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AGE AND GROWTH PARAMETERS OF THE RED MULLET MULLUS 
BARBATUS (MULLIDAE) FROM NORTHERN TUNISIA 

(CENTRAL MEDITERRANEAN SEA)

Mourad CHÉRIF
Institut National des Sciences et Technologies de la Mer, port de pêche, 2025 La Goulette, Tunisia

Rimel BENMESSAOUD
Institut National Agronomique de Tunis, 43, Avenue Charles Nicolle 1082 -Tunis- Mahrajène, Tunisia

Christian CAPAPÉ
Laboratoire d’Ichtyologie, Université de Montpellier, case 104, 34095 Montpellier cedex 5, France

e-mail: capape@univ-montp2.fr

ABSTRACT

The paper presents the results of a study of age and growth of the red mullet Mullus barbatus Linnaeus, 
1758 from the northern coast of Tunisia, based on otolith readings. The age composition ranged from 1 to 
5 years, but the majority of specimens belonged to the one-year group, in both females and males. Females 
significantly outnumbered males in size classes larger than 150 mm, whereas males significantly outnum-
bered females in smaller size classes. Additionally, the growth patterns were similar up the age of 1 for both 
sexes, after which females grew faster and reached a greater maximum weight than males. The length-weight 
relationship was W = 0.0044 * TL3.1311 (R² = 0.9582) for all specimens. Estimated growth parameters were 
L∞ = 24.23, K = 0.307 and to = -0.983 for males, and L∞ = 27.65, K = 0.284 and to = -0.687 for females. 
Estimates for all specimens display the following value: L∞ = 25.96, K = 0.291 and to = -0.824. 

Key words: Mullus barbatus, age, growth parameters, length–weight relationship, Tunisia

ETÀ E PARAMETRI DI CRESCITA DELLA TRIGLIA DI FANGO MULLUS BARBATUS 
(MULLIDAE) DELLA TUNISIA SETTENTRIONALE (MEDITERRANEO CENTRALE)

SINTESI 

L’articolo presenta i risultati di uno studio sull’età e la crescita della triglia di fango, Mullus barbatus 
Linnaeus, 1758, proveniente dalla costa settentrionale della Tunisia, basato sulla lettura degli otoliti. I risultati 
indicano che l’età degli esemplari varia da 1 a 5 anni, ma la maggior parte degli individui studiati appartiene 
al gruppo di un anno, sia le femmine che i maschi. Le femmine superano significativamente i maschi nelle 
classi di dimensioni superiori a 150 mm, mentre i maschi superano significativamente le femmine nelle classi 
di dimensioni inferiori. Inoltre, i modelli di crescita sono simili fino all’età di un anno per entrambi i sessi, 
dopo di che le femmine crescono più velocemente e raggiungono un peso massimo maggiore ai maschi. La 
relazione lunghezza-peso è W = 0,0044 * TL3,1311 (R² = 0,9582) per tutti gli esemplari. I parametri di crescita 
stimati sono L∞ = 24,23, K = 0,307 e to = -0,983 per i maschi, e L∞ = 27,65, K = 0,284 e to = -0,687 per le 
femmine. Le stime per tutti gli esemplari mostrano il seguente valore: L∞ = 25,96, K = 0,291 e to = -0,824. 

Parole chiave: Mullus barbatus, età, parametri di crescita, rapporto lunghezza-peso, Tunisia
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INTRODUCTION

The red mullet, Mullus barbatus Linnaeus, 1758 is a very 
important component of demersal fisheries in Tunisia (Chérif 
et al., 2007; Chérif et al., 2013). The species is commonly 
caught by trawl fleet and small-scale fishing vessels using 
trammel nets and gillnets, with this type of gear accounting for 
about 10% of catches (Chérif et al., 2013). During the last 10 
years, the total annual landings stood at an average value of 
2220 metric tons, representing 9.5% of total demersal catches 
(Anonymous, 2018). Despite the relative importance and 
economic value of the red mullet, the data on age and growth 
of this species in Tunisian waters, as opposed to other areas, 
are deficient. Gharbi (1980) studied the growth and age of M. 
barbatus based on an analysis of scale annuli, suggesting that 
the age determination from scales might be a source of errors 
in age-structured calculations and pointing out the need for 
the evaluation of age and growth using otolith microstructure 
analysis. Such opinion was in total accordance with similar 
studies of M. barbatus showing that otolith constitutes the 
most suitable structure for age estimation. While otolith read-
ings are a reliable and valid method for age determination, 
the use of scales has been criticized mainly because the age 
in older specimens is frequently underestimated (Beamish & 
McFarlane, 1983; Carlander, 1987). Therefore, the main goal 
of this study is to present M. barbatus growth mark patterns 
based on an analysis of otolith microstructures.

MATERIAL AND METHODS

This study is based on material collected monthly from 
northern Tunisia (Fig. 1) between January 2005 and Decem-

ber 2007 by commercial trawlers using the Tunisian shrimp 
trawl with a stretched-mesh size of 52 mm in the wing and 
40 mm in the cod end (Chérif et al., 2007). After landing, 
all specimens were measured for total length to the nearest 
millimeter, and for total body weight to the nearest gram. 
Additionally, they were sorted by sex. All sagittal otoliths 
were removed, cleaned and put in labeled envelopes. All 
otoliths were placed in a concave black dish and examined 
using the reflected light of a binocular microscope at a 
magnification of 10 X. The age estimates were obtained by 
each otolith being read at least twice by the same person. If 
the two age estimates did not coincide, a third reading was 
performed. When the three readings differed by one year, 
their median age was considered. However, when all three 
readings differed by more than one year, the otolith was 
discarded. In conclusion, the specimens examined in the 
present study ranged between 1 and 5 years of age.

The length-weight relationship was described by the 
form proposed by Ricker (1973): W = aTLb, where (W) is 
the weight in grams, (TL) the total length in mm, (b) the 
growth exponent, and (a) is a constant. The hypothesis of 
isometric growth was tested using a t-test (Zar 1999).

Growth was expressed in terms following the von Berta-
lanffy equation (Beverton & Holt, 1957, Sparre & Venema, 
1992): Lt = L∞ (1-e-k (t-to)), where (L∞) is the asymptotic total 

Fig. 1: Map of the Tunisian coast with the rectangle 
indicating the sampling area of Mullus barbatus.
Sl. 1: Zemljevid tunizijske obale z vzorčevalnim 
predelom (pravokotnik), kjer so vzorčili primerke 
bradačev Mullus barbatus.

Fig. 2: Length frequency distribution in the Mullus 
barbatus caught from the northern coast of Tunisia.
Sl. 2: Frekvenčna porazdelitev dolžine primerkov vrste 
Mullus barbatus, ujetih ob severni tunizijski obali.

Fig. 3. Length-weight relationship in the Mullus 
barbatus caught from the northern coast of Tunisia.
Sl. 3: Odnos med dolžino in težo pri vrsti Mullus 
barbatus, ujeti ob severni tunizijski obali. 
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length, (Lt) the total length at age (t), (K) the growth curvature 
parameter, and (t0) is the theoretical age of the fish at zero 
total length. For the growth in weight, the same function was 
used: Wt = W∞ (1-e-k (t-to)), where (Wt) is the total weight, 
(W∞) is the asymptotic weight, and (b) is the power constant 
of the length-weight relationship. The Fishparm software 
including the non-linear estimation method was used to 
estimate the growth parameters (Saila et al., 1988).

RESULTS

Length and weight distribution

Of the 802 fish examined, 226 were males, 474 fe-
males, and 102 unidentified (67 were immature and 35 
damaged). The c2 test revealed that the difference between 
the sexes was significant (c2 =17.33; d.f =1; P <0.05).

The length and weight of the red mullet ranged from 
94 mm to 237 mm in total length (TL) and from 7.64 
grams to 148.17 grams in total weight (TW). The total 
length ranged between 103 mm in 237 mm (9.94 grams 
to 148.17 grams) in females and between 94 mm and 216 
mm (7.64 grams to 110.24 grams) in males.

The dominant length group was 100‒130 mm (23.2%), 
followed by 140‒210 mm (69.4%) Females dominated size 
classes larger than 150 mm, whereas males significantly 
outnumbered females in smaller size classes (c2 =6.09; d.f 
=1; P <0.05). Evidently, the larger specimens caught were 
females (Fig. 2).

Length-weight relationship

The relationship between total weight and total length 
is presented in Table 1 and Figure 3. The value of (b) for 
males, females, and all specimens was significantly differ-
ent from 3 (t-test, P < 0.05), indicating that the body shape 
displays positive allometric growth. In addition, the (R²) 
values for relationships among males, females, and all fish 
indicated a good correlation between length and weight. 

Age and growth parameters

The results of otolith readings for all fish, and sepa-
rately for each sex are presented in Table 2 and Figure 4. 
Age was determined in 488 specimens (60.84% of total 
specimens). Five age classes were identified in each sex. 

Tab. 1: Parameters of length-weight relationship for the Mullus barbatus caught from the northern coast of Tunisia.
Tab. 1: Parametri odnosa med dolžino in težo za primerke vrste Mullus barbatus, ujetih ob severni tunizijski obali. 

Equations Sex a b R² t-test Growth

W = aTL b

♀ 0.0070 3.1267 0.8955 4.51 +

♂ 0.0053 3.2275 0.9516 7.99 +

combined sexes 0.0044 3.1311 0.9582 20.02 +

Tab. 2: Age and growth parameters in the Mullus barbatus caught from the northern coast of Tunisia.
Tab. 2: Starost in rastni parametri pri vrsti Mullus barbatus, ujeti ob severni tunizijski obali. 

Age (years)
Males (N = 132) Females (N = 289) All individuals (N = 488)

TL (cm) (Average + SD) TL (cm) (Average + SD) TL (cm) (Average + SD)

I 11.16±0.9 11.32±1.3 11.25±0.4

II 14.30±1.1 15.44±1.7 14.87±0.9

III 17.25±1.4 19.40±0.9 18.32±1.0

IV 19.18±0.8 20.69±1.9 19.39±2.1

V 20.25±1.2 23.13±1.5 21.69±1.8

Growth parameters (L∞, W∞, K and t0)

L∞ (cm) 24.23 27.65 25.96

K 0.307 0.284 0.291

to -0.983 -0.687 -0.824

W∞ (gr) 148.88 240.72 198.64
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In females, age classes I (42.6%) and II (33.9%) were 
dominant, followed by age class III (15.3%). In males, the 
most dominant age class was I (1 year old) standing at 
46.8%, followed by age class II (2 years old) at 37.3%. 
Length-at-age data obtained were used to calculate the 
von Bertalanffy growth parameters as follows (Fig. 3): 

Males: Lt = 24.23 [1-e -0.307(t+0.983)] 
Females: Lt = 27.65 [1-e -0.284(t+0.687)]
Sexes combined: Lt = 25.96 [1-e -0.291(t+0.824)] 

Additionally, the growth patterns by sex were simi-
lar up to the age of 1 year (class I), after that age, the 
females grew faster and attained a greater maximum 
weight than males (Fig. 5).

DISCUSSION

Sagittal otoliths were used for age determination, show-
ing that the age composition of the red mullet caught in 
the northern area of Tunisia ranged from 1 to 5 years. This 
result was in agreement with those of previous studies from 
different regions of the Mediterranean Sea (Jabeur, 1999; 
Çiçek, 2015). In the eastern and central Mediterranean 
Sea, the growth pattern was substantially different; the 
maximum observed life span for the red mullet was 9 years 
for all specimens (Genç, 2000; Carbonara et al. 2018). 
Furthermore, for the Black Sea, Aydin & Karadurmuş 
(2013) determined the age span to be between 1 and 7 
years, while Sahin & Akbulut (1997) reported a maximum 
age of 6 years. Such differences are probably due to age 
estimation criteria, age estimation schemes, and material 
used, otolith or scale (Carbonara et al., 2018). 

In this study the majority of the specimens belonged 
to classes I and II ndicating that the local M. barbatus 
population mostly included juvenile specimens. The lower 
proportions of adult specimens can be explained by the 
sampling method or by the fact that only some specimens 

are able to reach the maximum age. The (b) values of the 
length-weight relationship of M. barbatus differed largely 
according to localities (Table 3). These differences may be 
attributed to food availability (quantity, quality, and size), 
environmental conditions (temperature, salinity), sex, 
and stage of maturity (Ricker 1973; Pauly 1984; Sparre 
& Venema 1992; Chérif et al., 2007; Yildiz & Karakulak, 
2016; Carbonara et al., 2018). Also, the sampling methods 
(commercial or survey), the different size structures, and 
the number of observed specimens in the studies could 
account for such differences of (b) values (Zorica et al., 
2006, Orhan & Genç, 2013; Carbonara et al., 2018). A 
comparison of growth parameters of M. barbatus from the 
northern Tunisian coast with those from other areas of the 
world reveals significant differences (Tab. 3). The differ-
ences in growth rates between areas were probably due 
to differences in the methods of investigation, as well as 
latitudinal differences.

The present study seems to suggest that females grow 
slightly faster than males. This differential growth with 
respect to sex, displaying higher mean weights with age, 
may be explained by the distinct metabolisms of the two 
sexes (Pauly, 1994). Females accumulate hepatic lipids 
for metabolic functions, such as gonadic products, the 
phenomenon being more evident during vitellogenesis 
and egg production. Therefore, the difference in growth 
between males and females may be due to different stages 
in ontogenetic development, such as differences in condi-
tion and gonad maturity (Ricker, 1975; Morey et al., 2003).

In conclusion, recent studies note that stocks of M. 
barbatus have decreased off northern Tunisia (UNEP-
MAP-RAC/SPA, 2014). Such patterns are probably due to 
overfishing and interspecific pressure for food. The results 
herein presented have shown that the most dominant age 
groups in the catches were between one and two years 
old. This indicates that the population was composed 
mostly by juvenile specimens, and faced a poor recruit-
ment. Therefore, to prevent and avoid collapse in a long-
term, the stocks of M. barbatus should be managed and 
exploited with care, being regularly restored in order to 
keep the presence of a viable population in the region.

Fig. 4. Von Bertalanffy growth curve for the Mullus 
barbatus caught from the northern coast of Tunisia.
Sl. 4: Von Bertalanffyjeva rastna krivulja za primerke bra-
dačev Mullus barbatus, ujetih ob severni tunizijski obali. 

Fig. 5. Growth patterns by sex for the Mullus bar-
batus caught from the northern coast of Tunisia.
Sl. 5: Rastni vzorci glede na spol pri vrsti Mullus 
barbatus, ujeti ob severni tunizijski obali. 
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Tab. 3: Growth parameters (L∞, t0 and k) and length-weight relationship (a and b) for Mullus barbatus from 
different localities.
Tab. 3: Rastni parametri (L∞, t0 in k) in odnos med dolžino in težo (a in b) za primerke vrste Mullus barbatus 
iz različnih lokalitet. 

Area L∞ (cm) t0 K a b Reference

South-West Adriatic 19.7 TL -1.180 0.36 0.008 3.09 Ungaro et al., 1994

Adriatic Sea 27.49 TL -0.25 0.5 - - Scaccini, 1947

Ionian Sea 25.20 –1.710 0.260 - - Tursi et al., 1994

Izmir Bay 27 TL -1.506 0.183 0.0063 3.363 Akyol et al., 2000

Spanish coasts 33 TL -0.07 0.38 - - Sanchez et al., 1995

Northern Spain 33 TL -0.001 0.33 0.006241  3.1597 Fernández et al., 2005

Tunisian coasts 20.25 SL -0.02 0.513 - - Gharbi, 1980

Greece waters 23.5 TL -0.86 0.51 - - Vrantzas et al., 1992

Izmyr Bay 19.036 FL -0.77 0.438 0.0070 3.29 Kinacigil et al., 2001

Aegean sea 24.2 TL -5.61 0.105 0.0071 3.321 Őzvarol et al., 2006

South-West 
Mediterranean

27 TL -0.09 0.439 0.00009 3.031 Layachi, 2007

Iskenderun Bay 21.98 TL -0.194 1.168 0.0072 3.162 Çiçek, 2015

Cyprus waters 28.4 TL -1.100 0.18 0.01288 2.94 Livadas, 1988

Gulf of Tunis - - - 0.0072 3.1045 Cherif et al., 2007

Gulf of Tunis - - - 0.005 3.23 Cherif et al., 2008

Saranikos Gulf 23.5 TL  −0.860 0.51 - - Vrantzas et al., 1992

Adriatic Sea 29.008 TL −1.189 0.194 - - Carbonara et al., 2018

Western Black Sea - - - 0.0059 3.21 Türker & Bal, 2018

Middle Black Sea - - - 0.0111 2.96 Kalaycı et al., 2007

Western Black Sea 24.10 TL -1.981 0.171 0.0109     2.9886 Yildiz & Karakul, 2016

Turkish coasts 24.4 TL -0.716 0.450 0.01 3.001 Bingel, 1987

Aegean sea 19.13 TL -1.56 0.382 0.0060 3.219 Tüzün et al., 2019

Aegean sea 18.4 TL -0.910 0.620 0.0100 3.201 Kurtul & Özaydın, 2017

Aegean Sea 28.75 –1.920 0.155 0.0084 3.077 Arslan & Işmen, 2014

Aegean Sea 26.08 –3.535 0.127 0.0157 2.981 Çelik & Torcu, 2000

Aegean Sea 19.04 –0.777 0.438 0.0071 3.290 Kınacıgil et al., 2001

Iskenderun Bay 24.2        −0.569                0.63      - - Gücü, 1995

Black Sea 27.40 –2.351 0.140 0.0088 3.034
Aydın & Karadurmuş, 

2013

Algerian Sea  25.09 -0.185 0.490 0.0172 2.842 Talet et al., 2016 

Northern Tunisia 
coasts

25.96 TL -0.824 0.309 0.0044 3.131 This study
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STAROSTNI IN RASTNI PARAMETRI PRI NAVADNEM BRADAČU MULLUS BARBATUS 
(MULLIDAE) IZ SEVERNE TUNIZIJE (OSREDNJE SREDOZEMSKO MORJE)
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POVZETEK

Avtorji poročajo o izsledkih raziskave o starostnih in rastnih parametrih pri navadnem bradaču Mullus 
barbatus Linnaeus, 1758 iz severne tunizijske obale na podlagi analize otolitov. Starostna struktura je bila 
med 1 in 5 leti, večina primerkov, tako samcev kot tudi samic, pa je pripadala skupini prvoletnih rib. Samice 
so značilno prevladovale v velikostnih razredih večjih od 150 mm, samci pa so bili pogostejši v manjših 
velikostnih razredih. Vzorci rasti so bili pri obeh spolih podobni do starosti enega leta, potem pa so samice 
rasle hitreje in dosegle večjo maksimalno dolžino kot samci. Odnos med dolžino in težo za vse primerke je 
bil W = 0,0044 * TL3,1311 (R² = 0,9582). Ocenjeni rastni parametri pri samcih so bili L∞ = 24,23, K = 0,307 in 
to = -0,983, pri samicah pa L∞ = 27,65, K = 0,284 in to = -0,687. Ocene rastnih parametrov za vse primerke 
so bile L∞ = 25,96, K = 0,291 in to = -0,824. 

Ključne besede: Mullus barbatus, starost, rastni parametri, odnos med dolžino in težo, Tunizija
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