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1. Introduction
Serranus hepatus (Linnaeus, 1758), known as brown 
comber, is a member of the family Serranidae. The brown 
comber is categorized as a demersal, subtropical species, 
which occurs along the coasts of the eastern Atlantic Ocean 
from Portugal to the Canary Islands and southwards 
along the African coast to Senegal, as well as throughout 
the Mediterranean Sea (Smith, 1990) excluding the Black 
Sea (Mater et al., 2003). It is commonly distributed 
over sea grass, sand, mud, and rocks to depths of 100 m 
(Jardas, 1996). Jardas (1996) also added that, according to 
observation, the brown comber has a relatively high density 
over the Adriatic continental shelf and is considered 
to be among the most abundant fish species in the zone 
mentioned above. Furthermore, the feeding habits of the 
species were stated by Labropoulou et al. (1998). They 
reported 62 species belonging to 3 major groups, decapods, 
amphipods, and fish, by analyzing stomach contents, and 
they added that decapods dominated the diet composition. 
Dulčić et al. (2007) also stated that brown comber has 
been found in the stomachs of some commercial species 
such as Merluccius merluccius, Epinephelus marginatus, 
and Phycis phycis. In addition, according to Bilecenoğlu 
(2009), the brown comber is a carnivorous species, mostly 
consuming benthic decapod crustaceans, especially 
natantians and brachyurans. Although it has a widespread 
occurrence, brown comber is of low commercial value, 
probably because of its small size (Dulčić et al., 2007). 

Regarding reproduction strategies, gonadal 
differentiation can be observed in many teleost fish 
species. Furthermore, the family Serranidae is well 
known for its diverse expressions of sexual pattern in the 
wild, which range from gonochorism (separate sexes) 
to simultaneous hermaphroditism and various forms 
of protogyny (female to male sex change) (Sadovy and 
Domeier, 2005). Nelson (2006) stated that the 2 sexes 
generally do not develop concurrently and added the case 
of functional hermaphroditism in most Serranus species 
and their relatives, as well. This sexual pattern allows the 
possibility of self-fertilization (Atz, 1965), which can be 
either internal or external. Furthermore, Bruslé (1983) 
reported the hermaphroditism status of the species as 
synchronous and added that differentiation of the ovary 
was earlier than that of the testis.

The brown comber is generally captured by bottom 
trawling as a by-catch species throughout the year in the 
Aegean Sea. The annual total catch or total number of 
landings of the species is unknown for Turkey. Despite 
poor studies on this species, some researchers have 
conducted biological investigations on brown comber. 
Merella et al. (1997), Gonçalves et al. (1997), Valle et 
al. (2003), Abdallah (2002), Stergiou and Moutopoulos 
(2001), and Dulčić et al. (2007) studied the length–weight 
relationship of the species in or around the Balearic 
Islands, the southwest coasts of Portugal, the western 

Abstract: The growth and reproduction of brown comber (Serranus hepatus Linnaeus, 1758) were studied using specimens collected 
from the central Aegean Sea between July 2004 and June 2007. A total of 2410 specimens were analyzed, and of those, 2290 individuals 
were mature and 120 individuals were juvenile. Analyses covered all individuals because the species is a simultaneous hermaphrodite. 
The length–weight relationship was determined as W = 0.013L3.11, indicating a positive allometric growth for all samples. The estimated 
von Bertalanffy growth parameters were L∞ = 13.19 cm, k = 0.252 y−1, and to = −0.630 y, and the infinite weight (W∞) was calculated as 
39.38 g. The growth performance index (φʹ) of the stock was calculated as 1.642. The first reproduction length was found to be 7.76 cm, 
corresponding to 3 years of age. The spawning period of the species was determined between May and October.

Key words: Brown comber, Serranus hepatus, age, growth, reproduction, first reproduction length, central Aegean Sea

Received: 27.03.2012              Accepted: 08.09.2012             Published Online: 25.02.2013              Printed: 25.03.2013

Research Article



SOYKAN et al. / Turk J Zool

212

Mediterranean, Egypt, the Aegean Sea, and the eastern 
Adriatic, respectively. In addition, studies on growth, age, 
and mortality are available from Tunisia (Bouain, 1983), 
the Cretan continental shelf (Labropoulou et al., 1998), 
Greece (Wagué and Papaconstantinou, 1997) and the 
Adriatic (Dulčić et al., 2007). Furthermore, Düzbastılar 
et al. (2010) studied the survival of the species escaping 
from the cod-end of a bottom trawl and Bilecenoğlu 
(2009) reported the growth and feeding habits of brown 
comber in İzmir Bay in the Aegean Sea. Age, growth, and 
reproduction are topics that have crucial importance for 
stock assessment of brown comber, and these subjects 
were investigated in the central Aegean Sea in this study.

The aim of this research was to provide information 
on age, growth, and reproduction of brown comber (S. 
hepatus) in the central Aegean Sea.

2. Materials and methods
The brown comber samples were obtained by R/V EGESÜF 
with trawl hauls from İzmir Bay (Figure 1) from July 2004 
to June 2007. The depths of the trawl operations varied 
between 30 and 70 m. The cod-end used in the trawl net 
had knotless diamond shaped meshes made of polyamide 
material with 22-mm stretched mesh size netting.

Total lengths of specimens (TL) were measured in 
the natural body position to the nearest millimeter in the 
laboratory. Total weight (W) and gonad weight (Wg) of each 
individual was measured to the nearest 0.01 g, and the sexes 
were recorded. The lengths of the fish were categorized in 
group intervals of 0.5 cm and pooled data were used to 
draw yearly length–frequency diagrams. Pairs of sagittal 
otoliths were removed from the individuals covering each 
length group, their excess tissues were cleaned, and they 
were stored inside microplates.
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For the determining of sex and maturity stages, 
macroscopic analyses were used. The maturity stages 
reported by Gunderson (1993) were used in the study 
as follows: stage I, immature; stage II, resting; stage III, 
developing; stage IV, ripe; and stage V, spent. All analysis 
was carried out independently of sex because the species is 
a simultaneous hermaphrodite.

The length–weight relationship was based on the 
equation W = aLb, where W is total body weight (g), L 
is total length (cm), and a and b are coefficients (Ricker, 
1973). The a and b parameters of the equation given 
above were calculated by linear regression analysis on 
log-transformed data. T﻿he coefficient of determination 
(R2) was used to obtain the association degree between 
variables. 

The otoliths belonging to all sampled size classes 
were taken for age determination using a stereoscopic 
zoom microscope under reflected light against a black 
background. Age determination was performed using 
opaque and transparent rings. The occurrence of these 2 
zones together in the same otolith was considered to be 
the annual growth indicator. Furthermore, 2 independent 
readers carried out the age estimations.

Growth was analyzed by fitting the von Bertalanffy 
growth function to size-at-age data using standard 
nonlinear optimization methods (Sparre and Venema, 
1998). Data were evaluated by the function Lt = L∞ [1 – e–k 

(t – to)] where Lt is the fish length (cm) at time t (years), L∞ 
is the asymptotic length (cm), k is the growth coefficient 
(years–1), and to (years) is the hypothetical time at which the 
length is equal to zero. Munro’s growth performance index 
(φʹ = log(k) + 2log(L∞)) and t-test (Pauly and Munro, 1984) 
were used to test the accuracy of the growth parameters.

The spawning period was obtained with monthly 
variations of the gonadosomatic index (GSI). The equation 
given by Ricker (1975), GSI = [Wg / (W – Wg)] × 100, was 
used to determine the GSI (%), where Wg is the gonad 
weight (g) and W is the total weight (g) of fish. 

Length at first maturity (Lm) was calculated according 
to the method of King (1996). It was described as the 
length at which 50% of the population investigated was 
near spawning (King, 1996). An L50 computer program, 
performed with the LogLog function, was used to 
determine the length at 50% maturity (İlkyaz et al., 1998). 
The equations r(l) = exp( – exp( – (a + bl))) and Lm = ( – ln( 
– ln(0.5)) – a)/b were applied, where r(l) is the proportion 
of mature individuals in each length class (%), l is the 
total length of fish (cm), Lm is the mean length at sexual 
maturity (50%, cm), a is the intercept, and b is the slope. 

3. Results
A total of 2410 brown combers (Serranus hepatus Linnaeus, 
1758) were sampled during the study. Of those, 2290 
(95%) were mature and 120 (5%) were juvenile. A length–
frequency graphic is shown in Figure 2. The smallest 
individual was sampled in November, at 3.9 cm, while the 
longest was obtained in June, at 12.3 cm. The mean length 
of all samples was determined as 8.68 ± 0.02 cm.

The length–weight relationship was calculated as W 
= 0.013L3.11 (R2 = 0.96) (Figure 3) and positive allometric 
growth was determined for all individuals (t-test, P < 0.05, 
SEb = 0.013).

The gonadosomatic index graphic is presented in 
Figure 4. It was observed that the gonadosomatic index 
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Figure 3. Length–weight relationship of the brown comber 
(Serranus hepatus) in the central Aegean Sea.

Figure 2. Total length–frequency distribution of the brown 
comber (Serranus hepatus) in the central Aegean sea.
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of the species reached the maximum value in May and 
gradually decreased until October. Similarly, the number 
of individuals within gonad stages III and IV were at a 
maximum in May and gradually declined to August.

Individuals of the stock ranged between 1 to 8 years 
of ages. Length at infinity (L∞) was calculated as 13.19 
cm while weight at infinity (W∞) was 39.38 g, growth 
coefficient (k) was 0.252 y–1, and the hypothetical time at 
which the length is equal to 0 (to) was –0.630 y (a = 2.937, 
b = 0.777, R2 = 0.997) (Figure 5). The growth performance 
index (φʹ) of the samples was determined as 1.642. This 
parameter of the previous studies is between 1.45 and 1.92 
with mean 1.736 (Table). The t-test results showed that 
there was no significant difference between the growth 
performance indexes of the other studies (t-test = 0.034, 
P > 0.05).

The first gonad formation was observed at 4.0 cm 
for the species. The first reproduction length (Lm) was 
determined as 7.76 cm, corresponding to 3 years of age (a 
= –25.896, b = 3.337, R2 = 0.893) (Figure 6).

4. Discussion
Despite its widespread occurrence, little information 
is available on the biology and ecology of the species. 
Brown comber is generally categorized as a species 
of low commercial value in the Mediterranean and a 
noncommercial species in Turkey, probably because of 
its small size. In this study, the total length of the species 

varied between 3.9 and 12.3 cm, with an average length of 
8.68 ± 0.02 cm. Dulčić et al. (2007) determined the mean 
total length as 9.7 ± 1.29 cm, with a minimum of 5.8 cm 
and maximum of 13.0 cm. Labropoulou et al. (1998) found 
3.1 and 14.0 cm total length for the smallest and largest 
specimen, respectively. Furthermore, Gürkan and Bayhan 
(2010) reported the minimum total length as 6.0 cm and 
the maximum as 11.1 cm in the Aegean Sea. The length 
range of the samples indicates a good sampling of the 
stock, including all length groups, and this situation can 
be observed in the length–frequency distribution diagram.

However, in this research, the length–weight 
relationship was W = 0.013L3.11 (R2 = 0.962) for all 
individuals, indicating a positive allometry. Our results 
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on length–weight relationship are similar to the studies 
conducted by Dulčić et al. (2007), Çiçek et al. (2006), Veiga 
et al. (2009), Valle et al. (2003), Gürkan and Bayhan (2010), 
and Dulčić and Glamuzina (2006), all having a positive 
allometry. However, Bilecenoğlu (2009), Gonçalves et al. 
(1997), Abdallah (2002), and Borges et al. (2003) reported 
negative allometry for the species. The probable reasons 
for these differences are considered to be the capture 
period, growth rate, stomach conditions, discrepancies 
regarding the maturity stages and age, disease, and parasite 
loads (Shepherd and Grimes, 1983; Weatherly and Gill, 
1987). Nevertheless, findings regarding the length–weight 
relationships of previous studies are given in the Table. 

Dulčić et al. (2007) reported on individuals between 
2 and 7 years old. Furthermore, Labropoulou et al. (1998) 
determined the ages to be between 0 and 5 years and 
Bilecenoğlu (2009) reported the maximum age as 4 years. 
In our study, the age of the individuals varied from 1 to 8 
years old. Regarding the growth parameters, the findings 
of other researchers are similar to those of the present 
work. However, the k value given by Bilecenoğlu (2009) 
differed remarkably from those of our study (n = 603, 
length range = 5.2–11.7, k = 0.56). Although the 2 studies 
were carried out in the same area, this difference is thought 
to result from the number of specimens observed, length 
and age range differences, and the sampling period. The 
growth performance index (φ’) value (1.642) of our study 
fell within the values of previous studies, which varied 
between 1.45 (Bouain, 1983) and 1.92 (Labropoulou et al., 
1998). Despite some small differences with the findings of 
other researchers on growth parameters, our results were 
similar and can be observed in the Table. 

The spawning period of brown comber was determined 
to be between May and October. It was observed that the 
gonadosomatic index of the species reached the maximum 
value in May and gradually decreased until October. 
Furthermore, García-Díaz et al. (2006) reported the 
spawning season of another serranid species, the blacktail 
comber (Serranus atricauda), as being throughout the 
year in the Canary Islands. Tortonese (1986) reported 

Table. The length–weight relationships and growth data of the present and previous studies for brown comber (Serranus hepatus).

LR LT n a b GT AR L∞ k to φʹ Author

3.9–12.3 TL 2410 0.013 3.11 + 1–8 13.19 0.252 −0.630 1.642 Present study
5.2–11.7 TL 603 0.0157 2.998 − 0–4  11.9 0.56 −1.14  1.90 Bilecenoğlu (2009)
5.8–13.0 TL 1218 0.010 3.19 + 2–7 14.82 0.217 −1.672 1.68* Dulčić et al. (2007) 

 10.6 0.248 −0.44  1.45 Bouain (1983) 
3.1–14.0 TL 1268 0–5  15.2 0.36  −0.57  1.92* Labropoulou et al. (1998) 
8.5–13.8 TL 69 0.00006 2.720 − Gonçalves et al. (1997) 
3.1–12.5 TL 153 0.025 2.840 − Abdallah (2002) 
6.7–13.1 TL 123 0.0177 2.977 − Borges et al. (2003)
2.4–10.5 TL 584 0.0161 3.029 + Çiçek et al. (2006)
4.1–10.5 TL 64 0.0142 3.110 + Veiga et al. (2009)
3.4–7.9 SL 87 0.0111 3.123 + Valle et al. (2003) 

6.0–11.1 TL 204 0.0096 3.223 + Gürkan and Bayhan (2010)
5.4–18.9 TL 87 0.0112 3.123 + Dulčić and Glamuzina (2006)

LR: length range (cm). LT: length type (TL: total length, SL: standard length). n: number of samples. a and b: intercept and slope of 
the length–weight relationships. GT: growth type (+/−: positive or negative allometric growth (b ≠ 3)). AR: age range (years). L∞: the 
asymptotic length (cm). k: the growth coefficient (years–1). to : hypothetical time at which the length is equal to 0 (years). φʹ: Munro’s 
growth performance index. *: calculated (not reported by the author).
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the spawning season of brown comber as being between 
March and August. On the other hand, Bruslé (1983) 
reported synchronous hermaphroditism and added 
that differentiation of the ovary was earlier than that 
of the testis. Dulčić et al. (2007) examined the gonads 
macroscopically during the maturity and spawning 
season, confirming that all observed specimens were 
simultaneous hermaphrodites. In the present work, brown 
comber gonads were examined macroscopically and, as a 
result of this, all observed specimens were determined as 
simultaneous hermaphrodites.

Poor findings on the reproduction of this species 
prevent comprehensive discussions. It has been reported 
that the spawning of the genus Serranus occurs as one 
fish in each pair of roles as a male and the other as a 
female, which results in cross-fertilization (García-Díaz 
et al., 2006). The authors also added that the histological 
description of gonad structure is fundamental for 
understanding reproduction. Furthermore, histological 
techniques are omitted in most reproduction studies 
because of the high costs and time consumption involved 
(García-Díaz et al., 2006). Sadovy and Domeier (2005) 
reported the difficulty of sexual pattern determination in 
the family Serranidae for 3 reasons. First, all individuals 
having a developmental phase including oocytes and 

an ovarian-like lumen makes the gonad impossible to 
distinguish by testicular morphology alone. Second, 
testicular tissue among the serranines arises in discrete 
islets, only visible in some areas of the gonad with careful 
observation. Finally, the last reason stated by the authors is 
considerable phenotypic plasticity of sexual expression in 
this family, with functional sexual patterns differing over 
time or across space. 

In conclusion, brown comber, being the prey of 
many highly commercial species such as European hake 
(Merluccius merluccius), dusky grouper (Epinephelus 
marginatus), and forkbeard (Phycis phycis), is an important 
species for trophic relations and the ecosystem. Therefore, 
information on the stock status of the species becomes 
important when it directly affects the situations mentioned 
above. Thus, age, growth, and reproduction are topics that 
have crucial importance for stock assessment of brown 
comber, and these subjects were investigated in the central 
Aegean Sea.

Acknowledgments
We would like to thank the Scientific and Technological 
Research Council of Turkey (TÜBİTAK, project 103Y132) 
and the Ege University Science and Technology Center 
(EBİLTEM, project 2005/BİL/003) for financial support.

References

Abdallah, M. 2002. Length-weight relationship of fishes caught by 
trawl off Alexandria, Egypt. Naga ICLARM Q. 25(1): 19–20.

Abd-el-Aziz, S.H. and Ramadan, A.A. 1990. Sexuality and 
hermaphroditism in fishes. I. Synchronous functional 
hermaphroditism in the serranid fish Serranus scriba L. Folia 
Morphol. 38: 86–103.

Atz, J.W. 1965. Hermaphroditic fish. Science 150: 789–797.

Bilecenoğlu, M. 2009. Growth and feeding habits of the brown 
comber, Serranus hepatus (Linnaeus, 1758) in İzmir Bay, 
Aegean Sea. Acta Adriat. 50(1): 105–110.

Borges, T.C., Olim, S. and Erzini, K. 2003. Weight–length relationship 
for fish species discarded in commercial fisheries of the Algarve 
(southern Portugal). J. Appl. Ichthyol. 19(6): 394–396.

Bouain, A. 1983. Croissance lineaire des serrans des cotes sud-est 
de la tunisie. Rapp. Comm. Int. Mer Médit. 28(5): 87–91 (in 
French).

Bruslé, S. 1983. Contribution to the sexuality of a hermaphroditic 
teleost Serranus hepatus L. J. Fish Biol. 22: 283–292.

Cicek, E., Avsar D., Yeldan H. and Ozutok, M. 2006. Length–weight 
relationships for 31 teleost fishes caught by bottom trawl net in 
the Babadillimani Bight (northeastern Mediterranean). J. Appl. 
Ichthyol. 22: 290–292.

Dulčić, J. and Glamuzina, B. 2006. Length-weight relationships for 
selected fish species from three eastern Adriatic estuarine 
systems (Croatia). J. Appl. Ichthyol. 22: 254–256.

Dulčić, J., Skoko, M.S., Paladin, A. and Kraljević, M. 2007. Age, 
growth and mortality of brown comber Serranus hepatus 
(Linnaeus, 1758) (Pisces: Serranidae), in the eastern Adriatic 
(Croatian coast). J. Appl. Ichthyol. 23: 195–197.

Düzbastılar, F.O., Özgül, A., Aydın, İ., Gül, B. and Soykan, O. 2010. A 
preliminary study on the survival of brown comber, Serranus 
hepatus (Actinopterygii, Perciformes, Serranidae), escaping 
from the codend of a bottom trawl. Acta Ichthyol Piscat. 40(1): 
27–36.

García-Díaz, M., González, J.A., Lorente, M.J. and Tuset, V.M. 2006. 
Spawning season, maturity sizes and fecundity in blacktail 
comber (Serranus atricauda) (Serranidae) from the eastern 
central Atlantic. Fish B-NOAA 104: 159–166.

Gonçalves, J.M.S., Bentes, L., Lino, P.G., Ribeiro, J., Canário, A.V.M. 
and Erzini, K. 1997. Weight-length relationships for selected 
fish species of the small-scale demersal fisheries of the south 
and south-west coast of Portugal. Fish. Res. 30(3): 253–256.

Gunderson, D.R. 1993. Surveys of Fisheries Resources. John Wiley 
and Sons, New York.

Gürkan, Ş. and Bayhan, B. 2010. İzmir Körfezi (Ege Denizi)’nde 
benekli hanibalığı Serranus hepatus (Linnaeus, 1758)’nın 
biyometrik özellikleri. Süleyman Demirel Üniversitesi Eğirdir 
Su Ürünleri Fakültesi Dergisi 6(1): 14–19 (in Turkish).

İlkyaz, A., Metin, C. and Kınacıgil, H.T. 1998. Örtü torba yöntemi 
ile örneklenen sürütme ağlarında seçicilik parametrelerinin 
hesaplanması üzerine bir bilgisayar programı (L50 sürüm 
1.0.0). E.Ü. Su Ürünleri Dergisi 15: 305–314 (in Turkish).



SOYKAN et al. / Turk J Zool

217

Jardas, I. 1996. Jadranska ihtiofauna. Školska knjiga, Zagreb (in 
Croatian).

King, M. 1996. Fisheries Biology Assessment and Management. 
Fishing News Books, Farnham, England.

Labropoulou, M., Tserpes, G. and Tsimenidis, N. 1998. Age, growth 
and feeding habits of the brown comber Serranus hepatus 
(Linnaeus, 1758) on the Cretan shelf. Estuar. Coast. Shelf Sci. 
46: 723–732.

Mater, S., Kaya, M. and Bilecenoğlu, M. 2003. Türkiye Deniz Balıkları 
Atlası. Ege Üniversitesi Su Ürünleri Fakültesi Yayınları No: 68, 
Bornova, İzmir (in Turkish).

Merella, P., Quetglas, A., Alemany, F. and Carbonell, A. 1997. 
Length-weight relationship of fishes and cephalopods from the 
Balearic Islands (western Mediterranean). Naga ICLARM Q. 
20(3/4): 66–68.

Nelson, J.S. 2006. Fishes of the World. John Wiley and Sons, 
Hoboken, NJ, USA.

Pauly, D. and Munro, J.L. 1984. Once more on growth comparison in 
fish and invertebrates. ICLARM Fishbyte 2(1): 21.

Ricker, W.E. 1973. Linear regressions in fishery research. Fish. Res. 
Board Can. 30: 409–434.

Ricker, W.E. 1975. Computation and interpretation of biological 
statistics of fish populations. Bull. Fish. Res. Board Can. 191: 
1–382.

Sadovy, Y. and Domeier, M.L. 2005. Perplexing problems of sexual 
patterns in the fish genus Paralabrax (Serranidae, Serraninae). 
J. Zool. (Lond.) 267: 121–133.

Shepherd, G. and Grimes, C.B. 1983. Geographic and historic 
variations in growth of weakfish (Cynoscion regalis) in the 
middle Atlantic Bight. Fish B-NOAA 81: 803–813.

Smith, C.L. 1990. Serranidae. In: Check-List of the Fishes of the 
Eastern Tropical Atlantic (CLOFETA), Vol. 2 (Eds. J.C. Quero, 
J.C. Hureau, C. Karrer, A. Post and L. Saldanha). JNICT, 
Lisbon; SEI, Paris; and UNESCO, Paris, pp. 695–706.

Sparre, P. and Venema, S.C. 1998. Introduction to tropical fish stock 
assessment - Part 1: Manual, 306/1, Rev. 2. FAO Fish. Tech. 
Pap., Rome.

Stergiou, K.I. and Moutopoulos, D.K. 2001. A review of length-
weight relationships of fishes from Greek marine waters. Naga 
ICLARM Q. 24(1–2): 23–39.

Tortonese, E. 1986. Serranidae. In: Fishes of The North-Eastern 
Atlantic and the Mediterranean, Vol. 2 (Eds. M. Whitehead, L. 
Bauchot, J.C. Hureau, J. Nielsen and E. Tortonese). UNESCO, 
Paris, pp. 780–792.

Valle, C., Bayle, J.T. and Ramos, A.A. 2003. Weight–length 
relationships for selected fish species of the western 
Mediterranean Sea. J. Appl. Ichthyol. 19: 261–262.

Veiga, P., Machado, D., Almeida, C., Bentes, L., Monteiro, P., Oliveira, 
F., Ruano, M., Erzini, K. and Gonçalves, J.M.S. 2009. Weight–
length relationships for 54 species of the Arade estuary, 
southern Portugal. J. Appl. Ichthyol. 25: 493–496.

Wague, A. and Papaconstantinou, C. 1997. Age, growth and mortality 
of the brown comber Serranus hepatus (L. 1758) (Pisces, 
Serranidae) in the Thermaikos Gulf (Aegean Sea, Greece). Mar. 
Life 1/2: 39–46.

Weatherly, A.H. and Gill, H.S. 1987. The Biology of Fish Growth. 
Academic Press, London, UK.


