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   μ    μ      

 (Argyrosomus regius)    μ    μ   μ  

 μ μ     (gonadotropin releasing-hormone 

agonist, GnRHa).   μ     μ  7 

μ   μ  8 μ .  17/11/2009  15/3/2010  μ  

μ    μ     (15/4/2010 – 16/7/2010)  μ . 

μ  13  (7 , 6 )  μ   ±  

 3.828±647 g μ     . . .   2005.   

μ       μ  μ    

μ     μ        .    

   μ   μ        μ  

  μ  (Computer Assisted Sperm Analysis, CASA)  

μ        ( μ ).   

μ  μ     μ    μ   μ  

    μ μ  μ  μ     

 . ,   μ    μ    

  μ .  (Testosterone, T)   (Estradiol, 

E2)    μ     11-  (11-

Ketotestosterone, 11-KT)   .      

 μ       μ      μ  

μ    μ   (574±11,5 μm). ,   

μ   μ     μ  μ  μ   μ  

   (128±8,4 μm). ,      

      μ μ      

  μ         .   

  μ    μ ,  μ  μ     

( =0,2 ng ml-1, E2=0,47 ng ml-1),  μ    μ  μ   . 

     E2 μ    μ  μ ,   T 

   μ    (T=0,16 ng ml-1).   μ   

μ     μ      μ   

 (26,8±7 109 szoa ml-1)   (62,3±14,9 %).    

  μ   μ   (1,2±0,5 min)   

μ    (1,94±1,5 min).     μ    μ  
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    μ    μ    

μ  μ     μ  μ   .   11-KT   μ  

μ    (0,8 ng ml-1)    T   (0,3 ng ml-1).  

μ  μ  μ   μ      μ .  μ   

 μ  μ  μ   μ   11-KT   μ   T μ  μ   

 μ  μ .  

  μ   μ    μ  μ  

μ     (2009 – 2010).  2009   μ  45 μ  

μ   μ  μ   μ .  

 26  (12 , 14 )     23 (11 , 12 

)   μ  .      

μ   5/5/2009 (3 , 3 ),  18/5/2009 (4 , 5 ) 

  9/6/2009 (4 , 4 )    μ  μ   

6.934±1.949 g.        μ    

μ    μ      μ μ  

GnRHa   430±150 mg      μ   

μ   μ .    μ   μ  μ   

  μ μ        μ    

μ  μ   364.993  kg-1    μ   85±2%. 

  μ     μ  ,  μ  

 14±5,3 x109 szoa ml-1.      78±6,8%   

    1,8±0,1 min.   μ     

μ       ,      

      μ  (ANOVA, p 0,05).  

  (2010)   μ  μ  μ   

.    μ ,  4/5/2010   3/6/2010, 3   6 

 μ   μ   8.238±2.190 g   3 μ   

 1:2        

μ μ .    μ   μ  μ     

μ μ    μ    μ   434.860  kg-1.  μ  

 μ   92±8%.   μ    11±5 .  

         5 μ    

     μ    .  μ   
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μ    4     μ   μ     

.    μ  μ      56,8% 

  μ      100%.    μ    

 μ     μ    μ  

 μ   μ      μ  (ANOVA, p 0,05). 

μ μ  ,         

    ,    μ   μ   μ  

.    μ   μ       

    μ       

  40.768±36.911  kg-1 -1 μ   μ  92±8% 

 11±5 .            

   μ  μ  μ    μ    

.  
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Abstract  

The target of the present study was the investigation of the reproductive cycle of 

meagre (Argyrosomus regius) as well as the hormonal induction of reproduction using 

implants of gonadotropin releasing-hormone agonist (GnRHa). For the study of the 

reproduction cycle 7 samplings were performed within a period of 8 months. From 

17/11/2009 until 15/3/2010 samplings were performed every 2 months and subsequently 

(15/4/2010 – 16/7/2010) monthly. Thirteen fish were used (7 females, 6 males) with an 

initial mean weight ± standard deviation 3,828±647 g, which originated from the HCMR 

breeding unit in 2005. The stage of gametogenesis was examined during each sampling by 

a gentle abdominal massage in males and by gonad biopsy in females. When males were 

spermiating, the sperm was stored in ice and then with the use of an appropriate 

methodology (Computer Assisted Aperm Analysis, CASA) the basic characteristics of 

sperm quality were assessed (annex). In females the fresh sample was examined under an 

optical microscope and part of the biopsy was stored in fixation solution in order to be 

examined histologically. At the same time, a blood sample was collected in order to 

estimate the quantity of steroidal hormones (ng ml-1), testosterone (T) and estradiol (E2) for 

females, and testosterone and 11-ketotestosterone (11-KT) for males. The oocytes 

presented a gradual increase in their diameter during the samplings and in June the 

diameter reached its highest value (574±11.5 μm). On the contrary, a vertical reduction 

was noted during July when the recorded diameter was similar to the one of November and 

January (128±8.4 μm). Histologically, the gonads contained oocytes in several stages of 

oogenesis driving to the conclusion that this species spawns more than once during its 

reproductive period. The plasma analysis indicated that the maximum values for both 

hormones in females were recorded in May (T=0.2 ng ml-1, E2=0.47 ng ml-1), a month 

before the maximum diameter of oocytes. Subsequently, the levels of E2 seemed to return 

to low levels similar to the previous months, while T presented a second peak in July 

(T=0.16 ng ml-1). Males were spermiating from March to June and produced sperm of 

constant density (26.8±7 x109 szoa ml-1) and motility (62±15%). The duration of sperm 

mobility was also constant (1.2±0.5 min) and presented a maximum in April (1.94±1.5 

min). The plasma analysis for the estimation of steroid hormones level in males indicated a 

statistically significant change for both hormones in time. The maximum value for 11-KT 

was recorded in March (0.818 ng/ml), whereas for T in July (0.295 ng ml-1). The lowest 

values were recorded in November for both hormones. The starting month of spermiation 
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coincides with the maximum of 11-KT, while the maximum of T coincides with the last 

month of spermiation.  

Experiments were performed for the study of the hormonal induction of 

reproduction during two successive years (2009-2010). In 2009 during a period of 45 days 

three experiments of group induction of spawning were performed. In total 26 fish were 

examined (12 females, 14 males) from which 23 (11 females, 12 males) received hormonal 

treatment. The fish were placed in three tanks at 5/5/2009 (3 females, 3 males), at 

18/5/2009 (4 females, 5 males) and at 9/6/2009 (4 females, 4 males) and they had an initial 

mean body weight of 6,934±1,949 g. After the biopsy examination of females under an 

optical microscope and the spermiation examination in males, a GnRHa implant (430±150 

mg) was administered and the fish were returned in the tank while the spawning was 

expected. The first spawning took place two days after the administration of the implant in 

all cases, while the mean annual relative fecundity was estimated at 364,993 eggs kg-1 and 

the percentage of fertilization at 85±2%. The male individuals which received hormonal 

therapy produced sperm with a density of 14±5.3 x109 szoa ml-1. The sperm motility was 

estimated at 78±7% and the duration of mobility at 1.8±0.1 min. The relative fecundity and 

fertilization for females and density and motility for males were not statistically 

significantly different (ANOVA, p 0.05). The individual experiments on the hormonal 

induction of reproduction were performed during the second year (2010). During two time 

points, at 4/5/2010 and at 3/6/2010, 3 females and 6 males of initial mean weight 

8,238±2,190 g were placed in 3 tanks at a 1:2 ratio following the above process of control 

and administration of implants. The first spawning took place two days after the 

administration of the implant, while the mean annual relative fecundity estimated at 

434,860 eggs kg-1, the mean percentage of fertilization was 92±8% and the number of 

spawnings recorded was 11±5. After the first spawn the spawning continued for at least 5 

days, and after a 2-day cease at the maximum, the spawning continued. Fecundity 

presented a maximum during the first four spawnings and was then gradually reduced until 

the end of the spawnings. In the opposite case, the percentage of fertilization remains 

constantly above 57% and in some cases reached 100%. There was no statistically 

significant difference regarding fecundity and percentage of fertilization either between 

individuals or between two different points in time (ANOVA, p 0.05).  
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In conclusion, the meagre seems to reproduce successfully from April to June, 

whereas males produce sperm at the same months. Equally positive results were recorded 

after the trial of hormonal induction of reproduction both in May and June and the 

production of eggs was estimated at 40,768±36,911 eggs kg-1 spawning-1 with a percentage 

of fertilization at 92±8% within 11±5 spawnings. The reproduction of the meager was 

possible from April to June but only with hormonal manipulation producing high quality 

gametes. 
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 μ        μ   

       30%    

 ( , ).   30.000.000   

    μ  (  1) μ       100.000 

   (FAO 2008). 

  μ    μ  μ       

  10%  μ    μ     μ  μ   

  2,8%.  μ  μ   μ      

μ    .     50%  

   μ       

      μ    2030  μ  μ  

      μ      

.  

1.2   (Argyrosomus regius)  

  (Argyrosomus regius),   μ  Actinopterygi,  

Teleostei,  Perciformes,  Sciaenidae (Chao and Trewaras 1990).  

 Sciaenidae μ  70   270     Argyrosomus 

μ  8  (Quéméner et al. 2002).  μ     μ  

  μ   μ  .   μμ       

   ,        μ    

 (FAO 2010).  , μ    μ    103 kg     

  μ    230 cm μ   μ   150 cm TL (Fishbase, 2009).  

    (15-300 m ) (FAO 2010)    

 μ  μ   65°N - 6°S, 23°W - 36°E (Fishbase 2010). μ , 

μ   μ       ,   

English channel    ,       . 

A μ ,      ,      

     μ . , μ   μ    

     Bitter Lakes     ,      

   (Whitehead et al. 1986). 

O       .     

 (Fasano et al. 2006)         (Pastor 
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Garcia et al. 2002)         27   

  (Quemener 2002). 

μ  μ   FAO  μ      μ   1997 

μ   30 t   2007  750 t,   μ    μ  

 .    μ       μ   μ   

2-4  kg-1.        μ    4-5  kg-1 

     6  kg-1. μ    μ  

μ  (1-3 kg) μ  μ  7-12  kg-1 (FAO 2010). 

      μ  μ      

μ  (Mysis relicta, )    μ   ,  μ  

     (FAO 2010).  μ    

μ   ,   μ  ,  

(Sardina pilchardus),  (Tilapia zilli), μ  μ     

 (Cabral et al. 2001, Quero and Vayne 1987).   μμ ,    

 ,       (40-60%)   

μ    .   μ    μ   , 

  ,     (  17,7  1.014 g  13 

μ ) μ   μ μ  3:1 (EL-Shebly et al. 2007).    μ  

   μ μ   (40  50% )  

μ      μ μ    9:1 μ  

   1.250 g (Serif et al. 2009).     μ  

    μ   , μ    13 μ   

      .  μ       

      2,55 g μ -1 (EL-Shebly et al. 2007)  μ   

 μ    (Sparus aurata)   μ   (0,73 g 

day-1) (El-Shebly and Siliem 2003)      (Dicentrarchus 

labrax) (1,13 g μ -1) (El-Shebly 2005).   μ   μ   

μ     μ        0,5 g μ -1 

μ  μ  μ μ   (Chatzifotis et al. 2010). , 

        (1740 g  8 μ )   

 (100%)     ,   μ    (Gracia et al. 

2002).  
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1.3     

1.3.1  μ   

 ,     ,    

 μ    .        μ    

    μ     μ .   

  μ  μ    μ    μ   

μ         (Mylonas et al. 2010).  

          

   : ,  ,   

, , μ    (Tyler and Sumpter 1996).    

  μ            

μ     μ   μ     

     (  1998).    

    μ  μ     RNA  

     Balbiani body         

  μ .  Balbiani body   μ   

 μ μ μ  μ ,  μ   

μ   (Guraya 1979).  μ     

  μ μ  μ     μ     

     (zona radiata).      2-4 

             .  

   ,   μ       

 μ  μ  (nest region)       

μ         μ     

μ μ  (Tyler and Sumpter 1996). 

     (Cortical alveoli) μ  

μ  μ     μ  μ    

    μ  μ     μ  (Patiño and 

Sullivan 2002, Selman and Wallace 1986).  μ   μ  μ  μ  

 μ          μ    

  . , μ       

      μ      μ . 
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       μ      μ  μ , 

  30     (Tyler and Sumpter 1996). 

  μ    μ  (  95%  ) (Tyler 

et al. 1991)    ,      

   (Mylonas et al. 2010).     

μ           

 μ - μ  μ     .    μ   

           .   

  μ        μ   

(Tyler and Sumpter 1996).          

 . ,    ,  μ  

,    (Lund et al. 2000).     

  μ  μ , μ  μ   , 

    ,  μ    

  (Babin et al. 2007, Mylonas and Zohar 2009).     

    μ      μ    μ  

RNA, , , , μ   μ      

     (Lubzens et al. 2010). 

    μ         

 μ  (luteinizing hormone, LH)    

μ     (maturation-inducing steroids, MIH) (Suwa and Yamashita 

2007).     μ      μ    

 μ      μ   μ . ,  

    μ   μ  μ   

(Mylonas et al. 1997c).  μ μ    ,    μ  

  μ     . , μ   

           

(Mylonas and Zohar 2009).  

  μ         

μ    μ .    μ   μ   

μ   μ ,   μ  1 μ   

μ  ,    μ  2   μ    
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   μ .      μ ,  

μ  μ μ   μ  μ  μ   

 (Schulz and Miura 2002). ,     

μ   μ    μ      

       15.      μ  

μ   μ  μ   μ  μ   μ   

μ  1,    μ  2    μ  

μ .   Sertoli    μ , 

   μ   μ   (Mylonas 

and Zohar 2009, Schulz and Miura 2002, Schulz et al. 2010).     

μ   μ       μ   

μ     .  μ    μ   

      μ    μ  μ   

    (Miura and Miura 2003). ,    

   μ   μ     μ  μ   

  .  μ   μ  μ   μ  

  μ        μ  μ    

  ,  ,        

  (Fauvel et al. 1999). 

          -

-   μ    μ .   μ   

μ     ( μ , ,  )  

  μ     (gonadotropin realizing hormone, GnRH) 

           (follicle 

stimulating hormone-FSH, LH) (Peter and Yu 1997).  μ    

     GnRH     μ  (dopamine, 

DA)          FSH   LH (Chang and 

Jobin 1994).   μ     μ μ  μ   μ    

       μ  ( , 

).   μ        (T, 11-KT) 

  μ   μ    E2 (Miura and Miura 2003, Schulz et al. 2010).  

      μ   μ  

    μ      μ  
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(Schulz et al. 2010). μ     11-     μ   

   μ         

 μ  (maturing inducing steroid, MIS) μ   μ  (Miura and 

Miura 2003).   μ   E2 μ        

         (Lubzens et al. 2010)  

     MIS        μ  

(Suwa and Yamashita 2007). 

1.3.2      

       μ  μ  

 μ  μ  μ   .  μ      

μ    μ  μ       

  .  μ        

        μ  μ    

        (Mylonas et al. 2010).  

      μ      

μ   .  μ    μ  μ   

  μ , μ         μ   

μ    μ   (Rocha et al. 2008).  μ  μ  

              

       .  μ   μ , 

      μ   , μ   μ  

μ    μ       μ  (Mylonas et 

al. 2010). ,    μ  μ   μ  ( ) 

  μ          

,  . . (Rocha et al. 2008).  μ       

μ    μ   μ   μ      

     μ  μ  (Izquierdo et al. 2001). , 

     μ  (  )  

         

(Mylonas et al. 2010). 

     μ     

μ       μ .   μ   
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μ        μ     

   (Salmonids).       

      μ      

μ        μ  μ    μ  

    (Babin et al. 2007, Mylonas and Zohar 2000).   

     μ    LH     

   μ  μ   μ      

 (Mylonas et al. 2010).  

  μ    μ       

μ  (Mylonas and Zohar 2000, Schulz and Miura 2002, Schulz et al. 2010). 

    μ     μ    

   μ  (Berlinsky et al. 1997).     

      μ   μ   

μ  (Seriola dumerili) (Micale et al. 1999)     (Anguilla sp.) (Ohta et 

al. 1997).  

1.3.3  μ   μ  

  μ     μ  μ   

μ  μ   1930  Cnesterodon decemmaculatus (Houssay 1930). 

     ,    

    μ μ    .   

   μ       

(human Chorionic Gonadotropin, hCG)         

(Lam 1982).     hCG    μ μ    

 μ ,      μ    

.  ,         μ  

  μ μ    μ   

   μ   (Mylonas and Zohar 2000).    

  μ  μ  μ        ,  

   μ  μ μ   μ μ   

. ,          

  (Peter and Yu 1997, Zohar and Mylonas 2001).    

  μ   (GnRH)     (GnRHa) 
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      o    (Zohar 1988).  

  GnRHa   Gt         μ  

     μ μ      

μ  μ μ    μ  μ   μ    μ  

.  GnRHa       μ  –  – 

   μ   « »   . ,   

       μ       

 μ     μ     (Zohar and Mylonas 2001).  

    GnRH μ     μ    μ   

μ  μ   μ   μ μ  (implants) (Crim and Bettles 1997, 

Donaldson 1996, Zohar and Mylonas 2001).     μ ,  

  LH (Nagahama 1994),    μ   μ   μ  

 μ    μ     μ μ     

   μ  (Mylonas and Zohar 2001). 

           

 μ .    μ   μ      

μ      μ   μ     

  (Mylonas et al. 2003a).      μ , 

μ   ,  ,      (Bromage and Roberts 

1995).      μ       

μ     μ . μ    

  μ  (Chauvaud et al. 1995).   μ  

      μ  μ    μ   

μ     μ         μ   

  μ μ    μ  . ,    

μ   μ    μ    μ .  

   μ   μ   μ  

(Bromage and Roberts 1995). 

  μ  ( μ  μ      

),    μ  ( μ   μ μ     

μ    μ )      . ,  μ , 

  ,  ,  μ         

      (Bromage and Roberts 1995). 
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     μ  μ  μ  (Brooks et al. 1997, Kjørsvik et al. 

1990).  

1.3.4     

         μ μ . 

  μ  μ    μ    

    μ   5 kg     6 kg    (FAO 

2010).  μ  17-22˚C   μ  (1,2 m)   800.000 , 

 3-5  (FAO 2001).         

   (Quero and Vayne 1987)        

μ  ,         ( ) 

(Griffiths and Heemstra 1995). 

     Sciaenidae    μ   

  μ        (Fish and Mowbray 

1970). μ  μ     , μ       

 μ      . μ ,      

Nibea albiflora, Argyrosomus argentatus, Micropogon undulates, Pogonias cromis,  

  .     μ   μ    

   (Lagardère and Mariani 2006).    

     μ       μ  

        .  μ  

    μ       μ     

  μ      .  μ   

   μ    μ       

μ    μ .  μ      

        , μ  μ  

 (598 – 2.496 ms)  μ  μ   (4,5 – 11,7 ms).   

μ     μ  μ       

       μ  (Lagardère and Mariani 2006). 

μ             

μ μ    μ         μ  

  (Duncan et al. 2008).  μ     
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   26    μ   .   5 

μ  μ    μ   μ .   

 μ    μ  μ μ  GnRHa  9.515.000 

  9 .    μ       μ   

μ  μ   7.221.000    .    

 μ  μ  90%      

 5  (Duncan et al. 2008). 

 μ        μ    

      .     

          μ   

     μ   .  

1.4    

 ,          

   .      μ   ,     

         μ  

.   μ          

    .  μ  μ  μ      

       μ    μ .  

μ           

     μ  μ      μ  μ ,  

      μ   . 

      μ      

      μ     μ  μ  

  μ μ  GnRHa  μ      μ .   

μ             

     μ    μ . , 

   μ μ           

μ       μ . μ ,    

      μ      μ    

    μ .       μ  

 μ μ  GnRHa,    μ   μ     

  μ  μ         
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μ  .  μ          

μ  μ μ  GnRHa    μ    

           

μ     μ       . 
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2.      
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2.1   

  (Argyrosomus regius),    Sciaenidae   

  (15-300 m ) (FAO 2010)      

μ       (Griffiths and Heemstra 1995).  μ  

μ       μ  (Fishbase 2009).   

     μ μ      

μ     μ     (FAO 2010).   

  ( - )  μ  17-22°C,   μ , 

μ  μ  1,2 m   800.000   3-5     

  -  (FAO 2009).       

μ       . ,   

μ    μ     μ        

   (Lagardère and Mariani 2006).  

   μ   μ    (EL-Shebly et al. 

2007)       (Fasano et al. 2006)    

  μ  μ .    μ μ    

μ        μ    (Duncan 

et al. 2008).  μ            

μ    (Chatzifotis et al. 2010, Hernández et al. 2009, Roo et al. 2010, Serif et 

al. 2009)    μ      μ      

. μ         μ  μ  μ  

 μ  (FAO 2010). 

 ,     ,    

 μ    μ  .        

μ          μ .  

   μ  μ    μ    

( μ       μ    ) (Mylonas and Zohar 

2007, Mylonas et al. 2010).        

              

  ,     μ   

  ,           

   μ . , μ    μ     

(   μ ),   ,  μ   μ    μ ,  
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  .   μ ,  ,  ,    

  μ    μ     (Bromage and 

Roberts 1995).    μ ,  μ  ( μ  μ  

    )    μ  ( μ   

μ μ     μ    μ )     

 (Brooks et al. 1997).         

μ  -  -  (Mylonas et al. 2010).   μ   

μ        μ    

(gonadotropin realizing hormone, GnRH).  GnRH      

  ,   μ  (follicle stimulating 

hormone, FSH)    μ  (luteinizing hormone, LH).   

     μ       

     μ    μ  (Nagahama 

1994).  

      μ      

   μ  μ      μ   

   μ        

  μ . ,  μ    μ   

μ  ,          . 

,  (1)      μ  μ   

 μ , (2)   μ   μ      

   (3)     μ     

  .  
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2.2    μ  

2.2.1     

  μ        

      ( . . . .)  2009 

 2010. μ  13  (7 , 6 )  μ   ± 

  3.828±647 g μ     . . .   2005.  

   μ   9.000 l, μ  μ , μ  μ  

μ   .    μ     

 μ .     ’     μ μ  

μ  μ  μ  ,     μ  μ  

μ  μ . μ   μ  (°C)  μ    

μ .  

2.2.2      

 μ  7 μ   μ  8 μ .  

17/11/2009  15/3/2010  μ  μ    μ    

 (15/4/2010 – 16/7/2010)  μ .     μ ,  

 μ    40 cm      μ   μ  

 (0,015 ml l-1) (Wagner et al. 2002).  ,  μ   

μ   400 l     .  

  μ           

μ     .      μ   

 (Natelson tube, 1 mm  μ )   μ    

 μ .  μ      μ  μ   

μ    μ    μ   . , μ μ   

μ   μ   μ  4% μ   1% , 

  μ μ  , μ      .   

 μ      μ     μ  

μ  μ μ   (Technovit 7100, Heraeus Kulzer, 

Germany)  μ    μ .  μ    μ μ  Leica 

RM 2245 (Germany)    3 μm.     μ  Polychrome I 

(0,325 g methylene blue, 0,05 g azure II, 25 ml glycerol, 250 ml μ  )  

Polychrome II (0,5 g basic fuchsin, 250 ml μ  ) μ   1:3,5  
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μ   (Bennett et al. 1976).  μ     μ  

(Nikon Eclipse 50i)   μ    μ  (Jenoptik 

progress C12 plus). 

  μ  μ   μ        

   μ  μ .    μ ,    

μ    ,  μ   μ      

.   μ   Computer Assisted Sperm Analysis (CASA)  

μ        μ  ( μ ). 

,    μ         μ  

  μ      μ .  μ    

6000    (rounds per minute, r.p.m.)  15    μ  

μ        -80°C μ    

.      (Testosterone, ),   

(Estradiol, E2)   11-  (11-Ketotestosterone, 11- )  μ  

μ  μ   (enzyme-linked immunoassay, ELISA) 

μ  μ   (Rodríguez et al. 2000) ; (Nash et al. 2000) ; (Cuisset et al. 1994) μ  

μ  ,  μ     SpiBio (France).    

  μ , μ   200 μl μ  μ  2 ml 

,  vortex (Vibramax 110, Heidolph, Germany)  3 , μ  

 μ   10   -80°C, μ        

    (Reacti-vap III, Pierce, Germany)   μ   

 (Reacti-vap III, Pierce, Germany).      

μ   250 μl μ  μ  (reaction buffer).  

2.2.3    

 μ     μ  ,    μ  

 ,       μ     

  μ  μ    (ANOVA, p 0,05) μ    

 SPSS (IBM, USA).  μ   μ   μμ  DeltaGraph V5 (Red 

Rock Software, Inc., USA). 
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2.3  μ  

  μ   9,8  14,6 h (  2)   μ  

μ  μ   15,3   24,6°C.   μ  μ  

  25,5°C   μ  μ  μ   15,1°C. 

 μ      100  600 μm  μ   8 

μ     μ       (  3).  

μ      μ  μ   121±13 μm     

     μ    μ   

    504±24 μm.  μ   μ   μ  

μ        μ  μ    μ  (574±11 

μm). ,   μ   μ     

μ  μ  μ    μ     (128±8,4 μm). 
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  μ     μ        

μ         μ  (  4,5,6). 

 μ    μ       

μ μ    μ  μ       

. ,    μ  ( μ  – ) 

 μ      μ      

130±10 μm. T      μ   (  5) μ   

μ      290±65 μm.    μ  ,  

 μ  μ   μ      μ  μ   

μ  μ   μ   (570±30) μm) (  6).  μ  μ  ( )  

μ  μ          

  μ  μ    .  μ   

   μ   130±20 μm. ,    

 3:     μ   μ    (μm)  
        μ   2010. 

      μ   
μ   μ  (ANOVA, P 0,05). 
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     ,    

 (  4,5,6,).        

 μ      μ       

μ   μ .         

   μ        μ  μ   

μ   .        

μ   μ    μ   μ  μ   

   .      

μ   ,  μ       ,  

     (zona radiata). 

 

  

 4:          
2010.        μ     μ  

   2010.         (vg) 
 μ    (po).  μ   500μm. 



35 
 

 

 5:    μ      
   2010. ,B-   μ   

   μ .    μ   μ   
 (po). C,D-   μ     

 .    μ   μ    (po). 
E,F-   μ      . 

  (po),   (vg),   (gv)  
  (ca).  μ      400 μm   

  200 μm.  
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 6:    μ       
  2010. ,B-   μ   

   .   (po),   (vg)  
  (ca). C,D-   μ    
  .   (po),   (vg),  

 (gv),   (I),   (zr)   (y). E,F- 
  μ      .  

 (po)    (atr).  μ     
 400 μm     200 μm.  
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  μ         μ   μ  

 μ   μ  μ    μ  (  7).   

  μ      μ  ( =0,21 ng ml-1, E2=0,47 ng ml-1). 

     E2   μ   

μ  μ    μ  μ    T     

 μ    (T=0,16 ng ml-1). 
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  2010.   μ    
  μ       μ   

μ  (ANOVA, P 0,05),      
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μ   μ  (ANOVA, P 0,05). 
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  μ   μ     μ   . 

 μ  μ   (26,8±7 109 szoa ml-1)   

(62±15%), μ     μ      μ    

(  8).      μ  (1,2±0,5 min)   

μ   μ   μ       μ  μ   

 (  9). 

 

 

 

 

 

 

 

 

 8:     μ    (spz ml-1)   
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  μ   μ     μ  μ    

  μ     μ ,  10 s μ    

 (  10).  ,  μ   μ    

μ  μ     .  μ  , ,   

 30 s μ      50%  μ    μ  

μ   ( ) μ    10%  μ   190 s.  

 

 

 

 

 

 

 9:     μ      (sec) 
μ       2010.   

    μ   μ   
μ  (ANOVA, P 0,05). 
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 10:     μ   μ   μ  
μ        μ   ,  μ  

     μ    .  
μ    μ       μ  μ μ . 
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  μ      μ  (ng ml-1)   

μ    μ  μ     μ  μ    

(  11).   11-KT   μ  μ    (0,82 ng ml-1)  

     (0,3 ng ml-1).  μ  μ  μ   

μ      μ  (T= 0,04 ng ml-1, 11-KT= 0,02 ng ml-1). 
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 11:   ±  μ      μ  
(ng ml-1)   μ       2010. 

  μ      μ  
     μ   μ  (ANOVA, P 0,05), 

        
μ      11-KT μ   μ  (ANOVA, P 0,05). 
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2.4   

              

  μ  17-24°C,  μ        

μ       μ   (Lagardère and Mariani 2006). 

       μ  μ    μ  

         μ  μ   

μ    μ  . μ ,       

    μ   μ  ,     

μ .  μ   μ      570±30 

μm,  μ     μ   500 – 550 μm (Mylonas et al. 2004b)  

 mulloway (Argyrosomus hololepidotus) 500±40 μm (Battaglene and Talbot 1994).  

μ   μ  ( μ  – )     

   (Pagrus pagrus) (Kokokiris et al. 2001)     

(Dentex dentex) (Pavlidis et al. 2000)         

 –  μ   μ  μ .  Micropogonias furnieri   

     (  – μ ) (Berois et al. 2004)   

μ  (Diplodus puntazo)   – μ  (Micale et al. 1996)   

  μ   μ  . To  (Morone chrysops)   

        5 μ  μ  ( ) 

(Berlinsky et al. 1995)   μ  (Umbrina cirrosa)   

μ  ,  μ   μ  (Mylonas et al. 2004b).   

(Diplodus sargus)       3-4 μ  (  – 

) (Micale et al. 1987)    (Sparus aurata)   

μ  –      μ  (Kadmon et al. 1985).  

             

  .        

  μ        μ  

   μ  μ .  μ    

        μ      

 (16°C)   μ  μ         

μ    23°C     μ . 

    μ       μ μ , 

     ,    
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    , μ        

   μ      . μ  

μ     spotted seatrout (Cynoscion nebulosus)  

orangemouth corvina (Cynoscion xanthulus) (Brown-Peterson et al. 1988, Thomas et al. 

1994),        (Kadmon et al. 1985),   (Prat et al. 

1990)    (Pavlidis et al. 2000).  

  μ      μ  (E2, T) 

          

  μ μ   μ        (Carragher 

and Pankhurst 1993),   (Pavlidis et al. 2000)    (Carragher and 

Pankhurst 1993).   μ         μ  

μ  μ  μ    μ      E2  μ  

 , μ  μ  μ    μ   .  

  E2 μ          

      (Kokokiris et al. 2000).  μ    

  μ   μ         

μ .         μ   

 (Kokokiris et al. 2000)   (Gobio gobio) (Rinchard et al. 1993)    

μμ   (Morone saxatilis) (Berlinsky and Specker 1991, Mylonas et al. 

1997a).   μ   μ     μ   E2 μ  

  μ      (Jackson and Sullivan 1995).  

μ      μ   ,    E2  

μ      μ   μ μ  

           

 (Prat et al. 1990). 

 μ            

T    (Kobayashi et al. 1987)    μ   

  μ  . ,  μ      FSH μ   

      T (Crim and Evans 1979).   

 T μ ,  μ   ,  μ  , μ  μ  μ  

0,21 ± 0,18 ng ml-1   μ  .  μ  μ     T   

     (Pankhurst and Carragher 1991)   

   μ   μ  μ  μ . μ , 
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   T  μ      (Kokokiris et al. 2000)   

  (Pavlidis et al. 2000)      (Prat et al. 1990).    

     2 μ        

 (Berlinsky et al. 1995). ,  μ     T μ  

 E2     μ      μ   μ  μ   

  μ   . μ ,    (Prat et al. 1990)  

   (Kokokiris et al. 2000)     μ  

μ  μ    μ .  

  μ    μ    μ  (  – 

.   μ      μ   μ    

   ,   μ         

 (Carrillo et al. 1995)    (Kokokiris et al. 2001, Mylonas et al. 2003a), 

    μ     μ .   μ  

  μ    (4 μ )  μ  μ    (Scophthalmus mrutimus) 

(6 μ ),   (Hippoglossus hippoglossus) (6 μ )   Limanda 

limandu (3 μ ) (Suquet et al. 1994).    μ  μ   8  

45 x109 szoa ml-1 μ        μ   μ   

 μ . μ   μ   μ     μ   

        ( )     μ .   

 μ  μ  μ       μ  (12-26 x109 

szoa ml-1) (Mylonas et al. 2004b),  rabbitfish (Siganus guttatus) (5-20 x109 szoa ml-1) 

(Garcia 1993),   (5-55 x109 szoa ml-1) (Fauvel et al. 1999),  American shad 

(Alosa sapidissima) (66 x109 szoa ml-1) (Mylonas et al. 1995),   (9-24 x109 szoa 

ml-1) (Mylonas et al. 2003a)   Micropogonias undulatus (23-36 x109 szoa ml-1) 

(Suquet et al. 1994).  μ     μ    

 μ  (  – )  μ  μ      μ  

 μ  ( ).  μ         

μ  μ  (Mazorra de Quero et al. 2000)  .  μ   

  μ           

μ    μ  (Jackson and Sullivan 1995)    

  μ . 

 μ       μ    

     μ  μ   14-94%.    



45 
 

μ         μ  μ  

μ  μ  μ  .         

    μ     μ ,  μ   

     μ   μ     μ   95% 

(Rainis et al. 2003, Rana 1995).  μ       μ  

  μ  (Nagahama 1994)       μ  

  11-KT       μ  μ  .   

  μ     T  μ  μ    

  μ .  

  μ   μ       

  μ       μ     

μ  (Fauvel et al. 1999).  ,   30 s  82%  μ   

μ      μ    41%.   

  47%    μ      μ    

  μ  16%    80 s   

 . μ  μ         

         μ       

μ   (Fauvel et al. 1999).   μ      

    μ   μ     

   μ       μμ  

(Suquet et al. 1994). 

     μ  μ    μ  

.   μ     μ     μ  μ  

    (4,6 min),    μ     μ  

   (Suquet et al. 1994).  μ   μ    μ  

  1,4 min, μ     μ    

μ .       μ    

μ      μ     (Billard 

and Cosson 1992).   μ      CASA  μ  

  μ     μμ  μ   μ   

 .  μ      μ    

   μ    . μ ,  

μ         (Trachurus 
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mediterraneus) (0,8 min),  μ  (Mullus barbatus) (1,5 min) (Lahnsteiner 

and Patzner 1998),  μμ   (1,4 min) (Holland et al. 1996),  

 (0,1-3 min) (Suquet et al. 1994)    (0,7-2,9 min) (Fauvel et al. 

1999).  

 μ       μ    μ  

  μ     T    11-KT. μ , 

   T    0,3 ng ml-1    11-KT  0,8 ng ml-1   

   T    0,9 ng ml-1    11-KT 4,1 ng ml-1 (Berlinsky et 

al. 1995). μ ,   μ    T (2.4±0.5 ng ml-

1)   11-KT (3,5 ng ml-1) (Prat et al. 1990). ,   T   

μ    3 ng ml-1   11-KT  1,5 ng ml-1 (Kokokiris et al. 2000) 

 μ      T μ   1,5 ng ml-1   11-KT  2 ng ml-1 

(Pavlidis et al. 2000).     μ    μ  

  μ    μ  μ  (Sulistyo et al. 2000, Utoh et al. 

2004).  T   μ ,        

   μ    ,   μ   μ    (Prat et al. 

1990).   11-KT  μ          

  μ  μ        μ  (Prat 

et al. 1990).  11-KT     μ      μ   

  μ  (Borg 1994)     

   T (Berlinsky et al. 1995, Carragher and Pankhurst 1993, Koldras et 

al. 1990).   μ      11-KT   μ   

  μ      μ  μ   μ  μ   

μ  μ ,      μ  (Conger myriaster) 

(Utoh et al. 2004). 

μ μ ,         μ   

 μ .   μ        

            μ  17-

24°C, μ     .     μ  

     ,        

μ . 
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3.  μ       

 

 

 

 

 

 

 

 

 

 

 



48 
 

3.1   

  (Argyrosomus regius),    Sciaenidae   

  (15-300 m ) (FAO 2010)      

μ       (Griffiths and Heemstra 1995).  μ  

μ       μ  (Fishbase 2009).   

     μ μ      

μ     μ     (FAO 2010).   

  ( - )  μ  17-22°C,   μ , 

μ  μ  1,2 m   800.000   3-5     

  -  (FAO 2009).       μ  

     (EL-Shebly et al. 2007)     

    (Fasano et al. 2006),       

(Chatzifotis et al. 2010, Duncan et al. 2008, Roo et al. 2010). 

         

     μ   (Mylonas and Zohar 2000, 

Mylonas et al. 2010).   μ     μ  μ  μ  

  μ     (Babin et al. 2007, Zohar 1988, 1989).  

     μ    μ    

μ       μ  (Mylonas and Zohar 2000, Schulz and 

Miura 2002, Schulz et al. 2010).     μ   

  μ       (Berlinsky et al. 1997).  

         μ  

 μ   μ  (Seriola dumerili) (Micale et al. 1999)     

(Anguilla sp.) (Ohta et al. 1997). 

            

 μ   μ  (Zohar and Mylonas 2001). μ ,   

μ μ  μ       (gonadotropin releasing 

hormone, GnRH)    (GnRHa) .      

 (Zohar 1988),   μ  (luteinizing hormone, LH) 

   μ  (follicle stimulating hormone, FSH),   

        μ  μ    μ   

 μ   GnRHa (Crim and Bettles 1997, Mylonas et al. 2010).    

GnRHa μ     μ    μ   μ  μ   μ   
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μ μ  (implants) (Crim and Bettles 1997, Donaldson 1996, Zohar and Mylonas 

2001).            

   μ   μ .  μ    LH     

     μ  (Nagahama 1994).    

 μ ,    LH (Mylonas et al. 1998a, Mylonas et al. 1998b),  

  μ   μ   μ   μ    μ    

 μ μ     μ  μ   μ  (Mylonas 

and Zohar 2000, Mylonas et al. 2010).  

   μ  μ  μ   μ   

. μ ,    μ    μ  

  μ  GnRHa μ  μ  μ    μ  μ μ  (Duncan et 

al. 2008).      μ   . 

 ,    μ  μ     

μ      μ .  

         μ   

 μ μ  GnRHa    μ      

       μ   

  μ       . 
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3.2    μ  

3.2.1    

  μ         

       

( . . . .)  2009  2010. μ   6     

    4       . . . .    

  μ   2009 μ   μ  9000 l  

μ      (2010) μ  μ   μ  

5000 l  μ  μ  9000 l  μ .      

  μ     μ    μ     

μ .     ’     μ μ  

μ  μ  μ  ,     μ  μ  

μ  μ . μ   μ  μ  μ    

μ .  

3.2.2  μ  μ    

 2009   μ  45 μ  μ   μ  

μ   μ .   26  (12 , 14 

)     23 (11 , 12 )   μ  

.      μ   5/5/2009 (3 , 3 

),  18/5/2009 (4 , 5 )   9/6/2009 (4 , 4 

).  μ  μ       μ   6.934±1.949 

g. 

    μ ,   μ    40 cm  

    μ   μ   (0,015 ml l-1) (Wagner et 

al. 2002).  ,  μ   μ   400 l    

 . μ         

μ      (Natelson tube, 1 mm  μ )   

μ     μ .  μ      

μ  μ   μ    μ    μ   

. , μ μ   μ   μ   μ  4% 

μ   1% ,   μ μ  , μ   

   .   μ  μ   μ    
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       μ   μ .   

 μ ,    μ    ,  μ  

 μ      .      

        μ .     

   μ    μ   μ  μ  

μ μ  GnRHa        

 μ  GnRHa     Bachem  (Mylonas and Zohar 

2000).    μ      μ   

μ   μ . 

   (2010)   μ  μ  μ  

 .    μ  (4/5/2010, 3/6/2010), 3   6 

 μ    3 μ    1:2.     

         μ  

   μ . μ      μ    

 μ      μ        

  .  

3.2.3     μ  

    μ    μ   

         μ    

   10 l.    μ  10 ml  μ   

μ   ( μ , number of eggs)     μ μ  

 μ   (  μ , % fertilization).  2009,   μ   

   μ    μ    μ  

(Panini et al. 2002)    μ   μ .  5 

 μ    μ    μ   μ  

       ( )   μ  

( ) .  μ      (~500-700)    

μ  μ     μ   μ  .  , μ  

  μ  μ           

μ  μ   . ,  300    μ   

 Petri μ       μ   

μ   μ  (microtiter plates, mct plates).   
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  96    μ     200 μl μ  

        5 μ     

,      μ . 

 2009     μ ,     μ  

 μ   (2626 )    (0,9% NaCl).   

 Neubauer  μ  μ  μ   .  

μ           szoa ml-1. H 

 (%) μ   5 μl μ  μ  500 μl   

      μ .    

   24     μ    μ   

μ  4°C. ,    μ   μ   μ   

  90%       μ  (duration, 

min). 

 2010,   μ       μ   

μ      μ    . 

     μ     μ  μ   

     μ  μ  

μ μ   (Technovit 7100, Heraeus Kulzer, Germany)  μ   

 μ .  μ    μ μ  Leica RM 2245 (Germany)   

 3 μm.     μ  Polychrome I (0,325 g methylene blue, 0,05 g 

azure II, 25 ml glycerol, 250 ml μ  )  Polychrome II (0,5 g basic 

fuchsin, 250 ml μ  ) μ   1:3,5  μ   (Bennett et al. 

1976).  μ     μ  (Nikon Eclipse 50i)  

 μ   μ  (Jenoptik progress C12 plus). 

3.2.4    

 μ     μ      μ  kg-1 

   μ ,         ,  

     μ    (ANOVA, p 0,05) μ  

   SPSS (IBM, USA).  μ   μ   μμ  

DeltaGraph V5 (Red Rock Software, Inc., USA). 
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3.3  μ  

 μ  μ   15,3   24,6°C μ   μ   

25,5°C  μ   15,1°C. 

 2009,  μ  μ       

μ     μ  ,  μ   14±5,3 

x109 szoa ml-1.      78±6,8%     

  1,8±0,1 min.  μ  4°C  μ  μ    

μ    6±3 μ .  μ     μ     

 ,      .  
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   μ  ,   29.900.000 , μ  

μ    μ  365.000±107.000 eggs kg-1  μ   

μ  85±2% (  1).       5  

  μ   μ  267.000 eggs kg-1   

μ  87±6%  21 μ  (  14).    μ  

  μ      μ μ .    4 

μ       μ  μ    

.   μ  μ  ,   76%,    

     μ   μ     μ   

  (88.000 eggs kg-1)    μ  μ   μ   

29 .    μ   18  μ    

μ     480.000 eggs kg-1    μ   85±9%  

21 μ .    μ  48  μ     

μ μ      4 μ  .  μ  

 μ  μ   133.000 eggs kg-1   .   

μ  μ     64%      . 

   μ   (9/6/2009)  18 μ    

μ   μ  348.485 eggs kg-1   μ  83±17%.  

     48  μ     μ μ   

  6 μ .  μ   μ      

(126.000 eggs kg-1)    μ  μ     53%.  

        μ  

    μ       μ  μ   

    μ     (ANOVA, p 0,05). 

          

  μ  μ μ μ   μ , 

 μ   μ  (  18).  
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        μ    

 (9/6/2009)  μ    83±9%  μ   

          72% (  15).    

 μ  μ   75  92% μ  μ    85±7%.  

  μ    μ   56  88 % μ   μ    

75±15%. 

 μ  μ   μ   2010  μ    

μ  μ   435.000±199.000 eggs kg-1,  μ   μ  

 91±4%,   μ    11±5 spawns (  2) (  16,17).  

      μ   μ     

  μ μ .      5 μ   

      μ    .  μ  

 μ    4     μ   μ  

   .   μ     4   

μ      56,8%   μ      100%.  

   μ     μ    

 μ    μ   μ   μ    

  μ  (ANOVA, p 0,05). 

 

Dåßñáì á
Çì åñï ì ç í ßá 
÷ï ñ?ãçóçò 

åì ö õôå?ì áôï ò

Áñéèì üò 
ø áñé? í

Áñéèì üò 
ù ï ôï êé? í

ÁõãÜ/ Kg/ 
Ùï ôï êßá

ÁõãÜ/ 
Kg/ 

Å ï ÷?

Dï óï óôü 
ãï í éì ï ï ßçóçò  

(%)
1 5/5/2009 6 11 24260±28439 266860 87±6

2 18/5/2009 10 17 28214±36565 479636 85±9

3 9/6/2009 10 7 49784±44943 348485 85±17

 1: μ  ,   μ ,  μ   
   μ     μ  μ   

μ . 
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 14: μ  μ   μ     (n= 26, M  
B = 6,8±1,9 Kg)   μ  μ    μ μ  
GnRHa  μ  μ .     μ    
μ μ .  
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 17: μ  μ   μ     (12±0,4 Kg)  
 μ  μ    μ μ  GnRHa  μ  
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     μ       μ  

        μ  

600±50 μm,  μ   μ  μ    (  18,19).  

   μ  μ   μ  ,     

   .       , 

     .    

    ,  ,     

      .    

  μ   ,  μ     

  ,      . 

 

 

 

 

 

 

 

 

 2: μ  ,   μ ,  μ   
   μ     μ  μ   

μ . 

Áñéèì üò 
èçëõê ï ? 
áôüì ï õ

Çì åñï ì ç í ßá 
÷ï ñ?ãçóçò 

åì ö õôå?ì áôï ò

Áñéèì üò 
ù ï ôï êé? í

ÁõãÜ/ Kg/ 
Ùï ôï êßá

ÁõãÜ/ 
Kg/ 

Å ï ÷?

Dï óï óôü 
ãï í éì ï ï ßçóçò 

(%)
1 4/5/2010 5 33625±18726 168127 89±7

2 4/5/2010 10 28540±26786 285401 85±3

3 4/5/2010 6 59380±39296 356286 87±4

4 3/6/2010 14 49956±53521 699394 93±4

5 3/6/2010 10 52206±39279 522066 95±9

6 3/6/2010 19 30415±24465 577886 95±2
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 18:      μ   /  
.     μ   μμ   μ  μ   
 μ   5/5/2009  9/6/2009. -     . 

     (vg), μ    (po)  
      (atr).  μ   500μm. -

  μ       μ  
GnRHa     .  (gv),   (po), 

  (ca)       (atr).  μ  
 500 μm. C-   μ     

  μ  GnRHa     .  (gv),  
(y),  (i),   (zr).  μ   500μm. D-  

 μ       .  
μ  (ps),  μ  (ss), μ  (s).  μ  

 100μm. 
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 19:   μ    μ  .   
  μ   μμ   μ  μ   4/5/2010  

3/6/2010. -     .     
 (vg), μ    (po)      

  (atr).  μ   500μm. -     
.      (vg)  μ   . 

 μ   500μm. C-   μ    
   μ  GnRHa     .  (gv), 

  (po)    (ca)..  μ   500μm. D- 
  μ       μ  

GnRHa     .  (gv),  (y),  (i),  
 (zr).  μ   100μm. 
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3.4   

   μ   μ  μ , μ   

       μ μ  GnRHa   μ   

μ  μ      (Mylonas and Zohar 2007, Mylonas et al. 

2004a, Mylonas et al. 2004b).        

 μ    .     

  μ    (Mylonas et al. 2010)     

  LH    (Mylonas et al. 1998a).     

 μ    μ          

     μ    LH    μ μ  

  μ      (Duncan et al. 2008)    

.        μ    

    μ   .  

          

,    μ        -   

   μ      ,    

μ  (Seriola dumerili) (Micale et al. 1999, Mylonas et al. 2004a),   

(Epinephelus marginatus) (Marino et al. 2003)    (Sparus aurata) (Barbaro et 

al. 1997). μ  μ       spotted seatrout 

(Cynoscion nebulosus) (Brown-Peterson et al. 1988)    rangemouth corvina 

(Cynoscion xanthulus) (Thomas et al. 1994). 

     μ μ    μ    

μ       μ       

   3 μ  μ . T  μ  (Umbrina cirrosa)    

  2 μ  (Mylonas et al. 2004b)     (Alosa sapidissima)   

 μ  (Mylonas et al. 1995),   μμ   (Morone saxatilis) 

 1,5-3,4 μ       μ μ    μ  1,5 

μ  μ  (Mylonas et al. 2004a).      

 μ           

μ  3-4 μ  μ  (Mylonas et al. 2003b).     

  μ       ,   μ  

μ μ   μ  (Crim et al. 1988, Zohar et al. 1995). ,  

   μ  μ   μ  μ  (  – ) 
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(Mayer et al. 1990)             

 μ   (Lagardère and Mariani 2006)   μ     

μ .  

       μ μ  GnRHa  

   μ    μ  (365.000±107.000 eggs kg-1)  μ  

 μ  85±2%. μ     

μ    μ  (Mylonas et al. 2004a)  μμ   (Mylonas et 

al. 1996)    (Mylonas et al. 1995)    μ  (Mylonas et al. 

2004b)    (Mylonas et al. 2003b)   μ   

 .     μ     μ ,   

μ   μ   85±2%. ,       

  μ    μ  (Mylonas et al. 2004a),  

μ  (Mylonas et al. 2004b),     (Mylonas et al. 1995)   

μ   μ    (Mylonas et al. 2003b)   μμ   

(Mylonas et al. 1996).      GnRHa  78±8 %    

      ,  μ   

  μ .    μ  μ    

 μ  μ μ  μ  μ .    μ   

μ   μ  .   μ    μ    

μ              

 μ  μ .         

 (   3-4) μ   50%   μ  (Mylonas et al. 

2003b). , μ        μ     

 μ  μ   μ  μ  GnRHa, μ  μ   μ  μ   

μ   μ       .  μ  

μ  μ      , μ  μ  μ  μ . 

 ,  μ     μ     3-4 

μ ,  μ         2-4 μ  μ   

μ   (   μ μ  GnRHa) μ    μ  

, μ  μ   μ     μ    μ  μ  

 μ  μ  (Zohar et al. 1995). 

 μ ,   μ        

μ      μ    .   
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    μ  μ     (Diplodus sargus)   

μ  (Mylonas et al. 2004b)   μ μ    μ    

 (Mylonas et al. 2003b)   . ,  μ   

  μ  μ     μ    μ    , 

μ  μ       μ  (Mylonas et al. 2004b)   

      (Panini et al. 2002). 

  μ    μ μ  GnRHa      

 (Clearwater and Crim 1998, Rainis et al. 2003, Vermeirssen et al. 2000)   

   μ  μ  (Mylonas et al. 1997b, Sorbera et al. 1996). 

   μ     μ      

μ         turbot (Scophthalmus maximus),  

 (Hippoglossus hippoglosus),   (Suquet et al. 1994)   

μ  (Mylonas et al. 2004b)  μ     Atlantic croaker 

(Micropogonias undulatus) (Suquet et al. 1994).     

μ       μ     (Suquet et al. 

1994)  μ  μ     μ  (Mylonas et al. 2004b).  

  μ       μ    

   μ   μ   Atlantic halibut (Suquet et al. 1994)    

μ  (Mylonas et al. 2004b).   μμ     μ   

 μ          

. 

         μ μ  

GnRHa   μ          

  μ     μ μ  GnRHa.  μ  

μ            

        μ  μ  .  

      μ μ   μ      

    μ  μ         

 μ . 

      20 μ      

     μ       μ μ .  μ  

 μ          μ  μ   
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  μ μ  (Duncan et al. 2008). ,  μ     

   μ  μ   μ     μ   

μ   μ   μ    μ .  

      μ   μ     

   μ .   μ  μ  

 ,   57%          μ . 

,  μ   μ , μ   μ   μ  μ   

      μ   μ  μ  (Forniés et al. 

2001).     μ μ    μ      

  μ      μ   3-4 .  

    μ  μ  μ     . μ  

        (Forniés et al. 2001),    

μ  μ  μ    .  

μ    μ   ,   

μ  (Mylonas et al. 2004a)      (Solea senegalensis) 

(Agulleiro et al. 2006)   μ     μ . 

  μ   μ        μ   

μ  μ   μ   ,    

μ ,    μ .      μ  

  μ   μ   μ  μ     

    μ       

    (Forniés et al. 2001).      

 μ    μ       

      μμ   (Mylonas et al. 1998b). 

μ μ ,      μ μ  GnRHa  

  20 μ  μ   μ  μ     μ  

 μ            .   

  μ   μ       μ   

      μ       

.  
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4.  μ μ  

        μ    

μ      μ      

.            

   ,      

           -

,            μ  

    .        

             

μ  17-24°C.   μ   μ       

. ,     μ        

,      .    

 μ     (μ , μ )   μ    

      .      

 μ   μ   μ    ,     

    μ    4°C (   μ ) 

  μ μ    μ   .  μ    

 μ   μ   μ  μ     

      μ  μ      

μ   .  μ    LH      

 μ            

   μ μ  GnRHa   μ     

. 

       μ      

μ     .     

  μ ,   .    

       μ μ    μ  

μ    ,          

 .     μ   μ     

           μ .   

 μ   17-24°C      μ  (  – 

)  μ   560 μm.     μ    

  μ μ  GnRHa.    μ   μ    
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   μ    .       

μ   μ  μ         μ   

  μ   μ  μ . μ   

42500±13000 eggs kg-1 spawn-1 μ   μ  91±4%     

        

435000±199000 eggs kg-1.   μ     72±17%   

  4  .  

 μ       μ   μ   

   μ      . ,    

μ   μ      μ    

     μ    .  
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5.  μ  

5.1  CASA (Computer Assisted Sperm Analysis) 

 CASA μ   30    μ  , 

   Jecht  Russo   μ  μ   

   μ  (Amann and Katz 2004).     

       μ  μ      

.       μ     

    (Kime et al. 2001).    μ  

      μ     

μ   μ   μ    μ  (Amann and Katz 

2004).  

5.2   μ  μ   

  μ    μ   μ   (0,015 

ml l-1)      μ     (0,03 ml l-1). 

μ            μ   

    μ    .   μ   

     μ  (~1ml)    μ    

(positive displacement pipette).  μ   μ   eppendorf   

μ  4°C.  

5.3   μ  

     μ  μ   CASA    

. μ   , μ  μ  non-activating medium (NAM: NaCl: 3,5 

g l-1, KCl: 0,11 g l-1, MgCl2: 1,23 gl -1, CaCl2: 0,39 g l-1, NaHCO3: 1,68 g l-1, glucose: 0,08 

g l-1, osmotic pressure=310 mOsm kg-1, pH=7,7)  μ  μ     Bovine 

serum albumin (BSA=10 mg ml-1).  

  : 5μl μ  μ  100μl NAM (  21 ) 

 5μl     μ  1000μl BSA (  201 ) 

  : 4221  
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5.4     μ   

    video μ  video camera Sony SSC-DC58AP  

 μ  μ ,    , Miglia directors cut.  camera 

 μ   μ  Nikon  μ   Nikon X40.  

  video μ   laptop  Fujitsu Siemens μ    

Viltual dub  imaje j +plug-in (  1,2) .  

 1: μ   CASA 

 

 

 

 

 

 

 

 

 

 2: μ  μ  μ  
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5.5      μ  μ  CASA 

Virtual dub 

   μ      video  μ  .avi. 

   μμ  Virtual dub μ   .avi   μ  μ   

  μμ    video   μ        

μ  (  3).  

 

File Export Image sequence  μ  File name, Directory  .jpeg format.  

 3: Virtual dub 

 

Image j  

μ   image sequence  μ  μ   virtual dub. 

File Import Image sequence ( μ       ) (  4). 

Sequence options: 

���� ��� ��� 

� ����� 

������ ��� 

 File 
name, Directory 

 .jpeg format 
   

 μ  
 video 
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Images= 25 (1sec) 

Convert to 8-bit grayscale (  4) 

  μ   : 

Image Adjust Brightness/Contrast: 

μ  Full contrast 

μ μ   Brightness     μ   μ  (  5) 

Image Adjust Threshold: 

  μ   255  

   1 

Apply, OK (  6) 

 

 

 

 4: Image j.  image sequence 
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Plugins CASA CASA 

 Sperm tracker μ  

Minimum sperm size (pixels): 10 (    video) 

Maximum sperm size (pixels): 500 (    video) 

Minimum track length (frames): ~10 

Maximum sperm velocity between frames: 25 

 6: Image j.  threshold 

 5: Image j.  Brightness/Contrast 
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Frame rate (frame per second): 25 

Print motion characteristics for all motion sperm: 1 (  7) 

 

 

 

 

 

 

 

 

 

 

 

 μ   μ     μ   

 μ  (%mot, VCL, VAP, VSL, LIN, NST) (  8).  

 

 

 

 7: Image j. μ  μ  CASA 

 8 Image j. μ  CASA 

% mot VCL VAP VSL LIN WOB PROG BCF Number of 
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: 

Percent motility: Percent of tracked sperm identified by the plugin as exhibiting motility 

during the 1 s period of analysis. 

Velocity curvilinear (VCL): The total point to point distance traveled by the sperm over the 

time period analyzed averaged to a per second value. 

Velocity average path (VAP): Velocity over an average path, generated by a roaming 

average of sperm position from one-sixth of the video’s frame rate, such that each point is 

generated by averaging the coordinates of a set number of locations on the 

VCL path (using 97 fps, the location of a sperm in 16 frames are averaged to generate one 

VAP point and the first VAP point represents frames 1–16, the second point frame 2–17); 

averaged to a per second value. 

Velocity straight line (VSL): The maximum distance moved on the VAP path by the sperm 

from the first VAP point during in the video segment analyzed, calculated to a per second 

value based on the number of frames for which VAP points were calculated. 

Linearity (LIN) A measure of path curvature determined by dividing VSL by VAP. 

Straightness (STR): A measure of VCL side to side movement determined by dividing 

VAP by VCL. 
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