et al., 2023). Small-scale fishing 
communities, particularly those living near the Al 
Massira Reservoir, remain neglected and their 
contribution to nutritional security is frequently 
ignored. The lack of data makes fisheries management 
more complex and hinders efforts to promote food 
security and livelihoods (Tilley et al., 2018). 

Globally, 12% of fisheries are well-managed or 
have a good stock assessment (FAO, 2019). Providing 
reliable assessments and management measures, on 
the other hand, rest on sound science-research, and is 
crucial to sustaining fisheries resources for the benefit 
of the current generations as well as generations to 
come (Tesfaye & Wolff, 2015). Traditional stock 
assessment approaches informed by capture and fishing 
effort data are often successful in providing 
management advice (Dowling et al., 2019). However, 
those models are not feasible across many data-limited 
fisheries (Chrysafi & Kuparinen 2016). Instead, length-
based models provide a robust and resource-efficient 
solution for fisheries management (Hilborn & Ovando, 
2014; Wibisono, 2021). Length data collection is a 
simple, inexpensive and widely-used method by 
fisheries scientist in evaluating data-poor fisheries 
(Quinn & Deriso 1999). Consequently, several length-
based stock assessment methods exist for scientific 
management of fisheries (Costello et al. 2012; Chrysafi 
& Kuparinen 2016; Pons et al. 2019). Though length-
based approaches cannot provide the reliability 
demonstrated by catch-based methods, they still can 
lead to more robust and less biased estimated values, 
so relevant for preliminary management in data-limited 
fisheries (Pons et al., 2019). 

To determine whether the stock of the S. 
lucioperca population in the Al Massira Reservoir is 
under excessive fishing pressure, which is likely to affect 
the size structure of this species and threaten its long-
term sustainability, this research aims to provide, for the 
first time in Morocco, new information on the stock 
status of S. lucioperca population, particularly in Al 
Massira Dam Lake, using length-based data-limited 
methods. It also proposes management 
recommendations and effective control measures for 
the sustainable exploitation of this fishery, which are 
currently lacking. 

 

Materials and Methods 
 

Study Area 
 
The Al Massira Reservoir is a concrete dam situated 

on the middle course of the Oum Er-Rabi river, 70 km 
south of Settat, between 32 28'32'' North and 7 32'15'' 
West (Figure 1). With a capacity of 2.760 million m3 and 

a maximum depth of 40 m, Al Massira Dam Lake is 
considered the second biggest artificial reservoir in 
Morocco, after Bin El Ouidane Dam (Alaoui et al., 2000). 
Consequently, this large reservoir plays an important 
role as an aquatic ecosystem in the region and harbors 
a variety of ecologically and economically important 
fish, such as the actively fished S. lucioperca, thus it 
represents a good target to investigate. The Lake of Al 
Massira Dam, represents a natural resource with a great 
economic potential for local communities. Source of our 
drinking water, fishery, irrigation and one the major 
source of hydroelectric energy (Darwall et al.,2014). 

 
Fish Treatment 

 
In Al Massira Reservoir, fishing occurs with nets 

measuring between 25 and 65 mm in mesh size, 
capturing many sizes of S. lucioperca, irrespective of age. 
This approach maximizes the catch of various 
representative groups of the population. Hooks are also 
used to target larger specimens. A total of 704 S. 
lucioperca individuals, caught during targeted fishing in 
this reservoir, were examined to assess the stock status. 
This sample, representative and encompassing all size 
classes of the total population, was collected randomly 
each month from commercial fisheries over a 12-month 
period (January to December 2021). 

In the laboratory, each fish was measured using a 
graduated ichthyometer (model KH-PISCIS-80-22) with a 
precision of 0.1 cm, recording the total length (Lt in cm), 
which represents the distance between the mouth's end 
and the caudal fin's tip. We utilized an electronic scale 
(Sartorius Entris 2202-1S) accurate to 0.1 g for weighing, 
recording the total weight (Wt in g). 

 
Stock Assessment Indicators 

 
Length-weight Relationship 

 
The length-weight relationship was estimated by 

the power function (Le Cren, 1951): 
 

Wt=aLtb (1) 

 
The intercept is represented by a, and the slope by 

b of the regression line (Froese, 2006). Converting this 
equation into logarithmic form(log  (Wt) = log(𝑎) +
𝑏 log(Lt)), the variables a and b were determined 
through linear regression (Zar, 1999). The length-weight 
relationship indicates isometric growth where b=3, 
positive growth where b>3 and negative growth where 
b<3 (Froese, 2006).   

 
Growth Parameters  
 
Von Bertalanffy growth parameter estimate 

(VBGP) of S. lucioperca was performed by applying the 
ELEFAN_GA method, integreted within the "TropFishR" 
package (Mildenberger et al. 2017), based on the length 
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frequency distribution of the total monthly catches 
during the one-year (2021) analysis period. According to 
the maximum body length of each species, the LFQ data 
were classified, in order to eliminate uncertainty and to 
increase the plausibility of the VBGP estimate (Wang et 
al. 2020):  
 

Optimum bin size (OBS)=0.3xLmax
0.6 (2) 

 
With: OBS is the ideal interval size used to group 

electronic length-frequency analysis data (ELEFAN). 
The growth study was founded on Von 

Bertalanffy's oscillating seasonal growth function 
(soVBGF) (Pauly 1980): 
 

Lt = L∞ {1 − e−[K(t−t0)+S(t)−S(t0)]} (3) 

 

Where S(t) =
𝐶𝐾

2π sin 2π(t−ts)
 , S(t0) =  

𝐶𝐾

2π sin 2π(t0−ts)
  

 
Where Lt corresponds to the fish size at time t, L∞ 

denotes the asymptotic length (cm), K is the coefficient 
of growth (year-1), t0 represents the theoretical age 
when the fish size equals zero. To simplify the analysis, 
seasonal growth was not considered in this study, C is a 
constant that presents the oscillation amplitude, and ts 

represents the fraction of the year when the sinusoidal 
oscillation starts (Pauly 1980; Sparre and Venema 1998). 
In "TropFishR", the parameter t0 is replaced by the 
parameter t_anchor, which represents the annually 
repeated growth curves (Taylor and Mildenberger 
2017). The L∞ initial value was estimated using the 
equation suggested by Pauly (1984):  
 

L∞ = Lmax 0.95⁄  (4) 
 

Where Lmax is the maximum fish length. 
L∞±20% was the search area for the ELEFAN_GA 

samples. The growth performance index (∅′) was 
determined by the Pauly and Munro (1984) formula in 
order to compare our findings to those obtained in other 
regions. 
 

∅′ = log10 K + 2 log10 L∞ (5) 
 
Estimation of Mortality Parameters and Exploration 
Rate 

 
Total mortality rate (Z) was obtained using the 

linearized capture curve converted to length (Pauly, 
1983) within the "TropFishR package" (Mildenberger et 
al., 2017; Taylor & Mildenberger, 2017). After estimating 

 

Figure 1. Study area map (Al Massira Reservoir), Morocco. 
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Z, the natural mortality rate (M) was calculated by the 
empirical formula suggested by Then et al. (2015): 
 

M = 4.118 × K0.73  ×  L∞−0.333 (6) 
 

Fishing mortality (F) and exploitation rates (E) were 
then calculated by the functions:  
 

F = Z – M   and   E = F
Z⁄  (7) 

 
The calculated exploitation rate (E) was 

subsequently assessed against the reference  
value proposed by Gulland (1971), which indicates 

0.5 as the higher level for sustainable exploitation. 
 

Probability of Capture 
 
The probability of capture has been computed 

using the length-converted capture curve (Pauly & 
Munro, 1984) allowing the extrapolation of the left 
descending limb of the curve for each length class. 
Capture probability is the ratio between captures (N) 
and the number of available individuals (N/P), thus 
enabling estimation of the length at first capture (Lc) 
(Pauly, 1987). 

 
Yield Per Recruit 

 
Thompson and Bell's (1934) length-based yield per 

recruit (YPR) model was employed to assess the levels of 
exploitation of S. lucioperca for optimum yield. The 
estimated reference levels include: 

 

• The fishing mortality and exploitation yielding 
the highest yield per recruit (Fmax) and 
corresponding exploitation (Emax). 

• The levels of fishing mortality and exploitation 
that decrease the spawning biomass to 50% of its 
unexploited state (F0.5 and E0.5). 

• The fishing mortality and exploitation rates at 
which the slope of the yield-per-recruit curve at 
the origin is reduced to 10% (F0.1 and E0.1). 

 
The yield isopleths were utilized to estimate the 

impacts of variations in both fishing mortality and 
selectivity (Lc/L∞). 

 
Statistical Analysis 

 
To check whether the ‘b’ value differed 

significantly from the predictions associated with 
isometric growth (b=3), a student’s t-test was 
performed. A significant difference from 3 (P<0.05) 
indicates a major or minor allometric growth, while no 
difference (P>0.05) suggests isometric growth. Growth, 
mortality and exploitation parameters were evaluated 
within the ‘TropFishR’ package (Mildenberger et al., 
2017). All statistical analyses were carried out using R-
Studio software, version 4.2.2. 

Results 
 

Length Frequency Distribution 
 
Table 1 provides the number of specimens 

sampled each month with a total of 704 individuals. The 
size frequency distributions of S. lucioperca in this study 
varied from 21 to 72 cm. The most frequently caught 
individuals measured between 21 and 25 cm in total 
length (286 individuals) (Figure 2). Furthermore, 
different fish species such as Lepomis gibbosus, 
Micropterus salmoides, Oreochromis niloticus, Rutilus 
rutilus and Cyprinus carpio, have been captured in the 
same habitat (Al Massira Dam Lake) as S. lucioperca, 
highlighting the significant ecological diversity of this 
reservoir. 

 
Length-weight Relationship 

 
The lowest total weight recorded was 75 g, with a 

minimum total length of 21 cm. The highest total weight 
registered was 2915 g, corresponding to a maximum 
total length of 72 cm. The biometric relationship relating 
total length to the total weight indicates a significant 
majoring allometry (b>3, P<0.001) (Table 2). This 
indicates that weight grows proportionally faster than 
length. The value of the regression coefficient is very 
close to 1 (R=0.98), which reflects a strong association 
of length and weight. 

 
Growth Parameters 

 
The Von Bertalanffy growth equation parameters 

for S. lucioperca, are summarized in Table 3. The findings 
obtained are: L∞=86.67 cm, K=0.24 year-1, 
t_anchor=0.49, ts=0.48 and C=0.69. The growth 
performance (∅′) was 3.25. 

 
Mortality Parameters and Exploration Rate 

 
The total mortality rate (Z) of S. lucioperca, derived 

from the length-converted catch curve, is 0.58 year-1 
(Figure 3a), with a natural mortality of 0.25 year-1 
estimated by using the Then et al. (2015) method. The 
estimated fishing mortality rate (F) is 0.33 year-1, with an 
exploitation ratio (E) of 0.57 (Table 4). Using these 
values, the back-projection of the descending part of the 
capture curve yielded an average size at first capture (Lc) 
of 22.45 cm (Figure 3b). 

 
Yield-Per-Recruit (YPR) 

 
The biological reference levels of the fishing 

mortality and exploitation rates (Fmax, F0.1, F0.5, Emax, 
E0.1, and E0.5) are presented in Table 5. The YPR 
model's graphical output is shown in Figure 4. The 
results suggest that the maximum yield can be reached 
at Fmax and Emax values of 0.22 year-1 and 0.38, 
respectively. Likewise, obtaining 50% annual yield from 
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the biomass corresponds to F0.5 and E0.5 values of 0.10 
year-1 and 0.19. The biologically optimal yield can be 
achieved with F0.1=0.18 year-1 and E0.1=0.31, 
respectively. 

 

Discussion 
 

Although the S. lucioperca fishery holds 
considerable importance for continental communities 
for employment, food security, and income, it has never 
been given priority by the Moroccan regulatory 
authorities. Consequently, catch-based data for a 
thorough stock assessment are lacking in Morocco. Due 
to the lack of chronological or age-related catch data, 
length-based methods are becoming increasingly 
common in data-limited fisheries, where length data are 

easily gathered (Mzingirwa et al., 2020). This study fills 
crucial gaps in terms of data and regulation in the 
Moroccan fishing sector. Given a sector poorly regulated 
and lacking resources, it offers a clear reference basis 
for the design, adequate development of guess policies. 
This is the first time these methods based on length 
were used to assess the stock of S. lucioperca in the 
Moroccan. This novelty not only equips decision-makers 
with critical information for the construction of 
sustainable and effective fisheries management 
strategies, but also emphasizes the need to design 
fisheries policies that consider the respective challenges 
and opportunities 

The length frequency distribution analysis of the S. 
lucioperca indicated that the most captured individuals 
had a total length ranging between 20 and 25 cm. Thus, 

Table 1. Number of S. lucioperca individuals sampled each month 

Mouths Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
IndividualsNumber 66 54 56 60 56 59 61 54 63 55 68 52 

 
 
 

 

Figure 2. Size-frequency distribution of S. lucioperca. 

 
Table 2. Length-weight relationships and Student's t test of S. lucioperca 

Coefficients Estimate Standard error t-value P-value 
a -2.51 0.045 55.89 < 2. 2e-16 
b 3.26 0.030 106.98 < 2. 2e-16 

 
 
 

Table 3. Growth parameters and scores of S. lucioperca 

Parameters Value 
L∞ (cm) 86.67 
K (year-1) 0.24 
t_anchor 0.49 
Ts 0.48 
C 0.69 
Ø′ 3.25 
Rn_max score 0.46 

Rn=The quality of the model estimation fit. 
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small fish species largely dominate the catches of the 
commercial fleet. This can be attributed to the 
exploitation of the population through intense fishing by 
artisanal fishermen, who often employing non-selective 
gillnets, leading to the capture of large numbers of much 
smaller individuals due to the lack of regulation of gear 
in Al Massira Dam Lake. However, the significant 
presence of small individuals may also indicate 
substantial recruitment in the population (Lasker, 1981). 
In many fisheries, a significant number of juveniles may 
indicate the productivity of a particular generation 
rather than overfishing (Myers & Barrowman, 1996). 
However, if recruitment is not supported by a 
sufficiently robust spawning stock, especially when 
excessive fishing pressure affects primary spawners, it 
could lead to long-term stock depletion (Walters & 
Martell, 2004). Therefore, distinguishing between high 
exploitation and high recruitment requires further 
research on reproductive success, environmental 
factors, and interannual variations in recruitment 
strength (Fogarty & Murawski, 1998; Sundby & Nakken, 
2008). 

The allometric coefficient obtained in this study 
(b>3, P<0.001) indicates positive allometric growth for 

this species, suggesting that its weight increases at a 
higher rate than its size. A majoring allometry was also 
revealed for the same species in Tunisian reservoirs 
(M’Hetli et al. 2011), in France (Argillier et al. 2012), and 
Algeria (Bouamra et al. 2017). However, minorizing 
allometry with b less than 3 was reported by Cernisencu 
and Staras (1992) in Romania and by Becer and Ikiz 
(1999) in Turkey. On the other hand, the work of Ilhan 
and San (2015) revealed an isometric allometry of S. 
lucioperca in Turkey. The allometry coefficient varies 
with several factors, including habitat, season, age, sex, 
physiological conditions, health, gonad maturity diet 
and stomach fullness, growth rate and yearly changes in 
environmental conditions (Li et al., 2013; Hossain et al., 
2015), which could explain its variation between 
different regions. 

The growth parameters L∞ and k found in this 
research, as well as those found in other studies, are 
presented in Table 6. The ∅' test revealed variations in 
these parameters across regions (Table 6), which can be 
attributed to several factors. These include water 
conditions, metabolic rate, food availability, pollution, 
and fishing pressure (Sparre & Venema, 1998). Fishing 
pressure, particularly size-selective fishing, is a well-

 

Figure 3. Length-converted capture curve illustrating the total mortality (Z) (a) the estimated probability of capture derived from 
the left descending extrapolation of this curve (b). 

 
Table 4. Mortality parameters, exploitation rate, and selectivity of S. lucioperca 

Z (year-1) M (year-1) F (year-1) E Lc (cm) 

0.58 0.25 0.33 0.57 22.45 
 
 
 

Table 5. Biological reference points obtained from the yield-per-recruit model based on length (Thompson & Bell, 1934) 

F01 Fmax F05 E01 Emax E05 

0.18 0.22 0.10 0.31 0.38 0.19 

 

 

a 

b 
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documented evolutionary selection factor that favors 
traits such as slower growth or earlier maturation (Favro 
et al., 1979; Law, 1979; Law & Rowell, 1993). This can 
further reduce the population yield (Law & Grey, 1989; 
Stokes et al., 1993). Moreover, water temperature 
directly influences fish growth by affecting their 
physiology (Weatherley & Gills, 1987), or indirectly by 
increasing the availability of food (Karås & Neuman, 
1981). Numerous research studies have reported that 
temperature positively affects the growth of S. 
lucioperca (Ložys, 2004; Heikinheimo et al., 2014; 
Bouamra et al., 2017). Intraspecific variation in growth 
is influenced by trophic factors, including prey 
availability and quality. For example, zooplanktivores 
have a slower growth than their piscivorous 
counterpart (Mooij et al., 1994; Frankiewicz et al., 1996). 
Faster growth rates are typically found in areas with 
higher prey abundance or more favorable 
environmental conditions (Lorenzen and Enberg, 2001).  
In Al Massira Dam Lake, S. lucioperca primarily feeds on 
the abundant perch (Bousseba et al., 2020), which may 
explain its favorable growth in this habitat.  

Genetic structure and trophic differences can have 
important implications for fisheries management. The 
genetic diversity defined by local adaptations must be 
conserved to ensure resilience of populations (Stearns, 

1992; Lahnsteiner & Jagsch, 2005) and to preventing 
transfers between populations (Zhuo et al., 2012; Xiao 
et al., 2013; Araki & Schmid, 2010). Consideration of 
genetic connectivity is also needed in stock 
assessments to address inbreeding and trait loss 
(Stearns, 1992). Prey availability is also a primary 
influence on fish growth and reproductive success, 
which directly influences the growth and reproduction 
of S. lucioperca (Witmer et al., 2000; Calenge et al., 
2004). Thus, fisheries management should not only 
regulate exploitation but also maintain food resources 
to sustain ecosystem balance (Redpath, 2001; 
Ziegltrum, 2004). Integrating these factors ensures 
conservation strategies align with ecological and genetic 
dynamics for long-term sustainability. 

In general, the total mortality rate Z varies 
between different authors and regions (Table 7), which 
can be attributed to the divergence in fishing patterns, 
as well as to the values of L∞ and K. The total mortality 
rate Z (0.58 year1) reported in this study is close to that 
found (Z=0.47 year-1) by Ozvarol and Ikiz (2008) in the 
Karacaoren Dam in Turkey, while it is lower than what 
has been reported by Toujani and Kraiem (2002) in 
Tunisia, by Balik et al. (2004) in Turkey, by Bouamra et 
al. (2017) in Algeria, and by Ibănescu et al. (2019) in 
Romania. Furthermore, the natural mortality rate (M) 

 

Figure 4. Yield and biomass analysis curve per recruit (a), and isopleth diagram illustrating the effect of different fishing mortality 
and Lc values on the relative YPR (b). 
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also shows variation among regions (Table 7). Several 
factors have been associated to natural mortality, such 
as predation, lack of food, diseases, aging, stress, and 
pollution (Yongo & Outa, 2016). The variations observed 
could therefore be linked to these factors. The estimate 
of length at first capture (Lc=22.45 cm) of S. lucioperca 
in the current study is lower than its length at first 
maturity (Lm), as reported by several studies conducted 
in different regions (Ruuhijärvi & Hyvärinen, 1996; 
M’Hetli, 2001; Poulet, 2004). This indicates that juvenile 
fish have been captured and excluded from the stock 
(using 25 mm mesh size nets). As a result, the stock's 
first spawners are being targeted by fishing, which will 
reduce the biomass of the stock's spawners and lead to 
a failure in recruitment and, consequently, the 
population's collapse. 

Comparing the levels of fishing mortality (F) and 
exploitation (E) found in our study with the 
recommended levels (Fmax and Emax) is essential for 
assessing a strategy for the sustainable management of 
an exploited fish stock. These key parameters, which are 
widely used, guide management measures aimed at 
achieving maximum sustainable yield (MSY) while 
maintaining stock productivity (Rochet & Trenkel, 2009). 
Furthermore, it is essential to evaluate the performance 
of fishing gear and its level of selectivity. The prediction 
model (Y'/R) applied in this study enabled us to 
determine the stock status in terms of various reference 
levels (Mildenberger et al., 2017) and to derive means of 
control, in particular monitoring fishing effort and 
regulating the selectivity of gear. 

The model reveals that the S. lucioperca stock in 
the Al Massira reservoir is overexploited, with an 
exploitation rate (E=0.57) exceeding both the optimal 
reference rate (E=0.5) and the maximum threshold 
(Emax=0.38), confirming the urgency of the situation. In 
addition, estimated fishing mortality (F=0.33 yr-¹) 
exceeded the acceptable limit (Fmax=0.22 yr-¹), 

confirming excessive fishing pressure. These results are 
consistent with studies conducted in Tunisia (Toujani & 
Kraiem, 2002), Turkey (Balik et al., 2004; Özayrol & İkiz, 
2008), Algeria (Bouamra, 2017) and Romania (Ibănescu 
et al., 2019) (Table 7).   

It is essential to take immediate action to 
attenuate the effects of fishing pressure and ensure the 
sustainability of this population, thereby ensuring the 
long-term future of the fishery. To achieve this 
objective, it is imperative to define size limits and 
increase mesh sizes to restrict the catch of juveniles, 
allowing them to achieve their sexual maturity and 
spawn at least once. This will help to renew the 
population and support the balance of the local aquatic 
ecosystem. The establishment of well-defined closed 
areas and periods during the spawning and recruitment 
periods should also be a priority measure, as it will help 
to reduce juvenile and spawning mortality and promote 
the improvement of the spawning stock. Reducing 
fishing mortality by controlling fishing effort is also a key 
strategy. This may involve limiting the number of fishing 
boats or the number of fishing hours per day. To 
improve the effectiveness of these measures, it is crucial 
to involve the local fishing community in implementing 
size restrictions, respecting closed seasons and reducing 
fishing effort. This could be done through training 
sessions and awareness-raising workshops on the long-
term benefits of these practices for the sustainability of 
their resources. Economic incentives, including financial 
compensation for seasonal closures, could also be 
applied to mitigate the impact on fishermen's 
livelihoods, while ensuring sustainable fisheries. 
Reconciling these restrictions with fishermen's 
dependence on fishing will require close collaboration 
with local stakeholders to ensure the economic 
profitability of fishing while maintaining sustainable 
practices. 

 

Table 6. Von Bertalanffy parameters equation obtained in different regions in comparison with present study data 

Areas  a b L∞ K ∅′ Authors 

Erkek Lake (Turkey) 9.71.10-3 2.95 94.86 0.09 2.91 Becer and Ikiz (1999) 
 Danube Delta, Sinoe Lake (Romania) 1.50.10-2 2.89 91.10 0.14 3.07 Cernisencu and Staras (1992) 
Tunisian Reservoirs 5.10-6 3.06 - - - M’Hetli et al. (2011) 
Treignat Reservoir (France) 4.78.10-6 3.05 74.40 0.07 2.62 Argillier et al. (2012) 
Castillon reservoir (France) 1.91.10-6 3.25 98.60 0.03 2.46 Argillier et al. (2012) 
Nature Reserve "Koviljsko-Petrovaradinski Rit" (Serbia) - - 49.55 0.25 2.78 Lujić et al. (2013) 
 Lake Marmara (Turkey) 9.1.10-3 2.996 - - - Ilhan and San (2015) 
Ghrib Reservoir (Algeria) 3.3.10-3 3.237 125.72 0.13 3.31 Bouamra et al. (2017) 
Al Massira Reservoir (Morocco) -2.51 3.26 86.67 0.24 3.25 Present study 

 
 
 

Table 7. Different mortality coefficients in different areas 

Z (year-1) M (year-1) F (year-1) Areas Authors 

1.186 0.415 0.771 Sidi Salem Reservoir, Tunisia Toujani et Kraiem (2002) 
1.27 0.185 1.085 Lake Igirdir, Turkey Balik et al. (2004) 
0.47 0.22 0.25 Karacaoren Reservoir, Turkey Ozvarol et Ikiz (2008) 
1.42 0.62 0.80 Ghrib Reservoir, Algeria Bouamra (2017) 
2.18 0.512 1.668 Lac Danube, Romania Ibănescu et al. (2019) 
0.58 0.25 0.33 Al Massira Reservoir, Morocco Present study 
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Conclusion 
 

This study has revealed crucial questions about the 
state of the S. lucioperca stock in the Al Massira 
Reservoir, and one of the most remarkable results of this 
research is that this species is largely overexploited. The 
current challenge consists of increasing the minimum 
length at first capture and to widen the mesh size to 
reduce the catch of juveniles, which will enable stocks to 
be rebuilt. In addition, it is suggested that research be 
conducted into the volumes of by-catches according to 
the various mesh sizes in order to assess their impact 
more accurately and strengthen decision-making in 
terms of regulations. Additionally, it is necessary to 
define areas and periods of fishing closures to ensure a 
security margin, thereby promoting the reproduction of 
adults and the natural recovery of the population. This 
study could significantly contribute to the development 
of an effective and sustainable management plan for the 
fishery resources of this reservoir. Implementing these 
recommendations would not only protect the S. 
lucioperca stock but also ensure the long-term 
livelihoods of local fishing communities and preserve 
the ecological balance of the reservoir. This research 
provides a preliminary foundation for the sustainable 
management of the S. lucioperca population in Al 
Massira Reservoir. Future research on fishing effort, 
socio-economic impacts, and ecological factors is 
essential to refine these recommendations and ensure a 
comprehensive management plan based on long-term 
catch data, which would provide a better understanding 
of the evolution in fish population and the impact of 
measures implemented over an extended period.   
 

Ethical Statement 
 

All procedures involving fish in the study were 
conducted in accordance with European Union Directive 
no: 2010/63.   
 

Funding Information 
 

The authors received no financial support for the 
research, authorship, and/or publication of this article.   

 

Author Contribution 
 

All authors agree to be accountable for the content 
and conclusions of the article. They contributed to the 
final manuscript as follows: MB participated in 
conceptualization, data compilation, investigation, data 
analysis, and manuscript writing. LF and SO contributed 
to data collection, investigation, and data 
interpretation. MD participated in designing the study, 
review, and correction. MH supervised, revised, and 
edited.   
 
 
 

Conflict of Interest 
 

The authors declare that they have no known 
competing financial or non-financial, professional, or 
personal conflicts that could have appeared to influence 
the work reported in this paper.   
 

Acknowledgements 
 

Bu metni seçip sağ tık yapılır ve yapıştırma 
seçeneklerinden Biçimlendirmeyi Birleştir (B)’e tıklanır   
 

References 
 
Alaoui, L., Agoumi, A., Moncef, M., & Mokhliss, K. (2000). 

Étude du régime thermique de la retenue Al Massira 
(Maroc). Hydroécologie Appliquée, 12, 183–206. 

Araki, H., & Schmid, C. (2010). Is hatchery stocking a help or 
harm? Evidence, limitations, and future directions in 
ecological and genetic surveys. Aquaculture, 308, S2–
S11. https://doi.org/10.1016/j.aquaculture.2010.05.036 

Argillier, C., Barral, M., & Irz, P. (2012). Growth and diet of the 
pikeperch Sander lucioperca (L.) in two French 
reservoirs. Archives of Polish Fisheries, 20, 191–200. 
https://doi.org/10.2478/v10086-012-0024-0 

Azeroual, A. (2003). Monographie des poissons des eaux 
continentales du Maroc : systématique, distribution et 
écologie. Ph.D. thesis, Faculté des Sciences, Université 
Mohammed V–Agdal, Morocco. 

Balik, Ü., Çubuk, H., Ozkok, R., & Uysal, R. (2004). Size 
composition, growth characteristics, and stock analysis 
of the Pikeperch, Sander lucioperca (L. 1758), population 
in Lake Iğdır. Turkish Journal of Veterinary and Animal 
Sciences, 28, 715–722. 

Becer, Z.A., & Ikiz, R. (1999). Eğirdir Gölü'ndeki sudak 
(Stizostedion lucioperca L., 1758) populasyonunun 
büyüme özellikleri. Turkish Journal of Zoology, 23, 215–
224 (In Turkish). 

Bouamra, A. (2017). Dynamique de la population du sandre, 
Sander lucioperca (Linnæus, 1758), dans un système 
lacustre algérien. Ph.D. thesis, Faculté des Sciences 
Biologiques, Université des Sciences et de la Technologie 
Houari Boumédiène, Algeria. 

Bouamra, A., Belaifa, B., Chaoui, L., Kara, M. H., & Arab, A. 
(2017). Age and growth of pikeperch Sander lucioperca 
(Percidae) in the Ghrib Reservoir (Northwest Algeria). 
Revue d'Écologie (Terre et Vie), 72, 83–93. 

 https://hal.archives-ouvertes.fr/hal-03532797 
Bousseba, M., Ferraj, L., Ouahb, S., Ouizgane, A., El Moujtahid, 

A., Droussi, M., & Hasnaoui, M. (2020). Food preferences 
of pikeperch, Sander lucioperca (Linnaeus, 1758), in 
Morocco. E3S Web of Conferences, 150, 02011, 8 pp. 
https://doi.org/10.1051/e3sconf/202015002011 

Calenge, C., Maillard, D., Fournier, P., & Fouque, C. (2004). 
Efficiency of spreading maize in the garrigues to reduce 
wild boar (Sus scrofa) damage to Mediterranean 
vineyards. European Journal of Wildlife Research, 50, 
112–120. https://doi.org/10.1007/s10344-004-0047-y 

Cernisencu, I., & Staras, M. (1992). Valorificarea durabilă a 
resurselor piscicole-principiu de bază în practicarea 
pescuitului în Delta Dunării. Anale Ştiinţifice ale 
Institutului Delta Dunării (In Romanian). 

Chrysafi, A., & Kuparinen, A. (2016). Assessing abundance of 
populations with limited data: Lessons learned from 



 
Turkish Journal of Fisheries & Aquatic Sciences TRJFAS26223 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

data-poor fisheries stock assessment. Environmental 
Reviews, 24, 25–38. 

 https://doi.org/10.1139/er-2015-0044 
Costello, C., Ovando, D., Hilborn, R., Gaines, S. D., Deschenes, 

O., & Lester, S. E. (2012). Status and solutions for the 
world’s unassessed fisheries. Science, 338, 517–520. 

Cowx, I.G. (1997). L’introduction d’espèces de poissons dans 
les eaux douces européennes : succès économiques ou 
désastres écologiques. Bulletin Français de Pêche et 
Pisciculture, 344/345, 57–77. 

Darwall, W., Carrizo, S., Numa, C., Barrios, V., Freyhof, J., & 
Smith, K. (2014). Freshwater Key Biodiversity Areas in 
the Mediterranean Basin Hotspot: Informing Species 
Conservation and Development Planning in Freshwater 
Ecosystems. IUCN, Cambridge. 

Deelder, C.L., & Willemsen, J. (1964). Synopsis of biological 
data on the pike-perch, Lucioperca lucioperca (Linnaeus), 
1958. FAO Fisheries Synopsis, 28, 1–60. 

Eschbach, E., Nolte, A. W., Kohlmann, K., Kersten, P., Kail, J., & 
Arlinghaus, R. (2014). Population differentiation of 
zander (Sander lucioperca) across native and newly 
colonized ranges suggests increasing admixture in the 
course of an invasion. Evolutionary Applications, 7, 555–
568. 

FAO (Ed.) (2015). Voluntary Guidelines for Securing 
Sustainable Small-Scale Fisheries in the Context of Food 
Security and Poverty Eradication. FAO: Rome, Italy. 
https://www.fao.org/documents/card/en/c/I4356EN. 

FAO (2019). FAO Yearbook, Fishery and Aquaculture Statistics. 
FAO: Rome, Italy. 

Favro, L.D., Kuo, P.K., & McDonald, J.F. (1979). Population-
genetic study of the effects of selective fishing on the 
growth rate of trout. Journal of the Fisheries Research 
Board of Canada, 36,552–561. 

 https://doi.org/10.1139/f79-079 
Fogarty, M. J., & Murawski, S. A. (1998). Large-scale 

disturbance and the structure of marine systems: Fishery 
impacts on Georges Bank. Ecological Applications, 8, 6–
22. https://doi.org/10.1890/10510761(1998)8[S6:LDAT-
SO]2.0.CO;2 

Frankiewicz, P., Dabrowski, K., & Zalewski, M. (1996). 
Mechanism of establishing bimodality in a size 
distribution of age 0 pikeperch, Stizostedion lucioperca 
(L.) in the Sulejow Reservoir, Central Poland. Annales 
Zoologici Fennici, 33, 321–327. 

Froese, R. (2006). Cube law, condition factor and weight–
length relationships: history, meta-analysis and 
recommendations. Journal of Applied Ichthyology, 22, 
241–253. 

Heikinheimoa, O., Pekcan-hekimb, Z., & Raitaniemi, J. (2014). 
Spawning stock–recruitment relationship in pikeperch 
Sander lucioperca (L.) in the Baltic Sea, with temperature 
as an environmental effect. Fisheries Research, 155, 1–9. 

Hilborn, R., & Ovando, D. (2014). Reflections on the success of 
traditional fisheries management. ICES Journal of Marine 
Science, 71, 1040–1046. 

 https://doi.org/10.1093/icesjms/fsu034. 
Hossain, M. Y., Sayed, S. R. M., Mosaddequr Rahman, M., Ali, 

M. M., Hossen, M. A., Elgorban, A. M., & Ohtomi, J. 
(2015). Length–weight relationships of nine fish species 
from the Tetulia River, southern Bangladesh. Journal of 
Applied Ichthyology, 31(5), 967–969. 

 https://doi.org/10.1111/jai.12823. 
Ibănescu, D.C., Popescu, A., & Nica, A. (2019). Growth and 

mortality estimation parameters for the pike-perch 

(Sander lucioperca, Linnaeus, 1758) population in 
Romanian section of the Danube River. Scientific Papers 
Series D. Animal Science, 62, 451–455. 

Ilhan, A., & Sari, H.M. (2015). Length-weight relationships of 
fish species in Marmara Lake, west Anatolia, Turkey. 
Croatian Journal of Fisheries, 73, 30–32. 

Karås, P., & Neuman, E. (1981). First-year growth of perch 
(Perca fluviatilis L.) and roach (Rutilus rutilus L.) in a 
heated Baltic Bay. Reports of the Institute of Freshwater 
Research, 59, 48–63. 

Kottelat, M., & Freyhof, J. (2007). Handbook of European 
Freshwater Fishes. Publications Kottelat, Cornol, 
Switzerland and Berlin, Germany. 

Lahnsteiner, F., & Jagsch, A. (2005). Changes in phenotype and 
genotype of Austrian Salmo trutta populations during 
the last century. Environmental Biology of Fishes, 74, 51–
65. https://doi.org/10.1007/s10641-005-4420-9. 

Lappalainen, J. (2001). Effects of Environmental Factors, 
Especially Temperature, on Population Dynamics of 
Pikeperch (Stizostedion lucioperca (L.)). PhD Thesis, 
University of Helsinki, Finland:28p. 

Lasker, R. (1981) The role of a stable ocean in larval fish 
survival and subsequent recruitment. In: Marine Fish 
Larvae: Morphology, Ecology, and Relation to Fisheries. 
University of Washington Press, Seattle, WA, pp. 80–88. 

Law, R. (1979). Optimal life histories under age-specific 
predation. The American Naturalist, 114,399–417. 

Law, R., & Grey, D.R. (1989). Evolution of yields from 
populations with age-specific cropping. Evolutionary 
Ecology, 3, 343–359. 

 https://doi.org/10.1007/BF02285264. 
Law, R., & Rowell, C.A. (1993). Cohort-Structured Populations, 

Selection Responses, and Exploitation of the North Sea 
Cod. In: Stokes, K., McGlade, J.M., Law, R. (eds) The 
Exploitation of Evolving Resources. Lecture Notes in 
Biomathematics, vol 99. Springer, Berlin, Heidelberg. 
https://doi.org/10.1007/978-3-642-48394-3_11. 

Le Cren, E.D. (1951). The length-weight relationship and 
seasonal cycle in gonad weight and condition in the 
Perch. (Perca fluviatilis). Journal of Animal Ecology, 20, 
201–219. https://doi.org/10.2307/1540. 

Lorenzen, K., & Enberg, K. (2001). Density dependent growth 
as a key mechanism in the regulation of fish populations: 
evidence from among-population comparisons. 
Proceedings of the Royal Society of London B: Biological 
Sciences, 269, 49–54. 

 https://doi.org/10.1098/rspb.2001.1853. 
Li, Q., Xu, R., & Huang, J. (2013). Length–weight relations for 

20 fish species from the Pearl River, China. Acta 
Ichthyologica et Piscatoria, 43(1), 65–69. 

 https://doi.org/10.3750/AIP2013.43.1.09. 
Louati, M., Kohlmann, K., Hassine, O. K. B., Kersten, P., Poulet, 

N., & Bahri-Sfar, L. (2016). Genetic characterization of 
introduced Tunisian and French populations of pike-
perch (Sander lucioperca) by species-specific 
microsatellites and mitochondrial haplotypes. Czech 
Journal of Animal Science, 61, 159–171. 

Lozys, L. (2004). The growth of pikeperch (Sander lucioperca L.) 
and perch (Perca fluviatilis L.) under different water 
temperature and salinity conditions in the Curonian 
Lagoon and Lithuanian coastal waters of the Baltic Sea. 
Hydrobiologia, 514, 105–113. 

 https://doi.org/10.1023/B:hydr.0000018211.26378.b9. 
Luji, J., Kosti, D., Bjeli, O., Popovi, E., Miljanovi, B., Marinovi, Z., 

& Markovi, G. (2013). Ichthyofauna composition and 



 
Turkish Journal of Fisheries & Aquatic Sciences TRJFAS26223 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

population parameters of fish species from the special 
nature reserve "Koviljsko Petrovaradinski Rit" 
(Vojvodina, Serbia). Turkish Journal of Fisheries and 
Aquatic Sciences, 13, 665–673. 

 https://doi.org/10.4194/1303-2712-v13_4_12. 
M'Hetli, M. (2001). Le sandre Stizostedion lucioperca 

(Linnaeus, 1758) (Téléostéen Percidae) poisson 
allochtone : Etude biologique et essai d'optimisation des 
critères de l'élevage. Ph.D. thesis. Université de Tunis El 
Manar. 136 p. 

M'hetli, M., Ben Khemis, I., Hamza, N., Turki, B., & Turki, O. 
(2011). Allometric growth and reproductive biology 
traits of pikeperch Sander lucioperca at the southern 
edge of its range. Journal of Fish Biology, 78, 567–579. 

 https://doi.org/10.1111/j.1095-8649.2010.02878.x. 
Mildenberger, T.K., Taylor, M.H., & Wolff, M. (2017). 

TropFishR: an R package for fisheries analysis with 
length-frequency data. Methods in Ecology and 
Evolution, 8, 1520-1527.  

 https://doi.org/10.1111/2041-210X.12791. 
Mooij, W.M., Lammens, E.H.R.R., & Van Densen, W.L.T. (1994). 

Growth rate of 0+ fish in relation to temperature, body 
size, and food in shallow eutrophic Lake Tjeukemeer. 
Canadian Journal of Fisheries and Aquatic Sciences, 51, 
516-526. https://doi.org/10.1139/f94-054. 

Myers, R. A., & Barrowman, N. J. (1996). Is fish recruitment 
related to spawner abundance? Fisheries Bulletin, 9, 
707–724. 

Mzingirwa, F.A., Nyamora, J.M., Omukoto, J.O., & Tuda, P. 
(2020). Stock assessment of the Tigertooth croaker, 
Otolithes ruber (Bloch & Schneider 1801) from the 
commercial prawn trawl fishery by-catch in coastal 
Kenya. Western Indian Ocean Journal of Marine Science, 
19, 149–165. https://doi.org/10.4314/wiojms.v19i2.11. 

Nikolić, D., Poleksić, V., Tasić, A., Smederevac-Lalić, M., 
Djikanović, V., & Rašković, B. (2023). Two age groups of 
adult pikeperch (Sander lucioperca) as bioindicators of 
aquatic pollution. Sustainability, 15, 11321. 
https://doi.org/10.3390/su151411321. 

Özayrol, Z.A.B., & İkiz, R. (2008). Growth, mortality and stock 
analysis of the pikeperch, Sander lucioperca (L., 1758) 
population of Karacaören I Dam Lake. Journal of Fishery 
Sciences, 2, 134-145. 

Pauly, D. (1980). On the interrelationships between natural 
mortality, growth parameters, and mean environmental 
temperature in 175 fish stocks. Journal of Cons. Expl. 
Mar., 39, 175-192. 

 https://doi.org/10.1093/icesjms/39.2.175. 
Pauly, D. (1983). Length-converted catch curves: a powerful 

tool for fisheries research in the tropics (part 1). ICLARM 
Fishbyte, 1, 9-13. 

Pauly, D. (1984). Fish population dynamics in tropical waters: 
a manual for use with programmable calculators. 
ICLARM Studies and Reviews, 8, 1-325. 

Pauly, D., & Munro, J.L. (1984). Once more, on the composition 
of growth in fish and invertebrates. Fishbyte, 2, 21. 

Pauly, D. (1987). A review of the ELEFAN system for analysis of 
length-frequency data in fish and aquatic vertebrates. In 
Length-Based Methods in Fisheries Research (D. Pauly & 
G.R. Morgan, eds.), pp. 7–34. Manila: ICLARM and Safat: 
KISR. 

Pons, M., Kell, L., Rudd, M. B., Cope, J. M., & Lucena Frédou, F. 
(2019). Performance of length-based data-limited 
methods in a multi-fleet context: Application to small 

tunas, mackerels, and bonitos in the Atlantic Ocean. ICES 
Journal of Marine Science, 76, 960–973. 

Poulet, N. (2004). Le sandre (Sander lucioperca (L.)): biologie, 
comportement et dynamique des populations en 
Camargue (Bouches du Rhône, France). Ph.D. thesis. 
Université de Toulouse III - Paul Sabatier. 286 p. 

Prince, J., & Hordyk, A. (2019). What to do when you have 
almost nothing: A simple quantitative prescription for 
managing extremely data-poor fisheries. Fish and 
Fisheries, 20, 224–238. 

 https://doi.org/10.1111/faf.12335. 
Quinn, T.J., & Deriso, R.B. (1999). Quantitative Fish Dynamics. 

Oxford University Press, Oxford. 
Redpath, S. (2001). Does supplementary feeding reduce 

predation of red grouse by hen harriers? Journal of 
Applied Ecology, 38, 1157–1168. 

 https://doi.org/10.1046/j.0021-8901.2001.00683.x. 
Rochet, M.J., & Trenkel, V.M. (2009). Why and how could 

indicators be used in an ecosystem approach to fisheries 
management? In The Future of Fishery Science in North 
America (R.J. Beamish & B.J. Rothschild, eds.), Fish and 
Fisheries Series, 31, 209–226. Springer, Berlin. 

Ruuhijärvi, J., & Hyvärinen, P. (1996). The status of pike-perch 
culture in Finland. Journal of Applied Ichthyology, 12, 
185-188. https://doi.org/10.1111/j.14390426.1996.tb-
00087.x. 

Salgueiro-Otero, D., Barnes, M.L., & Ojea, E. (2022). Climate 
adaptation pathways and the role of social-ecological 
networks in small-scale fisheries. Scientific Reports, 12, 
15526. 

Sonesten, L. (1991). The biology of pikeperch – a literature 
review. Information from the Institute of Freshwater 
Research, Drottningholm. 

Sparre, P., & Venema, S.C. (1998). Introduction to the Tropical 
Fish Stock Assessment. Part 1. FAO Fish Tech Pap. 306, 
407. 

Stearns, S.C. (1992). The Evolution of Life Histories. Oxford 
University Press, Oxford. 250 pp. 

 https://doi.org/10.1093/oso/9780198577416.001.0001 
Stokes, T.K., McGlade, J.M., & Law, R. (Eds.) (1993). The 

Exploitation of Evolving Resources. Lecture Notes in 
Biomathematics 99. Springer-Verlag, Berlin. 264 pp. 

Sundby, S., & Nakken, O. (2008). Spatial shifts in spawning 
habitats of Arcto-Norwegian cod related to multidecadal 
climate oscillations and climate change. ICES Journal of 
Marine Science, 65, 953–962. 

 https://doi.org/10.1093/icesjms/fsn085 
Taylor, M.H., & Mildenberger, T.K. (2017). Extending electronic 

length frequency analysis in R. Fisheries Management 
and Ecology, 24, 330-338. 

 https://doi.org/10.1111/fme.12232. 
Then, A.Y., Hoenig, J.M., Hall, N.G., & Hewitt, D.A. (2015). 

Evaluating the predictive performance of empirical 
estimators of natural mortality rate using information on 
over 200 fish species. ICES Journal of Marine Science, 72, 
82–92. 

Thompson, W.F., & Bell, H. (1934). Biological statistics of the 
Pacific halibut fishery. 2. Effect of changes in intensity 
upon total yield, and yield per unit gear. Report of the 
International Fisheries Commission, 8, 49 pp. 

Tilley, A., Herrón, P., Espinosa, S., López-Angarita, J., & Box, S. 
(2018). Predicting vulnerability to management changes 
in data-limited, small-scale fisheries. Marine Policy, 94, 
39–45. https://doi.org/10.1016/j.marpol.2018.04.013. 



 
Turkish Journal of Fisheries & Aquatic Sciences TRJFAS26223 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Toujani, R., & Kraiem, M.M. (2002). Dynamique de la 
population de sandre Stizostedion lucioperca (L., 1758, 
Pisces, Percidae) dans la retenue du barrage de Sidi 
Salem. Bulletin of the National Institute of Marine 
Sciences and Technologies, 29, 17–22. 

Van Densen, W.L.T., & Grimm, M.P. (1988). Possibilities for 
stock enhancement of pikeperch (Stizostedion 
lucioperca) in order to increase predation on 
planktivores. Limnologica, 19, 45–59. 

Walters, C. J., & Martell, S. J. D. (2004). Fisheries Ecology and 
Management. Princeton University Press.  

Wang, K., Zhang, C., Xu, B., Xue, Y., & Ren, Y. (2020). Selecting 
optimal bin size to account for growth variability in 
Electronic Length Frequency Analysis (ELEFAN). Fisheries 
Research, 225, 105474. 

 https://doi.org/10.1016/j.fishres.2019.105474. 
Weatherley, A.H., & Gill, H.S. (1987). The Biology of Fish 

Growth. Academic Press, London. 
Wibisono, E., Puggioni, G., Firmana, E., & Humphries, A. (2021). 

Identifying hotspots for spatial management of the 
Indonesian deep-slope demersal fishery. Conservation 
Science and Practice, 3, 1–11. 

 https://doi.org/10.1111/csp2.356. 
Witmer, G.W., Nolte, D.L., & Stewart, W.B. (2000). Integrated 

pest management of black bear reforestation damage. In 
T.P. Salmon & A.C. Crabb (Eds.), Proceedings of the 
Nineteenth Vertebrate Pest Conference (pp. 228–235). 
University of California. 

 https://doi.org/10.5070/V419110191. 

Xiao, M.S., Cui, F., Kang, J., & Zhang, X.H. (2013). Genetic 
structure and variation of wild Ophicephalus argus 
cantor from Huaihe River based on MtDNA D-loop 
sequences. Journal of Huazhong Normal University 
(Natural Science), 47, 82–90. 

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: Research and Management, 21, 375–379. 

Zar, J.H. (1999). Biostatistical Analysis (4th ed.). Prentice-Hall, 
Englewood Cliffs, New Jersey, USA. 662 pp. 

Zeller, D., Palomares, M.L.D., & Pauly, D. (2023). Global 
fisheries science documents human impacts on oceans: 
the Sea Around Us serves civil society in the twenty-first 
century. Annual Review of Marine Science, 15, 1. 
https://doi.org/10.1146/annurev-marine-030322-
113814. 

Zhuo, X.L., Liang, R.S., Chen, Y.F., Huang, G.J., Yu, D.H., & Zou, 
J.X. (2012). Genetic characterization of northern 
snakehead (Channa argus) populations in China using 
microsatellite markers. Biochemical Systematics and 
Ecology, 43, 25–31. 

 https://doi.org/10.1016/j.bse.2012.02.024. 
Ziegltrum, G.J. (2004). Efficacy of black bear supplemental 

feeding to reduce conifer damage in western 
Washington. Journal of Wildlife Management, 68, 470–
474. https://doi.org/10.2193/0022541X(2004)068[047-
0:EOBBSF]2.0.CO;2.   


