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Abstract 
Stock size and status of red mullet Mullus barbatus were assessed via virtual population analysis and yield 
prediction analysis using on-board observed length-frequency catch data from the north-eastern 
Mediterranean Sea. The von Bertalanffy growth parameters obtained were L∞ = 35.4 cm, k = 0.42, t0 = 0.64, tanc 
= 0.59 and Φ′ = 2.72. Trawl-type selectivity ogive was calculated as 1.57 years corresponding to 17.1 cm TL. 
The virtual population analysis of M. barbatus indicated that the minimum and maximum fishing mortalities 
were 0.01 yr

–1
 and 11.1 yr

–1
 for the mid-length groups for 8.5 cm and 21.5 cm respectively. The estimated 

lowest mean biomass and yield were 3.541 t and 31 t at length 8.5, and the highest mean biomass and yield 
were 13.880 t at length 22.5 cm and 46.086 t at length 21.5 cm respectively. Biological reference points were 
FMSY = 5.85, F0.5 = 2.3, EMSY = 0.89, E0.5 = 0.77. The values for the current fishing mortality coefficient (Fcur) and 
the current exploitation rate (Ecur) calculated were 5.3 and 0.89 respectively. The present biological reference 
points indicate that the stock of M. barbatus in the investigated area is overexploited status and needs urgent 
management considerations.  
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1 | INTRODUCTION 
Sustainable use of fishery stocks depends on having an 
ability to assess stocks and make some predictions about 
how fisheries catches are likely to affect future stock 
states (Bentley 2015). Fishery stocks having large 
amounts of processed knowledge and data time series 
including fishery-independent surveys and rigorous catch 
data collection programmes, there is often enough infor-
mation to fit statistical stock assessment models to make 
some prediction about how fisheries catch are likely to 
affect future stock states (Chong et al. 2020; Fujita 2021). 
Unfortunately, most stocks due to lack of knowledge and 
data are not well known which is being classified as data-

limited stocks. In these stocks, sustainable stock exploita-
tion and sustainability reference points are required (van 
Deurs et al. 2021). 

Length-structured data for assessing stock and 
population dynamics study were commonly used where 
age structure data are limited (Sparre and Venema 1998; 
Mildenberger et al. 2017; Turan 2021). Electronic length-
frequency analysis (ELEFAN) is a system of stock assess-
ment methods using length-frequency (LFQ) data (Pauly 
and David 1980, 1981; Taylor and Mildenberger 2017) 
which are commonly available from catch data and scien-
tific surveys and merged with length-based fish stock as-
sessment, developed at the FAO (Sparre 1987). Electronic 
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length-frequency analysis is used to estimate life history 
parameters relating to growth and mortality, which can 
be subsequently used as input into other models regard-
ing optimal harvest strategies such as yield-per-recruit 
and virtual population analysis. 

The red mullet Mullus barbatus Linnaeus, 1758 
(Mullidae) is a benthic species, inhabiting mostly in the 
gravel, sandy and muddy bottoms at a depth range of 5 to 
300 m, and spread from the northeastern Atlantic, British 
Isles (occasionally Scandinavia) to Senegal, Canary Islands, 
along the Mediterranean, and Black Sea (Relini et al. 
1999; Turan et al. 2007; Froese and Pauly 2020). Since red 
mullet is of major commercial importance to the bottom 
trawl fisheries in the Mediterranean Sea, the relative in-
dex of the population abundance decreases with depth 
(Jukid-Peladid et al. 1999; Vrgoč 2000). The landings of 
this species in Turkey were reported as 2450 tons in 2000, 
and 1719 tons in 2019 (TUIK 2020). The fishing catch of 
red mullet is different among the four adjacent seas of 
Turkey; the Mediterranean coast of Turkey has the high-
est total catches, 37.5%, and the rest of the total catch 
are 30% from the Black Sea, 26.5% from the Aegean Sea 
and 5.5% from the Marmara Sea. There are reports (e.g. 
Gücü and Bingel 1994; Çicek 2015) that stocks of red mul-
let have been almost exclusively fished by the bottom 
trawl fisheries in Turkish coasts. 

Assessing the status of the stocks of red mullet in 
Turkish marine waters is fairly challenging due to the lack 
of available data. In order to have the sustainable exploi-
tation of fish stock, knowledge of the demographic pa-
rameters for a given species can assist in developing 
management models. Therefore, the principal objective 
of this study is the assessment of the stock status of red 
mullet via virtual population analysis and yield prediction 
analysis using on-board observed length-frequency catch 
data. 
 
2 | METHODOLOGY 
2.1 Sample collection 
Red mullet (Mullus barbatus) samples were randomly 
collected on the board of commercial trawl monthly from 
April 2017 to March 2018 from the Iskenderun Bay, the 
northeastern Mediterranean Sea. Red mullet samples 
were measured for their total length (the nearest lower 
0.1 cm) with a measuring board. A total of 3484 individual 
specimens of red mullet were collected from the Iskende-
run Bay, north-eastern Mediterranean. The total landing 
of red mullet in the Turkish Seas was also collected from 
the TURKSTAT (TUİK 2020). 
 
2.2 Data analysis 
Length-frequency catch data (LFCD) of red mullet was 
analysed using a bootstrapped version of the Electronic 
Length Frequency Analysis (ELEFAN) I&II in the R package 
“TropFishR” (version 1.6.2) (Taylor and Mildenberger 

2017). The size at morphometric maturity ogive was cal-
culated using sizeMat in R package (R Core Team 2021) to 
estimate size at sexual maturity. 
 
2.3 Growth parameters 
The von Bertalanffy’s growth parameters (VBGP) were 
calculated for each species with the seasonalised von Ber-
talanffy’s growth function using the LFCD (Somers 1988): 
the used formula Lt = L∞∗(1-e-(K (t-t0)+S (t) -S (t0))), where 

S(t) = (CK/2π)  sin2π(t − ts), C is a constant indicating the 
amplitude of the oscillation, ranging from 0 to 1, and ts is 
the fraction of a year (relative to the age of recruitment, t 
= 0) where the sine wave oscillation begins, Lt and t de-
scribe the length at the predicted time, the asymptotic 
length was symbolised as L∞, K depict the growth coeffi-
cient in year

−1
, and t0 was the hypothetical age or time 

where length was equal to zero (Sparre and Venema 
1998; Taylor and Mildenberger 2017). In the ELEFAN 
(Sparre and Venema 1998; Schwamborn et al. 2019) used 
for the fitting process, tanchor describes the fraction of 
the year where the von Bertalanffy growth function 
crosses length = 0 for a given cohort (Taylor and Milden-
berger 2017). Moreover, the growth performance index 

(Φ′) was estimated: Φ′ = log (K) + 2  log (L∞), where an 
initial seed value of L∞ was measured based on Lmax, de-
rived from the mean of the 1% largest fish in the sample, 
using the formula; L∞ = Lmax / 0.95 (Pauly and Munro 
1984). The best-fitting moving average (MA) value for 
each data was estimated by restructuring the data based 
on different MA values (Taylor and Mildenberger 2017), 
concerning the number of bins spanning the youngest 
cohorts. 
 
2.4 Virtual population analysis  
The length-based virtual population analysis (VPA) model 
(Sparre and Venema 1998) was used to estimate recruit-
ment (Lassen and Medley 2001). Once the VBGP was es-
timated, the entire data was used for subsequent analy-
sis. Total instantaneous mortality rate (Z) was estimated 
using the equation of Beverton and Holt (1956), calculat-
ing the slope of the regression line of the descending part 
of the catch curve where the selection of points was 
based on the length-derived age classes represented in 
the catch in each case. The instantaneous natural mortali-
ty rate (M) was estimated using the empirical formula 
developed by Then et al. (2015): M = 4.118 K 0.73 L∞ – 
0.33. Fishing mortality (F) and exploitation rate (E) were 
estimated based on the estimated Z and M values: F = Z – 
M and E = F / Z respectively (Pauly 1980). 
 
2.5 Selectivity and maturity ogive 
A trawl-type selectivity ogive with a given length at first 
capture (Lt50, length at which 50% of fishes caught) was 
calculated with “trawl-ogive” selectivity model in addition 
to the length at both 25 and 75 captures, indicating the 
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cumulative probability at 25% and 75% respectively (Tay-
lor and Mildenberger 2017). The estimation of the size at 
morphometric maturity ogive (Lm50, the size at 50% ma-
turity) was estimated as the length at which a randomly 
chosen specimen has a 50% chance of being mature 
(Somerton 1980; Roa et al. 1999). 
 
2.6 Yield-per-recruit analysis 
The outputs of the above VPA procedures were used as 
input data for the Thompson and Bell (1934) prediction 
model to assess the optimum factor for increase or de-
crease of fishing effort to achieve maximum sustainable 
and economic yield of red mullet (Thompson and Bell 
1934; Pauly and Morgan 1987; Schnute 1987; Sparre and 
Venema 1992). Biological reference points such as the 
limit reference point (FMSY) and the target reference point 

(F0.5) were estimated according to Cadima (2003). The 
estimated current exploitation rate (Ecur) was compared 
to a reference value of E0.5, which has been proposed as 
an upper level of sustainable exploitation for fish species 
(Gulland 1971). The maximum sustainable level (EMSY) and 
current fishing level (Fcur) were used to evaluate the state 
of the stock (Sparre and Venema 1998). 
 
3 | RESULTS 
Yearly landing of red mullet from the Turkish coastal wa-
ters, comprising the Mediterranean, Aegean, Marmara 
and Black Sea with 10%, 50% and 90% confidence inter-
vals indicate that there are high fluctuations between the 
years and sharp continuing decline in the landing at re-
cent years (Figure 1).  

 

 

 
 
FIGURE 1 Total landing of red 
mullet Mullus barbatus from the 
Turkish coastal waters, compris-
ing the Mediterranean, Aegean, 
Marmara and Black Sea with 10%, 
50% and 90% confidence inter-
vals. 

 
3.1 Growth 
The von Bertalanffy growth parameters obtained for red 
mullet were L∞ = 35.4 cm, 𝑘 = 0.42, 𝑡0 = 0.64, tanc = 0.59 
and Φ′ = 2.72. Monthly length-frequency data and VBG 
growth curve are presented in Figure 2. 
  
3.2 Ogive 
Trawl-type selectivity ogive (Lt50, age at which 50% of red 
mullet becomes vulnerable to the gear) was calculated as 
1.57 years corresponding to 17.1 cm TL (Figure 3). The 
lengths at which 75 and 95% of red mullet are retained in 
the gear were estimated as Lt75 = 18.14 cm at age 1.7 and 
Lt95 = 19.69 cm at age 1.9 year for M. barbatus.   
 

3.3 Virtual population analysis (VPA) 
Results of the length structured virtual population analy-
sis parameters of M. barbatus are given at Figure 4. The 
VPA of M. barbatus indicated that the minimum and max-
imum fishing mortalities were 0.01 year

–1
 and 11.1 year

–1
 

for the mid-length groups for 8.5 cm and 21.5 cm respec-
tively (Figure 5). The estimated lowest mean biomass and 
yield were 3.541 t and 31 t at length 8.5, and the highest 
mean biomass and yield were 13.880 t at length 22.5 cm 
and 46.086 t at length 21.5 cm respectively. The estimat-
ed lowest and highest mean body weight were 6.25 g at 
length 8.5 cm and 292.8 g at length 22.5 cm respectively 
(Table 1). 
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FIGURE 2 Monthly length-
frequency histograms of Mullus 
barbatus with lines superimposed 
VBG growth curve (red). Succes-
sive peaks of growing cohorts are 
extrapolated by the model. 

 

 
FIGURE 3 The size at trawl-type 
selectivity ogive of Mullus barba-
tus. 

 

FIGURE 4 Virtual population anal-
ysis of Mullus barbatus fishery 
with fishing mortality rate by 
length classes and resulting re-
constructed population structure 
(survivors, natural losses and 
catch) in the percentage of num-
bers per length class. 

 
TABLE 1 The virtual population analysis parameters of Mullus barbatus. 
Parameters / length classes 8.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 16.5 17.5 18.5 19.5 20.5 21.5 22.5 

Survivors × 1000 6222 5722 5165 4433 4006 3578 2785 2378 1909 1443 1183 814 480 64 0 
Natural losses × 1000 382 369 350 321 295 277 242 207 181 149 124 100 68 23 32 
Catch × 1000 5 130 207 411 131 151 550 199 288 316 136 270 266 392 32 
Mean body weight (g) 6.3 8.9 12.2 16.3 21.2 27.0 33.8 41.8 50.9 61.3 73.1 86.3 101.1 117.6 292.8 
Fishery mortality 0.01 0.24 0.40 0.86 0.30 0.37 1.53 0.65 1.07 1.43 0.74 1.83 2.64 11.10 0.68 
Mean biomass (t) 3541 4865 6328 7740 9256 11093 12174 12852 13667 13560 13460 12741 10200 4150 13880 
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3.4 Yield prediction analysis 
The present estimated natural mortality coefficient and 
instantaneous total mortality coefficient (Z) of M. barba-
tus were M = 0.68 and Z = 5.98. Biological reference 
points of M. barbatus obtained in this study were FMSY = 
5.85, F0.5 = 2.3, EMSY = 0.89, E0.5 = 0.77 (Figure 5). The val-

ues for the current fishing mortality coefficient (Fcur) and 
the current exploitation rate (Ecur) calculated were 5.3 and 
0.89 respectively. The resulting estimates of the impact of 
mesh size restrictions on yield in red mullet explored by 
changing Lt and F revealed that the yields at the Lt50 and 
current F were 32 g (Figure 6).  

 

 

 
FIGURE 5 Curves of yield and bi-
omass per recruit for Mullus bar-
batus in the function of the fish-
ing mortality rate. 

 

 
FIGURE 6 Yield-per-recruit iso-
pleth diagram of Mullus barbatus. 
X-axis and Y-axis correspond to 
changing fishing mortality and the 
mean length at first capture (LC), 
respectively. The black dots rep-
resent the current fishing regime. 

 
4 | DISCUSSION 
The preliminary assessment of stock size and status of red 
mullet M. barbatus via virtual population analysis and 
yield prediction analysis using on-board collected LFQ 
data in the Iskenderun Bay, north-eastern Mediterranean 
revealed that the red mullet stock is overexploited. 
Moreover, increasing the current fishing effort would not 
provide any higher yield and biomass. The yield prediction 
analysis of red mullet does provide a clear sign of over-
fishing, which could be the reason for the drop-down of 
the catches in the last decades in Turkish marine waters 
since the Mediterranean coast provides the highest 
catches to the total catch of red mullet in Turkey. 
 
4.1 Growth parameters 
The growth of M. barbatus was described by a von Ber-
talanffy model with an asymptotic length (L∞) of 35.4 cm 
and a growth coefficient (K) of 0.42 year

–1
. The present L∞ 

estimated in this study was higher than the estimates 
from the same region in 2015 of Çicek (2015) (L∞ = 21.98, 
K = 0.19), the Black Sea of Yılmaz (2019) (L∞ = 17.64, K = 
0.43), the Antalya Bay from the other side of Turkish 
Mediterranean coast of Taşlı et al. (2006) (L∞ = 30.3, K = 
0.10), Cyprus of GFCM (2014) (L∞ = 24.2, K = 0.41) and the 
Tyrrhenian Sea of Bianchimi and Ragonese (2011) (L∞ = 

31.6, K = 0.37).  The differences in the estimation values 
among the present and previous reports from different 
regions may be related to the sensitivity of von Ber-
talanffy parameters to the number of age groups used 
(Xiao 1994). The fit can be affected by the largest and 
smallest fish, generally poorly represented in the samples. 
The relatively higher estimation of L∞ in the present study 
could be lack of small individuals since a deficiency of 
small individuals generates a positive bias in the estimate 
of K.  

Furthermore, the observed differences between 
studies could be due to differences in the geographical 
location and the other factors such as regional climate, 
trophic status, diet and exploitation rates (Gheshlaghi et 
al. 2012; He et al. 2016).  The estimated value of the 
growth performance index (Φ') was 2.72 for M. barbatus 
which are considered to specify slow growth. The magni-
tude of the growth performance is a matter of multiple 
factors such as growth rate (K) and the asymptotic length 
(L∞). Pauly and Munro (1984) reported that the parame-
ter Φ' acts as an indicator of the inconsistency on the 
accuracy of the estimated growth parameters of the same 
or related species of stocks. The current fishing regime, 
dietary patterns in the region may affect the detected 
growth performances. 
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4.2 Ogive   
Sizes at trawl-type selectivity ogive (Lt50) were 17.1 cm 
corresponding to 1.57 year in the present study that the 
current regulated allowable catch size of both species in 
Turkish marine waters are 13 cm which is too short for 
giving a chance to the majority at least one time birth for 
both species. Different length at first sexual maturity 
(Lm50) were reported in the previous studies ranged from 
10.2 to 13.87 cm (Türeli and Erdem 1997; Cherif et al. 
2007; Çiçek 2015). Cherif et al. (2007) estimated Lt50 of 
females and males from Gulf of Tunis was 13.94 and 
13.87 cm. Genç et al. (2002) indicated the age at first ma-
turity of this species is considered II years old, and 86.8% 
of the total catch consisted of immature or just matured 
individuals from the Eastern Black Sea coast. The present 
finding and the other studies indicate that most of the 
catch consisted of immature and fast-growing specimens, 
therefore, there is overfishing on the stock of M. barbatus 
off the Iskenderun Bay coasts. 
 
4.3 Virtual population analysis  
The length structured VPA of M. barbatus results revealed 
that the fishing pressure in the stock starts up to 11.5 cm 
size, and the fishing mortality highly increases only after 
attaining the length 20.5 cm, which may suggest increas-
ing exploitation with an increase in the size of the fish.  
The length at first maturity (Lm50) of M. barbatus reported 
in other studies (ranged from 10.2 to 13.87 cm) (Türeli 
and Erdem 1997; Çiçek 2015) was found to be lower than 
the trawl-type selectivity ogive (Lt50 = 17.1 cm TL). It could 
be therefore concluded that the gear being used for its 
capture is not a threat for its growth as well as recruit-
ment of M. barbatus in the Iskenderun Bay, northeastern 
Mediterranean Sea. 
 
4.4 Yield prediction analysis 
The consistency of the estimated M was ascertained with 
the M/K ratio, which should be within the range of 1.12 –  
2.5 for most fishes (Macer 1977). In this study, the M/K 
ratio was 1.62 falls within the acceptable defined range. 
Additionally, the range of M/K ratio for both species is 
below the Beverton and Holt (1959) range of 1.0 – 2.5 for 
fish indicating a poor environmental state. 

The biological reference points of M. barbatus indi-
cated that the current fishing mortality (FCurr = 5.3) is 
higher than the fishing mortality for the target reference 
point (F0.5) and near to MSY (FMSY), which is confirmed 
here by the current exploitation rate (ECurr = 0.89) that is 
also higher than the other reference point target bench-
marks E0.5 and EMSY, showing the stock of M. barbatus 
during the study period in the investigated area is over-
exploited status. Thompson and Bell yield stock predic-
tion analysis indicate that any increase in fishing mortality 
cannot increase both yield and biomass.  

The yield isopleth diagram indicates that the yield 

can be double increased with increasing the length (about 
19 cm) at first capture with one third less fishing mortali-
ty. Therefore, if the current mesh size (44 mm) could be 
increased, the yield from the red mullet stock can be 
double increased even with one third less fishing effort. 
The estimated F of M. barbatus (5.3 year

–1
) is comparable 

to the estimates reported for the other Mediterranean 
stocks. The estimate was 0.26 for the southern Cyprus 
coasts (GFCM 2014), 1.43 for the Turkish coast of the 
Black Sea (Yılmaz et al. 2019), indicating that the fishing 
mortality in the Iskenderun Bay is relatively much higher 
than that from the other parts of the Mediterranean Sea. 
 
5 | CONCLUSIONS 
Data-limited stock assessment methods have been get-
ting increased attention (Cortés and Brooks 2018; Moreau 
and Matthias 2018; Turan 2021). Here, the data-limited 
stock assessment based on length-frequency data is ef-
fectively estimated the stock size and status of M. barba-
tus off the Iskenderun Bay coasts. Studying population 
dynamics and parameters such as the asymptotic length 
and growth coefficient, mortalities (natural and fishing), 
and exploitation levels are crucial for effective manage-
ment of marine resources.  Limited knowledge of popula-
tion structure and exploitation levels of marine resources 
demands a detailed study to facilitate better manage-
ment of the resources (Francis 2017; Öğreden and 
Yağlıoğlu, 2017; Chong et al. 2020). The EC and GFCM are 
promoting a regional approach to fisheries management 
on the use of statistical analysis of biomass, catch and 
effort trends to expand monitoring of fisheries in unit 
areas, and the use of reference points based on statistical 
analyses in the Mediterranean (EU 2012; GFCM 2020). 

From the fisheries management point of view, the 
present biological reference points of M. barbatus indi-
cate the stock of M. barbatus during the study period in 
the investigated area is overexploited status. An increase 
in fisheries mortality in M. barbatus does not affect the 
yield and biomass. The selectivity needs to be lowered to 
increase the yield with one-third time less fishing mortali-
ty. Therefore, there should be regulations to increase the 
current mesh-size regulation (44 mm). Besides, changes in 
the exploitation regime in addition to the mesh size 
would improve M. barbatus exploitation pattern in the 
north-eastern Mediterranean. 
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