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A B S T R A C T

The aim of the present study is to investigate spawning and larval rearing of brown meagre (Sciaena 

umbra). This is an important species in the Mediterranean Sea because of its beauty, calm swimming, large 

otoliths, souvenir potential, aggregative behaviour, excellent flesh and accessibility. Although this species 

is regarded as Near Threatened (in IUCN Red List Status), the demand increases the fishing. Green water 

technique was used for rearing the brown meagre larvae. Diameter of eggs was recorded as 1457.31±47.29 

µm. Yolk was homogenous with oil globules of 371.59±18.15 µm at the centre. Hatching process began 

after 39 hours. Hatching rate (HR) was observed as 92.17±0.24%, and larvae inflated swim bladder around 

97.33±0.94%. The brown meagre juveniles reached to 40.08±1.98 mm of total length (TL) with 10.96±0.08 

mm body height (BH) and 662.27±21.23 mg body weight (BW) after 55 days of post-hatching. Survival 

(SR) was recorded as 72.5±0.70% at the end of study. Since the brown meagre is a threatened species, with 

high economic interest, is a possible candidate for commercial aquaculture both food and restocking the 

depleted natural fisheries. 

INTRODUCTION 

Brown meagre (Sciaena umbra) is a Mediterranean 

sciaenid having both of commercial and ecological values; it 

is aimed by commercial and recreational fishing (Colla et al., 

2018) and it is included in Annex 3 of the Protocol on 

Specially Protected Areas and Biological Diversity of the 

Mediterranean to the Barcelona Convention (Basin, 1995). 

The fish are long from 30 to 40 cm but may reach to 60 cm in 

length. The flat abdomen and strongly curved back give an 

easily recognizable shape. Two dorsal fins and straight-

ending caudal fin are yellow with a black margin. Grey body 

has golden and silver spots (Bay-Nouailhat, 2007). Analysis 

of gut content indicated that this species feeds mainly on 

crustaceans (Engin & Seyhan, 2009) and the most important 

taxon identified was decapods, which were present in 96% of 

stomachs, and represented 92% of total prey weight. The 

other dominant food species were amphipods and isopods, 

which occurred in 25% and 23% of stomachs, respectively 

(Chater et al., 2012). S. umbra lives in Eastern Atlantic from 

Mauritania to the English Channel, and in the Mediterranean 

Sea, the Black Sea and the Azov Sea. In Europe, this species 

is influenced increasingly by commercial and recreational 

fishing (Harmelin et al., 2015). Also, there is a loss of 

estuarine habitats, and reductions caused by divers and spear 

fishermen (Chao, 2015). The stocks have been substantially 

decreased because of habitat degradation, behavioural 

characteristics in their life cycle traits and recreational fishing 

in the northern Mediterranean Sea (Harmelin et al., 2015). 

Notwithstanding, S. umbra has potential for fisheries in the 

Aegean and Black Sea (Turkey). Two white and big bone 

stones behind the eyes and over the brain, are used in 

urolithiasis (Ergin et al., 2017). Thus, demand increases the 

fishing pressure although it is considered Near Threatened, 

globally (in IUCN Red List Status). 
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The early life stages of fish are critical stages where major 

efforts in intensification are needed to raise growth and 

inhibit mortality (Can, 2013). Chatzifotis et al. (2006) reported 

first data on the growth of cultured brown meagre S. umbra 

using different diets. However, to date, the first larval stages 

of S. umbra has not been performed. This study was aimed to 

investigate brown meagre larval rearing in green water 

technique. 

MATERIAL AND METHODS 

Broodstock Collection and Management 

Acquisition of broodstock was done using professional 

fishing boats in which the live fish were captured and 

transported in a 450 l volume tank equipped with 

oxygenation. Fish were caught between June 2010 and May 

2011, and the study has been carried out at Olivka 

Agricultural Products Industry and Trade Inc in Milas-

Muğla. After arriving at the hatchery in the Aegean region, 

the fish were treated prophylactically with oxytetracycline 

(applied in 50 ppm baths for 2 h) and formalin (200 ppm for 

1 h) for a period of 7 days. The fish were measured, weighed 

and stocked in a 5000 l rectangular concrete tank at 0.63 kg 

m3. Sex of specimens was determined by using a cannula. 

Broodstock was recorded between 350 g and 900 g in weight, 

and 25-36 cm in total length. The ratio of male to female was 

noted as 2:3. Eggs and milt were collected from 5 selected 

fish. Broodstock spawned naturally (Fig. 1a). Initially, the fish 

were fed on frozen cuttle fish (Sepia officialis), shrimp 

(Palaemon elegans), anchovy (Engraulis encrasicolus) and 

sardines (Sardina pilchardus). 

After approximately 20 days of adaptation, the diet was 

prepared with anchovy and sardines every other day. 

Adlibitum feeding was performed twice a day to 2% of the 

stock biomass. The egg collector of 100 l volume with a 500 

µm net was installed in the tank drainage for eggs collection. 

Hatching rate was determined volumetrically by siphoning 

of unfertilized and dead eggs one day after the completion of 

hatching. Egg diameter was measured with a light 

microscope (Olympus CX22) (Fig. 1b). Buoyant eggs were 

incubated in equal amounts in 2 cylindroconical tanks. 

Incubators with a volume of 250 l of water were kept in dark 

at 20°C. Aeration at a rate of 40 ml per minute has been 

applied with minimal water renewal (<85 %). During the 

incubation, density of incubators was recorded as 1300 eggs 

l-1. The experiment has been established using two

replications. 

Rearing of Larvae 

Larvae were produced in two (5000 l) fibreglass tanks 

using green water rearing method which is the most natural  

Figure 1. a) Sciaena umbra broodstock. b) Eggs of Sciaena 

umbra 

among commercially employed production technique for 

marine larvae. The larvae densities were initially consisted to 

40-43 individuals l-1. Water was filtered (10 µm porosity 

filters) and sterilised with UV. Initially, aeration was 

provided with 3 ceramic diffusers in tanks. However, only 

one diffuser was placed at the centre of tanks after first 

feeding. Temperature ranged between 20.5°C and 21.5°C 

during rearing the larval stages. Water flow rate was noted 

as 70 ml. sec-1 up to day 7, measured as 145 ml. sec-1 after 10 

days of post-hatching (dph), 200 ml sec-1 at 11-12 dph and 

increased to 1000 ml sec-1 at 20 dph. The photoperiod was 

begun with light intensity at ~0 lux at the beginning of larval 

stage. When mouth opening was observed (the third day), 

light intensity was increased to 10–40 lux and continued to 

day 6 after which it was increased day by day, ranging 

between 20-105 lux at 7 dph, 40-250 lux at 8 dph, 75-450 lux 

at 9 dph, 35-450 lux at 10 dph, 120-440 lux at 11 dph, 125-635 

lux at 12 dph and 280-610 lux at 13 dph. Phytoplankton 

(Nannochloropsis oculata) was added twice daily to maintain a 

green culturing environment at a concentration of 2-4. 105 

cells ml-1 until 20 dph. (Shields et al. 1999; Papandroulakis et 

al. 2001).  

Rotifers (Brachionus plicatilis) were enriched with N. 

oculata and commercial products (A1 DHA Selco and DHA 

Protein Selco, INVE) in 1000 l cylindroconical tanks at the 
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density of 400 to 600 individuals ml-1 before feeding on 

larvae. Larvae were initially fed on rotifers (10 prey ml-1, from 

3 dph to 20 dph), followed by AF (from 9 dph to 11 dph, (3–

5 prey ml-1), enriched EG48 Artemia sp. (starting in 11 dph, A1 

DHA Selco, INVE) and artificial diet (INVE Aquaculture). 

From 9 dph, larvae were fed on a mixed diet of Artemia and 

rotifer. Larvae were fed on commercial diets (INVE 

Aquaculture) at 20-55 dph. 

A surface skimmer was used between 4 and 15 dph for 

surface cleaning to maintain swim bladder inflation. Oxygen 

level measured between 6.0 and 7.0 mg l-1. 

Post-Larvae Growth 

About 25 dph, larvae (25-50 mg) were transferred to two 

rectangular tanks (10 m3 each), and they were reared to 55 

dph. The photoperiod was natural (light intensity ranged 

from 400 to 500 lux). The density of the culture was 15.300-

16.425 larvae per m3. The water temperature was maintained 

at 21.5-22.5°C whereas oxygen was at 5.9–7.8 mg l-1. Larvae 

were fed manually with a commercial diet (Proton 2 150-300 

µm; 54% protein, 15% lipid). Fish were sampled to measure 

total length (TL), body weight (BW), total height (TH), yolk 

sac diameter and oil globule diameter (Fig. 2a and 2b). 

Figure 2. a) The post larvae of Sciaena umbra. b) The fries of 

Sciaena umbra 

Statistical Analysis 

The descriptive statistics of the continuous variables were 

given as mean ± SD. To verify the homogeneity of variances 

data were submitted to Levene test. To check the normality 

assumption in this study, data were determined by Shapiro–

Wilk test. Regression analyses of TL/TW, total TL/TH, and 

TL, TW and TH/larva age (dph) were carried out by 

Microsoft Excel 2010. 

RESULTS 

Broodstock and Spawning 

Males used as broodstock were noted as 350 g TW 25 cm 

TL, 900 g TW 36 cm TL; females were 450 g TW 29 cm TL, 600 

g TW 32 cm TL, 800 g TW 34 cm TL. Approximately 785 g 

eggs obtained from the broodstock. While buoyant eggs were 

740 g, sinking eggs were 65 g. By counting the eggs it was 

seen that 800-900 (874±16.25) per in 1 g. The eggs were 

observed to be transparent, spherical and 1380–1530 µm in 

diameter (1457.31±47.29 µm). The yolk was homogenous 

with oil globules of 344–390 µm (371.59±18.15 µm) at the 

centre, and unsegmented. Hatching began after 39 hours, and 

was completed after 40 hours in 20.5±0.5°C. The hatching rate 

of the eggs in the incubators was 92.66±1.20%. It is critical in 

aquaculture in relation to egg quality since it affects the final 

number of fish. Thus, brown meagre is a good candidate for 

aquaculture. 

Larval Development 

Newly hatched pre-larva was 4.86±0.26 mm in TL, 

1.35±0.13 mm in body height and 1.38±0.50 mg in weight. The 

oil globule diameter was between 0.41±0.07 mm and 

0.21±0.05 mm up to 3 dph. The yolk sac height decreased to 

0.64±0.19 mm from 0.78±0.09 mm whereas the yolk sac length 

stayed the same (as 1.33 mm) during the first 6 days after 

hatching (Fig. 3a and 3b). The mouth opening of the pre-larva 

occurred on the 3rd day. The first peak in mortality was 

approximately 15%, and occurred between 8-13 dph. It was 

correlated with the death of the larvae, which could not 

become reconciled with diet, or the ability to digest rotifers, 

as was concluded by microscopic observation. The larvae 

densities were 41.50±2.12 individuals l-1. Interestingly, before 

feeding started, at the 4th dph, although surface cleaning was 

not started the swim bladder formation was observed around 

97.33±0.94%, the second cycle of raised loss of larva was 

(approximately 10%) observed on 23-25 dph. Cannibalism 

was observed between 35 dph and 40 dph. At the end of 

study, survival was 72.5±0.70% from pre-larva. The final 

number of the brown meagre juveniles was ~288000, which 

reached 40.08±1.98 mm total length with 10.96±0.08 mm body 
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Figure 3. a) Yolk such diameter (length and height) changes of brown meagre during the prelarval stage. b) Oil globule diameter 

changes of brown meagre during the prelarval stage. c) Total length (mean ± S.D.) of brown meagre larvae during the rearing. d) 

Total height (mean ± S.D.) of brown meagre larvae during the rearing. e) Height and length relationships of brown meagre larvae 

during the rearing. f) Weight gain during the larval stage of brown meagre (mean ± S.D.). g) Length and weight relationships of 

brown meagre larvae during the rearing (n=30) 
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height and 662.27±21.23 mg body weight (Fig. 3c, 3d and 3f) 

after 55 dph. Positive correlations were determined in length-

height and length-weight relationships of brown meagre 

larvae during the rearing (Fig. 3e and 3g). 

DISCUSSION 

Because of its attractive features, including the presence 

of large otoliths, excellent flesh, and calm swimming 

behaviour, the brown meagre has become an important 

species in the Mediterranean Sea (Harmelin et al., 2015). 

Results obtained from the present study have highlighted the 

ability to rear larvae in captivity. Indeed, the egg diameter 

was found to be larger than with other marine fish species, 

for example common dentex (Can et al., 2012) and sea bass 

(Saka et al., 2001). Certainly, the hatching rate of 92.17 ± 0.24% 

was similar with those of other studies for sea bass, sea bream 

(Can et al., 2012), white seabream (Hamzaçebi, 2020) and red 

porgy (Kolios et al., 1997), but higher than that of common 

dentex (hatching rate ≤ 85%) (Can et al., 2012). This hatching 

rate is critical in aquaculture in relation to egg quality since it 

affects the final number of fish. Thus, brown meagre is a good 

candidate for aquaculture.  

The swim bladder inflation was higher than 95% at 50 and 

500 lux light intensity in larval rearing of sciaenid meagre 

(Argyrosomus regius) (Valles & Estevez 2013). In pre-larval 

stage of meagre larvae up to day 3, the swim bladder inflation 

was detected (Papadakis et al., 2013). On the 2nd day of shi 

drum (Umbrina cirrosa) larvae, another sciaenid, it was 

observed that they inflated swim bladder around 90% (Zais 

et al., 2006). Studies have shown similarity with the results of 

our study (at the 4th dph in the range of 97.33 ± 0.94%, before 

starting feeding, although air cleaning was not started), and 

this is an advantage for culturing because many of the fish, 

notably sparids, swim bladder inflation takes longer time 

with lower percentage when compared the sciaenids. The 

reason of that may related to feeding since feeding may 

increase the quantity of oil on the water surface and its 

cleaning is critical at this period for swim bladder formation 

in most of the cultured fish.  

The growth can be affected by the environmental 

conditional and the bacterial bloom on the culture media 

(Can et al., 2010). The use of semi-intensive technology for 

larvae rearing results in higher growth performance and 

survival than intensive one in marine species (Roo et al., 

2010) and semi-intensive larvae rearing is used in the 

Mediterranean area to increase the quality of juvenile fish 

(Divanach & Kentouri 2000; Boglione et al., 2003; Russo et al., 

2010; Roo et al., 2010). In present study, green water 

technique, a semi-intensive production system that facilitates 

the rearing method of several species in larval stages, solving 

the issues and many of their economical, technical and 

human outcomes were used (Papandroulakis et al., 2005). 

The raised mortality at the beginning of the larval 

production might have been cause of by lack of adaptation of 

some larvae to artificial feed (Can, 2013). Cannibalism was 

the critical factor inducing mortality during the juvenile 

phase, as well, in similar studies in other Mediterranean 

species, i.e., sea bass (Kayim et al., 2010) and red porgy (Roo 

et al,. 2010). Comparable results were observed in present 

study, especially between 20-30 dph. Cannibalism may be 

associated with problems of starvation, size dispersion, 

illumination and stocking density (Dou et al., 2000). Brown 

meagre (Sciaena umbra) has special characteristics and 

advantages making it a satisfactory candidate for 

aquaculture, namely the high level of swim bladder inflation 

before the start of feeding in the first larval stages and the 

speed of growth when compared to another cultured fish. 

Moreover, there is an established worldwide market for 

otoliths, which are used in folk medicine. Brown meagre is a 

threatened species, with high economic interest. Therefore, it 

is a possible candidate for commercial aquaculture for food 

and for restocking the depleted natural fisheries. These first 

results on the larval stages of S. umbra in captivity maintain 

crucial data for evaluating its culturing potential. However 

further researches are needed about rearing protocols related 

to salinity, light and temperature, also feeding strategies to 

obtain better results on survival and growth. 

CONCLUSION 

Brown meagre (Sciaena umbra) has special characteristics 

and advantages making it a satisfactory candidate for 

aquaculture, namely the high level of swim bladder inflation 

before the start of feeding in the first larval stages and the 

speed of growth when compared to another cultured fish. 

Brown meagre is a threatened species, with high economic 

value. Therefore, it is a possible candidate for commercial 

aquaculture for food and restocking the depleted natural 

fisheries. 

These first results on the larval stages of S. umbra in 

captivity maintain crucial data for evaluating its culturing 

potential. However further researches are needed about 

rearing protocols related to salinity, light and temperature, 

and also feeding strategies to obtain better results related to 

survival and growth. 

ACKNOWLEDGEMENTS 

Authors would like to thank all the technical staff of 

Olivka Agricultural Products Industry and Trade Inc., 

especially Production Manager Mr. Bülent HAMZAÇEBİ for 

his technical support and knowledge during the study. 



Hamzaçebi & Can (2021) Acta Natura et Scientia 2(1), 22-28 

27 

Compliance with Ethical Standards 

Authors’ Contributions 

The authors contributed equally to this paper. 

Conflict of Interest 

The authors declare that there is no conflict of interest. 

Ethical Approval 

For this type of study, formal consent was not required 

while the study conducted. 

REFERENCES 

Basin, M. (1995). Barcelona Resolution on the Environment 

and Sustainable Development in the Mediterranean 

Basin, Barcelona, June 1995. 

Bay-Nouailhat, A. (2007). Description of Sciaena umbra, 

available on line at http: //www.european-marine-

life.org/34/sciaena-umbra.php, consulted on 31 July 

2019. 

Boglione, C., Costa, C., Di Dato, P., Ferzini, G., Scardi, M., & 

Cataudella, S. (2003). Skeletal quality assessment of 

reared and wild sharpsnout sea bream and pandora 

juveniles. Aquaculture, 227(1-4), 373-394. 

https://doi.org/10.1016/S0044-8486(03)00515-5 

Can, E. (2013). Effects of intensive and semi-intensive rearing 

on growth, survival, and V-sharped (Lordotic) 

skeletal deformities in juvenile gilthead sea bream 

(Sparus aurata). Israeli Journal of Aquaculture-Bamidgeh, 

65, 1–7. 

Can, E., Karacalar, U., Saka, S., & Firat, K. (2012). Ozone 

disinfection of eggs from gilthead seabream Sparus 

aurata, sea bass Dicentrarchus labrax, red porgy, and 

common dentex Dentex dentex. Journal of Aquatic 

Animal Health, 24(2), 129-133.

https://doi.org/10.1080/08997659.2012.675925 

Can, E., Saka, Ș., & Fırat, K. (2010). Disinfection of gilthead 

sea bream (Sparus aurata), red porgy (Pagrus pagrus), 

and common dentex (Dentex dentex) eggs from 

Sparidae with different disinfectants. Kafkas 

Üniversitesi Veteriner Fakültesi Dergisi, 16(2), 299-306. 

Chao, L. (2015). Sciaena umbra. The IUCN Red List of 

Threatened Species 2015: e.T198707A83232286. 

https://doi.org/10.2305/IUCN.UK.20154.RLTS.T19870

7A83232286.en 

Chater, I., Romdhani, A., Ktari, M. H., & Mahe, K. (2012). Diet 

composition and feeding intensity of brown meagre 

Sciaena umbra Linnaeus, 1758 (Teleostei, Sciaenidae) in 

the Gulf of Tunis. Proceedings of the 14th European 

Congress of Ichthyology, Liège, Belgium. 

https://archimer.ifremer.fr/doc/00117/22791/ 

Chatzifotis, S., Martin-Prat, A. V., Limberis, N., 

Papandroulakis, N., & Divanach, P. (2006). First data 

on growth of cultured brown meagre Sciaena umbra 

using diets with different protein and fat contents. 

Fisheries Science, 72(1), 83-88. 

Colla, S., Pranovi, F., Fiorin, R., Malavasi, S., & Picciulin, M. 

(2018). Using passive acoustics to assess habitat 

selection by the brown meagre Sciaena umbra in a 

northern Adriatic Sea mussel farm. Journal of Fish 

Biology, 92(5), 1627-1634. 

https://doi.org/10.1111/jfb.13589 

Divanach, P., & Kentouri, M. (2000). Hatchery techniques for 

specific diversification in Mediterranean finfish 

larviculture. Cahiers Options Méditerranéennes, 47, 75-

87. 

Dou, S., Seikai, T., & Tsukamoto, K. (2000). Cannibalism in 

Japanese flounder juveniles, Paralichthys olivaceus, 

reared under controlled conditions. Aquaculture, 

182(1-2), 149-159. https://doi.org/10.1016/S0044-

8486(99)00256-2 

Engin, S., & Seyhan, K. (2009). Age, growth, sexual maturity 

and food composition of Sciaena umbra in the south‐

eastern Black Sea, Turkey. Journal of Applied 

Ichthyology, 25(1), 96-99. https://doi.org/10.1111/j.1439-

0426.2008.01173.x 

Ergin, O., Tümer, S., & Yıldız, S. (2017). Chemical analysis of 

brown meager (Sciaena umbra) cephalides and 

traditional medicinal usage in urolithiasis. Süleyman 

Demirel Üniversitesi Tıp Fakültesi Dergisi, 24(1), 1-7. 

Hamzaçebi, S. (2020). A new species for aquaculture: White 

seabream (Diplodus sargus). Journal of Anatolian 

Environmental and Animal Sciences, 5(3), 390-396. 

https://doi.org/10.35229/jaes.780711 

Harmelin-Vivien, M., Cottalorda, J. M., Dominici, J. M., 

Harmelin, J. G., Le Diréach, L., & Ruitton, S. (2015). 

Effects of reserve protection level on the vulnerable 

fish species Sciaena umbra and implications for fishing 

management and policy. Global Ecology and 

Conservation, 3, 279-287.

https://doi.org/10.1016/j.gecco.2014.12.005 

https://doi.org/10.1016/S0044-8486(03)00515-5
https://doi.org/10.1080/08997659.2012.675925
https://doi.org/10.2305/IUCN.UK.20154.RLTS.T198707A83232286.en
https://doi.org/10.2305/IUCN.UK.20154.RLTS.T198707A83232286.en
https://archimer.ifremer.fr/doc/00117/22791/
https://doi.org/10.1111/jfb.13589
https://doi.org/10.1016/S0044-8486(99)00256-2
https://doi.org/10.1016/S0044-8486(99)00256-2
https://doi.org/10.1111/j.1439-0426.2008.01173.x
https://doi.org/10.1111/j.1439-0426.2008.01173.x
https://doi.org/10.35229/jaes.780711
https://doi.org/10.1016/j.gecco.2014.12.005


Hamzaçebi & Can (2021) Acta Natura et Scientia 2(1), 22-28 

28 

Kayim, M., Can, E., & Güner, Y. (2010). Is it possible to 

transform hatchery-reared abnormal juveniles of sea 

bass (Dicentrarchus labrax L. 1758) into normal 

individuals? Asian Journal of Animal and Veterinary 

Advances, 5(5), 327-338. 

https://doi.org/10.3923/ajava.2010.327.338 

Kolios, P., Kiritsis, S., & Katribusas, N. (1997). Larval-rearing 

and growout of the red porgy (Pagrus pagrus) in the 

Riopesca hatchery (Greece). Hydrobiologia, 358(1), 321-

325. https://doi.org/10.1023/A:1003132903785

Mediterranean to the Barcelona Convention (1995). 

Barcelona Convention for the Protection of the Marine 

Environment and the Coastal Region of the 

Mediterranean, 10 June 1995. 

Papadakis, I. E., Kentouri, M., Divanach, P., & Mylonas, C. C. 

(2013). Ontogeny of the digestive system of meagre 

Argyrosomus regius reared in a mesocosm, and 

quantitative changes of lipids in the liver from 

hatching to juvenile. Aquaculture, 388-391, 76-88. 

https://doi.org/10.1016/j.aquaculture.2013.01.012 

Papandroulakis, N., Divanach, P., Anastasiadis, P., & 

Kentouri, M. (2001). The pseudo-green water 

technique for intensive rearing of sea bream (Sparus 

aurata) larvae. Aquaculture International, 9(3), 205-216. 

Papandroulakis, N., Mylonas, C. C., Maingot, E., & Divanach, 

P. (2005). First results of greater amberjack (Seriola

dumerili) larval rearing in mesocosm. Aquaculture, 

250(1-2), 155-161. 

https://doi.org/10.1016/j.aquaculture.2005.02.036 

Roo, F. J., Hernández‐Cruz, C. M., Socorro, J. A., Fernández‐

Palacios, H., & Izquierdo, M. S. (2010). Advances in 

rearing techniques of Pagrus pagrus (Linnaeus, 1758): 

Comparison between intensive and semi‐intensive 

larval rearing systems. Aquaculture Research, 41(3), 

433-449. https://doi.org/10.1111/j.1365-2109.2009.02244.x 

Russo, T., Scardi, M., Boglione, C., & Cataudella, S. (2010). 

Application of the Self-Organizing Map to the study 

of skeletal anomalies in aquaculture: The case of 

dusky grouper (Epinephelus marginatus Lowe, 1834) 

juveniles reared under different rearing conditions. 

Aquaculture, 315(1-2), 69-77. 

https://doi.org/10.1016/j.aquaculture.2010.11.030 

Saka, Ş., Firat, K., & Kamaci, H. O. (2001). The development 

of European sea bass (Dicentrarchus labrax L., 1758) 

eggs in relation to temperature. Turkish Journal of 

Veterinary and Animal Sciences, 25(2), 139-147. 

Shields, R. J., Gara, B., & Gillespie, M. J. (1999). A UK 

perspective on intensive hatchery rearing methods for 

Atlantic halibut (Hippoglossus hippoglossus L.). 

Aquaculture, 176(1-2), 15-25. 

https://doi.org/10.1016/S0044-8486(99)00046-0 

Valles, R., & Estevez, A. (2013). Light conditions for larval 

rearing of meagre (Argyrosomus regius). Aquaculture, 

376, 15-19. https://doi.org/10.1016/j.aquaculture.2012.11.011 

Zaiss, M. M., Papadakis, I. E., Maingot, E., Divanach, P., & 

Mylonas, C. C. (2006). Ontogeny of the digestive tract 

in shi drum (Umbrina cirrosa L.) reared using the 

mesocosm larval rearing system. Aquaculture, 260(1-

4), 357-368. https://doi.org/10.1016/j.aquaculture.2006.06.001 

https://doi.org/10.3923/ajava.2010.327.338
https://doi.org/10.1023/A:1003132903785
https://doi.org/10.1016/j.aquaculture.2013.01.012
https://doi.org/10.1016/j.aquaculture.2005.02.036
https://doi.org/10.1111/j.1365-2109.2009.02244.x
https://doi.org/10.1016/j.aquaculture.2010.11.030
https://doi.org/10.1016/S0044-8486(99)00046-0
https://doi.org/10.1016/j.aquaculture.2012.11.011
https://doi.org/10.1016/j.aquaculture.2006.06.001

	ARTICLE INFO
	ABSTRACT
	INTRODUCTION
	MATERIAL AND METHODS
	Broodstock Collection and Management
	Rearing of Larvae
	Post-Larvae Growth
	Statistical Analysis

	RESULTS
	Broodstock and Spawning
	Larval Development

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	Compliance with Ethical Standards
	Authors’ Contributions
	Conflict of Interest
	Ethical Approval

	REFERENCES

