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 ˞. ˞ˣ˟ˬ 

.˞1 .˸˪˧˞ ˳˶˲ˬ˟ ˶ˣ˦˧ˮˢ ˸˶˦ˬ 
 

 ˟˴ˬ ˪˰ ˥ˣˣ˦ ˨ˣ˶˞ ˧˸ˡ˟ˣ˰ ˰ˡ˧ ˸˧˸˷˸ ˸˶˧˴˧ ˞˧ˢ ˸˪˧˞ ˳˶˲ˬ ˶ˣ˦˧ˮ˪ ˸˧ˬˣ˞˪ˢ ˸˧ˮ˩˸ˢ ˸˶˦ˬ

˸˧ˠˣ˪ˣ˵˞ˢ ˸˩˶˰ˬˢ ,˸˪˧˞ ˳˶˲ˬ ˭ˣ˲˴˟ ˸˧ˬ˧ˢ ˸˧˪˵˯˧˲ˢˣ ˸˧ˬ˧˩ˢ . ˧˰ˡˬ ˯˧˯˟ ˷ˬ˷˪ ˣˤ ˸˧˸˷˸ ˪˰

˸ˣ˧ˠˣ˪ˣ˵˞ ˸ˣ˧˰˟ ˭ˣ˶˸˲˪ ˸ˣ˧˰ˣ˴˧˟ ˸ˣ˴˪ˬˢ ˷ˣ˟˧ˠ˪ , ˪˩˷ˣˬ ˥ˣ˸˧˲ ˨˷ˬˢˣ ˧˸˟˧˟˯ ˵˷ˬˬ ˸ˣ˧ˮ˩˸ ˪ˣˢ˧ˮ

˸˪˧˞ ˳˶˲ˬ˟ ˪˞˶˷˧ ˸ˮ˧ˡˬ ˫ˣ˥˸˟ ˫˧ˬˢˣ ˱ˣ˥ˢ ˶ˣˤ˞ ˪˷. 

 ˫˧˧ˤ˩˶ˬˢ ˫˧ˠˣ˪ˣ˵˞ˢ ˫˧ˬ˶ˣˠˢ ˪˷ ˸˩˷ˬ˸ˬˣ ˢ˰ˣ˟˵ ˢˡ˧ˡˬ˪ ˫ˡ˵˸ˬ ˨˶˰ˬ ˢ˪˧˰˲ˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸

ˢ ˧˸˟˟˸˪˧˞ ˳˶˲ˬ˟ ˫˧˧˶˵˧˰ˢ ˪ˣˡ˧ˠ . ˸˞ ˸ˡˬˣ˞ˣ ˧ˠˣ˪ˣ˵˞ ˧ˣˮ˧˷ ˸ˣˬˠˬ ˪˷ ˭ˬˣ˧˵ ˸˞ ˸ˮ˥ˣ˟ ˸˧ˮ˩˸ˢ

˭˸ˬ˴˰ , ˟˴ˬ ˸˞ ˢ˩˧˶˰ˬ"˸ˣ˞˧˶˟ "˫˧ˮˣ˷ ˫ˣˢ˧ˤ ˧ˬ˶ˣˠ ˪˷ ˸˧ˠˣ˪ˣ˵˞ˢ ˫˸˰˲˷ˢ ˸˞ˣ ˸˩˶˰ˬˢ . 

˸˧ˠˣ˪ˣ˵˞ˢ ˸˩˶˰ˬˢ ˟˴ˬ ˪˰ ˥ˣˣˡ˪ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˪˷ ˢˡ˧˵˲˸ ,ˢ˪ ˸ˣ˲˵˷ˮˢ ˸ˣˮ˩˯ ˪˰ ˰˧˶˸ˢ˪ ,

ˢ ˪˷ ˢ˶˵ˬ˟ˣ˸˩˶˰ˬˢ ˫ˣ˵˧˷˪ˣ ˢ˸˶˧˴˰˪ ˫˧˩˶ˡ ˰˧˴ˢ˪ ˸ˣ˶ˡ˶ˡ˧ . 

 

.˞2 .ˢˬˡ˵ˢ 
 

ˣˡˢ"˸ˮ˷˟ ˸˪˧˞ ˳˶˲ˬ ˭ˣ˲˴˟ ˧ˬˣ˞˪ˢ ˶ˣ˦˧ˮˢ ˸ˡˣ˟˰ ˸˞ ˶˞˸ˬ ˭˪ˢ˪˷ ˥ 2015 .ˣˡˢ" ˵˪ˣ˥ˬ ˥

˸ˣˮˣ˷ ˢˡˣ˟˰ ˸ˣ˦˧˷ˣ ˸ˣ˟˧˟˯ ˫˧ˬ˞ˣ˸ˢ ˫˧˵˶˲˪ .ˢˡ˧ˡˬˢ ˸ˣ˦˧˷ ˪˷ ˶˴˵ ˶ˣ˞˧˸ ˪˪ˣ˩ ˵˶˲ ˪˩ , ˸ˣ˞˴ˣ˸

 ˸ˣ˦˶ˣ˲ˬ)˫˧˶ˣ˧˞ ,˸ˣ˞˪˟˦ ( ˭ˣ˧ˡˣ˸ˣˮ˵˯ˬ˟ ˶˴˵ . ˸ˣ˦˧˷ˢ ˪˷ ˦˶ˣ˲ˬ ˶ˣ˞˧˸ˣˡ˟ ˞˴ˬˮ" ˭ˣ˷˞˶ˢ ˧˸ˮ˷ˢ ˥

)2003 (˞ ˢ˪˟˦˟ ˰˧˲ˣˬ ˭˸ˣ˶˧ˡ˸ˣ ˶ˣ˦˧ˮˢ ˸ˣ˧ˣ˪˧˰˲ ˫ˣ˩˧˯ˣ1  ˭˸˧ˮ ˸ˣ˧˶˵˧˰ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˥˸ ˫ˣ˵˧ˬˣ

˞ ˶ˣ˧˞˟1. 

 ˸ˮ˷ ˤ˞ˬ ˢˡ˧˥˞ ˸ˮˣ˩˸ˬ˟ ˸˪˰ˣ˲ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸2004  ˶ˣ˷˰ˬ ˢ˪˰ˬ˪ ˧ˮ˲ ˪˰ ˸ˣˬˠˬ ˭ˣ˥˟˪ ˭˸˧ˮ ˨˩ˣ

˧ˮˣ˸ˮ ˸ˣ˰˴ˬ˞˟ ˫˸ˣˡ˧˥˞ ˸ˣ˦˧˷˟ ˣ˲˯˞ˮ ˶˷˞ ,˸ˣ˞˴ˣ˸ ˸ˣˣ˷ˢ˪ˣ  ˣ˸ˣ˞ ˧ˡ˧ ˪˰ ˭˲ˣ˞ ˣ˸ˣ˞˟ ˣ˷˰ˮ˷ ˸ˣˡ˧ˡˬ

˸ˣˣ˴ . ˸˧˦˧˪ˮ˞ ˢˬ˴˰ ˢˮ˵ˬ ˶˟ˡˢˢ˪ˣˡˠ ˸ˣ˧˸˞ˣˣ˷ˢˢ ˸ˣ˞˴ˣ˸ˢ ˥ˣ˸˧ˮ˪ . 

 ˸˩˶˰ˬ˟ ˧˶˷˲˞ˢ ˫˧˩˶˰ˢ ˥ˣˣ˦ ˸˞ ˢ˸˴˧ˬ ˞˪ ˭˧˧ˡ˰ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸)˪˷ˬ˪ , ˧ˤˣ˩˧˶ ˸˰˶˷ˬ

˞ ˧ˣ˯˩ ˤˣ˥˞ ˣ˞ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˫˧˦ˮ˧˧˶˦ˣˮ˸˧ˮˣ˷ˢ ˧˶˸˞˟ ˧˟˶˧ˬ ˫˧ˠˣˬ˪( , ˸˪˰ˣ˲ ˣ˟ ˭ˬˤˢ ˵˶˲ ˨˞

˧ˮˣˮ˧˟ˢ ˥ˣˣ˦˟ ˫˧˪˰ˣ˲ˢ ˭ˬˤˢ ˧˧ˣ˪˸ ˫˧˩˧˪ˢ˸ˢˣ ˫˧˶ˣˤ˥ˬˢ ˸˩˶˰ˢ ˪˷ ˢ˪˥˸ˢ ˶˷˲˞ˬ ˶˟˩ ˸˧ˮ˩˸ˢ. 

ˣˡ˟ ˫˧ˬ˩ˣ˯ˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˮˣ˸ˮ˪ ˫˧ˬˡˣ˵ˢ ˫˧ˮˣ˸ˮ" ˥2004  ˧ˮˣ˸ˮ ˭˧˟ˣ ˫ˮ˧˟ ˢ˞ˣˣ˷ˢ ˸˧˷˰ˮ ˫˷

˶ˣ˦˧ˮˢ ˸˧ˮ˩˸. ˣˡ˟"˧˸˧˰˪ ˫˧˶˩ˤˣˬ ˢˤ ˥˸ˣˬˡˣ˵ ˫˧ˮ˷ˬ ˫˧˥ˣ˵˪ˢ ˫˧ˮˣ˸ˮ ˫ , ˶˩ˤˣ˞ˬ ˢ˪˞ ˫˧˶˵ˬ˟ˣ

˶ˣ˵ˬˢ. 

˶ˣ˦˧ˮˢ ˨˶˰ˬ˪ ˸ˣ˷ˡ˥ ˸ˣˡ˧ˡˬ ˶˲˯ˬ ˣ˲˯ˣˮ ˢˮ˷ˢ . ˸ˣ˟˷˧˧˸ˢ ˸ˣ˧˥ˣ˪ ˣ˟˴ˣˢ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷˟

˸˧ˮˣ˷˪ ˯ˣ˧ˠ ˪˞˧˴ˮ˦ˣ˲ ˫˧ˣˣˢˬˢ ˫˧˷ˡ˥ ˭˟˞ ˧ˠˣˬ˪˞ ˸˵˲˯˞ ˶˥˞ ˟˵˰ˬ ˨˶ˣ˴˪ . ˫˧˧˪ˣ˥ˢ ˫˧˲ˣ˥ˢ ˧ˬ˟

)ˢ˩˶ ˸˧˰˵˶˵ ( ˸˶˟˥ ˶˥˞ ˟˵˰ˬ ˪˥ˢ˸˧˰˵˶˵˟ ˯ˣ˸ˮ˟ˢ ,˫˧ ˟˷˰ ˧ˣ˯˧˩ˣ . ˣ˟˴ˣˢ ˵ˣˬ˰ˢ ˫˧ˢ ˸ˡˣˬ˰˟

˦ˮˬ˧ˡ˯ ˸ˣˡˣ˩˪ˬ ˡ ˪˷ ˸˧ˬ˧˩ˣ˞˧ˠˢ ˢˡ˟˰ˬˢ ˫˰ ˢ˪ˣ˰˲ ˱ˣ˸˧˷˟" ˶ˣˡ˩ ˧˰ˡˬ˪ ˭ˣ˩ˬˢˬ ˭˧˧˦˷˲˶ˣ˦ ˧ˡ˰ ˶

˳˶˞ˢ .˸ˣ˵˲˯ˬ ˦ˮˬ˧ˡ˯ˢ ˸ˣˡˣ˩˪ˬ ,˳˶˲ˬˢ ˭ˣ˲˴˟ ˢˮˣ˷˞˶˪ , ˧ˮ˲ˬ ˧˵˧˵˪˥ˢ ˶ˬˣ˥ˢ ˪˷ ˣ˧˪ˣˠ˪ˠ ˪˰ ˰ˡ˧ˬ

˸˧˰˵˶˵˪ ˡ˰ˣ ˫˧ˢ . 

 

 ˧ˮˣ˸ˮ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ , ˸ˮ˷ˬ ˪˥ˢ2004 , ˢ˥ˣ˸˲ ˫ˢ˧˪˞ ˢ˷˧ˠˢˣ ˧ˮˣ˶˦˵˪˞ ˫˧ˮˣ˸ˮ ˯˧˯˟˟ ˫˧ˮ˯˩ˣ˞ˬ

˸˪˧˞˟ ˫˧ˢ ˧˰ˡˬ˪ ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬ˟ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˶˸˞ ˨˶ˡ ˷˶ˣˡ ˪˩˪: 

 http://www.iui-eilat.ac.il/NMP . 
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˸ˣ˪˧˰˲  ˸ˣ˶˧ˡ˸)˫˧˶˵˯˪ ˭ˬˤˢ ˨˷ˬ(  

˸˧ˮˣ˷  

 ˶˵˯˸˧ˮˣ˷ˢ ˸˶˟˥ ˢˮ˷˪ ˸˥˞ ,˳˧˵˟ )˸ˣ˰ˣ˟˷ ˶˲˯ˬ(  

 ˶ˣ˦˧ˮ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˢˮ˷˪ ˸˥˞ , ˳˧˵˟)˰ˣ˟˷(  

 ˫ˣ˪˧˴ ˫ˣ˵ˬ ˧˰ˣ˟˵ ˫˧˰ˣ˟˧˶ +˫˧ˬˣ˪˧˴ˢ ˥ˣ˸˧ˮ  ˢˮ˷˪ ˸˥˞ , ˟˧˟˞˟)˸ˣ˰ˣ˟˷ ˶˲˯ˬ(  

 ˶ˣ˦˧ˮˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸˶˟˥ ˢˮ˷˪ ˸˥˞ , ˳˧˵˟)˰ˣ˟˷(  

˸˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ ˸˧˸ˮˣ˰ ,˫˧˷ˡˣ˥ ˢ˷ˣ˪˷ ˪˩ 

 ˶ˣ˦˧ˮ˟ ˫˧ˡ˧˧ˮ ˸ˣ˧˪ˣ˥ ˧˶˯˥˸˧ˮˣ˷  ˢˮ˷˪ ˸˥˞ , ˳˧˵˟)˸ˣ˰ˣ˟˷ ˶˲˯ˬ(  

 ˶ˣ˦˧ˮˣ˶˵˞ˬ-˧ˮˣ˷˟ ˸ˣ˴˞˸  ˷ˡˣ˥˪ ˸˥˞ 

 ˶ˣ˦˧ˮ˸˧ˮˣ˷ˢ ˧ˠˡ ˢˮ˷˪ ˸˥˞ , ˣ˧˸˯˟)˸ˣ˰ˣ˟˷ ˶˲˯ˬ(  

 ˸ˣˮ˥˸˸ˣ˧˲ˣ ˥ 

 ˫˧˲ˣ˥ˢ ˧ˬ ˭ˣ˧˲˞)˫˧˧˯˧˲ ˫˧ˡˡˬ ,˫˧˧ˬ˧˩ ,˫˧˧ˠˣ˪ˣ˧˟(  ˷ˡˣ˥˪ ˸˥˞ 

ˢ˩˶ ˸˧˰˵˶˵˟ ˯ˣ˸ˮ˟ˢ ˸˶˟˥ ˢˮ˷˪ ˸˥˞ ,˳˧˵˟  

˫˧ ˟˷˰ ˧ˣ˯˧˩ ˢˮ˷˪ ˸˥˞ ,˳˧˵˟  

 ˫˧˪˧˲˦ˣ ˫˧ˠˡ ˸ˣ˪˥ˬ ˢˮ˷˪ ˸˥˞ , ˱˶ˣ˥˟)˸ˣ˰ˣ˟˷ ˶˲˯ˬ(  

˸˪˧˞ ˢˮ˧˶ˬ˟ ˸ˣ˩˸ˬ ˶ˣ˦˧ˮ ˫˧˧˸ˮ˷˪ ˸˥˞ 

˵ˣˬ˰ ˫˧  

 ˫˧ˬˢ ˸ˡˣˬ˰ ˭ˣ˧˲˞)˫˧˧˯˧˲ ˫˧ˡˡˬ ,˫˧˧ˬ˧˩ ,

˫˧˧ˠˣ˪ˣ˧˟( 
˷ˡˣ˥˪ ˸˥˞ 

˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧ ˷ˡˣ˥˪ ˸˥˞ 

 ˶ˣ˦˧ˮ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ ˷ˡˣ˥˪ ˸˥˞ 

˫˧ˬˢ ˸ˡˣˬ˰˟ ˧˵˧˵˪˥ ˶ˬˣ˥ ˶ˣ˦˧ˮ ˸˥˞ ˷ˡˣ˥ ˪

 ˸ˣˡ˧ˡˬ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬ˪ ˨ˣˬ˯˟ ˸ˣ˲˧˴˶  

 ˸ˣˡ˧ˡˬ˥ˤˬ˟ ˪˧˲ˣ˶ˣ˪˩ˣ ˢ˶ˣ˦˶˲ˬ˦ ˪˷ ˸ˣ˧ˬˣ˧ ˫ˣ˧ ˧ˡˬ 

˫˧ˬ˶ˤ ˱˧˴˶ ˶ˣ˦˧ˮ 

 ˢˮ˥˸ ˸˧ˠˣ˪ˣ˶ˣ˞˦ˬ +˸˧˶˩  ˱˧˴˶ ˶ˣ˦˧ˮ 

˱˥˶ˬ ˵˟˞ ˱˧˴˶ ˶ˣ˦˧ˮ 

  

˞ ˢ˪˟˦1 :˭˸ˣ˶˧ˡ˸ˣ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸ˣ˧ˣ˪˧˰˲. 

Table A1: Activities of the monitoring program and their frequency. 
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˞ ˶ˣ˧˞1 :˶ˣ˦˧ˮˢ ˸ˣˮ˥˸ ˫ˣ˵˧ˬ 

Figure A1: Location of monitoring sites 
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.˞3 .˸ˣˮ˵˯ˬˢˣ ˸ˣ˞˴ˣ˸ˢ ˶˧˴˵˸ 

˸˲˪ˣ˥ˢ ˢˮ˷ˢ ˧˞˴ˬˬ ˶˵˧˰ 

˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷ 

1. äààÞ æØ× àÙÜåã× àÜèàâ ù  áÜñå ÛððØ àÞÛ àÜèàâØ àÛðãâ ÛÚàïà Û×íåç ÛçðÛ
Û ïîè àïñ× ÛçÜåðñàçÜð ,äàïñ×Û ããâã éíÜååÛ àÞÛ àÜèàâØ æâÜ . ÛãÜÚÙÛ ÛÚàïàÛ

 äàïñ×Ø Û×íåç ïñÜàØIUI-5 Ü- KATZA-10. 

2. æØ× àÙÜåã× ñÜØðÜå ñÜëàëíÜ ãÚÜÙ ù  äààÞ äàÙÜåã× àÜèàâ æàØ ÛØÜß Ûå×ñÛ Ûçðà
ñãà× ñÜàçÜðØ ñÜØðÜåÛ ñÜëàëí æàØÜ . ÛÚàïà ÛØÜßÛ Ûå×ñÛã äàåïÜñ ÛçðÛ

×Ø äàÙÜåã×Û àÜèàâØ Ûñëíçð ÚÜÚïÛ ÛïÜåðÛ ïñ)NR-5( , äàÙÜåã×Û äààÜíå ÜØ
ïñÜàØ äàãÜÚÙÛ ,äàïÞ×Û ïîèÛ àïñ×Ø äàÙÜåã× ñÜØðÜå ãÚÜÙØ ÛàãéÜ . Ûå×ñÛÛ

 ãð ÛÞàåíÛ ñÞãíÛã Ûëàîé ñÜÚé ÛÜÜÛå ñÜØðÜå ñÜëàëíÜ àÞ àÜèàâ æàØ ÛØÜßÛ
äàÙÜåã× ñÜØðÜå . ñÜçßîÛ äàÙÜåã×Û ñÜØðÜå ïëèåØ Ûãî Ûàãé Û×íåç ÛçðÛ
ñãà× ñÜàçÜðØ. 

3. æØ× àÙÜåã×Ø ÛàÞÛ ÛåîïÛ ÚÚå ù ÛÝ ÚÚå áïéØ ñëèÜç ÛÚàïà ÛÚÚåç ÛçðÛ . ÚÚåÛ
ñÜàÞ äàÙÜåã× ñÜØðÜåØ ÛàÞÛ ÛåîïÛ ÝÜÞ× ñ× Ùàíå , æñÜ×àïØã êàîé æåè ÛÜÜÛåÜ

äàÙÜåã× ñÜØðÜå ãð .äàçßî ÚÚåÛ àâïéØ äààÜçàðÛ. 

4. äàÙÜåã× àçàå æÜÜÙå ù  ÚÚåShanon- Wiener  æÜÜÙåãù Üåã× æÜÜÙå Úå×ç ÜØ æØ×Û àÙ
ñåÚÜîÛ ÛçðØ ïð×å ÛçðÛ ïñÜà ÛÜØÙ ñãà× ñÜàçÜðØ .ÜñåÜéã , àÙÜè ïëèå ñãÞÜñ

ÛçðÛ ïñÜà áÜåç äàßïë ïëèåã äàÙÜåã×Û .äàçßî æÜÜÙåÛ àÚÚåØ Ûã× äààÜçàð ,
ñÜåÚÜî äàçðã ÛçðÛ ÛåÜÚ äàÙÜåã×Û ñïØÞ ØâïÛÜ. 

5. ñàçÜðÛ æÞãÜð ù ñàçÜðÛ ñåÚî àïñ×å ñÚïëç ñÜèÞààñÛ ñàçÜðÛ æÞãÜðã ,îé Ø
äààÚÜÞààÛ Üàçààë×å .äààÞ æØ× àÙÜåã× àÜèàâØ ÛÚàïà ÛçðÛ ÛÚÚåç ÛÝ ïñ×Ø äÙ .

 ÚÚåShanon- Wiener ñàçÜðÛ æÞãÜðØ äàÙÜåã×Û æÜÜÙåã ,ñ×Ý ñåÜéã , ßéå ÛÜØÙ
ñåÚÜîÛ Ûçðã Û×ÜÜðÛØ ÛçðÛ. 

6. äãÜíåÛ äàÙÜåã×Û ïîè ù  äàçðØ ïð×å ñÜçÜåñ ñÜÞë ÛçðÛ Üïîèç ÛÝ ïîèØ
ÜðÛã Ûðî æâ ãéÜ ñÜåÚÜîñÜåÚÜî äàçðã Ûïàëè àÚÚå ñÜ . éíÜååÛ àÞÛ àÜèàâÛ

)ÛçÜåñã éíÜååÛ äàÙÜåã×Û Þßð ( ÛåÜÚ äàåãÜíåÛ äàïñ×Ø ñÜØðÜåÛ ñÜëàëíÜ
ñåÚÜîÛ ÛçðÛ ñÜÚàÚåã ÛçðÛ. 

7. äàÙÜåã×Û ñïÜåð ñçÜÙã ù  äàÙÜåã×Û ñÜØðÜå ñÜëàëíØ Ûãî Ûàãé Û×íåç ÛçðÛ
ÛçÜÙãØ , àßççàåÜÚÛ ÙÜåã×Û ñÜëàëíØ ßïëØÜStylophora pistillata. 

8. ñàçÜðØ äàÙÜåã× ñÜØðààñÛ ù  ñÜØðààñÛ ïÞ× ØÜîéã ïÜßàçÛ ñàçâñ ÛãÞÛ ÛçðÛ
äàïñ× àçðØ ÜØíÜÛ ïð× ñÜØðààñÛ ñÜàÞÜã ñÜéíå×Ø ñàçÜðØ äàÙÜåã× , ÛïÜåðÛ

ñàåàÛ ÛÚØéåÛÜ .ìàîÛ ñëÜîñØ ñÜàÜØðààñÛ Ü×íåç äàïñ×Û àçðØ . ñÜàÞÜã ãé
ïñ×Ø Û×íåç äàëèÜç äàðÚÜÞ ÛðÜãð äàØ Üï×ðÜÛð  ñÜåâå àíÞ ÛïÜåðÛ

ãÜëâ ÛàÛ äãÚÜÙÜ ìàîØ Ûïëèçð äàØðààñåÛ .ÛéàØíå ÜÝ ñàëíñ ,ÛïÜ×âã , áâ ãé
ßèÜÙÜ× ïÞ×ã äàðÚÞ äàØðààñå ÜëèÜç ×ãð , ñ× ÜÚïð ×ã äàØðààñåÛå ñàíÞåð

äãÚÜÙ ñ× ÜãàëâÛ ÜÚïðð Ûã×Ü äà×ØÛ äàðÚÜÞÛ ñðÜãð . Ü×íåç ÛÚØéåÛ ïñ×Ø
ÛïÜåðØ ïð×å äàØðààñå ñÜÞë ,àØðààñåÜ Úé äàØ ÜïñÜçð ñÜàÞÜã ãé ïñÜà äàØï ä

 ïØÜßîÜ×ù ïñÜà æßî ÛàÛ éíÜååÛ äãÚÜÙ á× .ÛïÜ×âã , ñîëè×ð áâã ñÜÚé
ìàîã ïØéå ñâðåç äàØðààñå ,ÛïÜåðØ ïð×å ïñÜà ÛâÜåç ñÜØðÜåÛ ñÜÚàïð á× .

ñÜçÜð×ï ñÜ×íÜñ Ûã× , ñÜØðààñÛ ñÜàçØñ ñ× æÜÞØã ÛàÛà æñàç ïÜßàçÛ áðåÛØÜ
Ü×Ø ñàçÜðØ äàÙÜåã×ÛïñÜà îàåéå æë. 

9. äà àÚÜëàî ù  ×àÛ ñÜàãÜÞÛ àïèÞ æàØå ñàçÜðØ ïñÜàØ ÛØÜðÞÛ äàéÜïÛ ñíÜØî
äàÛ àÚÜëàî , ×ÜÛ ïñÜàØ ìÜëçÛ æàåÛ ÛâÜñåÜDiadema setosum . äàÛ ÚÜëàî ñÜëàëí
D. setosum äàïñ×Û ØÜïØ ÛçðÛ ÛâÜåç ÛïñÜç , ÚÜëàîÛ ãð ÜñÜëàëí Üãà×Ü

Echinometra mataei Ûñãé. 

10. äà ñÜãíØÞ, îçÜðÞç ù äàïñ×Û ãâØ äàÛ ñÜãíØÞ ñÜëàëíØ ÛÚàïà Û×íåç , ßéåã
 ïñ×NR-10.  ãð äàßïë ñÜàãÜÞÛ àïèÞ àïîè ñïÙèåØ äàÛÜÝå ñÜçÜïÞ×Û äàçðØ

 îçÜðÞç)Astroboa nuda (ñãà× ñÜàçÜðØ . ãð ñÜçÜð×ïÛ äàçðØ ÛÛÜÝ ×ã ÛÝ ïÜíà
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Ø ïð×å äàßïë ãð ïñÜà ãÜÚÙ ïëèå ×íåç ÛçðÛÜ ïÜßàçÛ ñàçâñ ñãÜéë Ûçð
ñåÚÜîÛ. 

11. ñàçÜðØ ñÜàçÜñçØ ñÜí× ù ñÜØðààñÛ ñÜàÞÜã àØÙ ãé ãàëÜïÜãâÛ àÝÜâàï , ïîàéØÜ
Ûààéï àçëå ñÜçÙÜå ñÜàÞÜã ,ØÜØïéÛ îåÜéã Ûå×ñÛØ äààÜíå . ØÜØïéÛ ÛàÛ ÛçðÛ

äàâÜåç ããâ áïÚØ ãàëÜïÜãâÛ àÝÜâàïÜ ÚÜÚï . ãð äàÚØïå ñ×Ý äé ÚÞàturf algae 
åÛ ñ× Üèàâ ñÜïÞ× ñÜàçÜñçØ ñÜí×ÜÛçðÛ êÜèã ÚéÜ ìàîÛå ãÞÛ ñÜçÜïÚ. 

12. ñàçÜð àÙÚ ù  äàïÜØàßîçãëÜ×ÜÝÛ äàÙÚÛ ñíÜØî)äàçÜÝàçÛ äàåÛ êÜÙØ æÜßîçãëÜ×ÜÝå (
ñàçÜðÛ àçâÜð äàÙÚÛ æàØå ïñÜàØ ÛãÜÚÙÛ ×àÛ ,â ÛÜÜÛåÜ- 60%  äàÙÚÛ ããâå

ÛçðÛ Üïîèçð . äàÙÚÛã×  æÜÝå àïåÞ äÝâïØ æÜÝåÛ Ùï×åØ ñàçÜàÞ ÛàãÜÞ äàÜÜÛå
âÜåçÛ ñÜåïÛåäàåÛ êÜÙØ ñÜ .àçðÛ ñàçÜðÛ àÙÚ ñíÜØîÛ ×àÛ ÛãÚÜÙØ  äàÙÚÛ

ïÜßÛ äàë)äàïÜØàçïî( , ñàçÜðÛ ñààèÜãâÜ× ñ× äàñèÜÜåÛ äàÙÚ) àïèÞ ïîàéØ
ñÜàãÜÞ .( äàéÜïÛ äàÙÚÛ ñíÜØî)äàïÜØàØïÛ (â ÛÜÜÛå-7%  ØÜðÞ Úàîëñ ñåãÙåÜ

ñÜÚÜåí ñÜí×Û ñÜåâ ñÜèàÜØ- ãé ñïâàç ÛéëðÛ Ûã× äàÙÚã áâÜ ñàçÜðØ éíåÛ
äÙÜðÙðÜ äàÙÜåã× ñÜØðààñÛ . 

˸˧˲ˣ˥ˢ ˢ˟˧˟˯ˢ 

13. äààëÜÞÛ äàåØ äàßçààïßÜç ÝÜâàï ù äàÚÚåÛ ØÜï àâïé  ïñÜà äàÛÜØÙ ÞßðÛ àåØ
ìàîØ ïð×å êïÜÞÛ àðÚÜÞØ .äààåàâÛ äàÚÚåÛ ØÜïØ ßãÜðÛ áàãÛñÛ , äààãîàèàëÛ

 ßãðçÛ àñçðÛ ØÜØïéÛ ïÜÝÞå ×ÜÛ ñÜàëÜÞÛ ïÜßàçÛ ñÜçÞñØ äàÚÚåçÛ äààÙÜãÜàØÛÜ
àÚà ãé êïÜÞÛ àðÚÞØ äàÛ àçë ïÜïàî . àÝÜâàïÜ ÚÜÚï ÛàÛ ÛçðÛ äàåÛ ñÚÜåé ØÜØïé

 äàâÜåç ÜàÛ äàßçààïßÜçÛù ñÜàåÜîå ñÜÙàïÞ ÚØãå . äàâïé ÜÚÚåç ïØÜßîÜ× ðÚÜÞØ
äàã êÜÞÛå ïÙç ÜèàçâÛð äðÙ àéÜïà×Ø Û×ïçÛ ãââ äïÜîåÜ àçÜëíÛ êÜÞØ äàÙàïÞ .

äàÛ ãàÞ ñçÞñØ äàÙàïÞ äàâïé ÜÚÚåç ãàïë× ðÚÜÞØ\åæ×àÚàïå æÜã. 

14. ïØ àÙÚØ äàçÙÜñëÜ äààéå àãàëß )ðàÜðå æâàè ,Siganus rivulatus (ù  äàØï äàÙÚØ
îàå àîÚààÞâ ñÜÚÜðÞÛ ñÜåÜãÜçïÙ Ü×íåç ÛçðÛ Üèëñç ïð× äÜàïßîØÜ

)Micobacterium marinum (ãàéëÜ äààî æààÚé îÚààÞÛ àâ ïâàçÜ .Þãå àçÜñçå" àØÙã à
 ïÜÝ×Û àâ Û×ïç ñãà× ãð àçÜëíÛ êÜÞÛîÚààÞØ ÛîØÚÛ ÚîÜå ÛÜÜÛå æààÚé äð. 

ñÜçÜïÞ×Û äàçðØ ÛØàíà ïØÛ àÙÚØ äàçèîÜïßÛ äààéå àãàëßØ ÛîØÚÛÛ ñÜÞàâð .
 ãÜÚàÙÛ àñØ ãð äçèÜÞ ãé ñÜÚàéå Ûã× äàãàëß ãð ÛÛÜØÙ ÛéëàðÜ ÛÛÜØÙ ñÜÞàâð

äÛààÞ ïÜÝÞå ñåãðÛã äàðÜïÚÛ. 

15.  Ûâï äà ñàéîïî)soft sediment( ù ïÜßàçÛ ñàçâñ ÛïàØÙÛ ÛçðÛ  ÛñÜãàéë ñ×
Ûâï éîïî ãð äààëÜÞ äàïÜÝ×Ø . ñÞñ äàçÜñçØ äàïëàçàåïÜë ñïØÞ ïÜßàçã êèÜçØ
ïØéðã äàÙÚÛ àØÜãâ ãð äåÜîàå ,ïñÜà ãÜÚÙ îãÞ ñàçâñÛ ÛçðÛ ÛÞîã ÜØ , Üðéç

 àÜèàâ ïîè ÛðéçÜ àåÜïÚÛÜ àçÜëíÛ äàëÜÞØ ßçåàÚè àçâÜð ñïØÞ àïîè äÙ ÛçðÛ
äàïñ×Û àçðØ äà Øðé. 

16. àéîïîØ ïÙïÙ àãÚÙÛâï ñ ù äàïñ× àçðØ ÛâïÛ ñàéîïîÛ , êÜÞØÜ àçÜëíÛ êÜÞØ
àåÜïÚÛ ,éØ ñïØÞÜ ÛØð ïÙïÙÛ ãÚÜÙ ñÜÙãëñÛ àØÙã ÛçààëÜ×Ü ÛåÙÚç" àçâÜð Þ
ßçåàÚèÛ .å Ûãéåã àçÜëíÛ êÜÞØð ×íåç-60% å æßî ãÚÜÙØ ×ÜÛ ßçåàÚèÛå-125 
ïßåÜïîàå ,å Ûãéåã àåÜïÚÛ êÜÞØ Üãà×Ü-95% å ãÜÚÙ-125 ïßåÜïîàå . ÛÝ ãÚØÛ

 æïÜîåð ñÜàèïÞ àçÜëíÛ êÜÞØ ßçåàÚèÛ ñàØïå ïð×â ïåÜÞÛ ïÜîåÜ ÙÜè ãé éàØíå
àñðØà ,àãïçàå ãÜÞ ñëèÜñØ àçÙÜàØ àåà ÜïÜîå àåÜïÚØ ïåÜÞØ ïåÜÞÛ ñàØïåÜ. 

17. Ûâï ñàéîïîØ ÛçÜ×ëÜ×àå ù  ãð ÛåÜÚ ñÜåâ Û×íåç äàïñ×Û àçðØPolychaeta .
 ÛàïÞ×Ü ïñÜàØ ÛíÜëçÛ ÛíÜØîÛ ÜÝ àçÜëíÛ êÜÞØNematoda Ü-Copepoda . êÜÞØ äÙ

ñÜíÜëçÛ ñÜíÜØîÛ Ûã× àåÜïÚÛ ,Û ×àÛ ïñÜàØ ÛíÜëçÛ äð á×-Nematoda  ÛàçðÛÜ
Û ×àÛ-Copepoda ,Ûå ÛØïÛØ ñÜíÜëç æÛàñðÜ-Polychaeta. 

18. äàÙÚÛ àØÜãâ ïñ×Ø äàïëàçåïÜë ù  ñïØÞØ ñëèÜç ñÜððÜ×ñÛ Ûïâàç ÛçðÛ
äàÙÚÛ àØÜãâ ïñ×Ø äàçÜñçØÛ äàïëàçåïÜëÛ ,Üëßðå éÙëç ïð× êïÜÞØ ñÜç2012-13 ,

Ûãé ßçåàÚè äïÙØ äàßïëÛ ïëèåÜ . ãÜÚÙ îãÞ ×ãåã ÛçðÛ ÛãÞÛ ïÜßàçÛ ñàçâñ
 àçàå àÜÛàÝØ ãÜÚÙ ìå×å éîðÜÛÜ äàÙÚÛ àØÜãâ ïñ×Ø äàïëàçåïÜëÛ ïÜßàçØ ïñÜà

ÜÛÜÝ ×ã Ûâ Úéð äàïëçàåïÜë . àçàå ãð ïñÜà ÛØïÛ ãÜÚÙ ïëèå ÛÛÜÝ ÛçðÛ
äàÙÚÛ àØÜãâ ïñ×Ø äàçÜñçØ äàïëàçåïÜë ,ñÜåÚÜî äàçðã ñàèÞà. 

19. äà àØðé - äàïñ× àçðØ äÛãð àÜèàâÛ ñÚàå ñ× ïÜîèã ïÜßàçÛ ñàçâñ ÛãÞÛ ÛçðÛ ,
àåÜïÚÛ êÜÞØÜ àçÜëíÛ êÜÞØ .äàîåÜé ÛðÜãð Üïîèç ïñ× ãâØ ,10 ,15 Ü-20 äàïßå .
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â ãð àÜèàâ ×íåç àçÜëíÛ êÜÞØ- 50% âÜ äàÚÜÚïÛ äàîåÜéØ- 90%  îåÜéØ20 äàïßå .
 ×íåç àåÜïÚÛ êÜÞØå îåÜéÛ äé Ûãéð äà Øðé àÜèàâ- 25% âã äàïßå ÛïðéØ-

80% ïßå äàïðé îåÜéØ. 

˵ˣˬ˰ˢ ˫˧˟ ˫˧ˬˢ ˸ˡˣˬ˰ 

20. ØÜØïéÛ îåÜé ù ÛçðÛ ,ñÜëàíïØ ñàðàãðÛ äéëØ ,ÚÜÚï äàåÛ ñÚÜåé ØÜØïé ÛàÛ ,
â-300 äàïßå . 

21. äàîÜåéÛ äàåØ äàèåÜå äàßçààïßÜçÜ æíåÞ àÝÜâàï ù  ØÜØïé ãð äàçð ðÜãð ïÞ×ã
ÚÜÚï ,àÝÜâàï  äàÛÜØÙ ÜïñÜç äàåØ èåÜåÛ æíåÞÛñàèÞà ) ÜÚÚåçð æíåÞÛ àÝÜâàï ãâ

å äàîÜåéÛ äàåØ ÛçðÛ-500  æàØ Üéç äàïßå170 ã-180 ïßàãã ãÜåÜïîàå (àÝÜâàïÜ 
 äàâÜåç äàßçààïßÜçÛ)å äàîÜåéÛ äàåØ ñÜîçÞÛ ñÜÚàÚå ãâ-500  æàØ Üéç äàïßå4.9 

ã-5.7 ïßàãã ãÜåÜïîàå.( 

22. ãàëÜïÜãâ ,ïíàÜ æÜßîçãëÜ×ÜÝÜçñàçÜð×ï ñ ù ÛçðÛ ,ÚÜÚïÛ ØÜØïéÛ ê× ãé , ÜÚÚåç
ãàëÜïÜãâ àÝÜâàï , ñàßÜëÛ ÛØâðØ ñàèÞà äàÛÜØÙ ñàçÜð×ï ñÜçïíàÜ æÜßîçãëÜ×ÜÝ
îÜåéÛ äàØ. 

23. äàåÛ ñÚÜåéØ àîàîãÞ êßð ,ßçåàÚè ñÜÚÜâãå àçÜñçå ù  ñàçâñ ÛÙàíå ÛçðÛ
ïÜßàçÛ ,ÛçÜð×ïã ,äàåÛ ñÚÜåéØ äàîàîãÞÛ êßð ãé äàçÜñç ,Ø ÚÚåç ïð× êÜñàð

Ú äé ÛãÜéë"çÜ×Ø ìï×Û ïÜÚâ àéÚåã æÜâåÛå æààßðëïÜß àÚé ï ' Ý×å ñàïØéÛ2014 .
àããâÛ êßðÛ ãé ÚéÜå àïíî äàéÜïà× ãð ÛØïÛ äñÜØàðÞ ñ× ñÜ×ïå ñÜÚàÚåÛ .

â ãð äààØïå äàâïé- 7 éÜØï ïßåã äïÙ  äàåà Üâðåçð äàéÜïà×Ø ÜÚÚåç äÜàã
àðÚÜÞØ êßðÛð ÚÜéØ ØàØ×ÛÜ êïÜÞÛ àðÚÜÞØ äàïÜëè  ïßåã ÚÞ× äïÙå áÜåç ìàîÛ

äÜàã éÜØï . äé ãØîñà æåÝ áïÜ×ã äàÛ ñàéîïîã éàÙåÛ éíÜååÛ êßðÛ ãð æÚå×
ñÜ×ØÛ äàçðØ ïÜßàçÛ áðåÛ. 

˸ˣˬ˧˪˷ˬ ˸ˣ˲˧˴˶ ˸ˣˡ˧ˡˬ 

24. ñàçÜðã áÜåèØ äàÛ àçëØ ãàëÜïÜãâ )ñàåÜà ÛÚàÚå (ù  ÜÚÚåç äààØïå ãàëÜïÜãâ àÝÜâàï
àÜëíÛå äÚîÜå ÛçðÛ äÙ ,ï×Üçà ðÚÜÞØ . Û×ïç ïÜïàîÛ ñãàÞñ ñÜçÜïÞ×Û äàçðØð

äàÛ àçëã äàßçààïßÜç ÛãéåÜ äÚîÜå ãàÞñå ØÜØïéÛÜ ñåÚîÜåÜ ÛîÝÞ , áàãÛñÛ á×
ñàñÜéåðå ØàØ× ñÞàïë ñãØîñå ×ãð áâ ñïíéç äàßçààïßÜçÛ ñîëè×Ü ïíéç. 

25. ñàçÜðã áÜåèØ äàÛ àçë ñïÜßïëåß )ñàåÜà ÛÚàÚå (ù  ÛñàÛ ÛçðÛ ØÜï áðåØ
äàÛ àçë ñïÜßïëåß Üååã ÛØÜïîØïÛ éí-àñçð , ÛÚÚåç ìàîÛ êÜè àðÚÜÞØ àâ ä×

 ÛÛÜØÙ ÛïÜßïëåß ØÜïã)ÙàïÞ æëÜ×Ø ×ã á× .( äàÛ àçë ñïÜßïëåß ãâÛ áèØ
ñåÚÜîÛ Ûçðã Û×ÜÜðÛØ ÛÛÜØÙ ÛñàÛ ñéíÜååÛ. 

26. Ûçàïî )Ûëàíï ÛÚàÚå (ù  ÛñàÛ æÛØ äàåà ïëèå ÛçðÛ äÙ ÜÚéÜñ êïÜÞÛ àðÚÜÞØ
éíÜååã ñàèÞà ÛÛÜØÙ ÛçàïîÛ ,ßãÜ×Û ÛçàïîÛ á××ï- ÛÛÜØÙ ÛñàÛ ×ã ÛãÜÙè

ÚÞÜàåØ. 

27. îØ× àÝÜâàï ù  Ûâ Úé ÜÚÚåç ïð× ïñÜàØ äàÛÜØÙÛ îØ× àÝÜâàï ÜÚÚåç ïØåßëè ðÚÜÞØ
ïÜßàçÛ ñàçâñ àÚà ãé ,700 Üïîàå-ØîÜéå ïßåã äïÙ . æÜâåÛ ÞÝå ãéå êè×ç îØ×Û

äàåà ïëèå Ûâðåç ïð× îØ× ñëÜè æåÝØ. 

˸ˣˡˣˮ˸ ˟˶-˧˸ˮ˷˧ˣˮ˧˷ ˸ˣˬˠˬˣ ˸ˣ 

˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷ 

1. âæØ× àÙÜåã× àÜèà ù ñãà×Ø äàÙÜåã×Û ñàçÜð ãð àããâÛ ÛØíå , ñåÙåØ ×íåç ïð×
æÜïÞ×Û ïÜðéØ ïÜëàð ,ÛÚàïà ÛçðÛ äÙ Û×ïÛ , àÙÜåã× ãð àÞÛ àÜèàâÛ ÝÜÞ×Ø ßïëØ

æØ× .ñãà× ñÜàçÜðØ äàÙÜåã×Û àÜèàâØ ÛÚàïà ãð ñÜëÜíï äààñçð Üåðïç áâØ.  
 ñÜçÜð×ïÛ ïÜßàçÛ ñÜçðØ)2004-6 ( äàÙÜåã×Û àÜèàâ ÛàÛ ñãà× ñÜàçÜðØ éíÜååÛ

19-20% . äàçðØ2007-12  äàâïéÛ ÞÜÜßØ éçÜ éíÜååÛ àÜèàâÛ Ûãé21.5-23.9% .
 ñçðØ2013 ïÜßàçÛ ñëÜîñØ àØïåÛ àÜèàâÛ ÚÚåç ,26.4% , ñÜçÜïÞ×Û äààñçðØÜ

)2014-15 ( áïéã Úé éíÜååÛ äàÙÜåã×Û àÜèàâØ ÛçðØ ÝÜÞ×â ãð ÛÚàïà ÛÚÚåç
ÛçðÛ ÚÚåçð ,24.1% .ã×Û àÜèàâñãà× ñÜàçÜðØ éíÜååÛ äàÙÜå , àÜèàâÛ äÙ Üåâ

ñàçÜðØ ÛðîÛ éíåÛ ÝÜÞ×ã ãåïÜçåÛ , ñÜçðØ ÜÚÚåçð äàâïéÛå ÛçðÛ ÛÜØÙ æààÚé
ñÜçÜð×ïÛ ïÜßàçÛ. 
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2. æØ× àÙÜåã× ñÜØðÜå ãÚÜÙÜ ñÜëàëí ù ïÜßàçÛ ñÜçð áðåØ  ãð ÛîãÞØ Ûàãé Û×íåç
Û ñÜØðÜåÛ ñíÜØî"ñÜàçÜçàØ "Û ñÜØðÜåÛ ãð æîãÞØ ÛÚàïàÜ"ñÜçßî " àïñ×Ø

ïÜßàçÛ . ÛØï ÛÚàåØ éØÜç ñÜçßîÛ ñÜØðÜåÛ ãð àèÞàÛ æîãÞØ ÛÚàïàÛ àâ Û×ïç
ñÜçßîÛ ñÜØðÜåÛ ñÜåâØ ñâðåñå ÛÚàïàå . ïëèå ßéå Ûãé ñÜçÜïÞ×Û äààñçðØ

ñÜçßîÛ ñÜØðÜåÛ ,Ûãé ñàçÜðØ àèÞàÛ æîãÞ äÙÜ . ÛÚïà äàÙÜåã× ñÜØðÜå ñÜëàëí
 ñçð Ý×å ÛàãéØ ñ×íåç á× ñÜçÜð×ïÛ ïÜßàçÛ ñÜçðØ2010 . ãð ñéíÜååÛ ñÜëàëíÛ
ÛçðÛ ÛÚÚåçð ñãà× ñÜàçÜðØ æØ× àÙÜåã× ñÜØðÜå ,â-29  ñàçÜð éßîåã ñÜØðÜå

äàïßå Ûïðé áïÜ×Ø ,ñàçâñÛ ñïÙèåØ ÛÚÚåçð ïñÜàØ ÛÛÜØÙÛ ×àÛ . àâ Û×ïç
æØ× àÙÜåã× ñÜØðÜå ñÜÚàïðØ Ûàãé Ûçðà ïÜßàçÛ ñëÜîñØ. 

3. æØ× àÙÜåã×Ø ÛàÞÛ ÛåîïÛ ÚÚå ù ÛÚàïàØ àÜíå ÛÝ ÚÚå,  Ý×å2012 .ñ×Ý äé ÚÞà ,
äàçßî ÛÝ ÚÚåØ äààÜçàðÛ . ÛàãéÛ ñåÙå ñ× ñëîðå ÚÚåÛ áïéØ ÛÚàïàÛÜ æâñà
ñÜØðÜå ñãàÚÙÜ ñÜÚàïðØ ,ÙÜåã×Û ñåîïØ ñÜéàÙëã æåÝÛ äé ñÜëðÞçÛ. 

4. äàçàåÛ æÜÜÙå ù äàçàåÛ æÜÜÙå , æÜÜÙåÛ ñãÞÜñÜ äàÙÜåã×Û ñïØÞ ØâïÛ äÙ Üåâ
Ûçðã Ûçðå ßéå á× äàçñðå ïÜßàçÛ àïñ×Ø ,Øàíà ÛïØÞ ØâïÛã ñÜÚé . 

˸˧˲ˣ˥ˢ ˢ˟˧˟˯ˢ 

5. ñÜàëÜÞ ñÜçÞñØ äàßçààïßÜç àÝÜâàï ù äàßçààïßÜç àÝÜâàï  ããâ áïÚØ ÞßðÛ àåØ
ìàîØ ïð×å êïÜÞÛ àðÚÜÞØ ïñÜà äàÛÜØÙ , àå ÛãéåÛ äàåÛ ñÚÜåé ØÜØïé Øîé
êïÜÞÛ àðÚÜÞØ äàßçààïßÜçØ äàïàðé îåÜé .àçð Úíå , ÙàïÞ æëÜ×Ø äàÛÜØÙ äàÝÜâàï

Û ñÜçÞñØ ñàåÜîå ÛïðéÛ ãé äàÚàéåÜ ìàîÛ àðÚÜÞØ ïñÜà äàíÜëç ñÜàëÜÞ
äàßçààïßÜçØ.  ñçðã Úé äàïàÚñ ÜàÛ ñàåÜîå ÛïðéÛ ãð äàéÜïà×2007  ÛàïÞ×Ü
äñÜïàÚñ ÛÚïà , äàßçààïßÜç àÝÜâàï äéë àÚå äàÚÚåç ØÜð ñÜçÜïÞ×Û äàçðØ á×

 ñÜçÞñØ ßïëØÜ ñÜàëÜÞ ñÜçÞñØ äàÛÜØÙ"ñÜàçÜëí." 

6. çèîÜïßÛ äààéå àãàëßïØ àÙÚØ äà - ãð ÛîØÚÛÛ ñÜÞàâð ïØ àÙÚ )ðàÜðå æâàè ,
Siganus rivulatus ( äàçðØ àÚåã ÛØàíà àçèîÜïßÛ äààÞ ïÜÝÞå àãéØ äààéå àãàëßØ

 äàçðØ ïð×å ïñÜà ÛÛÜØÙÜ ñÜçÜïÞ×Û2009-10 . ãð ÛÛÜØÙ ÛéëàðÜ ÛÛÜØÙ ñÜÞàâð
 ïÜÝÞå ñåãðÛã äàðÜïÚÛ ãÜÚàÙÛ àñØ ãð äçèÜÞ ãé ñÜÚàéå Ûã× äàãàëßäÛààÞ. 

7. ïØ àÙÚØ äàçÙÜñë äàîÚààÞ -  ïÜßàçÛ ñÜçðØ ñÜÞàâðØ ÛÚàïà ñïâàçÛ îÚààÞ
îàå äÜàïßîØÜ)Micobacterium marinum ( îÚØçÛ ïÜÝ×Ø)àåÜïÚÛ êÜÞÛ , æÜâåã áÜåè

à×ßàèïØàçÜ×çàØÛ( ,ïØéØ Ü×íåç ÜØ ÛÝ æÙÜñëØ ñÜÛÜØÙ ÛîØÚÛ ñÜåíÜéÜ ñÜàÜÞàâð ,
ãàéëÜ äààî æààÚé îÚààÞÛ àâ ïâàç äãÜ×.  

8. äàÙÚÛ àØÜãâ ïñ×Ø ÛâïÛ ñàéîïîØ äàçÜñçØ äàïëàçåïÜë -  äàÙÚÛ àØÜãâ ïñ×Ø
 äàØÜãâÛ ñ×íÜÛ Ý×å äàçÜñçØÛ äàïëàçåïÜëÛ ñïØÞØ ñÜððÜ×ñÛ ñÚéÜñå ïØéðã

 ñçðØ2008 )Oron et al., 2014 .( êïÜÞØ ïñ×Ø ÜéÙë ñÜçÜëßð ñïÚè2012-13 ,
ëÛ ïëèåÜ ÛçðÛ äÙ Ûâðåçð ñÜððÜ×ñÛ ñåÙå ÛãÞÛ ÜàïÞ×ãÜ ÛÚàåØ Ûãé äàßï

ñïâàç . ñ×íÜÛ ñÜØîéØ ÛÚéÜñð ñÜððÜ×ñÛÛå ÛØïÛØ ÛïàÛå ÛñàÛ ÜÝ ñÜððÜ×ñÛ
äàÙÚÛ àØÜãâ. 

˵ˣˬ˰ˢ ˫˧˟ ˫˧ˬˢ ˸ˡˣˬ˰ 

9. èåÜå æíåÞÜ äàßçààïßÜç àÝÜâàï ù ñàÙÜãÜî×Û ñâïéåÛ , ñàñçðÛ ÛîàåçàÚÛ ßïëØÜ
 äàØ æÜßîçãëÜßàëÛ ñÜàèÜãâÜ×ã äñÜçàåÝÜ äàåØ æíåÞÜ äàßçààïßÜç àÝÜâàï ãð

ÞÜñëÛ ,äàåÛ ñÚÜåéØ àñçÜéÛ ØÜØïéÛ àÚà ãé ñéçÜå . ñàñçð ØïÛ Ûîàå×çàÚÛ
îåÜéÛ àåØ ÜïØíçð äàßçààïßÜçÛ ñÜàÜåâåÜ ÜâðåÜ ØÜØïéÛ îåÜéå ñéëðÜå . ÜÝ

 ÚÜÚï ØÜØïé ãð ñàðàãðÛ ÛçðÛ)â- 300 ïßå ( ñçð ãð îÜåéÛ ØÜØïéÛ ïÞ×ã
2012 .ÛçðÛ ÜàÛ äàîÜåéÛ äàåØ æíåÞÛ àÝÜâàï ,äàçð ðÜãð ïÞ×ã ÚÜÚï ØÜØïé ãð ,

 ñçðØ ÜàÛðå äàÛÜØÙ2011 ) ØÜØïéÛ ïÞ×ã ÚÜÚï ØÜØïé ãð ñàðàãð Ûçð ñÙíààåÛ
 ñçð ãð îÜåéÛ2008 .(ÛåÜÚ æëÜ×Ø , äàâÜåç ÜàÛ äàîÜåéÛ äàåØ äàßçààïßÜçÛ àÝÜâàï

äÚÜîÛ ØÜØïéÛ ïÜÝÞåØ ÛãàØîåÛ ÛÚÜîçã Û×ÜÜðÛØ . 
àîÜåéÛ äàåØ äàßçààïßÜçÛ àÝÜâàïØ ÛÚÚåçð ÛààãéÛ ñÜïåã îÜåéÛ ØÜØïéÛ Ý×å ä

äàçð ðÜãð àçëã æÜïÞ×Û , àçëã ÜÚÚåç ïð× äàâïéÛå äàâÜåç æààÚé Ûã× äàÝÜâàï
 ñçð ãð ØÜØïéÛ2012 . äàâÜåç äàØðÜÞåÛ äààñçðÛ äàßçààïßÜçÛ àïÙ×å äÙ
 äàçðã Û×ÜÜðÛØ2009-2011 . ñÜéØÜçÛ ñÜãÜÚÙÛ ñÜÚÜçñã ïØéå àâ Û×ïç

 ñÜçÜïÞ×Û äàçðØ Ûçðà ñàñçÜéÛ Ûîàå×çàÚÛå äàßçààïßÜçÛ àÝÜâàïØ ñâðåñå ÛÚàïà
äàîÜåéÛ äàåØ. 
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10. äàåÛ ñïÜßïëåß ù  äàçðØ ÛÚïà îåÜéÛ àå ñïÜßïëåß2007-2008  Û×íÜñâ
Ûã× äàçðØ îÜåéÛ ØÜØïéÛå ,ÜÚÚåç ñÜçÜïÞ×Û äàçðØÛ  ñÜïÜßïëåßØ Ûãî Ûààãé

ØäàîÜåéÛ äàå.  ñçðØ îÜåéÛ ØÜØïéÛ ê× ãé2012  ñïÜßïëåßØ ÛÚàïà ñïâàç ×ã
àîÜåéÛ äàåÛå ä-500 äàïßå .ñâðåç äàîÜåéÛ äàåÛ ñïÜßïëåßØ ÛààãéÛ ñåÙå .

ãàØîåØ , Ý×å äàÛ àçë ñïÜßïëåßØ äÙ ñâðåñå Ûàãé ñÚÚåç1988  àñçð ØíîØ
 â ãð éíÜååCÁ 0.036. 
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.˞4 .ˬˢ˸ˣ˴˪ 
 

I . ˦˶˲˟ˣ ˢ˟˴ˬ ˸˞ ˫˧ˮ˧˧˲˞ˬˢ ˫˧ˡˡˬ ˶˲˯ˬ˟ ˢˡ˧˶˧ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷˟ ˸ˡˡˬˮ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟

ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟˫˧˶˸˞ˢ ˸˧˟˶ˬ˟ ˫˧ . ˫˧ˮ˷˟ ˢ˧ˢ˷ˬ ˸˧˸ˣ˰ˬ˷ˬ ˢˣ˟ˠ ˭˧˧ˡ˰ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˫ˮˬ˞

˶ˣ˦˧ˮˢ ˸˪ˣ˰˲˪ ˸ˣˮˣ˷˞˶ˢ ,ˢˠ˞ˡ ˸˶˶ˣ˰ˬ ˢˡ˧˶˧ˢ ˨˞ .˶˧˰ˢ ˨˶ˡ ˫˧ˬ ˸˷˧˪ˠˣ ˸ˣˮˣ˲˦˧˷ ˧˰ˣ˶˧˞ˬ ˡ˟˪ ,

 ˟˥˶ˮ ˸ˣ˴˞ ˧ˣ˯˧˩ˣ ˭ˣ˦˵ˮ˪˲ ˸˥˧˶˲ ˢ˸˲˴ˮˣ ˸ˣ˶˧˩˰ˢ ˢ˸˪˰ ˫ˢ˧˸ˣ˟˵˰˟ ˶˷˞)turf algae( , ˣˮ˪ ˰ˣˡ˧ ˞˪

ˮ˧˷ ˪˰˸˧ˮˣ˷˟ ˰ˣˠ˲˪ ˧ˣ˷˰˷ ˧˸ˣ˰ˬ˷ˬ ˧ˣ .˟˶ ˸ˣ˧˰˟˦ ˸ˣˡˣˮ˸˟ ˶˟ˣˡˬ˷ ˭˩˸˧- ˢˠ˞ˡ˪ ˫ˣ˵ˬ ˭˧˞ˣ ˸ˣ˧˸ˮ˷

˸ˣ˟˶˰˸ˢ ˣ˞ ,ˢ˪˞˩˷ ˫˧˶ˣˤ˥ˬ ˸ˣˢˤ˪ˣ ˟ˣ˵˰˪ ˞˧ˢ ˡ˰ˣˬˢ ˨ˣ˶˞ ˶ˣ˦˧ˮˢ ˸ˣ˶˦ˬˬ ˸˥˞ˣ .˨ˡ˧˞ˬ , ˭˩˸˧

˸ˣ˶ˡ˶ˡ˧ˢ ˪˷ ˢ˸˪˧˥˸˪ ˫˧ˡ˰ ˣˮ˞ˣ ˢ˰˶˲ˢ ˢˮ˷˧˷ . ˢˡ˧˶˧˪ ˫˧ˬ˶ˣˠ ˪˰ ˰˧˟˴ˢ˪ ˣˮ˧ˡ˧˟ ˭˧˞˷ ˭ˣˣ˧˩ˬ ˧ˡˡˬ˟

ˢ˶˧˷˧ ˢ˪ˣ˰˲ ˪˰ ˭˞˩ ˳˧˪ˬˢ˪ ˭˸˧ˮ ˞˪ ˸˧ˮˣ˷ˢ , ˸ˣ˪ˣ˪˰ˢ ˸ˣ˪ˣ˰˲˪ ˰ˠˣˮˢ ˪˩˟ ˸ˣ˶˧ˢˤ ˢˮ˷ˬ ˸˦˧˵ˮ ˦˰ˬ˪

˸˧ˮˣ˷˟ ˰ˣˠ˲˪ .˰ˣˮˬ˪ ˧ˣ˴˶ ˶˸˧ˢ ˭˧˟ ,˭˸˧ˮ˷ ˢˬ˩ ˡ˰ ,˸˧ˮˣ˷˟ ˸˧˯˧˲ ˢ˰˧ˠ˲ , ˫˧˦ˮ˧˧˶˦ˣˮ˟ ˢ˶˷˰ˢ

˫˧˩ˬˣ˸ˢ ˪ˣˡ˧ˠˢ ˧˸˟˟ ˢ˰˧ˠ˲ˣ ˸ˣ˴˞ ˸˥˧˶˲ ˡˡˣ˰˸˷ ,˫˧ˢ ˧˟˷˰ ˭ˣˠ˩. 

 

II . ˸ˣˮ˷˟ ˶ˣ˦˧ˮˢˡ˰ˣ˸ˬ x˸˸ˣˡˣˮ˸ ˫˧ˢ ˧ˡˣ˲˧˵ ˸˧˧˯ˣ˪˩ˣ˞ ˪ˡˣˠ˟ , ˸ˣ˟ˣ˷˥ˢ ˫˧˰ˣ˶ˢ ˸ˣ˴ˣ˟˵ ˧˸˷ˬ ˸˥˞

 ˸˧ˮˣ˷˟)˫˧˰ˣ˶ ˫˧ˠˡ ˞˧ˢ ˢ˧˧ˮ˷ˢ ˢ˴ˣ˟˵ˢ ( ˸ˣ˴˞ ˧ˡ˟˶ˬ ˧ˣ˯˩ˬ ˢˮˣˤ˧ˮˢ ˸˧˶˵˧˰ˢ ˢ˴ˣ˟˵ˢˣ)turf algae .(

˧ˮˣ˷ˢ ˧˥˦˷ ˪˰ ˫˧ˠˣˬ˪˞ˢ ˫˰ ˸ˣ˶˥˸ˬˢ ˰˴ˬ ˸ˣˡˣˬ˴ ˸ˣ˴˞ ˪˷ ˸ˣ˥˧˶˲ ˸˯ˣˣ˪ ˫˧˰ˣ˶ˢ ˪˷ ˫ˡ˧˵˲˸ ˸.

 ˸ˣˡˣˮ˸ˢ ˭˸ˮ˧ˢ˟˫˧˰ˣ˶ˢ ˸˶˟˥˟  ˸˞ ˸˧˥˲ˢ˪ˣ ˸ˣ˯ˮ˪ ˷˧˫˧ˠˡˢˣ ˫˧ˡˣ˲˧˵ˢ ˪˰ ˧˷ˣˮ˞ˢ ˳˥˪ˢ . ˣˮ˞ ˦˶˲˟

˳˶˲ˬˢ ˭ˣ˲˴˟ ˸ˣ˴˞ ˧˪˩ˣ˞ ˫˧ˠˡ ˪˷ ˠ˧˧ˡ ˪˧˪˩ ˶ˣ˯˞˪ ˫˧˴˧˪ˬˬ , ˫˧˲˯ˣˮ ˫˧˰ˠ˲ ˧ˮ˲ˬ ˫˸ˮˠˢ˪ ˪ˣ˰˲˪ˣ

˫ˡ˞ ˧ˡ˧ ˢ˷˰ˬ .˭˩ ˣˬ˩ ,˫˧ ˧ˡˣ˲˧˵˟ ˰ˣˠ˲˪ ˶ˣ˯˧˞ˢ ˸˲˧˩˞ ˪˰ ˡ˧˲˵ˢ˪ ˷˧ ,ˬ ˫˧ˮˣˤ˧ˮˢ˭ˢ , ˧˲ˣ˥ ˨˶ˣ˞˪

˪˪˩˟ ˸˪˧˞ ,˦˶˲˟ ˸˧ˮˣ˷ˢ ˸˟˶˵˟ˣ. 

 

III . ˸ˣˠ˧˶˥ ˪˷ ˫˧˰ˣ˶˧˞ˢ ˶˲˯ˬ ˢ˪˰ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˷ˣ˪˷˟ï "˫ˣˢ˧ˤ "ï ˫˧˧˲ˣ˥ ˫˧˶ˣˤ˞˟ . ˸ˣˮ˥˸ˢ

 ˸ˮ˥˸ ˭ˢ ˢ˪˞ ˫˧ˮ˷˟ ˸ˣˠ˧˶˥ˢ ˟ˣ˶ ˣˡˡˬˮ ˭ˢ˟"˫˧ˢ ˪˧˥\˭˞˧ˡ˧˶ˬ ˭ˣ˪ˬ" ,˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˸ˣˮ˥˸ˢˣ . ˸ˣˠ˧˶˥ˢ

 ˪˷ ˸˧ˬˣ˵ˬ ˢ˯˧ˮ˩˪ ˷˷˥ ˸ˣ˪˰ˬˢ˪˞ ˫˧˶ˣˤ˞˟ ˫˧˪ ˢ˷˟˧ˢˬ ˫˧˯ˬˣˬ ˫˧˶ˬˣ˥ ˧˞˷ˣˮ ˫˧ˬ . ˸˞ ˶˧˟ˠˢ˪ ˷˧

˦ˮ˧˵ˢ ˸˪˰˸ ˨˶ˡ ˫˧˪ ˫˧˯ˮ˩ˮˢ ˫˧ˬˢ ˪˷ ˧ˬ˧˩ ˶ˣ˦˧ˮ ˫ˣˤ˧˪ ˷˧ˣ ˣˤ ˢ˰˲ˣ˸ ˫˴ˬ˴˪ ˫˧˴ˬ˞ˬˢ. 

 

 IV .˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˸˧˰˵˶˵ˢ ˧ˮ˩ˣ˷ˣ ˫˧ˢ ˟˷˰ ˸˶˟˥ ˸ˣ˷˷ˣ˞˸ˢ ˸ˡ˰ˣ˸ˬ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ , ˰ˠ˲ˮ˷ ˶ˣˤ˞

˧˰˲ˬ ˫˧ˮˣ˶˥˞ˢ ˫˧˶ˣ˷˰˟ ˸ˣ˟˶˸˧˷ˣˮ˞ ˸ˣ˪ . ˸ˣˮˣ˲˦˧˷ ˸˶ˡ˯ˬ ˢ˞˴ˣ˸˩ ˶ˣˤ˞ˢ ˰ˠ˲ˮ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟

˫˧˶˦ˬ ˸ˣ˶˷˰ ˪˷ ˫˧ˬ ˵ˬˣ˰˪ ˡ˰ ˫˧ˢ ˸˧˰˵˶˵ ˸˞ ˢ˯˧˩ ˶˷˞ ˵ˡ ˦ˮˬ˧ˡ˯ ˫˧˪ ˣ˪˧˟ˣˢ˷ . ˸ˣ˷˷ˣ˞˸ˢ

˫˧˶ˣ˲˯ ˫˧˷ˡˣ˥ ˨ˣ˸ ˢ˶˩˧ˮ ˸ˣˮˣ˲˦˧˷ˢ ˸ˣ˟˵˰˟ ˶ˣˤ˞ˢ , ˸˩˶˰ˬˢ ˟˴ˬ˟ ˣ˰ˠ˲ ˸ˣ˶ˤˣ˥ ˸ˣ˰˶˲ˢ ˫˪ˣ˞

˰ ˧ˡ˟˶ˬ˟ ˦˶˲˟ˣ ˫˷ ˸˧ˠˣ˪ˣ˵˞ˢ˶ˣˤ˞˪ ˫˧˧ˮ˧˧˲ˣ˞ˢ ˫˧ˢ ˟˷.  ˱ˣ˥˟ ˫˧ˢ ˟˷˰ ˧ˡ˟˶ˬˣ ˸˧˪ˣ˥ˢ ˢ˟˧˟˯ˢ

 ˫˧ˣˣˢˬ ˸˪˧˞ ˪˷ ˧ˮˣ˲˴ˢï  ˧ˬ˴˰ˢ ˫˩˶˰˪ ˱˯ˣˮ˟ï  ˧ˠˡ ˪˷ ˫˧ˬˡ˵ˣˬ ˫˧˟˪˷˪ ˶˟˰ˬ ˸ˮ˥˸ˣ ˪ˣˡ˧ˠ ˸˧˟ ˫ˠ

˸˧ˮˣ˷ . ˱ˣ˥˟˷ ˧˪ˣ˥ˢ ˪ˣˡ˧ˠˢ ˸˧˟˟ ˸ˣ˧˰˟˦ˢ ˸˧˰˵˶˵ˢ ˸ˣ˶˟˥ ˪˷ ˸ˣ˥˸˲˸ˢˢ ˡˣˡ˧˰ˣ ˶ˣˬ˧˷˪ ˪ˣ˰˲˪ ˷˧

˧ˮˣ˲˴ˢ ,˧ˡ˧ ˪˰ ˪˷ˬ˪ ˸˧ˬ˧ ˰˟˦ ˸˶ˣˬ˷˩ ˶ˣˤ˞ˢ ˪ˣˢ˧ˮ. 

 

V .˳˶˲ˬ˟ ˪ˣˡ˧ˠˢ ˧˸˟ ˟˴ˬ˟ ˸ˣˡˣˮ˸ˢ ,˫˧ˢ ˟˷˰ ˧˥˦˷ˬˣ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷˟ ˦˶˲˟ , ˸˞ ˸ˣ˷˧ˠˡˬ

ˢ˪˞ ˸ˣ˶˟˥ ˪˷ ˢ˟˶ˢ ˫˸ˣ˷˧ˠ˶ .˪ˣˡ˧ˠ ˧˸˟ ˭ˣˣˠˬ ˪˷ ˸ˣ˷˷ˣ˞˸ˢ ˸ˡˡˬˮ ˢ˪ˣ˩ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˷ˬ˟ ,

˫˧ˢ ˧˟˷˰ˣ ˸ˣ˧ˮˣ˷ˢ ˪˪ˣ˩ .˟ ˢ˧ˣ˴ˬ ˫˧ˬˢ ˸ˡˣˬ˰ ˫ˠ ˧˩ ˢ˞˶ˮ ˢˮ˷ˢ ˧ˤˣ˩˧˶˟ ˢˡ˧˶˧ ˪˷ ˧˦˧˞ ˨˧˪ˢ˸

˵ˬˣ˰ˢ ˧ˬ˟ ˫˧˦ˮ˧˧˶˦ˣˮ .˸˞ˤ ˸ˬˣ˰˪ , ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ˣ ˸ˣ˴˞ ˧ˣ˯˧˩˟ ˢ˧˪˰ ˢ˞˴ˬˮ ˸˲˪ˣ˥ˢ ˢˮ˷˟

˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ,˸ˣˮˣ˲˦˧˷ˬ ˢ˞˴ˣ˸˩ ˫˧ ˟˷˰ ˧ˡ˟˶ˬ˟ ˢ˰˧ˠ˲ˣ . ˸˩˶˰ˬˢ˷ ˨˩ ˪˰ ˫˧˰˧˟˴ˬ ˢ˪˞ ˫˧˞˴ˬˬ

˭˧ˡ˰ ˭ˣˤ˧˞˟ ˢ˧ˣ˴ˬ ,ˢ˞˴ˣ˸˩ ˶ˡ˶ˡ˧ˢ˪ ˢ˪ˣ˩˧ ˣ˸ˣ˟˧˴˧ ˶˷˞ ˠ˧˶˥ ˰ˣ˶˧˞ˬ ,˫ˡ˞ ˧ˡ˧ ˢ˷˰ˬ ˣ˞ ˧˰˟˦ . ˱˞ ˪˰

˸ˣ˶˧˷˧ ˪˲˦˪ ˭˸˧ˮ ˣ˟ ˣˮ˥˦˷˟ ˧˸ˡˣ˵ˮ ˫˶ˣˠ ˪˰ ˰˧˟˴ˢ˪ ˭˸˧ˮ ˞˪˷ , ˸˩˶˰ˬˢ ˪˷ ˢ˸˪ˣ˩˧ ˧˩ ˢ˞˶ˮ

ˢ˪ˣˡˠ ˢˮ˧˞ ˸ˣˮˣ˷ ˸ˣ˵˰ ˫˰ ˡˡˣˬ˸ˢ˪ ˸˪˧˞ ˳˶˲ˬ˟ ˸˧ˠˣ˪ˣ˵˞ˢ . ˸ˣ˶˟ˠ˸ˢ ˫˰ ˪ˣˡˠ˪ ˱˞ ˧ˣ˲˴ ˧˷ˣ˵ˢ

 ˫˧ˬ˶ˣˠ"˫˧˧˪˟ˣ˪ˠ "˧˧ˣˮ˧˷ˣ ˫˧ˢ ˧ˮ˲ ˫ˣˬ˧˥ ˭ˣˠ˩ ˸ˣ˧˴ˬˣ˥ˢ ˸ˬ˶ ˫-  ˸ˮ˟˪ˢ ˞˧ˢ ˨˩˪ ˸˧ˮˣ˴˧˵ ˢˬˠˣˡ

ˢˮ˷ˢ ˧ˮˣ˴˧˵ˢ ˣ˧ˮ˧ˮ ˪˞ˢ ˸˰˲ˣ˸ˬ ˢ˞˴ˣ˸˩ ˫˪ˣ˰˟ ˸ˣ˟˶ ˸ˣ˧ˮˣ˷˟ ˢ˪˞ ˫˧ˬ˧˟ ˸˷˥˶˸ˬˢ  ˫˧ˠˣˬ˪˞ˢ . ˪˰

ˢ˰˧ˮˬ˪ ˫˧ˮ˸˧ˮˢ ˢ˵˰ ˧ˬ˶ˣˠ ˪˷ ˫˸ˣ˶˟˦˴ˢ ˸˞ ˭˸˧ˮ˷ ˢˬ˩ ˡ˰ ˰ˣˮˬ˪ ˧ˣ˞˶ ˭˩ , ˣ˞ ˫˧˲˧˵˰ ˫ˢ ˫˞ ˫ˠ

˫˧ˮ˦˵ ˫˧˞˶ˮ .˶˟ˡ ˪˷ ˣ˲ˣ˯˟ ,˥ˣˬ ˸˩˶˰ˬ˪˧˟˵ˬ˟ ˸ˣ˪˰ˣ˲ˢ ˸ˣ˵˰ ˭ˣˣˠˬ ˫˰ ˡˡˣˬ˸ˢ˪ ˢ˷˵˸˸ ˸˷˪ . 
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.˞5. ˸˧˪ˠˮ˞˟ ˶˧˴˵˸ ,English Abstract 
 

The Israel National Monitoring Program in the Northern Gulf of Aqaba 

Funded by Israelôs Ministry of Environmental Protection 

 

Scientific report 2015 

 
Dr. Yonathan Shaked, Program Manager 

Prof. Amatzia Genin, Scientific Director 

 (March, 2016) 

 

Introduction  
This report describes the work and results of the Israel National Monitoring 

Program in the Gulf of Aqaba (Eilat) ï NMP ï in 2015. It is divided into chapters 

according to habitats and the methods employed by the monitoring program. Each 

chapter includes a short description of the methods used, a detailed description of the 

results including data and figures, and a discussion of the findings. A comprehensive 

description of the methods used is given in the NMP annual scientific report of 2003. 

Figures and figure captions in this report are given in English. 

The NMP has been operating since 2004, collecting continuous standardized data 

by using predetermined standard methods and a dedicated team. The ability to review 

such consistently collected data provides increased analytical power and confidence in 

our findings, opening the possibility to detect patterns and trends. A comparison of 

the present-day state of the reef with historical, pre-monitoring, data can be found in 

the NMP annual scientific report of 2004.  

The NMP has added several new measurements and variables since its initiation, 

and these are introduced in the respective annual reports of their initiation year. 

This year, several new measurements were made. Settlement plates on which 

coral planulae can settle and metamorphose were placed at two reef sites to help 

evaluate the potential supply of coral recruits to the reef. Surveys to evaluate soft-

sediment habitats were carried out at the northern and southern ends of the Israeli 

coast. These included assessments of grain size distribution, infauna communities, 

and seagrass cover. A complex sediment trap array was moored on the sea floor at 

600 meters depth measuring the vertical flux of organic and inorganic particles 

descending through the water column at several depths and two time-scales, to assess 

the seasonal dynamics of those fluxes and study the factors determining their rates 

and composition. Monitoring the particle fluxes through the deep water column is 

done in collaboration with Dr. Adi Torfstein of the Hebrew University, and the 

material retrieved will be analyzed in his geochemical lab and his findings will later 

be incorporated into NMP reports. 

The NMP reports are available through the web site of Israelôs Ministry of 

Environmental Protection: http://www.sviva.gov.il/, and on the NMP page in the IUI 

web-site:  http://iui-eilat.ac.il/ .  

A database that includes data collected by the NMP since 2004 is available for 

public download through the NMP website.  

 

 

http://www.sviva.gov.il/
http://iui-eilat.ac.il/
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Key findings of this year 

The coral reefs of Eilat 

1. Live cover of stony corals ï This year a slight decrease in the live cover of 

stony corals was measured in six out of eight reef monitoring sites and the 

average live cover for the Eilat reefs slightly decreased as well. The largest 

decrease in live cover was found at the IUI-5 and Katza-10 sites. 

2. Density and size of stony coral colonies ï An overall positive correlation was 

found between coral cover and colony density. The improved correlation 

found this year partly results from a decrease in coral cover at site NR-5 where 

the corals are especially large and from an increase in colony size at other 

sites. Improved correlation between coral cover and density may be an indirect 

indication of successful growth of corals. This year a small increase in the 

number of small coral colonies was noted in Eilat. 

3. Live Tissue Index (LTI) in stony corals ï This year, the value of this index 

continued to drop. The LTI presents the average percentage of live tissue in 

living stony corals and is considered an indirect indicator for coral health. 

Changes in the LTI value, however, are small.  

4. Coral diversity ï The Shanon-Wiener diversity index, used for estimating 

coral diversity at the reefs of Eilat, was higher this year than in the previous 

year. In contrast, the expected number of taxa encounters per individuals 

surveyed was lower. These variations in diversity measures are small and the 

coral community structure remains stable. 

5. Reef flat ï Due to its unique character, the reef flat at the coral reserve is 

considered separately from the fore-reef sites. Here too, a slightly lower coral 

cover was measured this year. The Shanon-Wiener diversity index, on the 

other hand, was a little higher this year. 

6. Permanent photo sites ï This year's survey included less plots than in previous 

years, so rendering questionable a comparison of count-based indices with 

previous years. The average live coral cover (area of live corals per plot) and 

the average coral density were similar to those measured in the previous year. 

7. The coral reserve lagoon ï A small increase in coral density was noted this 

year in the lagoon, particularly in the density of the dominant coral Stylophora 

pistillata. 

8. Coral settlement in the reef ï This year the NMP added coral settlement plates 

at two reef sites, the nature reserve and the IUI, in order to monitor the supply 

of settlers to the reef. At both sites settlement was found to occur during 

summer months. On plates that were left on the reef three additional months 

(September-November) at the Nature Reserve the number of settlers was about 

half the August value, and the number of polyps per settlers doubled. This 

indicates that no new settlers were added, that half the summer settlers did not 

survive and that those who did ï doubled their size. The IUI site had less 

summer settlers than the Nature Reserve and plates left additional three 

months had many additional settlers ï but of smaller average size. This 

possibly indicates that settler supply to this site extends beyond summer, but 

that settler survival is lower than at the Reserve. These are initial results from 

a single campaign and continued monitoring should help us better understand 

these issues.  

9. Sea urchins ï Of the invertebrates, sea urchins are the most important group of 
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reef grazers. Of this group, Diadema setosum is the most abundant urchin in 

Eilat. The density of D. setosum at the monitored reef sites remained low this 

year, while the density of the urchin Echinometra mataei is on the rise.  

10. Feather stars, basket stars ï The density of feather stars was lower this year at 

all sites, except at NR-10. In the past two-three years individual basket stars 

(Astroboa nuda) were encountered during the invertebrate surveys. This 

creature was not present in the initial years of reef monitoring and this year an 

increased number was noted. 

11. Benthic algae at the reef ï Chlorophyll-a measured on settlement plates, and 

particularly those protected from grazing, is correlative to the mixing depth. 

This year mixing was shallow and chlorophyll-a concentrations were 

generally low. Nevertheless, mats of turf algae and leafy benthic algae covered 

the shallow slopes during the summer months. 

12. Reef fish ï The zooplanktivores are the largest group of reef fish, comprising 

some 60% of the fish surveyed this year. These fish have a significant role in 

concentrating food from lower levels of the food web. The second largest 

group are the carnivorous fish, who regulate reef population (in particular that 

of reef invertebrates). The herbivorous fish comprise some 7% and regulate 

benthic algae growth on reef surfaces. Thus, this group is especially important 

for the reef's wellbeing.  

 

Coastal Environs 

13. Nutrient concentrations in coastal waters ïConcentrations of nutrients are 

commonly high during winter and very low during summer. The process that 

dictates this dynamics is the seasonal mixing, driven by cooling of the sea 

surface, which brings nutrient rich deep waters to the shallow coastal areas. 

This year mixing was shallow and nutrient concentrations were low ï except 

where abnormally high nutrients were occasionally measured. In October a 

high values were measured at the northern shore (NB station), likely 

originating from rain events and subsequent runoff. In April, high values were 

measured at the Navy/Meridien Hotel sampling station. 

14. Pathogens and heteroxenous gut parasites in wild fish (Siganus rivulatus) ï In 

many of the 28 fish examined this year granulomas suspected as 

Micobacterium marinum were identified, indicating that this pathogen is still 

active at the northern gulf. Data collected by IOLR from the northern shore of 

the gulf further supports the notion that that area is still a hot spot for the 

pathogen's activity. The prevalence and richness of heteroxenous gut parasites 

in wild fish remains steady in the past few years, indicating healthy habitats 

that are required for these parasites to complete their life cycle. 

15. Soft sediment sea floor ï This year, the NMP has stepped up its monitoring 

activities in the coastal soft sediment habitats. In addition to monitoring the 

live benthic foraminifera assemblage at the site of former aquaculture cages, 

which has been going on for several years but with increased involvement of 

the NMP, additional surveys of foraminifera and meiofauna assemblages and 

sea-grass cover were conducted at northern and southern beach sites. 

16. Size distribution of soft sediment components ï The soft sediment at two sites, 

at the northern and the southern beaches, was sampled and analyzed for its 

grain size composition and the living infauna assemblages. More than 60% of 
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the sediment composition at the northern site was smaller than 125 µm, while 

at the southern site more than 95% was larger than 125 µm. This difference is 

indicative of the sedimentôs different sources: while most of the sediment at 

the northern site is clays of terrigenous origins, most of the sediment at the 

southern site is of marine biogenic origin and mineral sand. 

17. Meiofauna in soft sediments ï at both the northern and southern sites a similar 

density of Polychaeta was found. At the northern site this group of worms is 

the most abundant group followed by Nematoda and Copepoda. These are also 

the common groups at the southern site, but the most abundant taxa at that site 

are Nematoda followed by Copepoda; both are much more abundant than the 

Polychaeta.  

18. Foraminifera assemblages at the site of former aquaculture cages ï This year a 

further recovery of the foraminifera community was noted at the former 

aquaculture site that was affected by sediment-bearing floods in 2012-13, and 

the density of individuals increased. The NMP invested more effort this year 

in identifying and classifying foraminifera from the site, and consequently 

more previously unidentified foraminifera were recorded. 

19. Sea-grass ï The NMP monitored sea-grass cover at two sites, at the northern 

and southern shores, for the first time this year. At each site sea-grass cover 

was surveyed at three depths, 10, 15 and 20 meters. At the northern shore a 

cover of ~50% was found at the shallow depths and ~90% at 20 meters. At the 

southern shore sea-grass cover increased with depth from ~25% at 10 meters 

to ~80% at 20 meters. 

The deep water column 

20. Vertical mixing ï For the third consecutive year, vertical mixing this year was 

relatively shallow, reaching 300 m. 

21. Concentrations of oxygen and nutrients in the deep waters ï After three years 

of shallow mixing, dissolved oxygen concentrations remain relatively high (all 

DO measurements at depths exceeding 500 meters were in the range of 170-

180 µmol/liter) and nutrient concentrations remain low (all dissolved 

inorganic nitrogen measurements at depths exceeding 500 meters were in the 

range of 4.9-5.7 µM). 

22. Chlorophyll-a, zooplankton and primary productivity ï This year, despite the 

shallow mixing depth, concentrations of chlorophyll-a, zooplankton and 

primary productivity in the photic zone over deep water were higher than 

expected. 

23. Vertical fluxes of particulate matterï For the first time the NMP present data 

collected regularly from sediment traps that were placed at several depths 

above 600 m bottom depth. Sediment traps are deployed as part of a joint 

project of the NMP and Dr. Adi Torfstein of the Hebrew University/IUI. The 

data collected at monthly and daily resolutions since 2014 demonstrates the 

contribution of events of short temporal scale to the overall fluxes. Maximal 

fluxes of ~7 g/m
2
/day were measured during events lasting up to several days 

during winter and spring, while particulate fluxes during the summer are lower 

than 1 g/m
2
/day. An estimate of the long-term average particulate flux that 

reaches the sea floor will emerge as measurements continue over the coming 

years. 
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Supplementary continuous measurements 

24. Sea surface chlorophyll-a next to Eilat's coral reef (daily measurement) ï 

Maximal chlorophyll-a concentrations were measured earlier than expected, in 

January, for the second year running. It seems that in recent years surface 

cooling begins early and rapidly and water mixing progresses and brings 

nutrients to the upper water column, but the process halts, mixing remains 

shallow and a spring bloom does not occur. 

25. Sea surface temperatures next to Eilat's coral reef (daily measurement) ï Sea 

surface temperature was close to the multi-annual average throughout most of 

the year, but at the end of summer SST was higher than average (but did not 

exceed the 90% percentile). The annual average SST was higher this year than 

it was in the previous year. 

26. Radiation (continuous measurement) ï Several days of higher than average 

general radiation were recorded this year, during winter, but the UV radiation 

was not particularly high. 

27. Dust concentrations ï During a dust storm that lasted several days in 

September, dust concentrations of 700 µg/m
3
 were measured over the IUI pier. 

These are the highest concentrations on the NMP record. 

 

Multi -annual variations and trends 

The coral reefs of Eilat 

1. Live stony coral cover ï The state of Eilat's coral reefs that has been 

improving over the past decade, showed some signs of decline this year - 

particularly in the percent cover of live stony corals. This marks the second 

consecutive year of decreasing coral cover in Eilat's reefs. In the first years of 

monitoring (2004-6) the average coral cover in Eilat was 19-20%. In 2007-12 

coral cover rose and was in the range of 21.5-23.9%. In 2013 the highest coral 

cover measured by the NMP was recorded ï 26.4% - and in the past two years 

(2014-15) an annual decrease of about 1% was noted. This year's average 

coral cover was 24.1%. The average live coral cover in Eilat, as well as the 

coral cover normalized by the available hard substrate, is still higher this year 

than it was during the first years of monitoring. 

2. Stony coral density and size ï During the years of monitoring an increase in 

the fraction of medium-size coral colonies was noted, concomitant with a 

decrease in the fraction of small-size colonies at the monitored sites. It seems 

that the decrease in the fraction of small colonies results, at least partly, from a 

decrease in the number of small colonies in the reefs of Eilat. In the past two 

years the number of small colonies increased somewhat, as did their fraction 

of the total colonies. The average density of coral colonies decreased in the 

first years of monitoring but is increasing since 2010. The average stony coral 

density measured this year, some 29 colonies per 10-meter line transect, is the 

highest ever measured by NMP. It seems that overall the survival of stony 

coral colonies has improved during the monitoring period. 

3. Live tissue index in stony corals ï This index is decreasing since 2012, albeit 

at a slow rate. It is possible that the decrease in the average percentage of live 

tissue in living coral colonies reflects the growth and improved survival of 

coral colonies that are thus more exposed to partial mortality. 
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4. Coral diversity ï the diversity of corals in Eilat's reefs, as well as the coral 

community composition and the expected number of genera encounters per 

1500 individuals change only slightly from year to year, indicating a stable 

community structure. 

 

Coastal Environs 

5. Nutrient concentrations in coastal waters ï Nutrient concentrations are usually 

higher during winter than they are during summer months, due to water 

column mixing that brings nutrient rich waters from depth. Conversely, 

abnormal concentrations at particular sampling stations are found mostly in 

stratified months. Abnormally high concentrations, indicating local nutrient 

enrichment, were common until 2007 and became less so in later years. But, in 

recent years abnormally high concentrations of nutrients, particularly at the 

northern sampling stations, are becoming more frequent. 

6. Heteroxenous parasites in wild fish ï Heteroxenous parasites require several 

habitats to complete their life cycle. Their presence and abundance in the guts 

of wild fish may indicate the state of those habitats. The prevalence and 

abundance of heteroxenous gut parasites in wild Siganus rivulatus caught at 

the southern shore of Eilat remains stable in the recent years ï and higher than 

it was in 2009-10. This may indicate resilience of the local habitats required to 

complete their life cycle.  

7. Pathogens in wild fish ï During the years of monitoring, a decline in the 

presence of Micobacterium marinum, a deadly pathogen, was noted in the 

southern shores of Eilat ï a place where this pathogen was once prevalent and 

abundant. However, it is apparent that this pathogen is still present and active. 

8. Benthic foraminifera in soft sediment at the former location of aquaculture 

cages ï The benthic foraminifera community beneath the former aquaculture 

cages at the northern shore of Eilat displays gradual recovery since 2008 

(Oron et al., 2014). The NMP documented a gradual increase in diversity and 

in the number and size of individuals. A series of floods covered the sea floor 

at the site with terrigenous clay sediments during the winter of 2012-13 and 

decimated the local foraminifera community. Recovery following the floods 

was much more rapid than the recovery from the local impact of aquaculture 

cages and is still ongoing. 

The deep sea water column 

9. Concentrations of dissolved oxygen and nutrients ï The Gulf's ecology, 

particularly the annual dynamics of dissolved oxygen and nutrients and their 

availability to phytoplankton, is controlled by seasonal mixing of the water 

column. The multi-annual dynamics are controlled by the depth and duration 

of mixing, and the concentration of nutrients in the deep waters. This was the 

third year running of shallow mixing (~ 300 meters) following the deep 

mixing of 2012. Dissolved oxygen concentrations in the deep waters were 

higher this year, after three years of shallow mixing, than they were in 2011 

that represents a similar cycle of three shallow-mixing years following deep 

mixing in 2008. Likewise, nutrient concentrations in the deep waters this year 

were lower than those measured in the corresponding part of the previous 

multi-annual cycle.  
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Nutrient concentrations in deep waters continue to rise since the last deep 

mixing three years ago, but are still lower than those measured prior to the 

deep mixing of 2012. Likewise, the calculated nutrient stores in the deep sea 

water column are lower than those of the period 2009-11, the shallow-mixing 

years of the previous cycle. Thus, even considering the large annual 

fluctuations, there seems to be a gradual decrease in deep-water nutrient 

concentrations. 

10. Water temperature ï The temperature measured in the deep water was at a low 

in the years 2007-8 due to deep mixing, and has been slowly rising since. 

Despite deep mixing in 2012 a drop in the temperature was not noted at depths 

greater than 500 meters. Thus, the documented trend of rising deep water 

temperatures continues. A corresponding rise in sea surface temperatures in 

Eilat, at an average rate of 0.036 degrees per year, is documented since 1988. 
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.˟ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷ 

.˟1 .˸˧ˮˣ˷ˢ ˸˶˟˥ ˶˵˯ 
 

ˢ˶˦ˬ 

ˢ˰˲˧˷ˢ ˭ˡˬ˞ ,"˸ˣ˞˧˶˟ˢ ˟˴ˬ " ˪˞˶˷˧ ˸ˮ˧ˡˬ ˧˲ˣ˥ ˨˶ˣ˞˪ ˫˧˧˶˵˧˰ˢ ˸˧ˮˣ˷ˢ ˧˶˸˞˟ ˢ˶˟˥ˢ ˢˮ˟ˬˣ

˸˪˧˞ ˳˶˲ˬ ˭ˣ˲˴˟ .˭˟˞ ˧ˠˣˬ˪˞ ˪˪ˣ˩ ˸˧ˮˣ˷ˢ ˸˶˟˥ ˶˵˯ ,˫˧˩˶ ˫˧ˠˣˬ˪˞ ,˸ˣ˧˪ˣ˥ ˧˶˯˥ˣ ˫˧˥˧˧ˮ . ˭˩ ˣˬ˩

 ˫˧ˢ ˸˧˰˵˶˵ ˧ˠˣ˯ ˶˵˯ ˰˴ˣ˟ˬ)˰˴ˬ (ˣ˴˪˶˸˞ ˪˩˟ ˸ˣ˟˷˧˧˸ˢˢ ˪˞˧˴ˮ˦ˣ˲ ˭ˡˬ˞ ˨˶. 

 

˸ˣ˦˧˷ 

˫˧ˮˣ˷ ˫˧˶˸˞ ˢ˷ˣ˪˷˟ ˢˬˠˡˮ ˫˧ˠˣˬ˪˞ˢ ˸˶˟˥ ,˟ ˢ˪˟˦˟ ˰˧˲ˣˬˢ ˦ˣ˶˧˲ˢ ˧˲˪ ˫˧ˮˣ˷ ˫˧˵ˬˣ˰˟1 

 ˧˶˧ˣˣ˞ˢ ˫ˣ˪˴˸˟ˣ)˟ ˶ˣ˧˞1 .(ˢˮ˷˪ ˸˥˞ ˢ˷˰ˮ ˸˧ˮˣ˷ˢ ˸˶˟˥ ˶˵˯ ,˳˧˵ˢ ˸˲ˣ˵˸˟. 

 
 ˫˧˵ˬˣ˰)ˬ'( ˨˶ˣ˞ ˣ˵ ˟˥ˣ˶ ˣ˵ ˪ˣˬ˧˯ ˶˸˞ 

5,10,15 29Ü30ô.07 34º55ô.02 IUI  ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ)˸˧ˬ˧ ˢˡ˟˰ˬ( 

1,5,10,20 29°30`.33 34°55`.26 NR  ˢ˶ˣˠ˯ˢ ˢ˶ˣˬ˷ˢ)˫˧ˮ˲˧ ˫˧ˮˠ( 

10, 20 29°31`.37 34°56`.04 KATZA ˞˴˵" ˞)˫˧˥ˤˬˢ ˭˧˟( 

˟ ˢ˪˟˦1 :ˣ˵ ˧˩˸˥ ˸˦˧˷˟ ˫˧˶˵˯ ˣ˩˶˰ˮ ˫ˢ˟ ˫˧˵ˬˣ˰ˢˣ ˫˧˶˸˞ˢ. 

Table B1: Locations and depths of the reef census line-transect survey sites. 

 

˪˰ ˢ˥˸ˣ˲˷ ˣ˵ˢ ˧˩˸˥ ˸˦˧˷ ˧˲ ˪˰ ˢ˷˰ˮ ˫˧ˠˣˬ˪˞ˢ ˸˶˟˥ ˶˵˯- ˧ˡ˧Loya et al. )1972 .( ˪˩˟

˟ ˢ˪˟˦˟ ˦˶ˣ˲ˬ˩ ˵ˬˣ˰ ˣ˵ ˨˶ˣ˞˪ ˸˧˞˶˵˞ ˢ˪˥˸ˢ ˸ˡˣ˵ˮˬ ˢˡ˧ˡˬ ˦˶˯ ˷˶˲ˮ ˧˲˶ˠˣ˞˧ˠ ˶˸˞1 . ˨˶ˣ˞˪

˪˰ ˨˸˥ˢ ˪˷ ˢ˪˥˸ˢˢ ˸ˡˣ˵ˮ ˷˞˶ˬ ˢ˶˥˟ˮ ˢˡ˧ˡˬˢ ˦˶˯- ˧ˡ˧˫˧˧˞˶˵˞ ˫˧˶˲˯ˬ ˪˪ˣ˥ˬ . ˣ˰˴ˣ˟ ˣˤ ˢˡˣ˵ˮˬ

 ˨˶ˣ˞˟ ˫˧˩˸˥10 ˢˡ˧ˡˬˢ ˦˶˯ ˨˶ˣ˞˪ ˫˧˶˦ˬ ,ˢ˧ˮ˧˟˷˩ ˫˫˧˶ˣ˲˯ ˫˧˶˦ˬ ˫˧ˡ˧˶˲ˬ . ˶˸˞˟ ˫˧˩˸˥ˢ ˶˲˯ˬ

)˵ˬˣ˰ˣ ˧˲˶ˠˣ˞˧ˠ ˫ˣ˵˧ˬ ˪˷ ˟ˣ˪˧˷ (˰ˮ ,˪˪˩ ˨˶ˡ˟ , ˭˧˟10 ˪-20 ,ˮˣ ˸˪˟˵˪ ˡ˰ ˶˵˯ˢ ˸ˣ˞˴ˣ˸ ˧˲˪ ˰˟˵

ˬ ˢˣ˟ˠ ˵ˣ˧ˡ-25% ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˤˣ˥˞ ˡˡˬ˟.  ˢˬ ˪˩ ˪˷ ˪˦˧ˢˢ ˫˷˶ˮ ˫˧˶˦ˬ ˢ˶˷˰ ˪˷ ˰˦˵ˬ ˪˩˟

 ˡ˥˞ ˶˦ˬ˧˦ˮ˯ ˪˷ ˵ˣ˧ˡ˟ ˢˡ˧ˡˬˢ ˦˶˯ ˸˥˸ ˞˴ˬˮ˷)˟ ˶ˣ˧˞2 .( ˫˧˧˥ ˫˧ˠˣˬ˪˞) ˫˧ˠˣˬ˪˞ˣ ˭˟˞ ˧ˠˣˬ˪˞

˫˧˩˶ (ˠˣ˯ˢ ˸ˬ˶˪ ˣˢˣˤ ˫˧˶˥˞ ˸ˣ˧˪ˣ˥ ˧˶˯˥ˣ , ˭˧ˬˢ ˸ˬ˶˪ ˱˞ ˶˷˲˞˸ˢˣ ˢˡ˧ˬ˟ˣ) ˫˧ˠˣˬ˪˞ˢ ˸ˬ˧˷˶

˫˧˩˸˥ˢ ˪˪˩˟ ˣˬ˷˶ˮ˷ ˰˧˲ˣˬ ˢˤ ˥˲˯ˮ˟2 ,ˢ˪˟˦ ʕ1(. ˠ ˫˷˶ˮ ˨˸˥ ˪˩˟ ˢˡ˧ˡˬˢ ˦˶˯ ˸˥˸ ˰˴ˬˢ ˠˣ˯ ˫

)˱ˣ˷˥ ˰˪˯ ,˪ˣ˥ ,˫˧˵ˣ˪˥ ,˫˧˸ˬ ˫˧ˠˣˬ˪˞ ,ˣ˩ˣ'.( 

 ˪˩˟ ˢ˧˥ˢ ˢˬ˵˶ˢ ˤˣ˥˞ˣ ˪ˡˣˠ ˸ˣ˴ˣ˟˵ ˰˟˶˞ˬ ˸˥˞˪ ˣ˵˪ˣ˥ ˢˡ˧ˡˬˢ ˦˶˯ ˸˥˸ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ

˫˷˶ˮˣ ˨˶˰ˣˢ ˢ˟˷ˣˬ . ˭ˢ ˪ˡˣˠˢ ˸ˣ˴ˣ˟˵ ˰˟˶˞>5 ˯"ˬ ,5-15 ˯"ˬ ,15-30 ˯"ˣ ˬ- <30 ˯" ˬ)S ,M ,L 

-x H ˢˬ˞˸ˢ˟ .( 

 ˥˦˷ ˪˪˩˟ ˟˷˥˸ˢ˟ ˢ˧˥ˢ ˢˬ˵˶ˢ ˤˣ˥˞ ˪˷ ˢ˩˶˰ˢ ˢ˰˴˟˸ˢ ˢˡ˧ˡˬˢ ˦˶˯ ˸˥˸ ˠˣˬ˪˞ ˪˩ ˶ˣ˟˰

ˢ˟˷ˣˬˢ .ˢˬ˵˶˟ ˢ˯ˣ˩ˬ ˫˧˧˥ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ˟ ˡ˪˷ˢ ˪˩ ˞˪  ˶ˡˠˣˢ ˢ˟˷ˣˬˢ ˪˷ ˢ˧˥ˢ ˢˬ˵˶ˢ ˤˣ˥˞ˣ

˸ˬ ˣˮ˧˞˷ ˢ˟˷ˣˬˢ ˥˦˷ ˤˣ˥˞˩ ,˸ˣ˴˞˟ ˢ˯ˣ˩ˬ ˣ˞ ˭˟˪ .˶˦ˬ ˰ˠ˲˧ˢ˪ ˢˮˣ˷˞˶ˢ ˞˧ˢ ˢˬ˵˶ˢˢ˲˧ , ˸ˣ˪˥ˬˬ

˸˧ˮ˞˩ˬ ˢ˰˧ˠ˲ˬˣ .˫˧˟˶ ˫˧˶˵ˬ˟ ,˸˧˶˰ˤˬ ˢ˰˧ˠ˲ ˶˥˞˪ ˶˵˧˰˟ ,ˢˬ˧˪˥ˬ ˢ˰ˣˠ˲ˢ ˢˬ˵˶ˢ . ˠˣˬ˪˞ˢ ˶˷˞˩

ˣ˸ˬ˵˶ˬ ˧˸ˣ˰ˬ˷ˬ ˵˪˥ ˡ˟˞ˬ ,˭˧˦ˣ˪˥˪ ˢ˶˯˥ ˣ˞ ˸˧˵˪˥ ˫˧˟˶ ˫˧˶˵ˬ˟ ˞˧ˢ ˰ˣˠ˲ˢ ˶ˣˤ˞ˢ ˸ˬ˪˥ˢ .

˫˧˸˧˰˪ ,ˢ˪˥ˬ ˞˧ˢ ˢ˰˧ˠ˲˪ ˢ˟˧˯ˢ ˶˷˞˩ ˣ˞ ˢ˵˰ ˟˴ˬ˟ ˞˴ˬˮ ˠˣˬ˪˞ˢ ˶˷˞˩ ˦˶˲˟ ,˰˧ˠ˲ˢ ˸˧ˮˣ˷˞˶ˢ ˢ

ˢ˟˷ˣˬ˟ ˫˧˩ˣˬ˯ ˫˧˶ˣˤ˞˪ ˦˷˲˸ˢ˪ ˢ˪ˣ˪˰ . ˞˪ˢ ˢˬ˵˶ˢ ˶ˣ˰˧˷ ˭ˡˬˣ˞˟ ˫˧˷ˬ˸˷ˬ ˣˮ˞ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸˟

˪ ˡˡˬ˩ ˠˣˬ˪˞˟ ˢ˰ˣˠ˲"ˣ˸ˣ˞˧˶˟ ."ˢˤ ˡˡˬ , ˭˪ˢ˪)Live Tissue Index, LTI  (ˮˬ˞ ˧˲˪˞ˬ ˡ˥˞ ˪˩ ˶ˣ˟˰ ˡ

˸˧ˮˣ˷˟ ˣ˵ˢ ˧˩˸˥˟ ˫˧˪˪˩ˮˢ ˫˧ˠˣˬ˪˞ˢ , ˸˧˪˞ˣˤ˧ˣ ˢ˰˧˟˵ ˧ˡ˧ ˪˰)ˣ˴ˢ ˧ˡ˧ ˪˰˶˵ˣ˯ˢ ˪˪ ( ˥˦˷ ˤˣ˥˞ ˪˷

ˢ˧˥ ˢˬ˵˶˟ ˢ˯ˣ˩ˬˢ ˢ˟˷ˣˬˢ. ˢˤ ˡˡˬ ,ˣˡ˟ ˢˮˣ˩ ˶˷˞" ˫˧ˬˡˣ˵ ˸ˣ˥)2004-2007" (˸ˣ˞˧˶˟ˢ ˡˡˬ "

)Health Index, HI( , ˣ˶˵˯ˮ˷ ˸ˣ˧˥ˢ ˸ˣ˟˷ˣˬˢ ˪˩ ˪˷ ˢ˧˥ˢ ˢˬ˵˶ˢ ˤˣ˥˞ ˰˴ˣˬˬ˩ ˶˸˞ ˪˩ ˶ˣ˟˰ ˟˷ˣ˥ˬ

ˢˤ ˶˸˞˟ . 

˸˟˷˥ˣˬˬ ˢ˧˴˪ˣˬ˧˯ ˸ˣ˰˴ˬ˞˟ ˢ˸˷˰ˮ ˢ˩˶˰ˢˢ ˸ˣˮ˧ˬ˞ ˪˷ ˢ˵˧ˡ˟  ˸ˮ˷˟2008 . ˸ˣ˞˴ˣ˸

 ˢˮˬˬ ˟˷ˣ˥ˬˢ ˡˡˬˢ ˪˷ˣ ˢ˩˶˰ˢˢ ˪˷ ˢˣ˟ˠ ˵ˣ˧ˡ ˪˰ ˣ˰˧˟˴ˢ ˢ˧˴˪ˣˬ˧˯ˢ) ˶ˣ˦˧ˮ˪ ˸˧ˬˣ˞˪ˢ ˸˧ˮ˩˸ˢ

ˣˡ ˸˪˧˞ ˳˶˲ˬ" ˧˰ˡˬ ˥2008 ,ˤ ˥˲˯ˮ3 .( 
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 ˟ ˶ˣ˧˞1 :˭ˣ˲˴ˢ ˱ˣ˥ˢ ˰˦˵ ˪˷ ˧˶˧ˣˣ˞ ˫ˣ˪˴˸-˳˶˲ˬˢ ˪˷ ˧˟˶˰ˬ , ˸˧ˬˣ˶ˡ

˸˪˧˞ ˶˧˰˪ ,ˮˣ˷ˢ ˸˶˟˥ ˢ˶˵˯ˮ ˫ˢ˟ ˫˧˶˸˞ˢ ˫˧ˮ˧ˣ˴ˬ ˣ˧˪˰˸˧ , ˢˡ˟˰ˬˢˬ

˞˴˵˪ ˡ˰ˣ ˫ˣ˶ˡ˟ ˸˧ˬ˧ˢ"˭ˣ˲˴˟ ˞ . ˫˧˶˸˞ˢ ˸˞ ˫˧ˠ˴˧˧ˬ ˫˧˟ˣˢ˴ˢ ˫˧ˣˣ˵ˢ

˫˧˶˵˯ˮˢ) :1 (˸˧ˬ˧ˢ ˢˡ˟˰ˬˢ ,)2 (˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷ , ˣ)3 (˞˴˵"˞ . ˢˮ˵ ˣ˵

 ˠ˴˧˧ˬ ˢˮˣˬ˸ˢ ˸˧˸˥˸˟ ˰˧˲ˣˬˢ ˶ˣ˥˷ˢ ˢˡ˧ˬˢ100 ˬ'. 

Figure B1: An aerial photo of the northwestern shore of the 

gulf, south of Eilat, showing the coral reef sampling sites. The 

yellow lines represent sampling sites at the IUI (1), the Nature 

Reserve (2) and the oil terminal (3). Black scale line is 100 m. 
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˟ ˶ˣ˧˞2 :˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷˟ ˸˧ˮˣ˷ˢ ˶˵˯ .˸˧ˮˣ˷ˢ ˪˰ ˷˶˲ˮ ˢˡ˧ˡˬ ˦˶˯ ,ˣ ˢˬ ˪˩ ˪˷ ˪˦˧ˢˢ ˫˷˶ˮ ˱ˡˢ ˪˰

ˡ˥˞ ˶˦ˬ˧˦ˮ˯ ˪˷ ˵ˣ˧ˡ ˸ˬ˶˟ ˨˸˥ˢ ˸˥˸ ˞˴ˬˮ˷ .˫ˣ˪˧˴ :˟ˠ˷ ˭˴˧ˮ. 

Figure B2: Diver during reef surveys at the nature reserve. A measuring tape is spread 

over the reef and the divers record the projected length of all the organisms and 

substrate underneath the line-transect to a resolution of 1 cm. Photo: N. Segev. 

 

˵ˬˣ˰ˣ ˧˲˶ˠˣ˞˧ˠ ˫ˣ˵˧ˬ ˪˷ ˟ˣ˪˧˷˩ ˶ˡˠˣˬ ˶˵˯ˮ ˶˸˞ . ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˧ˤˣ˥˞ ˣˡˡˬˮ ˶˸˞ ˪˩ ˶ˣ˟˰

˫˧˧˥ˢ ,˰˪˯ˢˣ ˪ˣ˥ˢ ˧ˣ˯˧˩ ,˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ ,˫˧ˮ˧ˬˢ ˶˷ˣ˰ˣ ˫˧ˠˣˬ˪˞ˢ ˭ˣˣˠˬ ,˧˥ˢ ˢˬ˵˶ˢ ˡˡˬ ˢ

˸ˣ˟˷ˣˬˢ ˪ˡˣˠ ˸ˣˠ˪˲˸ˢˣ ˶˸˞˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˞˧˶˟˪ . 

 ˡˡˬ ˧˲˪ ˫˧ˮ˧ˬ ˭ˣˣˠˬShannon Wiener )˟ ˢ˞ˣˣ˷ˬ1 ,˷˩- Pi ˧˧˴˶ˣ˲ˣ˶˲ ˞ˣˢ ˸ ˪˷ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ

 ˭˧ˬ)ˠˣ˯ ˣ˞ (i ˢ˯ ˨ˣ˸ˬ" ˩n  ˫˧ˮ˧ˬˢ)˫˧ˠˣ˯ˢ ˣ˞ (ˣ˶˲˯ˮ˷ ( ˸ˮ˩˸ ˧ˡ˧ ˪˰ ˨˶˰ˣˢEstimateS )Colwell, 

2005 ;http://viceroy.eeb.uconn.edu/EstimateS (˫˧˶˸˞ˢˬ ˡ˥˞ ˪˩ ˶ˣ˟˰ . ˧ˮˣ˸ˮ ˸˞ ˸˶˟ˣ˴ ˢˮ˩˸ˢ

ˢ˧ˣˣ˶ ˸ˬˣ˵˰ ˸˪˟˵˪ ˣˡˡˬˮ˷ ˫˧˩˸˥ˢ : ˢˡ˧ˡˬ ˸ˣˡ˧˥˧ ˸ˣ˲˯ˣˮ˷ ˪˩˩)˫˧˩˸˥ ( ˟˶˵˸ˬ ˨˶˰ˣˬˢ ˨˶˰ˢ

˨˶˰ˣˬˢ ˨˶˰ˢ ˪˰ ˢ˰˧˲˷ˬ ˢˮ˧˞ ˫˧˩˸˥ ˸˲˯ˣ˸ ˣ˟ ˟˴ˬ˪ ˡ˰ ˶˸˞˟ ˧˸˧ˬ˞ˢ ˨˶˰˪ . ˨˶˰ˣˬˢ ˢˤ ˟˪˷˟

˧˸˧ˬ˞ˢ ˨˶˰˪ ˟ˣ˶˵. 

˟ ˢ˞ˣˣ˷ˬ1: )ln('
1

i

n

i PPH Ö-=ä 

 ˪˷ ˭ˣˣˠˬˢ ˡˡˬShannon Wiener  ˶˟˰˟ ˸˪˧˞˟ ˸˧ˮˣ˷ˢ ˧˶˵ˣ˯ ˣ˷ˬ˸˷ˢ ˣ˟ ˡˡˬˢ ˞ˣˢ˷ ˭ˣˣ˧˩ˬ ˶˥˟ˮ

)Loya 1972 ( ˣ˲˯˞ˮ˷ ˫˧ˮˣ˸ˮ˪ ˶ˣ˦˧ˮˢ ˸˧ˮ˩ˣ˸ ˸˶ˠ˯ˬ˟ ˫˧˲˯˞ˮ˷ ˫˧ˮˣ˸ˮ ˭˧˟ ˢ˞ˣˣ˷ˢ ˸˶˷˲˞˸ˬ ˨˩ˣ

˶˟˰˟ .˸˞ˤ ˫˰ ˡ˥˧ ,˟˷ˣ˥ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸˪ ˸ˣˬˡˣ˵ˢ ˸ˣˡˣ˟˰˟ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ  ˫˧˶˦ˬ ˢ˶˷˰ ˭˟ ˨˸˥ ˶ˣ˟˰

˶˸˞ ˪˩˟ , ˣ˪ˣ˩ ˶˸˞ˢ ˶ˣ˟˰ ˞˪ˣ)ˣˡ˟ ˞˟ˣˬ ˱˧˵ˬ ˭ˣ˧ˡ"˸˪˧˞ ˳˶˲ˬ ˶ˣ˦˧ˮ˪ ˸˧ˬˣ˞˪ˢ ˸˧ˮ˩˸ˢ ˥ ,2006 .(

 ˢ˶˧˟˴ ˸ˣˬˣ˵˰ ˸ˣ˰˴ˬ˞˟ ˢ˷˰ˮ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ˪ ˱˯ˣˮ ˥ˣ˸˧ˮ)rarefaction curves ( ˸ˣ˰˴ˬ˞˟ ˸ˣ˟˷ˣ˥ˬˢ

 ˸ˮ˩˸EstimateS )Colwell, 2005( ,˪˥ˣ˸ ˫ˠ ˸˟˷ˣ˥ˬ ˭˩ˣ˸ˬˣ ˪˷ ˢ˶˧˲˯˟ ˢ˧ˣ˲˴ˢ ˫˧ˮ˧ˬˢ ˸1500 

˸˪˧˞ ˸ˣ˧ˮˣ˷ ˪˪˩ ˨ˣ˸ˬ ˸ˣ˟˷ˣˬ  . 

˸ˣˮ˩ˣ˸ˢ ˸ˣ˰˴ˬ˞˟ ˢ˷˰ˮ ˧˦˯˧˦˦˯ˢ ˥ˣ˸˧ˮˢ Systat v9 )1998 ,SPSS inc (-x SPSS 16.0 

)http://www.spss.com/statistics .( ˭˥˟ˬ ˸˶ˤ˰˟ ˢ˸˷˰ˮ ˸˧˦˯˧˦˦˯ˢ ˸ˣ˵ˢ˟ˣˬˢ ˸ˮ˧˥˟ANOVA .

˭˥˟ˬˢ ˢ˷˰ˮ ˨˶ˣ˴ˢ ˸ˡ˧ˬ˟ ˮˣ˸ˮˢ˷ ˶˥˞˪˸ˣˮˣ˷ˢ ˸ˣˡ˧˥˞ ˪˰ ˢ˶˧ˬ˷˪ ˢ˧˴ˬ˶ˣ˲˯ˮ˶˦ ˣ˶˟˰ ˫˧ .

˶˸˞ ˣ˸ˣ˞˟ ˧˸ˮ˷ ˟˶ˢ ˰˴ˣˬˬ˟ ˣ˸˵ˣ˪˥ ˧ˡ˧ ˪˰ ˡˡˬˮ˷ ˨˶˰ ˪˩ ˪˷ ˪ˣˬ˶ˮ ˢ˪˪˩ ˢ˧˴ˬ˶ˣ˲˯ˮ˶˦ˢ .

˪ˬ˶ˣˮˬˢ ˫˧ˮˣ˸ˮˢ ˡ˯ˬ ˫˰ ˭˥˟ˬˢ ˨ˬ˯ ˪˰ ˞˧ˢ ˸˥ˣˣˡˬˢ ˸˧˦˯˧˦˦˯ˢ ˸ˣ˵ˢ˟ˣˬˢ.  

ˡ˶˲ˮ ˶˸˞˩ ˶˵˯ˮ ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ .˞ ˱˧˯ˣˢ˪ ˢ˦˪˥ˢˢ ˣ˸ˣ˟˧˷˥ˬ ˢ˰˟ˮ ˶˵˯˪ ˢˤ ˶˸

˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˪˷ ,˫˧ˬˡˣ˵ ˫˧ˮˣ˸ˮ ˶ˣ˞˪ , ˸ˣ˶ˡ˶ˡ˧ˢ ˪˷ ˟˴ˬ˟ ˧ˣ˴ˬˣ ˰ˠ˲ˮ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˫ˢ˧˲˪

˫˧ˮˣ˶˥˞ˢ ˫˧˶ˣ˷˰˟ ) ˪˷ˬ˪ ˣ˞˶Loya, 2004( , ˸˧ˮ˩˸ ˧ˡ˧ ˪˰ ˸˧ˠˣ˪ˣ˶ˣ˞˦ˬ ˢˮ˥˸ ˪˷ ˢ˸ˬ˵ˢ ˸ˣ˩ˤ˟ ˭ˢˣ

 ˟ˣ˵˰˪ ˸˶˷˲˞ˬˢ ˶ˣ˦˧ˮˢ)˶˸˧ˢ ˭˧˟ (ˮˣ˴˧˵ ˫˧˧ˬ˧˪˵˞ ˫˧˰ˣ˶˧˞ ˶˥˞ ˶˸ˣ˧ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˱ˣ˷˥ ˫ˢ˪ ˫˧˧

˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞ˬ . ˸˧ˮˣ˷ˢ ˸ˬˡ˵ˣ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˭˧˟ ˫˧˶˩˧ˮˢ ˫˧˪ˡ˟ˢˢ ˪˷˟ ˸˞ˤ ˫˰ ˡ˥˧)ˣˡ ˣ˞˶"˥ 
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˸˪˧˞ ˳˶˲ˬ ˶ˣ˦˧ˮ˪ ˸˧ˬˣ˞˪ˢ ˸˧ˮ˩˸ˢ ,2007 (˸˸ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˪ ˷ˡ˵ˣˬ-ˣˡ˟ ˡ˶˲ˮ ˵˶˲"ˢˤ ˥. 

˭˵˸ˢ ˸˞˧ˠ˷ ˸˞ ˫˧ˠ˴˧˧ˬ ˢ˞˧ˠ˷ ˧ˣˣ˵ ,˸˶˥˞ ˭˧ˣ˴ˬ ˫˞ ˞˪˞.  

 

 

˸ˣ˞˴ˣ˸: 

 

˫˧ˠˣˬ˪˞ ˧ˣ˯˧˩ 

 ˫˧˧˥ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ˣ˷ ˫˧˶˸˞ˢ ˭˧˟ ˡ˞ˬ ˢˮ) ˶ˣ˧˞3˟ .( ˞˴ˬˮ ˶˸ˣ˧˟ ˪ˣˡˠˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩

 ˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷˟ ˢˡˣˡ˶ˢ ˸˧ˮˣ˷˟)NR-5( , ˢ˞ˣˣ˷ˢ˟ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢ˪˵ ˢˡ˧˶˧ ˢˮ˷ˢ ˢˡˡˬˮ ˢ˟

˸ˬˡˣ˵ˢ ˢˮ˷˪ , ˪˷ ˨˶˰˪42.1% .ˣˬ˷˟ ˞ˣˢ ˱˞ ˞˴ˬˮ ˶˸ˣ˧˟ ˪ˡˢ ˧ˣ˯˧˩ˢˢ˶ , ˵ˬˣ˰˟10  ˫˧˶˦ˬ)NR-

10( ,ˢ˪˵ ˢˡ˧˶˧ ˢˮ˷ˢ ˢˡˡˬˮ ˫˷ ˫ˠˣ , ˪˷ ˨˶˰˪10.2%. ˢˮ˷ˢ  ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ ˢˡˡˬˮ

˨ˣ˸ˬ ˢ˷˷˟ ˸ˬˡˣ˵ˢ ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˢˮˣˬ˷ .˫˧˶˸˞ ˧ˮ˷˟ ˵˶ ,Katza-20 x- IUI-10 , ˢˮ˷ˢ ˢ˞˴ˬˮ

˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˫˧˧˥ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢ˧˪˰ . ˟˶ˢ ˶˲˯ˬˢ ˣˢˤ ˫˧˞˶ˬˢ ˫˧˶˸˞ ˪˷ ˶˸ˣ˧˟

˶ˣ˦˧ˮˢ ˸˪˧˥˸ ˤ˞ˬ ˸˥˞ ˢˮ˷˟ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ .˸˞ˤ ˫˰ ˡ˥˧ , ˭˦˵ ˢˮ˷ˢ ˢ˧ˢ ˫˧˶˸˞ˢ ˟ˣ˶˟ ˢˡ˧˶˧ˢ ˶ˣ˰˧˷

˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ ˶˸ˣ˧ . ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ ˪˩ˢ ˨˯˟ ˸ˡˡˬˮ ˢ˟ ˸ˣ˲˧˴˶˟ ˢ˧ˮ˷ˢ ˢˮ˷ˢ ˧ˢˣˤ

˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧˷˵ˢ .ˢˢˣˤˬ ˞˪ ˫ˠˣ ˣˤ ˢˡ˧˶˧˪ ˶˟˯ˢ ˣˮ˧ˡ˧˟ ˭˧˞  ˣˢ˷˪˩ ˡ˧˥˧ ˫˶ˣˠ)ˢ˪˥ˬ ,ˢˮ˟˪ˢ ,

ˣ˩ˣ ˢ˲˧˶˦' (ˢ˶˧˟˯ˢ˪ ˪ˣ˩˧ ˶˷˞ , ˶˷˞ ˫˧˧ˮˣ˲˦˧˷ ˫˧˰ˣ˶˧˞ ˶˲˯ˬ ˣ˰˶˞ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ ˧˩ ˫˞

˫˧˟˶ ˸ˣ˰ˣ˟˷ ˨˷ˬ˟ ˸ˣ˶˧˩˰ ˢ˶˴˧˷ ˦ˮˬ˧ˡ˯ ˸ˣˬ˩ ˳˶˲ˬ˪ ˣ˪˧˟ˣˢ . 

˨ˣ˶˞ˢ ˥ˣˣ˦˪ ˦˟ˬ˟ ˧˩ ˭˧˧˴˪ ˟ˣ˷˥ , ˸ˮ˷˟ ˡˡˬˮ˷ ˢˤˬ ˢˣ˟ˠ ˫˧˶˸˞ˢ ˪˩˟ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩2004 

ˣ˪˞ ˫˧˶˸˞ ˪˷ ˶˧ˡ˯ˢ ˶ˣ˦˧ˮˢ ˪˥ˢ ˢ˟ . ˰˴ˣˬˬ˟"˸˪˧˞ ˸ˣ˧ˮˣ˷ " ˸˧˸ˠ˶ˡˢ ˢ˧˪˰ ˶ˣ˦˧ˮˢ ˸˪˧˥˸ˬ ˸˧˲˴ˮ

 ˤ˞ˬ ˦˶˲˟ˣ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˧ˣ˯˧˩ ˤˣ˥˞˟ ˸˩˷ˬ˸ˬˣ2007 )ˣ˧˞˟ ˶3 ,ˢ˦ˬ˪( . ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ

 ˢˮ˷ˢ ˢ˧ˢ24.1%  ˸ˮ˷˟ ˣ˪˧˞ˣ2004  ˰˴ˣˬˬˢ ˢ˧ˢ19.1% .ˣˬˬ ˢ˧˧˪˰ ˫˧ˠ˴˧˧ˬ ˢ˪˞ ˫˧˶˲˯ˬ ˪˷ ˸˰˴

-˩ 26%  ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˷ˬ˟ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧˷˵ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˤˣ˥˞˟) ˶˸˞ ˧˩ ˫˞NR-10  ˶˸ˣˮ

ˣˤ ˢ˲ˣ˵˸ ˨˷ˬ˟ ˧ˣˮ˧˷ ˞˪˪ ˦˰ˬ˩.( 

ˬ ˶˵˧˰˟ ˸ˣ˰˟ˣˮ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˸˩˶˰ˢ˟ ˸ˣ˞˧ˠ˷ ˢ˪ˣˡˠˢ ˸˧˰˟˦ˢ ˸ˣˮˣ˷ˢ˸˧ˮˣ˷ˢ ˧˶˸˞˟ , ˦˶˲˟ˣ

 ˰˲ˣˬ˪ ˫˶ˣˠˢ ˟ˣ˷˥ ˟˧˩˶ˬ ˞ˣˢ ˧˪ˣ˥ ˰˴ˬ ˫ˢ˟ ˫˧˶˸˞˟˸˧ˮˣ˷ˢ ˪˷ ˧ˬ˸˩ .˫˧˶˸˞ˢ ˭˧˟ ˫˧˪ˡ˟ˢˢ , ˸ˬˣ˰˪

˸˞ˤ ,˪ˣˡ˧ˠˢ ˧˸˟ ˪˷ ˢˮˣ˷ˢ ˫˧˧˲ˣ˞ ˸˞ ˶˵˧˰˟ ˫˧˲˵˷ˬ .˧˪ˣˡˠ ˫˧˪ˡ˟ˢ ˫ˮ˷˧ ˣ˶˵˯ˮ˷ ˫˧˶˸˞ˢ ˭˧˟ ˫

˟˟˞ ˧ˠˣˬ˪˞ ˪˷ ˧ˣ˯˧˩ˢ ˥˦˷ ˫˧˧˥ ˭)˟˦˟ ˢ˪2(, ˷ ˭˞˩ˬˣ"ˠ˴˧˧ˬ ˨˶˰ " ˧ˣ˯˧˩˪ ˧˲ˣ˥ ˨˶ˣ˞˪ ˫˧ˠˣˬ˪˞ˢ

 ˶˲˯ˬ ˥˶˩ˢ˟ ˢ˧ˢ˧ ˪˞˶˷˧ ˥˦˷˟ ˳˶˲ˬˢˬ ˣˮ˧˞˷˧˲˧˴˲˯ ˶˸˞ ˱˞˟ ˟˴ˬˢ ˸˞ ˱˵˷ . ˪˷ ˸ˣˮˣ˷ˢ ˫ˡ˵ˬ

 ˣˢ˷˪˩ ˶˸˞˟ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩)˵ˬˣ˰ˣ ˫ˣ˵˧ˬ ˪˷ ˟ˣ˪˧˷ ( ˰ˮ ˢˮ˷ˢ ˭˧˟26% ) ˫˧˶˸˞˟IUI-10 x-15 (-˪

46% )NR-10 .(˸ˣˮˣ˷ ˫ˡ˵ˬ ˬ ˪˷ ˢ˵ˤ˥ ˸ˣ˧ˬ˸˩ ˪˰ ˰˧˟˴ˬ ˢˣ˟ˠ˶˸˞˟ ˫˧ˠˣˬ˪˞ˢ ˶ˤ˲ , ˸˪˟ˠˬ ˪˰ˣ

 ˣ˸ˣˮ˵˧˧ˡ)precision ( ˨˶˰ˢ ˪˷˰˴ˣˬˬˢ.  
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˟ ˶ˣ˧˞3  :ˢ˪˰ˬ˪- ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ ˥˦˷  ˫˧˧˥)˪ ˪˪ˣ˩ ˞˫˧˩˶ ˫˧ˠˣˬ˪˞( ˶˸˞ ˪˩˟ , ˫˧ˤˣ˥˞˟

˥˦˷ˢ ˪˪˩ˬ .˪ˢ˦ˬ-   ˫˧ˮ˷˟ ˸˪˧˞ ˸ˣ˧ˮˣ˷ ˪˪˩˟ˣ ˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ ˫˧˧˥ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˫˧˧ˣˮ˧˷2004-

2015 .˫˧˵ˢ˟ˣˬ ˫˧ˮ˷ˢ ˭˧˟ ˫˧˪ˡ˟ˢˢ , ˫˧˶˸˞˪ ˫˧ˮ˷ ˭˧˟ ˢ˧˴˵˞˶˦ˮ˧˞ˢ ˫ˠ ˭˩ˣ)two way ANOVA, 

P<0.001(,˭ˬˤˢ ˫˰ ˭˲ˣ˞ ˣ˸ˣ˞˟ ˣˮ˸˷ˢ ˫˧˶˸˞ˢ ˪˩ ˞˪ ˧˩ ˢ˷ˣ˶˧˲˷ . 

Figure B3: Top- average live coral cover (excluding soft corals) at each site (percent of 

total area). Bottom- temporal changes in live coral cover at the surveyed sites and at the 

"average Eilat reefs" in the years 2004-2015. Differences between years are significant, 

as is the interaction between years and sites (two-way ANOVA, P<0.001) meaning 

different sites changed differently over the years.  

 

 ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˭˧˟ ˫˧˪ˣˡˠ ˫˧˪ˡ˟ˢ)˵ˬˣ˰˟ ˫˧˪ˡ˟ˢ ˡ˟˪ˬ ( ˣ˧˪˰ ˰˴ˬˢ ˠˣ˯ ˸ˣˠ˪˲˸ˢ˟ ˫˧˶˩˧ˮ

 ˟˷˧˧˸ˢ˪ ˫˧ˠˣˬ˪˞ ˫˧˧ˣ˷˰)˟ ˶ˣ˧˞4( . ˢ˩ˣ˲ˢ ˢˬ˞˸ˢ˟ ˞˴ˬˮ ˶˸˞˟ ˫˧˧˥ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˧ˣ˯˧˩ˢ ˤˣ˥˞

ˢ ˰˴ˬˢ ˸ˣˬ˩˪"ˡ˩ˣ˪ˬ ˞˪) "non-consolidated( ,˥ˣ ˪ˣ˥ ˪˪ˣ˩ˢ˫˧˵ˣ˪ , ˶˸˞ ˣ˸ˣ˞˟)˟ ˶ˣ˧˞5 .( ˢ˞˶ˮ

˧˥ˢ ˧ˣ˯˧˩ˢ ˤˣ˥˞˟ ˪ˡ˟ˢˢ ˟ˣ˶ ˸˞˷  ˞˪ˢ ˰˴ˬˢ ˤˣ˥˞˟ ˫˧˪ˡ˟ˢ ˸ˣ˰˴ˬ˞˟ ˶˧˟˯ˢ˪ ˭˸˧ˮ ˫˧˶˸˞ˢ ˭˧˟

ˡ˩ˣ˪ˬ , ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˫˧˞˸ˬ ˣˮ˧˞ ˶˷˞) ˪˰ ˡˬˣ˰ ˢˮ˷ˢ ˫˞˸ˬˢR
2
=0.81.( 
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˟ ˶ˣ˧˞4 :˫˧ˠˣˬ˪˞ ˪˷ ˫˧˶˟˦˴ˬˢ ˧ˣ˯˧˩ˢ ˧ˤˣ˥˞ ,˪ˣ˥ ,˰˪˯ ,˫˧˸ˬ ˫˧ˠˣˬ˪˞ˣ . ˧ˣ˯˧˩ˢ ˧ˤˣ˥˞ ˫ˢ˟ ˫˧˶˸˞˟

˟ ˫˧ˬ˩˸˯ˬ ˫ˮ˧˞- 100% ,˪˷ ˧ˣ˯˧˩ ˫˧˧˵ ˞˫˧ ˸ˣˮ˷ˣ˷ ˭ˣˠ˩ ˸ˣ˧˪ˣ˥ ˧˶˯˥ˣ ˸ˣ˴ ,ˣ ˵ˮ˰ ˸ˣ˲ˡ˴/ ˫˧ˠˣ˲˯ ˣ˞

ˢˤ ˶ˣ˧˞˟ ˫˧˰˧˲ˣˬ ˫ˮ˧˞ ˶˷˞ .˶˸˞ ˣ˸ˣ˞˟ ˫˧˩˸˥ˢ ˪˩ ˰˴ˣˬˬ ˫ˢ ˧ˣ˯˧˩ˢ ˧ˤˣ˥˞. 

Figure B4: Cumulative percent cover of live corals, sand, rock and dead corals. At sites 

where cover does not add up to 100% the balance comprises algae and invertebrates 

such as sea anemones, clams or sponges. The presented percent cover is an average of all 

transects at each site. 

 

 
˟ ˶ˣ˧˞5 :˫˧˧˥ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˧ˣ˯˧˩ˢ ˤˣ˥˞  ˡˠˮ˩ˢ ˤˣ˥˞˞˪ˢ ˰˴ˬ- ˡ˩ˣ˪ˬ) ˰˵˶˵˸˧˪ˣ˥( ˫˧ˮˣ˷ˢ ˫˧˶˸˞˟. 

Figure B5: Percent live stony coral coverage versus unconsolidated (sandy) sea floor  in 

the sites examined.  

 

˫˧˶˸˞ˢ ˭˧˟ ˫˧˲˯ˣˮ ˫˧˪ˡ˟ˢ ˪˰ ˡˣˬ˰˪ˣ ˸ˣ˯ˮ˪ ˸ˮˬ ˪˰ ,˫˧ˠˣˬ˪˞ˢ ˸˥˪˴ˢ˪ ˫˧˰ˠˣˮˢ , ˸˞ ˪ˬ˶ˮ˪ ˷˧

 ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˢˬ˧˞˸ˬˢ ˸ˡ˩ˣ˪ˬˢ ˰˵˶˵ˢ ˤˣ˥˞˪ ˧ˣ˯˧˩ˢ ˤˣ˥˞)˟ ˶ˣ˧˞6(. 

 ˪˷ ˫˧ˤˣ˥˞ˢ ˫ˣ˩˯ˣ ˧˥ˢ ˧ˣ˯˧˩ˢ ˤˣ˥˞ ˭˧˟ ˯˥˧˩ ˟˷ˣ˥ˬ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˫˧˞˸ˬˢ ˰˴ˬˢ ˪ˣ˴˧ˮ

˧˥ˢ ˧ˣ˯˧˩ˢˣ ˸ˡ˩ˣ˪ˬˢ ˰˵˶˵ˢ , ˸ˡ˩ˣ˪ˬ ˰˵˶˵ ˞ˣˢ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˫˧˞˸ˬˢ ˰˴ˬˢ˷ ˢ˥ˮˢ˟)˰˪˯ (

ˢˤ˩ ˰˴ˬ ˪˰ ˫˧˟˷ˣ˧ ˫˧ˠˣˬ˪˞ˢ ˪˩˷ˣ . 

 ˫˧ˮ˷ˢ ˨˶ˣ˞˪ ˶˸˞IUI-5 ,ˡˣˡ˶ˢ ˢˡ˟˰ˬˢ ˶˸˞ ,ˢ ˶˸˞ˢ ˞ˣ ˸ˣ˟˷˧˧˸ˢ˪ ˫˧˞˸ˬˢ ˰˴ˬˢ ˪ˣ˴˧ˮ ˣ˟

˶˸ˣ˧˟ ˨ˣˬˮˢ ˞ˣˢ .ˢˤ ˶˸˞˟ ˸ˣ˟˷˧˧˸ˢ˪ ˰˴ˬˢ ˪ˣ˴˧ˮ˟ ˢ˧˧˪˰ ˢˬ˷˶ˮ ˭ˢ˟ ˫˧˧˸ˮ˷ ˶˥˞˪ ,ˢˬ˷˶ˮ  ˢˮ˷ˢ

˸˧˸ˣ˰ˬ˷ˬ ˢˡ˧˶˧ , ˪˷ ˨˶˰˪26.15% ) ˸ˬˣ˰˪34.3% ˸ˬˡˣ˵ˢ ˢˮ˷˟ .( ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˪ˬ˶ˣˮˬˢ ˧ˣ˯˧˩ˢ

 ˶˸˞˟ ˢˮ˷ˢ ˫ˠ ˞˴ˬˮNR-20 ,57.4% , ˶˸˞˟ˣNR-5 ˧˩ ˞˴ˬˮ ˣ˟˶˸ˣ˧˟ ˢˣ˟ˠˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯ , ˧ˣ˯˧˩ˢ

 ˞ˣˢ ˪ˬ˶ˣˮˬˢ50.4% ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ ˢˡ˧˶˧ ˪˷ ˢ˞˴ˣ˸ ˡ˟˪˟) .˟ ˶ˣ˧˞6 ˢ˪˰ˬ˪.( 
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 ˤ˞ˬ2007 ˟ ˫˧ˠˣˬ˪˞ ˪ˣˡ˧ˠ˪ ˭˧ˬˤˢ ˰˴ˬˢ ˪ˣ˴˧ˮ ˨˯ ˡ˰ˣ˸ ˶˷˞ ˢˤˬ ˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˢˣ˟ˠ ˸˪˧˞ ˧˶˸˞

˸ˣˮˣ˷˞˶ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˷ˣ˪˷˟ ,2004-2006 )˟ ˶ˣ˧˞6 .( 

 

˵ ˸˧ˮˣ˷ˢ ˸˶˟˥˟˟ ˧ˡ ˭˧˞ˣ ˢˮ˷˪ ˢˮ˷ˬ ˸ˣˡˣˮ˸ ˸ˣˬ˧˧ ˸ˣ˟˵ˣ˰ ˫˧ˮ˷ ˭˧˟ ˧ˣˮ˧˷ ˸ˣˬˠˬ ˪˰ ˡ˧˰ˢ˪ . ˤ˞ˬ

 ˶ˣ˦˧ˮˢ ˸˪˧˥˸)2004 (˫˧˶˸˞ˢ ˟ˣ˶˟ ˧˸ˣ˰ˬ˷ˬ ˭˲ˣ˞˟ ˢ˪˰ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ , ˸˪˧˞ ˸ˣ˧ˮˣ˷˪ ˰˴ˣˬˬˢˣ

ˬ˟ ˢ˪˰˧˩˧ˮ ˢˡ˸˶ .ˮ ˶˥˞˪ ˫ˠ ˸˪˟˵˸ˬ ˢˬˣˡ ˢˮˣˬ˸˫˧˶˸˞˟ ˭˧ˬˤˢ ˰˴ˬˢ ˸ˣˬ˩˪ ˧ˣ˯˧˩ˢ ˪ˣˬ˶ , ˧˩ ˫˞

ˤ˩ ˦˟ˬ˟˶˸ˣ˧ ˫˧ˮ˦˵ ˫˧˧ˣˮ˧˷ˢ ˢ .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˶˯˧˶˸ ˧ˮ˲ ˪˰ ˸˶˟˦˴ˬˢ ˢ˧˧˪˰ˢ ˱˞ ˪˰ , ˫˧˧˸ˮ˷˟

 ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ ˸ˬ˷˶ˮ ˸ˣˮˣ˶˥˞ˢï ˟˪ ˸ˬˣ˷˸ ˶˸˧ ˸˟˧˧˥ˬˢ ˢˡ˟ˣ˰ . 

 

 

 
˟ ˶ˣ˧˞6 :˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˫˧˞˸ˬˢ ˰˴ˬˢ ˪ˣ˴˧ˮ .ˢ˪˰ˬ˪- ˧˧˥ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˧ˣ˯˧˩ˢ ˤˣ˥˞ ˨˯ ˨ˣ˸ˬ ˫

˰˪˯ˢ ˰˵˶˵ˢ˶˸˞ ˪˩˟ ˸˧. ˫˧ˠˣˬ˪˞˟ ˢ˯ˣ˩ˬ ˫˧ˠˣˬ˪˞˪ ˢˮ˧ˬˤˢ ˰˵˶˵ˢ ˢˬ˩ ˡ˰ ˫˧˶ˣˬ ˢ˪˞ ˫˧ˤˣ˥˞ .ˢ˦ˬ˪-  
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˧ˣˮ˧˷˫˧ ˟ ˫˧ˮ˷˟ ˸˪˧˞ ˸ˣ˧ˮˣ˷ ˪˪˩˟ˣ ˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ ˪ˬ˶ˣˮˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩2004-2015 . ˫˧˪ˡ˟ˢˢ

˸ˣˬˠˬ ˣ˞˶ˢ ˫˧ˮˣ˷ ˫˧˶˸˞˷ ˢ˷ˣ˶˧˲ˣ ˸˵ˢ˟ˣˬ ˫˧˶˸˞˪ ˫˧ˮ˷ ˭˧˟ ˢ˧˴˵˞˶˦ˮ˧˞ˢˣ ˫˧˵ˢ˟ˣˬ ˫˧ˮ˷ˢ ˭˧˟ 

˭ˬˤˢ ˫˰ ˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˸ˣˮˣ˷ . 

Figure B6: Utilization of available substrate by stony corals. Top- Percent of live stony 

coral coverage out of the total consolidated substrate at each site. This indicates how 

much of the potentially viable substrate is actually covered by live corals. Bottom- 

temporal changes in normalized coral cover at the surveyed sites and at the "average 

Eilat reefs" in the years 2004-2015. Changes over time are significant and the 

interaction between years and sites is significant meaning sites differ significantly in the 

way they change over time.  

 

˫˧˪ˣˡˠ ˫˧˪ˡ˟ˢ ˫ˮ˷˧ ˫˧˶˸˞ˢ ˭˧˟  ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ ˫ˠ) ˪˷ ˣ˵˟ ˰˴ˣˬˬ ˸ˣ˟˷ˣˬ ˶˲˯ˬ

˫˧˶˦ˬ ˢ˶˷˰ .( ˶˸˞˟ ˢˮ˷ˢ ˫ˠ ˢ˞˴ˬˮ ˶˸ˣ˧˟ ˢ˪ˣˡˠˢ ˸ˣ˲˧˲˴ˢKatza-20 )˩-38.5  ˰˴ˣˬˬ˟ ˸ˣ˟˷ˣˬ

˫˧˶˦ˬ ˢ˶˷˰˟ ,˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ ˶˸ˣ˧ ˦˰ˬ( , ˶˸˞˟ ˶˷˞˩NR-20  ˢˢˤ ˦˰ˬ˩ ˸ˣ˲˧˲˴ˢ) ˰˴ˣˬˬ˟

37.5 xˬ ˨˶ˣ˞˟ ˨˸˥˟ ˸ˣ˟˷10 ˫˧˶˦ˬ .( ˶˸ˣ˧˟ ˢˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴)10.4  ˢ˶˷˰˟ ˸ˣ˟˷ˣˬ

˫˧˶˦ˬ ( ˶˸˞˟ ˸˞˴ˬˮNR-10  )˟ ˶ˣ˧˞7 .( ˸ˣ˧ˬ˸˩ˬ ˸ˣ˰˟ˣˮˢ ˫ˠˡˬˢ ˸ˣ˞˧ˠ˷ ˸˞ ˭˧˦˵ˢ˪ ˸ˮˬ ˪˰

ˢ˷˵ˢ ˰˴ˬˢ ˤˣ˥˞˪ ˸˪ˬ˶ˣˮˬ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˭ˮˣ˟˸ˢ˪ ˧˞ˡ˩ ˫˧ˮˣ˷ˢ ˫˧˶˸˞˟ ˸˧ˮˣ˷ˢ , ˭˧ˬˤˢ

 ˸ˣ˟˷˧˧˸ˢ˪)˟ ˶ˣ˧˞7 ˪ˢ˦ˬ .(ˢˤ ˦˟ˬ˟ , ˶˸˞˟ ˞˧ˢ ˶˸ˣ˧˟ ˢ˩ˣˬˮˢ ˸ˣ˲˧˲˴ˢNR-5  ˸ˣ˪ˣˡˠˢ ˸ˣ˟˷ˣˬˢ ˣ˟

˶˸ˣ˧˟ , ˶˸˞˟ ˸˞˴ˬˮ ˢˮ˷ˢ ˶˸ˣ˧˟ ˢˢˣ˟ˠˢˣIUI-15. 

ˢˡ˧˶˧ ˢ˞˴ˬˮ ˫˧˶˸˞ ˢ˷ˣ˪˷˟ˣ ˫˧˶˸˞ ˢ˷˧ˬ˥˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˲˧˲˴˟ ˢ˧˪˰ ˢˡˡˬˮ ˢˮ˷ˢ . ˫˧˧ˣˮ˧˷

˧˸ˢˣ ˫˧ˠˣˬ˪˞ ˸˸ˣˬ˸ ˭˧˟˷ ˯˥˧ˢˬ ˫˧˰˟ˣˮ ˢˮ˷˪ ˢˮ˷ˬ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟˫˧˷ˡ˥ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧ , ˨˩ˣ

˸ˣ˟˷˧˧˸ˢ ˧ˮ˲ ˪˰ ˢ˸ˣˬ˸ ˱ˡˣ˰ ˪˰ ˢˡ˧˰ˬ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˸˩˷ˬ˸ˬ ˢˡ˧˶˧ . ˸˰ˠˣ˲ ˢ˸ˣˬ˸ˢ˷ ˭ˣˣ˧˩

 ˸ˣ˲˧˲˴˟ ˢˡ˧˶˧˷ ˧ˣ˲˴ ˡ˟˪˟ ˫˧ˮ˦˵ ˫˧ˠˣˬ˪˞ ˧ˡ˧ ˪˰ ˞˧ˢ ˸ˣ˟˷˧˧˸ˢ ˣ˪˧˞ˣ ˫˧˪ˡˠ ˧ˮˬ ˪˩ˬ ˫˧ˠˣˬ˪˞˟

˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˧˶˧˟ ˢˣˣ˪˸ . 

˪˩ˢ ˨˯˟ , ˸ˣ˲˧˲˴˟ ˫˧˧ˣˮ˧˷ˢ˫˧ˠˣˬ˪˞ˢ ˧ˡˬ˪ ˫˧ˮ˦˵ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ , ˫˧ˮ˷˟ ˢ˪˵ ˢ˧˪˰ ˸ˬˠˬ ˫˰

 ˸ˣˮˣ˶˥˞ˢ)˟ ˶ˣ˧˞8.( 
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˟ ˶ˣ˧˞7 : ˢ˪˰ˬ˪-  ˨˶ˣ˞˟ ˣ˵˟ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˶˲˯ˬ˫˧˶˦ˬ ˢ˶˷˰ ˶˸˞ ˪˩˟.  ˢ˦ˬ˪ï  ˶˲˯ˬ

˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˭˧ˬˤˢ ˢ˷˵ ˰˴ˬ˪ ˪ˬ˶ˣˮˬ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ. 

Figure B7: Top - The average number of coral colonies per ten meters line at each site. 

Bottom ï normalized according to the hard substrate that is available for coral 

settlement. 

 

 
 

˟ ˶ˣ˧˞8 :˧ˣˮ˧˷˫˧ ˟˸ˣ˲˧˲˴  ˪˷ ˸˰˴ˣˬˬ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ  ˫˧ˮ˷˟2004-2015 .˫˧ˮ˷ˢ ˭˧˟ ˪ˡ˟ˢˢ  ˶ˣ˟˰

"˸˪˧˞" =)˪˩ ˫˧˶˸˞ˢ( ˪˰ ˵ˢ˟ˣˬ ˧˲  ˭˥˟ˬ ˸ˣ˞˴ˣ˸ANOVA ˸˧˦˯˧˦˦˯ ˸ˣ˵ˢ˟ˣˬ˪.  

Figure B8: The average density of coral colonies in the years 2004-2015. Annual values 

for ñEilatò (=All Sites) differ significantly in  an ANOVA test (least square means).  

 

˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˭˧˟ ˢˬ˞˸ˢˢ ˸ˣ)˰˴ˣˬˬ ˨˸˥˟ ˸ˣ˟˷ˣˬ ˶˲˯ˬ ( ˸ˡˬˣ˰ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˤˣ˥˞ ˭˧˟ˣ

 ˪˰ ˢˮ˷ˢR
2
=0.63 )˟ ˶ˣ˧˞9 ˢ˪˰ˬ˪ .( ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ ˢˬ˷˶ˮ˷ ˢˡ˧˶˧ˬ ˸˰˟ˣˮ ˢ˟ˣ˦ˢ ˢˬ˞˸ˢˢ

 ˶˸˞˟ ˧ˣ˯˧˩ˢ ˤˣ˥˞˟NR-5 ˢˣ˟ˠˢ ˧ˣ˯˧˩ˢ ˤˣ˥˞˟ ˧˪ˬˣˮ˞ ˢ˧ˢ˷ , ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˪˷ ˭˸ˣ˞˧˴ˬˬ ˢ˞˴ˣ˸˩

˸ˣ˧˵ˮ˰ .˥˞˟ ˢˡ˧˶˧ˢ ˫˰ ˡ˥˧˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˢ˧˪˰ ˢˤ ˶˸˞˟ ˢˡˡˬˮ ˧ˣ˯˧˩ˢ ˤˣ. 

ˢ˷˵ˢ ˰˴ˬˢ ˤˣ˥˞ ˧˲˪ ˫˧ˮˣ˸ˮˢ ˪ˣˬ˶ˮ ˸˶ˤ˰˟ ˭ˣ˥˟˪ ˧ˣ˞˶ ˸ˣ˲˧˲˴ ˭˧˟ˣ ˧ˣ˯˧˩ ˭˧˟ ˯˥˧ˢ ˸˞ ˫ˠ , ˭˧ˬˤˢ
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˸ˣ˟˷˧˧˸ˢ˪ ,ˢ˪˰ˬ˪ ˢ˷˰ˮ˷ ˧˲˩ . ˫˧˶˸˞ˢ ˟ˣ˶ˣ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ˣ ˧ˣ˯˧˩ˢ ˭˧˟ ˢˬ˞˸ˢ ˸˞˴ˬˮ ˞˪ ˭˞˩

˟˷ˣˬ ˸ˣ˲˧˲˴ ˪˷ ˫˴ˬˣ˴ˬ ˥ˣˣ˦˟ ˫˧˧ˣ˴ˬ ˸ˣ)40-50 ˢ˷˵ ˰˴ˬ ˫˧˶˦ˬ ˢ˶˷˰˪ ˸ˣ˟˷ˣˬ ,˟ ˶ˣ˧˞9 ,

ˢ˦ˬ˪ .( ˫˧˶˸˞ˢIUI-5 x- NR-20 ˢˤ ˥ˣˣ˦ˬ ˸ˣ˪ˣˡˠ ˸ˣˠ˧˶˥ ˫˧ˣˣˢˬ , ˫˧˩ˣˬˮ ˸˪ˬ˶ˣˮˬ ˸ˣ˲˧˲˴ ˧˩˶˰ ˫˰

ˡ˥ˣ˧ˬ˟ ˫˧ˢˣ˟ˠˣ ,ˢˬ˞˸ˢ˟. 
 

 

 

 

 
˟ ˶ˣ˧˞9 : ˢ˪˰ˬ˪- ˸ˣ˲˧˲˴  ˪˷ ˸˰˴ˣˬˬ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ˫ˣˠ˧ˡˢ ˧˶˸˞˟ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˤˣ˥˞ ˡˠˮ˩. 

 ˢ˦ˬ˪- ˸ˣ˲˧˲˴  ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˤˣ˥˞ ˡˠˮ˩ ,˫ˣˠ˧ˡˢ ˧˶˸˞˟ ˢ˷˵ˢ ˰˴ˬˢ ˧˲˪ ˫˧˪ˬ˶ˣˮˬ . 

Figure B9: Top - The average density of coral colonies versus the percent coral cover 

per site. Bottom - The density of coral colonies versus coral cover, normalized by the 

consolidated substrate available for settlement at each site.  
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         Averages Average 

Site Katza 10 Katza 20 NR 5 NR 10 NR 20 IUI 5 IUI 10 IUI 15 Katza NR IUI Eilat 

Transects 18 15 13 26 19 14 12 11 37 33 58 128 

             

Stony coral 24.6 31.2 42.1 10.2 35.7 14.7 18.2 16.0 16.2 27.6 25.7 24.1 

stdev 7.6 7.7 11.1 4.7 11.3 4.2 4.8 4.1 4.5 8.2 16.8 11.3 

SE 1.8 2.0 3.1 0.9 2.6 1.1 1.4 1.2 0.7 1.4 2.2 4.0 

CV 0.3 0.2 0.3 0.5 0.3 0.3 0.3 0.3 0.3 0.3 0.7 0.5 

Octocoral  4.5 6.2 0.6 1.5 5.3 0.3 0.2 1.2 0.6 5.3 2.5 2.5 

stdev 4.1 4.0 1.0 1.4 4.1 0.5 0.4 0.6 0.6 4.1 3.2 2.4 

SE 1.0 1.0 0.3 0.3 0.9 0.1 0.1 0.2 0.1 0.7 0.4 0.9 

CV 0.9 0.6 1.8 0.9 0.8 1.4 1.9 0.5 1.2 0.8 1.3 1.0 

GRV+Sand  34.5 28.7 15.6 76.9 32.6 43.0 53.3 60.9 51.7 31.9 48.6 43.2 

stdev 12.2 13.2 10.5 9.6 11.8 12.9 17.6 8.3 15.2 12.8 28.4 19.7 

SE 2.9 3.4 2.9 1.9 2.7 3.4 5.1 2.5 2.5 2.2 3.7 7.0 

CV 0.4 0.5 0.7 0.1 0.4 0.3 0.3 0.1 0.3 0.4 0.6 0.5 

Rock  30.3 29.4 27.8 8.2 18.7 36.4 24.1 18.9 27.2 29.9 16.0 24.2 

stdev 7.4 11.5 9.8 4.7 6.5 9.8 14.0 6.3 12.8 9.4 10.3 8.8 

SE 1.7 3.0 2.7 0.9 1.5 2.6 4.0 1.9 2.1 1.6 1.3 3.1 

CV 0.2 0.4 0.4 0.6 0.3 0.3 0.6 0.3 0.5 0.3 0.6 0.4 

Dead Coral  5.5 3.9 13.0 3.1 7.0 5.6 4.0 2.6 4.2 4.7 6.6 5.6 

stdev 3.9 3.5 7.7 3.3 3.5 3.7 2.8 2.7 3.3 3.8 6.0 3.3 

SE 0.9 0.9 2.1 0.6 0.8 1.0 0.8 0.8 0.5 0.7 0.8 1.2 

CV 0.7 0.9 0.6 1.1 0.5 0.7 0.7 1.0 0.8 0.8 0.9 0.6 
Normalized 
Cover  40.6 49.1 50.4 49.0 57.4 26.1 42.7 44.0 36.8 44.5 52.0 44.9 

stdev 7.6 11.7 10.0 14.6 12.5 5.6 11.6 11.6 12.7 10.4 13.4 9.2 

SE 1.8 3.0 2.8 2.9 2.9 1.5 3.4 3.5 2.1 1.8 1.8 3.3 

CV 0.2 0.2 0.2 0.3 0.2 0.2 0.3 0.3 0.3 0.2 0.3 0.2 

Density 31.9 38.5 32.8 10.4 37.5 27.0 27.2 24.9 26.4 34.9 24.3 28.8 

stdev 9.6 7.0 7.0 4.9 9.2 7.3 6.8 6.3 6.7 9.1 14.5 8.9 

SE 2.3 1.8 1.9 1.0 2.1 1.9 1.9 1.9 1.1 1.6 1.9 3.2 

CV 0.3 0.2 0.2 0.5 0.2 0.3 0.2 0.3 0.3 0.3 0.6 0.3 
Normalized 
Density 52.4 60.4 39.9 50.0 61.1 48.5 63.3 67.1 58.8 56.0 51.4 55.3 

Stdev 9.0 8.5 7.4 14.7 8.4 11.5 16.5 15.5 16.3 9.5 13.8 9.1 

SE 2.1 2.2 2.1 2.9 1.9 3.1 4.8 4.7 2.7 1.7 1.8 3.2 

CV 0.2 0.1 0.2 0.3 0.1 0.2 0.3 0.2 0.3 0.2 0.3 0.2 

 
˟ ˢ˪˟˦2 : ˳˶˲ˬˢ ˧˲ˣ˥ ˨˶ˣ˞˪ ˸˧ˮˣ˷ˢ ˧˶˸˞˟ ˫˧ˣˣ˵ˢ ˧˩˸˥˟ ˣ˲˯˞ˮ˷ ˧ˣ˯˧˩ˢ ˧ˮˣ˸ˮ ˫ˣ˩˧˯˟˶ˣ˦˧ˮˢ ˥˦˷ .

 ˶˸˞ ˣ˸ˣ˞ ˪˷ ˫˧˩˸˥ˢ ˪˩˟ ˣˡˡˬˮ˷ ˫˧˰˴ˣˬˬˢ ˫˧ˤˣ˥˞˩ ˫˧ˠ˴ˣˬ ˫˧ˮˣ˸ˮˢ)˵ˬˣ˰ˣ ˫ˣ˵˧ˬ ˪˷ ˟ˣ˪˧˷ (˫˰ 

˭˵˸ˢ ˸˧˧˦˯, ˸ˣˮˣ˷ˢ ˫ˡ˵ˬˣ ˭˵˸ˢ ˸˞˧ˠ˷ , ˡ˟˪ˬ"˸˪˧˞ ˰˴ˣˬˬ "˫˧˶˸˞ˢ ˰˴ˣˬˬ˩ ˶ˡˠˣˬˢ.  ˸ˮ˸˧ˮ ˸ˣ˲˧˲˴

 ˪˷ ˨˸˥˟ ˸ˣ˟˷ˣˬ ˶˲˯ˬ˩10 ˫˧˶˦ˬ ,"ˮ˪ˣˬ˶ "ˢ˷˵ ˰˴ˬ ˶ˣ˟˰ ˞ˣˢ. 

Table B2: Summary of cover data collected in line transects at the monitoring sites. Data 

is given as average percent cover measured in all transects at each site (combination of 

location and depth) with associated standard deviation, standard error and variance 

coefficient, except for the "Eilat average" that is the average between sites. Density is 

the number of colonies in a 10m transect, ñNormalizedò is for hard substrate. 
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˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˪ˡˣˠ  

 ˪ˡˣˠˢ ˸ˣ˴ˣ˟˵ˬ ˸˥˞˪ ˸ˣ˩˧ˣ˷ˬ ˢˡ˧ˡˬˢ ˦˶˯ ˸˥˸ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ˭˦˵>5˯"ˬ ;˧ˮˣˮ˧˟>15"ˬ˯ ;

˪ˣˡˠ>30"ˬ˯ ;˵ˮ˰<30"˯˶˵ˣ˯ˢ ˸˩˶˰ˢ ˧˲ ˪˰ ˬ . ˫˧ˮˣ˷ ˪ˡˣˠ ˧˥ˣˣ˦ ˫ˮ˷˧ ˪ˡˣˠ ˸ˣ˴ˣ˟˵˪ ˣˤ ˢ˵ˣ˪˥˟

 ˢ˴ˣ˟˵ˢ ˶˷˞˩"˵ˮ˰ "ˬ ˢ˪ˣˡˠ ˢ˟˷ˣˬ ˪˩ ˢ˪˧˩ˬ-30 ˯"ˬ .ˢ˶ˣ˞˩˪ ,˧˴ˢ˪ ˸ˮˬ ˪˰ ˧˪ˡˠ ˸ˣˠ˪˲˸ˢ ˠ

˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ,˸˸˪ ˣˤ ˢ˴ˣ˟˵ ˵˶˲˪ ˨˧˶˴- ˪˷ ˪ˡˣˠ ˧˥ˣˣ˦ ˣˬ˪ˠ˧ ˶˷˞ ˸ˣ˟˶ ˸ˣ˴ˣ˟˵5-10 ˯" ˢˬˣˡ˟ ˬ

˸ˣ˶˥˞ˢ ˸ˣ˴ˣ˟˵˪ . ˸ˣ˶˥˞ˢ ˪ˡˣˠˢ ˸ˣ˴ˣ˟˵˪ ˢ˞ˣˣ˷ˢ˟ ˨˩ ˪˩ ˭˦˵ ˣˤ ˪ˡˣˠ ˸˴ˣ˟˵˟ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ ˫˪ˣ˞

˫˧˶˧˴ ˫˸ˣ˞ ˪˰ ˭ˠ˧˴ˢ˪ ˫˧˶˸˞ˢ ˸˧˟˶ˬ˟ ˢ˧ˢ˧ ˭˸˧ˮ ˞˪˷ .ˣˤˬ ˢ˶˸˧ ,˧ˮ˰ ˸ˣ˟˷ˣˬˢ ˤˣ˥˞ ˞ˣˢ ˧ˤ˩˶ˬ ˭˧

˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˪˪˩ˬ ˸ˣˮ˦˵ˢ ,˸˸˪ ˸ˣ˟˧˷˥ ˭˧˞ ˨˩ ˨˶ˣ˴˪ˣ- ˸ˣ˪ˣˡˠˢ ˪ˡˣˠˢ ˸ˣ˴ˣ˟˵ ˪˷ ˢ˵ˣ˪˥ˢ

˶˸ˣ˧. 

 ˸ˣ˟˷ˣˬ˪˷ ˨˩ˬ ˸˰˟ˣˮˢ ˢ˧˧˦ˢˬ ˸˪˟ˣ˯ ˸ˣ˟˷ˣˬ ˪ˡˣˠ ˸ˣˠ˪˲˸ˢ ˸˶˧˴˧˪ ˣ˵ ˧˩˸˥ ˸˦˧˷˟ ˷ˣˬ˧˷ˢ

 ˶˵˯˟ ˪˪˩˧ˢ˪ ˶˸ˣ˧ ˭˦˵ ˧ˣ˩˧˯ ˸ˣˮ˦˵)Zvuloni et al. 2008 .(ˬ˟˸ˣ˶˥˞ ˫˧˪˧ : ˸ˣ˟˷ˣˬ ˪˷ ˧˯˥˧ˢ ˭˵˪˥

ˢ˧˯ˣ˪˩ˣ˞˟ ˧˯˥˧ˢ ˭˵˪˥ˬ ˭˦˵ ˞ˣˢ ˢˤ ˶˵˯˟ ˸ˣ˶˲˯ˮˢ ˸ˣˮ˦˵ .˨˩˧˲˪ ,˟ ˶ˣ˧˞10  ˧˪ˡˠ ˸ˣˠ˪˲˸ˢ ˸˞ ˠ˧˴ˬ

 ˢ˦ˣ˷˲˩ ˫˧˶˦ˣˮˬˢ ˫˧˶˸˞˟ ˫˧ˠˣˬ˪˞ˢ)ˢ˪˰ˬ˪ (ˢ˧˦ˢ˪ ˸ˮ˵ˣ˸ˬˢ ˸ˣˠ˪˲˸ˢˢ ˸˞ˣ , ˸˞ ˶˸ˣ˧ ˟ˣ˦ ˸ˠ˴˧˧ˬˢ

 ˸ˣ˞˧˴ˬˢ)ˢ˦ˬ˪ .(˵˪˥˷ ˢ˞˶ˮ ˢ˧˦ˢˢ ˭ˣ˵˧˸˟ ˟˷˥˸ˢ˟ ˨˶˰˟ ˸ˣˮ˦˵ˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˪˷ ˧˯˥˧ˢ ˭

˭ˬ˴˰ ˸ˣ˶˧˲˯˟ ˭˵˪˥ˬ ˪ˣ˲˩. 

 ˞˪ˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˶˲˯ˬ- ˧˲ ˨˶˰˟ ˪ˣˡˠ ˫˧˲ˮˣ˰ˬ4 ˫˧˲ˮˣ˰ˬˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˶˲˯ˬˬ . ˪˰

˞˪ˢ ˫˧ˠˣˬ˪˞ˢ ˸˴ˣ˟˵˟ ˫˧˪ˡˠˢ ˸ˣˠ˪˲˸ˢ˪ ˢ˟˶ ˢˡ˧ˬ˟ ˢˬˣˡ ˫˧ˠˣˬ˪˞ˢ ˪˩ ˧˪ˡˠ ˸ˣˠ˪˲˸ˢ ˭˩- ˫˧˲ˮˣ˰ˬ

)ˣˡ ˣ˞˶"˵ˢ ˶ˣ˦˧ˮˢ ˸ˣ˥˫˧ˬˡˣ .(ˢ˷˵ ˭˦˵ˢ ˪ˡˣˠ˟˷ ˢˡ˟ˣ˰ˢ ˢ˷˵ˬ ˸ˣ˴ˣ˟˵ˢ ˧˸˷ ˭˧˟ ˢˡ˶˲ˢˢ ˪˰ ,

˫˧˸˧˰˪ ,˸ˣ˴ˣ˟˵ˢ ˧˸˷˟ ˫˧˰˲ˣˬ ˫ˢ˪ ˶˷˞ ˫˧ˠˣˬ˪˞ ˫ˮ˷˧ˣ ˱ˮˣ˰ˬˢ ˰˲ˣˬ˟ ˭˧˥˟ˢ˪. 

˧˶˸˞˟ IUI ˫˧˶˥˞ˢ ˶ˣ˦˧ˮˢ ˧˶˸˞˟ ˭˵˪˥ˬ ˶˸ˣ˧ ˪ˣˡˠ ˸ˣˮ˦˵ˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˪˷ ˭˵˪˥ . ˶˸˞˟

NR-5 ˧˟ ˭˦˵ˢ ˞ˣˢ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥ ˶˸˞˟ˣ ˶˸ˣIUI-5 ˶˸ˣ˧˟ ˪ˣˡˠˢ ˞ˣˢ ˭˵˪˥ . ˸˶˧˲˯ ˧˲ ˪˰

˸ˣ˟˷ˣˬˢ ,-˟IUI-5  ˶˸˞˟ ˭˵˪˥ ˶˷˞ˬ ˷ˣ˪˷ ˧˲ ˪ˣˡˠ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥NR-5 )45.1% x- 

13.6% ˢˬ˞˸ˢ˟ ,˟ ˶ˣ˧˞10 .( 

˫˧˪ˡˠ ˧˲˪ ˸ˣ˟˷ˣˬ ˸˶˧˲˯˟ ˢ˧˦ˢˢ ˭ˣ˵˧˸ ˶˥˞˪ , ˪˩˟ ˪ˣˡˠ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥˷ ˢ˞˶ˮ

˫˧˶˸˞ˢ ,˶˸˞˟ ˶˷˞˩ ˧IUI ˪ ˟ˣ˶˵ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥- 80% , ˶˸˞˟ˣNR-5  ˭˵˪˥50% 

)˟ ˶ˣ˧˞10 ˢ˦ˬ˪.( 
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˞˟ ˶ˣ˧10 :˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˪ˡˣˠ ˸ˣˠ˪˲˸ˢ .˥˸˲ˬˢ ˧˲˪ ˫˧˪ˡˠˢ ˸˵ˣ˪˥ ˞˟ˢ: Small>5 

"ˬ˯ ;5 ˯" ˬ>Medium>15 ˯"ˬ ;15 ˯" ˬ>Large>30 ˯"ˬ ;Huge<30 ˯"ˬ.  ˫ˢ ˫˧˩˶˰ˢ ˨˯ˬ ˫˧ˤˣ˥˞

˶˸˞˟ ˢ˴ˣ˟˵ ˢ˸ˣ˞ˬ ˸ˣ˟˷ˣˬˢ . ˢ˪˰ˬ˪ï ˸ˣ˶˲˯ˮˢ ˸ˣ˟˷ˣˬˢ ˧˪ˡˠ ˸ˣˠ˪˲˸ˢ ; ˢ˦ˬ˪ï  ˫˧˪ˡˠˢ ˸ˣˠ˪˲˸ˢ

 ˣ˵ˢ ˧˩˸˥ ˸˦˧˷˟ ˪ˡˣˠ ˸ˣ˶˧˲˯˪ ˸˧ˮ˟ˣˬˢ ˢ˧˦ˢˢ ˭ˣ˵˧˸ ˶˥˞˪) ˧˲ ˪˰Zvuloni et al. 2008.( 

Figure B10: Size frequency distribution of coral colonies in the surveyed sites. Size 

classes are: Small<5 cm; 5 cm <Medium< 15 cm; 15 cm <Large< 30 cm; Huge>30 cm. 

Values are percent of the total colonies of each coral type at each site. Top ï size 

frequency distribution of counted coral colonies; bottom ï the coral size frequency 

distribution after correction of the bias of size counts in line transects (Zvuloni et al., 

2008). 

 

˸ˡ˧˶˧ˣ ˧ˮˣˮ˧˟ˢ ˪ˡˣˠˢ ˸˴ˣ˟˵ ˪˷ ˢ˵˪˥˟ ˢ˧˪˰ ˢˮ˷˧ ˶ˣ˦˧ˮˢ ˸ˣˮ˷˟-˭˦˵ˢ ˪ˡˣˠˢ ˸˴ˣ˟˵˟ ˢˬ , ˶˵˧˰˟

 ˸ˮ˷ˬ2009 )˟ ˶ˣ˧˞11 .( ˟˴˧˧˸ˢ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟) ˸ˣˠ˪˲˸ˢ ˫ˠ ˨˩ˣ

˪˪˩˟ ˫˧˪ˡˠˢ( ,˶ˣ˞ ˸ˡ˧˥˧˪ ˸ˣˮ˦˵ ˸ˣ˟˷ˣˬ ˪˷ ˰˴ˣˬˬˢ ˶˲˯ˬ˟ ˢ˪˵ ˢ˧˪˰ ˢ˞˴ˬˮ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ˣ ˨

)˟ ˶ˣ˧˞11 ˢ˦ˬ˪ .( ˤ˞ˬ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˧˯˥˧ˢ ˭˵˪˥˟ ˢˡ˧˶˧ˢ2008  ˶˲˯ˬ˟ ˢˡ˧˶˧ˬ ˢ˟ˣ˶˟ ˸˰˟ˣˮ

˶˵˯ˢ ˧˩˸˥˟ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ . 

 ˸ˮ˷ ˤ˞ˬ ˧˩ ˢ˞˶ˮ2007 ˸˧ˮˣ˷ˢˬ ˸ˣˮ˦˵ ˸ˣ˟˷ˣˬ ˭ˡ˟˞ ˣˮ˷˧ , ˶˟˰ˬˬ ˣ˞ ˢ˸ˣˬ˸ˬ ˢ˞˴ˣ˸˩ ˫˞

 ˸˶˥˞ ˪ˡˣˠ ˸˴ˣ˟˵˪)ˢ˪˧ˡˠ( ,ˣ˟˷ˣˬˢ ˪˷ ˸ˣ˷ˡ˥˸ˢˢ ˟˴˵ˬ ˪ˣˡˠ ˟˴˵˟ ˢ˪˞ˢ ˸)˯ˣ˧ˠ .( ˤ˞ˬ2011 

˭˸ˬ˸ˢ ˢˤ ˨˧˪ˢ˸ ,ˣˤ ˢˬˠˬ˟ ˧ˣˮ˧˷ ˢ˞˶ˮ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ˣ . 
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ˣ˧˞˟ ˶11: ˢ˪˰ˬ˪ :˧ˣˮ˧˷˫˧ ˰˴ˣˬˬˢ ˸ˣˠ˪˲˸ˢ˟˪˷ ˸ ˪ˡˣˠˢ ˸ˣ˴ˣ˟˵ )ˣ˵ ˧˩˸˥˟ ˢ˶˧˲˯ˢ ˸˧˧˦ˢ˪ ˭˵ˣ˸ˬ(  ˪˩˟

 ˫˧ˮ˷ˢ ˭˧˟ ˫˧˶˸˞ˢ2005 x-2015. ˥˸˲ˬˢ ˧˲˪ ˫˧˪ˡˠˢ ˸˵ˣ˪˥ ˞˟ˢ: Small>5 ˯"ˬ ;5 ˯" ˬ

>Medium>15 ˯"ˬ ;15 ˯" ˬ>Large>30 ˯"ˬ ;Huge<30 ˯"ˬ. ˢ˦ˬ˪ : ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˫˧˧ˣˮ˧˷

"˸ˣˮ˦˵ˢ " ˶ˣ˦˧ˮˢ ˸ˣˮ˷˟)˰ˣ˟˶ ˶˦ˬ˪ ˪ˬ˶ˣˮˬˣ ˢ˶˧˲˯ ˸˧˧˦ˢ˪ ˭˵ˣ˸ˬ.( 

Figure B11: Top: Changes in the average size frequency distribution (corrected for 

transect based count bias) of coral colonies between 2005 and 2015. Size groups are: 

Small<5 cm; 5 cm <Medium< 15 cm; 15 cm <Large< 30 cm; Huge>30 cm. Bottom: 

Changes in the density of ñSmallò colonies, corrected for bias and normalized to 1m
2
. 
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˫˧ˠˣˬ˪˞ ˸ˣ˞˧˶˟ 

˧˷ ˢ˷˰ˮ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸˟˪ ˡˡˬ˩ ˠˣˬ˪˞˟ ˢ˰ˣˠ˲ ˞˪ˢ ˢˬ˵˶ˢ ˶ˣ˰˧˷ ˭ˡˬˣ˞˟ ˷ˣˬ"ˣ˸ˣ˞˧˶˟ ." ˡˡˬ

ˢˤ ,˭˪ˢ˪Live Tissue Index (LTI)   ˣ˵ˢ ˧˩˸˥˟ ˫˧˪˪˩ˮˢ ˫˧ˠˣˬ˪˞ˢ ˧˲˪˞ˬ ˡ˥˞ ˪˩ ˶ˣ˟˰ ˡˡˬˮ

˸˧ˮˣ˷˟ , ˸˧˪˞ˣˤ˧ˣ ˢ˰˧˟˵ ˧ˡ˧ ˪˰)˶˵ˣ˯ˢ ˪˪ˣ˴ˢ ˧ˡ˧ ˪˰ ( ˢ˯ˣ˩ˬˢ ˢ˟˷ˣˬˢ ˡ˪˷ ˪˷ ˥˦˷ˢ ˤˣ˥˞ ˪˷

ˢ˧˥ ˢˬ˵˶˟. 

ˤˣ˥˞ ˭ˡˬ˞˷ ˸ˣ˶ˬ˪ ˧˸ˣ˩˧˞ ˞ˣˢ ˢ˟˷ˣˬ˟ ˧˥ˢ ˢˬ˵˶ˢ , ˶˵˯˟ ˸ˣ˲˸˸˷ˬˢ ˸ˣ˟˷ˣˬˢ ˸ˣˬ˩)˫˧˲˪˞( ,

˫˧ˮˣˣ˧˩ˢ ˧ˮ˷˪ ˸ˣ˧ˢ˪ ˢ˧ˣ˷˰ ˢ˩˶˰ˢˢ ˸˞˧ˠ˷˷ ˢˡ˟ˣ˰ˢ , ˪˷ ˶ˡ˯˟ ˢ˩˶˰ˢ ˸˞˧ˠ˷ ˪˷ ˢˮ˦˵ˢ ˸ˣ˰ˬ˷ˬˢˣ

10% ˸ˣ˟˷ˣˬˢ ˪˩ ˰˴ˣˬˬ ˧˟ˠ˪ ,˭˧ˬ˞ ˡˡˬ ˢ˥˧˦˟ˬ .˪˞ˣˤ˧ˣˣˢ ˭ˡˬ˞ˢ ˧˩ ˞ˡˣˣ˪ ˸ˮˬ ˪˰ ˧ ˫ˠˣˡ ˪˩ ˧ˡ˧ ˪˰

ˣ˦˟ ˵˧ˣˡˬ ˭˩˞ ˪˷ ˥ˣ10% ,ˢ˩˶˰ˢ˟ ˸˧˸ˬˠˬ ˢ˧˦ˢ ˭˧˞ ˧˩ˣ , ˸ˮ˷˟ ˣˮ˩˶˰2008  ˸˩˶˰ˢ˪ ˶˵ˣ˟ˬ ˧ˣ˯˧ˮ

ˢ˦˧˷ˢ ˵ˣ˧ˡ . ˧ˣ˲˴ˢˬ ˢ˟˶ˢ˟ ˪ˣˡˠ ˵ˣ˧ˡ ˪˰ ˸ˣ˰˧˟˴ˬ ˧ˣ˯˧ˮˢ ˸ˣ˞˴ˣ˸) ˳˶˲ˬ ˶ˣ˦˧ˮ˪ ˸˧ˬˣ˞˪ˢ ˸˧ˮ˩ˣ˸ˢ

˸˪˧˞ ,ˣˡ" ˧˰ˡˬ ˥2008 ,ˤ ˥˲˯ˮ3 .( ˸˞ ˨˶ˣ˰ˢ ˰ˣ˟˵ˢ ˸ˣˣ˴ˢ ˫ˠ ˞ˣˢ ˧ˣ˯˧ˮ˟ ˱˸˸˷ˢ ˶˷˞ ˶ˣ˦˧ˮˢ ˸ˣˣ˴

˶˵˯ˢˡˡˬˢ ˧˞˴ˬˬ˟ ˭ˣ˥˦˧˟ ˢ˲˧˯ˣˬ ˣˤ ˢˡ˟ˣ˰ˣ ˫˧. 

 

ˢˮ˷ˢ ˫ˠ ,˸ˣˬˡˣ˵ˢ ˫˧ˮ˷ˢ ˪˩˟ ˣˬ˩ , ˢ˧ˢ ˶˸ˣ˧˟ ˨ˣˬˮ ˫˧ˠˣˬ˪˞ ˸ˣ˞˧˶˟˪ ˢ˧˥ˢ ˢˬ˵˶ˢ ˡˡˬ ˣ˟ ˶˸˞ˢ

NR-5 )78.6% .(ˣ˟ ˸ˣ˧˵ˮ˰ˢˣ ˸ˣ˪ˣˡˠˢ ˸ˣ˟˷ˣˬˢ ˧ˣ˟˧˶ ˟˵˰ ˡ˥ˣ˧ˬ˟ ˨ˣˬˮ ˢ˧˥ˢ ˢˬ˵˶ˢ ˡˡˬ ˢˤ ˶˸˞˟ ,

˭˪˧ˠ˷ ˸ˣ˟˷ˣˬ ,ˢ˞˶ˮ˩ ,˲ˢ ˤˣ˥˞ ˭˩˪ˣ ˶˸ˣ˧ ˟˶ ˢˬ˧˩˯ ˢˣˣˢˬ ˭ˢ˧˸ˣˬ˵˶˟ ˢ˰˧ˠ)ˢ˧˴˶ˠ˦ˮ˧˞ ( ˫˧ˮ˷ ˪˷

˸ˣ˟˶ .˶˸ˣ˧˟ ˢˣ˟ˠˢ ˡˡˬˢ ˞˴ˬˮ  ˫˧˶˸˞˟ ˢˮ˷ˢIUI-10 x- IUI-15)89.6% .( ˫˧˶˸˞ˢ ˶˞˷ ˟ˣ˶˟

 ˭˧˟ ˫˧˰ˮ ˫˧˩˶˰ˢ83% ˪- 89% )˟ ˶ˣ˧˞12 .( 

˭ˬˤ˟ ˫˧˧ˣˮ˧˷ ˧ˣˢ˧ˤ˪ ˶˸ˣ˧ ˪˧˰˧ ˫˧ˠˣˬ˪˞˟ ˢ˧˥ˢ ˢˬ˵˶ˢ ˤˣ˥˞ ˶˥˞ ˟˵˰ˬ ˶˸˞ ˪˩˟ , ˢ˞ˣˣ˷ˢ˪ ˸ˣ˥˲ˣ

˟˫˧˶˸˞ ˭˧ .ˢ˪˵ ˢˡ˧˶˧ ˢ˸˲˴ˮ ˢˮ˷ˢ ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˢˮˣˬ˷ ˨ˣ˸ˬ ˢ˷˷˟ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟. 

 

 
ˣ˧˞˟ ˶12: ˫˧ˮˣ˷ˢ ˫˧˶˸˞˟ ˫˧ˠˣˬ˪˞ ˪˷ ˢ˧˥ˢ ˢˬ˵˶ˢ ˤˣ˥˞ ˡˡˬ . ˤˣ˥˞ ˪˷ ˶˸˞˟ ˰˴ˣˬˬ˩ ˶ˡˠˣˬ ˡˡˬˢ

˧˥ˢ ˥˦˷ˢ/ˢ˧˥ ˫˧ˠˣˬ˪˞ ˸˟˷ˣˬ ˪˩ ˪˷ ˥˦˷ˢ ˨˯ˬ ˞˧˶˟. 

Figure B12: The Live Tissue Index (LTI) for corals in the surveyed sites. The LTI is the 

site average of the percent area of live/healthy coral tissue for each living colony. 

 

˲˴ˮ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˨˯ ˪˰ ˧˪˪˩ ˦˟ˬ˟ ˢ˧˥ˢ ˢˬ˵˶ˢ ˡˡˬ ˨˶˰˟ ˢˡ˧˶˧ ˶ˣ˦˧ˮˢ ˸ˣˮ˷˟ ˸˧

 ˫˧˶˸˞ˢ ˪˩ ˪˷ ˰˴ˣˬˬˢ)˟ ˶ˣ˧˞13 .( ˫˧ˮ˷˟ˣ ˢ˲˧˴˶ ˢˮ˧˞ ˣˤ ˢˡ˧˶˧2007 x-2012  ˨˶˰˟ ˢ˧˧˪˰ ˢ˸˲˴ˮ

ˡˡˬˢ ,ˢˡ˧˶˧ ˪˷ ˞˧ˢ ˸˧˪˪˩ˢ ˢˬˠˬˢ ˫˪ˣ˞ .˧ˣˮ˧˷ˢ ˫˧ˮ˷ˢ ˭˧˟ ˫˧ˠˣˬ˪˞˟ ˢ˧˥ˢ ˢˬ˵˶ˢ ˡˡˬ ˨˶˰˟  ˣˮ˧ˢ

˵ˢ˟ˣˬ .˫˧˶˸˞ˢ ˟ˣ˶˟ ˸ˣ˟˷ˣˬˢ ˪ˡˣˠ˟ ˢ˧˧˪˰˟ ˢ˶ˣ˷˵ ˸˩˷ˬ˸ˬˢ ˢˡ˧˶˧ˢ ˧˩ ˭˩˸˧ , ˢ˪˰ˬ˪ ˶ˣˬ˞˩ ˶˷˞

ˮ˦ˣ˲ˣ ˶˸ˣ˧ ˟˶ ˭ˬˤ ˸ˣˠ˴˧˧ˬˢˬ˵˶˟ ˸˧˵˪˥ ˢ˰˧ˠ˲˪ ˶˸ˣ˧ ˢˣ˟ˠ ˪˞˧˴. 
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˟ ˶ˣ˧˞13 :ˣˬ˪˞ˢ ˟˴ˬ˟ ˧ˣˮ˧˷ˢ ˢˬ˵˶ ˪˷ ˰˴ˣˬˬˢ ˤˣ˥˞ˢ ˧˲ ˪˰ ˫˧ˠ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ˟ ˢ˧˥ )LTI(  ˸˪˧˞˟

 ˫˧ˮ˷˟2004-2015 . 

Figure B13: Changes in the state of coral colonies over time according to the average 

percentage of living coral tissue (LTI)  from all sites over the period 2004-2015.  

 

˫˧˪ˣˡˠ ˫˧ˠˣˬ˪˞ˢ ˫ˢ˟ ˫˧˶˸˞˟ ˧ˣ˲˴ ˨ˣˬˮ ˢ˧˥ ˢˬ˵˶ ˡˡˬ , ˢ˸ˣˬ˸˷ ˭ˣˣ˧˩ˬ˸˧˵˪˥  ˫˧ˠˣˬ˪˞˟ ˸˰ˠˣ˲

˫˧˪ˣˡˠ\˷˞ˬ ˶˸ˣ˧ ˫˧˶ˠˣ˟˫˧ˮ˦˵ ˫˧ˠˣˬ˪˞˟ ˶\˫˧˶˧˰˴ ï ˧˪ˣ˞  ˢ˰˧ˠ˲ˢ ˫˰ ˣ˸ˣˬ˧ ˫˧ˮ˦˵ ˫˧ˠˣˬ˪˞˷ ˭ˣˣ˧˩ˬ

ˡˡˬ˟ ˣ˪˪˩˧ ˞˪ˣ , ˣ˞ˢ˰˧ˠ˲˪ ˸ˣ˶˟˸˯ˢˢ ˧˩ ˸ˣ˰˧ˠ˲ ˪˷ ˸ˣ˶˟˦˴ˢˣ ˪˧ˠˢ ˫˰ ˢ˪ˣ˰.  

 

˭ˣˣˠˬ ˫˧ˮ˧ˬ 

˨˶˰ˣˬ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ  ˡˡˬ ˧˲˪Shannon-Wiener )ôH(  ˸ˮ˩˸ ˧ˡ˧ ˪˰EstimateS )Colwell, 2005( .

˞˪ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ ˟˷ˣ˥ˬ ˣˤ ˢˮ˩˸˟ ˶˲˯ˬ ˪˰ ˸˩ˬ˯ˮˢ ˢ˩˶˰ˢ ˸˪˟˵˪ ˡ˰ ˨˸˥ ˪˩ ˧ˮˣ˸ˮ ˸˶˧˟˴ ˧ˡ˧ ˪˰ ˶˸

˧˪ˬ˧˯˵ˬˢ ˫˧˩˸˥ˢ ˢ˷˰ˮ˷ , ˫˧˶˧ˡˮ ˫˧ˮ˧ˬ˟ ˸ˣ˟˷˥˸ˢ ˨ˣ˸) ˭ˣˣˠˬ ˸˩˶˰ˢ˪ ˫˧˩˶ˡ˟ ˦˶ˣ˲ˬ ˭ˣ˧ˡ ˣ˞˶

ˣˡ˟ ˫˧ˮ˧ˬˢ" ˶ˣ˦˧ˮˢ ˥2006 .( ˸ˣ˞˴ˣ˸ˢ)˟ ˶ˣ˧˞14 ( ˶˸˞ ˪˩ ˶ˣ˟˰ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ ˸˩˶˰ˢ˩ ˸ˣˮ˸˧ˮ

 ˧˟ˣ˷˧˥ˣ ˣ˵ˢ ˧˩˸˥ ˧ˮˣ˸ˮ ˪˰ ˨ˬ˸˯ˢ˟ ˣ˸ˣˬ˪˷˟EstimateS . ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ˟ ˷ˣˬ˧˷ ˢ˷˰ˮ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸˟

 ˪˰ ˯˯ˣ˟ˬˢ˫˧˩˸˥˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˶˲˯ˬ . ˶˟˦˴ˬ ˨˶ˣ˞ ˪˰ ˫˧˯˯ˣ˟ˬˢ ˫˧ˡˡˬ ˭˧˟ ˣ˷˰ˮ˷ ˸ˣ˞ˣˣ˷ˢ˟

")˥˦˷ (" ˨˶˰ˢˬ ˦˰ˬ ˢˣ˟ˠ ˢ˶˧˲˯ ˪˰ ˯˯ˣ˟ˬˢ ˡˡˬˢ ˨˶˰ ˧˩ ˞˴ˬˮ ˸ˣ˟˷ˣˬ ˶˲˯ˬ ˸ˬˣ˰˪ ˫˧ˠˣˬ˪˞ ˪˷

˥˦˷ ˪˰ ˯˯ˣ˟ˬˢ. 

˞˴ˬˮ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˭ˣˣˠˬˢ ˢˮ˷ˢ ˫ˠ  ˶˸˞˟IUI-5 )2.42 Hô= , ˢˮ˷ˢ ˪˷ ˧˶˰ˤˬˢ ˨˶˰˪ ˢˬˣˡ

˸ˬˡˣ˵ˢ .(˶˸ˣ˧˟ ˢˣ˟ˠˢ ˭ˣˣˠˬˢ ˟˷ˣ˥ ˢˮ˷ˢ ˫ˠ  ˶ˣ˟˰Katza-20 )H'=2.99 ,˟ ˶˷˞ˬ ˢˣ˟ˠ ˢˮ˷

˸ˬˡˣ˵ˢ( . ˡˡˬ˷ ˭ˣˣ˧˩ˬShannon-Wiener  ˸ˣˡ˧˥˞ˢ ˸ˡ˧ˬˬ ˡ˞ˬ ˰˲˷ˣˬ)evenness ( ˫˧ˠˣˬ˪˞ ˪˷

ˢ˪ˣˡˠ ˸ˣ˧ˬ˸˩ˢ ˫ˢ˟ ˫˧˶˸˞˟ ˢˣ˟ˠ ˭ˣˣˠˬ ˞˴ˬˮ ˫˧ˮˣ˷ ˫˧ˠˣ˯ˬ.  ˢ˶˟˥ˢ ˟˩˶ˢ˪ ˫˧ˡˬ˧ˬ ˸˟˶ ˢˤ˧˪ˮ˞

˷ˢ ˫˧˶˸˞˟ ˶˟˰˟ ˢ˸˷˰ˮ ˫˧ˮˣ)ˣˡˢ ˣ˞˶" ˸ˮ˷˪ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˪˷ ˧˰ˡˬˢ ˥2012 ( ˢ˞˴ˬˣ ˶˸˞ ˪˩˪˷

ˣ˟ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˟˩˶ˢ ˸ˮ˧˥˟ˬ ˫˧ˡˣ˥˧˧ ˫˧ˮ˧˧˲˞ˬ , ˵ˬˣ˰˟ ˢ˶ˣˬ˷ˢ ˶˸˞ˬ ˧˪ˣ˞ ˡ˟˪20 ˬ ' ˧ˡˬ˪ ˢˬˣˡˢ

˞˴˵ ˧˶˸˞˪"˞. 

 ˪˷ ˭ˣˣˠˬˢ ˡˡˬ ˟ˣ˷˧˥Shanon-Wiener ˟"˸˪˧˞ ˸ˣ˧ˮˣ˷ " ˫˧˶˸˞ˢ ˪˩ ˰˴ˣˬˬ˩ˣˣˠˬˢ˷ ˢ˞˶ˬ ˭

˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˨˶ˣ˞˪ ˧ˣˮ˧˷ ˞˪˪ ˦˰ˬ˩ ˶˸ˣˮ ˰˴ˣˬˬˢ . ˢˣ˟ˠ ˦˰ˬ ˡˡˬ ˟˷ˣ˥ ˢˮ˷ˢ)2.73 ( ˢˮ˷˟ ˶˷˞ˬ

 ˸ˬˡˣ˵ˢ)˟ ˶ˣ˧˞14 ,ˢ˦ˬ˪.(  
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˟ ˶ˣ˧˞14 : ˡˡˬ ˧˲˪ ˫˧ˠˣˬ˪˞ ˪˷ ˰˴ˣˬˬˢ ˫˧ˠˣ˯ˢ ˭ˣˣˠˬShannon-Wiener , ˶˸˞ ˪˩ ˶ˣ˟˰ ˣ˩˶˰ˣˢ˷ ˧˲˩

 ˸ˮ˩˸ ˧ˡ˧ ˪˰EstimateS )Colwell, 2005 ;http://vi ceroy.eeb.uconn.edu/EstimateS .(ˢ˪˰ˬ˪-  ˭ˣˣˠˬˢ ˡˡˬ

˶ˣ˟˰ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˨˶ˣ˞˪ ˶˸˞ ˪˩ .ˢ˦ˬ˪-  ˡˡˬShannon-Wiener  ˸ˣˮ˷ ˨˶ˣ˞˪ ˫˧˶˸˞ˢ ˪˩˟ ˰˴ˣˬˬˢ

˶ˣ˦˧ˮˢ. 

Figure B14: The Shanon-Wiener diversity index of coral taxa estimated for each site by 

the EstimateS software (Colwell, 2005 ;http://viceroy.eeb.uconn.edu/EstimateS). Top- 

changes in the diversity index at every site; bottom- changes to the "Eilat" average 

Shannon-Wiener diversity. 

 

 ˧˲ ˪˰ ˭ˣˣˠˬˢ ˡˡˬShannon-Wiener  ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˸˞ ˭ˢ ˭ˣ˟˷˥˟ ˥˵ˣ˪)richness ( ˸ˡ˧ˬ ˸˞ ˭ˢˣ

 ˸ˣˡ˧˥˞ˢ)evenness (˶ˤ˲ˬ˟ ,˫˸ˣ˥˩ˣˮ ˪˰ ˫ˠ ˪˵˷ˬ ˫˷ ˨˩ˣ\˫˧˶˧ˡˮ ˫˧ˮ˧ˬ ˪˷ ˫˶ˡ˰ˢ . ˟ˣ˦ ˢˤ ˡˡˬ

˪˫˧˶˸˞ ˭˧˟ ˣ˞ ˫˧ˮ˷ˢ ˭˧˟ ˢ˞ˣˣ˷ˢ ˫˷ , ˭˧˞ ˧˶˲˯ˬˢ ˣ˩˶˰˪ ˫˪ˣ˞˸ˣ˰ˬ˷ˬ ˧˷ˬˬ ˸. ˢˬ ˸˰ˡ˪ ˢ˷˵ ˨˩

 ˢˣ˟ˠ ˡˡˬ˷ ˡ˟˪ˬ ˫˧˩˶˰ˢ ˷˶˲ˢ ˪˷ ˣ˸ˣ˰ˬ˷ˬ"˶˸ˣ˧ ˟ˣ˦" ˨ˣˬˮ ˡˡˬˬ ,"ʕ ˪ˣˡˠ ˭ˣˣˠˬ ˪˰ ˰˧˟˴ˬ ˞˶˸ˣ˧ .

˨˩˧˲˪, ˸ˮ˥˟ˮ  ˭ˣˣˠˬˢ ˸˧˧ˠˣ˯˸ˣ˰˴ˬ˞˟ ˫ˠ  ˢ˶˧˟˴ ˸ˣˬˣ˵˰)rarefaction ( ˫˧ˠˣ˯ ˪ˣˬ ˫˧˦˶˲ ˪˷) ˶ˣ˧˞

˟15.( 

˸˧˷ˬˬ ˸ˣ˰ˬ˷ˬ ˶˸ˣ˧ ˢ˪ ˷˧˷ ˢˮˣˬ˸ ˸ˣ˞˶ˬ ˢ˶˧˟˴ˢ ˸ˣˬˣ˵˰ . ˨˩ ˶˸ˣ˧ ˢ˪ˣ˪˸ ˢˬˣ˵˰ˢ˷ ˪˩˩

˶˸ˣ˧ ˢ˪ˣˡˠ ˸ˣˡ˧˥˞ˢ ,˶˸ˣ˧ ˪ˣˡˠ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˨˩ ˶˸ˣ˧ ˢˣ˟ˠ ˢˬˣ˵˰ˢ ˞˧˷˷ ˪˩˩ ,˪˩˩ˣ  ˢˬˣ˵˰ˢ ˱ˣ˯˷

˸ˣ˧ ˧˵˲ˣ˞˫ˠˡˮˢ ˥˦˷ˢ ˪˷ ˪˞˧˴ˮ˦ˣ˲ˢ ˸˞ ˢ˴ˬˬ ˫ˣˠ˧ˡˢ ˳ˬ˞ˬ ˧˩ ˢ˞˶ˮ ˨˩ ˶.  ˳ˬ˞ˬ ˸˲˯ˣ˸ ˪˷ ˢˮ˧˥˟

 ˸ˮ˷˟ ˢ˸˷˰ˮ ˢ˶˧˟˴ˢ ˸ˣˬˣ˵˰ ˪˰ ˢ˸˰˲˷ˢˣ ˫ˣˠ˧ˡ˪2013 )ˣˡ ˣ˞˶" ˸ˮ˷˪ ˶ˣ˦˧ˮˢ ˥2013.( 

 ˫˧ˮˣ˷ˢ ˫˧˶˸˞ˢ ˭˧˟ ˢ˞ˣˣ˷ˢ˟) ˶ˣ˧˞˟15 ,ˢ˪˰ˬ˪ ( ˶˸˞ˢ ˧˩ ˸ˣ˞˶˪ ˭˸˧ˮIUI-5 ˪˰˟ ˸˪˥ˣ˸ˢ 

 ˪˷ ˶˸ˣ˧˟ ˢ˩ˣˬˮˢ˫˧ˠˣˬ˪˞ ˧ˠˣ˯ ) ˶˲˯ˬ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˪˟ˠˣˬ ˫ˣˠ˧ˡ ˳ˬ˞ˬ˟ ˫ˠˡˢ˪ ˧ˣ˲˴ˢ , ˢ˶˧˲˯ ˪˷ˬ˪

 ˪˷ ˸˧˞˶˵˞100  ˣ˞200 ˫˧˦˶˲( ,˶˸˞˟ ˣ˪˧˞ˣ ˫˧NR-10  ˧˶˸˞ˣKatza ˶˸ˣ˧˟ ˢˢˣ˟ˠˢ ˞˧ˢ ˸˪˥ˣ˸ˢ .

˷ ˭ˣˣˠˬˢ ˡˡˬˬ ˸˪˟˵˸ˬˢ ˢˮˣˬ˸ˢ ˸˞ ˫˧ˬ˞ˣ˸ ˢ˪˞ ˫˧˞˴ˬˬ ˪Shannon-Wiener . 

 ˶˸˞˟Katza-20 ˶˸ˣ˧˟ ˪ˣˡˠˢ ˫˧ˠˣˬ˪˞ˢ ˶˷ˣ˰ ˞˴ˬˮ ,36 ˫˧ˠˣˬ˪˞ ˧ˠˣ˯ , ˶˸˞˟ˣIUI-5  ˨˯˟ ˣ˞˴ˬˮ
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 ˪˩ˢ23 ˫˧ˠˣˬ˪˞ ˧ˠˣ˯ . ˫˧˶˸˞ ˢ˷ˣ˪˷˟)Katza-10,20, IUI-5 ( ˫˧ˠˣˬ˪˞ ˧ˠˣ˯ ˶˸ˣ˧ ˢˮ˷ˢ ˣ˞˴ˬˮ

˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ , ˶˸˞˟ ˣ˪˧˞ˣIUI-15  ˪˷ ˶˸ˣ˧ ˭˦˵ ˶˲˯ˬ ˞˴ˬˮ˫˧ˠˣˬ˪˞ ˧ˠˣ˯ . ˨˯˟ ˣ˞˴ˬˮ ˢˮ˷ˢ

˸˞ˢ ˪˩˟ ˪˩ˢ ˫˧˶41 ˫˧ˠˣˬ˪˞ ˧ˠˣ˯ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢˬˣˡ˟. 

 ˭ˣˣˠˬˢ ˧ˮˣ˸ˮ ˪˩ ˪˷ ˫˧ˮ˷ˢ ˭˧˟ ˢ˞ˣˣ˷ˢ˟)˸ˣ˟˷ˣˬ ˸˶˧˲˯ ( ˢ˞˶ˮ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˡ˧ ˪˰ ˣ˲˯˞ˮ ˶˷˞

˧˩ ˟ ˫˧ˠˣˬ˪˞ˢ ˶˷ˣ˰ ˸˞ ˢ˴ˬˬ ˦˪˥ˢ˟ ˧˪˪˩ˢ ˫ˣˠ˧ˡˢ ˳ˬ˞ˬˣ ˫˧ˮ˦˵ ˫˧ˮ˷ˢ ˭˧˟ ˫˧˪ˡ˟ˢˢ" ˸ˣ˧ˮˣ˷

˸˪˧˞ ."ˮ˷˟ ˶˸ˣ˧˟ ˢ˩ˣˬˮ ˢ˸˧˧ˢ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˸˪˥ˣ˸ ˫˧˧˸2006-2007 . ˢˢˣ˟ˠ ˦˰ˬ ˢ˸˧˧ˢ ˭˩ ˧ˮ˲˪

˶˸ˣ˧ , ˢ˟˴˧˧˸ˢˣ ˢ˸˪˰ ˟ˣ˷ ˸˪˥ˣ˸ˢ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ˣ)˟ ˶ˣ˧˞15 ,ˢ˦ˬ˪.(  

 

 

 
˞˟ ˶ˣ˧15 : ˶˲˯ˬ ˪˷ ˢ˶˧˟˴ ˸ˣˬˣ˵˰˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯   ˸ˮ˩˸ ˧ˡ˧ ˪˰ ˣ˟˷ˣ˥˷ ˧˲˩ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ ˪ˣˬ

EstimateS )Colwell, 2005 ;http://viceroy.eeb.uconn.edu/EstimateS.( ˢ˪˰ˬ˪-  ˢ˶˧˟˴ ˸ˣˬˣ˵˰

 ˶ˣ˦˧ˮˢ ˸ˮ˷˟ ˶˸˞ ˪˩ ˶ˣ˟˰2015 .ˢ˦ˬ˪-  ˶ˣ˟˰ ˢ˶˧˟˴ ˸ˣˬˣ˵˰"˸˪˧˞ ˸ˣ˧ˮˣ˷ " ˸ˮ˷ ˤ˞ˬ2004. 

Figure B15: Rarefaction curves of taxa richness based on colony counts, calculated with 

the EstimateS software (Colwell, 2005 ;http://viceroy.eeb.uconn.edu/EstimateS). Top- 

curves for each monitored site in the year 2015; bottom- curves for "Eilat reefs" since 

2004. 

 

 ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸ˣ˞ˬ ˷ˬ˥ˣ ˱˪˞ ˪˷ ˸˧˞˶˵˞ ˢ˶˧˲˯˟ ˪˟˵˸ˢ˪ ˧ˣ˲˴ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˶˲˯ˬ

"˟˸˪˧˞ ˸ˣ˧ˮˣ˷" ,ˢ˶˧˟˴ˢ ˸ˣˬˣ˵˰ ˪˰ ˯˯˟˸ˢ˟ ,˭˲ˣ˞˟ ˢ˸ˮ˸˷ˢ ˞˪  ˸ˮ˷ ˤ˞ˬ ˵ˢ˟ˣˬ2004 , ˢˮ˷ˢ ˨˞

 ˢˤ ˨˶˰˟ ˢ˪˵ ˢˡ˧˶˧ ˸˧˞˶ˮ) ˶ˣ˧˞˟16  .( 

 

0

5

10

15

20

25

30

35

40

0 100 200 300 400 500 600 700 800

N
u

m
b

e
r 

o
f 

T
a
x
a

Number of Individuals

Rarefaction Curves, per site

Katza 10

Katza 20

NR 5

NR 10

NR 20

IUI 5

IUI 10

IUI 15

0

5

10

15

20

25

30

35

40

45

0 500 1000 1500 2000 2500 3000 3500 4000

N
u

m
b

e
r 

o
f 

T
a
x
a

Number of Individuals

Rarefaction curves, "Eilat" 2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015



 

38 

 

 

 
˞˟ ˶ˣ˧16 : ˶˲˯ˬ˟ ˧ˣˮ˧˷ˢ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯  ˸˶˧˲˯˟ ˪˟˵˸ˢ˪ ˧ˣ˲˴ˢ1500  ˸ˮ˷ ˤ˞ˬ ˸ˣ˟˷ˣˬ2004 , ˨ˣ˸ˬ

 ˪˷ ˢ˧˴˵˶˲˶ˢ ˸ˣˬˣ˵˰"˸˪˧˞ ˸ˣ˧ˮˣ˷." 

Figure B16: Changes in the expected number of taxa per 1500 random coral colonies 

since 2004 based on the rarefaction curves of the "Eilat reefs". 

 

˟ ˶ˣ˧˞˟ ˫˧˰˧˲ˣˬ ˶ˣ˦˧ˮˢ ˥˦˷˟ ˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˫˧˶˷˰17  ˪˷ ˧ˣ˯˧˩ˢ ˤˣ˥˞ ˶ˡ˯ ˧˲˪

 ˸ˮ˷˟ ˫˧ˠˣˬ˪˞ˢ ˪˪˩˪ ˯˥˧˟ ˢ˪˞ ˫˧ˠˣ˯2015 . ˧ˠˣˬ˪˞˷ ˸ˣ˶ˬ˪ ˧˩ ˢ˞˶ˮAcropora  ˵˪˥ ˸˞ ˫˧ˣˣˢˬ

 ˫˧˧˥ ˫˧ˠˣˬ˪˞ ˪˷ ˧ˣ˯˧˩ˢ ˨˯ˬ ˧˶˞ˢ)21.5% ˢˮ˷ˢ ,˟ ˶˷˞ˬ ˶˸ˣ˧ ˸˴˵ ˫˧ˮ˷˸ˣˮˣ˶˥˞ˢ( , ˸˶˟˥

˦˪ˣ˟ ˭˲ˣ˞˟ ˧˦ˮˮ˧ˬˣˡ ˠˣ˯ ˢ˟ ˭˧˞ˣ ˸ˣˮˣˣˠˬ ˸˪˧˞˟ ˫˧ˠˣˬ˪˞ˢ .˸ˣˮˣ˷˞˶ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˷˟ , ˸ˮ˷˪ ˡ˰2009 

 ˧ˠˣˬ˪˞ ˪˷ ˫˵˪˥ ˢ˧ˢAcropora ˶˸ˣ˧ ˪ˣˡˠ , ˟˧˟˯25% . ˭˧˞ ˧˩ ˢ˞˶ˮ ˸ˣˬˡˣ˵ˢ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˧ˣˮ˧˷

ˢ˶˟˥ˢ ˟˩˶ˢ˟ ˧˸ˣ˰ˬ˷ˬ . ˫ˠ ˢˮ˷ˢˣˢˣˤ 41 ˸˪˧˞˟ ˫˧ˠˣˬ˪˞ ˧ˠˣ˯ , ˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ ˫˧˶˷˰ˣ

 ˫˧ˣˣˢˬ93.2% )ˢˡ˧ˡˬˢ ˦˶˯ ˪˰ ˡˡˬˮ ˨˶ˣ˞ ˧˲˪ (˸˪˧˞˟ ˫˧ˠˣˬ˪˞ˢ ˪˪˩ˬ . ˧ˮˣ˸ˮ˪ ˫˧ˬˣˡ ˢ˪˞ ˫˧ˮˣ˸ˮ

˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ . 

 

 
ˣ˧˞˟ ˶17: ˫˧˶˷˰  ˫˧ˠˣˬ˪˞ˢˮ˷˟ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ ˫˧2004-2013 , ˢ˴ˣ˲˸ˢ ˶ˡ˯ ˧˲˪ ˫˧˶ˡˣ˯ˬ

 ˸ˮ˷˟2015 . 

Figure B17: The twenty most abundant coral taxa in the reefs of Eilat in the years 2004-

2013, arranged according to their abundance in 2015. 

 

˪˟˦˟ ˢ3 ˤˣ˥˞ ˸˞ˣ ˶ˣ˦˧ˮˢ ˥˦˷˟ ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˫˧˶˷˰ ˸˞ ˢˠ˧˴ˬ˶˸˞ ˪˩˟ ˫ˢ˪˷ ˧ˣ˯˧˩ˢ ˧ .

 ˶˷˞ˬ ˢˮˣ˷ ˭˞˩ ˫˧ˠˣˬ˪˞ˢ ˸˰˲ˣˢ ˶ˡ˯ ˨˩ˣ ˣ˵ˢ ˧˩˸˥˟ ˡˡˬˮˢ ˥˦˷ˢ ˨˯ˬ ˧ˣ˯˧˩ˢ ˤˣ˥˞ ˫˷˶ˮ ˣˤ ˢ˪˟˦˟

˟ ˶ˣ˧˞ ˪˷ ˢ˴ˣ˲˸ˢ ˱˶ˠ˟17. 
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         Averages Average 

 

Katza 
10 

Katza 
20 NR 5 NR 10 NR 20 IUI 5 IUI 10 IUI 15 Katza NR IUI Eilat 

Acropora 6.24 4.77 5.34 2.47 10.70 2.19 5.48 3.11 5.57 5.81 3.53 5.04 

Stylophora 2.97 3.57 2.56 0.98 1.47 2.86 1.64 2.38 3.24 1.50 2.32 2.30 

Montipora 2.12 3.35 2.16 0.44 5.15 0.24 0.68 1.29 2.68 2.37 0.69 1.93 

Echinopora 1.83 2.01 6.81 0.29 2.54 0.11 0.46 0.39 1.91 2.49 0.31 1.80 

Lobophyllia 0.31 1.83 10.93 0.02 0.44 0.04 0.00 0.13 1.00 2.60 0.05 1.71 

Goniastrea 1.51 1.29 3.72 0.33 0.99 1.34 0.67 1.22 1.41 1.31 1.09 1.38 

Favites 1.37 1.88 0.58 0.27 1.74 1.15 1.13 0.95 1.60 0.82 1.09 1.13 

Porites 0.77 1.81 0.76 1.00 2.85 0.03 0.77 0.99 1.25 1.55 0.56 1.12 

Cyphastrea 1.16 0.93 0.85 0.48 1.61 1.59 1.23 0.63 1.05 0.93 1.19 1.06 

Favia 0.86 0.55 0.48 1.02 0.76 2.61 1.12 0.69 0.72 0.81 1.55 1.01 

Plesiastrea 0.76 0.55 0.25 0.50 1.91 0.27 0.22 0.66 0.66 0.90 0.37 0.64 

Astreopora 0.32 0.35 0.03 0.40 2.35 0.06 0.12 0.05 0.33 0.96 0.07 0.46 

Leptastrea 0.44 0.50 0.37 0.08 0.17 0.34 1.36 0.37 0.47 0.17 0.68 0.45 

Pocillopora 0.41 0.65 0.54 0.16 0.19 0.41 1.11 0.14 0.52 0.26 0.55 0.45 

Psammocora 0.54 1.05 0.22 0.14 1.38 0.00 0.08 0.12 0.77 0.57 0.06 0.44 

Mycedium 0.39 0.34 2.34 0.00 0.03 0.00 0.00 0.00 0.37 0.53 0.00 0.39 

Pavona 0.49 1.93 0.07 0.00 0.18 0.00 0.13 0.00 1.14 0.08 0.04 0.35 

Goniopora 0.29 0.15 1.98 0.10 0.05 0.00 0.03 0.00 0.23 0.51 0.01 0.33 

Platygyra 0.22 0.56 0.65 0.06 0.45 0.16 0.07 0.15 0.37 0.32 0.13 0.29 

Millepora 0.00 0.03 0.18 0.21 0.04 0.66 0.59 0.55 0.01 0.15 0.60 0.28 

Stony corals 24.62 31.15 42.12 10.18 35.75 14.66 18.22 16.04 27.59 25.71 16.22 24.09 

 ˢ˪˟˦3˟:  ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ ˫˧˶˷˰) ˧˲˪ˤˣ˥˞ ˧ˣ˯˧˩ (˶ˣ˦˧ˮˢ ˥˦˷˟,  ˪˩˟ ˫ˢ˪˷ ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ ˤˣ˥˞ˣ

˶ˣ˦˧ˮˢ ˧˶˸˞ˬ ˡ˥˞ . 

Table B3: The twenty most abundant corals (% cover) in the monitored area and their 

average cover in each site as a percent of the total transect length at each site.  
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˸˧ˮˣ˷ˢ ˭˥˪ˣ˷  
˸˧ˮˣ˷˟ ˧ˡˣ˥˧˧ ˶ˣˤ˞ ˢˣˣˢˬ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ , ˡˬ˪ˮˢˣ ˶˸ˣ˧˟ ˢ˞˶ˮˢ ˣ˸ˣ˧ˢ˟ ˢ˪ˣˡˠ ˸ˣ˟˧˷˥ ˣ˪ ˶˷˞

˸ˣˬˡˣ˵ ˸ˣˡˣ˟˰˟ ˶˸ˣ˧˟ ,˸˪˧˞˟ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷ ˸˞ ˣ˶˵˯ ˶˷˞ . ˭˥˪ˣ˷ ˶˵˯ˮ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟

˧ˬˣ˶ˡˢ ˢ˵˪˥˟ ˸˧ˮˣ˷ˢ ,˫˧˶˵˟ˬ˪ ˶ˣˠ˯ˢ , ˸˶ˣˬ˷ ˪˷ˠˣˬ˪˞ ˱ˣ˥ . ˧˶˸˞ ˶˞˷ˬ ˣ˸ˣˢˬ˟ ˢˮˣ˷ ˶˸˞ ˣˢˤ

˸˧ˮˣ˷˟ ˶ˣ˦˧ˮˢ , ˧˶ˣˤ˞˟ ˫˪ˣ˩ ˫˧˧ˣ˴ˬˢ"˸˧ˮˣ˷ ˸ˬˡ˧˵" ,˸ˣ˶˰˯ˬˣ ˫˧˧ˮˣ˴˧˵ ˫˧˪˲˷ˬ ˰˲˷ˣˬ ˣ˸ˣ˧ˢ˟ .

˫˧˶˵˟ˬ ˧ˡ˧ ˪˰ ˸˧˯˧˲ ˢ˰˧ˠ˲˪ ˶˸ˣ˧˟ ˱ˣ˷˥ ˫ˠ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ,˦˧˷ ˧˪˩ˣ ˫˧˟ ˫˧˲˴ˢ ˫˧˴˲˥ , ˧˩ ˫˞

˧˦˵ˬ ˫˧˶˵˟ˬ˪ ˢ˶ˣˬ˷ˢ ˪˷ ˧ˬˣ˶ˡˢ ˢ˵˪˥ ˸˶˧ˠ˯ˣ˪˪ˢ ˸ˣ˰˲˷ˢˢ ˸˞ ˭ . 

 ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˡ˧ ˪˰ ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˥ˤˬ˟ ˸˧ˠˣ˪ˣ˶ˣ˞˦ˬˢ ˢˡ˧ˡˬˢ ˸ˮ˥˸ ˪˷ ˢ˸ˬ˵ˢ ˫˰

 ˶˟ˬ˦˲˯˟2006 ˪˲˷ˢˣ ˸ˣ˞ˠˢ ˶˥˞ ˟ˣ˵˰˪ ˭˸˧ˮ , ˭ˮˣˣ˧˩ˣ ˸ˣ˥ˣ˶ˢ ˸ˬ˴˰ˣ")˸ˣ˶˰˯ " ˟ˣ˶˪ ˳˶˲ˬ˟

˫ˣ˶ˡ ˭ˣˣ˧˩ˬ ˢ˵ˤ˥ ˥ˣ˶˟ ˸ˣˮ˧˧˲ˣ˞ˬ ( ˷ˣ˶˧˲˪ ˶˟˰˟ ˶˯˥ ˢ˧ˢ˷ ˰ˡ˧ˬ ˱˧˯ˣˢ˪ ˨˩ˣ ˭˥˪ˣ˷˪ ˸ˣ˰ˠˣˮˢ ˸ˣ˧˲˴˸

˸˧ˮˣ˷ˢ . ˸ˮ˷˟ ˣ˪˥ˢ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˧˶˵˯2007. 

 ˸˧˸˷˸ˢ ˧ˠˣ˯ ˸ˣˠ˪˲˸ˢ˟ ˶˸˧ˢ ˭˧˟ ˶˩˧ˮ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˪˷ ˢˮˣ˷ˢ ˣ˧˲ˣ˞˷x˟ . ˡ˩ˣ˪ˬ ˸˧ˮˣ˷ ˰˪˯

 ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˪˷ ˣ˥˦˧˷ ˟˶ ˸˞ ˢˣˣˢˬ)˧˞˟ ˶ˣ18( .˵ ˧˶˸˞˪ ˡˣˠ˧ˮ˟˧˸˧ˮˣ˷ˢ ˸ˬˡ,  ˫˷ˢˤˣ˥˞  ˢˣ˟ˠˢ

˪˷ ˶˸ˣ˧˟  ˱ˣ˷˥ ˡ˩ˣ˪ˬ ˰˪˯˩ ˞ˣˢ ˢˮ˷ˢ ˡˡˬˮ˷-36.4% ) ˶˸˞˟IUI-5(,  ˰˪˯ˢ ˥˦˷ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟

 ˱ˣ˷˥ˢ ˡ˩ˣ˪ˬˢ˞ˣˢ ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˩- 56.3%, ˩ ˸ˡ˩ˣ˪ˬ ˞˪ˢ ˰˵˶˵ˢ ˤˣ˥˞ ˣ˪˧˞ˣ-7.3%  ˡ˟˪˟) ˢˣ˟ˠ

˶˷˞ˬ ˟ˮ˷ s˸ˬˡˣ˵ˢ(.  ˪ˬ˶ˣˮˬˢ ˧ˣ˯˧˩ˢ ˤˣ˥˞˪ ˧˥ˢ ˧ˣ˯˧˩ˢ ˤˣ˥˞ ˭˧˟ ˪ˡ˟ˢˢ ˨˩ˬ ˢ˞˴ˣ˸˩)˨˯ ˨ˣ˸ˬ 

ˢ˷˵ˢ ˰˴ˬˢ (˪ˣˡˠ ˣˮ˧˞ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ . 

 

 
˟ ˶ˣ˧˞18 :˫˧ˠˣˬ˪˞ ˪˷ ˫˧˶˟˦˴ˬˢ ˧ˣ˯˧˩ˢ ˧ˤˣ˥˞ ,˪ˣ˥ ,˰˪˯ ,˫˧˸ˬ ˫˧ˠˣˬ˪˞ˣ.  ˨ˣ˸ˬ ˫˧˰˴ˣˬˬ ˫ˢ ˫˧ˤˣ˥˞ˢ

ˣ˵ˢ ˧˩˸˥ ˪˩. 

Figure B18: Cumulative percent cover of live corals, sand, rock and dead corals. Values 

are averages of line transect values. 

 

 ˢˡˡˬˮ ˢˮ˷ˢ˸˲˯ˣˮ ˢ˪˵ ˢˡ˧˶˧  ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˫˧˧˥ˢ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˧ˣ˯˧˩˟-  ˞ˣˢ ˢˮ˷ˢ ˧ˣ˯˧˩ˢ

23.2% ) ˸ˬˣ˰˪24.4% ˸ˬˡˣ˵ˢ ˢˮ˷˟( , ˞ˣˢ ˪ˬ˶ˣˮˬˢ ˧ˣ˯˧˩ˢˣ26.8% ) ˸ˬˣ˰˪28% ˣ ˸ˬˡˣ˵ˢ ˢˮ˷˟-

32%  ˸ˮ˷˟2013 .( ˸ˮ˷ ˧˩˶˰ˬ ˫˧ˢˣ˟ˠ ˭˧˧ˡ˰ ˢ˪˞ ˫˧˩˶˰ ˸˞ˤ ˫˰ ˡ˥˧2012 ˬˮ ˢ˟ ˫˧˩˶˰ˢ ˣˡˡ

 ˢ˩ ˡ˰ ˶˸ˣ˧˟ ˫˧˩ˣˬˮˢ)˟ ˶ˣ˧˞19.( ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˸˧˸ˠ˶ˡˢˢ ˢˡ˧˶˧ˢ ˫˰ ˡ˥˧ ,

˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˢ˪˵ ˢ˧˪˰ ˸˶˩˧ˮ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˷ˣ˪˷˟ . 
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˟ ˶ˣ˧˞19 :ˤˣ˥˞  ˧ˣ˯˧˩ˢ˫˧ˠˣˬ˪˞  ˸ˮ˷ ˤ˞ˬ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ˣ2007. 

Figure B19: Percent cover of live corals and density of coral colonies on the reef table 

since 2007. 

 

 ˡˡˬ ˧˲˪ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬShanon-Wiener  ˪˰ ˨˶˰ˣˬ˷ ˧˲˩ ˸ˮ˩˸ ˧ˡ˧EstimateS )Colwell, 2005 (

 ˢˮ˷ˢ ˢ˧ˢ2.7 , ˨˶˰ ˸ˮ˷ ˪˷ ˢˣ˟ˠˢ ˨˶˰˪ ˢˬˣˡˣ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ ˢˣ˟ˠ2012 )˟ ˶ˣ˧˞20 .( ˫ˠ

˪˷ ˢ˶˧˟˴ˢ ˸ˬˣ˵˰ ˫˧ˠˣˬ˪˞ ˧ˠˣ˯ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢˢˣ˟ˠ ˢˮ˷ˢ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ , ˢˬˣˡˣ

 ˫˧ˮ˷ˢ ˭ˬ ˸ˣˬˣ˵˰˪2008 x- 2010 )˟ ˶ˣ˧˞20 ,ˢ˦ˬ˪ .( ˭˥˪ˣ˷˟ ˭ˣˣˠˬˢ ˡˡˬ ˧˩ ˢ˞˶ˮ ˫˧ˮ˷ˢ ˪˩˟

˸˧ˮˣ˷ˢ ,˫˷ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˶˵˧˰˟ˣ,  ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˰˴ˣˬˬˢ ˨˶˰ˢˬ ˨ˣˬˮ)ˢ˪˰ˬ˪ ˣ˞˶.(  ˣˤ ˢˡ˟ˣ˰

ˢ˧ˣ˲˴ ,˫˧˞ˮ˸ˢ ˟˵˰ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˶˸ˣ˧ ˫˧˧ˮˣ˴˧˵ˢˣ ˫˧ˡ˧˥˞ˢ. 

 ˢˮ˷ˢ ˣ˞˴ˬˮ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟23 ˧ˠˣ˯˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˫  ˸ˬˣ˰˪42 ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞ ˪˩˟ .

 ˫˧˶˷˰˭˟˞ˢ ˧ˠˣˬ˪˞  ˫˧˴ˣ˲ˮˢ ˫˧ˮ˧ˬˢ ˫˧˶˷˰ ˡˠˮ˩ ˫˧ˠ˴ˣˬ ˢˮ˷ˢ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˫˧˴ˣ˲ˮˢ ˶˸ˣ˧˟ ˧˶˸˞˟

˟ ˢ˪˟˦˟ ˸˧ˮˣ˷ˢ ˸ˬˡ˵4 .˧ˣ˴ˬ ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ ˟ˣ˶˪ˣˡ˧ˠˢ ˧˸˟ ˧ˮ˷˟ ˫˧ )13  ˨ˣ˸ˬ20( , ˫ˮ˷˧ ˨˞

˫˧˟ˣ˷˥ ˫˧˪ˡ˟ˢ . ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ ˧˩ ˭˧˧˴˪ ˧ˣ˞˶ ˦˶˲˟Acropora x-Stylophora,  ˧ˣ˯˧˩ˢ ˫ˢ˪ ˶˷˞

˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˶˸ˣ˧˟ ˟˶ˢ , ˧˰˧˟˷ˢˣ ˧˷˧˪˷ˢ ˫ˣ˵ˬ˟ ˫˧˞˴ˬˮ)ˢˬ˞˸ˢ˟ (˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ . ˢˡ˟ˣ˰

˷ˢ ˭˥˪ˣ˷˟ ˢ˪˞ ˫˧ˠˣ˯˟ ˢ˰˧ˠ˲ ˪˰ ˢ˰˧˟˴ˬ ˣˤ˸˧ˮˣ . ˥ˣˬ˴˪ ˫˧˶˧ˢˬˢ ˫˧˧ˮ˥˧˷ ˫˧ˠˣˬ˪˞ ˢ˪˞ ˸˞ˤ ˫˰ ˡ˥˧

˫˧ˮ˷ˢ ˭˧˟ ˡ˞ˬ ˢˮ˸˷ˬ ˫˸˧˧˯ˣ˪˩ˣ˞ ˪ˡˣˠˣ ,ˢˠ˧˞ˡˬ ˢ˰˲ˣ˸ ˭˞˩ ˢˮ˷˧ ˫˞ˢ ˶ˣ˶˟ ˞˪˷ ˨˩ . ˫ˢ˪ ˱˯ˣˮ˟

 ˠˣˬ˪˞ˢMontipora ˢ ˫ˣ˵ˬ˟ ˧ˣ˴ˬ ˸˧ˮˣ˷ˢ ˸ˬˡ˵˟ ˣ˸˴ˣ˲˸˟ ˧˷˧˪˷ ˧ˣ˴ˬˢ-21  ˨˩ˣ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟

ˢ˪˟˦ˢ ˭ˬ ˶ˡ˰ˮ . 
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˟ ˶ˣ˧˞20 :˰ˬ˪ ˢ˪ï  ˡˡˬShanon-Wiener  ˸ˮ˷ ˤ˞ˬ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ˪

2007 . ˢ˦ˬ˪ï  ˤ˞ˬ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˶˲˯ˬ˪ ˢ˶˧˟˴ ˸ˣˬˣ˵˰2007. 

Figure B20: Top ïShanon-Wienr diversity of stony corals in the years since 2007, 

bottom ï rarefaction curves for coral genus diversity on the reef table since 2007 

 

 
Reef Front Reef Table Rank 

Acropora Platygyra 1 
Stylophora Echinopora 2 
Montipora Acropora 3 

Favia Millepora 4 
Echinopora Favia 5 
Goniastrea Lobophyllia 6 
Cyphastrea Stylophora 7 

Favites Acanthastrea 8 
Porites Favites 9 

Lobophyllia Cyphastrea 10 
Plesiastrea Goniastrea 11 
Leptastrea Leptoseris 12 
Pocillopora Porites 13 
Astreopora Pocillopora 14 
Millepora Galxea 15 

Psammocora Hydnophora 16 
Gyrosmilia Pavona 17 
Turbinaria Echinophyllia 18 

Pavona Goniopora 19 
Platygyra Leptastrea 20 

 

 ˢ˪˟˦˟4: ˭˟˞ˢ ˧ˠˣˬ˪˞ ˫˧˶˷˰  ˫˧˴ˣ˲ˮˢ) ˧˲˪˧ˤˣ˥˞ ˧ˣ˯˧˩ (˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ˣ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ . 

Table B4: The twenty most abundant stony corals (by cover percentage) at the reef table 

and the reef front sites.  
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ˡ˭ˣ˧ ˸ˣˮ˵˯ˬˣ 
 

 ˸ˣ˶˦ˬˣ ˸ˣ˟˧˟˯˪ ˫˧ˬ˞˸ˣˬˢ ˫˧ˠˣ˪ˣ˵˞ ˫˧˶˵˯ ˶˲˯ˬ ˸ˣ˰˴ˬ˞˟ ˰˴ˣ˟ˬ ˸˪˧˞˟ ˸ˣ˧ˮˣ˷ˢ ˟˴ˬ ˶ˣ˦˧ˮ

˸ˣˮˣ˷ .ˣ˵ˢ ˧˩˸˥ ˸˦˧˷˟ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ˣ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˰˴ˣ˟ˬ ˧ˠˣ˪ˣ˵˞ˢ ˶˵˯ˢ ˪˷ ˧˶˞ˢ ˵˪˥ .

˫˧˲˯ˣˮ ˫˧˵˪˥ ,˨˷ˬˢ˟ ˣˮˣˡ˧ ˶˷˞ ,ˢˮˣˠ˪ˢ ˶ˣˤ˞ ˶˵˯ ˫ˢ , ˧˰ˣ˟˧˶ ˪˷ ˢ˦˧˷˟ ˰˴ˣ˟ˬˢ˫˧˶ˣˡ˯ ˫ˣˠ˧ˡ ,

˸˧ˮˣ˷˟ ˫˧˰ˣ˟˵ ˫˧˶˸˞ ˫ˣ˪˧˴ˣ . 

 ˪˩˟ ˸˧ˮˣ˷ˢ ˟˴ˬ ˪˰ ˰˧˟˴ˬ ˣ˵ˢ ˧˩˸˥ ˸˦˧˷˟ ˫˧˶˵˯ ˸ˣ˰˴ˬ˞˟ ˸˧ˮˣ˷ˢ ˧˶˸˞ ˪˷ ˧˦˯˧˦˦˯ ˭ˣ˧˲˞

˶˸˞ ,˸˶˥˞ ˣ˞ ˣˤ ˫˧ˠˣˬ˪˞ ˸˟˷ˣˬ ˪˷ ˢ˪˶ˣˠ˪ ˯˥˧˧˸ˬ ˣˮ˧˞ˣ.  ˨˶ˣ˞˪ ˶˧ˡ˯ ˭˲ˣ˞˟ ˫˧˶˵˯ˢ ˪˰ ˢ˶ˤ˥

˶˥˞ ˟˵˰ˬ ˸˶˷˲˞ˬ ˢ˩ˣ˶˞ ˢ˲ˣ˵˸ ˬ ˪˷ ˭ˬˤ˟ ˫˧˧ˣˮ˧˷ ˸ˣ˞˴ˬˮˢ ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷ ˸˶˟˥ ˧ˮ˧˧˲˞

˪˞˶˷˧ ˥˦˷˟ . 

 ˥˦˷˪ ˫˧˶ˣ˷˵ˢ ˫˧ˮ˧˧˲˞ˬ ˸ˡ˧ˡˬ˪ ˡ˥ˣ˧ˬ˟ ˢ˪˧˰˧ ˫˧˧ˣˣ˵ ˫˧˩˸˥ ˨˶ˣ˞˪ ˢˡ˧ˡˬ)˧ˣ˯˧˩ ˧ˤˣ˥˞ ,

ˡ˩ˣ ˰˴ˬ ˸ˣˠ˪˲˸ˢ'( , ˢ˶˧˲˯ ˪˰ ˸ˣ˯˯ˣ˟ˬˢ ˸ˣˡ˧ˡˬ˪ ˢ˪˧˰˧ ˸ˣ˥˲ˣ)˫˧˪ˡˠ ˸ˣˠ˪˲˸ˢ , ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴

ˡ˩ˣ' (˷ˣˬ ˡˠˮ˩ ˸˧ˮ˟ˣˬˢ ˢ˧˦ˢˢ ˟˵˰˭˦˵ ˪ˡˣˠ˟ ˸ˣ˟ .˭˩ ˪˰ ,ˣˡ˟" ˫ˠ ˸ˣ˟˷ˣˬˢ ˧˪ˡˠ ˸ˣˠ˪˲˸ˢ ˸ˠ˴ˣˬ ˢˤ ˥

 ˪ˡˣˠ ˸ˣ˴ˣ˟˵ˬ ˸ˣ˟˷ˣˬ ˭˧˟ ˫˧˧˶˲˯ˬˢ ˫˧˯˥˧ˢ ˪˷ ˶˸ˣ˧ ˸˵˧ˣˡˬ ˢ˩˶˰ˢ ˶˷˲˞ˬˢ ˧˦ˬ˸ˬ ˭ˣ˵˧˸ ˶˥˞˪

 ˸ˣˮˣ˷)Zvuloni et al., 2008.( 

 ˪˷ ˸˧˰˟˦ ˸ˣ˥˸˲˸ˢ"˸˧ˮˣ˷ "˧˯ˬ ˢ˰˶˲ˢ ˪˷ ˢ˞˴ˣ˸ ˫ˮ˧˞˷ ˸˧ˮˣ˷ ˧ˮ˧˧˲˞ˬ˟ ˫˧˧ˣˮ˧˷ˢ ˫ˠ ˨˩ˣ ˸˧˟

˧˧ˮˣ˦ˣˮˣˬ ˥˶˩ˢ˟ ˞˪ˣ ˫˧˧˦˧˞ ˫˧˩˧˪ˢ˸ ˫ˮ˧ˢ ˫.˫ˢ˧ˮ˧˟ˣ ˫˧˶˸˞ˢ ˨ˣ˸˟ ˢ˟˶ˢ ˸ˣˮˣ˷ˢ , ˸˧˯˧˲ˢ ˢ˟˧˟˯˟ ˭ˢ

˫˧ˠˣˬ˪˞ˢ ˸˶˟˥˟ ˭ˢˣ ,ˣˮ˸˪ˣ˩˧ ˸˞ ˨˯ˬ˪ ˢ˪ˣ˪˰ ˸ˣ˪˵ ˸ˣˬˠˬ ˭˥˟˞˪ ˸˧˦˯˧˦˦˯ˢ ,˸ˣ˧ˮˣ˴˧˵ ˞˪ . ˫˰ ˡ˥˧

ˢˮ˷ ˧ˡˬ ˸˪˧˞ ˸ˣ˧ˮˣ˷ ˪˷ ˸˧ˠˣ˪ˣ˵˞ ˢˮˣˬ˸ ˫˧˶˴ˣ˧ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˮˣ˸ˮ ˸˞ˤ ,ˣ ˭˧˟ ˫˧ˮˣ˸ˮˢ ˸˞ˣˣ˷ˢ

˸ˣˠ˧˞ˡˬ ˸ˣ˧ˣ˥˸˲˸ˢˣ ˭ˣ˴˧˵ ˧˟˴ˬ ˪˰ ˰˧˶˸ˢ˪ˣ ˭˥˟˞˪ ˢˡ˰ˣˮ ˫˧ˮ˷ˢ , ˫˧˧˰˟˦ ˫˧˶ˣˤ˥ˬ ˸ˣ˪ˠ˪ ˫ˠ ˣˬ˩

˧˩ˣ˶˞-˸ˣ˧˦˧˞ ˧ˣˮ˧˷ ˸ˣˬˠˬ ˣ˞ ˪ˠ . ˭ˣ˥˟˞ˢ ˸˪ˣ˩˧ ˸˶˲˸˷ˬ ˢˮ˷˪ ˢˮ˷ˬ ˫˧ˮˣ˸ˮˢ ˸ˣ˶˟˦˴ˢ ˫˰

˸˧˦˯˧˦˦˯ˢ . 

˴ˣ˸˩ ˫˧˪ˣˡˠ ˫˧ˮ˟ˣˬ ˫˧˪ˡ˟ˢ ˫ˮ˷˧ ˸˧ˮ˩˸˟ ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˭˧˟˵ˬˣ˰ˢ ˧˪ˡ˟ˢˬ ˢ˞ , ˠˣ˯˟ ˫˧˪ˡ˟ˢ

˫˧˶˸˞ˢ ˪˷ ˢˮˣ˷ˢ ˫ˬˣ˵˧ˬˬ ˫˧˰˟ˣˮˢ ˫˧˧˲˶ˠˣˮ˧˵ˣ˞ ˫˧˪ˡ˟ˢˣ ˰˴ˬˢ . ˢ˰˲˷ˢ ˢ˪˞ ˫˧˧˰˟˦ ˫˧˪ˡ˟ˢ˪

˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢˬ ˡ˥˞ ˪˩˟ ˸˧ˮˣ˷ˢ ˧˲ˣ˞ ˪˰ ˸˧ˮˣ˷˞˶ˣ ˢ˪ˣˡˠ . ˭˞˩ ˢˮˣ˩ˬˢ ˰˴ˣˬˬˢ"˸˪˧˞ ˸ˣ˧ˮˣ˷ "

˶˥˞ ˸ˣˬˣ˵ˬ ˭˧˟ˣ ˫˧ˮ˷ ˭˧˟ ˢ˞ˣˣ˷ˢ ˧˩˶ˣ˴˪ ˸˧˦˯˧˦˦˯ ˸ˣ˷˧ ˞ˣˢ˫˪ˣ˰˟ ˫˧ , ˫˪ˣ˞ï  ˫˧˰˴ˣˬˬ ˪˷ ˫˩˶ˡ˩

ï ˡ˶˲ˮ˟ ˫˧˶˸˞ˢˬ ˡ˥˞ ˱˞ ˠ˴˧˧ˬ ˣˮ˧˞. 

 

ˢ ˣˤˢˮ˷ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˪˷ ˫˟˴ˬ ˸˞ ˫˧ˮ˥ˣ˟ˢ ˫˧˟˶ ˫˧ˡˡˬ˟ ˢˡ˧˶˧ ˸ˡˡˬˮ ˢ˟ ˢ˧˧ˮ˷ˢ .

 ˪˰ ˱˞ˡ˥ˣ˧ˬ˟ ˢ˪ˣˡˠ ˢˮ˧˞ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ˢ ˰˴ˣˬˬ˟˷ , ˶˲˯ˬ˟ ˢˡ˧˶˧ ˢˬ˷˶ˮ ˢ˟ ˢˮ˷ˢ ˣˤ

˟ ˪ˣˡˠˢ ˫˧˶˸˞ˢ ˶˸ˣ˧ï  ˭˟˞ ˧ˠˣˬ˪˞ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ ˢˮ˷ˢ ˢˬ˷˶ˮ ˫˧˶˵˯ˮ ˢˮˣˬ˷ ˨ˣ˸ˬ ˫˧˶˸˞ ˢ˷˷˟

 ˫˧˧˥) ˢ˪˟˦5˟ .( ˫˧˶˸˞˟NR-5 x-NR-10  ˣ˶˟˰˷ ˫˧ˮ˷ˢ ˸˥˞ ˨ˣ˸ˬ ˫˧ˮ˷ ˷˷˟ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ ˢ˸˲˴ˮ

 ˸ˮ˷ ˤ˞ˬ2004 . ˶˸˞˟ ˶˷˞˩ ˢˡ˧˶˧ ˪˷ ˫˧ˮ˷ ˸ˣ˥˲ ˣ˲˴ˮ ˫˧˶˸˞ˢ ˶˞˷˟NR-20  ˧ˣ˯˧˩˟ ˢˡ˧˶˧ ˢ˸˲˴ˮ

ˮ˷ˢ ˭ˬ ˷ˣ˪˷˟ ˵˶˫˧ . 
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Live coral 
(%) 

Katza 
10 

Katza 
20 

NR 
5 

NR 
10 

NR 
20 

IUI 
5 

IUI 
10 

IUI 
15 

 2004 20.28 24.48 37.48 10.14 31.56 10.51 13.65 4.38 
 2005 22.82 26.75 41.94 8.97 19.31 12.78 11.46 11.56 3 

2006 19.32 27.58 36.53 8.28 21.98 14.33 12.61 13.06 3 

2007 26.99 29.66 46.74 8.37 19.90 15.72 13.25 10.89 2 

2008 23.43 25.26 45.72 8.68 25.64 18.90 17.74 15.00 3 

2009 22.88 26.24 44.90 11.67 28.81 18.30 14.80 12.55 5 

2010 27.45 27.10 48.04 9.81 29.67 18.35 16.04 14.43 1 

2011 21.38 32.76 45.47 8.48 30.06 19.85 16.02 14.21 5 

2012 24.11 29.23 51.87 10.92 27.37 14.89 13.20 16.90 4 

2013 27.77 28.78 54.95 12.19 38.78 16.93 15.77 15.96 2 

2014 29.52 28.60 43.67 11.63 35.86 19.70 14.28 16.92 5 

2015 24.62 31.15 42.12 10.18 35.75 14.66 18.22 16.04 6 

 
5 4 6 6 5 3 5 5 

  ˢ˪˟˦5˟: ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˧˥ ˧ˣ˯˧˩  ˸ˮ˷ ˤ˞ˬ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟2004 . ˫˧˩ˣˬˮ ˫˧˩˶˰ ˫˧ˮˬˣ˯ˬ ˫ˣˡ˞˟

˫ˢ˪ ˢˬˡ˵˷ ˢˮ˷ˢ ˪˷ ˣ˪˞ˬ.  ˫˧˶˸˞ˢ ˶˲˯ˬ ˭˧ˣ˴ˬ ˪ˣ˥˩˟)˭˧ˬ˧ˬ ( ˫˧ˮ˷ˢˣ)ˢ˦ˬ˪ (˧ˣ˯˧˩˟ ˢˡ˧˶˧ ˢ˪˥ ˭ˢ˟.  

Table B4: Live coral cover at the fore-reef monitoring sites since 2004. In red are values 

that are lower than those of the previous year. In blue are the number of sites (right) 

and years (bottom) in which a decline was measured.  

 

  ˸˩˶˰ˬˢ ˪˷ ˧˰˟˦ˢ ˢ˟˴ˬ ˢˤ˷ ˨˩ ˪˰ ˫˧˰˧˟˴ˬ ˫˧˶˸˞ˢ ˪˩˟ ˫˧ˮ˷ˢ ˭˧˟ ˸ˣ˟˶ˢ ˸ˣˡˣˮ˸ˢ) ˧˲˩

˵˯˟ ˸˲˵˸˷ˬ ˞˧ˢ˷˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˪˷ ˫˧˦˯˧˦˦˯ˢ ˫˧˶ ( ˢˮ˷˩ ˸˶˧˧˦˴ˬ ˢˮ˧˞ ˢˮˣ˶˥˞ˢ ˢˮ˷ˢ ˸˞ˤ ˶ˣ˞˪ˣ

ˠ˧˞ˡˬ ˭˲ˣ˞˟ ˢˠ˧˶˥ . ˞˧ˢ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˫˧˶˸˞ˢ ˪˩˟ ˢˡ˧˶˧ˢ ˨˯7.5% , ˶˷˞ˬ ˸ˣ˥˲ ˦˰ˬ

 ˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˪˷ ˢˡ˧˶˧˟)2014 (˟ ˢˬ˩˸˯ˢ˷- 10.9%  ˸˶ˠ˯ˬ˟ ˢ˩ ˡ˰ ˢˡˡˬˮ˷ ˶˸ˣ˧˟ ˢ˪ˣˡˠˢ ˢ˸˧ˢˣ

˸˧ˮ˩˸ˢ .˟˷ ˡˣ˰˟ ˶˸˞˟ ˡˡˬˮ ˫˧ˠˣˬ˪˞ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ˢ ˶˵˧˰ ˸ˬˡˣ˵ˢ ˢˮ˷NR-5 , ˢˡ˧˶˧ˢ ˶˵˧˰ ˢˮ˷ˢ

 ˫˧˶˸˞˟ ˡˡˬˮKatza-10 x- IUI-5 . 

 ˸ˣ˥˲ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ ˸˪˧˞ ˸ˣ˧ˮˣ˷ ˪˷ ˭˟˴ˬ ˫˧˶˵ˣ˯ˢ ˪˷ ˸˧˟˧˦˵˧˧˟ˣ˯ˢ ˫˸ˣˬ˷˶˸ˢ ˧˲ ˪˰ ˫ˠ

˭˩ ˧ˮ˲˪ ˢ˧ˢ˷ˬ ˟ˣ˦ .˸˞ˤ ˫˰ ˡ˥˧ ,˞ ˪˷ ˧ˣ˯˧˩ˢ ˤˣ˥˞˟ ˢ˧˪˰ ˪˷ ˸˧˪˪˩ˢ ˢˬˠˬˢ ˸˪˧˥˸ ˤ˞ˬ ˭˟˞ˢ ˧ˠˣˬ˪

˟ ˶ˣ˦˧ˮˢ-2004  ˢ˵ˤ˥ ˭˧˧ˡ˰)˟ ˶ˣ˧˞3.( 

 

˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞ ˢˮˣˬ˷ ˨ˣ˸ˬ ˫˧˧ˮ˷˟ ˢˡ˧˶˧ ˢˮ˷ˢ ˢ˞˴ˬˮ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ ,

 ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˢ˧˪˰ ˢ˞˴ˬˮ ˰˴ˣˬˬ˟ˣ)˟ ˶ˣ˧˞8 ( ˢ˟ˣ˦ ˢˬ˞˸ˢ ˢˮ˷ˢ ˢˮ˷˧ ˪˩ˢ ˨˯˟ˣ

˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˸ˣ˲˧˲˴ˢˣ ˧ˣ˯˧˩ˢ ˭˧˟ ˸˧ˮˣ)˟ ˶ˣ˧˞9 .( ˢˡ˧˶˧ˢ ˫˰ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ ˢ˧˪˰ˢ

˸ˣ˲˧˲˴ ˭˧˟ˣ ˧ˣ˯˧˩ˢ ˭˧˟ ˧˶˷˲˞ ˶˷˵ ˪˰ ˢ˰˧˟˴ˬ ˧ˣ˯˧˩˟ . ˭˧˟ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ ˸˪˟˵˸ˬˢ ˢˬ˞˸ˢˢ

˸ˣ˲˧˲˴  ˧ˣ˯˧˩ˣ ˸ˣ˟˷ˣˬ)˟ ˶ˣ˧˞21 ( ˸ˣ˧˵ˮ˰ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥ ˭˦˵ ˢ˪˞ ˫˧ˮ˷˟˷ ˨˩ ˪˰ ˢ˰˧˟˴ˬ

˧˩ˣ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˸ˡ˧ˬ ˸˰˧˟˵˟ ˢˢˣ˟ˠ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˫ˢ˟ ˸ˣˬˣ˵ˬ˟ ˠ˷ˣˬ ˢˣ˟ˠ ˧ˣ˯˧˩ ˢ˪˞ ˫˧ˮ˷˟ .

˭˩˸˧ ,ˣˡ˟ ˢ˪˰˷ ˧˲˩"˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˪˷ ˶ˣ˦˧ˮˢ ˸ˣ˥ , ˸ˣ˧˵ˮ˰ ˸ˣ˟˷ˣˬ ˧ˡ˧ ˪˰ ˠ˷ˣˬˢ ˢˣ˟ˠ ˧ˣ˯˧˩ ˧˩

) ˶˸˞˟ ˦˶˲˟NR-5 ( ˸ˣ˟˷ˣˬ ˤˣ˥˞ˣ ˢ˩ˣˬˮ ˸ˣ˲˧˲˴˟ ˞˦˟˸ˬˣ ˸˧ˮˣ˷˪ ˸ˣ˷ˡ˥ ˸ˣ˟˷ˣˬ ˯ˣ˧ˠ ˭ˣ˟˷˥ ˪˰ ˞˟

˸˧˯˥˧ ˨ˣˬˮ ˸ˣˮ˦˵. ˶˸ˣ˧ ˨ˣˬˮ ˧ˣ˯˧˩ˢ ˤˣ˥˞ˣ ˵ˮ˰ ˧ˠˣˬ˪˞ ˭˧˞ ˫ˢ˟ ˫˧˶˸˞˟ , ˢ˧˪˰ ˫˰ ˪ˡˠ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩

˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ . 

˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ˣ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˭˧˟ ˢˬ˞˸ˢˢ ˢ˶˲˸˷ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˨˷ˬ˟ , ˸ˣ˟˵˰˟ ˢ˞˶ˮˢ ˪˩˩

˫˧˶˸˞ˢ ˟ˣ˶˟ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢ˧˪˰ˣ ˫˧ˠˣˬ˪˞ ˸˪˧ˡˠ ,˫˧ˠˣˬ˪˞˟ ˢ˰˧ˠ˲ ˧ˡ˧ ˪˰ ˫ˠ ˨˞  ˫˧˧˸ˮ˷˟ ˫˧˧˵ˮ˰

˸ˣˮˣ˶˥˞ˢ  . 
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 ˶ˣ˧˞˟21 :˪ˬˢ˪˰ˬ  ˢ˦ˬ˪-  ˣ˶˵˯ˮ ˶˷˞ ˣ˵ˢ ˧˩˸˥ ˪˩˟ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˭˧˟ˣ ˭˟˞ ˧ˠˣˬ˪˞ ˧ˣ˯˧˩ ˭˧˟ ˯˥˧ˢ

ˮ˷˟˫˧ 2013 ,2014 ,2015 ˢˬ˞˸ˢ˟ . 

Figure B21: Top to bottom - correlation between stony coral cover and colony density in 

all the line transects surveyed in 2013, 2014 and 2015 respectively. 
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 ˸˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ)ˣˡ ˣ˞˶" ˫˧ˮ˷˪ ˶ˣ˦˧ˮˢ ˸ˣ˥2012 x-2013 .( ˢ˪˵ ˢ˧˪˰ ˢ˸˲˴ˮ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟

˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ ,˦˶˲˟ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢˣ . 

˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˫ˠ , ˸ˬˡ˵ ˧˶˸˞ˬ ˡ˶˲ˮ˟ ˶˵˯ˮ ˶˷˞ ˶˸˞ ˞ˣˢ˷˧ˡˣ˥˧˧ˢ ˣ˧˲ˣ˞ ˟˵˰ ˸˧ˮˣ˷ˢ , ˢ˞˴ˬˮ

˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˢ˧˪˰ˣ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟. 

˸ˤˬˣ˶ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˧ˣ˯˧˩ˢ ˤˣ˥˞˟ ˢˡ˧˶˧ ˢ˞˴ˬˮ ˭ˢ˟ ˫˧ˮ˷˟ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˢ˧˪˰ˢ ,

˧˪ˣ˞ ,˸˧ˮˣ˷˪ ˸ˣ˟˷ˣˬ ˪˷ ˯ˣ˧ˠˢ ˸˪ˣ˩˧ˣ ˧ˣ˯˧˩ˢ ˤˣ˥˞ ˭˧˟ ˶˷˵ˢ ˪˰ .˷ˬ˸ˬˢ ˢ˧˪˰ˢ˷ ˭˩˸˧ ˤˣ˥˞˟ ˸˩

 ˫˧ˮ˷ˢ ˨˶ˣ˞˪ ˧ˣ˯˧˩ˢï  ˪˰ ˸ˣ˶˟ˠ˸ˢ ˪˷ ˧˟ˣ˧˥ ˟˴ˬ˩ ˢ˷˶ˣ˲ ˶˷˞"˸ˣˡ˧˶˷ ˫ˣ˯˥ˬ "ï  ˢ˸˷˵ˢ˷ ˞˧ˢ

˸˧ˮˣ˷˪ ˸ˣ˷ˡ˥ ˸ˣ˟˷ˣˬ ˯ˣ˧ˠ ˪˰ . ˧ˬˮ˧ˡ ˪˵˷ˬ ˧ˣˣ˧˷ ˪˷ ˟˴ˬ˪ ˢ˰ˠˢ ˪˰ ˤˣˬ˶˪ ˫˧˧ˣ˷˰ ˢˮ˷ˢ ˫˧˧ˣˮ˧˷ˢ

˸ˣˬ˧˧˵ ˸ˣ˟˷ˣˬ ˸˥˧ˬ˴˪ ˢ˷ˡ˥ ˸ˣ˟˷˧˧˸ˢ ˭˧˟ ˷ˡ˥ , ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˣ˟ ˟˴ˬ ˢ˧ˢ˷ˬ ˢˣ˟ˠ ˸˪˧˞

˶ˣ˷˰ ˧ˮ˲˪ . 

 ˶˸˞˟ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ ˶˥˞ ˟ˣ˵˰˪ ˸ˮˬ ˪˰ ˸˧ˮ˩˸ˢ ˧ˡ˧ ˪˰ ˢˮ˷ˢ ˣ˟˴ˣˢ ˸ˣ˟˷˧˧˸ˢ ˸ˣ˧˥ˣ˪

 ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˶˸˞˟ˣ ˢ˶ˣˬ˷ˢ)˟ ˵˶˲.4 ,ˢ˦ˬ˪ .(˫˧˶˸˞ˢ ˧ˮ˷˟ ˣ˞˴ˬˮ ˸ˣ˧ˣ˟˷˧˸ˢ , ˫˪ˣ˞

˸ ˭˥˟˞˪ ˸ˮˬ ˪˰ ˶˸ˣ˧ ˨ˣ˶˞ ˟˵˰ˬ ˢ˧ˢ˧ ˷ˣ˶ˡˣ ˸ˣˮˣ˷˞˶ ˭˧˧ˡ˰ ˸ˣ˞˴ˣ˸ˢ ˸ˬˣ˶˸ ˸˞ ˨˧˶˰ˢ˪ˣ ˸ˣ˧ˮ˟

˸˧ˮˣ˷˪ ˫˧˷ˡ˥ˢ ˫˧˟˷˧˧˸ˬˢ . ˶ˠˮ˧ˤ˪˷ ˫ˣ˸ ˪˷ ˨ˬ˯ˣˬˢ ˸ˡˣ˟˰)ˤ ˥˲˯ˮ.3 ( ˫˧ˮ˧ˬˬ ˫˧ˠˣˬ˪˞ ˯ˣ˧ˠ ˸ˡ˰˸ˬ

˫˧˶˸˞ˢ ˧ˮ˷˟ ˸˧ˮˣ˷˪ ˫˧ˮˣ˷ , ˸ˬˣ˶˸ ˪˷ ˢ˩˶˰ˢ ˶˷˲˞ˬ ˞˪ ˭˧˧ˡ˰˷ ˭ˬˤ ˵˶˲ ˭˥˟ˮ ˫˷ ˫ˠ ˨˞

˸˧ˮˣ˷˟ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˪ˣ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˪ ˫˧˯˧˧ˠ˸ˬˢ. 

 

 
˟ ˶ˣ˧˞22 :˧ˣˮ˧˷˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˧˪ˡˠ ˸ˣˠ˪˲˸ˢ˟ ˫ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟.  ˢ˶˧˲˯ ˸˧˧˦ˢ˪ ˫˧ˮ˵ˣ˸ˬ ˫˧ˮˣ˸ˮˢ

 ˧˲ ˪˰ ˣ˵ˢ ˧˩˸˥ ˸˦˧˷˟Zvuloni et al., 2008. 

Figure B22: Change in the size-frequency distribution of coral colonies in Eilat. The 

data is corrected for size-bias following Zvuloni et al. (2008). 
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.˟2 .˞ ˫ˣ˪˧˴˫˧˰ˣ˟˵ ˫˧˶˸ 
 

ˢ˶˦ˬ 

˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˶˲˯ˬ˟ ˫˧˧ˣˮ˧˷ ˶˥˞ ˧˸ˮ˷ ˟˶ ˟˵˰ˬ ,˭˪ˡˣˠ , ˸ˣ˧ˮˣ˷˟ ˫˧˰ˣ˟˵ ˫˧˶˸˞˟ ˭˸ˣ˞˧˶˟ˣ

˫˧˶˴ˬ ˪ˣ˟ˠ ˡ˰ˣ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢˬ . 

 

˸ˣ˦˧˷ 

˷ ˪˷ ˶ˤˣ˥ ˫ˣ˪˧˴˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˸˧ˮˣ˷ ˧˶˸˞˟ ˫˧˰ˣ˟˵ ˸˧ˮˣ˷ ˧˥˦ ,˪˵ˡˢ ˱ˣ˥ ,˞˴˵"˞ , ˸˶ˣˬ˷

˪˞ˢ˫˧ˠˣˬ ,˸˧ˬ˧ˢ ˢˡ˟˰ˬˢ , ˢ˟˞˦ˣ)˟ ˶ˣ˧˞23 .( ˸ˡ˰ˣ˧ˬˢ ˢ˰ˣ˟˵ ˸˟˷ˣ˸ ˰˪˯˪ ˢ˶˟ˣ˥ ˶˸˞ ˪˩˟

ˢˬ˪˴ˬ˪ ,˸ˣ˶˥˟ˮ ˸ˣˡˣ˵ˮ ˷ˬ˥˟ . ˢˬ˪˴ˬˢ ˟ˣ˟˧˯ ˧ˡ˧ ˪˰ ˫˧ˮˣˣ˧˩ ˢ˰˟˶˞˟ ˸˧ˮˣ˷ˢ ˸ˬ˪ˣ˴ˬ ˢˡˣ˵ˮ ˪˩˟

ˢ˸˟˷ˣ˸˟ . ˫˧ˮˣ˷ ˫˧ˮˬˤ˟ ˵ˣ˧ˡ˟ ˥˦˷ˢ ˣ˸ˣ˞ ˸˞ ˫˪˴˪ˣ ˶ˣˤ˥˪ ˭˸˧ˮ ˢˤ ˭˲ˣ˞˟)˟ ˶ˣ˧˞24 .( ˪˩ˢ ˨˯˟

ˬ˵ˣˬ ˣ30 ˫˧ˮˣ˷ˢ ˫˧˶˸˞˟ ˫˧˧ˣˮ˧˷ˢ ˪˷ ˧˸ˣˬ˩ ˥ˣ˸˧ˮ˪ ˸ˣˮˣˬ˸ ˰˟˶˞ ˸ˣˬ˪ˣ˴ˬ ˢˡˣ˵ˮ ˪˩˟ˣ ˸ˣˡˣ˵ˮ . ˟˵˰

˸ˣˡˣ˵ˮ ˶˲˯ˬ ˫˧ˮ˷ˢ ˫˰ ˣˡ˟˞ ˸ˣ˟˷ˣ˸ˢ ˸˞ ˵˧ˤ˥ˬˢ ˸˧ˮˣ˷ˢ ˰˪˯ ˸ˣ˶˶ˣ˲˸ˢˣ ˧˞˪˟ , ˸ˣˮˣˬ˸ˢ ˶˲˯ˬˣ

˫˴ˬ˦˴ˬ .˶˯˥ ˸ˣˡˣ˵ˮ ˫ˣ˵ˬ˟ ˸ˣ˷ˡ˥ ˸ˣˡˣ˵ˮ ˫˧˸˧˰˪ ˣ˲˯ˣˢ ˰ˣ˟˵ ˸ˣˡˣ˵ˮ ˶˲˯ˬ ˪˰ ˶ˣˬ˷˪ ˭ˣ˧˯˧ˮ˟˸ˣ ,

˞˴˵ ˫˧˶˸˞˟ ˦˶˲˟"ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷ˣ ˞ . ˪˩˟ ˸ˣ˲˲ˣ˥ ˸ˣˮˣˬ˸ ˭˧˟ ˢ˞ˣˣ˷ˢ ˸˧˷˰ˮ ˫˧ˮˣ˸ˮˢ ˥ˣ˸˧ˮ˟

˶˵˯ .˟ ˢˮ˷ ˪˩˟ ˨˶˰ˮ ˫ˣ˪˧˴ˢ ˶˵˯˳˧˵ˢ ˸˪˧˥˸  . 

 ˢ˧˴˦˧ˠ˧ˡ ˧ˡ˧ ˪˰ ˫˧ˠˣˬ˪˞ˢ ˥˦˷ ˡˡˬˮˣ ˫˧˥˧˧ˮˢ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˶˞˷ˣ ˫˧ˠˣˬ˪˞ˢ ˫˧˶˲˯ˮ ˢˮˣˬ˸ ˪˩˟

 ˸ˣˮˣˬ˸ˢ ˪˷)ˣˡ ˢ˞˶" ˥2004 .(ˢ ˨˶ˣ˴˪ ˸ˣ˰˧˲ˣˬ˷ ˸ˣ˟˷ˣˬ ˵˶ ˭ˣ˟˷˥˟ ˣ˥˵˪ˮ ˸ˣ˟˷ˣˬˢ ˥˦˷ ˸˞ˣˣ˷

˫˧ˬˣ˪˧˴ ˸ˣ˶ˡ˯ ˧˸˷˟ ˶ˣ˶˟ ˭˲ˣ˞˟ ˭˞ˣ˪ˬ˟ . ˢ˞˪ˬ ˞˪ ˫˧ˮ˷ˢ ˧˸˷ˬ ˸ˣˮˣˬ˸ ˭˧˟ ˢ˲˧˲˥ˢ ˫ˢ˟ ˫˧˶˵ˬ˟

)ˢ˰ˣ˟˵ˢ ˸˟˷ˣ˸˟ ˢˬ˪˴ˬˢ ˸˟ˣ˴˥ ˸˰ˣˮ˸ ˪˷˟ ,ˢ˲˪˥˷ ˢˮ˷ˢ ˨˷ˬ˟ ˸ˣ˟˷ˣ˸ ˪˷ ˢˤˣˤ˸ , ˧˞ˮ˸˟ ˫˧˧ˣˮ˧˷

ˢ˶ˣ˞˸ ,˸˯ˬˢ ˭˲ˣ˞˟ ˫˧ˠˣˬ˪˞ ˪ˣˡ˧ˠ ˣ˞˫˧˶˥˞ ˫˧ˠˣˬ˪˞ ˢˬ˪˴ˬˢˬ ˶˧ (˫˧ˠˣˬ˪˞ˢ ˣ˶˲˯ˮ , ˞˪ ˫˥˦˷ ˨˞

˫˧ˮ˷ˢ ˭˧˟ ˢ˞ˣˣ˷ˢ˟ ˟˷ˣ˥ . ˥˦˷˪ ˸˯˥˧˧˸ˬ ˸ˣ˟˵ˣ˰ ˫˧ˮ˷ˬ ˫˧ˬˣ˪˧˴ˢ ˸ˣ˶ˡ˯ ˭˧˟ ˸˧˸ˣˬ˩ ˢ˞ˣˣ˷ˢ

 ˫˧ˮ˷ˢ ˧˸˷˟ ˫˧˧ˣ˴ˬˢ ˫˧ˠˣˬ˪˞)growth( ,˫˧ˠˣˬ˪˞ ˪˷ ˸ˣ˟˷˧˧˸ˢˣ ˢ˸ˣˬ˸ , ˥˦˷˟ ˫˧˧ˣˮ˧˷ˢ ˨˯ˣ

 ˫˧ˠˣˬ˪˞ˢ)area change ï ˢ˪˧ˡˠ ˪˪ˣ˩ ,˸ˢ˸ˣˬ ,ˢ˷ˡ˥ ˸ˣ˟˷˧˧˸ˢˣ .( ˶˷˲˞ˢ ˸ˡ˧ˬ˟ ˣˢˣˤ ˫˧ˠˣˬ˪˞ˢ

˭˧ˬˢ ˸ˬ˶˪ , ˸ˣ˴ˣ˟˵ ˧˲˪ ˫ˠ ˣˠˣˣ˯ˣ)˫˧˲ˮˣ˰ˬ ˭˟˞ ˧ˠˣˬ˪˞ ,˞˪ ˭˟˞ ˧ˠˣˬ˪˞-˫˧˲ˮˣ˰ˬ ,˫˧˩˶ ˫˧ˠˣˬ˪˞ ,

˷˞ ˧ˠˣˬ˪˞ˣ .(˸ˣ˞˟ˢ ˫˧ˮ˷˟ ˷ˬ˷˪ ˫˧˧ˣ˷˰ ˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˫˰ ˢ˞ˣˣ˷ˢ ˨˶ˣ˴˪ ˣ˷ˬ˧˷ ˞˪ ˶˷˞ ˫˧ˮˣ˸ˮ .

˸ˣˡˣ˵ˮˢˬ ˵˪˥ ˭ˡ˟ˣ˞ ˸ˣ˶ˬ˪ ,ˣ˲˯˞ˮ ˧˧ˡˣ˥˧˧ˣ ˫˧˟˶ ˫˧ˮˣ˸ˮ ˫ ˢˬ˧˪˷ˬ ˢ˧˪ˣ˥ ˫˧ˣˣˢˬ ˶˷˞ ˣˤ ˢ˦˧˷˟

˸ˣ˧ˮˣ˷ˢ ˟˴ˬ ˶ˣ˦˧ˮ˟ ˢ˟ˣ˷˥. 

 ˸ˮ˷ˬ ˪˥ˢ2010  ˸˩˶˰ˬ˟ ˫˧ˮˣ˸ˮˢ ˸˶˧ˬ˷ˣ ˢ˧˴˦˧ˠ˧ˡˢ ˸˧˷˰ˮGIS . ˣ˶˟˰ ˸ˣ˷ˡ˥ ˸ˣˮˣˬ˸

 ˸˶ˤ˰˟ ˢ˧˴˦˧ˠ˧ˡGIS , ˢˡˣ˵ˮ ˪˩ ˶ˣ˟˰ ˸ˣˡ˶˲ˮ ˸ˣ˟˩˷˩ ˣ˶ˬ˷˧˧ ˸ˣ˟˵ˣ˰ ˫˧ˮ˷ ˪˷ ˸ˣˮˣˬ˸ˣ)˟ ˶ˣ˧˞25 .(

˦˰ˬ˩ ˢˮ˷ˢ ˢ ˸˩˶˰ˬ˪ ˸ˣˬˡˣ˵ ˫˧ˮ˷ˬ ˸ˣˮˣˬ˸ ˪˷ ˢ˶ˬˢˢ ˨˧˪ˢ˸ ˫˪˷ˣˢˣ-GIS.  ˸˦˧˷ ˫˷˧˧˪ ˧ˡ˩˟

GIS ˢ ˸ˡ˧˥˧ ˧ˡ˧ ˪˰ ˸˧ˡˣ˰˧˧ ˫˧ˮˣ˸ˮ ˸˪˟˵ ˸˩˶˰ˬ ˢ˸ˮ˟ˮ ˸ˣ˰ˣ˟˵ ˸ˣˡˣ˵ˮ˟ ˫˧ˠˣˬ˪˞ ˶ˣ˦˧ˮ ˧˩˶˴˪-GIS 

˧˶˟˰ˢ ˢ˦˧˯˶˟˧ˮˣ˞˟  ˸)˸ ˧ˡ˧ ˪˰ ˸ˣˮ˩- ˭˟ ˧ˡ˰-˭xˮ ,˫˶˧˟˞ ˧˪˦ˣ ˶ˮ˧ˬ˵ ˭ˡ˧˰.( 

 

˧˟ ˭˸˧ˮ ˫˧ˠˣˬ˪˞ˢ ˥˦˷ ˸ˣˡ˧˥pixel ˬ˯˪ ˥˦˷ˢ ˪ˣ˧˩˷ ˭ˣˣ˧˩ˬ" ˢ˟ˣˠˢ ˧˪ˡ˟ˢ ˟˵˰ ˵˧ˣˡˬ ˞˪ ˞˴ˬˮ ˶

ˢˬ˪˴ˬ˪ ˸˧˯˥˧ ˸ˣ˟˷ˣˬ ˪˷ .˥˦˷ˢ ˸ˣˡ˧ˡˬ˪ ˟˶ˣ˵ˬ ˢˡ˧ˬ ˢˮ˵ :1cm
2
=2kp=2,000pixels . ˫˧˧ˣˮ˧˷

˸ˣ˟˷ˣˬˢ ˭˧˟ ˢ˧˲˶ˠˣ˲ˣ˦ˢˣ ˪ˣ˧˩ˢ ˧˪ˡ˟ˢ ˫˧˪˶˦ˣˮˬ ˨˩ˣ ˫˧ˤˣ˥˞˟ ˫˧ˮ˸˧ˮ ˥˦˷˟. 

˦˦˯ ˭ˣ˧˲˞ ˫˧ˣˣ˷ˬ ˶˷˞ ˣ˵ˢ ˧˩˸˥ˬ ˪˧ˡ˟ˢ˪˶˸˞ ˪˷ ˧˦˯˧ , ˸˧˸ˡˣ˵ˮ ˢ˞ˣˣ˷ˢ ˢˮ˷˧ ˫˪ˣ˴ˬˢ ˶˵˯˟

ˢˮ˷˪ ˢˮ˷ˬ ˵ˣ˧ˡ˟ ˸ˣ˟˷ˣˬ ˭˸ˣ˞ ˸ˣ˥˸˲˸ˢ ˪˷ . ˫˧ˣˣˢˬ ˫ˮ˧˞ˣ ˸ˣ˰ˣ˟˵ ˸ˣˡˣ˵ˮ ˫˧ˡ˰˸ˬ ˫ˣ˪˧˴ˢ ˧˶˸˞

˧ˣ˯˧˩ ˧ˤˣ˥˞ ˪˷ ˭˧˧˲˞ˬ ˧˦˯˧˦˦˯ ˠˣ˴˧˧ ,˫˧ˮ˧ˬ ˸ˣ˥˧˩˷ ˣ˞ ˭ˣˣˠˬ ˥˦˷ˢ ˪˪˩˟. ˫˪ˣ˴ˬˢ ˶˵˯ˢ ˪˷ ˣ˥ˣ˩ ,

˟ ˫˧˰ˣ˟˧˶ ˸ˣ˶˷˰ ˪˷ ˥ˣ˸˧ˮ ˪˰ ˨ˬ˯ˮˢ-6 ˢ˟˞˦˪ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˭˧˟ ˫˧˶˸˞ , ˪˷ ˧˪˪˩ ˭ˡˬ˞ ˭˸ˬ˟ ˞ˣˢ

˪ˣˡ˧ˠˢ ˧˟˴˵ ,˸˪˧˞ ˧˲ˣ˥ ˨˶ˣ˞˪ ˫˧ˠˣˬ˪˞ ˪˷ ˸ˣ˟˷˧˧˸ˢˢˣ ˢ˸ˣˬ˸ˢ. 

˧˦˯˧˦˦˯ ˡˣ˟˧˰ ˫ˠ ˸ˣ˶˟ˣ˰ˣ ˧˲˶ˠ ˭˲ˣ˞˟ ˸ˣˠ˴ˣˬ ˸ˣ˞˴ˣ˸ˢ. ˢ˞˧ˠ˷ ˧ˣˣ˵ ˫˧˰˧˲ˣˬ ˫ˢ˟ ˫˧˶˵ˬˢ ˪˩˟ ,

˭˵˸ˢ ˸˞˧ˠ˷ ˸˞ ˫˧ˠ˴˧˧ˬ ˫ˢ  .(Error bars represent the standard error)  
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˟ ˶ˣ˧˞23 :˵˯ˢ ˧˶˸˞ ˸˪˧˞ ˧˲ˣ˥ ˨˶ˣ˞˪ ˫˪ˣ˴ˬˢ ˶)˵ˣ˶˧˟ ˫˧ˮˬˣ˯ˬ .( 
Figure B23: Sites of the photo-survey of coral reefs along the Eilat coastline 

(green markers).  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

˞˟ ˶ˣ˧24 :˸˶ˣˬ˷ ˸˧ˮˣ˷˟ ˰ˣ˟˵ ˶˸˞ˬ ˶ˤˣ˥ ˫ˣ˪˧˴ ˫˧ˠˣˬ˪˞ˢ . ˢ˪˰ˬ˪2004 , ˢ˦ˬ˪2005 .

ˣ˟ˢ ˫˧˧ˣˮ˧˷ˢ ˭˧˟ ˧˷ˣˠˢ ˠˣˬ˪˞ˢ ˪˷ ˸˧˵˪˥ ˢ˸ˣˬ˸ ˸˶˩˧ˮ ˫˧˦˪Platygyra 1 ) ˢ˪˰ˬ˪

ˤ˩˶ˬ˟ ( ˢ˥˧ˬ˴ˣ)˥˦˷˟ ˪ˣˡ˧ˠ ( ˱ˮˣ˰ˬˢ ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˪˷Acropora 1,2 ) ˢˮˣˬ˸ˢ ˤ˩˶ˬ

˭˧ˬ˧ˬ ˢ˪˰ˬ˪ˣ ,ˢˬ˞˸ˢ˟ .(˱˯ˣˮ˟ ,˸ˮ˷ˬ ˫ˣ˪˧˴˟ ˵˶ ˸ˣ˰˧˲ˣˬˢ ˸ˣ˷ˡ˥ ˸ˣ˟˷ˣˬ ˭ˮ˷˧ 2005 ,

ˢˤ ˫ˣ˪˧˴˟ ˸ˣ˶˯˥ˢ ˸ˣ˟˷ˣˬˣ . ˫˧ˮˬˣ˯ˬ ˫˧˸ˬˢ ˫˧˥˦˷ˢ ˫ˠ ˣˬ˩ ˸ˣ˟˷ˣˬˢ ˪˩ ˧˥˦˷) ˣ˵

˪ˣˠ˯ (˫˧˥˦˷ ˧˟ˣ˷˧˥ ˨˶ˣ˴˪. 

Figure B24: A set of photographs from one of the photo-survey sites in the 

nature reserve reef (2004 top, 2005 bottom). Among the observed changes 

are partial mortality of the massive coral Platygyra 1 (top center), and 

growth of two colonies of the branching coral Acropora 1 and 2, (center and 

top right respectively). In addition, a few colonies are missing from the 

bottom picture (2005), and some are new settlers that appear only in 2005.   



 

49 

 

 

 
˟ ˶ˣ˧˞25 : ˫˪ˣ˴ˬ ˶˸˞ ˶˥˞ ˟˵˰ˬ ˸ˣˮ˷ ˢˮˣˬ˷)˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷ , ˢˡˣ˵ˮA ,˟˶˰ˬ ˭ˣˣ˧˩.( 

Figure B25 : Eight years of documentation at permanent photo site Nature Reserve, 

point A, looking west.  
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˸ˣ˞˴ˣ˸  

 

 ˸ˮ˷ ˨˪ˢˬ˟2015  ˣ˥˸ˣˮ102 ˸ˣˮˣˬ˸ ) ˸ˬˣ˰˪118 ˸ˬˡˣ˵ˢ ˢˮ˷˟( ˨˶ˣ˴˪  ˫˧ˮ˷ˢ ˫˰ ˢ˞ˣˣ˷ˢ

˸ˣˬˡˣ˵ˢ )˟ ˢ˪˟˦6( . ˣ˶˲˯ˮ ˪˩ˢ ˨˯˟2,245 ˫˧ˠˣ˯ˢ ˪˩ˬ ˸ˣ˟˷ˣˬ ) ˣ˶˲˯ˮ ˸ˬˡˣ˵ˢ ˢˮ˷˟2,333( ,

 ˭˩ˣ˸ˬ1,803  ˭˟˞ ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ)1,989 ˸ˬˡˣ˵ˢ ˢˮ˷˟.(  ˧˸˷ ˣ˟ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶˸˞ ˫˪ˣ˴ ˞˪ ˢˮ˷ˢ

˸ˣˡˣ˵ˮ ˧˸˷ ˵˶ ˢˮ˷ˢ ˣ˞˴ˬˮ ˪˵ˡˢ ˱ˣ˥˟ ˫ˠˣ ˡ˟˪˟ ˸ˣˮ˧˵˸ ˫ˣ˪˧˴ ˸ˣˡˣ˵ˮ.  

˦˷˥˭  ˪˷1,153 ˭˟˞ ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ  ˡˡˬˮ˫˧ˮ˷ˢ ˭˧˟ ˫˧˥˦˷ ˸˞ˣˣ˷ˢ ˨˶ˣ˴˪ ˢ ˟ˣ˷˧˥ˣ"ˢ˪˧ˡˠ". 

 ˧˲ ˨˶˰˟ ˭˦˵ ˫ˣ˵ˬˢ ˸ˣ˰ˣ˟˵ ˸ˣˮˣˬ˸˟ ˸ˣ˰˧˲ˣˬˢ ˫˧˲ˮˣ˰ˬˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˶˲˯ˬ4  ˸ˣ˟˷ˣˬˢ ˶˲˯ˬˬ

˞˪ ˪˷-˫˧˲ˮˣ˰ˬ , ˧˲ ˨˶˰˟ ˭˦˵ ˫˧˲ˮˣ˰ˬˢ ˫˧ˠˣˬ˪˞ˢ ˥˦˷ˣ3 ˞˪ˢ ˪˷ ˢˤˬ-˫˧˲ˮˣ˰ˬ. ˧˶ˬ˷ˮ ˢ˪˞ ˫˧˯˥˧ ˫,

˸ˣ˪˵ ˸ˣˡˣˮ˸ ˫˰ ,˫˧ˮ˷ˢ ˨˶ˣ˞˪ .˫˧˶˸˞ˢ ˭˧˟ ˢˣˣ˷ ˣˮ˧˞ ˸ˣˮˣˬ˸ˢ ˶˲˯ˬ ˧˩ ˶ˣ˩ˤ˪ ˷˧ , ˦˰ˬ ˢˮ˸˷ˬ ˫ˠˣ

˫ˣ˪˧˴ˢ ˸ˣ˟ˣ˴˥ ˟˴ˬ˪ ˫˞˸ˢ˟ ˢˮ˷˪ ˢˮ˷ ˭˧˟. 

˞˪ˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˶˲˯ˬ ˫˧ˬ˪ˣ˴ˬˢ ˫˧˶˸˞ˢ ˪˩˟- ˫˧˲ˮˣ˰ˬ)˫˧˧˷ˣˠ ,˫˧ˡ˲˶ˬ ,ˣ˩ˣ ˫˧˧˶˦˧˪ˣ˯' (

 ˪ˣˡˠ˪˷ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬˬ ˢ˟˶ˢ˟ ˰ˬ ˫˧ˠˣˬ˪˞˫˧˲ˮˣ .˸ˣ˟˷ˣˬ ˪˷ ˶˸ˣ˧˟ ˪ˣˡˠˢ ˶˲˯ˬˢ ˫˧ˠˣ˯ˢ ˪˩ˬ 

˶˵˯ˮ ˢˮ˷ˢ ˶˸˞˟˫˧ ˞˴˵ˣ ˸˧ˬ˧ˢ ˢˡ˟˰ˬˢ" ˞)606 ,607 ˢˬ˞˸ˢ˟ ˸ˣ˟˷ˣˬ .(˶˲˯ˬ ˸ˣ˟˷ˣˬˢ ˭˦˵ˢ 

˶˸ˣ˧˟  ˶˷˞˶˵˯ˮ ˢˮ˷ˢ  ˢ˧ˢ˶˸˞˟ ˱ˣ˥ ˪˵ˡˢ )105 ˸ˣ˟˷ˣˬ ˪˩ˬ ˫˧ˠˣ˯ˢ( . ˶˲˯ˬˣ ˫˧ˠˣˬ˪˞ˢ ˪˩ ˸ˬ˧˷˶

ˮ˟ ˢˮˣ˸ˮ ˢˮ˷ˢ ˫˧ˬˣ˪˧˴ˢ ˸˶ˡ˯˟ ˣˢˣˤ˷ ˸ˣ˟˷ˣˬˢˤ ˥˲˯2. 

 

All colonies captured in the permanent photosites 

Site No. of 
Pictures 

Branching stony 
corals  

Non-branching stony 
corals  

All colonies (stony, soft 
and others) 

  No. of 
colonies 

Area No. of 
colonies 

Area No. of 
colonies 

Area 

NB        

Dekel у 14 993 65 14,051 105 16,399 

Katzaa нп 113 6,029 359 16,714 607 28,278 

NR 28 139 7,313 345 22,860 587 33,146 

IUI 24 76 5,176 439 13,010 606 20,698 

Taba 18 33 7,284 220 15,006 340 26,424 

Total 102 375 26,795 1,428 81,641 2,245 124,945 

Colonies captured in full and considered for "growth" calculations 

Site No. of 
Pictures 

Branching stony 
corals  

Non-branching stony 
corals  

All colonies (stony, soft 
and others) 

  No. of 
colonies 

Area No. of 
colonies 

 Area No. of 
colonies 

Area 

NB        

Dekel у 8 692 35 3,116 64 4,537 

Katzaa нп 67 3,019 247 5,877 420 12,810 

NR 28 72 3,684 203 9,850 333 15,153 

IUI 24 47 2,244 324 8,786 453 13,066 

Taba 18 14 1,439 136 5,551 206 9,219 

Total 102 208 11,078 945 33,179 1,476 54,785 

 ˢ˪˟˦6˟: ˷ˣˬ ˶˲˯ˬˣ ˫˧˥˦˷ˢ ˧ˮˣ˸ˮ ˫ˣ˩˧˯ ˶ˣ˦˧ˮˢ ˸ˮ˷˟ ˫ˣ˪˧˴ˢ ˶˵˯˟ ˣ˲˯˞ˮ˷ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟2015 .

"˫˧ˠˣˬ˪˞ ˸˟˷ˣˬ ˥˦˷ " ˢ˪˷ ˫˪ˣ˴ˬˢ ˪˦˧ˢˢ ˥˦˷ ˞ˣˢ)˟ ˭ˣ˸ˮ-k-pixel .( ˫˧˪˯˵˧˲˟ ˫˧ˮˣ˸ˮ ˫˧˥˦˷ ˧ˮˣ˸ˮ

 ˥˦˷˪ ˫˧ˬˣ˪˧˴ˢ ˪ˣ˧˩ ˪˷ ˸ˣ˧˰˟ˬ ˰ˮˬ˧ˢ˪ˣ ˸ˣ˟˵ˣ˰ ˫˧ˮ˷ ˭˧˟ ˢ˞ˣˣ˷ˢ ˰˴˟˪ ˢ˧ˢ˧ ˭˸˧ˮ˷ ˸ˮˬ ˪˰"˧˸˧ˬ˞ ."

˸ˣ˟˷ˣˬˢ ˪˩ ˢ˪˰ˬ˪ ˢ˦ˬ˪ˣ ˸ˣ˟˷ˣˬˢ ˡˡˬˮ ˭˥˦˷˷ ˢ˥˧ˬ˴ ˧˟ˣ˷˧˥ ˨˶ˣ˴˪ ˣ˞ˣ˪ˬ˟. 

Table B6: Summary of the areas and number of corals surveyed in the 2015 photo-

survey session. The ñareaò of a colony is its pictured area given in k-pixels. Areas are 
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given in pixels to allow for inter-annual comparisons and to avoid inaccuracies of 

calibration to ñrealò surface area. Top: the data for all colonies, Bottom: the data for 

colonies considered in ñgrowthò calculations.  

 

 ˸ˣ˲˧˲˴ˢ˸ˣ˟˷ˣˬ ˸˰˴ˣˬˬˢ  ˫˧ˮ˷˟ ˡ˥ˣ˧ˬ˟ ˢˢˣ˟ˠ ˢ˸˧ˢ ˢˮˣˬ˸˟2009-2011 ˴˵ˬ˟ ˢˡ˶˧ ˤ˞ˬˣ ˸,

˫˧˪ˣˡˠ ˫˧˧ˣˮ˧˷ ˞˪˪ ˢˮ˧ˢ ˫˧ˬ˪ˣ˴ˬˢ ˫˧˶˸˞ˢ ˟ˣ˶˟ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˶˷˞˩ , ˰˴ˣˬˬ˟

-˩ 17  ˢˮˣˬ˸˪ ˸ˣ˟˷ˣˬ)˟ ˶ˣ˧˞26 .( ˶˸ˣ˧˟ ˢ˩ˣˬˮ ˢˮˣˬ˸˪ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˣ˟ ˶˸˞ˢ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟

˪˵ˡˢ ˱ˣ˥ ˶˸˞ ˞ˣˢ ,ˢˣ˟ˠˢ ˸˰˴ˣˬˬˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˸˞˴ˬˮ ˸˧ˬ˧ˢ ˢˡ˟˰ˬˢ ˶˸˞˟ ˣ˪˧˞ˣ˶˸ˣ˧˟ ˢ. 

˧ˡˬ˪ ˢ˟˧˴˧ ˣ˵ˢ ˧˩˸˥ ˶˵˯ˬ ˢ˪ˣ˰ˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˫ˠ , ˢ˪˵ ˢ˧˧˪˰ ˪˷ ˢˬˠˬ ˸ˮˬ˸˯ˬ ˫˷ ˨˞

 ˸ˮ˷ ˤ˞ˬ ˸ˣ˲˧˲˴˟2012. 

  

 

 
˶ˣ˧˞ ˟26  ˢ˪˰ˬ˪ï  ˸ˮ˷ ˤ˞ˬ ˶˸˞ ˪˩˟ ˢˮˣˬ˸˪ ˰˴ˣˬˬˢ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ˟ ˫˧˧ˣˮ˧˷2004 . ˢ˦ˬ˪ï  ˢ˞ˣˣ˷ˢ

˯˟ ˸ˡˡˬˮˢ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ ˫˧˧ˣˮ˧˷ˢ ˭˧˟ ˣ˵ˢ ˧˩˸˥ ˶˵)˫ˣˡ˞ ( ˫˪ˣ˴ˬˢ ˶˵˯˟ ˸ˡˡˬˮˢ ˣˤ˪

)˪ˣ˥˩ .( ˰˴ˣˬˬ ˫ˢ ˫˧ˮˣ˸ˮˢ"˸˪˧˞ "ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ . 

Figure B26: Top ï Changes to the stony average number of stony coral per picture 

recorded in the permanent phot-sites since 2004. Bottom ï the changes in stony coral 

number per measuring unit in the line-transect survey (red) and the permanent photo-

site survey (blue).  
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˭˟˞ ˧ˠˣˬ˪˞ˬ ˶˵˧˰˟ ˸˟˩˶ˣˬ ˫˧ˬ˪ˣ˴ˬˢ ˫˧˶˸˞˟ ˸˧ˮˣ˷ˢ ˸˶˟˥ )˟ ˶ˣ˧˞27( . ˭˧˞ ˫˧ˮ˷ˢ ˭˧˟

˫˧ˬ˪ˣ˴ˬˢ ˫˧˶˸˞˟ ˢ˶˟˥ˢ ˟˩˶ˢ˟ ˫˧˪ˣˡˠ ˫˧˪ˡ˟ˢ ,˭˟˞ˢ ˧ˠˣˬ˪˞  ˢˮ˷ˢ ˣˣ˧ˢ86% ˯ˬ ˸ˣ˟˷ˣˬˢ ˥˦˷ ˨

ˣ˫˧˩˶ˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ  ˢˮ˷ˢ ˣ˯˲˸5%.  ˸˴ˣ˟˵˟"˫˧˶˥˞" ˸ˣ˲ˡ˴ ˫˧˪ˣ˪˩ ,ˣ˶˵˞ˬ-˸ˣ˴˞ , ˫˧ˠˣ˲˯

ˡˣ˰ˣ.  

˶˧˩ˤˢ˪ ˧ˣ˞˶  ˸˧ˮˣ˷ ˧ˬ˸˩ ˸˟ˣ˦˪ ˢ˦ˣˬ ˢ˸˧˧ˢˣ ˧˞˶˵˞˟ ˞˪˷ ˢ˸˷˰ˮ ˫˧ˬ˪ˣ˴ˬˢ ˫˧˥˦˷ˢ ˸˶˧˥˟˷

˭˟˞ ˧ˠˣˬ˪˞ ˧˶˧˸˰. 

 

 
˟ ˶ˣ˧˞27 :˥ ˸˞ ˸ˣ˟˧˩˶ˬˢ ˸ˣ˧˶˵˧˰ˢ ˸ˣ˴ˣ˟˵ˢ ˸ˣˠ˪˲˸ˢ ˸ˮ˷˟ ˫˧ˬ˪ˣ˴ˬˢ ˫˧˶˸˞˟ ˸˧ˮˣ˷ˢ ˸˶˟2015 , ˧˲ ˪˰

˫˧˯˲ˣ˸ ˫ˢ ˣ˸ˣ˞ ˧˯˥˧ˢ ˥˦˷ˢ ˤˣ˥˞ . 

Figure B27: Distribution of the main taxa groups comprising reefs at the permanent 

photo-sites in 2015, according to the relative (percent) area which they occupy.   
 

 ˞˴ˬˮ ˢˮ˷ˢˣ˰ ˱ˡ)˧˶˲˯ˬ ( ˪˷˯ˣ˧ˠ  ˸ˣ˟˷ˣˬ˫˧ˠˣˬ˪˞ˢ ˪˪˩˟ ˢ˸ˣˬ˸ ˧ˮ˲ ˪˰  ˦˶˲ ˫˧˶˸˞ˢ ˪˩˟

ˢ˶ˣˬ˷ˢ ˶˸˞˪ . ˢ˟˞˦ ˶˸˞ˬ ˡ˟˪ ˫˧˶˸˞ˢ ˪˩˟ ˯ˣ˧ˠ ˧ˮ˲ ˪˰ ˢ˸ˣˬ˸ ˪˷ ˱ˡˣ˰ ˞˴ˬˮ ˭˟˞ˢ ˧ˠˣˬ˪˞˟) ˶ˣ˧˞

˟28 .(ˢ ˭˧˟ ˫˧˥˦˷ ˧˯˥˧ ˪ˣˬ ˧˶˲˯ˬ ˯˥˧ ˪˷ ˸ˣ˞ˣˣ˷ˢ ˸ˣ˟˷ˣˬ ˸˸ˣˬ˸ˣ ˸ˣ˟˷˧˧˸)xl" ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˥

2009 (˸ˣˡˬ˪ˬ ˸ˣ˟˷˧˧˸ˢ˟ ˱˯ˣˮ˷ ˥˦˷ˢˬ ˪ˣˡˠ ˢ˸ˣˬ˸ˬ ˢ˞˴ˣ˸˩ ˡ˟ˣ˞˷ ˥˦˷ˢ ˧˩ , ˫˧˶˸˞ˢ ˟ˣ˶˟˷ ˨˩

 ˸ˣ˟˷˧˧˸ˢ ˪˰ ˢ˸ˣˬ˸ ˱ˡˣ˰=)˸ˣ˟˷ˣˬˢ ˶˲˯ˬ˟ ˢˡ˧˶˧ (˧ˣ˯˧˩ˢ ˥˦˷ ˪˷ ˶˸ˣ˧ ˢ˪ˣˡˠ ˢˡ˧˶˧˟ ˢˣˣ˪ˬ . ˢˬ

˸ˣˬ˧˧˵ ˸ˣ˟˷ˣˬ ˪ˣˡ˧ˠ ˞ˣˢ ˸ˣ˟˷ˣˬ ˭ˡ˟˞ˬ ˢ˞˴ˣ˸˩ ˢˡ˧˶˧ˢ ˸˞ ˭ˤ˞˪ ˧ˣ˷˰˷ . 
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˞˟ ˶ˣ˧28 :ˣˬ˸ˣ ˸ˣ˟˷˧˧˸ˢ ˫˧ˠˣ˯ˢ ˪˩ˬ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˪˷ ˢ˸)ˢ˪˰ˬ˪ ( ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ˣ)ˢ˦ˬ˪ ( ˫˧˶˸˞˟

 ˸ˮ˷˟ ˫˧ˬ˪ˣ˴ˬˢ2015 . ˸ˣ˟˷ˣˬˢ ˪˪˩ˬ ˫˧ˤˣ˥˞˩ ˫˧ˠ˴ˣˬ ˫˧ˮˣ˸ˮˢ ˫˧˶˸˞ˢ ˭˧˟ ˢ˞ˣˣ˷ˢ ˶˷˲˞˪ ˸ˮˬ ˪˰

˶˸˞˟ . 

Figure B28: Colony recruitment and death for all corals (top) and for stony corals only 

(bottom) at the photo-survey sites in 2015. To allow a comparison between sites the data 

are presented as percent of the total number of colonies at each site.   
 

ˢ ˫˧ˠˣ˯ˢ ˪˩ˬ ˫˧ˠˣˬ˪˞ ˪˷ ˧˥ˢ ˥˦˷)˸ˣ˟˷˧˧˸ˢˣ ˢ˸ˣˬ˸ ˪˪ˣ˩( , ˭˪ˢ˪"˥˦˷˟ ˧ˣˮ˧˷ˢ" , ˪˰ ˟˷ˣ˥ˬ

 ˧ˡ˧˷ ˪˩ ˸ˬ˧˩˯˶˸˞˟ ˸ˣˮˣˬ˸ˢ ˶˲˯ˬ˪ ˣ˪ˣˬ˶ˮˣ ˢˮˣˬ˸ ˪˩˟ ˫˧ˠˣˬ˪˞ˢ ˥˦ . ˸ˣ˟˷ˣˬ ˪˷ ˟˶ˢ ˶˲˯ˬˢ

ˣˤ ˸˞ ˣˤ ˸ˣ˪˦˟ˬ ˢˬ˪˴ˬˢ ˪˷ ˸ˣ˧˞˶˵˞ ˸ˣ˰ˣˮ˸˷ ˨˩˪ ˫˶ˣˠ ˣˤ ˢˤ˧˪ˮ˞˟ . ˫˧ˠˣˬ˪˞ˢ ˥˦˷ ˭˧˟ ˪ˡ˟ˢˢ ˨˩

˪˪ˣ˩ ˫˧ˮ˷ˢ ˭˧˟ ,˪ ˱˯ˣˮ˟"ˢ˥˧ˬ˴ "˸ˣ˟˷˧˧˸ˢˣ ˢ˸ˣˬ˸ ˫ˠ. 

˧˪ˣˡˠ ˷˞ˢ ˧ˠˣˬ˪˞ˣ ˫˧˩˶ˢ ˫˧ˠˣˬ˪˞ˢ ˥˦˷˟ ˫˧˧ˣˮ˧˷ˢ ˫,˪˪˩ ˨˶ˡ˟,  ˧ˠˣˬ˪˞ ˸ˣ˴ˣ˟˵˟ ˫˧˧ˣˮ˧˷ˢˬ

˭˟˞ˢ , ˸ˣ˥˲ ˫ˮ˧ˢˣ"˫˧˧˸ˬˠˬ ."˸˞ˤ ˸ˬˣ˰˪ , ˣ˞˧˷˪ ˰˧ˠˢ˷ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˥˦˷˟ ˪ˣˡ˧ˠ ˞˴ˬˮ ˫˧˶˸˞ˢ ˟ˣ˶˟

 ˸ˮ˷˟2009 ,ˢ˪˵ ˢˡ˧˶˧ ˢ˪˥ ˭˩ˬ ˶˥˞˪ˣ .˫˧ˮ˦˵ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˥˦˷˟ ˫˧˧ˣˮ˧˷ˢ ˣ˧ˢ ˢˮ˷ˢ , ˫˧˶˸˞ˢ ˟ˣ˶˟

)˟ ˶ˣ˧˞29 .(˸˟ ˰˴ˣˬˬˢ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˥˦˷ ˢˮˣˬ)ˢˮˣˬ˸˪ ˫˧˪˯˵˧˲ ˧˲˪˞˟ ˡˡˬˮ ( ˢ˧ˢ ˫˧˶˸˞ˢ ˪˩˟

 ˢˮ˷ˢ435 ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢˬˣˡ˟ . ˸ˮ˷˪ ˢˬˣˡ ˢˤ ˨˶˰2012 , ˫˧ˮ˷ˢ ˪˷ ˫˧˞˧˷ˢˬ ˨ˣˬˮˣ2009 x-

2013 )499 x-522 ˢˬ˞˸ˢ˟ .( 
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˟ ˶ˣ˧˞29 : ˢ˪˰ˬ˪-  ˸ˮ˷ ˤ˞ˬ ˶˸˞ ˪˩˟ ˢˮˣˬ˸˪ ˰˴ˣˬˬˢ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˥˦˷˟ ˫˧˧ˣˮ˧˷2004 . ˢ˦ˬ˪-  ˧ˣˮ˧˷

˥˦˷ ˟ ˢˮˣˬ˸˪ ˰˴ˣˬˬˢ ˭˟˞ˢ ˧ˠˣˬ˪˞"˸˪˧˞ ˸ˣ˧ˮˣ˷" , ˤ˞ˬ2004 ,˫˧ˬ˪ˣ˴ˬˢ ˫˧˶˸˞ˢ ˨ˬ˯ ˪˰. 

Figure B29: Top - changes to the average area of stony corals per picture at the 

permanent photo-sites since 2004. Bottom - changes in the average stony coral area per 

picture in the "Eilat Reefs", measured since 2004 in the permanent photo-sites. 

 

ˠˣˬ˪˞ˢ ˸˶˟˥ ˢˮ˟ˬ ˨˪ˢˬ˟ ˢˮ˸˷ˢ ˫˧ˬ˪ˣ˴ˬˢ ˫˧˶˸˞˟ ˫˧˶ˣ˦˧ˮˢ ˸ˣˮ˷ : ˧˩˶˰ ˫˧˶˵ˬˢ ˸˧˟˶ˬ˟

˸ˣˬˡˣ˵ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˷˟ ˢ˲˴ˮˢ ˫˧˩˶˰ˢ ˥ˣˣ˦˟ ˫˧˞˴ˬˮ ˢˮ˷ˢ,  ˧˶˵˧˰ˢ ˠˣˬ˪˞ˢ ˫˪ˣ˞)˥˦˷ ˸ˮ˧˥˟ˬ (

 ˸ˮ˷˟2004  ˢ˧ˢAcropora xˢ˟˶ ˢˡ˧ˬ˟ ˫˧ˬ˪ˣ˴ˬˢ ˫˧˶˸˞˟ ˢˤ ˠˣˬ˪˞ ˥˦˷ ˭˦˵ ˤ˞ˬ . ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟

 ˠˣˬ˪˞ˢ ˥˦˷ ˶ˤ˥Acropora  ˫˧ˬ˪ˣ˴ˬˢ ˫˧˶˸˞˟ ˧˦ˮˮ˧ˬˣˡ ˸ˣ˧ˢ˪)˟ ˶ˣ˧˞30 ( ˢˮ˷ˢˣAcropora  ˞ˣˢ

 ˠˣˬ˪˞ˢˢ˥˦˷ˢ ˸ˮ˧˥˟ˬ ˧ˮ˷ . ˠˣˬ˪˞ˢGoniastrea  ˠˣˬ˪˞ˢ ˞ˣˢˮˢ ˧˲ ˪ˣˡˠ ˣ˥˦˷ˣ ˢˮ˷ˢ ˶˸ˣ˧˟ ˳ˣ˲1.5 

 ˥˦˷ˬAcropora ˸˞˟˫˧ˬ˪ˣ˴ˬˢ ˫˧˶ . 

˫˧ˠˣˬ˪˞ˢ Alveopora x- Plesiastrea , ˨˶ˢ ˠˣˬ˪˞ˢˣRhytisma ˬˮ ˫˧ˠˣˬ˪˞ˢ ˫˧˶˷˰ ˭˧˟ ˢˮ˷ˢ ˣ˞˴

˲ˮˢ ˸ˮ˷˟ ˣˤ ˢˬ˧˷˶˟ ˣ˪˪˩ˮ ˞˪ ˫˪ˣ˞ ˫˧ˬ˪ˣ˴ˬˢ ˫˧˶˸˞˟ ˶˸ˣ˧˟ ˫˧˴ˣ2004. 

 

 
˟ ˶ˣ˧˞30 : ˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˫˧˶˷˰) ˸ˮ˷˟ ˥˦˷ ˧˲˪2004 ( ˫ˣ˪˧˴ˢ ˸ˣ˶ˡ˯˟2004-2015. 

Figure B30: The twenty most abundant corals (by area) in the 2004-2015 photo-surveys. 
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˫ˣ˩˧˯ 

 ˸ˮ˷˟ ˶˸ˣ˧˟ ˪ˣˡˠˢ ˢ˧ˢ ˫˧˰ˣ˟˵ˢ ˫˧ˬˣ˪˧˴˟ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˥˦˷2009 ,ˢ˪˵ ˢˡ˧˶˧ ˢ˪˥ ˤ˞ˬˣ . ˢˮ˷ˢ

ˬ˸ ˸ˣ˥˲ ˣˬ˪ˣ˴ ˧˩ ˶ˣ˩ˤ˪ ˷˧ ˫˪ˣ˞ ˸ˣˬˡˣ˵ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˶˸ˣ˧ ˭˦˵ ˪˪ˣ˩ ˥˦˷ ˡˡˬˮ ˵˧˯ˢ˪ ˭˧˞ˣ ˸ˣˮˣ

˪˪ˣ˩ˢ ˫˧ˠˣˬ˪˞ˢ ˥˦˷˟ ˢˡ˧˶˧ ˪˰ ˨˩ˬ .ˢˮˣˬ˸˪ ˸˰˴ˣˬˬ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ ˸ˮ˧˥˟ˬ , ˢˬˣˡ ˢˮ˷ˢ ˢ˞˴ˬˮ ˣˤ

˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˪ . ˱ˡˣ˰ ˡˡˬˮ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ ˸˞ˤ ˫˰ ˡ˥˧)˧˶˲˯ˬ ( ˭˟˞ ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸˸ˣˬ˸ ˪˷

˫˧˶˸˞ˢ ˟ˣ˶˟ ˯ˣ˧ˠ ˧ˮ˲ ˪˰ . 

˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˸ˣˡˣˮ˸ ˣˡˡˬˮ ˭ˬˤˢ ˨˷ˬ˟˫˧ˬ˪ˣ˴ˬˢ ˫˧˶˸˞˟ ˸ˣ , ˶˲˯ˬ˷ ˞˴ˬˮ ˪˩ˢ ˨˯˟ ˫˪ˣ˞

 ˸ˮ˷ ˤ˞ˬ ˟˧˴˧ ˶˸ˣˮ ˫˧ˬ˪ˣ˴ˬˢ ˫˧˶˸˞˟ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ2004 , ˸ˣˡ˧ˡˬ ˸˞ ˫ˠ ˫˞ˣ˸ ˢˤ ˞˴ˬˬˣ

ˣ˵ˢ ˧˩˸˥ ˸˦˧˷˟ ˫˧˶˦ˣˮˬˢ ˫˧˶˸˞˟ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴. 
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.˟3 .˟ ˫˧ˠˣˬ˪˞ˢ ˸˶˟˥˸ˮˣˠ˪ ˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷ 
 

ˢ˶˦ˬ 

ˢ˰˲˧˷ˢ ˭ˡˬ˞ ,˯ˣ ˢ˶˟˥ˢ ˢˮ˟ˬ ˧ˬˣ˶ˡˢ ˢ˵˪˥˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˧ˮˣ˷ ˪˷ ˢˮˣˠ˪˟ ˰˴ˬˢ ˧ˠˣ) ˶ˣˠ˯ˢ

˫˧˶˵˟ˬ˪ (ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷ ˪˷ . 

 

˸ˣ˦˧˷ 

˭˟˞ ˧ˠˣˬ˪˞ ˫ˢ ˢˮˣˠ˪˟ ˣ˶˵˯ˮ˷ ˸˧ˮˣ˷ˢ ˸˶˟˥ ˧˟˧˩˶ˬ ,˫˧˩˶ ˫˧ˠˣˬ˪˞ ,˫˧˥˧˧ˮ ˸ˣ˧˪ˣ˥ ˧˶˯˥ˣ .

 ˫˧ˢ ˸˧˰˵˶˵=)˰˴ˬ ( ˳˴˥ˣ ˪ˣ˥˪ ˢ˵˪ˣ˥=)ˡ˩ˣ˪ˬ ˞˪ ˰˴ˬ( ,˰˪˯ ,˸˧ˮˣ˷ˣ . 

ˣˬ˪˞ˢ ˦ˣ˰˧ˬ ˸˞˲ˬ˫˧ˠ ,ˢˮˣˠ˪˟ ˢ˶˟˥ˢ ˶˵˯˪ ˢˬ˧˞˸ˢ ˞˪ ˣ˵ˢ ˧˩˸˥ ˸˦˧˷ .˨˩˧˲˪ , ˷ˣˬ˧˷ ˢ˷˰ˮ

 ˪ˡˣˠ˟ ˰ˣ˟˧˶ ˪˷ ˫ˣˠˡ ˸ˡ˧˥˧˟1X1 ˬ' . ˟˴˧ˮ˟ ˷˶˲ˮ˷ ˢˡ˧ˡˬ ˦˶˯ ˨˶ˣ˞˪ ˶ˣˡ˯ ˭˲ˣ˞˟ ˫˧˥ˮˣˬ ˫˧˰ˣ˟˧˶ˢ

 ˱ˣ˥˪) ˭˪ˢ˪"˫ˣˠˡ ˣ˵ (" ˪˷ ˵˥˶ˬˬ9 ˬ ' ˪˷ ˫˧˥ˣˣ˶ˬ˟ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˪ ˡ˰ˣ ˱ˣ˥ˢ ˣ˵ˬ5 ˢˤˬ ˢˤ ˫˧˶˦ˬ .

"˱ˣ˥ˢ ˣ˵"  ˱ˣ˥ˢ ˧˰˪˯ ˪˷ ˢ˲˧˷˥ ˢ˪˧˥˸ˬ ˣ˟ ˶ˣ˶˟ˢ ˣ˵˩ ˶ˡˠˣˬ)beach rock .( ˡ˰ ˣ˶˲˯ˮ ˫ˣˠ˧ˡ ˣ˵ ˪˩˟

˶ ˢ˷˷˫˧˰ˣ˟˧ , ˟˥ˣ˶˟ ˫˧˪ˡ˟ˢˬ ˸˰˟ˣˮˢ ˢ˧˦ˢˬ ˣ˞ ˸˧ˮˣ˷ˢ ˟ˠ˟ ˫˧ˠˣˬ˪˞ ˸˶˧˲˯ˬ ˰ˮˬ˧ˢ˪ ˸ˮˬ ˪˰

ˢˮˣˠ˪ˢ .ˢ˯˟"˶˵˯ˢ ˪˪˩ ˩ ˢˮ˷ˢ 99 ˟ ˫˧˰ˣ˟˶ ˫˧˶˦ˬ-17  ˱ˣ˥ ˸˶ˣˬ˷˟ ˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˨˶ˣ˞˪ ˫ˣˠ˧ˡ ˧ˣˣ˵

˪˞ˢ ˥˦˷ˢ ˪˷ ˧ˬˣ˶ˡˢ ˪ˣ˟ˠˢ ˶ˡˠˬ ˠˣˬ˩ ˢˬˣ˶ˡˣ ˫˧˶˵˟ˬ˪ ˥ˣ˸˲-400  ˫˧˶˦ˬ)˩ ˡ˰-50  ˭ˣ˲˴ˬ ˶˦ˬ

˸˸ˢ ˢ˲˴ˬˢ ˥ˤˬ˪-˧ˬ˧) (˟ ˶ˣ˧˞31 .(ˠˣ˯ˢ ˸ˬ˶˪ ˣ˞ ˭˧ˬˢ ˸ˬ˶˪ ˣˢˣˤˣ ˫˧ˠˣˬ˪˞ˢ ˣ˶˲˯ˮ ˫ˣˠˡ ˰ˣ˟˧˶ ˪˩˟ ,

ˢ˧ˢ ˭˸˧ˮ˷ ˧˲˩ .˱˯ˣˮ˟ ,ˠˣ˯ˣ ˤˣ˥˞ˣ ˫˧˧˥ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˤˣ˥˞ ˪˷ ˸˧˪˞ˣˤ˧ˣ ˢ˩˶˰ˢ ˢˬ˷˶ˮ ˰˴ˬˢ. 

 

 
˟ ˶ˣ˧˞31 :ˣ˞˧˸ ˶˪ˢ˵˪ ˶ˣˠ˯ˢ ˶ˣˤ˞˟ ˢ˶ˣˬ˷ˢ ˸ˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸˶˟˥ ˪˷ ˫ˣˠ˧ˡˢ ˨˶˰ˬ . ˪ˡˣˠ˟ ˫˧˰ˣ˟˧˶

 ˪˷1 ˬ" ˶)˫ˣˡ˞˟ ( ˪˷ ˵˥˶ˬ˟ ˶ˣˡ˯ ˭˲ˣ˞˟ ˣ˥ˮˣˢ5  ˱ˣ˥˪ ˟˴˧ˮ˟ ˥ˮˣˢ˷ ˢˡ˧ˡˬ ˦˶˯ ˨˶ˣ˞˪ ˢˤˬ ˢˤ ˫˧˶˦ˬ

ˬ ˪˧˥˸ˢˣ ˵˥˶ˬ9 ˬ ˫˧˶˦ˬ"˱ˣ˥ˢ ˣ˵ " ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˪ ˡ˰ˣ)˫ˣˠ˧ˡ ˣ˵ .(˪˩  ˭˧˟ ˪˪˩ ˫ˣˠ˧ˡ ˣ˵5 ˪- 6 

˫˧˰ˣ˟˧˶ ,) ˵˶ ˫˧˦˦˶ˣ˷ˬ ˶ˣ˧˞˟˷ ˱˞ ˪˰4 ˨˸˥ ˪˩˪ .(ˢ˯" ˣ˰˴ˣ˟ ˩17 ˢˮˣˠ˪ˢ ˥˦˷˟ ˫ˣˠ˧ˡ ˧ˣˣ˵ . 

Figure B31: The sampling design in the lagoon. 1 m
2
 quadrates (red circles) were placed 

5 m apart along a measuring tape laid cross shore, 9 m from the "shore line" to the reef 

table. Each cross shore line included 5 or 6 quadrates (though in this figure only 4 are 

depicted). 17 cross-shore lines were evenly spread to cover the lagoon area. 

 

˸ˣ˞˴ˣ˸ 

ˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˶˲˯ˬ˟ ˢ˪˵ ˢ˧˪˰ ˢ˞˴ˬˮ ˟ˣ˷ ˢˮ˷ˢˢˮ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ . ˸ˣ˶ˬ˪

˸˞ˤ ,˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴,  ˫˧ˮ˷ˢ ˭˧˟ ˧˦ˬ˶ˡ ˭˲ˣ˞˟ ˢˡ˶˧ ˶˷˞2009 x- 2010,  ˢ˩ˣˬˮ ˭˧˧ˡ˰

 ˫˧ˮ˷˪  ˢ˞ˣˣ˷ˢ˟2004-2009 .-˟99 ˣ˶˵˯ˮ˷ ˫˧˰ˣ˟˧˶ˢ ˢˮ˷ˢ ˣ˶˲˯ˮ ˢˮˣˠ˪˟ ˟ˢ˯"˩ 184 ˷ˣˬ ˪˷ ˸ˣ˟

˭˟˞ ˧ˠˣˬ˪˞ ,˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ ˶˸ˣ˧ , ˫˧ˮ˷˟ ˨˞2007-2009 ˩ ˣ˶˲˯ˮ-300 ˢˮ˷ ˪˩˟ ˸ˣ˟˷ˣˬ. 

 ˢˮˣˠ˪˟ ˣ˞˴ˬˮ ˢˮ˷ˢ13 ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˫˧ˠˣ˯ , ˸ˬˣ˰˪16 ˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷˟ . ˣ˶˲˯ˮ ˢˮ˷ˢ35 

 ˸ˣ˟˷ˣˬ)˫˧ˠˣ˯ ˢ˰˟˶˞ˬ (ˢˮˣˠ˪˟ ˫˧˩˶ ˫˧ˠˣˬ˪˞ ˪˷ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢˬˣˡ ˶˲˯ˬ . 

 ˫˧ˮ˷˟2010-2014 ˡ˰ˣ˸˷ ˸ˣ˲˧˲˴ˢˬ ˸˧˴˥ˬ ˧ˡ˩˪ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ ˢˡ˶˧ ˢ

 ˸ˣˮˣ˷˞˶ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˷˟)˟ ˶ˣ˧˞32 .(˸ˬ˧ˣ˯ˬ ˸ˣ˷˷ˣ˞˸ˢ ˢˡˡˬˮ ˢˮ˷ˢ ,˭ˢˢ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢ˧˪˰ˣ ,

˧ˮ˷˩ ˞˧ˢ ˢˮ˷ˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˭˧˧ˡ˰ ˨˞- ˸ˮ˷˟ ˢˡˡˬˮ˷ ˸ˣ˲˧˲˴ˢˬ ˫˧˷˧˪˷2009 . 

 ˢˮˣˠ˪˟ ˧˶˵˧˰ˢ ˠˣˬ˪˞ˢ ˪˷ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ˟ ˶˵˧˰˟ ˸ˣ˶˩˧ˮ ˸ˣ˪ˣˡˠˢ ˸ˣˡˣˮ˸ˢ- Stylophora 

pistillata - ˞ ˢˮ˷ˢ ˣ˶˲˯ˮ ˣˮˬˬ ˶˷92 ˫˧˦˶˲ , ˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷ˢ ˸ˬˣ˰˪ ˢ˧˧˪˰ ˤˣ˥˞ ˫˧˷ˣ˪˷˩)64 

 ˫˧ˮ˷˟ ˸ˣ˟˷ˣˬ20013-2014( ,˪ ˸ˣˬˡˣ˵ˢ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˸˶˩˧ˮ ˢˡ˧ˬ˟ ˨ˣˬˮ ˭˧˧ˡ˰ ˫˪ˣ˞-2010 .

˧˶˵˧˰ˢ ˠˣˬ˪˞ˢ ˸˰˲˷˟ ˢ˪˞ ˫˧˧ˣˮ˧˷ ,˩ ˢˮ˷ˢ ˢˣˣˢˬˢ- 42  ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˨˯ˬ)˫˧˩˶ˣ ˫˧˷˵ (
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ˢˮˣˠ˪˟ ,˧˟˧˸˩ˬˢˮˣˠ˪˟ ˫˧˶˲˯ˮˢ ˫˧ˠˣˬ˪˞ˢ ˨˯ ˧˟ˠ˪ ˸ˣ˲˴ˮˢ ˸ˣˬˠˬˢ ˸˞ ˫. s˸ˣ˪ˣˡˠˢ ˸ˣˡˣˮ˸  ˫˧ˮ˷ˢ ˭˧˟

ˮ˧ˢ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ ˭ ˸˵ˢ˟ˣˬ) ˭˥˟ˬANOVA.( 

˧˲˴ ˪˰ ˢˡˬ˰ ˢˮ˷ˢ ˢˮˣˠ˪˟ ˸˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˲2.2  ˢˬ˧ˠˡ ˸ˡ˧˥˧˟ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ=) ˶˦ˬ

˰ˣ˟˶( ,˫˪ˣ˞ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢ˧˪˰  ˧ˮ˲˪˷ ˫˧ˮ˷ˢ ˪˩ˬ ˨ˣˬˮ2010 ) ˫˧ˮ˷˟2004-2009 

ˬ ˢˢˣ˟ˠ ˸˧˪˪˩ˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˢ˸˧˧ˢ-3 .( 

 ˪˰ ˢˮ˷ˢ ˢˡˬ˰ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴1.86  ˰ˣ˟˶ ˶˦ˬ˪ ˸ˣ˟˷ˣˬ)1.53 ˣ ˸ˬˡˣ˵ˢ ˢˮ˷˟-

3.04  ˸ˮ˷˟2009.( ˫˧ˮ˷ˢ ˭˧˟ ˧˦ˬ˶ˡ ˭˲ˣ˞˟ ˢˡ˶˧ ˦˶˲˟ ˭˟˞ ˧ˠˣˬ˪˞ ˸ˣ˲˧˲˴ˣ ˪˪˩˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˲˧˲˴ 

2009 x-2010 , ˸ˮ˷˟ ˪˲˷˪ ˢ˰˧ˠˢˣ2012 .ˢ˪˵ ˸ˣ˷˷ˣ˞˸ˢ ˸ˡˡˬˮ ˤ˞ˬ. 

 

 

 
˟ ˶ˣ˧˞32 : ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ ˸˞ˣˣ˷ˢ)˰ˣ˟˶ ˶˦ˬ˪ ˸ˣ˟˷ˣˬ (˪˷   ˫˧ˮ˷˟ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ2004 ï 2015. 

ˢ˪˰ˬ˪- ˧˧˶˵˧˰ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˧˲˪ ˫,ˢ˦ˬ˪-  ˫˧˵ˢ˟ˣˬ ˫˧ˮ˷ˢ ˭˧˟ ˫˧˪ˡ˟ˢˢ)ˬ ˭˥˟ANOVA.( 

Figure B32: The average density (colonies/square meter) of the coral genera found in the 

lagoon in 2004 - 2015. Top: the dominant coral taxa, bottom- year to year changes are 

statistically significant (ANOVA). 

 

 ˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˢ˶˷˰ ˸ˣ˥˧˩˷)˩ ˫˧ˣˣˢˬ-97% ˷ˣˬˢ ˪˪˩ˬ˸ˣ˟ (ˢˮˣ˸ˮ ˟ ˶ˣ˧˞˟33, 

˟ ˢ˪˟˦ˣ7 ˢˮˣˠ˪ˢ ˧ˠˣˬ˪˞ ˪˪˩ ˶ˣ˟˰ ˫˧ˮˣ˸ˮˢ ˸˞ ˢˠ˧˴ˬ.  ˠˣˬ˪˞ˢStylophora pistillata  ˳ˣ˲ˮˢ ˭˧˧ˡ˰

˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ ˶˸ˣ˧ ˧˦ˮˮ˧ˬˣˡ ˢˮ˷ˢˣ ˢˮˣˠ˪˟ ˶˸ˣ˧˟ . ˭˧˟ ˢˬˣˡ ˢ˶˞˷ˮ ˢˮˣˠ˪˟ ˫˧ˮ˧ˬˢ ˸ˣˠ˪˲˸ˢ

˫˧˪˵ ˫˧˪ˡ˟ˢ ˫˰ ˫˧ˮ˷ˢ. 
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˟ ˶ˣ˧˞33 : ˸˧˯˥˧ˢ ˸ˣ˥˧˩˷ˢ)˞˟˫˧ˤˣ˥ ,˸ˣ˟˷ˣˬˢ ˶˲˯ˬ ˧˲ ˪˰ ( ˢˮˣˠ˪˟ ˫˧˧˶˵˧˰ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˢ˶˷˰ ˪˷

)˫˧ˣˣˢˬ ˩- 97% ˫˧ˠˣˬ˪˞ˢ ˪˪˩ˬ.(  

Figure B33: Relative abundance (by colony number) of the 10 most abundant coral 

genera in the lagoon (these total about 97% of all colonies). 

 

 
Species N Relative abundance (%) N/m

2
 

Stylophora 92 42.01 0.93 

Millepora 39 17.81 0.39 

Rhytisma 30 13.70 0.30 

Favia 29 13.24 0.29 

Favites 6 2.74 0.06 

Platygyra 5 2.28 0.05 

Acropora 3 1.37 0.03 

Cyphastrea 3 1.37 0.03 

Sinularia 3 1.37 0.03 

Seriatopora 2 0.91 0.02 

Goniastrea 1 0.46 0.01 

Hydnophora 1 0.46 0.01 

Leptasera 1 0.46 0.01 

Lobophyllia 1 0.46 0.01 

Porites 1 0.46 0.01 

Sarcophyton 1 0.46 0.01 

Xenia 1 0.46 0.01 

 

˪˟˦˟ ˢ7 :˸ˣ˟˷ˣˬˢ ˶˲˯ˬ , ˸˰˴ˣˬˬˢ ˭˸ˣ˲˧˲˴ˣ ˸˧˯˥˧ˢ ˭˸˴ˣ˲˸)˰ˣ˟˶ ˶˦ˬ˪ ˸ˣ˟˷ˣˬ ˶˲˯ˬ ( ˧ˠˣ˯ ˪˷

˫˧ˠˣˬ˪˞ˢ ˣ˞˴ˬˮ˷ ˟ˢˮˣˠ˪. 

Table B7:  The number of colonies, relative abundance and average density (colonies 

per square meter) of the coral taxa found in the lagoon. 

 

ˢˮ˷ˢ  ˡˡˬ ˪˷ ˣ˩˶˰ ˡ˶˧ ˢ˪˰Shannon-Wiener  ˣ˩˶˰ˣ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ˪

 ˪˰ ˡˬˣ˰1.8 )˟ ˶ˣ˧˞34.( ˸ˣ˟˷ˣˬ ˶˲˯ˬ˟ ˫˧˧ˣˮ˧˷ˬ ˢ˟˶ ˢˡ˧ˬ˟ ˫˧˰˟ˣˮ ˭ˣˣˠˬˢ ˡˡˬ˟ ˫˧˧ˣˮ˧˷ˢ ˬˢ ˭˧

ˢˮˣˠ˪˟ ˧˦ˮˮ˧ˬˣˡˢ ,  ˠˣˬ˪˞ˢStylophora ,ˢˮ˷ˢ ˢ˸˪˰ ˣ˸˴ˣ˲˸ ˶˷˞ , ˭˦˵ ˶˲˯ˬ ˶˲˯ˮ ˫ˠ ˢˮ˷ˢ ˧˩ ˫˞

˸ˣ˧˫˧ˠˣˬ˪˞ ˧ˠˣ˯ ˪˷ ˶. 
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˧˞˟ ˶ˣ34 : ˫˧ˠˣˬ˪˞ˢ ˧ˮ˧ˬ ˭ˣˣˠˬ˟ ˫˧˧ˣˮ˧˷ˢ) ˪˷ ˭ˣˣˠˬˢ ˡˡˬ ˧˲ ˪˰Shanon-Wiener ( ˤ˞ˬ ˢˮˣˠ˪˟2004 

˩˶˰ˣˢ˷ ˧˲˩ ˸ˮ˩˸ ˸˶ˤ˰˟ ˣEstimateS.  

Figure B34: Changes in coral diversity in the lagoon since 2004, according to the 

Shanon-Wiener index, estimated using the EstimateS software. 

 

 

 

˸ˣˮ˵˯ˬˣ ˭ˣ˧ˡ 

˧ˡˬ˪ ˢ˟˧˴˧ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸˶˟˥ ˢ˸˧˧ˢ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˪ ˡ˰ . ˸ˮ˷ˬ ˪˥ˢ2010  ˢˡ˧˶˧ ˢ˞˴ˬˮ

˪˪˩˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˲˧˲˴˟ ˢˡ˥ , ˧˦ˮˮ˧ˬˣˡˢ ˠˣˬ˪˞ˢ ˸ˣ˲˧˲˴˟ˣStylophora pistillata ˦˶˲˟ . ˸ˣ˧ˢ˟

 ˠˣˬ˪˞ˢStylophora  ˶˞˷ˬ ˢ˟˶ˢ˟ ˳ˣ˲ˮˢˮˣˠ˪˟ ˫˧ˮ˧ˬˢ , ˫˧˧ˣˮ˧˷ˢ ˸˞ ˸ˣ˟˧˸˩ˬ ˣ˸˧˧˯ˣ˪˩ˣ˞˟ ˸ˣˡˣˮ˸

˪˪˩˟ ˢˮˣˠ˪ˢ ˸˶˟˥˟ ˫˧˲˴ˮˢ ,˫˧ˮ˧ˬˢ ˭ˣˣˠˬ˪ ˡˡˬˢ ˨˶˰ ˸˞ ˫ˠ ˢ˟˶ ˢˡ˧ˬ˟ˣ . ˸˶˩˧ˮˢ ˢˡ˧˶˧ˢ ˧˩ ˭˩˸˧

˧ˬˣ˶ˡ ˸ˣ˶˰˯ ˟˵˰ ˢˬ˶ˠˮ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˲˧˲˴˟ ˫˧ˮ˷˟ ˣ˰ˠ˲˷ ˸ˣ˵ˤ˥ ˸ˣ2009-2010  ˫˧˶ˣˤ˞ˢ ˪˩˟

˩ˬ ˫˧ˡˣˡ˶ˢ-4  ˨˶ˣ˞˪ ˫˧˶˦ˬ˳˶˲ˬˢ ˪˷ ˧ˮˣ˲˴ˢ ˣ˵˪˥ . ˫ˠˣ ˸ˣ˷˪˥ˣ ˸ˣ˦˰ˣˬ ˸ˣ˶˰˯ˢ ˣ˧ˢ ˢˮ˷ˢ ˸˶˩˧ˮ

ˢ˧˪˰ˣ ˸ˣ˷˷ˣ˞˸ˢ  ˠˣˬ˪˞ˢ ˸ˣ˲˧˲˴˟Stylophora pistillata.  

 ˠˣˬ˪˞ˢ ˸˧˧˯ˣ˪˩ˣ˞Stylophora  ˫˧ˮ˷ˢ ˨˷ˬ˟ ˸ˣ˟˶ ˸ˣˡˣˮ˸ ˢ˰ˡ˧) ˪˷ ˢ˸ˣ˪˧˰˲ ˸ˣˮ˷˪ ˸ˣˬˡˣ˵ˢ

˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ (˭ˬˤ ˶ˣ˟˰˩ ˢ˷˷ˣ˞˸ˢˣ. ˢˮˣˠ˪˟ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟ ,˧ˢ ˸ˣ˟˷ˣˬˣ ˪˪˩˟ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ˟ ˢˡ˧˶

Stylophora  ˸ˮ˷ ˭˧˟ ˦˶˲˟2009  ˸ˮ˷ˣ2010  ˢˠ˧˶˥ ˢˣˣˢˬ ˟˴ˬˢˬ"˪˧ˠ˶ˢ ."˸˞ˤ ˫˰ ˡ˥˧ , ˫˧˧˸ˮ˷ˢ

˸ˣ˷˷ˣ˞˸ˢ ˨˧˪ˢ˸ ˪˷ ˣ˸˪˧˥˸ ˪˰ ˸ˣ˰˧˟˴ˬ ˸˧˥˩ˣˮˢ ˢˮ˷˟ ˢ˧˪˰ˢ ˦˶˲˟ˣ ˸ˣˮˣ˶˥˞ˢ.  ˣ˟ ˭ˬˤˢ ˨˷ˬ

˸˪˰ˣ˲ ˯ˬ ˣˮ˧˞ ˭˧˧ˡ˰ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ˣˮ˸ ˪˰ ˡˣˬ˰˪ ˸ˮˬ ˪˰ ˵˧˲ˣ˞ ˣ˪˞ ˸ˣˡ ˪˰  ˭ˬˤˢ ˶ˣˤ˥ˬˢ˧ˮ˧˧˲ˣ˞ ˭ˢ˪. 

˶ˡˢ ˸ˣ˶˰˯ˢ ˡ˟˪ˬ˸ˣ˵ˤ˥ˢ ˸ˣ˧ˬˣ , ˱˶ˣ˥ ˪˷ ˣ˪˞ ˦˶˲˟2009-2010 , ˫˧˵˧ˤˬ ˫˧ˬ˶ˣˠ ˪˰ ˣˮ˪ ˰ˣˡ˧ ˞˪

˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸˧˧˯ˣ˪˩ˣ˞ ˪˰ ˰˧˲˷ˢ˪ ˣ˧ˢ ˫˧˧ˣ˷˰ ˶˷˞ .˪ ˢ˰˲˷ˢ ˸ˣ˧ˬˣ˶ˡ ˸ˣ˶˰˯

ˢˮˣˠ˪˟ ˸˶˩˧ˮ ,ˣˮ˧˷ ˶˥˞ ˟ˣ˵˰˪ˣ ˨˧˷ˬˢ˪ ˣˮ˧˪˰ˣˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸˶˟˥˟ ˫˧˧. 
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.˟4 .˸˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ 
 

ˢ˶˦ˬ 

 ˸ˣ˟˷˧˧˸ˢˢ ˧˟˴˵ ˭ˡˬ˞ ˫˧ˠˣˬ˪˞ ˸˵˲˯˞˪ ˡˡˬ˩ ˸ˣ˟˷˧˧˸ˢ ˸ˣ˧˥ˣ˪ ˸ˣ˰˴ˬ˞˟ ˸˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ ˪˷

˸˧ˮˣ˷˪ ˯ˣ˧ˠˢ ˪˞˧˴ˮ˦ˣ˲ˣ ˫˧˶˧˰˴.  

 

˸ˣ˦˧˷ 

˫˧˶˸˞ ˧ˮ˷˟ ,ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷ˣ ˸˧ˬ˧ˢ ˢˡ˟˰ˬˢ ,ˢ˰˟˶˞ ˣ˟˴ˣˢ  ˫˧˩˶˰ˬ˫˧˪˪ˣ˩ˢ ˸ˣ˧˥ˣ˪ ˰˟˶˞ 

PVC  ˪ˡˣˠ˟ ˶ˤ˥ˣˬˬ10X20 ˯"ˬ . ˣˬ˪˵ˣ˞ ˸ˣ˧˥ˣ˪ˢˣ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˪˧˰˧ ˰˴ˬ˩ ˞˴ˬˮ ˢˤ ˶ˬˣ˥

˫˧˪ ˭˸˯ˮ˩ˢ˪ ˡ˰ ˸ˣ˰ˣ˟˷ ˶˲˯ˬ ˨˷ˬ˟ ˫˧ˬ˶ˣˤ ˫˧ ˧ˬ ˪˩˧ˬ˟ . ˵ˬˣ˰˟ ˫˧˩˶˰ˬˢ ˣ˟˴ˣˢ ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟

˩ ˪˷- 10 ˬ ' ˨˧˶˞˸˟6  ˧˞ˬ˟2015 ,˩ ˪˷ ˵ˬˣ˰˟ ˸˧ˬ˧ˢ ˢˡ˟˰ˬ˟ˣ- 8 ˬ ,'˧˶˞˸˟ ˨22  ˪˧˶˲˞˟2015 .

˧˸ˣ˶˧˶˷ ˭˲ˣ˞˟ ˫˧˶˸˞ˢ ˣˬ˵ˣˬ ˶˸˞ ˪˩˟ . 

˸ˣ˷ˡ˥ ˸ˣ˧˥ˣ˪ ˠˣˤ˟ ˱˪˥ˣˬˣ ˨˶˰ˬ ˪˩ˬ ˸ˣ˧˥ˣ˪ ˠˣˤ ˱˯˞ˮ ˫˧˷ˡˣ˥ ˢ˷ˣ˪˷ ˪˩˟ , ˢˢˣ˷ ˠˣˤ ˪˩˷ ˨˩

˫˧˷ˡˣ˥ ˢ˷˷ ˨˷ˬ˟ ˫˧˟ .˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸˶˧˲˯ ˨˶ˣ˴˪ ˢˡ˟˰ˬ˪ ˸ˣ˞˟ˣˬ ˣ˲˯˞ˮ˷ ˸ˣ˧˥ˣ˪ˢ. 

ˢ˪˧˥˸ˬˢ ˢ˶˧˲˯˪ ˡ˰ ˫˧ ˧ˬ˟ ˸ˣ˶ˬ˷ˮ ˸ˣ˧˥ˣ˪ˢ ˭˸˞˴ˣˢ ˫˰ ˡ˧ˬ . ˶ˣ˞ ˯ˮ˲ ˸ˣ˰˴ˬ˞˟ ˸˧˷˰ˮ ˢ˶˧˲˯ˢ

˶˷˲˞ˬˢ ˪ˣ˥˩ ,˟ˣˢ˴ ˶˦˪˧˲ ˸˶ˤ˰˟ , ˫˧˵ˣ˶˧ ˫˧ˮ˧˞˦ˣ˶˲ ˪˷ ˢ˧˴ˮ˯˶ˣ˞ˣ˪˲˟ ˭˧˥˟ˢ˪)green fluorescent 

proteins, GFP (˫˧ˠˣˬ˪˞ ˪˷ ˫˧˲˧˪ˣ˲ ˫˧ˮ˧˧˲˞ˬˢ . ˧ˣˢ˧ˤ˪ ˶˪ˣ˵ˣˮ˧˟ ˸˥˸ ˸˧˥ˣ˪ ˪˩ ˸˵˶˯ˮ ˨˩˪ ˱˯ˣˮ˟

 ˫˧˲˧˪ˣ˲ˢ ˸˶˧˲˯ˣ ˫˧˟˷˧˧˸ˬˢ)˶ˣ˧˞ ˟35.( 

 ˫˧˩˶˰ˬ˪ ˭˸˶ˤ˥ˢ˪ ˡ˰ ˫˧ˬ˶ˣˤ ˫˧ ˧ˬ ˸˩˧˶˟˟ ˸ˣ˶ˬ˷ˮˣ ˸˷˶˟ˬ˟ ˸ˣˡ˶ˣˠˬ ˸ˣ˧˥ˣ˪ˢ ˢ˶˧˲˯ˢ ˶˥˞˪

˸˧ˮˣ˷˟. 

 

 
ˣ˧˞ ˶˟35 : ˸ˣ˶˧˰ˤ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˧˸˷ ˢ˞˶ˬˢ ˸ˣ˟˷˧˧˸ˢ ˸˧˥ˣ˪ ˪˷ ˶˪ˣ˵ˣˮ˧˟ ˫ˣ˪˧˴)˪ˣˠ˧˰ ˸ˣ˲˵ˣˬ (

˫˧ˡˡˣ˟ ˫˧˲˧˪ˣ˲ ˸ˣ˪˧˩ˬˢ. 

Figure B35: A coral settlement plate pictured under the microscope, showing two tiny 

coral colonies (circled). 
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˸ˣ˞˴ˣ˸ ˸ˣˮˣ˷˞˶ 

˪˧˶˲˞ ˱ˣ˯˟ ˸˧ˮˣ˷˟ ˣ˟˴ˣˢ ˸ˣ˟˷˧˧˸ˢˢ ˸ˣ˧˥ˣ˪- ˧˞ˬ ˸˪˧˥˸)ˠˣˬ˪˞ ˱ˣ˥ˣ ˸˧ˬ˧ ˢˡ˟˰ˬ ,ˢˬ˞˸ˢ˟ .(

ˢˮˣ˷˞˶ˢ ˸ˣ˧˥ˣ˪ˢ ˸˞˴ˣˢ ˡ˟˪˟ ˫˧˷ˡˣ˥ ˢ˷ˣ˪˷˩ ˫˧˟ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ ˪˷ ˢ˸˧ˢ , ˢˬ˧ˠˡˢ ˸˧ˮ˩˸˷ ˡˣ˰˟

˫˧˷ˡˣ˥ ˢ˷˷ ˫˧˟ ˸ˣˢˣ˷˷ ˸ˣ˧˥ˣ˪ ˪˷ ˞˧ˢ ˢ˶˧ˡ˯ˢ .˸˞ˤ ˫˰ , ˪˷ ˢ˧˧˟˶ˢ ˸ˮˣ˰˟ ˫˧ˬ˟ ˣˢ˷ ˢ˪˞ ˸ˣ˧˥ˣ˪

ˣˬ˪˞˫˧˟˷˧˧˸ˬ ˣ˦˪˵ ˭ˢ ˫ˠ ˭˩ ˪˰ˣ ˫˧ˠ. 

ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷ˬ ˦˯ˣˠˣ˞ ˰˴ˬ˞˟ ˣ˞˴ˣˢ˷ ˸ˣ˧˥ˣ˪ˢ ˢˮˣˬ˷ ˪˰ , ˪˷ ˢ˧ˢ˷ ˶˥˞˪105 ˫˧ˬ˧,  ˣ˞˴ˬˮ

 ˪˩ˢ ˨˯˟43 ˸ˣ˶˧˰ˤ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ,˪ˣ˲ˢ ˶˲˯ˬ ˶˷˞˩ ˢ˧ˢ ˢ˟˷ˣˬ˟ ˰˴ˣˬˬˢ ˫˧˲˧6.3 . ˢˮˣˬ˷ ˪˰

˶˟ˬ˟ˣˮ ˰˴ˬ˞˟ ˶˸˞ ˣ˸ˣ˞ˬ ˣ˞˴ˣˢ˷ ˸ˣ˧˥ˣ˪ˢ , ˪˷ ˢ˧ˢ˷ ˶˥˞˪188 ˫˧˟ ˫˧ˬ˧ , ˪˩ˢ ˨˯˟ ˣ˞˴ˬˮ17 

 ˢ˧ˢ ˢ˟˷ˣˬ˟ ˰˴ˣˬˬˢ ˫˧˲˧˪ˣ˲ˢ ˶˲˯ˬˣ ˸ˣ˟˷ˣˬ11.8 . ˭˧˟ ˶˸˞ ˣ˸ˣ˞˟ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ˢ ˢˮˣˬ˷ ˪˩ ˪˰

˶˞ˣˮ˧˪ ˦˯ˣˠˣ˞ ,145 ˫˧ˬ˧ ,˪ˣ ˸˥˞ ˫˧ˠˣˬ˪˞ ˸˟˷ˣˬ ˢ˞˴ˬˮ˫˧˲˧˪ˣ˲ ˢ˰˟˶˞ ˢ. 

˦˯ˣˠˣ˞˟ ˸˧ˬ˧ˢ ˢˡ˟˰ˬˢˬ ˣ˞˴ˣˢ˷ ˸ˣ˧˥ˣ˪ˢ ˢˮˣˬ˷ ˪˰ , ˪˷ ˢ˧ˢ˷ ˶˥˞˪111 ˫˧˟ ˫˧ˬ˧ , ˣ˶˲˯ˮ5 

˪˩ˢ ˨˯˟ ˸ˣ˟˷ˣˬ , ˢ˧ˢ ˢ˟˷ˣˬ˪ ˰˴ˣˬˬˢ ˫˧˲˧˪ˣ˲ˢ ˶˲˯ˬˣ6.4 . ˶˟ˣ˦˵ˣ˞ ˰˴ˬ˞˟ ˣ˞˴ˣˢ˷ ˸ˣ˧˥ˣ˪ˢ ˪˰

 ˶˥˞˪176  ˣ˞˴ˬˮ ˫˧ˬ˧13  ˭ˢ˪˷ ˸ˣ˟˷ˣˬ2.4 ˰˴ˣˬˬ˟ ˫˧˲˧˪ˣ˲ .ˮ˩ˣˢ˷ ˸ˣ˧˥ˣ˪ˢ ˪˰ ˣ˞˴ˣˢˣ ˦˯ˣˠˣ˞˟ ˣ˯

 ˶˞ˣ˶˟˲˟)189 ˫˧ˬ˧ (ˡ˥˞ ˲˧˪ˣ˲ ˪˷ ˸ˣ˟˷ˣˬ ˧˸˷ ˪˩ˢ ˨˯˟ ˣ˞˴ˬˮ . 

ˢ˪˞ ˸ˣ˟˷ˣˬ ˪˷ ˫˧ˠˣˬ˪˞ˢ ˭˧ˬ ˸˞ ˰ˣ˟˵˪ ˢ˷˵ ˭˦˵ˢ ˭˪ˡˣˠ ˟˵˰ .ˡ˟˪˟ ˢ˞˶ˬˢ ˨ˬ˯ ˪˰ , ˢ˞˶ˮ

 ˸˥˲˷ˬˬ ˭˵˪˥ ˸ˣ˥˲˪˷Pocilloporidae )Babcock et al., 2003( , ˭˧ˬ˪ ˸ˣ˩˧˧˸˷ˬ˷ ˶˧˟˯ˣ

Stylophora pistillata ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˳ˣ˲ˮˢ. 

 

˸ˣ˧˪˪˩ ˸ˣˮ˵˯ˬ ˵˧˯ˢ˪ ˭ˢ˧˲ ˪˰ ˭˸˧ˮ ˞˪ˣ ˶˸ˣ˧˟ ˸ˣ˧ˮˣ˷˞˶ ˭ˢ ˢ˪˞ ˸ˣ˞˴ˣ˸ .˸˞ˤ ˪˩˟ , ˧˩ ˶ˬˣ˪ ˭˸˧ˮ

ˮ˷˟ ˦˯ˣˠˣ˞˟ ˫˧˪ ˣ˯ˮ˩ˣˢ˷ ˸ˣ˧˥ˣ˪ˢ ˫˧˟˷˧˧˸ˬ ˡ˞ˬ ˦˰ˬ ˣ˩˷ˣˬ ˫˧˶˸˞ˢ ˧ï  ˣˢ˷˷ ˭ˣˣ˧˩ˬ ˢ˞˶ˮˢ ˪˩˩

 ˸˪˧˞˟ ˫˧ˠˣˬ˪˞ˢ ˪˷ ˢ˧˧˟˶ˢ ˸ˮˣ˰˪ ˳ˣ˥ˬ ˫˧˟)˲˯ˮ ˣ˞˶ˤ ˥3, ˴˵˸ ˶ˠˮ˧ˤ˪˷ ˫ˣ˸ ˪˷ ˨ˬ˯ˣˬˢ ˸ˡˣ˟˰ ˶˧

˦˯ˣˠˣ˞ ˷ˡˣ˥˟ ˷˥˶˸ˬ ˸˧ˮˣ˷˪ ˯ˣ˧ˠˢ ˶˵˧˰ ˧˩ ˞˴ˬ ˶˷˞ .( 

ˢˮˣ˷˞˶ˢ ˢ˲ˣ˵˸ˢ ˧˩ ˢ˞˶ˮ ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ , ˢ˟ ˸˧˶˵˧˰ˢ ˢ˲ˣ˵˸ˢ ˞˧ˢ ˦˯ˣˠˣ˞˪ ˧˞ˬ ˭˧˟

˫˧ˠˣˬ˪˞ ˫˧˟˷˧˧˸ˬ ,˭˦˵ˢ ˭˪ˡˣˠˣ ˪ˣˡˠˢ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ ˧˲ ˪˰ ˸˞ˤˣ . ˸˞ ˶˸˞ ˣ˸ˣ˞˟ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ˢ

˵˸ˢ ˢ˸ˣ˞˶˟ˬ˟ˣˮ˪ ˡ˰ ˣ˶˸ˣˮ ˨˞ ˢ˲ˣ ,75 ˫˧˲˯ˣˮ ˫˧ˬ˧ , ˭˪ˡˣˠ ˨˞ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ ˸˧˴˥ˬˬ ˸ˣ˥˲ ˣ˪˧˩ˢ

˪ˣ˲˩ ˢ˧ˢ .˸ˣ˷ˡ˥ ˸ˣ˟˷ˣˬ ˡ˞ˬ ˦˰ˬ ˣ˲˯ˣˮ ˶˟ˬ˟ˣˮ˪ ˦˯ˣˠˣ˞ ˭˧˟˷ ˨˩ ˪˰ ˰˧˟˴ˢ˪ ˫˧˧ˣ˷˰ ˢ˪˞ ˫˧ˮˣ˸ˮ ,

˦˯ˣˠˣ˞˟ ˫˧˪ ˣ˯ˮ˩ˣˢ˷ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˸ˣ˟˷ˣˬ ˪˷ ˦˪˥ˣˬ ˦˰ˬ˩ˢ ˭˶ˡ˰ˢ ˧ˡ˧ ˪˰ ˸˵ˤˣ˥ˬˢ ˢˡ˟ˣ˰ ,

ˬˣ ˸ˣ˟˶ ˸ˣ˟˷ˣ)˫˧˟˷˧˧˸ˬˢˬ ˸˧˴˥ˬ˩? ( ˭˧˟˷ ˢ˲ˣ˵˸ˢ ˸˞ ˣˡ˶˷ ˞˪ ˢˮˣ˷˞˶ˢ ˢ˲ˣ˵˸˟ ˣ˟˷˧˧˸ˢ˷

˶˟ˬ˟ˣˮ˪ ˦˯ˣˠˣ˞ .ˣ˪˧˲˩ˢ ˣˡ˶˷˷ ˢ˪˞ ,˰˴ˣˬˬ˟ ,˭˪ˡˣˠ ˸˞. 

˸˴˵ˬ˟ ˢˮˣ˷ ˢˮˣˬ˸ ˸˶˧˧˦˴ˬ ˸˧ˬ˧ˢ ˢˡ˟˰ˬ˟ . ˣ˞˴ˬˮ ˦˯ˣˠˣ˞˪ ˪˧˶˲˞ ˭˧˟ ˫˧˟ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ˢ ˪˰5 

 ˣ˪˞˪ ˢˬˣˡ ˢ˧ˢ ˰˴ˣˬˬˢ ˭˪ˡˣˠˣ ˡ˟˪˟ ˸ˣ˟˷ˣˬˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ ˢ˲ˣ˵˸ ˣ˸ˣ˞˟ ˣ˞˴ˬˮ˷ . ˸ˣ˧˥ˣ˪ˢ ˪˰

 ˢˡ˟˰ˬ˟ ˣˢ˷˷65  ˣ˞˴ˬˮ ˫˧˲˯ˣˮ ˫˧ˬ˧13 ˶˸ˣ˧ ˢ˟˶ˢ ˭˦˵ ˢ˧ˢ ˰˴ˣˬˬˢ ˭˪ˡˣˠˣ ˸ˣ˟˷ˣˬ , ˧˩ ˫˞

 ˸ˣ˟˷ˣˬ ˧˸˷ ˭˧˟ ˢ˵˪˥˸ˢ ˢ˧˯ˣ˪˩ˣ˞ˢ"˸ˣ˪ˣˡˠ) "10 x-6 ˫˧˲˧˪ˣ˲ (˸˥˞ˣ- ˸ˣˮ˟ ˸ˣ˟˷ˣˬ ˢ˶˷˰1-2 

 ˫˧˲˧˪ˣ˲)˟ ˶ˣ˧˞36 .(˧˧˟˶ˢ ˸ˮˣ˰ ˭˞˩ ˧˩ ˢ˞˶ˮ˦˯ˣˠˣ˞ ˷ˡˣ˥˪ ˶˟˰ˬ ˸˩˷ˬˮˣ ˶˸ˣ˧ ˢ˩ˣ˶˞ ˢ . ˢ˞˶ˮ ˭˩ ˣˬ˩

ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ ˶˷˞ˬ ˫˧˩ˣˬˮ ˫˸˪˧ˡˠ ˟˴˵ˣ ˫˧˟˷˧˧˸ˬˢ ˸ˣˬ˩ ˢˡ˟˰ˬˢ ˶˸˞˟ ˧˩. 

˶ˠˮ˧ˤ˪˷ ˫ˣ˸ ˪˷ ˨ˬ˯ˣˬˢ ˸ˡˣ˟˰ ˫ˠ ,˲ˣ˶˲ ˸˧˧˥ˮˢ˟ ' ˢ˧ˣ˪ ˧˯ˣ˧) ˥˲˯ˮˤ3 ( ˧˟˴˵˟ ˫˧˪ˡ˟ˢ ˢ˞˴ˬ

ˬˢ ˭˧˟˪ ˢ˶ˣˬ˷ˢ ˶ˣˤ˞ ˭˧˟ ˫˧˯˧˧ˠ˸ˬ ˸˸ˣˬ˸˟ ˭˩ˣ ˯ˣ˧ˠˢ˸˧ˬ˧ˢ ˢˡ˟˰ .˨˩˪ ˱˯ˣˮ˟ ,˟˰ˬ ˢ˪ˣ˰ˣ ˧˩ ˣˤ ˢˡ

 ˠˣˬ˪˞ˢ ˢˡ˟˰ˬˢ ˶˸˞˟˷ ˡˣ˰˟S. pistillata ˸˧ˮˣ˷˪ ˧˶˵˧˰ˢ ˯˧˧ˠ˸ˬˢ ˞ˣˢ , ˭ˣˣˠˬ ˢ˶ˣˬ˷ˢ ˶˸˞˟

˶˸ˣ˧ ˪ˣˡˠ ˫˧˯˧˧ˣˠˬˢ . ˨˶ˣ˴ ˣˮ˷˧ˣ ˸˧ˮˣ˷˪ ˫˧˯˧˧ˣˠˬˢ ˸˵˲˯˞ ˸ˮ˧˥˟ˬ ˫˧ˮˣ˷ ˢ˪˞ ˫˧˶˸˞˷ ˵˲˯ ˭˧˞

˫ˢ˧ˮ˷ ˸˞ ˶˦ˮ˪ˣ ˨˧˷ˬˢ˪. 

˟˷˥ˬ ˢˣˣˢˬ ˪˧˰˪ ˶ˣˬ˞ˢ ˷ˡˣ˥ˬ ˪˥ˢ ˣ˲˯˞ˮ ˶˷˞ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷˧˧˸ˢ ˧ˮˣ˸ˮ ˪˰ ˸ˣˮˣ˷˞˶ ˸ˣ

ˢˮ˷ˢ ˪˧˶˲˞ . ˵˧˲ˢ˪ ˸ˮˬ ˪˰ ˸ˣ˧˥ˣ˪ˢ ˸˲˪˥ˢ ˸˧ˮ˩˸ ˸˞ ˦˰ˬ ˸ˣˮ˷˪ ˢ˧ˢ˧ ˧ˣ˞˶˷ ˭˩˸˧ ˫˧˞˴ˬˬˢ ˶ˣ˞˪

ˢˬ˧ˠˡˢ ˳ˬ˞ˬˬ ˶˸ˣ˧ ˟˶ ˰ˡ˧ˬ. 
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˧˞˟ ˶ˣ36 :˸ˣ˶˧˰ˤ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˧˸˷ , ˫˧˲˧˪ˣ˲ ˧ˮ˷ ˸ˣ˪˧˩ˬˢ)˪˞ˬ˷ˬ ( ˫˧˲˧˪ˣ˲ ˢ˷˷ˣ)˧ˬ˭˧ˬ( 

Figure B36: Two tiny coral colonies, containing two polyps (left) and six polyps (right)  
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.˟5 .˶˵˯ ˸ˣ˧˪ˣ˥ ˧˶˯˥ 
 

ˢ˶˦ˬ 

˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷˟ ˫˧˧˶˵˧˰ˢ ˫˧ˡ˧˧ˮˢ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˸˰˲˧˷ ˭ˡˬ˞. 

 

˸ˣ˦˧˷ 

ˢ˪˧˪ˢ ˸ˣ˰˷˟ ˨˶˰ˮ ˫˧ˡ˧˧ˮˢ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˶˵˯ ,˷˟˷ ˭ˣˣ˧˩ˬ˫˧˶˸˸˯ˬ ˫˸˧˟˶ˬ ˫ˣ˧ˢ ˸ˣ˰ . ˶˵˯ˢ

 ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ˣ ˸˧ˬ˧ˢ ˢˡ˟˰ˬ˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˧ˮˣ˷˟ ˡ˵ˬ˸ˬ)˫˧˶˵˟ˬ˪ ˶ˣˠ˯ˢ ˶ˣˤ˞˟ ( ˫˧˵ˬˣ˰˟5 x- 

10  ˫˧˶˦ˬ)˫˧ˠˣˬ˪˞ˢ ˧˩˸˥ ˫˧˩˶˰ˮ ˫ˢ˟ ˫˧˵ˬˣ˰˪ ˪˧˟˵ˬ˟( ,ˢˮˣˠ˪˟ˣ. 

ˢ˩˧˷˥ˢ ˸ˡ˶ ˶˥˞ ˢ˰˷˩ ˢ˪˧˥˸ˬ ˢ˶˧˲˯ˢ ,˶ˣ˥˧˷ ˫˷˪ ˫˶ˣ˸˯ˬˬ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˸˞˧˴˧ ˶˥˞˪ 

˫ˮˣˤˬ .ˬ ˪˥ˢ-2006 ˧˩˸˥ ˸˦˧˷˟ ˶˵˯ˢ ˰˴ˣ˟ˬ- ˢ˰ˣ˴˶)belt-transect ( ˫ˣˠ˧ˡ ˧˰ˣ˟˧˶ ˸ˬˣ˰˪

)quadrates ( ˫˧ˮ˷˟ ˫˧˶ˣˡ˯2004-2005 .ˢ˰ˣ˴˶ˢ ˧˩˸˥ , ˨˶ˣ˞˟50 ˫˧˶˦ˬ , ˢˡˣ˵ˮˬ ˪˥ˢ ˫˧˯˶˲ˮ

˶˥˟ˮˢ ˵ˬˣ˰ˢ ˨˶ˣ˞˪ ˸˧˞˶˵˞ . ˸˶ˣ˴˟ ˭˵˸ˬ ˵˧ˤ˥ˬˢ ˪˪ˣ˴ ˫ˡ˵˸ˬ ˢ˪˥˸ˢˢ ˸ˡˣ˵ˮˬT  ˦˶˲ ˪˩ ˶˲ˣ˯ˣ

˸ ˞˴ˬˮˢ˟˴˧ˮˢ ˦ˣˬˢ ˸˥ ,˥˞ ˶˦ˬ ˣ˩˶ˣ˞ ˶˷˞ ˡ)˟ ˶ˣ˧˞37 .( ˸ˣ˪˧˰˧˟ ˪ˣˡˠ ˥˦˷ ˸ˣ˯˩˪ ˭˸˧ˮ ˣˤ ˢ˦˧˷˟

ˢ˟˶ ,˰ˢ ˣ˵ ˨˶ˣ˞˪ ˶˸˞ ˪˩ ˪˷ ˣ˥˦˷ ˸˧˟˶ˬ ˸˞ ˢˤ ˢ˶˵ˬ˟ˣ˶˥˟ˮˢ ˵ˬˣ , ˟˵˰ ˸ˣ˟˧˷˥ ˸˪˰˟ ˢˡ˟ˣ˰

˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˪˷ ˭˦˵ˢ ˫˶˲˯ˬ .˶˸˞˟ ˥˦˷ˢ ˟˶˧ˬ ˶˵˯ˮ  ˢ˶˧˲˯ ˸˪˟˵˪ ˷˵ˣ˟ˬˢ ˵ˬˣ˰ˢ ˣ˵ ˨˶ˣ˞˪

˩˩ ˸˵˧ˣˡˬ˶˷˲˞ˢ ˪ , ˪˷ ˸ˣ˟˶ ˸ˣ˶ˤ˥˟ ˫˧˧ˣ˪˸ˢ ˫˧˦˯˧˦˦˯ ˫˧˶˦ˬ˶˲ ˪˷ ˢ˩˶˰ˢˢ ˸˪ˣ˩˧ ˢˡ˟˞ ˫˪ˣ˞

˶˸˞ˢ ˸˞ ˸ˣˬˠˣˡˢ ˸ˣˮ˦˵ ˢˡ˧ˡˬ ˸ˣˡ˧˥˧. 

˫˧˶˲˯ˮˢ ˫˧˦˶˲ˢ,  ˫˧ˡ˧˧ˮˢ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥)˸ˣ˩˧˩˶ˣ ˶ˣ˰ ˧˴ˣˣ˵( ,ˢ˥˲˷ˬ ˣ˞ ˠˣ˯ ˧˲˪ ˫˧ˠˣˣ˯ˬ. 

 

 
ˣ˧˞˟ ˶37 :˫˧ˡ˧˧ˮ ˸ˣ˧˪ˣ˥ ˧˶˯˥ ˶˵˯˪ ˢ˰ˣ˴˶ˢ ˧˩˸˥ ˸˦˧˷ : ˨˶ˣ˞˪ ˸ˣ˦ˣˬ ˤ˥ˣ˞ˢ ˶˵ˣ˯ˢ ˶˟ˣ˰ ˢˡ˧ˡˬ ˦˶˯

˟ ˫˧˟ˣ˪˴ ˸˶ˣ˴T ˟˴˧ˮˢ ˦ˣˬˢ ˸˥˸ ˫˧˞˴ˬˮˢ ˫˧˦˶˲ˢ ˸˞ ˶˲ˣ˯ˣ ,ˡ˥˞ ˶˦ˬ ˣ˩˶ˣ˞ ˶˷˞ . ˶˷˞ ˢ˰ˣ˴˶ ˸˶˵˯ˮ

 ˟˴˧ˮˢ ˦ˣˬˢ ˧ˡ˧ ˪˰ ˢ˟˥ˣ˶ˣ ˢˡ˧ˡˬˢ ˦˶˯ ˧ˡ˧ ˪˰ ˰˟˵ˮ ˢ˩˶ˣ˞)1 ˬ' .(˫ˣ˪˧˴ :˟ˣ˪ˣ˞˷ ˶ˬˣ˸ 

Figure B37: Belt-transect survey of motile invertebrates: a diver holding a T-shaped 

stick passes along a measuring measuring tape counting the individuals found under the 

cross-arm. This makes a sampling unit whose length is defined by the measuring tape 

and whose width by the 1 meter long cross-arm. Photo: Tomer Shaulov 
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˸ˣ˞˴ˣ˸ 

1600 ˣ˶˵˯ˮ ˫˧˰ˣ˟˶ ˫˧˶˦ˬ  ˫˧˶˸˞ˢ ˪˩˟ ˢˮ˷ˢ)IUI-5 x-10 ,-xNR-5 x-10 , ˱ˣ˥ ˸˶ˣˬ˷ ˸ˮˣˠ˪˟ˣ

ˠˣˬ˪˞ .( ˫˧˶˸˞ˢ ˪˩˟ ˫˧ˠˣ˯ ˧˲˪ ˫˧˦˧˶˲ˢ ˸ˣ˲˧˲˴ˣ ˶˲˯ˬ ˸ˣˠ˪˲˸ˢ˟ ˢ˪˟˦˟ ˢˮˣ˸ˮ8.  

 

 IUI-5 IUI-10 NR-5 NR-10 Lagoon 

 Density Number Density Number Density Number Density Number Density Number 

 Diadema 0.61 121 0.15 29 0.38 150 0.32 127 0.20 78 

Other Urchins 0.22 43 0.14 28 0.47 188 0.06 23 0.70 278 

Total Urchins 0.82 164 0.29 57 0.85 338 0.38 150 0.89 356 

Starfish 0 0 0.01 1 0.01 2 0.01 3 0 0 

Feather star 0.58 115 0.74 147 0.63 252 0.46 185 0 0 

Sea Cucumber 0.02 3 0.02 4 0.10 39 0.11 43 0.07 26 

M
2
 surveyed 200 200 400 400 400 

˪˟˦˟ ˢ8 :˷ ˸ˣ˥˧˩)ˬ˪ ˫˸ˣ˲˧˲˴ˣ ˫˧˦˶˲ˢ ˶˲˯ˬ"˶ (˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ ˫˧ˡ˧˧ˮˢ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ . 

Table B8: Total abundance and average density (number per 1m
2
) of mobile 

invertebrates at the monitored sites. 

 

 ˧ˡˣ˲˧˵ ˞˧ˢ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˭˧˟ˬ ˸˧ˮˣ˷˟ ˶˸ˣ˧˟ ˢ˟ˣ˷˥ˢ ˫˧˰ˣ˶ˢ ˸˴ˣ˟˵˫˧ˢ , ˳ˣ˲ˮˢ ˭˧ˬˢ ˢ˩ˣ˸ˬˣ

 ˞ˣˢ ˶˸ˣ˧˟Diadema setosum ) ˶ˣ˧˞˟38 .( ˢˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢˣ ˢˮˣˠ˪ˢ ˧˶˸˞˟ ˣ˞˴ˬˮ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟

)NR-5 ( ˫˧˶˥˞ ˫˧ ˧ˡˣ˲˧˵ ˪˷ ˫˧˦˶˲ ˶˸ˣ˧)˟˪ˣ˷ˬ˟ ( ˶˷˞ˬD. setosum , ˶˸˞˟ ˫ˠˣIUI-10  ˶˲˯ˬ

 ˪˷ ˢˤ˪ ˢˬˣˡ ˶˟˩ ˫˧˶˥˞ˢ ˫˧ˡˣ˲˧˵ˢD. setosum . ˡˣ˲˧˵ˢEchinometra mathaei  ˳ˣ˲ˮˢ ˧ˮ˷ˢ ˞ˣˢ

 ˶ˣ˦˧ˮˢ ˧˶˸˞˟ ˶˸ˣ˧˟)˟ ˶ˣ˧˞38 ,ˢ˦ˬ˪.( 

ˢˣ˟ˠ ˫˧ˢ ˸ˣ˪˴˟˥ ˪˷ ˭˸ˣ˲˧˲˴ s˫˧˶˸˞ˢ ˟ˣ˶˟ ,ˢˮˣˠ˪ˢ ˶˸˞˟ ˡ˟˪ˬ.  ˶˵˧˰˟ ˧˪ˣ˥ ˶˸˞ ˞˧ˢ ˢˮˣˠ˪ˢ

˫˧˦˰ˬ ˢ˟ ˫˧˰˪˯ˢˣ .˸ˣ˪˴˟˥˪ ˧ˮ˧˧˲ˣ˞ ˪ˣˡ˧ˠ ˸˧˟ ˢˤ ˭˧˞ ˭˩ ˪˰. 
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ˣ˧˞˟ ˶38 : ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ)ˬ˪ ˫˧˦˶˲"˶ (˶˯˥ ˪˷˫˧ˡ˧˧ˮ ˸ˣ˧˪ˣ˥ ˧ )ˢ˪˰ˬ˪ ( ˫˧ ˧ˡˣ˲˧˵ˣ)ˢ˦ˬ˪(  ˧˶˸˞˟

˶ˣ˦˧ˮˢ . 

Figure B38: The average density (per m
2
) of mobile invertebrates (top) and sea urchins 

(bottom) at the sampling sites.  

 

 ˪˷ ˢˬˣˡ ˸ˣ˲˧˲˴ ˢ˞˴ˬˮ ˢˮ˷ˢ ˫˧ˠˣ˯ˢ ˪˩ˬ ˫˧ ˧ˡˣ˲˧˵ ˫˧ˡˣˡ˶ˢ ˫˧˶˸˞˟)IUI-5 ,NR-5 ,ˠ˪ˢˮˣ ;

0.82 ,0.85 ,0.89 ˢˬ˞˸ˢ˟ ( ˵ˬˣ˰˟ ˫˧˶˸˞˟ ˶˸ˣ˧ ˢ˩ˣˬˮ ˫˧ˡˣ˲˧˵ ˸ˣ˲˧˲˴ˣ10  ˫˧˶˦ˬ)IUI-10 ,NR-

10 ;0.29 ,0.38 ˢˬ˞˸ˢ˟ .(˭˧ˬˢ ˭ˬ ˫˧ˡˣ˲˧˵ ˪˷ ˶˸ˣ˧˟ ˢˢˣ˟ˠˢ ˸ˣ˲˧˲˴ˢ Diadema setosum  ˢ˞˴ˬˮ

 ˶˸˞˟IUI-5 .˶˸ˣ˧˟ ˳ˣ˲ˮˢ ˧ˮ˷ˢ ˡˣ˲˧˵ˢ ˫ɣ  ˠˣ˯ˬ ˡˣ˲˧˵ˢ ˞ˣˢ ˢˮ˷ˢEchinometra mataei )340 

˪˩ˢ ˨˯˟ ˣ˶˲˯ˮ ˫˧˦˶˲ , ˸ˬˣ˰˪653  ˪˷ ˫˧˦˶˲Diadema setosum( . 

 ˫˧ˮ˷˟2009-2011 ˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ ˫˧ ˧ˡˣ˲˧˵ ˪˷ ˢ˩ˣˬˮ ˸ˣ˲˧˲˴ ˢ˸˲˴ˮ , ˸ˮ˷˟ˣ2012 ˢˡ˰ˣ˸ 

˫˧ˡˣ˲˧˵ˢ ˸ˣ˲˧˲˴˟ ˢˡ˥ ˢ˧˧˪˰ . ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˷ˣ˪˷˟)2013-15 (ˢ˩ˣˬˮ ˫˧ˡˣ˲˧˵ˢ ˸ˣ˲˧˲˴ . ˢˮ˷ˢ

 ˸ˣ˲˧˲˴˟ ˢ˪˵ ˢˡ˧˶˧ ˢ˞˴ˬˮ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˫˧ˡˣ˲˧˵ˢ , ˢˮ˷ˢ ˣ˶˲˯ˮ ˪˩ˢ ˨˯˟ˣ505  ˫˧ˡˣ˲˧˵

 ˠˣ˯ˢˬD. setosum x-560  ˸ˬˣ˰˪ ˫˧˶˥˞ ˫˧ˠˣ˯ˬ ˫˧ˡˣ˲˧˵ ˪˷ ˫˧˦˶˲653 x- 505 ,ˢˬ˞˸ˢ˟ , ˢˮ˷˟

˸ˬˡˣ˵ˢ .˫˧ˢ ˧ˡˣ˲˧˵ ˪˷ ˧˪˪˩ˢ ˫˶˲˯ˬ˟ ˢˡ˧˶˧ˢ ˫˰ ˡ˥˧ , ˡˣ˲˧˵ˢ ˢˮ˷ˢ ˧˩ ˭˧˥˟ˢ˪ ˭˸˧ˮD. setosum 

˷˟ ˢ˧ˢ˷ˬ ˧˦ˮˮ˧ˬˣˡ ˸ˣ˥˲ˮ˫˧ ˬˡˣ˵ˢˣ˸ )˟ ˶ˣ˧˞39(  .˫˧˲˵˷ˬ ˫˧ˢ ˧ˡˣ˲˧˵ ˸ˣ˲˧˲˴˟ ˫˧˧ˣˮ˧˷ˢ ,ˢ˞˶ˮ˩ ,

˫˧˶ˣˤ˥ˬ ˢ˧˯ˣ˪˩ˣ˞ˢ ˪ˡˣˠ˟ ˫˧˧˰˟˦ ,˸ˣ˧˶ˣˤ˥ˬ ˸ˣ˧˸˟˧˟˯ ˸ˣ˰˲˷ˢ ˣ˞. 
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˧˞˟ ˶ˣ39 : ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ)ˬ˪ ˫˧˦˶˲"˶ ( ˫˧ˢ ˧ˡˣ˲˧˵ ˪˷Diadema setosum )ˢ˪˰ˬ˪ ( ˫˧ ˧ˡˣ˲˧˵ ˪˷

 ˫˧˶˥˞)ˬ˞˟˰˴ (ˢ ˪˩ˬ ˫˧ˢ ˧ˡˣ˲˧˵ ˪˷ˣ ˫˧ˮ˧ˬ)ˢ˦ˬ˪ (˶ˣ˦˧ˮˢ ˧˶˸˞˟ . 

Figure B39: The average density (individuals per m
2
) of Diadema setosum (top) other 

urchins (middle) and all sea urchins (bottom) at the sampling sites.  

 

˪˷ ˫˧ˢˣ˟ˠˢ ˫˧˩˶˰˪ ˢ˞ˣˣ˷ˢ˟ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ ˢˡ˧˶˧˟ ˸˞˴ˬˮ ˫˧ˢ ˸ˣ˪˴˟˥ ˸ˣ˲˧˲˴  ˫˧ˮ˷ˢ

2012-3 )˟ ˶ˣ˧˞40 ˢ˪˰ˬ˪( . ˸ˣˮ˷˟ ˢ˸˧˧ˢ˷ˬ ˸˶˩˧ˮ ˢˡ˧ˬ˟ ˢ˪ˣˡˠ ˫˧ˢ ˸ˣ˪˴˟˥ ˸˧˧˯ˣ˪˩ˣ˞ ˪˩ˢ ˨˯˟

ˢ˸ˣˮˣ˷˞˶ˢ ˶ˣ˦˧ˮ .˫˧ ˸ˣ˪˴˟˥ ˭˧˞ˣ ˦˰ˬ˩ ˢˮˣˠ˪ˢ ˶˸˞˟. 

˫˧ˢ ˧ˮˣ˲˲˪ˬ ˸˧˧˯ˣ˪˩ˣ˞ ˢˮˣˠ˪ˢ ˶˸˞˟ ˸˩˷ˬ˸ˬ ˢ˧˪˰˟ ˸˞˴ˬˮ , ˸ˣˡˣˮ˸ ˭ˮ˷˧ ˫˧˶˸˞ˢ ˶˞˷˟ˣ
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˫˧ˮ˷ˢ ˭˧˟ ˸ˡˡˬˮˢ ˸ˣ˲˧˲˴˟ ˸ˣ˪ˣˡˠ )˞˟ ˶ˣ˧40 ˢ˦ˬ˪( .˷ ˨˩˟ ˟˷˥˸ˢ˪ ˷˧ ˧ˮˣ˲˲˪ˬ ˪˷ ˫˧˦˶˲ˢ ˶˲˯ˬ

˸˧˯˥˧ ˭˦˵ ˫˧ ˢˤ ˶˵˯˟ ˢ˪˞ ˸ˣˡˣˮ˸˪ ˢ˟˶ ˸ˣ˰ˬ˷ˬ ˯˥˧˧˪ ˢ˷˵ ˭˩ ˪˰ˣ.  

˟ˣˢ˴ ˭˪˧˪ˠ ˭˧ˬˢˬ ˫˧˦˶˲ ˢˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˣ˲˴ˮ ˢˮ˷ˢ ˫ˠ- ˸ˣˡˣ˵ˮ)Holothuria 

(Semperothuria) flavomaculata (ˡ˟ ˸˪˧˞ ˳˶˲ˬ ˭ˣ˲˴˟ ˢˮˣ˷˞˶˪ ˶˞ˣ˸ ˶˷˞"x ˢˮ˷ˢ ˪˷ ˶ˣ˦˧ˮˢ ˥

 ˸ˬˡˣ˵ˢ)˸˪˧˞ ˳˶˲ˬ ˶ˣ˦˧ˮ˪ ˸˧ˬˣ˞˪ˢ ˸˧ˮ˩˸ˢ ,ˣˡ" ˸ˮ˷˪ ˧˰ˡˬ ˥2014.( 

 ˵ˮˣ˷˥ˮ ˪˷ ˫˧˦˶˲ ˶ˣ˦˧ˮˢ ˧˶˸˞˟ ˣ˰˧˲ˣˢ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟)Astroboa nuda ( ˫˧ˮ˷˟ ˣˢˣˤ ˞˪ ˶˷˞

˶ˣ˦˧ˮ˪ ˸ˣˮˣ˷˞˶ˢ. 

 

 
˞˟ ˶ˣ˧40 : ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ)ˬ˪ ˫˧˦˶˲"˶ ( ˫˧ ˸ˣ˪˴˟˥ ˪˷)ˢ˪˰ˬ˪ ( ˧ˮˣ˲˲˪ˬˣ ˫˧)ˢ˦ˬ˪ (˶ˣ˦˧ˮˢ ˧˶˸˞˟ . 

Figure B40: The average density (per m
2
) of feather-stars (top) and Sea Cucumbers 

(bottom) at the sampling sites.  
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.˟6 .ˣ˶˵˞ˬ ˪ˣˡ˧ˠ ˟˴˵-˸˧ˮˣ˷˟ ˸ˣ˴˞ 
 

ˢ˶˦ˬ 

˸ˣˡˣˬ˴ ˸ˣ˴˞ ˪˷ ˪ˣˡ˧ˠˢˣ ˸ˣ˟˷˧˧˸ˢˢ ˧˟˴˵ ˭ˡˬ˞-ˣˬ˩ ˸ˣ˯˧ˣ˪ ˢ˧˧˰˶ˢ ˸ˣ˟˧˷˥ˣ ˰˴ˬ˸ˣ˴˞ˢ ˸ . 

 

˸ˣ˦˧˷ 

 ˸ˣ˧˥ˣ˪ ˧˸˷ ˪˷ ˫˧˩˶˰ˬ ˢ˷˷PVC ˸ˣ˩ˣˬ˯ , ˭˪ˡˣˠ˷10X10 ˯" ˸ˮˬ ˪˰ ˯˲˯ˣ˥ ˭ˣ˧˪˰ˢ ˭ˡ˧˴ˣ ˬ

˸ˣ˴˞ ˸ˣ˟˷˧˧˸ˢ ˪˰ ˪˵ˢ˪ , ˭ˣ˩ˬˢ ˪ˣˬ˷ ˸˧ˮˣ˷˟ ˫˧˶˦ˬ ˢ˶˷˰ ˡ˰ ˢ˰˟˷ ˫˧˵ˬˣ˰˟ ˧˸ˣ˶˧˶˷ ˭˲ˣ˞˟ ˣ˟˴ˣˢ

˭˧˟ˢ-˧˞˦˧˯˶˟˧ˮˣ˞ . ˸ˮ˷ˬ ˪˥ˢ2007 ˷ ˪˷ ˧ˬˣ˶ˡˢ ˢ˵˪˥˟ ˫ˠ ˫˧ˬˣˡ ˫˧˩˶˰ˬ ˣ˟˴ˣˢˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ ,

 ˫˧˵ˬˣ˰˟20 ˬ ,'5 ˬ ,'ˢˮˣˠ˪˟ˣ . ˪˰˟ ˸˩˸ˬ ˟ˣ˪˩ ˸ˣ˯ˣ˩ˬ ˸ˣ˧˥ˣ˪ ˧˸˷ˣ ˸ˣ˲ˣ˷˥ ˸ˣ˧˥ˣ˪ ˧˸˷ ˨˶˰ˬ ˪˩˟

 ˪˷ ˭˧˰ ˪ˡˣˠ1X1 ˯" ˬ)˟ ˶ˣ˧˞41 .(˰˴ˬ ˸ˣˡˣˬ˴ ˸ˣ˴˞ ˸ˣ˟˷˧˧˸ˢ˪ ˸ˣ˷ˬ˷ˬ ˸ˣ˧˥ˣ˪ˢ , ˪ˡˣˬ ˸ˣˣˢˬˣ

˸˧ˮˣ˷˟ ˫˧˲ˣ˷˥ ˫˧˥˦˷˟ ˸ˣ˴˞ ˸ˣ˟˷˧˧˸ˢ˪ . ˸ˣ˧˥ˣ˪ ˠˣˤ ˱˪˥ˣˬ ˷ˡˣ˥˪ ˸˥˞ˢ˲ˣ˷˥- ˪˩ˬ ˸ˣˡˬˣ˴ˬ ˢ˯ˣ˩ˬ

 ˸ˣ˧˵ˮ ˸ˣ˧˥ˣ˪˟ ˨˶˰ˬï ˫˧˧˷ˡˣ˥˩ ˫˧ˬ˟ ˸˧˥ˣ˪ ˪˩ ˪˷ ˸ˣˢ˷ˢ ˭ˬˤ. 

 ˸˧˩ˣ˩ˤ ˧˟˧˯ ˶˦˪˧˲ ˪˰ ˸ˣˮˮˣ˯ˬˣ ˫˧ˬˢˬ ˣ˞˴ˣˢ˷ ˸ˣ˧˥ˣ˪ˢˬ ˸ˣˡ˶ˣˠˬ ˸ˣ˴˞ˢGF/A . ˫˧˶˦˪˧˲ˢ

˭ˣ˦˴˞ ˸˯˧ˬ˸˟  ˫˧˶˷ˣˬ: ˪ˣˮ˸ˬ)50:50) (v/v ( ˭ˡˬˣ˞˪ ˫˧˷ˬ˷ˬˢ ˫˧˦˸ˮ˧˯ˣ˦ˣ˲ˢ ˫˧˦ˮˬˠ˧˲ˢ ˧ˣ˴˧ˬ˪

˴˞ˢ ˸˯ˬ˸ˣ . ˫˧˦˸ˮ˧˯ˣ˦ˣ˲ˢ ˫˧˦ˮˬˠ˧˲˪ ˫˧ˬ˧˞˸ˬˢ ˪ˠˢ ˧˩˶ˣ˞˟ ˶ˣ˞ˢ ˸˰˧˪˟ ˸ˬ˴˰)E664, E647, 

E630( ˟ ˸ˡˡˬˮ- Spectrophotometer ˢ ˸ˣˬ˩ ˟ˣ˷˧˥˪ ˸˷ˬ˷ˬˣ- chlorophyll a , ˧˶˵˧˰ˢ ˦ˮˬˠ˧˲ˢ

ˢ˪˞ ˸ˣ˴˞˟ ,ˢ˞ˣˣ˷ˬˢ ˸˶ˤ˰˟ : 

[ ] ( )100/)08.054.185.11(30
6306476642

EEEChl
cm

mg

a
--Ö= 

ˣ˞˪ ˸ˣ˷ˬ˷ˬ ˸˩˸ˬˢ ˧˟ˣ˪˩ ˧ˡ˧ ˪˰ ˸ˣˮˠˣˬˢ ˸ˣ˧˥ˣ˪ˢ˸˧˪˞˧˴ˮ˦ˣ˲ˢ ˸ˣ˴˞ˢ ˸ˣˬ˩ ˭ˡˬ , ˨˩˟

˫˧ˠˡ ˪˷ ˢ˧˧˰˶ ˫˧˰ˮˣˬ ˫˧˟ˣ˪˩ˢ˷ ,˫˧ ˧ˡˣ˲˧˵ ,ˢ˪˞ ˸ˣ˴˞ ˪˷ ˫˧˧˶˵˧˰ˢ ˫˧ˮ˩˶˴ˢ ˫ˢ˷ ˫˧˪ˣˡˠ ˸ˣˮˣˤ˪˥ˣ .

 ˭ˣˤˬˢ ˧˶ˬˣ˥ ˸ˣˮ˧ˬˤ ˧ˡ˧ ˪˰ ˢ˟˶ ˢˡ˧ˬ˟ ˦˪˷ˮ ˸ˣ˴˞ ˪˷ ˪ˣˡ˧ˠˢ ˪˞˧˴ˮ˦ˣ˲)˫˧˦ˮ˧˧˶˦ˣˮ (˫˧ˬ˟ . ˸ˣ˧˥ˣ˪ˢ

˪˰ˣ˲˟ ˸ˣ˴˞ˢ ˸ˣˬ˩˪ ˡˡˬ ˸ˣˣˢˬ ˸ˣ˲ˣ˷˥ˢ ,˨˩ˣ ˸ˣ˴˞ ˪˰ ˢ˧˧˰˶ˢ ˸ˡ˧ˬ˪ . ˸ˣˬ˩ ˪˷ ˢˢˣ˟ˠˢ ˸ˣˮˣ˷ˢ ˪˷˟

 ˸ˣ˴˞ˢ =) ˤˣ˩˧˶chlorophyll a (˧ˣ˯˧ˮˢ ˸ˣ˧˥ˣ˪ ˪˰ ,˪˰ ˸˟˷ˣ˥ˬ ˸˧˷ˡˣ˥ ˢˡ˧ˡˬ ˪˩- ˷ˣ˪˷ ˰˴ˣˬˬˬ ˧˲

 ˣ˸ˣ˞˟ ˣ˞˴ˣˢ˷ ˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪ˢ ˷ˣ˪˷ˣ ˸ˣˮˠˣˬˢ ˸ˣ˧˥ˣ˪ˢ ˣ˸ˣ˞˟ ˶˸˞˷ˡˣ˥ . ˫ˢ˟ ˫˧˶˵ˬˢ ˪˩˟

ˢ˞˧ˠ˷ ˧ˣˣ˵ ˫˧˰˧˲ˣˬ ,ˠ˷ ˸˞ ˫˧ˠ˴˧˧ˬ ˫ˢ ˭˵˸ˢ ˸˞˧(Error bars represent the standard error). 

 

 
ˣ˧˞˟ ˶41 : ˞(˸ˣ˟˷˧˧˸ˢ ˸˧˥ˣ˪ ˪˷ ˨˶˰ˬ .ˢ˧˧˰˶˪ ˸ˣ˲ˣ˷˥ ˸ˣ˧˥ˣ˪ ˧˸˷ ,˸˩˸ˬ ˟ˣ˪˩ ˧ˡ˧ ˪˰ ˸ˣˮˠˣˬ ˫˧˧˸˷ˣ .

˫ˣ˪˧˴ : ˟ˠ˷ ˭˴˧ˮ)˟ (ˢ˪˧˪˴˟ ˸ˣ˧˥ˣ˪ ˸˲˪˥ˢ ,˧˧˷ˡˣ˥ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ˢ ˸ˣ˲˪˥ˣˬ ˷ˡˣ˥ ˧ˡˬ˫˧˟ ˫ .˫ˣ˪˧˴ :

˱˧˶ ˧˸ˣ˶ 

Figure B41: A) Algae settlement plates. Two plates in the array are exposed to grazing 

by herbivores, and two are protected by a wire cage. Photo: Nitzan Segev (B) Every 

month divers replace the two settlement plates that have been in the sea for two months. 

Photo: Ruti Reef. 
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˸ˣ˞˴ˣ˸ 

˧ˤˣ˩˧˶ chlorophyll-a ˣ˧ˢ ˢˮ˷ˢ ˱˶ˣ˥˟ ˢˡ˟˰ˬˢ ˪ˣˬ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ,˰˴ˣˬˬ˟, ˫˧˩ˣˬˮ  ˢˮ˷˟ ˶˷˞ˬ

˸ˬˡˣ˵ˢ ˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˪˷ ˢˤ˪ ˢˬˣˡ ˵ˬˣ˰˟ ˢ˧ˢ ˢˮ˷ˢ ˟ˣ˟˶˰ˢ˷ ˸ˣ˶ˬ˪ ˸˞ˤˣ , ˵ˣˬ˰ ˦˰ˬ ˱˞ ˧˪ˣ˞

˶˸ˣ˧.  ˫˧ˮ˷˟2007 ,2008 x- 2012 ˢ˧ˢ  ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ˣ ˵ˣˬ˰ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰

ˢˣ˟ˠ ˢ˧ˢ ˸ˣ˟˷˧˧˸ˢ ˶˸ˣ˧ . ˸˥˧˶˲ ˸ˣ˲˵˷ˬˢ ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ˬ ˫˧ˡˡˬˮˢ ˫˧˩˶˰˟ ˡ˥ˣ˧ˬ˟ ˫˧˦˪ˣ˟ ˫˧˪ˡ˟ˢˢ

ˢ˧˧˰˶ ˧ˡ˧ ˪˰ ˸ˣ˯˧ˣ ˞˪˪ ˸ˣ˴˞ .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˷ˣ˪˷˟ ˢ˧ˢ ˬ ˡˣˡ˶ ˟ˣ˟˶˰ˢ-300 ˫˧˶˦ˬ,  ˵ˬˣ˰ ˸ˬˣ˰˪

 ˸ˣ˥˲˪ ˪˷860 ˬ 'ˮ˷˟ ˸2012 . ˟ˣ˟˶˰ ˭˧˟ ˵ˣˡˢˢ ˶˷˵ˢ ˪˰ ˫˧˰˧˟˴ˬ ˢˮ˷˪ ˢˮ˷ˬ ˫˧˲˴ˮˢ ˫˧˧ˣˮ˧˷ˢ

 ˸˧ˮˣ˷ˢ ˸ˣˮˣ˶ˡˬ ˧˟ˠ ˪˰ ˸ˣ˟˧˷˧ ˸ˣ˴˞ ˸˥˧˶˲ˣ ˫˧ˬˢ ˸ˡˣˬ˰)˟ ˶ˣ˧˞42 .( 

 

 
˟ ˶ˣ˧˞42 : ˰˴ˣˬˬ ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˪ˣˬ ˸˧ˮˣ˷ˢ ˭ˣ˶ˡˬ˟ ˰˴ˬ ˸ˣˡˣˬ˴ ˸ˣ˴˞ ˸˥˧˶˲ ˪˞˧˴ˮ˦ˣ˲ˡˠˮ˩ 

˟ˣ˟˶˰ˢ ˵ˬˣ˰ , ˸ˮ˷ ˤ˞ˬ2004 . 

Figure B42: The annual average potential benthic algae growth on the reef slopes across 

the IUI  versus the mixing depth, since 2004.  
 

ˡˣˡ˶ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ˭ˢ˟ ˫˧ˮ˷ ˭˧˧˲˞ˬ˩ ˨ˣˬˮ ˸˧ˮˣ˷ˢ ˶ˣˤ˞˟ ˸ˣ˟˧˷˧ˢ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ ˢ˧ˢ ˢˮ˷ˢ .

ˢ ˧˟ˠ ˪˰ ˡˡˬˮ ˶˷˞ ˧˟˶ˬˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ˢ˧ˢ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲ ˸˞ ˸ˣˠ˴˧˧ˬˢ ˸ˣˮˠˣˬˢ ˸ˣ˧˥ˣ˪ ,

˧˪ˣ˧ ˷ˡˣ˥˟ ,mg/cm
2 3.45 .ˬ ˢ˟˶ˢ˟ ˨ˣˬˮ ˢˤ ˨˶˰ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲ ˧˟˶ˬˢ˷ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˡˡˬˮ

˶˟ˬ˦˲˯ ˷ˡˣ˥˟ ,˪ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˰˧ˠˢ ˤ˞- mg/cm
2 5.96 , ˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˫ˠ˷ ˱˞ ˪˰ ˸˞ˤˣ)2014 (

 ˡˣˡ˶ ˟ˣ˟˶˰ ˪˷ ˢˮ˷ ˢ˸˧ˢ)˧˞˟ ˶ˣ43.(  ˧˸ˮ˷ˢ ˟ˣ˟˶˰ˢ ˸ˣ˰˴ˬ˞˟ ˶˟˯ˢ˪ ˭˸˧ˮ ˣˮ˧˞ ˳˧˵˟ ˢ˥˧˶˲ˢ ˞˧˷

˟˧˟˞˟ ˫˧˧˸˯ˬˣ ˱˶ˣ˥˟ ˣ˞˧˷˪ ˰˧ˠˬˢ . 

 ˪ˣˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˡ˧ ˪˰ ˡˡˬˮ ˶˷˞ ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ ˤˣ˩˧˶ ˪˷ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˨˶˰ˢ

ˢˡ˟˰ˬˢ,  ˢ˧ˢ mg/cm
2
 7.99 , ˶˞ˣˮ˧˟2008 ,˵ˣˬ˰ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ˢ˟ ˢˮ˷ ˡ˥ˣ˧ˬ˟ . 

ˢ˧˧˰˶˪ ˸ˣ˲ˣ˷˥ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˧ˡ˧ ˪˰ ˡˬ˞ˮ ˪˰ˣ˲˟ ˸˧ˮˣ˷˟ ˸ˣ˴˞ ˪ˣˡ˧ˠ . ˨˶˰ˢ

ˤˣ˩˧˶˪˷ ˧˟˶ˬˢ ˢ ˢ˧˰˶˪ ˸ˣ˲ˣ˷˥ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˢ˧mg/cm
2 1.836 ,˦˯ˣˠˣ˞ ˷ˡˣ˥˟ . ˷ˡˣ˥˟

 ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˡˡˬˮˢ ˤˣ˩˧˶ˢ ˢ˧ˢ ˢˤmg/cm
2 2.37 , ˫˧˰ˣ˶ˢ˷ ˨˩˪ ˸ˣˡ˰ ˫˧˪ˠˣ˯ˬ ˫ˮ˧˞ ˸˧ˮˣ˷˟

˸˧ˮˣ˷˟ ˸ˣ˟˧˷˧ˢ ˸ˣ˴˞ˢ ˪˩ ˸˞ ˵˪˯˪ . ˸˧ˮˣ˷˟ ˢ˧˧˰˶ ˪˰ ˡ˵ˣˬˬ ˶˵˥ˬˬ ˫˧˞˴ˬˬ˪ ˫ˠ ˸ˬ˞ˣ˸ ˣˤ ˢˮ˵˯ˬ

˷ˣˡ˟ ˥˲˯ˮ˩ ˫˯˶ˣ˲ˣ ˶ˣ˦˧ˮˢ ˸˧ˮ˩ˣ˸ ˧ˡ˧ ˪˰ ˨ˬ˸ˮ" ˸ˮ˷˪ ˧˰ˡˬˢ ˥2007 . 
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˟ ˶ˣ˧˞43 : ˸ˣˬ˩ ˰˴ˣˬˬChlorophyll a ˰" ˤ˞ˬ ˫˧˟ˣ˪˩˟ ˸ˣˮˠˣˬˣ ˸ˣ˲ˣ˷˥ ˸˧˥ˣ˪ ˠ2004 .ˮ ˪˩ ˢˡˣ˵

 ˡ˥˞ ˷ˡˣ˥ ˸ˠ˴˧˧ˬ)˪˰ ˸˟˷ˣ˥ˬ-˫˧˧˷ˡˣ˥ ˫˧˟ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ ˷ˣ˪˷ ˧˲ .( 

Figure B43: Average chlorophyll a on exposed (diamonds) and caged (squares) 

settlement plates since 2004. Each point represents one month (calculated as an average 

of three plates submerged in the sea for two months). 

 

˟˶ ˟˵˰ˬ ˪ˢˮ˸ˬ ˢˡ˟˰ˬˢ ˪ˣˬ-˫˧ˮ˷ ,˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸ˬ˵ˢ ˧ˮ˲˪ ˪˥ˢ˷,  ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˸ˣˬ˩ ˶˥˞

 ˟˧˟˞˟ ˫˧˧˷ˡˣ˥ ˨˷ˬ ˫˧ˬ˟ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ ˧˟ˠ)˳˶ˬ-˪˧˶˲˞ ( ˢˮ˷˪ ˢˮ˷ˬ ˫˧˪ˣˡˠ ˫˧˧ˣˮ˧˷ ˫˧˲˴ˮ ˣ˟ˣ

 ˣˤ ˢˮˣ˰˟ ˸˧ˮˣ˷˟ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲˟)˟ ˶ˣ˧˞44 .(ˤ˥ˬ ˢˮ˷˧ ˸ˣ˴˞ ˪˷ ˪ˣˡ˧ˠˢ ˪˞˧˴ˮ˦ˣ˲˟ ˸ˣ˧˶ˣ

)ˢ˧˰˶ˬ ˸ˣˮˠˣˬ ˸ˣ˥ˣ˪ (˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ˵ˬˣ˰ ˫˰ ˢˬ˞˸ˢ˟ ,ˢ˶ˣˡ˯ ˢˮ˧˞ ˣˤ ˸ˣ˧˶ˣˤ˥ˬ ˫˪ˣ˞  ˭ˣˣ˧˩ˬ

˳˶ˬ ˫˧˷ˡˣ˥ˢ ˸˞ ˱˲ˣ˥ ˡ˧ˬ˸ ˞˪ ˢ˥˧˶˲ˢ ˭ˣˬˤ˸˷- ˪˧˶˲˞")˟˧˟˞(" . ˟˧˟˞˟ ˪ˣˡ˧ˠˢ ˪˞˧˴ˮ˦ˣ˲ ˢ˧ˢ ˢˮ˷ˢ

˦˰ˬ ˢˣ˟ˠ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ , ˨˷ˬˢ˟˷ ˱˞ ˪˰ï  ˳˧˵˟ï  ˢˮ˷˟ ˞˵ˣˣˡ ˢ˵ˤ˥ ˸ˣ˴˞ ˸˥˧˶˲ ˢ˸˲˴ˮ

˸ˬˡˣ˵ˢ . ˢˮ˷ˢ ˪ˣˡ˧ˠˢ ˪˞˧˴ˮ˦ˣ˲)1.46 mg/cm
2 ( ˢ˟˶ˢ˟ ˨ˣˬˮ ˨˞ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ ˶˷˞ˬ ˢˣ˟ˠ ˢ˧ˢ

 ˸ˮ˷ ˪˷ ˢˤˬ2012 )2.62 mg/cm
2( . 

 ˸ˮ˷˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˸ˣˬ˩ ˧˩ ˢ˞˶ˮ ˣˤ ˢ˞ˣˣ˷ˢ˟2007  )3.58 mg/cm
2 ( ˸ˣˬ˩ˬ ˢˢˣ˟ˠ ˢ˸˧˧ˢ

ˤ ˢˮˣ˰˟ ˢˡˡˬˮ˷ ˪˧˲ˣ˶ˣ˪˩ˢ ˤ˞ˬ ˸ˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˪˩˟ ˣ1997 . ˫˧ˮ˷˟ ˫ˠ ˣˡˡˬˮ ˡ˥ˣ˧ˬ˟ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶

2000 ,2003 x-2012 ˸ˣ˴˞ˢ ˸˥˧˶˲ ˪˰ ˰˧˲˷ˬˢ ˧ˤ˩˶ˬ ˫˶ˣˠ˩ ˟ˣ˟˶˰ˢ ˵ˬˣ˰ ˪˰ ˫˧˰˧˟˴ˬˣ  ˧˷ˡ˥˟

˟˧˟˞ˢ . ˸ˣ˧˥ˣ˪˟ ˫˪ˣˠˬˢ ˪˞˧˴ˮ˦ˣ˲ˢˬ ˢˮ˦˵ ˢ˧˧˰˶˪ ˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˸ˣ˴˞ˢ ˸ˣˬ˩ ˢˮ˷ ˪˩˟

˸ˣˮˠˣˬˢ .ˬ ˫˧˶˵ˬˢ ˟ˣ˶˟˪˞˧˴ˮ˦ˣ˲ˢ ˪˷ ˣˤˬ ˢ˟˶ˢ˟ ˢˮ˦˵ ˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧˩˶˰ ˸˰˶˷ ,

˸ˣ˴˞ˢ ˸ˣˬ˩ ˸ˣ˯˧ˣ˟ ˶˸ˣ˧˟ ˢ˪˧˰˧ ˢ˧˧˰˶ˢ˷ ˨˩˪ ˸ˣˡ˰ . ˭˧˟ ˫˧˪ˡ˟ˢˢ ˨ˣˬˮ ˸ˣ˴˞ˢ ˪˞˧˴ˮ˦ˣ˲ ˭ˢ˟ ˫˧ˮ˷˟

ˡ˞ˬ ˫˧ˮ˦˵ ˸ˣˮˠˣˬˢˣ ˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪ˢ . ˭ˬˤ ˥ˣˣ˶ˬ ˶˴ˣˣ˧ˢ˪ ˧ˣ˷˰ ˢˣ˟ˠ ˪˞˧˴ˮ˦ˣ˲ˢ ˭ˢ˟ ˫˧ˮ˷˟)time 

lag (ˠˢ ˭˧˟ˢ˧˧˰˶ ˸ˣ˰˴ˬ˞˟ ˪ˣˡ˧ˠˢ ˸ˣ˯˧ˣ ˭˧˟ˣ ˸ˣ˴˞ˢ ˪˷ ˶˧ˢˬˢ ˪ˣˡ˧ . ˧˴˥˪˟ ˢˡ˧˶˧ˬ ˫˶ˠˮ ˢˤ ˥ˣˣ˶ˬ

˸ˣ˶˧ˢˬ˟ ˸ˣ˪ˡˠ ˸ˣ˴˞ˢ ˣ˟ ˟˪˷˟ ˢ˴˞ ˫˶ˠ˪ ˢ˧˧˰˶ˢ .˶˟ˡ ˪˷ ˣˬˣ˩˧˯˟ , ˧˩ ˢ˞˶ˮ ˫˧˰ˣ˶ˢ ˸˧˧˯ˣ˪˩ˣ˞

˪˧˰˧ ˭˲ˣ˞˟ ˸˧ˮˣ˷˟ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ ˸˞ ˸˸˯ˣˣˬ , ˧˩ ˫˞˷˶ˡˮ ˢ˪  ˢ˧˧˪˰ ˪˰ ˶˟ˠ˸ˢ˪ ˭ˬˤ ˢ˶˧ˢˬ ˸˰˲˧˷˟

˞ˢˢˣ˟ˠ ˪ˣˡ˧ˠˢ ˪˞˧˴ˮ˦ˣ˲ ˭ˢ˟ ˫˧ˮ˷˟ ˸ˣ˴ ˸ˣ˴˞ˢ ˪˩ ˸˞ ˸˪˴ˮˬ ˢˮ˧˞ ˫˪ˣ˰˪ˣ. 
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˟ ˶ˣ˧˞44 : ˸ˣˬ˩ ˰˴ˣˬˬChlorophyll a  ˟˧˟˞ˢ ˧˷ˡˣ˥˟)˳˶ˬ-˪˧˶˲˞ (˪˰-˸ˣ˲ˣ˷˥ ˸˧˥ˣ˪ ˧˟ˠ  ˸ˣˮˠˣˬˣ

˫˧˟ˣ˪˩˟ , ˸ˮ˷ˬ ˪˥ˢ1997 .˫˧˧˷ˡˣ˥ ˫˧˟ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ ˷ˣ˪˷ ˪˷ ˰˴ˣˬˬ ˞˧ˢ ˢˡˣ˵ˮ ˪˩ . 

Figure B45: Average chlorophyll a during the months April -May on exposed and caged 

settlement plates since 1997. Each point is an average of three plates submerged in the 

sea for two months.  

 

 ˸ˮ˷ ˤ˞ˬ2007 ˸ˣˡˣˬ˴ ˸ˣ˴˞ ˸ˣ˟˷˧˧˸ˢ ˸ˡˡˬˮ-ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷ ˪˷ ˧ˬˣ˶ˡˢ ˢ˵˪˥˟ ˰˴ˬ ,

˰ ˢ˷ˣ˪˷˟ ˸ˣˮˣ˷ ˸ˣ˟˧˟˯ ˷ˣ˪˷ ˫˧ˠ˴˧˧ˬˢ ˫˧˵ˬˣ)˟ ˶ˣ˧˞45 .( ˟˧˟˯ ˰ˮ ˫˧ˬˢ ˵ˬˣ˰ ˢˮˣˠ˪˟1.5  ˫˧˶˦ˬ

)˫˧ˢ ˧ˮ˲ ˢ˟ˣˠ˟ ˸ˣ˪˸˩( , ˣ˟˴ˣˢ ˫ˢ˟ ˫˧˶˥˞ˢ ˫˧˶˸˞˟˷ ˣˤˬ ˶˸ˣ˧ ˢˢˣ˟ˠ ˢˤ ˶˸˞˟ ˶ˣ˞ˢ ˸ˬ˴ˣ˰ ˭˩˪ˣ

˸ˣ˟˷˧˧˸ˢ ˸ˣ˥ˣ˪ .˨ˡ˧˞ˬ ,ˢ˶˰˯ ˸˰˟ ˫˧˪ˠ ˸˪ˣ˰˲˪ ˱ˣ˷˥ ˢˤ ˶ˣˤ˞ ,ˢ˧ˣ˷˰ˣ ˢ˟˧˴˧ ˢˮ˧˞ ˸˧˪ˣ˥ˢ ˰˵˶˵ˢˣ 

˸ˣ˟˷˧˧˸ˢˢ ˸ˣ˧˥ˣ˪ ˸˞ ˸ˣ˯˩˪ . ˫˧˸˧˰˪ ˶˷˞ ˸ˣ˴˞ ˸˥˧ˬ˴ ˭˧˟ˣ ˪ˣ˥˟ ˫˧˸˧˰˪ ˣ˯ˣ˩˷ ˸ˣ˧˥ˣ˪ ˭˧˟ ˟ˣ˪˧˷ˢ

 ˫ˣˠ˧ˡˢ ˧˩˶˰ˬ ˸˷ˣ˪˷ ˭˧˟ ˫˧˪ˣˡˠ ˫˧˪ˡ˟ˢ˪ ˫˧˸˧˰˪ ˫˶ˣˠ ˸ˣ˥ˣ˪ˢ ˟˧˟˯ ˢˮˠˢˢ ˧˟ˣ˪˩ ˪˩ ˸˞ ˣ˞˪˧ˬ

 ˢˮˣˠ˪˟)˸ˣ˪ˣˡˠ ˭˵˸ ˸ˣ˞˧ˠ˷ .(˸ˣ˞˴ˣ˸ˢ ˥ˣ˸˧ˮ ˪˰ ˸ˣ˷˵ˬ ˢ˪˞ ˸ˣ˞˧ˠ˷ ,˭˧˞ ˸˞ˤ ˸ˣ˶ˬ˪ ˨˞  ˧˩ ˵˲˯

˶˸ˣ˧ ˫˧˪ˣˡˠ ˫˧˵ˬˣ˰˟˷ ˢˤˬ ˪ˡˣˠ ˶ˡ˯˟ ˢˣ˟ˠ ˸ˣ˧ˢ˪ ˧ˣ˷˰ ˢˮˣˠ˪˟ ˪ˣˡ˧ˠˢ ˪˞˧˴ˮ˦ˣ˲ . ˸ˣ˧˥ˣ˪ˢ ˧˟ˠ ˪˰

ˢˮˣˠ˪˟ ˸ˣ˲ˣ˷˥ˢ ,˸˞ˤ ˸ˬˣ˰˪ , ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶)˸ˣ˴˞ ( ˫˧˵ˬˣ˰˟ ˶˷˞ˬ ˧˸ˣ˰ˬ˷ˬ ˭˲ˣ˞˟ ˢˮˣ˷ ˣˮ˧˞

˫˧˶˥˞ ,ˣ˟ˠ ˪˞˧˴ˮ˦ˣ˲ ˫˰ ˫ˠ ˡˡˣˬ˸ˢ˪ ˢ˥˧˪˴ˬ ˢˮˣˠ˪˟ ˫˧˰ˣ˶ˢ ˸ˣ˪˧˰˲˷ ˨˩˪ ˸ˣˡ˰ˢˤ ˢ . ˣ˲˴ˮ ˢˮˣˠ˪˟

˸ˣ˧˸ˮˣ˰ ˸ˣ˥˧˶˲ ˧˸˷ ˫˧˸˧˰˪ : ˱˶ˣ˥ ˸˥˧˶˲)˶˸ˣ˧˟ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ,˶˞ˣ˶˟˲ ˷ˡˣ˥˟ (˟˧˟˞ ˸˥˧˶˲ˣ . ˢˮ˷ˢ

 ˢˮˣˠ˪˟ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲ ˢ˧ˢˢ˞ˣˣ˷ˢ˟ ˡ˞ˬ ˨ˣˬˮ  ˸ˬˡˣ˵ˢ ˢˮ˷˪)mg/cm
2

 6.69  ˶˞ˣˮ˧ ˷ˡˣ˥˟

 ˸ˬˣ˰˪mg/cm
2

 27.10  ˪˧˶˲˞ ˷ˡˣ˥˟2014(  . 

 ˵ˬˣ˰˟ ˸ˣ˧˥ˣ˪ˢ ˧˩˶˰ˬ5 ˬ '˪ˣ˥˟ ˧ˣ˯˧˩ ˰ˮˣˬˢ ˸˧ˮˣ˷ ˰˪˯ ˧˟ˠ ˪˰ ˫˧˟˴ˣˬ . ˫˧˷ˡˣ˥ ˣ˞˴ˬˮ ˭˞˩ ˫ˠ

˸ˣ˴˞˟ ˧˶ˬˠ˪ ˞˪ˬ˸ˢ ˢ˧˧˰˶ˬ ˸ˣ˧˥ˣ˪ˢ ˪˰ ˫˧ˮ˧ˠˬˢ ˫˧˟ˣ˪˩ˢ ˡ˥˞ ˫ˢ˟ . ˧˩˶˰ ˣ˪˟˵˸ˢ ˢ˪˞ ˫˧˶˵ˬ˟

 ˡ˞ˬ ˫˧ˢˣ˟ˠ ˪˧˲ˣ˶ˣ˪˩ï ˸ˣ˪ˣˡˠ ˭˵˸ ˸ˣ˞˧ˠ˷ˣ . ˸˪˧˥˸ ˤ˞ˬ ˢˤ ˶˸˞˟ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶

 ˳˧˵˟ ˡˡˬˮ ˶ˣ˦˧ˮˢ2007 .ˢˡ˟˰ˬˢ ˪ˣˬ ˭ˣ˶ˡˬ˟ ˞˴ˬˮ˷ ˧˲˩ , ˢ˶ˣˬ˷˟ ˸˧ˮˣ˷ˢ ˸ˬˡ˵˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶

 ˫˧ˮ˷˟2007 x-2008 ˸˶˦ˣˮˬˢ ˢ˲ˣ˵˸˟ ˶˸ˣ˧˟ ˫˧ˢˣ˟ˠˢ ˣ˧ˢ , ˫˧˩ˣˬˮ ˣ˧ˢ ˢˮ˷ˢ ˫˧˧˟˶ˬˢ ˫˧ˤˣ˩˧˶ˢˣ

ˡˣˡ˶ ˟ˣ˟˶˰ ˪˷ ˢˮ˷˪ ˫˧˧ˮ˧˧˲ˣ˞ˣ .˸ˣ˴˞ˢ ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲ ˢˮ˷ˢ ˨˶˰ˣˬˢ  ˧˟˶ˬˢ ˵ˬˣ˰˟ ˢ˶ˣˬ˷˟5 

 ˢ˧ˢ ˫˧˶˦ˬmg/cm
2

 3.25  ˷ˡˣ˥˟˱˯ˣˮ ˞˧˷ˣ ˶˟ˣ˦˵ˣ˞, mg/cm
2

 3.68 ,˶˟ˣ˦˵ˣ˞ ˷ˡˣ˥˟ ˡˡˬˮ.  ˫ˠ

 ˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪ˢ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ˣ ˸ˣ˴˞ˢ ˸˥˧ˬ˴ ˸˞ ˸˯ˣˣ˪ ˢ˥˧˪˴ˬ ˢ˧˧˰˶˷ ˞˴ˬˮ ˢˤ ˶˸˞˟

˨ˣˬˮ ˶˸ˣˮ  . 

 ˵ˬˣ˰˟ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶20 ˬ '˫˧ˡˣˡ˶ˢ ˫˧˶˸˞˟ ˶˷˞ˬ ˶˸ˣ˧ ˫˧˩ˣˬˮ , ˫˧˞˧˷ ˫˰

˟˱˶ˣ˥˟ ˶˵˧˰ . ˷ˡˣ˥˟ ˢ˧ˢ ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶˳˶ˬ mg/cm
2

 2.26 ) ˢˣ˟ˠ ˦˰ˬ

˶˷˞ˬ ˟˸ˬˡˣ˵ˢ ˢˮ˷ ( ˶˥˞˪˷ ˫˧˷ˡˣ˥˟ˣ˦˰ˬ˟ ˨˞ ˫˧˩ˣˬˮ ˫˧ˤˣ˩˧˶ ˫˧˸˧˰˪ ˣˡˡˬˮ ˭˩ˬ . ˵ˬˣ˰˟ ˫ˠ20 ˬ '

˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪ˢ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˸˞ ˸ˣ˪˧˰˧˟ ˢˡ˧˶ˣˬ ˫˧˰ˣ˶ˢ ˸ˣ˪˧˰˲ ,ˬˢ ˤˣ˩˧˶ˢˣ ˢ˧ˢ ˧˟˶

˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˫ˠ ˧˪˞˧˴ˮ˦ˣ˲ˢ ˤˣ˩˧˶ˢ ˧˴˥ˬ ˸ˣ˥˲ ˟ˣ˶˪ . 

 

˩ ˪˷ ˵ˬˣ˰˪ ˡ˰ ˫˧˟˶ ˫˧˥˦˷ ˪˷ ˧ˣ˯˧˩ ˢ˲˴ˮ ˦˯ˣˠˣ˞ ˷ˡˣ˥ˬ ˪˥ˢ- 20  ˸ˣ˴˞ ˧ˡ˟˶ˬ ˧ˡ˧ ˪˰ ˫˧˶˦ˬ

turf algae .ˢ˪˞ ˸ˣ˴˞  ˸ˣ˧ˮ˶˷˟ ˸ˣ˧ˮˣ˸ˮ˟ ˸ˣ˴˞ˣˣ˯˧˩ ˸ˣˮˣ˶ˡˬ ˸˧ˮˣ˷ˢ ˶ˣˤ˞˟ ˢˮ˷ˢ ˱ˣ˯ ˡ˰.  ˸ˣ˴˞ˢ
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 ˧ˡ˟˶ˬ ˸ˣ˶˴ˣ˧ˢ ˸ˣ˧˦ˣ˥ˢturf ˢ˧˰˶˪ ˢˢˣ˟ˠ ˸ˣˡˠˮ˸ˢ ˸ˣ˪˰˟ˣ ˶˸ˣ˧˟ ˸ˣˡ˧ˬ˰. 

 

 

 

 
˟ ˶ˣ˧˞45 : ˸ˣˬ˩ ˰˴ˣˬˬChlorophyll a ˰" ˤ˞ˬ ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ ˫˧˟ˣ˪˩˟ ˸ˣˮˠˣˬˣ ˸ˣ˲ˣ˷˥ ˸˧˥ˣ˪ ˠ

 ˸ˮ˷2007 . ˡ˥˞ ˷ˡˣ˥ ˸ˠ˴˧˧ˬ ˢˡˣ˵ˮ ˪˩)˪˰ ˸˟˷ˣ˥ˬ-˫˧˧˷ˡˣ˥ ˫˧˟ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ ˷ˣ˪˷ ˧˲ .( ˢ˪˰ˬ˪ï 

ˢˮˣˠ˪˟ ˣ˟˴ˣˢ˷ ˸ˣ˧˥ˣ˪ ,˰˴ˬ˞˟ ï  ˵ˬˣ˰ˬ ˸ˣ˧˥ˣ˪5 ˫˧˶˦ˬ , ˢ˦ˬ˪ï  ˵ˬˣ˰ˬ ˸ˣ˧˥ˣ˪20 ˫˧˶˦ˬ. 

Figure B45: Average chlorophyll a on exposed (diamonds) and caged (squares) 

settlement plates at the Nature Reserve since 2007. Each point represents one month 

(calculated as an average of three plates submerged in the sea for two months). Top ï 

the lagoon, middle ï at 5 meters depth, bottom ï at 20 meters. 

0

5

10

15

20

25

30

35

C
h

l-a
[m

g
/c

m
2
]

NR-Lagoon

Exposed Caged

0

5

10

15

20

25

C
h

l-a
[m

g
/c

m
2
]

NR-5m

Exposed Caged

0

1

2

3

4

5

6

7

8

9

10

C
h

l-a
[m

g
/c

m
2
]

NR-20m

Exposed Caged



 

73 

 

 

.˟7 .˸˧ˮˣ˷ˢ ˧ˠˡ ˶˵˯ 

ˢ˶˦ˬ 

 ˸˧ˮˣ˷ˢ ˧ˠˡ ˸ˣˬ˩ˣ ˸˰˲˷˟ ˫˧˧ˣˮ˧˷ ˶˥˞ ˟˵˰ˬ˫˧˧˶˵˧˰ˢ ˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷ ˸˧ˮˣ˷˟ . 

 

˸ˣ˦˧˷ 

˱ˣ˥ ˸˶ˣˬ˷ ˪˷ ˧ˬˣ˶ˡˢ ˢ˵˪˥˟ ˫˧˶˵˯ˮ ˸˧ˮˣ˷ˢ ˧ˠˡ ˠˣˬ˪˞ ,"˫˧ˮ˲˧ˢ ˫˧ˮˠˢ" , ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˶ˣˤ˞˟

 ˫˧˵ˬˣ˰˟5-8 ˫˧˶˦ˬ .ˢˮ˷˪ ˸˥˞ ˶˵˯ˢ ˸ˣ˶˧ˡ˸ ,˳˧˵ˢ ˸˲ˣ˵˸˟ . 

 ˣ˶˥˟ˮ ˫˧ˠˡˢ ˸˧˧˯ˣ˪˩ˣ˞ ˪˪˩ ˨ˣ˸ˬ32 ˫˧˪ˣ˵˧˷ ˧ˮ˷ ˨ˬ˯ ˪˰ ˫˧ˠˣ˯ :1 ( ˫˧˧˶˵˧˰ ˫˧ˠˡ2 ( ˫˧ˠˣ˯

ˣ˧˪˞ˮˣ˧˴˵ˮˣ˲ ˸ˣ˴ˣ˟˵ ˪˷ ˫˧ˠ˴˧˧ˬ ˸˸˧ˮˣ˷˟ .˶˟˦˴ˬˢ ˭ˣ˧˯˧ˮˢ ˨ˬ˯ ˪˰ ˢ˸˷˰ˮ ˢ˶˧˥˟ˢ  ˸˪˧˞ ˸ˣ˧ˮˣ˷˟

)Khalaf et al., 2003 (ˡ ˫˰ ˸˥˞ ˢ˴˰˟ˣ"˳˧˟ˣ˵ˣ˶˟ ˭˶˰ ˶. ˫˧˵˪˥ ˧ˮ˷˪ ˣ˵˪ˣ˥ ˡ˰˧ˢ ˸ˣ˧˯ˣ˪˩ˣ˞ : ˫˧ˠˡ

 ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˧˥ˢ)˸˶˥˞ ˣ˞ ˣˤ ˫˧ˠˣˬ˪˞ ˸˟˷ˣˬ˪ ˫˧ˡˣˬ˴ ˫ˮ˧˞ˣ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˥ˣ˷ˢ ( ˫˧ˠˡˣ

 ˫˧˰ˮ˴ˣˬ)cryptic ( ˸˧˰˵˶˵ ˧ˮ˩ˣ˷)˫˧ˠˣˬ˪˞ ˧˲ˮ˰ ˭˧˟ ˰˟˵ ˨˶ˡ ˫˧ˢˣ˷ ˫˟ˣ˶.( 

˪ˬ ˯˧˯˟ ˸ˣ˪˰˟ ˸ˣ˶˷˧ ˸ˣ˶˯ˮˬ ˪˷ ˢ˶ˡ˯˟ ˣ˶˲˯ˮ ˫˧ˠˡˢ ˟˥ˣ˶˟ ˧ˮ˟1 ˬ ' ˨˶ˣ˞˟ˣ7 ˬ '˥˲ˮˣ  ˪˪ˣ˩ˢ

˫˧ˢ ˧ˮ˲ˣ ˯˧˯˟ˢ ˭˧˟ ˫˧ˬˢ ˸ˡˣˬ˰ ˸˞ .˧˸ˣ˶˧˶˷ ˭˲ˣ˞˟ ˶˥˟ˮ ˣˬˣ˵˧ˬ ˶˷˞ ˶ˣˡ˯ ˨˶˰ˬ ˫ˠˡˮ ˫˰˲ ˪˩˟ :

 ˸ˣˡ˶˲ˣˬˢ ˸ˣ˩ˣˬ˯ ˸ˣ˶˯ˮˬ ˪˷ ˢ˶ˡ˯3 ˬ 'ˢˡ˧ˡˬ ˦˶˯ ˨˶ˣ˞˪ ˣˤˬ ˣˤ .˰ ˣ˰˟˵ˮ ˢ˶˯ˮˬˢ ˧ˡˬ˧ˬ ˧˲ ˪

ˢ˧˞˶ ˥ˣˣ˦ ˪˷ ˫˧˪ˣ˵˧˷ :˸˥˞ ˸˟˟ ˢ˶˯ˮˬˢ ˥˲ˮ ˪˩ ˸˞ ˸ˣ˞˶˪ ˪ˠˣ˯ˬ ˸ˣ˧ˢ˪ ˪˪ˣ˴ˢ ˪˰ , ˭˧˟ ˵˥˶ˬˢ

 ˢ˪˧˪˴˟ ˢ˥ˣ˦˟ ˢˡˣ˟˰ ˶˷˲˞˪ ˡ˰ˣˮ ˸ˣ˶˯ˮˬï ˫˧ˬˠˣˡ ˭˧˟ ˭˧˰ ˶˷˵. 

˭ˢ ˢˬ˧ˠˡˢ ˸ˣˡ˧˥˧ : ˫˧ˬˢ ˸ˡˣˬ˰ ˧ˠˡ ˶ˣ˟˰ï ˧˯˟ ˫˰ ˢ˶˯ˮˬ ˥˲ˮ ˧ˮ˟˪ˬ ˯1X7 ˬ '˵ ˪˰ ˫˧ˢ ˸˧˰˵˶

˫˧ˬˢ ˧ˮ˲˪ ˡ˰ˣ ,ˬˤ ˵˶˲ˣ˸ˣ˵ˡ ˶˷˰ ˪˷ ˭ . ˸˧˰˵˶˵ˢ ˧ˮ˩ˣ˷ ˫˧ˠˡˢ ˶ˣ˟˰ï  ˫ˣˠ˧ˡˢ ˸ˡ˧˥˧ ˯˧˯˟)ˢ˶˯ˮˬˢ (

ˢˬˣ˥˸˟ ˫˧˲ˮˣ˰ˬˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˪˩ˣ. 

 ˫˧ˢ ˸˧˰˵˶˵˪ ˣ˰˟ˣ˵ ˶˦ˬ ˨˶ˣ˞˟ ˦ˣˬ˪ ˫˧˶˟ˣ˥ˬ ˢˡ˧ˡˬ ˧˦˶˯ ˧ˮ˷ ˪˷ ˫ˢ˧˸ˣ˴˵)˸˧ˮˣ˷˪ ˣ˶˷˵ˮ (

˦ˣˬˢ ˫˰ ˢ˥ˣ˷ˢ ˪˪ˣ˴ ˧ˡ˧ ˪˰ ˪˧˟˵ˬ˟ ˣ˥˸ˬˮˣ . ˫ˣˠ˧ˡ ˸ˣ˰ˣ˴˶ ˸ˣ˴˵) ˪˩ ˨˶ˣ˞ ˢ˰ˣ˴˶7 ˬ ,' ˯˧˯˟

ˢ˶˯ˮˬˢ (˫˧˲˯ˣˮ ˸ˣ˦ˣˬ ˸˶ˤ˰˟ ˢˡ˧ˡˬˢ ˧˦˶˯ ˨˶ˣ˞˪ ˣˮˬˣ˯ . ˢˬ˧ˠˡ ˸ˣˡ˧˥˧˪ ˥˦˷ˢ ˸˵ˣ˪˥ ˶˥˞˪

 ˫˧ˮ˧˸ˬˬˣ ˫˧˪˪ˣ˴ˢ ˫˧˵˥˶˸ˬ5 ˢ˪˧ˠ˶ ˸ˣ˪˧˰˲˪ ˫˧ˠˡˢ ˸˶ˤ˥ ˶˷˲˞˪ ˸ˣ˵ˡ . ˢ˪˧˥˸ˬ ˢˤ ˭ˬˤ ˵˶˲ ˶˥˞˪

˞˟ˢ ˸ˣ˵ˡˢ ˶˷˰ ˨˷ˬ˟ ˢ˶˯ˮˬˢ ˥˲ˮ˟ ˫˧˶˟ˣ˰ ˶˷˞ ˫˧ˬˢ ˸ˡˣˬ˰ ˧ˮ˩ˣ˷ ˫˧ˠˡˢ ˸˶˧˲˯˸ˣ . ˸˶˧˲˯ ˶˥˞˪

˸ˣ˵ˡ ˶˷˰ ˨˷ˬ˟ ˣ˪˞ ˫˧ˠˡ , ˧ˬˣ˥˸˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸˞ ˫˧˯˪˩˞ˬˢ ˸˧˰˵˶˵ˢ ˧ˮ˩ˣ˷ ˫˧ˠˡˢ ˫˧˶˲˯ˮ

ˢ˶˯ˮˬˢ ˯˧˯˟ .˸ˣ˵˧˶ˢ ˸ˣ˟˷ˣˬˢˣ ˸ˣ˯˪˩ˣ˞ˬˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˶˲˯ˮ ˫˸˧˞ ˡ˥˧ . 

 

˸ˣ˞˴ˣ˸ 

 ˸ˮ˷ ˤ˞ˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˡ˧ ˪˰ ˨˶˰ˮ ˸˧ˮˣ˷ˢ ˧ˠˡ ˶˵˯2007 ,˸ˬ ˫˧˶˟˦˴ˬˢ ˫˧ˮˣ˸ˮˢˣ ˶ˣ˴˧˪ ˫˧˪˧˥

˫˧ˠˡˢ ˸˶˟˥ ˢˮ˟ˬ ˪˷ ˢˮˣˬ˸ ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ ,˸ˣ˧˲ˣ˶˦ ˸ˣˬ˶˪ ˢ˵ˣ˪˥˟ . ˫˧˪ˡ˟ˢ ˸˞ˤ ˫˰ ˡ˥˧

 ˸ˣˮ˵˯ˬ ˸˪˟˵ ˪˰ ˫˧˷˵ˬ ˢˬ˧ˠˡˢ ˧˲ˣ˞˟ ˸˧ˮ˟ˣˬ ˸ˣˮˣ˷ˣ ˢˮ˷ ˪˩˟ ˢ˲˯˞ˮ ˶˷˞ ˫˧ˮˣ˸ˮˢ ˸ˣˬ˩˟ ˫˧˪ˣˡˠ

˸ˣ˧˦˯˧˦˦˯ . ˣˬˠˡˮ ˸˧˥˩ˣˮˢ ˢˮ˷˟22  ˪˷ ˸ˣˡ˧˥˧1X7 X7 ˫˧˶˦ˬ )˫˧ˬˢ ˵ˬˣ˰ ()X10 l˸ˣ˵  ˫˧ˠˡ ˶ˣ˟˰

˫˧ˠ˪˲ .( ˢˮ˷ˢ ˣ˶˲˯ˮ ˪˩ˢ ˨˯˟2528 ˫˧˦˶˲ , ˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷˟ ˶˷˞ˬ ˸ˣ˥˲)2638 x- 3379 .(

 ˭˧ˬˢˬ ˫˧ˠˡ ˸ˣ˪˪ˣ˩ ˭ˮ˧˞ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˸ˣ˶˧˲˯ˢAtherinomorus lacunostus  ˸ˣ˵ˢ˪˟ ˫˧˰ˮ ˶˷˞

 ˸ˣ˪ˣˡˠ)˰ˣ˟˵ ˣˮ˧˞ ˭ˬˣ˵˧ˬ ˶˷˞ (˫ˠˡˬˢ ˸ˣˮˣ˷ ˸˞ ˡ˞ˬ ˫˧˪˧ˡˠˬ ˭˶ˡ˰ˢ ˣ˞ ˭˸˰˲ˣˢˣ. ˭˩ ˪˰ , ˭ˬ ˵˪˥˟

 ˣ˶˲˯ˮ ˞˪ ˫˧ˮ˷ˢA. lacunostus .˧˪˪˩ˢ ˭ˤ˞ˬ˟ ˫˧˪˪˩ˮ ˫ˮ˧˞ ˫˪ˣ˞ ˫˧˶˲˯ˮ ˢ˪˞ ˫˧ˠˡ ˢˮˣ˶˥˞˟ ; ˢˮ˷ˢ

˟ ˶˵˯ˢ ˨˪ˢˬ˟ ˫˶˲˯ˬ ˡˬ˞ˮ- 2600 ˫˧˦˶˲ . 

 ˪˪˩ ˢˮ˷ˢ ˫˧ˠˡˢ ˫ˠˡˬ421  ˫˧ˬˢ ˸ˡˣˬ˰ˬ ˫˧ˠˡ) ˸ˬˣ˰˪554  ˸ˬˡˣ˵ˢ ˢˮ˷˟1322 ˫˧˧˸ˮ˷ ˧ˮ˲˪ (

 ˡˣ˰ˣ2600 ˧ˡˡˣˮˢ ˫˧ˠˡˢ ˪˷ ˫˧˦˶˲ˢ˪˰ˬ˪ ˫˧˶˩ˤˮˢ ˫ ,Atherinidae . ˫˧˩˧˧ˣ˷ˬˢ ˸˧˰˵˶˵ ˧ˮ˩ˣ˷ ˫˧ˠˡ

 ˢˮ˷ˢ ˣ˶˲˯ˮ ˫ˣˠ˧ˡˢ ˸ˣˡ˧˥˧˟ ˫˧ˠˣˬ˪˞˪2079 ,˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷˪ ˢˬˣˡ˟ . ˫˧ˠˡˢˬ ˫˧˟˶ ˧˩ ˶˧˩ˤˢ˪ ˷˧

 ˫˧ˠˡˢ ˸ˣ˲˧˲˴˪ ˫˞˸ˢ˟ ˶˵ˣ˯ˢ ˧ˡ˧ ˪˰ ˨˶˰ˣˬ ˫˶˲˯ˬˣ ˫˧˦˶˲ ˸ˣ˞ˬ ˡ˰ ˸ˣ˶˷˰ ˪˷ ˸ˣ˵ˢ˪˟ ˫˧˧˥

˩˶˰ˢ ˪ˣ˲˩ ˢ˵ˢ˪ˢˬ ˵˪˥˟ ˸˶˲˯ˮˢˢ˪ˣ˩ ˢ˵ˢ˪ˢ ˪˷ ˥˲ˮˢ ˸ .˫˧˧˸˷˟ ˧ˡ- ˧ˡ˩ ˸ˣ˪ˣˡˠ ˸ˣ˵ˢ˪ ˷ˣ˪˷

ˢ˞˧ˠ˷ˢ ˸ˣ˩˶˰ˢ ˪˰ ˥˶˩ˢ˟ ˰˧˲˷ˬ ˢˤ˩ ˟˴ˬˣ ˫˧˶˵˯ˮˢ ˫˧ˠˡˢˬ ˶˩˧ˮ ˤˣ˥˞ ˫ˣ˶˸˪ . ˸ˣˡˣˮ˸ ˸ˣ˰˟ˣˮ ˨˩ˬ

˫˧ˮ˷ˢ ˭˧˟ ˫˧ˠˡˢ ˸ˣˬ˩ ˸˩˶˰ˢ˟ ˸ˣ˪ˣˡˠ . ˫ˣˠ˧ˡˢ ˸ˣˡ˧˥˧˟ ˣ˶˲˯ˮ ˢˮ˷ˢ173  ˭˩ˣ˸ˬˣ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ

102  ˸ˣ˯˪˩ˣ˞ˬ ˣ˞˴ˬˮ ˸ˣ˟˷ˣˬ˫˧ˠˡ ˧ˡ˧ ˪˰ . 
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 ˫˧˶ˣ˟˧˦˵ˮ˪˲ˣ˞ˣˤˢ ˫˧ˠˡˢ ˸˴ˣ˟˵ï ˫˧ˮˣˤ˧ˮˢ  ˫˧ˬˢ ˱ˣˠ˟ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤˬï  ˭˧˟ˬ ˶˸ˣ˧˟ ˢ˪ˣˡˠˢ ˞˧ˢ

˸˧ˮˣ˷ˢ ˧ˮ˩ˣ˷ ,˩ ˢ˸ˣˣ˧ˢˣ- 55% ˢˮ˷ˢ ˣ˶˵˯ˮ˷ ˫˧ˠˡˢ ˪˪˩ˬ . ˭ˢ˟ ˸ˣ˵ˢ˪˟ ˫˧˰ˮˢ ˸˧˯˥˧ ˫˧ˮ˦˵ ˫˧ˠˡ ˣ˪˞

˫˧˦˧˶˲ ˪˷ ˪ˣˡˠ ˶˲˯ˬ .ˢ˧ˣ˷˰ ˢ˪˞ ˫˧ˠˡ ˪˷ ˶˸ˣ˧ ˣ˞ ˸˥˞ ˢ˵ˢ˪ ˸ˣ˥˩ˣˮ  ˨˞ ˧ˠˣ˴˧˧ˢ ˫˪˵˷ˬ ˸˞ ˸ˣˮ˷˪

 ˪ˣˡˠ ˶˲˯ˬ ˞˴ˬˮ ˡ˧ˬ˸ ˸˧ˮˣ˷˟ ˢ˪˞ ˫˧ˠˡ ˪˷)˟ ˶ˣ˧˞46 .( ˸˧ˮˣ˧˥ ˢ˧˪ˣ˥ ˫˧ˣˣˢˬ ˫˧˶ˣ˟˧˦˵ˮ˪˲ˣ˞ˣˤ ˫˧ˠˡ

˫˧ˬˢ ˱ˣˠ˟ ˸ˣ˩ˣˬˮˢ ˸ˣˬ˶ˢˬ ˭ˣˤˬ ˧˶ˬ˥ ˫ˤ˩˶˟ ˭ˣˤˬˢ ˠ˶˞ˬ˟ . 

˧ˮ˷ˢ ˢ˴ˣ˟˵ˢ s˸˧ˢ ˢ˪ˡˣˠ˟ ˫ɣs  ˸˴ˣ˟˵ ˢˮ˷ˢ˶ˣ˦ˢ ˫˧ˠˡˢ ˫˧˲)˫˧˶ˣ˟˧ˮ˶˵ ,-˩ 22%( , ˫˧ˠˡ

ˣˬˢ ˸˧ˮˣ˷ˢ ˸˧˧˯ˣ˪˩ˣ˞ ˸˞ ˫˧˸˯ˣï ˸ˣ˧˪ˣ˥ ˧˶˯˥ ˶˵˧˰˟ . ˪˩ˢ ˧˪˩ˣ˞ ˸˴ˣ˟˵)˫˧˶ˣ˟˧ˮˬˣ˞ ( ˢˮ˷ˢ ˢ˸ˣˣ˧ˢ

-˩12% ,ˬ ˸ˣ˥˲ ˣˣ˧ˢ ˸ˣ˴ˣ˟˵ˢ ˶˞˷ˣ-10% ˣ˶˵˯ˮ˷ ˫˧ˠˡˢ ˪˪˩ˬ . ˸ˣ˴ˣ˟˵ ˭˧˟ ˢ˪˞ ˫˧˧˸ˣˬ˩ ˫˧˯˥˧

˸˧ˮˣ˷˟ ˫˧ˠˡˢ ˸˧˧˯ˣ˪˩ˣ˞ ˢˮ˟ˬ˟ ˸ˣ˟˧˴˧ ˪˰ ˫˧ˡ˧˰ˬˣ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˫˧˶ˬ˷ˮ ˸ˣˮˣ˷ˢ ˫˧ˠˡˢ. 

˪ ˫˧˰ˣ˶ˢ ˫˧ˠˡ)˩- 7% ˣ˶˵˯ˮ˷ ˫˧ˠˡˢ ˪˪˩ˬ (˸ˣˡˣˬ˴ ˸ˣ˴˞ˢ ˸ˣˬ˩ ˸ˣ˯˧ˣ˟ ˟ˣ˷˥ ˡ˧˵˲˸- ˰˴ˬˢ

˫ˠˣ˷ˠ˷ˣ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ ˪˰ ˸˶˩˧ˮ ˢ˰˲˷ˢ ˧˪˰˟ ˫ˮ˧ˢ ˨˩ˣ ˸˧ˮˣ˷˟ . ˸˞ ˸˶˴˵ˬ ˫˸ˣ˥˩ˣˮ" ˸˶˷˶˷

˭ˣˤˬˢ " ˫˧˧ˮˣ˷˞˶ˢ ˫˧ˮ˶˴˧ˢˬ ˶˧˷˧ ˢ˧ˠ˶ˮ˞ ˶˟˰ˬ˟)˸ˣ˴˞ (ˢˠˡ˪. ˣ˶˵˞ˬˬ ˫˧ˮˣˤ˧ˮ ˫˧˰ˣ˶ ˫˧ˠˡ˷ ˭ˣˣ˧˩ˬ-

 ˸ˣ˴˞)˸ˣ˧ˮˣ˸ˮ˟ ˸ˣ˴˞ ,˰˴ˬ ˸ˣˡˣˬ˴( , ˫˧˪ˣˡˠ ˫˧ˠˡ ˟ˣ˶˪ ˫ˢ)˫˧ˮ˩˧˯ ,˫˧ˮ˥˸ˮ ,˫˧ˮˣˮ˧˩ˣ˸ ( ˫˸˪ˣ˰˲ˣ

)˫˧˶ˣ˟˧˪˶ˣ˵ˢ ˸˴ˣ˟˵ ˫˰ ˡ˥˧˟ ,˫˧ˠˣˬ˪˞ˢ ˧˪˩ˣ˞ ( ˰˴ˬˢ ˪˷ ˢ˧˧˪˟˪ ˫ˣ˶ˠ˪ ˞˧ˢ ˫ˠ ˢ˧ˣ˷˰

)˸˧˰˵˶˵/˫˧ˠˣˬ˪˞ .( 

 ˫˧ˠˡˢ ˧˪˩ˣ˞ ˫˧ˠˡˢ ˸˴ˣ˟˵)˫˧˶ˣ˟˧˵˯˧˲ (ˣ˷ˢ ˧ˠˡ ˸˧˧˯ˣ˪˩ˣ˞ˬ ˭˦˵ ˵˪˥ ˢˣˣˢˬ ˸˧ˮ)ˬ ˸ˣ˥˲- 1% .( 

 ˱˞ ˪˰ ˫˧ˮ˷ˢ ˭˧˟ ˢ˞ˣˣ˷ˢˣ ˢ˶˟˥ˢ ˢˮ˟ˬ˪ ˸ˣ˯˥˧˧˸ˢ ˸˶˷˲˞ˬ ˸˧˲ˣ˶˦ˢ ˢˬ˶ˢ ˧˲˪ ˫˧ˠˡˢ ˸˵ˣ˪˥

˫ˠˡˬˢ ˪ˡˣˠ˟ ˫˧˶˩˧ˮ ˫˧˪ˡ˟ˢ ,˸˧ˮˣ˷ˢ ˧ˠˡ ˪˷ ˧ˠˣ˪ˣ˵˞ˢ ˡˣ˵˲˸ˢ ˪˰ ˫ˠ ˸ˡˬ˪ˬˣ . 

˶˶˵˯˟ ˣ˲˴ˮ˷ ˫˧ˠˡˢ ˸ˬ˧˷ , ˢˮˣ˸ˮ ˢˮ˷ˢ ˶˵˯˟ ˫˸ˣ˥˧˩˷ˣ ˫˧˩˧˧˸˷ˬ ˫ˢ ˢ˪ ˸˧˲ˣ˶˦ˢ ˢ˴ˣ˟˵ˢ

ˢ˪˟˦˟ ˟9. ˢ˪˰ˬ˪ ˶˞ˣ˸ˬˢ ˢ˶˟˥ˢ ˢˮ˟ˬ ˶ˬ˷ˮ ˫˧ˮ˷ˢ ˭˧˟. 

 

 
˧˞˟ ˶ˣ46 :˸ˢ˸ˣˠ˪˲ ˶˲˯ˬ  ˸ˮ˷ ˤ˞ˬ ˸˧˲ˣ˶˦ˢ ˢˬ˶ˢ ˧˲ ˪˰ ˸˧ˮˣ˷ˢ ˧ˠˡ2007. 

Figure B45: Distribution  of the number of reef fish according to trophic level since 

2007. 
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Taxa Dweller* Tropic level** Occurrence 

Blenniidae/Gobiidae 

C
ry

p
tic

 

C 154 

Pomacentridae   

Amphiprion bicinctus Z 6 

Chromis dimidiata Z 57 

Chromis viridis Z 538 

Dascyllus aruanus Z 79 

Dascyllus marginatus Z 184 

Neopomacentrus miryae Z 350 

Pomacentrus sulfureus Z  

Pomacentrus trichourus O 184 

Other Pomacentridae Z 103 

Pseudochromidae C 77 

Acanthuridae 

P
e

la
g

ic
 

    

Ctenochaetus striatus/Acanthurus nigrofuscus H 16 

Zebrasoma sp. H 28 

Other Acanthuridae H 22 

Balistidae C 36 

Caesionidae Z 57 

Chaetodontidae    

Heniochus sp. CO 7 

Other Chaetodontidae CO 41 

Labridae    

Bodianus anthioides C 14 

Coris aygula C  

Cheilinus lunulatus C 1 

Gomphosuse caeruleus C 7 

Labroides dimidiatus C 9 

Thalassoma sp. C 43 

Other Labridae C 10 

Lethrinidae  C 1 

Mullidae C 29 

Ostraciidae C  

Pomacanthidae C 3 

Serranidae    

Pseudanthias squamipinnis Z 347 

Variola louti P 7 

Other Serranidae C 11 

Scaridae H 75 

Scorpaenidae C  

Siganidae H 1 

Tetraodonitidae/Diodonitidae H 3 

others   28 

Total   2528 

Atherinidae P Z 2600 

Corals with fish   102 

Corals without  fish   71 

* Cryptic - close to/hides within coral/rock 

 Pelagic - away from coral/rock 

** C Carnivorous 

 Co Coralivorous 

 H Herbivorous 

 O Omnivorous 

 P Piscivorous 

 Z Zooplanktivorous 

   

 ˢ˪˟˦9˟ :˧˩˷ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷ ˪˷ ˧ˬˣ˶ˡˢ ˢ˵˪˥˟ ˫˧ˠˡ ˸ˣ˥. 

Table B9: Fish abundance of at the Coral Beach Nature Reserve. 
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 ɣ.˸˧˲ˣ˥ˢ ˢ˟˧˟˯ˢ ˶ˣ˦˧ˮ 

.ɣ1  .˱ˣ˥ˢ ˸˟˶˵˟ ˫˧ˢ ˧ˬ 
 

ˢ˶˦ˬ  

˫˧˧ˬ˧˩ ˫˧ˮ˸˷ˬ ˶˥˞ ˟˵˰ˬ ,˧˧˪˵˧˯˧˲ ˫, ˸ˣ˶ˣ˵ˬ ˣ˞ ˸ˣˬˠˬ ˧ˣˢ˧ˤˣ ˱ˣ˥ˢ ˸˟˶˵˟ ˫˧ˢ ˧ˬ˟ ˫˧˧ˠˣ˪ˣ˧˟ˣ

˷˰ˢ ˫ˣˢ˧ˤ˸˧ˮˣ˷ˢ ˸˶˟˥˟ ˰ˣˠ˲˪ ˫˧˧ˣ . 

  

˸ˣ˦˧˷ 

 ˸ˣˮ˥˸ ˰˟˷˟ ˥˦˷ˢ ˧ˬˬ ˸ˣ˞ˬˠˣˡ ˪˰ ˫˧˧ˠˣ˪ˣ˧˟ˣ ˫˧˧ˬ˧˩ ˫˧˶˦ˬ˶˲ ˪˷ ˸ˣˡ˧ˡˬ ˸ˣ˰˴ˣ˟ˬ ˷ˡˣ˥˪ ˸˥˞

˶ˣ˲ˬ˷ ˧˲˩ ˥ˣ˸˲ ˫˧ ˸ˮ˥˸˟ˣ ˳˶˲ˬˢ ˪˷ ˧˪˞˶˷˧ˢ ˱ˣ˥ˢ ˨˶ˣ˞˪ˠ ˶ˣ˧˞˟ ˦1 ,ˠ ˢ˪˟˦˟1 ,˪˟˦˟ˣ ˸

˸ˣ˪˧˰˲ˢ .˶˵ˣ˟ˢ ˸ˣ˰˷˟ ˢ˶˧˯ˬ ˢ˷˰ˮ ˫ˣˠ˧ˡˢ .˲˧˴˶ ˢˠ˪˲ˢ ˨˪ˢˬ˟ ˸ˣ˞ˬˠˣˡ ˸ˣˮ˥˸ˢ ˢˮˣˬ˷ˬ ˸ˣ˥˵˪ˮ ˢ

˩ ˪˷ ˵ˬˣ˰ˬ ˫˧ˬ-1 ˬ '˨˶ˣ˴˪ ˢˡ˟˰ˬ˟ ˸ˣˡ˧ˡˬ , ˥˲ˮ˟ ˭˧˵˯˧ˮ ˵ˣ˟˵˟ ˸ˣ˰˴ˬ˞˟5  ˸˶˟˥ ˪˷ ˶˦˧˪

GOFLO .˱˯ˣˮ˟ ,ˡˬ ˸ˣ˰˴ˬ˞˟ ˥˦˷ˢ ˧ˬ ˸˶ˣ˦˶˲ˬ˦ ˸ˡˡˬˮ- ˵ˬˣ˰ ˧˲˪ ˫˧ˬˢ ˸ˣ˶˧˩˰ ˸ˡˬ˞ˮˣ ˸˧˲˯˩ ˫ˣ˥

 ˧˵ˑ˯)secchi :( ˸ˡ˶ˣˬ ˢ˟ ˢˡ˧ˡˬˢ˵˯ˡ ˢ˶˧˯ˢˬ ˪˰˟ˣ ˭˟˪˟ ˢ˰ˣ˟˴ ˶˷˞ ˵ˬˣ˰ˢ ˫˷˶ˮˣ ˰ˣ˟˵ ˶˦ˣ˵ ˸

ˢ˟ ˭˧˥˟ˢ˪ ˭˸˧ˮ ˞˪ ˣ˪ ˶˟˰ˬ .˧˴˥ˣ ˢ˰˷˩ ˪˷ ˭ˬˤ ˵˶˲˟ ˸ˣˬˠˡˮ ˸ˣˮ˥˸ˢ ˪˩. 

 

˸ˣ˞˟ˢ ˸ˣ˧ˬ˧˩ˢ ˸ˣˡ˧ˡˬˢ ˨˶ˣ˴˪ ˫˧ˬˢ ˫˧˵˪ˣ˥ˬ ˫ˣˠ˧ˡˢ ˸ˠ˪˲ˢˬ ˢ˶ˤ˥ˢ ˫˰ ˡ˧ˬ: 

˯ˬˣˬ ˭˴ˬ˥: ˶˵ˮ ˭˴ˬ˥ˢ ˤˣ˩˧ ˞˧ˢ˷ ˶˪˵ˮ˧ˣˣ ˸˦˧˷˟ ˰˟˧˴˵˞˧˶ ˸ˢ˧˴˶˦˧˦˟ ˸˰˴ˣ˟ˬˢ ˢ˶˧˸˯ .

˟ˣ˵ˬ ˸ˣˬ˧ˠˡˢ˰ ˸ˣ˰" ˧ˮ˷ ˸˲˯ˣˢ ˧˧˦ˮˠ˞˧˶˫ MnSO4  x-KI+NaOH   ˫˰ ˸ˣ˶˦ˣ˦ˬˣNa2S2O3   ˤˣ˩˧˶˟

N0.1.  ˸˰˴˟˸ˬ ˢ˧˴˶˦˧˦ˢ ˸ˣ˰˴ˬ˞˟ˠˣ˯ˬ ˧˦ˬˣ˦ˣ˞ ˶ˣ˦˶˦˧˦Titrino 702 SM  ˸˶˟˥ ˪˷Metrohm  ,

˳˧ˣˣ˷. 

pH :ˢ ˸ˣˡ˧ˡˬ-pH   ˪˷ ˢ˰ˣ˟˵ ˢ˶ˣ˦˶˲ˬ˦˟ ˸ˣ˰˴ˣ˟ˬ ˫˧ˢ ˧ˬ˟25ęC  ˸ˣ˰˴ˬ˞˟ ˸ˡˣ˶˦˵˪˞pH  

 ˸˧˩ˣ˩ˤˬ)(combined pH electrode  ˫ˠˡpHC2401-7  ˡˬˣpH   ˫ˠˡ93 PHM  ˸˶˟˥ ˪˷ ˫ˢ˧ˮ˷

Radiometer Copenhagen.  ˸ˣ˧˦˶ˡˮ˦˯ ˸ˣ˯˧ˬ˸ ˸˶ˤ˰˟ ˰˴˟˸ˬ ˢˡˣ˶˦˵˪˞ˢ ˪ˣ˧˩˸ˣ˧˶˥˯ˬ  ˸ˣ˶˩ˣˬˣ

 ˸ˣ˧ˬˣ˞˪ˮ˧˟ ˪ˣ˧˩ ˸ˣ˯˧ˬ˸˩(IUPAC/NIST certified standards). 

˰ ˰ˡ˧ˬ ˸ˣ˵˲˯ˬ ˭˩˪ˣ ˢ˩ˣˬˮ ˸ˣ˥˧˪ˬ˟ ˭ˢ ˣ˪˞ ˪ˣ˧˩ ˸ˣ˯˧ˬ˸ ˪pH  ˸˪˵˯ ˣ˞ ˭ˬ˧ˬˢ ˸ˣ˧˟˧˦˵˞ ˸˪˵˯˟

pHNBS   ˪˷ ˢ˶ˡˠˢˢ ˧˲˪Millero et al. 1993    :pHNBS = -log {H
+
} 

 ˸˪˵˯ ˭ˬ˧ˬˢ ˧ˮˣ˧ ˪˷ ˪˪ˣ˩ ˤˣ˩˧˶ ˪˷ ˢ˪˵˯˟ ˫ˢ˧˸ˣ˞˴ˣ˸ ˸˞ ˫˧˥ˣˣˡˬ ˫˧ ˧ˬ˟ ˫˧˟˶ ˫˧˶˵˥ˬpHT 

˩ ˸˶ˡˠˣˬˢ :pHT = -log [H
+
]T 

 ˶˷˞˩[H
+
]T  ˧ˮˣ˧ ˤˣ˩˧˶ ˸˞ ˫ˠ ˪˪ˣ˩HSO4

-
 . 

˧˟ ˶˟˰ˬ ˭ˬ˧ˬˢ ˭ˣ˧ ˪˷ ˸ˣ˧˟˧˦˵˞ˢ ˰ˣ˟˵ ˟ˣ˷˧˥ ˸ˣ˰˴ˬ˞˟ ˶˷˲˞˸ˬ ˸ˣ˪˵˯ˢ ˭(fH) . ˣˮˢ ˢˤ ˰ˣ˟˵

 ˧˲˪ ˫˸˧˶ˣˠ˪˞ ˸ˣ˰˴ˬ˞˟ ˟ˣ˷˧˥˪ ˭˸˧ˮˣ ˸ˣ˥˧˪ˬˣ ˢ˶ˣ˦˶˲ˬ˦ ˧ˣ˪˸(Millero et al. 1988) . ˪˩ˣ ˶˥˞ˬ

ˢ ˸ˣˡ˧ˡˬ- pH  ˢˮ˸˷ˬ ˸˪˧˞ ˳˶˲ˬ ˭ˣ˲˴˟ ˫˧ˢ ˧ˬ ˸ˣ˥˧˪ˬˣ ˢ˶ˣ˦˶˲ˬ˦ ˢ˸ˣ˞˟ ˸ˣ˰˴˟˸ˬ ˶ˣ˦˧ˮˢ ˪˷

˰ˤˬ ˢˡ˧ˬ˟˸˧˶ , ˞ˣˢ ˭ˬ˧ˬˢ ˭ˣ˧ ˪˷ ˸ˣ˧˟˧˦˵˞ˢ ˰ˣ˟˵ ˪˷ ˣ˩˶˰0.72 ˫˧ˬˢ ˸ˡˣˬ˰ ˪˩˟ˣ ˢˮ˷ˢ ˨˶ˣ˞˪ .

ˢ ˸ˣˡ˧ˡˬ ˪˰ ˢˤ ˰ˣ˟˵ ˸˪˰˲ˢ- pH  ˸˸˥˲ˢ˪ ˫˶ˣˠ ˶ˣ˦˧ˮ˟ ˸ˣ˥ˣˣˡˬˢ0.14  ˸ˣˡ˧˥˧pH . ˢˡ˧ˬ˟ ˶ˬˣ˪˩

ˢ ˸˪˵˯˟ ˶ˣ˦˧ˮˢ ˧ˮˣ˸ˮ˟ ˷ˬ˸˷ˢ˪ ˨˶ˣ˴ ˷˧ˣ- pHT , ˸˧˥˲ˢ˪ ˷˧0.14 ˸ˣˡ˧ˡˬˢ ˪˩ˬ )Shaked 2008(. 

˸ˣ˥˧˪ˬ : ˫ˠˡˬ ˸ˣ˥˧˪ˬ ˡˬ˟ ˢˡ˧ˡˬ Micro-Salinometer MS-310e˸˶˟˥ ˪˷RBR  ,ˢˡˮ˵.  ˢˡ˧ˡˬˢ

˦˶ˡˮ˦˯ ˪˷ ˣˤ˪ ˢˬ˧ˠˡˢ ˸ˣ˩˧˪ˣˬ ˪˷ ˢ˞ˣˣ˷ˢ ˨ˣ˸ ˸˧˦ˮˠˬ ˢ˞˶˷ˢ ˪˰ ˸˯˯ˣ˟ˬ. 

˧˶˦ˣˮ˧˫˧˦ˮ: NO2, NO3, Si(OH)4, PO4 ˶˧˷˩ˬ˟ ˫˧ˡˡˬˮQuikChem 8000 flow injection 

analyzer  ˸˶˟˥ ˪˷Lachat Instruments, Milwaukee  ,ˢ˶˞"˟. ˢˡ˧ˡˬˢ  ˰˟˴  ˸˟ˣˠ˸ ˪˰ ˸˯˯ˣ˟ˬ

˧˶˦ˣˮˢˬ ˡ˥˞ ˪˩ ˶˴ˣ˧˷˧ ˫˰ ˫˧˦ˮˮˠ˞˧˶ˢ ˧s˦˰˟˴ ˯˵˪˲ˬˣ˵ ˸˶˧˴˧˪ ˣ˪ ˧ˡˣ˥˧  ˶ˣ˞ˢ ˫ˣ˥˸˟ ˪ˠ ˨˶ˣ˞ ˪˰˟

ˢ˞˶ˮˢ ,˶˧˷˩ˬˢ ˪˷ ˶˦ˬˣ˦ˣ˲ˣ˶˦˵˲˯˟ ˦˪˵ˮˢ. 

˸ˣ˧ˮ˧˪˵˪˞ :˰ ˸˰˟˵ˮ"˸˧˴˶˦˧˦ ˧Gran  ˫˰ HCl  ˤˣ˩˧˶˟N0.05 ˟ ˸˰˴˟˸ˬˢ ˸ˣ˰˴ˬ˞ ˶ˣ˦˶˦˧˦

˞ ˫ˠˡˬ ˧˦ˬˣ˦ˣDL67  ˸ˡˣ˶˦˵˪˞ˣpH  ˸˧˩ˣ˩ˤˬ (combined pH electrode) ˫ˠˡ DG111 , ˪˷ ˫ˢ˧ˮ˷

˸˶˟˥ Mettler Toledo ,˳˧ˣˣ˷. 

˧˲ˣ˶ˣ˪˩:˪ ˮˮˣ˯ˬ ˫˧ˬˢ˫˧  ˠˣ˯ˬ ˫˧˶˦˪˧˲ ˨˶ˡGF/F . ˭ˣ˦˴˞˟ ˫˧˴ˣˬˬ ˫˧˶˦˪˧˲ˢ90%  ˨˷ˣ˥˟

)˶˶˵ˬ˟ 4
o
C (-˪24 ˸ˣ˰˷ .˧ˣ˴˧ˬˢ ˫ˣ˸˟ , ˭˧˦˧˲ˣ˞˲ˢˣ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶)Chlorophyll-a and 



 

77 

 

 

Pheophytin (˫ˠˡˬ ˶˦ˬˣ˶ˣ˞ˣ˪˲˟ ˡˡˬˮ 10-AU Fluorometer  ˸˶˟˥ ˪˷Turner Designs ,ˢ˧ˮ˶ˣ˲˧˪˵ ,

ˢ˶˞"˟ .˶˥˞˪ ˡˡˬˮ ˭˧˦˧˲ˣ˞˲ˢ ˤˣ˩˧˶  ˫˰ ˧ˣ˴˧ˬˢ ˸˴ˬ˥ˢHCl  ˤˣ˩˧˶˟N1. 

ˢ˧ˮˣˬ˞:  ˶˦ˬˣ˶ˣ˞ˣ˪˲ ˸ˣ˰˴ˬ˞˟ ˸ˡˡˬˮ ˢ˧ˮˣˬ˞DyNA QuantTM 2000  ˸˶˟˥ ˪˷Hoefer  ˶˥˞˪

ˬˠˣˡˢ ˸˶ˠˡˢ˸ˣ˞ ˮˠ˞˧˶ ˸˲˯ˣ˸˟ ˨˷ˣ˥˟ ˦˪˧˩ˬˢ ˰˟˴ orthophthaldialdehyde  ˨˷ˬ˪3 ˸ˣ˰˷. 

 

 

 
ˠ ˶ˣ˧˞1 :˸˪˧˞ ˳˶˲ˬ˟ ˧˲ˣ˥ˢ ˫ˣˠ˧ˡˢ ˸ˣˮ˥˸ ˸˲ˬ . 

Figure C1: Map of the coastal-water monitoring stations in the territorial waters of 

Israel in the Gulf of Eilat. 

 

 ˫˷

ˢˮ˥˸ 
˫ˣ˵˧ˬ ˶ˣ˞˧˸  ˣ˵ ˟˥ˣ˶)N(  ˨˶ˣ˞ ˣ˵)E( 

FF ˫˧ˠˡˢ ˧˟ˣ˪˩ 29°32.527" 34°58.219" 

NB ˭ˡ ˭ˣ˪ˬ ˪ˣˬ ˧ˮˣ˲˴ ˱ˣ˥ 29°32.689" 34°57.776" 

N  ˢ˴˵ ˪ˣˬ˧ˮˣ˲˴  ˫˧ˢ ˪˧˥ ˯˧˯˟ ˪˷\˭˞˧ˡ˧˶ˬ ˭ˣ˪ˬ 29°32.678" 34°58.204" 

PT ˫˧˦˲˯ˣ˲ ˸ˮ˧˰˦ ˱ˣ˯ˬ 29°31.724" 34°56.468" 

WPC ˫˧ ˫ˣˢ˧ˤ ˸˰˧ˮˬ˪ ˢˡ˧˥˧ˢ ˸ˮ˥˸ 29°30.893" 34°55.686" 

NR 
ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷ ˫˧˧ˮ˲˧ ˫˧ˮˠ , ˢ˲˴ˬˢ ˸˟˶˵˟

˸˸ˢ-˧ˬ˧ 29°30.251" 34°55.211" 

T ˢ˟˞˦˟ ˪ˣ˟ˠˢ ˶˟˰ˬ ˪ˣˬ 29°29.478" 34°54.316" 

OS  ˥ˣ˸˲ ˫˧˪ ˸˧ˮˣ˲˴ - IUI 29°30.183" 34°56.148" 

ˢ˪˟˦ ɣ1 :ˣ˞˧˸ˣ ˫ˣ˵˧ˬ ˶ ˪˷ ˧˲ˣ˥ˢ ˫ˣˠ˧ˡˢ ˸ˣˮ˥˸˸˧ˮ˩˸ ˧ˬˣ˞˪ˢ ˶ˣ˦˧ˮˢ. 

Table C1: Locations of the coastal-water monitoring stations. 

 

  

 

ˠx ˬ˪˞  ˱ˣ˥ ˸˶ ˣˬ˷

˫x˪˷s  ˸ˮxˠ˪
˸˧ˮx˶ ˧˰ sˮ˧˶ˬ

ˠx ˬ˪˞  ˱ˣ˥ ˸˶ ˣˬ˷

˫x˪˷s  ˸ˮxˠ˪
˸˧ˮx˶ ˧˰ sˮ˧˶ˬ

 ˸˪˰˸˦ˮ˧˵ˢ

ˠx ˬ˪˞  ˱ˣ˥ ˸˶ ˣˬ˷

˫x˪˷s  ˸ˮxˠ˪
˸˧ˮx˶ ˧˰ sˮ˧˶ˬ

ˠx ˬ˪˞  ˱ˣ˥ ˸˶ ˣˬ˷

˫x˪˷s  ˸ˮxˠ˪
˸˧ˮx˶ ˧˰ sˮ˧˶ˬ

 ˸˪˰˸˦ˮ˧˵ˢ
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˸ˣ˞˴ˣ˸ 

 

˫˧˧ˬ˧˩ ˫˧ˡˡˬ 
 ˫˧ˬˢ ˸ˣ˧˴ˬˣ˥ ˸ˬ˶)pH( 

˸˶ˣ˩ˤ˸ : ˪˞ ˣˮ˯˥˧˧˸ˢ ˸ˣ˯˧ˬ˸ ˸ˣˮ˷˧˧˸ˢ ˟˵˰ ˧˩˶˰ ˪˩pH  ˤ˞ˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟ ˣˡˡˬˮ ˶˷˞

 ˶˟ˣ˦˵ˣ˞ ˷ˡˣ˥2003  ˶˟ˬ˟ˣˮ ˷ˡˣ˥˪ ˡ˰ˣ2006 ˫˧ˡˣ˷˥˩ ˫˧˪˧˟˵ ˞˪ˣ .˶˰ˢ ˸ˮ˷ ˤ˞ˬ  ˢ˦ˬ˪ ˫˧ˠ˴ˣˬˢ ˫˧˩

2007 ˫˧ˮ˧ˬ˞ ˫ˮ˧ˢ . ˱ˣ˯ ˤ˞ˬ ˫˧ˡˡˬˮˢ ˫˧˩˶˰ˢ2006  ˶˟ˣ˦˵ˣ˞ ˧ˮ˲˪ ˣˡˡˬˮ˷ ˫˧˩˶˰˪ ˫˧ˬˣˡ2003  ˫˧ˡ˧˰ˬˣ

 ˧˩˶˰˟ ˧ˣˮ˧˷ ˪˷ ˥ˣˣ˦ ˸˩ˣ˶˞ ˢˬˠˬ ˭˥˟˞˪ ˭˸˧ˮ ˞˪ ˧˩ ˨˩ ˪˰pH )ˣˡ˟ ˶ˣˬ˞˪ ˡˣˠ˧ˮ˟" ˶ˣ˦˧ˮˢ ˥2005 , ˫˷

˸ˣ˧ˣˠ˷ ˸ˣˡ˧ˡˬ ˣˠ˴ˣˢ.( 

 

ˢ ˧˩˶˰-pH ˫˧˩ˣˬˮ ˱˶ˣ˥˟, ˪˪˩ ˨˶ˡ˟ ,˳˧˵˟ ˶˷˞ˬ . ˧˩˶˰ ˣ˟ ˧˸ˮˣ˰ ˶ˣˤ˥ˬ ˣˢˤpH  ˫˧ˡˡˬˮ ˫˧ˢˣ˟ˠ

˟˟˶ˣ˰ˬˢ ˱˶ˣ˥˟ ˫˧ˡˡˬˮ ˸˧˯˥˧ ˫˧˩ˣˬˮ ˫˧˩˶˰ˣ ˣ˧˸˯ˢˣ ˳˧˵ˢ ˧˷ˡˣ˥˟ .-spH ˡˡˬˮ ˶˸ˣ˧˟ ˢˣ˟ˠˢ  ˢˮ˷ˢ

˶˟ˣ˦˵ˣ˞ ˷ˡˣ˥˟ , ˫˧˦˲˯ˣ˲ˢ ˱ˣ˯ˬ ˸ˮ˥˸˟)8.213 ,˸ˬˡˣ˵ˢ ˢˮ˷ˢˬ ˨ˣˬˮ ˦˰ˬ) (ˠ ˶ˣ˧˞2 .( ˨ˣˬˮˢ ˨˶˰ˢ

 ˡˡˬˮ ˢˮ˷ˢ ˶˸ˣ˧˟ ˳˶ˬ ˷ˡˣ˥˟) ˫ˣˬ˧ˮ˧ˬ8.167 ˢ˟˞˦˟ ,˸ˬˡˣ˵ˢ ˢˮ˷ˢˬ ˨ˣˬˮ ˦˰ˬ .( ˫˧˩˶˰ ˪˩ˢ ˨˯˟

˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˸ˣˡ˧ˡˬˬ ˫˧˩ˣˬˮ ˦˰ˬ ˢ˪˞ ,˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˱ˣ˥ˢ ˨˶ˣ˞˪ ˣˡˡˬˮ ˶˷˞ ˫˧˩˶˰˪ ˫˧ˬˣˡ ˨˞. 

 ˫˧ˮ˷ˢ ˸ˣˡ˧ˡˬ˪ ˢˬˣˡ ˧˶˰ˤˬ ˨˶˰ ˢ˲˴ˮ ˞˪ ˢˮ˷ˢ ˫ˠ2007-8 :8.118  ˶˸ˣ˧˟ ˨ˣˬˮˢ ˨˶˰ˢ ˞ˣˢ

ˡˡˬˮ˷ , ˳˶ˬ ˷ˡˣ˥˟2008 ,˫˧ˠˡˢ ˧˟ˣ˪˩ ˣ˧ˢ ˣ˟ ˫ˣ˵ˬ˟ . 

 

 
ˠ ˶ˣ˧˞2 : ˧˩˶˰pH  ˶˟ˣ˦˵ˣ˞ ˤ˞ˬ ˫ˣˠ˧ˡˢ ˸ˣˮ˥˸ ˪˩˟ ˫˧˧˷ˡˣ˥2006. 

Figure C2: Monthly pH values at all coastal water monitoring stations since October 

2006.  

 

 ˧˩˶˰pH ˫˧˩˧˪ˢ˸ ˪˷ ˭ˣˣˠˬˬ ˫˧˰˲˷ˣˬ ˫˧˟ ,˩˧˪ˢ˸ ˫˧˪˪ˣ˩ ˫ˢ˟˷ ˫˧˟ˣ˷˥ˢ ˶˷˞ˢˬ˧˷ˮ ˧-

ˢˤ˦ˮ˧˯ˣ˦ˣ˲ ,ˢ˶˲˯ˣˬ˦˞ˢ ˫˰ ˫˧ˤˠ ˱ˣ˪˥˧˷ ˧˩˧˪ˢ˸ ,ˢ ˫ˢ˟ ˵ˬˣ˰ ˧ˬ ˫˰ ˥˦˷ ˧ˬ ˪˷ ˟ˣ˟˶˰ ˧˩˧˪ˢ˸ˣ-pH 

˶˸ˣ˧ ˨ˣˬˮ .˫˧ˬˢ ˱ˣˠ ˪˩ ˪˰ ˰˧˲˷ˢ˪ ˧ˣ˲˴ ˟ˣ˟˶˰ˢ ˶ˣˤ˥ˬ ,ˢˬ˧˷ˮ ˯˥˧ ˡˣ˰˟- ˸ˣˮ˸˷ˢ˪ ˧ˣ˷˰ ˢˤ˦ˮ˧˯ˣ˦ˣ˲

˧ˬˣ˵ˬ ˭˲ˣ˞˟ ˫ˠ . ˧˩˶˰ ˪˷ ˧˸ˮ˷ˢ ˶ˣˤ˥ˬˢpH  ˟ˣ˶˵ ˰˲˷ˣˬ ˢˡ˧ˡˬˢ ˸ˣˮ˥˸ ˪˩˟ ˶ˣˤ˥ˬ ˧ˡ˧ ˪˰ ˧˞ˡˣ˪
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Figure C3: Monthly alkalinity at the coastal water sampling stations since 2004. 
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˶ˣ˧˞ ɣ4 : ˦˧˶˦˧ˮ ˸ˣˡ˧ˡˬ + ˦˞˶˦˧ˮ)TON ( ˸ˮ˷ ˤ˞ˬ ˧˲ˣ˥ˢ ˫ˣˠ˧ˡˢ ˸ˣˮ˥˸˟ ˸ˣ˧˷ˡˣ˥2004. 

Figure C4: Monthly concentrations of total oxidized nitrogen (TON) at the coastal water 

sampling stations since 2004. 
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˶ˣ˧˞ ɣ5 : ˢ˧ˮˣˬ˞ ˧ˤˣ˩˧˶)NH4 ( ˸ˮ˷ ˤ˞ˬ ˧˲ˣ˥ˢ ˫ˣˠ˧ˡˢ ˸ˣˮ˥˸˟2004. 

Figure C5: Monthly concentrations of ammonia (NH4) at the coastal water sampling 

stations since 2004. 
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 ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˪˷ ˢ˷˪˥ ˸˧˸ˮ˷ ˸ˣ˧˶ˣˤ˥ˬ ˫˧˞˶ˬ ˥ˣ˸˲ˢ ˫˧˟ˣ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˦˲˯ˣ˲ ˧ˤˣ˩˧˶

˳˧˵˟ ˫˧˩ˣˬˮˣ ˱˶ˣ˥˟ ˸˧˯˥˧ .˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧˪ ˟ˣ˷˥ ˦ˮ˧˧˶˦ˣˮ ˞ˣˢ ˫ˠ ˦˲˯ˣ˲ˢ , ˫˧ˢ ˧ˮ˲˟ ˣˤˣ˩˧˶ ˭˩ ˪˰ˣ

ˬˮ ˳˧˵˟ˢˤ˦ˮ˧˯ˣ˦ˣ˲ˢ ˨˧˪ˢ˸˟ ˢ˩˧˶˴ ˟˵˰ ˨ˣ . ˵ˬˣ˰ ˧ˬ ˫˰ ˥˦˷ˢ ˧ˬ ˟ˣ˟˶˰ ˟˵˰ ˢ˪ˣ˰ ˣˤˣ˩˧˶ ˱˶ˣ˥˟

˫˧˦ˮ˧˧˶˦ˣˮ˟ ˫˧˶˧˷˰ . ˪˰ ˰˧˟˴ˢ˪ ˫˧˧ˣ˷˰ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˠ˧˶˥ ˭˲ˣ˞˟ ˫˧ˢˣ˟ˠ ˫˧˧ˬˣ˵ˬ ˦˲˯ˣ˲ ˧ˤˣ˩˧˶

˫˧˦ˮ˧˧˶˦ˣˮ˟ ˸˧ˬˣ˵ˬ ˢ˶˷˰ˢ. 

ˢˮ˷ˢ ,˸ˢ ˟ˣ˶˟ˣ ˵ˣˬ˰ˢ ˫˧˟ ˦˲˯ˣ˲ˢ ˧ˤˣ˩˧˶ ˣ˧ˢ ˡˣˡ˶ˢ ˟ˣ˟˶˰ˢ ˟˵˰˫˧˩ˣˬˮ ˸ˣˮ˥ . ˦˲˯ˣ˲˟ ˫ˠ ˫˪ˣ˞

 ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˸ˮ˥˸˟ ˶˟ˣ˦˵ˣ˞ ˷ˡˣ˥ ˪˷ ˢˠ˧˶˥ˢ ˦˶˲˟ˣ ˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸˟ ˸ˣˠ˧˶˥ ˣˡˡˬˮ)ˠ ˶ˣ˧˞6 .(

  ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˡ˧ ˪˰ ˡˡˬˮ˷ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˢ˧ˢ ˫˷ ˡˡˬˮ˷ ˧˟˶ˬˢ ˤˣ˩˧˶ˢmmol/l 0.374 , ˶ˡ˯˟ ˢˣ˟ˠ

˸ˣˮ˥˸ˢ ˶˞˷˟ ˢˮ˷ˢ ˣˡˡˬˮ ˶˷˞ ˫˧ˤˣ˩˧˶ˢˬ ˪ˡˣˠ ,˶ˢˬ ˪ˣ˲˩ˣ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˡˡˬˮ ˶˷˞ ˧˟˶ˬˢ ˤˣ˩˧

)˸ˣˮˣ˲˦˧˷˪ ˨˧˧ˣ˷ˬˢ ˠ˧˶˥ ˨˶˰ ˞ˣˢ ˫ˠ˷ .( ˢ˧ˢ ˥ˣ˸˲ˢ ˫˧˟ ˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˤˣ˩˧˶ˢmmol/l 

0.056 ˶˟ˣ˦˵ˣ˞ ˷ˡˣ˥˟ ˭˩ ˫ˠ , ˸ˮ˷˟ ˡˡˬˮ˷ ˤˣ˩˧˶ˢ ˸˧˴˥ˬ˩ˣ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˪˷ ˢˤ˪ ˢˬˣˡ ˨˶˰

2012 ˵ˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ˢ˟ . 

 

 
˶ˣ˧˞ ɣ6 : ˦˲˯ˣ˲ ˧ˤˣ˩˧˶)PO4 ( ˸ˮ˷ ˤ˞ˬ ˧˲ˣ˥ˢ ˫ˣˠ˧ˡˢ ˸ˣˮ˥˸˟2004. 

Figure C6: Phosphate concentrations (PO4) at coastal-water sampling stations since 

2004. 
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 ˢ˵˧˪˧˯)4Si(OH)( 

ˣ˦˧˲ ˪˷ ˪ˣˡˠ ˭ˣˣˠˬ˟ ˧ˮ˶ˣ˴ ˡ˪˷ ˸˰˵˷ˢ˟ ˷ˬ˷ˬˢ ˯ˬˣˬ ˟˧˩˶ ˞˧ˢ ˢ˵˧˪˧˯/ˣ˞ˣˤ- ˭ˣ˦˵ˮ˪˲) ˸ˬˠˣˡ

˸ˣ˞ˬˣ˦˞˧ˡ (˫˧ˬˢ ˸ˡˣˬ˰˟ .˞˸ˢ˟ ˨ˣˬˮ ˢˤˣ˩˧˶ˣ ˢ˪˞ ˫˧˶ˣ˴˧ ˧ˡ˧ ˪˰ ˥˦˷ˢ ˧ˬ˟ ˸˩˶˴ˮ ˢ˵˧˪˧˯ˢ ˨˩˪ ˫

˶˸ˣ˧ ˫˧˶˧˷˰ ˵ˬˣ˰ ˧ˬ˟ ˥˦˷ˢ ˧ˬ ˟ˣ˟˶˰ ˫˰ ˱˶ˣ˥˟ ˶˸ˣ˧ ˦˰ˬ ˢˣ˟ˠˣ ˳˧˵˟ ˡ˥ˣ˧ˬ˟ . ˫˧˰˧˵˷ˬˢ ˫˧˶ˣ˴˧ˢ

 ˧˲ˣ˶˦ˣˠ˧˪ˣ˞ˢ ˟˴ˬˢˬ ˢˠ˧˶˥ ˸ˮˬ˯ˬ ˫˸ˣ˞˧˴ˬ ˪˰ˣ ˫˧˦ˮ˧˧˶˦ˣˮ ˸˶˧˸˰ ˢ˟˧˟˯˪ ˫˧˵ˣ˵ˤ ˧˸˵˧˪˧˯ ˡ˪˷

˰ ˤˬ˶ˬ ˢ˵˧˪˧˯ˢ ˵ˣ˪˧˯ˣ˫˧˸˵˧˪˧˯ ˫˧ˡ˪˷ ˸˰˵˷ˢ ˪. 

ˡˣˡ˶ˢ ˟ˣ˟˶˰ˢ ˟˵˰ ˢˮ˷ˢ ˪˩ ˨˶ˣ˞˪ ˫˧˩ˣˬˮ ˣ˧ˢ ˥ˣ˸˲ˢ ˫˧˟ ˢ˵˧˪˧˯ˢ ˧ˤˣ˩˧˶ , ˢˣ˟ˠˢ ˨˶˰ˢ ˫˰

 ˶˸ˣ˧˟mmol/l 0.81 ,˪˧˶˲˞ ˷ˡˣ˥˟ , ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢˬˣˡ˟)ˠ ˶ˣ˧˞7 .( ˣˤˢ ˸˧˰˟˦ˢ ˸˧ˮ˟˸ˢ ˰˵˶ ˪˰

˧˶˦ˣˮˢ ˧ˤˣ˩˧˶˟ ˫ˠ ˣˢˣˤ ˶˷˞ ˢ˵˧˪˧˯ˢ ˧ˤˣ˩˧˶˟ ˸ˣˠ˧˶˥ˢ ˭˞˩ ˫ˠ ˸ˣ˦˪ˣ˟˫˧˶˥˞ˢ ˫˧˦ˮ˧ : ˪˧˶˲˞ ˷ˡˣ˥˟

˫˧ˠˡˢ ˧˟ˣ˪˩ ˸ˮ˥˸˟ ˧˪ˣ˧ˣ ˧ˮˣ˧ ˫˧˷ˡˣ˥˟ˣ ˫˧ˢ ˪˧˥ ˸ˮ˥˸˟ . ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˨˶˰ˢ ˢ˵˧˪˧˯ˢ ˤˣ˩˧˶˟ ˫ˠ

˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˸ˮ˥˸˟ ˶˟ˣ˦˵ˣ˞ ˷ˡˣ˥˟ ˢ˧ˢ ˡˡˬˮ˷ :mmol/l 11.45   . 

ˢ˪˞ ˸ˣˮ˥˸˟ ˫˧˪ ˫˧˶ˤ ˫˧ˬ ˸˯˧ˮ˩ ˪˰ ˫˧˰˧˟˴ˬ ˠ˧˶˥ ˭˲ˣ˞˟ ˫˧ˢˣ˟ˠˢ ˫˧ˤˣ˩˧˶ˢ. 

 

 
˶ˣ˧˞ ɣ7 :˵˧˪˧˯ ˧ˤˣ˩˧˶ ˢ)Si(OH)4 (˸˟ ˤ˞ˬ ˧˲ˣ˥ˢ ˫ˣˠ˧ˡˢ ˸ˣˮ˥2004. 

Figure C7: Monthly concentrations of silicate (Si(OH) 4) at the coastal water sampling 

stations since 2004.  
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˸ˣˮ˥˸ ˧˸˷˟ ˡˡˬˮ ˯ˬˣˬ ˭˴ˬ˥ , ˸ˮ˥˸˟"˫˧ˠˡˢ ˧˟ˣ˪˩ "˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ˣ ˧ˮˣ˲˴ˢ ˱ˣ˥˟˷ .ˤˣ˩˧˶ 

˟˧˟˞ˢ ˧˷ˡˣ˥˟ ˢ˪ˣ˰ ˯ˬˣˬˢ ˭˴ˬ˥ˢ ,˳˧˵˟ ˡ˶ˣ˧ˣ-ˣ˧˸˯.  ˭˴ˬ˥ˢ ˤˣ˩˧˶ ˪˰ ˰˧˲˷ˢ˪ ˫˧˧ˣ˲˴ ˫˧ˬ˶ˣˠ ˧ˮ˷

˯ˬˣˬˢ :ˢˬ˧˷ˮˢ ˨˧˪ˢ˸ˣ ˢ˶ˣ˦˶˲ˬ˦/ˢˤ˦ˮ˧˯ˣ˦ˣ˲ . ˭˴ˬ˥ ˤˣ˩˧˶ˣ ˭˴ˬ˥ˢ ˸ˣ˯˧˯ˬ ˢ˪ˣ˰ ˢ˩ˣˬˮ ˢ˶ˣ˦˶˲ˬ˦˟

˸ˣ˪˰˪ ˧ˣ˲˴ ˫˧ˬ˟ ˯ˬˣˬ .˭˴ˬ˥ ˫˧˩˶ˣ˴ ˫˧ˬ˟ ˢˬ˧˷ˮ ˧˩˧˪ˢ˸ ,˷˰ ˢˤ˦ˮ˧˯ˣ˦ˣ˲ ˧˩˧˪ˢ˸ ˣ˪˧˞ˣ ˶˶˥˷˪ ˫˧˧ˣ

˫˧ˬ˪ ˭˴ˬ˥ .˱˶ˣ˥ˢ ˱ˣ˯˟ ˫˧ˢˣ˟ˠˢ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶- ˫˧ˢ ˧ˮ˲˟ ˢ˩ˣˬˮˢ ˢ˶ˣ˦˶˲ˬ˦ˢˬ ˭ˢ ˰ˣ˟ˮ˪ ˸ˣ˧ˣ˷˰ ˟˧˟˞

 ˣˤ ˢ˲ˣ˵˸˟ ˸˧˦˦ˮ˧˯ˣ˦ˣ˲ ˸ˣ˪˧˰˲˟ ˢ˧˪˰ ˟˵˰ ˭ˢˣ) ˪˧˲ˣ˶ˣ˪˩ ˸ˣˡ˧ˡˬ ˢ˞˶a ˢ˦ˬ˪.(  ˫˧˧ˣˮ˧˷ ˪˷ ˸ˣ˧ˬ˞ˮ˧ˡ

ˣ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˸ˣ˥˧˶˲ ˪˷ ˫˧˶ˣˤ˥ˬ ˪˰ ˰˧˟˴ˢ˪ ˢ˧ˣ˷˰ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶˟˭˸˯˧˶˵.  ˫˧˪ˡ˟ˢ ˸ˣ˧ˢ˪ ˫˧˧ˣ˲˴ ˞˪

˟˥˶ˬ˟ )˸ˣˮˣ˷ˢ ˸ˣˮ˥˸ˢ ˭˧˟ (˯ˬˣˬˢ ˭˴ˬ˥ˢ ˤˣ˩˧˶˟ . 

ˢ˰ˮ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˯ˬˣˬ ˭˴ˬ˥ ˪˷ ˫˧ˤˣ˩˧˶ˢ ˸˰˶˷ˬ  ˭˧˟ ˢˮ˷ˢmmol/l 214   ˶˞ˣ˶˟˲ ˷ˡˣ˥˟

-˪ mmol/l 197 ˦˯ˣˠˣ˞˟ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˨ˣˬˮ ˦˰ˬ . ˭ˢ˟ ˫˧ˮ˷˪ ˫˧˧ˮ˧˧˲ˣ˞ ˫˧ˤˣ˩˧˶ ˢ˪˞

ˡˣˡ˶ ˟ˣ˟˶˰ˢ  ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˫˧˟ ˯ˬˣˬˢ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶˟ ˫˧˪ˣˡˠ ˫˧˪ˡ˟ˢ ˭˧˞ ˪˩ˢ ˨˯˟ˣ)ˠ ˶ˣ˧˞8 .(

 ˫˧ˮ˷˟ ˣˡˡˬˮ ˢˣ˟ˠ ˤˣ˩˧˶ ˪˷ ˫˧˞˧˷2007 ,2008 ,2012 ˵ˣˬ˰ ˟ˣ˟˶˰ˢ ˢ˧ˢ ˭ˢ˟ . 

 ˪˷ ˫˧˧ˮˣ˴˧˵ ˫˧ˤˣ˩˧˶ ˣˡˡˬˮ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˸ˮ˥˸˟mmol/l 219 ˣ ˪˧˶˲˞ ˷ˡˣ˥˟- mmol/l 193 

˦˯ˣˠˣ˞ ˷ˡˣ˥˟ , ˢˬˣˡ˟ ˭˩ ˫ˠ˸ˬˡˣ˵ˢ ˢˮ˷˪ .˰˧˟˴ˬ ˳˧˵˟ ˨ˣˬˮˢ ˨˶˰ˢ ,ˢ˞˶ˮˢ ˪˩˩ , ˭˴ˬ˥ ˸˩˧˶˴ ˪˰

˷ ˧ˮˠ˶ˣ˞ ˶ˬˣ˥ ˭ˣ˴ˬ˥ ˪˰ ˣ˞ ˢˬ˧˷ˮ ˸ˣ˪˧˰˲˟ ˸˶˟ˠˣˬˣ˶ˣ˵ˬ ˧˩ ˭˩˸˧ ˢˮ˥˸˪ ˨ˣˬ˯ˢ ˦ˮ˧˵ˢ ˸˪˰˸ ˞˴ˣˬ˟. 
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˶ˣ˧˞ ɣ8 :˯ˬˣˬ ˭˴ˬ˥ ˸˟ ˸ˮ˷ ˤ˞ˬ ˧˲ˣ˥ˢ ˫ˣˠ˧ˡˢ ˸ˣˮ˥2004. 

Figure C8: Monthly concentrations of dissolved oxygen at the coastal water sampling 

stations since 2004. 

 

˪˧˲ˣ˶ˣ˪˩ a 

 ˪˧˲ˣ˶ˣ˪˩ ˤˣ˩˧˶a ˧˸ˮ˷ˢ ˟ˣ˟˶˰ˢ ˶ˣˤ˥ˬ˪ ˸ˣ˶˧˷˧ ˶ˣ˷˵ , ˸ˣ˥˧˶˲ ˶˴ˣ˧ˣ ˭ˣˤˬ ˧˶ˬˣ˥ ˵˲˯ˬˢ

˟˧˟˞ˢ ˧˷ˡˣ˥˟ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ . ˸ˣˮ˥˸˟ˣ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˶˸ˣ˧ ˫˧˩ˣˬˮ ˫˧ˤˣ˩˧˶ ˫˧ˡˡˬˮ ˪˪˩ ˨˶ˡ˟

˸ˣ˧ˬˣ˶ˡˢ ,˥˧ ˫˧ˢˣ˟ˠˣ˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸˟ ˸˧˯ . 

 ˪˧˲ˣ˶ˣ˪˩ ˤˣ˩˧˶a  ˶˸ˣ˧ ˧ˬˣ˵ˬ ˧˲ˣ˞ ˪˰˟ ˭˩ ˪˰ˣ ˥˦˷ˢ ˧ˬ˟ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ˢ ˸ˣ˲˧˲˴˪ ˡˡˬ ˷ˬ˷ˬ

 ˸ˣ˯ˬˣˬˢ ˸ˣ˟ˣ˩˶˸ˢ ˧ˤˣ˩˧˶ˬ)˟˥˶ˬ˟ ˭ˢˣ ˭ˬˤ˟ ˭ˢ .( ˫˧˧˲ˣ˶˦ˣˠ˧˪ˣ˞ ˫˧ˬ˧˟=)˭ˣˤˬ ˧˶ˬˣ˥˟ ˫˧˧ˮ˰ ( ˸˪˟ˠˣˬ

˫˧˦ˮ˧˧˶˦ˣˮ ˸ˣˮ˧ˬˤ ˧ˡ˧ ˪˰ ˸ˣ˴˞ˢ ˸ˣˬ˩ ,˭˩˪ ,˧˦ˮ˧˧˶˦ˣˮ ˸˵˲˯˞ ˪˷ ˸˧ˬˣ˵ˬ ˢ˥˧˶˲˪ ˫ˣ˶ˠ˪ ˢ˧ˣ˷˰ ˫

˸ˣ˴˞ . ˫˧˶˧˷˰ ˵ˬˣ˰ ˧ˬ ˫˰ ˥˦˷ˢ ˧ˬ ˟ˣ˟˶˰ˬ ˸˰˟ˣˮ ˟˧˟˞ˢˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˸˧˧˪˰

˫˧˦ˮ˧˧˶˦ˣˮ˟ . ˪˧˲ˣ˶ˣ˪˩ ˧˩ ˶ˣ˩ˤ˪ ˷˧a  ˤˣ˩˧˶˪ ˶˧˷˧ ˡˡˬ ˣˮ˧˞˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧˪ ˞˪ ˱˞ˣ ˫˧˦ˮ˧˧˶˦ˣˮ ,

˧ˬ˸˩ ˧˲ˣ˞ ˪˰˟ ˸ˣ˧ˢ˪ ˧ˣ˷˰ ˫˧˟ ˸ˣ˴˞ ˤˣ˩˧˶˷ ˭ˣˣ˧˩ ,ˢ˧˧˰˶ ˧˩˧˪ˢ˸ˬ ˫ˠ ˰˲˷ˣˬˣ , ˫˧˧ˠˣ˪ˣ˧˯˧˲ ˫˧˪ˡ˟ˢˬˣ

˭ˣ˦˵ˮ˪˲ˣ˦˧˲˟. 

 ˥ˣ˸˲ˢ ˫˧˟ ˣˡˡˬˮ˷ ˫˧ˤˣ˩˧˶˪ ˫˧ˬˣˡ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸ˢ ˟ˣ˶˟ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ ˢˮ˷ˢ)ˠ ˶ˣ˧˞9 .( ˤˣ˩˧˶

˨ˣˬˮˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˶˸ˣ˧˟ ,mgr/l 0.10 ,˶˸ˣ˧˟ ˢˣ˟ˠˢˣ ˦˯ˣˠˣ˞ ˷ˡˣ˥˟ ˫˧ ˫ˣˢ˧ˤ ˸˰˧ˮˬ˪ ˢˮ˥˸˟ ˡˡˬˮ ,

mgr/l 0.72 ,ˡˬˮ˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷˟ ˶˞ˣˮ˧ ˷ˡˣ˥˟ ˡ .˫˧ˢ ˪˧˥ˣ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˸ˣˮ˥˸˟/ ˣˡˡˬˮ ˭˞˧ˡ˧˶ˬ

˵ˣˬ˰ˢ ˫˧˟ ˶˷˞ˬ ˫˧ˢˣ˟ˠ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ ˦˯ˣˠˣ˞ ˷ˡˣ˥˟ ,ˢ˪ˣˡˠ ˢ˥˧˶˲ ˪˰ ˡ˧˰ˬ ˣˮ˧˞ ˪ˡ˟ˢˢ ˫˪ˣ˞ . 
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˶ˣ˧˞ ɣ9 : ˪˧˲ˣ˶ˣ˪˩ ˤˣ˩˧˶a ˸˟ ˸ˮ˷ ˤ˞ˬ ˧˲ˣ˥ˢ ˫ˣˠ˧ˡˢ ˸ˣˮ˥2004. 

Figure C9: Monthly concentrations of chlorophyll a at the coastal water sampling 

stations since 2004. 
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˶ˣ˧˞ ɣ10 : ˸ˣ˥˧˪ˬ ˸ˣˡ˧ˡˬ˸˟ ˸ˮ˷ ˤ˞ˬ ˧˲ˣ˥ˢ ˫ˣˠ˧ˡˢ ˸ˣˮ˥2004 . ˸ˣ˪˵˸ˬ ˫˧˰˟ˣˮ ˫˧ˮˣ˸ˮ˟ ˫˧˥ˣˣ˶ˬ

ˢˡ˧ˡˬˢ ˶˧˷˩ˬ˟. 

Figure C10: Salinity at the coastal water sampling stations since 2004. Gaps in the data 

reflect failure of the analytical instrument. 
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˶ˣ˧˞ ɣ11 : ˢ˶ˣ˦˶˲ˬ˦ ˸ˣˡ˧ˡˬ˸˟ ˸ˮ˷ ˤ˞ˬ ˧˲ˣ˥ˢ ˫ˣˠ˧ˡˢ ˸ˣˮ˥2004. 

Figure C11: Temperature at the coastal water sampling stations since 2004. 
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Figure C11: Secchi depth measurements at the coastal water sampling stations since 

2004. 
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˵ˬˣ˰˟ ˢ˶ˣ˦˶˲ˬ˦˪ ˢˬˣˡ ˥˦˷ˢ ˧ˬ ˸˶ˣ˦˶˲ˬ˦ ,ˣ˞ˬ˟ ˡ˧˥˞ ˫˧ˬ ˱ˣˠ ˶˴ˣˮˣ˳˶˲ˬ˟ ˫˧ˮˣ˧˪˰ˢ ˫˧˶˦ˬˢ ˸ .

 ˶˟˰ˬ ˶˷˞ ˵ˬˣ˰ ˧ˬ˪ˣ ˥˦˷ ˧ˬ˪ ˫˧ˬˢ ˸ˡˣˬ˰ ˸˞ ˡ˧˶˲ˬˢ ˧ˬ˶˸ ˟ˣ˩˷ ˫˧˶˴ˣ˧ ˳˧˵˟ ˫˧ˢ ˧ˮ˲˟ ˫˧ˬ˥ ˫˧ˬ

˦˰ˣˬ ˫ˢ˧ˮ˧˟ ˶ˬˣ˥ˢ .ˢˤˢ ˧˰˟˦ˢ ˧˸ˮ˷ˢ ˶ˣˤ˥ˬ˪ ˱˯ˣˮ˟ , ˫˧ˬˣˢ˧ˤ ˫˧˸˧˰˪ ˫˧˶ˡˣ˥ ˫˧˲ˣ˥ˢ ˧ˬ˪ ˧˩ ˢ˞˶ˮ

˫˟˩˶ˢ ˸˞ ˫˧ˮ˷ˬ ˶˷˞ ˫˧˧ˮˣ˴˧˥ ˸ˣ˶ˣ˵ˬˬ .ˡˡˬˮ ˢ˪˞ ˫˧˧ˣˮ˧˷˫ˣˢ˧ˤˢ ˶ˣ˵ˬ ˸˟˶˵˟ ˵˶ ˟ˣ˶˪ ˫˧ , ˣ˞

ˣˮˬˬ ˫˶ˤˢ ˡ˶ˣˬ˟ .˶˸ˣ˧ ˪ˣˡˠ ˫˧ˮˣ˧˪˰ˢ ˫˧ˬˢ ˱ˣˠ ˫ˢ˟ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˶˸ˣ˧ ˫˧˪˧˰˧ ˟ˣ˟˶˰ˣ ˪ˣˢ˧ˬ , ˪˰ˣ

˱˶ˣ˥˟ ˫˧ˬˣˢ˧ˤ ˸ˣˢˤ˪ ˶˸ˣ˧ ˢ˷˵ ˭˩ . ˶˷˞ ˸˧ˬˣ˧ ˢˮ˧˪˵ˣˬ˶˸ ˫ˠ ˥˸˲˸ˢ˪ ˢ˧ˣ˷˰ ˸˞ˤ ˸ˬˣ˰˪ ˳˧˵˟

 ˫˧ˬˢ ˶˞˷ˬ ˥˦˷ˢ ˧ˬ ˪˷ ˫˧ˮˣ˧˪˰ˢ ˫˧˶˦ˬˢ ˸˞ ˸ˡˡˣ˟ˬ˫˧ˮˣ˧˪˰ˢ . ˪ˣ˪˰ ˢˤ˩˷ ˢ˶˵ˬ˟ ˪˟ˠˣˬˢ ˪ˣˢ˧ˬˢ

˫˧ˬˢ ˧ˮ˲˟ ˫ˢˤˬˢ ˶ˬˣ˥ˢ ˪˷ ˡ˥ˣ˧ˬ˟ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶˪ ˞˧˟˧ ˥˦˷ˢ ˧ˮ˲˟ ˣˢ˷˪˩ ˫ˣˢ˧ˤ˷ ˨˩˪ ˞˧˟ˢ˪. 

˸ˣ˧˲ˣ˥ˢ ˸ˣˡ˧ˡˬˢ ˶ˣ˟˰ , ˫˧ˤˣ˩˧˶ˢˬ ˸˧˸ˣ˰ˬ˷ˬ ˫˧ˮˣ˷ˢ ˢ˪˞˩ ˫ˢ ˫˧ˠ˧˶˥˩ ˫˧˶ˡˠˣˬˢ ˫˧ˤˣ˩˧˶

˸ˣ˶˥˞ˢ ˸ˣˮ˥˸˟ ˫˧ˡˡˬˮˢ ,˶˷˞ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˦˶˲˟ˣ ˶˧˟˯ ˣˮ˧˞ ˧ˬˣ˵ˬ ˫ˣˢ˧ˤ ˶ˣ˵ˬ ˢ˶ˣ˟˰ , ˫˞ˣ

ˢˤ˩ ˢ˧ˢ ,˱ˣ˥ˢ ˸˟˶˵˟ ˶˷˞ˬ ˶˸ˣ˧ ˢ˟˶ ˫˷ ˢ˪˧ˢˬˢ. 

˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ,˱˶ˣ˥ˢ ˸˪˧˥˸˟ ˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˫ˡ˵ˣˬ ˶ˣ˶˧˵ ˱˞ ˪˰ , ˵ˬˣ˰ˣ ˶˴˰ˮ ˨˧˪ˢ˸ˢ

˭˦˵ ˟ˣ˟˶˰ˢ . ˸ˮ˷ ˤ˞ˬ2012  ˭˧˟ ˰ˮ ˟ˣ˟˶˰ˢ ˵ˬˣ˰250 ˪-300 ˡ˟˪˟ ˫˧˶˦ˬ . ˪˰ ˢ˰˧˲˷ˬ ˣˤ ˢˡ˟ˣ˰

 ˧ˤˣ˩˧˶ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˫˧ˡˡˬˮˢ ˫˧˦ˮ˧˧˶˦ˣˮˢ)˫˧˩ˣˬˮ ( ˱˶ˣ˥ˢ ˱ˣ˯˟ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˸ˣ˥˧˶˲ ˸ˬ˴˰ ˪˰ˣ

)ˢˮ˦˵ .( 

 ˫˧ˮ˸˷ˬˢ ˟ˣ˶ ˪˷ ˸˧˶ˣˤ˥ˬˢ ˢ˵˧ˬˮ˧ˡˢ ˪˰ ˰˧˲˷ˬˢ ˧˶˵˧˰ˢ ˫˶ˣˠˢ ˞ˣˢ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰

˱ˣ˥ˢ ˨˶ˣ˞˪ ˫˧ˡˡˬˮˢ . ˫˧˩ˣˬˮ ˫˧˲ˣ˥ˢ ˧ˬ˟ ˫˧ˡˡˬˮˢ ˫˧˩˶˰ˢ ˟ˣ˶ ˣ˧ˢ ˢˮ˷ˢ ˡˣˡ˶ˢ ˟ˣ˟˶˰ˢˬ ˢ˞˴ˣ˸˩

˷ˬ˫˧˷ˡˣ˥ˢ ˪˩ ˨ ,˫˧ˠ˧˶˥ ˫˧˩˶˰ ˣ˦˪˟ ˢˤ ˰˵˶ ˪˰ˣ ˫˧˦ˮ˧˧˶˦ˣˮ ˪˷  ˸ˮ˥˸˟ ˶˟ˣ˦˵ˣ˞ ˷ˡˣ˥˟ ˣˡˡˬˮ ˶˷˞

 ˫˧˶ˣ˷˵ˣ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢï  ˢ˞˶ˮˢ ˪˩˩ï ˫˧ˢ ˪˞ ˶ˠˮ ˸ˬ˧˶ˤˣ ˫˷ˠ ˧˰ˣ˶˧˞˪ . ˧ˤˣ˩˧˶ ˣ˞˴ˬˮ ˢˤ ˰ˣ˶˧˞ ˡ˟˪ˬ

˫˧ˢ ˪˧˥ ˸ˮ˥˸˟ ˶˵˧˰˟ ˫˧ˢˣ˟ˠ ˫˧˦ˮ˧˧˶˦ˣˮ/˥˧˪ˬ ˫ˠ ˫˷ ˢˡˡˬˮ ˤ˞ ˪˧˶˲˞ ˷ˡˣ˥˟ ˭˞˧ˡ˧˶ˬ ˢ˩ˣˬˮ ˸ˣ

 ˫˧ˬ ˪ˣˢ˧ˬ ˪˰ ˢˡ˧˰ˬˢ"˫˧˶ˤ "˫˧ˢ ˧ˬ˟ . 

 ˧ˮ˲˪˷ ˫˧ˮ˷˟ ˶˸ˣ˧ ˫˧˶˧ˡ˸ ˣ˧ˢ ˫˧˧ˬˣ˵ˬ ˢ˶˷˰ˢ ˧˰ˣ˶˧˞2007 , ˫˸ˣ˶˧ˡ˸˟ ˢˡ˧˶˧ ˢ˸˲˴ˮ ˨˩ ˶˥˞ˣ

˫˸ˬ˴˰ˣ . ˸ˬ˴˰ˣ ˶˲˯ˬ˟ ˢ˧˪˰˪ ˫˧ˡ˰ ˟ˣ˷ ˣˮ˞ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟"˫˧ˠ˧˶˥ˢ "˸ˣˮˣ˷ ˸ˣˮ˥˸˟ , ˦˶˲˟ˣ

˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸˟ . 

 ˸ˬˡˣ˵ˢ ˢˮ˷˟˷ ˶˥˞˪)2014(  ˣˡˡˬˮ ˫˧˧˟˶ˬ ˫˧ˤˣ˩˧˶ˣ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶˟ ˸ˣ˪ˣˡˠ ˸ˣˡˣˮ˸ ˣ˞˴ˬˮ

˧˞ˬ ˷ˡˣ˥˟ , ˢ˸˧ˢ ˸˧ˮ˟˸ˢˣ ˵ˣˬ˰ˢ ˫˧ˢ ˧ˤˣ˩˧˶˪ ˫˧ˬˣˡ ˸ˣˮˣ˷ˢ ˸ˣˮ˥˸˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˣ˧ˢ ˢˮ˷ˢ

ˢ˧ˣ˲˴ . ˸ˡˣˬ˰˟ ˸ˣ˴˞ ˪˷ ˸ˣ˥˧˶˲ ˧˩ ˨˩ ˪˰ ˢ˰˧˟˴ˬ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ ˪˷ ˢ˧ˣ˲˴ˢ ˸˧ˮ˟˸˪ ˣˤˢ ˢ˶ˤ˥ˢ

˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˫˧ˬˢ  ˱ˣ˯˟ ˣ˰˶˧˞˷ ˸ˣˮˣ˲˦˧˷ ˸˶ˡ˯˟ ˫˧˪ ˫˧˲ˣ˥ ˧ˬ ˸˯˧ˮ˩ˬ ˣ˰˲˷ˣˢ ˸ˬˡˣ˵ˢ ˢˮ˷˟

 ˱˶ˣ˥ˢï  ˸ˮ˷ ˪˷ ˟˧˟˞2014. 
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.ɣ2  .ˣ ˫˧˪˧˲˦˸˪˧˞ ˧˲ˣ˥ ˨˶ˣ˞˪ ˫˧ˠˡ˟ ˸ˣ˪˥ˬ 
 

 ˢ˶˦ˬ 

˶˵˯  ˧ˠˡ˟ ˫˧˪˧˲˦ˣ ˸ˣ˪˥ˬ˱ˣ˥ ˫˧ˠˡ˟ ˫˧˧˶˵˧˰ ˢ˰˧ˠ˲ ˧ˬ˶ˣˠ ˸ˬ˩˪ˣ ˸ˣˢˤ˪ ˡ˰ˣˮ , ˶˥˞ ˟˵˰ˬ ˰˴˟˪ˣ

˲˦ˢˣ ˸ˣ˪˥ˬˢ ˧˞˴ˬ˭ˬˤ ˨˶ˣ˞˪ ˫˧˪˧ . ˸˩˶˰ˬˢ ˸ˣ˞˧˶˟˪ ˡˡˬ˩ ˷ˬ˷ˬ ˫˧ˮ˯˵ˣ˶˦ˢˢ ˫˧˪˧˲˦ˢ ˧˞˴ˬ

˫ˢ˧˧˥ ˶ˣˤ˥ˬ ˨˪ˢˬ˟ ˫˧˶˥˞ ˫˧ˮ˧ˬ ˧ˡ˧ ˪˰ ˫˧ˮ˯˩ˣ˞ˬ ˫˸ˣ˧ˢ˟ . ˫˧ˮ˯˵ˣ˶˦ˢˢ ˫˧˪˧˲˦ˢ ˧ˮ˧ˬ ˸˰˲˧˷˟ ˢˡ˧˶˧

˫ˢ˧˧˥ ˶ˣˤ˥ˬ ˸ˬ˪˷ˢ˪ ˫˧˴ˣ˥ˮˢ ˫˧ˮ˯˩˞ˬˢ ˣ˞ ˪ˣˡ˧ˠˢ ˧˸˟ˬ ˶˸ˣ˧ ˣ˞ ˡ˥˞˟ ˢ˰˧ˠ˲ ˪˰ ˡ˧˰ˢ˪ ˢ˧ˣ˷˰. 

˨˩˪ ˱˯ˣˮ˟ ,ˡ˟ˮ˫˧ˮˠˣ˸˲˟ ˫˸ˣ˰˧ˠˮ ˸ˡ˧ˬ ˸˩˶˰ˣˬˣ ˫˧ˠˡˢ ˫˸ˣ˞ ˧˪ˣ˥˦ ˫˧˵. 

 

˸ˣ˦˧˷ 

˶˵˯ˢ  ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˡ˧ ˪˰ ˰˴ˣ˟ˬ˸˩˶ˡˢ˟ ˲ˣ˶˲ '˵˧˶˞ ˦ˮˬ˞˧ˡ ˞˧˥ˬ"˪-˥˪ˬ" ˧) ˫˧ˬˠ˞ˣ ˫˧ˬ˧ ˶˵˥

ï ˸˧ˬ˧ ˸ˣ˞˪˵˥˪ ˧ˬˣ˞˪ˢ ˤ˩˶ˬˢ .( 

˳˶˲ˬ˟ ˸˪˧˞ ˫ˮ˷˧ ˢ˰˟˶˞ ˫˧ˮ˧ˬ ˪˷ ˧ˠˡ ˭˩˧˯ ,˫˩ˣ˸ˬˣ ˶˥˟ˮ ˭˧ˬˢSiganus rivulatus  )˩˧˯ ˭

˷˧ˣ˷ˬ (˪ˡˣˬ˩ ˟˴ˬ˪ ˸˩˶˰ˬˢ ˸˧ˠˣ˪ˣ˵˞ˢ ˫˶˷˵ˢ˟ ˪˷ ˧˪˧˲˦ ˫˧ˠˡ ˸ˮ˧˥˟ˬ ˶˷ˣ˰ ˫˧ˮ˧ˬˢ ,˫˸ˣ˥˧˩˷ 

˸ˬ˴ˣ˰ˣ ˸ˣ˰˧ˠˮˢ ˪˷ ˧˪˧˲˦ ˫˧˧˰ˬ ˧˪˰˟ ˶ˣˤ˥ˬ ˫˧˧˥ ˧ˮ˯˵ˣ˶˦ˢ ) ˶ˣˤ˥ˬ˫˧˧˥ˢ ˟˩˶ˣˬˢ ˶˲˯ˬˬ ˪˷ 

˫˧ˮ˯˩˞ˬ ˫˧ˮˣ˷ .(˭˧ˬ sʕ ˷ˬ˧˷ ˶˟˰˟ ˸ˣ˶˦ˬ˪ ˸ˣˬˣˡ )˪˷ˬ˪ ,Diamant et al., 1999 ,Dzikowski et 

al., 2003  (˫˧˧˵ˣ ˰ˡ˧ˬ ˟˶ ˪˰ ˸ˮˣ˞˲ ˫˧˪˧˲˦ˢ ˸ˬ˧˧˵˸ˬˢ x˟ .˱˯ˣˮ˟ ˨˩˪ ,˭˧ˬ sʕ ˳ˣ˲ˮ ˡ˞ˬ ˧˥ˣ ˸ˣ˵ˢ˪˟ 

˸ˣ˪ˣˡˠ ˨˩ ˭˸˧ˮ˷ ˡˣ˩˪˪ ˫˧˦˶˲ ˣˮˬˬ ˸ˣ˪˵˟ ˸˧˯˥˧.  

 

 ˸˪˧˞ ˪˷ ˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˶ˣˤ˞˟ ˫˧˪˪ˣ˴ ˧ˡ˧ ˪˰ ˫˧˧˥ ˫˧˯˲˸ˮ ˭˩˧˯ ˠˣ˯ˢˬ ˶˟ ˧ˠˡ) ˭ˣ˩ˬˢ

˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ/ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷ .(˸ˡ˧ ˸ˣ˸˷˶ ˸˶ˤ˰˟ ˢ˪˧˪ˢ ˸ˣ˰˷˟ ˸˧˷˰ˮ ˫˧ˠˡˢ ˸˯˧˲ . ˫˧ˠˡˢ

 ˫˸˥˧˸ˮ˪ ˡ˰ ˫˧ ˧ˬ ˪˩˧ˬ˟ ˫˧˧˥ ˫˧˵ˤ˥ˣˬ)˸˥˞ ˢˬˬ˧ˬ ˶˸ˣ˧ ˞˪ (˫˧˪˧˲˦ ˸˵˧ˡ˟ ˨˶ˣ˴˪ .  ˸˪˪ˣ˩ ˢ˵˧ˡ˟ˢ

˭˯˩˞ˬˢ ˠˡˢ ˪˷ ˪ˣ˩˧˰ˢ ˸˩˶˰ˬ˟ ˫˧ˬ˵ˣˬˬˢ ˫˧˪˧˲˦ ˪˷ ˸ˣ˰˧ˠˮˢ ˸ˬ˴ˣ˰ˣ ˸ˣ˥˧˩˷ ˸ˣˬ˧˩ˣ ˧ˣˢ˧ˤ˪ ˢ˥˧˸ˮ . 

˫˧ˡˡˬˮ ˫˧ˠˡˢ ,ˤ˞ˣ ˫˧˪˵˷ˮ ˶˪ˣ˵ˣˮ˧˟ ˸˶ˤ˰˟ ˫˧˵ˡ˟ˮ ˫ˢ˧˰ˬˣ ˫˧˥˸ˣˮˬ , ˪˷ ˢ˶˧˲˯ ˸˧˷˰ˮˣ

˫˧˪˧˲˦ˢ .˥˪ˬ ˸ˣˡ˟˰ˬ˟ ˸˧ˠˣ˪ˣ˦˯˧ˢ ˢ˵˧ˡ˟ ˨˶ˣ˴˪ ˪ˣ˥˦ ˸ˣˬ˧ˠˡ ˸ˣ˥˵˪ˮ ˨˩˪ ˱˯ˣˮ˟"˸˪˧˞˟ ˧. 

˨ˣ˶˞ ˟˵˰ˬ ˢ˷˰ˮ ˶ˣ˦˧ˮˢ ˸˶ˠ˯ˬ˟-˫˧˞˟ˢ ˫˧ˮ˯˵ˣ˶˦ˢˢ ˫˧˧˰ˬˢ ˧˪˧˲˦ ˪˷ ˫˸˰˲˧˷ ˧˶˥˞ ˥ˣˣ˦ : 

Nematoda- ˣ˩ ˢ˪˞ ˫˧˪˧˲˦ ˪˷ ˫˧˧˥ˢ ˶ˣˤ˥ˬ ˫ˢ˪ ˫˧ˣˣˢˬ ˭˩˧˯ˢ ˧ˠˡˣ ˫˧ˮ˦˶˯ ˫ˠ ˫˧ˠˡ˪ ˱˯ˣˮ˟ ˪˪

˫˧˧˲ˣ˯ ˫˧ˮ˯˩˞ˬ . ˫˧ˮ˧ˬˢ ˣ˵ˡ˟ˮ ˣˤ ˢ˴ˣ˟˵ˬ Cucullanus sigani (Cucul.) -xProcamallanus elatensis 

(Proc.). 

Acanthocephala- ˧ˮ˴ˣ˵ ˱˪˷ˮ ˷˞˶ ˸ˣ˪˰˟ ˫˧˰˪ˣ˸ ˸˴ˣ˟˵ , ˫˧˧˥ ˶ˣˤ˥ˬ ˧˪˰˟ ˫˧˧˰ˬ ˧˪˧˲˦

˭˩˧˯˪ ˱˯ˣˮ˟ ˪˪ˣ˩ˢ ˧ˮ˯˵˦ˣ˶˦ˢ, ˶˰ˣ˷ˬˢ ˧˲ ˪˰ ,ˢˡˣ˲˧˲ˬ˞ˢ ˸˴ˣ˟˵ˬ ˶˧˰ˤ ˭˦˶˯ ˫ˠ.  ˵ˡ˟ˮ ˣˤ ˢ˩˶˰ˬˬ

 ˭˧ˬˢSclerocollum rubrimaris )Scler.( .ˢˤ ˭˧ˬ ˪˷ ˫˧˧˲ˣ˯ ˫˧ˮ˯˩˞ˬ ˫˧ˣˣˢˬ ˭˩˧˯ˢ ˧ˠˡ . 

 Digenea-  ˱˯ˣˮ˟ˣ ˸ˣ˧˩˧˩˶˟ ˫˧˧˪ˣˣ˶˪ˢ ˫˧˟˪˷˟ ˫˧˥˸˲˸ˬˢ ˫˧ˮ˧ˬ˪ ˫˧˧˲ˣ˯ ˫˧ˮ˯˩˞ˬ ˫ˢ ˫˧ˮ˩˧˯ˢ

˧˲˯ˣˮ ˸ˣ˧˪ˣ˥ ˧˶˯˥˟ ˫ˠ ˢ˞˶ˮ˩ ˫.˫˧ˮ˧ˬˢ ˣ˵ˡ˟ˮ ˣˤ ˢ˴ˣ˟˵ˬ 
Hexangium sp.(Hexan.), Gyliauchen sp.( Gyliauc.), Opisthogonoporides sp.(Opist.). 

˫˧ˮ˸˷ˬˢ ˲˦ ˧ˮ˧ˬ ˧˟ˠ˪ ˫˧˵ˡ˟ˮˢ˸ˣ˥˧˩˷ ˫ˢ ˢ˪˞ ˫˧˪˧ ,˫˧ˮ˧ˬˢ ˶˷ˣ˰ x˸ˣ˰˧ˠˮˢ ˸ˬ˴ˣ˰.  ˸ˣˬˣ˵˰

rarefaction  ˸ˮ˩˸ ˸ˣ˰˴ˬ˞˟ ˣ˟˷ˣ˥ ˫˧ˮ˧ˬˢ ˶˷ˣ˰˪EstimateS ,ˣ˰ ˸˞ˣˣ˷ˢˣ ˭˧˟ ˫˧˪˧˲˦ˢ ˧ˮ˧ˬ ˶˷

˟ ˢ˸˷˰ˮ ˫˧ˮ˷ˢ ˨˧˶˰ˬ ˸˶ˤ˰Jacknife 1  ˸ˮ˩˸ ˨ˣ˸ˬ ˞ˣˢ ˫ˠ ˟˷ˣ˥ ˶˷˞EstimateS . ˢ˦˧˷ˢ ˣˤ

 ˸˧˯˥˧ ˭˦˵ ˫ˠˡˬˢ ˪ˡˣˠ ˶˷˞˩ ˫˧˪˧˲˦ ˸ˣ˧˯ˣ˪˩ˣ˞ ˶˷ˣ˰ ˥ˣ˸˧ˮ˪ ˸˲ˡ˰ˣˬˢ)Walther & Morand, 1998.( 

 

˸ˣ˞˴ˣ˸ 

ˢ˸˪˰ˣ˸  ˫˧ˮ˯˵ˣ˶˦ˢ ˫˧˪˧˲˦˟ ˸ˣ˰˧ˠˮˢ ˸ˮ˧˥˟˟ ˞˧ˢ ˶ˣˤ˥ˬ ˸ˬ˪˷ˢ˪˷˫ˢ˧˧˥ ˫˧˷˶ˡˮ ˪ ˢ˪˞ ˫˧˪˧˲˦

 ˶˲˯ˬ"˞ˬ˫˧ˮ˯˩" ˫˧˧˥ˢ ˫˧ˮˣ˷ ˸ˣˮˣ˷ ˸ˣ˧ˠˣ˪ˣ˵˞ ˸ˣ˥ˬˣˠ˟ ,˸˶˩˧ˮ ˢˡ˧˶˧ ˭˩ ˪˰ˣ   ˫˸ˣ˥˩ˣˮ˟ ˢ˧ˣ˷˰

ˢ˪˞ ˸ˣ˥ˬˣˠ˟ ˢ˰˧ˠ˲ ˪˰ ˰˧˟˴ˢ˪ . ˧ˡ˧ ˪˰ ˥˸ˣ˲ ˶˷˞ ˯˵ˡˮ˧˞)Diamant et al. (1999 ˸˰˲˧˷ ˸˞ ˭˥ˣ˟ 

 ˸ˬˣ˰˪ ˢ˪˞ ˫˧˪˧˲˦˸˰˲˧˷ ˢ˪ ˫˧ˠˡ ˧˪˧˲˦ˮ˯˵ˣˮˣˬ ˫˧˧˥ ˶ˣˤ˥ˬ ˫ ˧, ˸ˣ˧˥ˬˣˬ ˷˶ˣˡ ˢ˪˞ ˶˥˞ ˟˵˰ˬ ˫˪ˣ˞

˶ˣ˦˧ˮˢ ˸˧ˮ˩˸˟ ˫ˣ˧˩ ˸ˬ˧˧˵ ˢˮ˧˞ ˶˷˞ . 

 ˣ˯˲˸ˮ ˢˮ˷ˢ28 ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˶ˣˤ˞˟ ˷˧ˣ˷ˬ ˭˩˧˯ ˭˧ˬˢˬ ˫˧ˠˡ- ˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷) ˭˪ˢ˪

SB .(ˠ ˢ˪˟˦˟ ˸ˣ˞˟ˣˬ ˢ˪˞ ˫˧ˠˡ˟ ˫˧˪˧˲˦ˢ ˸˶˧˲˯2. 
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ˢ˪˟˦ ɣ2 :˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˶ˣˤ˞ ˷˧ˣ˷ˬ ˭˩˧˯ ˧ˠˡ˟ ˣ˶˲˯ˮ˷ ˫˧˪˧˲˦ˢ. 

Table C2: Helminth parasites found in Siganus rivulatus sampled near the IUI. 

 

 

˫˧ˠˡ˟ ˫˧˧˰ˬ ˧˪˧˲˦ ˪˷ ˫˧ˮ˧ˬ ˢ˷˷ ˢˢˤˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ . ˫˧ˠˡ ˪˷ ˢˮˣ˷ ˫ˠˡˬ ˪ˡˣˠ ˯˲˸ˮ ˢˮ˷ ˪˩˟

ˤˬ ˢˮ˷ ˪˩˟ ˞˪ˣ ˫˧ˮ˯˩˞ˬ˫˧˶˩ˣˬˢ ˫˧ˮ˧ˬˢ ˪˩ ˣ˟ ˫˧ˢˣ .˟ ˫˧˪˧˲˦ ˧ˮ˧ˬ ˢ˷ˣ˪˷ ˵˶ ˣˢˣˤ ˢˮ˷ˢ-28  ˧ˠˡ

 ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˪ˣˬ ˣ˯˲˸ˮ ˶˷˞ ˷˧ˣ˷ˬˢ ˭˩˧˯ˢ)Sclerocollum rubrimaris ,Procamallanus 

      
Parasite 

 

No. location 
weight 

(gr) 
length 
(cm) 

fork 
length 
(cm) 

sex Scler. Gyliauc. Proc. Cucul. Opist. Hexan. date 

1310151 IUI 240.5 27 7.5 ND 27 

     

13.10.15 

1310152 IUI 150.8 22.5 6.5 ND 

      

13.10.15 

1310153 IUI 199.7 25 8 ND 8 

 

2 

   

13.10.15 

1310154 IUI 155.4 22.5 6.5 ND 1 

 

1 

   

13.10.15 

1310155 IUI 142.7 21.5 7 ND 4 

 

2 

  

1 13.10.15 

1310156 IUI 209.7 24.5 7.5 ND 

  

3 

  

1 13.10.15 

511151 IUI 207.5 25.5 8.5 ND 22 

 

3 

  

3 5.11.15 

511152 IUI 216.2 26.5 8 ND 2 

 

1 

  

1 5.11.15 

511153 IUI 150.7 22.5 6 ND 

  

5 

   

5.11.15 

511154 IUI 187.2 24 6.5 ND 7 

 

1 

   

5.11.15 

611151 IUI 221.5 26 6.8 ND 

  

3 

  

1 5.11.15 

611152 IUI 192.5 23 7 ND 

  

3 

  

1 5.11.15 

611153 IUI 244 27.5 8.5 ND 

     

6 5.11.15 

611154 IUI 150.6 22.5 6.5 ND 

  

1 

  

5 5.11.15 

112151 IUI 141.5 21.5 6.5 ND 

  

1 

  

2 30.11.15 

112152 IUI 157 22 6.5 ND 6 

 

4 

  

3 30.11.15 

112153 IUI 160 23 7.5 ND 1 

 

1 

   

30.11.15 

112154 IUI 135.5 21.5 7 ND 7 

    

3 30.11.15 

112155 IUI 86 19 6 ND 1 

 

1 

  

3 30.11.15 

112156 IUI 166.7 23 7.5 ND 8 

 

1 

  

5 30.11.15 

112157 IUI 130.2 21 7 ND 1 

 

1 

   

30.11.15 

112158 IUI 147.9 22.5 7 ND 6 

 

4 

  

1 30.11.15 

212151 IUI 198.7 26 8.5 ND 

  

1 

   

30.11.15 

212152 IUI 92.5 19 5.5 ND 2 

     

30.11.15 

712151 IUI 153.3 22.5 

 

ND 1 

 

1 

   

7.12.15 

712152 IUI 164.2 23.5 

 

ND 3 

 

1 

   

7.12.15 

712153 IUI 109 19.5 

 

ND 

  

4 

   

7.12.15 

712154 

 

179.1 24.5 

  

2 

 

6 

  

2 7.12.15 
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elatensis ,Hexangium sp. .( ˫˧˪˧˲˦ˢGyliauchen sp. ,Cucullanus sigani, Opisthogonoporides 

sp. ˞˴ˬˮ ˞˪˪˪˩ ˣ , ˪˧˲˦ˢ ˞˴ˬˮ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˣ˪˧˞ˣCucul.  ˪˧˲˦ˢˣ ˡ˥˞ ˠˡ˟Opist.  ˢ˰˟˶˞˟ ˞˴ˬˮ

 ˨ˣ˸ˬ ˫˧ˠˡ27 ˣ˵ˡ˟ˮ˷ ˫˧ˠˡ . ˪˧˲˦ˢGyliauc.  ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˶ˣˤ˞˟ ˷˧ˣ˷ˬˢ ˭˩˧˯ˢ ˧ˠˡˬ ˶ˡ˰ˮ

˫˧ˮ˷ ˶˲˯ˬ ˶˟˩. 

 

 ˢ˶˧˟˴ ˸ˣˬˣ˵˰ ˣˮ˟ˮ ˫˧ˮ˷ˢ ˭˧˟ ˢ˞ˣˣ˷ˢ ˨˶ˣ˴˪)rarefaction (˞˶ˬˢ ˢˬ˩ ˡ˰ ˸ˣˣ˪˫ˠˡˬˢ ˡ˩  ˸˞

˫˧˧˵ˢ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ . ˢ˪˞ ˸ˣˬˣ˵˰ ˨ˣ˸ˬ˧˩ ˢ˞˶ˮ  ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˫˧˪˧˲˦ˢ ˧ˮ˧ˬ ˶˷ˣ˰ ˡ˶˧ ˢˮ˷ˢ

 ˸ˣˬˡˣ˵ˢ)ˠ ˶ˣ˧˞13( . ˪˧˲˦ˢ ˶˵˧˰˟ ˶ˡ˰ˮ ˢ˩ ˡ˰Gyliauc. ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˶ˣˤ˞˟˷ ˶˟ˢ ˧ˠˡˬ ,

˫˧ˮ˧ˬ ˢ˷ˣ˪˷ ˫˧˶ˡ˰ˮ ˢˮ˷ˢ ˨˞ . ˪˧˲˦ˢ ˞˴ˬˮ ˸ˬˡˣ˵ˢ ˢˮ˷˟Cucul.  ˡ˥˞ ˠˡ˟ ˵˶˪˪˩ ˞˴ˬˮ ˞˪ ˢˮ˷ˢˣ  .

 ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˸˩˶˰ˢ"˧˸˧ˬ˞ˢ " ˨˧˶˰ˬˢ ˸ˣ˰˴ˬ˞˟Jacknife 1  ˢˬˣˡ ˢˮˣˬ˸ ˢ˞˶ˬ)ˠ ˶ˣ˧˞13 ,ˢ˦ˬ˪ (ˢ˟ 

 ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˫˧ˮ˧ˬˢ ˶˷ˣ˰)7 ( ˸ˮ˷˟ ˞˴ˬˮ2011 ,˪ ˰˧ˠˬ ˢ˲ˣ˴ˬˢ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ˣ-6 .

 ˞ˣˢ ˢ˲ˣ˴ˬˢ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˢˮ˷ˢ3 ˡ˟˪˟ . 

 

 

 
˶ˣ˧˞ ɣ13 :˸ˣˬˣ˵˰  ˢ˶˧˟˴)rarefaction (˷˧ˣ˷ˬ ˭˩˧˯ ˭˧ˬˢˬ ˫˧ˠˡ ˧˰ˬ˟ ˣ˞˴ˬˮ˷ ˫˧˰˪ˣ˸ˢ ˧ˮ˧ˬ ˶˷ˣ˰ ˪˷ ,

 ˸ˮ˩˸ ˸˶ˤ˰˟ ˸ˣ˟˷ˣ˥ˬEstimateS .ˢ˪˰ˬ˪ :ˢ˲˴ˮˢ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ , ˧˲ ˪˰ ˨˶˰ˣˬˢ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˢ˦ˬ˪

 ˡˡˬˢJacknife-1. 

Figure C13: Rarefaction curves of S. rivulatus helminth parasite Species Richness 

calculated using the EstimateS software. Top: Observed Richness, Bottom: Estimated 

Jacknife-1 Richness. 

 

˫˧ˮ˧ˬˢ ˶˷ˣ˰˪ ˱˯ˣˮ˟ ,˸ˣ˥˧˩˷ ˫ˠ ˫˧˵ˡ˟ˮˢ ˫˧˪˧˲˦ˢ ˧˟ˠ˪ ˣˡˡˬˮ xˣ ˸ˣ˰˧ˠˮˢ ˸ˬ˴ˣ˰ ˫ˡ˵ˬ ˟˷ˣ˥

ˢ˸ˣ˟˧˷˥  ˪˷Janion )Bush et al. 1990 .( 
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ˢ ˫˧˪˧˲˦˟ ˢ˵˟ˡˢˢ ˸ˣ˥˧˩˷ˠ ˶ˣ˧˞˟ ˸ˠ˴ˣˬ ˫˧ˮˣ˷14 . ˢ˵˟ˡˢ ˸ˣ˥˧˩˷ ˪˷ ˞˧ˢ ˸˶˧˧˦˴ˬˢ ˢˮˣˬ˸ˢ

˶˸ˣ˧ ˢˢˣ˟ˠ ,˪˪˩ ˨˶ˡ˟ ,˶ˣ˦˧ˮˢ ˨˶˰ˮ ˭ˢ˟ ˸ˣˮˣ˷˞˶ˢ ˫˧˧˸ˮ˷ˢ ˸ˬˣ˰˪ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ , ˶˵˧˰˟ ˫˪ˣ˞

ˢ˪˰ˬ˪ ˫˧˶˩ˤˮˢ ˫˧˪˧˲˦ˢ ˸˷ˣ˪˷˪ ˰ˠˣˮ˟ . 

ˢ˞˧ˮ˧ˠ˧ˡˢsp.  Gyliauchen ,˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˢˢˣˤ ˞˪ ˶˷˞ ,˧˯ ˧ˠˡ˟ ˶˵˧˰˟ ˳ˣ˲ˮ˭˧ˬˢˬ ˭˩S. 

luridus ˡˡˣ˟ ˠˡ˟ ˫˧˦˶˲ ˸ˣ˞ˬ ˱˞ˣ ˸ˣ˶˷˰ ˢ˪˞ ˫˧ˠˡ˟ ˣ˞˴ˬˮ ˶˟˰˟ˣ . ˸˶ˠ˯ˬ˟ ˭˥˟ˮˢ ˫ˠˡˬˢ˷ ˭˩˸˧

˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ , ˭˧ˬˢˬ ˫˧ˠˡ ˪˪ˣ˩ˢS. rivulatus ˡ˟˪˟ , ˭˧ˬ ˪˷ ˢ˵˧ˬˮ˧ˡˢ ˪˷ ˡ˟˪˟ ˸˧˵˪˥ ˢˮˣˬ˸ ˠ˧˴ˬ

ˢ˞ˮ˧ˠ˧ˡˢsp.  Gyliauchen .ˢˮ˷ˢ ˣ˞˴ˬˮ ˞˪ ˶˷˞ ˫˧˲˯ˣˮˢ ˫˧˪˧˲˦ˢ ˧ˮ˷ ˧˟ˠ˪,  ˢˬ ˰ˣ˟˵˪ ˫ˡ˵ˣˬ ˭˧˧ˡ˰

˫˶ˡ˰ˢ ˸ˣ˰ˬ˷ˬ. 

 

 
˶ˣ˧˞ ɣ14 :˷˧ˣ˷ˬˢ ˭˩˧˯ˢ ˧ˠˡ˟ ˫˧˵ˡ˟ˮˢ ˫˧˧˰ˬˢ ˧˪˧˲˦ ˧ˮ˧ˬ ˢ˷˷˟ ˸ˣ˰˧ˠˮˢ ˸ˣ˥˧˩˷ . 

Figure C14: Prevalence of the six gut parasite species examined in S. rivulatus. 

 

˫˧˪˧˲˦ˢ ˶ˣ˟˰ ˢ˵˟ˡˢˢ ˸ˬ˴˰ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˷ˣ˪˷˟ S. rubrimaris x- P. elatensis  ˢ˶˸ˣˮ

ˢˬˣˡ , ˶ˣ˟˰ ˢ˵˟ˡˢˢ ˸ˬ˴˰˟ ˢ˧˪˰ ˢ˞˴ˬˮˣHexangium sp. )ˠ ˶ˣ˧˞15 .( ˢˮ˧˞ ˫˧ˬ˧˧˵ˢ ˫˧ˮˣ˸ˮˢ ˸ˣˬ˩

 ˷˧ˣ˷ˬˢ ˭˩˧˯ˢ ˧ˠˡ˟ ˫˧ˮ˯˵ˣ˶˦ˢ ˫˧˪˧˲˦˟ ˸ˣ˰˧ˠˮˢ ˸ˬ˴ˣ˰ ˧˧ˣˮ˧˷ ˸˞ ˵˧ˬ˰ˬ ˭˲ˣ˞˟ ˥˸ˮ˪ ˸˶˷˲˞ˬ

˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ . 

 

 
˶ˣ˧˞ ɣ15 :ˬˢ ˧˪˧˲˦ ˧ˮ˧ˬ ˢ˷˷˟ ˸ˣ˰˧ˠˮˢ ˸ˬ˴˰˷˧ˣ˷ˬˢ ˭˩˧˯ˢ ˧ˠˡ˟ ˫˧˵ˡ˟ˮˢ ˫˧˧˰ . 

Figure C15: Intensity of infection of the six gut parasite species examined in S. rivulatus. 

 

 ˷ˣ˟ ˪˷ ˸ˣ˟˧˷˥ˢ ˯˵ˡˮ˧˞ ˧˲ ˪˰) ˢ˵˟ˡˢˢ ˯˵ˡˮ˧˞ ˧˲ ˪˰ ˪˧˲˦ ˪˩ ˪˷ ˣ˸ˬˣ˶˸ ˸˞ ˫˧ˤˣ˥˞˟ ˠ˶ˡˬ

 ˪˷Janion ,ˢ ˶˲˯ˬ ˧˲ ˪˰ ˫˧˪˧˲˦ˢ ˶˲˯ˬ ˸˞ ˪˪˵˷ˬˢˣˬˠˡˮ˷ ˫˧˰ˣˠˮˢ ˫˧ˮ˯˩˞ˬ ( ˪˧˲˦ˢP. elatensis 
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 ˫˧ˮ˷˟ ˧˶˵˰ˢ ˸˰˪ˣ˸ˢ ˭˧ˬ ˢ˧ˢ2009 x- 2011 ,ˢ˪˲˴ˣ˦ˮ˵˞ˢ ˭˧ˬ ˢˤ ˢ˧ˢ ˨˩ ˶˥˞˷ ˫˧ˮ˷˟˷ ˡˣ˰˟S. 

rubrimaris . ˸ˣˬˡˣ˵ˢ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˫˧˪˧˲˦ˢ ˪˩ ˪˷ ˢ˵˟ˡˢˢ ˸ˣ˟˧˷˥˟ ˸˧˦ˬ˶ˡ ˢˡ˧˶˧ ˸ˡˡˬˮ ˢˮ˷ˢ

)ˠ ˶ˣ˧˞16.( 

 

 
˶ˣ˧˞ ɣ16 :˵ˡˮ˧˞ ˯˟˧˷˥˪ ˷ˣ˟˷˧ˣ˷ˬˢ ˭˩˧˯ˢ ˧ˠˡ˟ ˫˧˵ˡ˟ˮˢ ˫˧˧˰ˬˢ ˧˪˧˲˦ ˧ˮ˧ˬ ˢ˷˷˟ ˸ˣ˰˧ˠˮˢ ˸ˣ . 

Figure C16: Bush Index for the importance of infection of the six gut parasite species 

examined in S. rivulatus. 

 

 

 ˸ˮ˷˟1990  ˵ˡ˧˧˥ˢ ˢˢˣˤMycobacterium marinum ˸˪˧˞ ˳˶˲ˬ˟ ˢˮˣ˷˞˶˪ ,˟ˣ˪˩ˬ ˵˶˟˪ ˧ˠˡ˟ ˧

˫˧ˠˡˢ , ˸ˮ˷˟ˣ1995-6  ˷˧ˣ˷ˬˢ ˭˩˧˯ˢ ˧ˠˡ˟ ˣ˟ ˸ˣ˰˧ˠˮˢ ˸ˣ˥˧˩˷ ˢ˸˧˧ˢ)Siganus rivulatus ( ˱ˣ˥˟

 ˧ˬˣ˶ˡˢ34% , ˭˩ˬ ˶˥˞˪ ˢˮ˷ˣ66% . ˢ˪˰ˬ˪ ˪˷ ˸ˣ˰˧ˠˮ ˢ˞˴ˬˮ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˸˲ˣ˵˸ˬ ˸ˣ˞ˬˠˣˡˢˬ ˵˪˥˟

-ˬ85% )Diamant et al., 2000 .(ˣ˦˵˧ˡˮ˧˞ ˫˧ˣˣˢˬˣ ˢˤ ˵ˡ˧˧˥˪ ˡ˥ˣ˧ˬ˟ ˫˧˷˧ˠ˶ ˭˩˧˯ˢ ˧ˠˡ ˣ˸ˣ˥˩ˣˮ˪ ˶

˳˶˲ˬ˟ . 

˲ˣ˶˲ ˪˷ ˣ˸ˡ˟˰ˬ˪ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶˯ˣˬ ˳˶˲ˬ˟ ˶˟ ˧ˠˡ ˸˞ˣ˪˥˸ ˶˥˞ ˟˵˰ˬˢ ˸˶ˠ˯ˬ˟ ' ˞. ˦ˮˬ˞˧ˡ

˥˪ˬ˟" ˸˧ˬ˧ˢ ˢˡ˟˰ˬˢ ˶ˣˤ˞˟ ˣ˯˲˸ˮ˷ ˫˧ˠˡˢˬ ˪ˣ˥˦ ˸ˣˬ˧ˠˡ ˧)˧ˬˣ˶ˡ ˱ˣ˥ ( ˸ˣˬˣ˪ˣˮ˶ˠ ˧ˣˢ˧ˤ ˨˶ˣ˴˪

 ˵ˡ˧˧˥˟ ˭˶ˣ˵ˬ˷M. marinum. ˨˩˪ ˱˯ˣˮ˟ , ˸ˮ˧˥˟ˣ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶ˣˤ˞ˬ ˫˧ˠˡ ˸˯˧˲˸˟ ˸˧ˮ˩˸ˢ ˸˩ˬˣ˸

˵ˡ˧˧˥˟ ˫ˢ˪˷ ˸ˣ˰˧ˠˮˢ ˸ˬ˶ . 

 ˸ˮ˷˟2015 ˥˪ˬ˪ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˢ˶˧˟˰ˢ" ˧27  ˭ˬˤˢ ˵˶˲˟ ˣ˯˲˸ˮ˷ ˭˩˧˯ ˧ˠˡˬ ˪ˣ˥˦ ˸ˣˬ˧ˠˡ

˶˟ˣ˦˵ˣ˞-˶˟ˬ˴ˡ .21 ˥˪ˬ ˧ˡ˧ ˪˰ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˣ˯˲˸ˮ˷ ˫˧˲˯ˣˮ ˫˧ˠˡ" ˫ˢ ˫ˠ ˣ˥˸ˣˮ ˦˯ˣˠˣ˞ ˷ˡˣ˥˟ ˧

ˮˣ˸ˣˬˣ˪ˣˮ˶ˠ ˧ˣˢ˧ˤ˪ ˪ˣ˥˦ ˸ˣ˞ˬˠˣˡ ˣ˥˵˪ . 

 ˪˷ ˪ˣ˥˦ ˸ˣ˞ˬˠˣˡ˟14  ˨ˣ˸ˬ27 )52% ( ˸ˣ˩˧˧ˣ˷ˬˢ ˸ˣˬˣ˪ˣˮ˶ˠ ˣ˞˴ˬˮ ˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˣ˯˲˸ˮ˷ ˫˧ˠˡˢ

 ˵ˡ˧˧˥˪M. marinum ,ˢ ˨ˣ˸ˬ ˫˧ˠˡ ˢ˷˷˟ˣ-21  ˸ˣˬˣ˪ˣˮ˶ˠ ˣ˞˴ˬˮ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˦˯ˣˠˣ˞˟ ˣ˯˲˸ˮ ˶˷˞

)27% .( 

 ˪˷ ˸ˣˬˣ˪ˣˮ˶ˠ ˸ˣ˥˧˩˷ ˢ˞˴ˬˮ ˸ˬˡˣ˵ˢ ˢˮ˷˟38% ˸˧ˬ˧ˢ ˢˡ˟˰ˬˢˬ ˫˧ˠˡ˟ . ˢˮ˷˟ ˣ˯˲˸ˮ˷ ˫˧ˠˡ˟

 ˪˷ ˸ˣ˥˧˩˷ ˢ˞˴ˬˮ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˸ˬˡˣ˵ˢ33% ˣ ˦˯ˣˠˣ˞ ˷ˡˣ˥˟- 87% ˶˟ˣ˦˵ˣ˞˟ ˫˷ ˣ˯˲˸ˮ˷ ˫˧ˠˡ˟ .

 ˫˧ˠˡˢ ˟ˣ˶ ˣ˧ˢ ˭˩˪ ˫ˡˣ˵ ˫ˠ˷ ˶˧˟˯ˣ ˸ˣˬˣ˪ˣˮ˶ˠˢ ˸ˣ˥˧˩˷ ˢ˸˪˰ ˶˟ˣ˦˵ˣ˞˪ ˦˯ˣˠˣ˞ ˷ˡˣ˥ ˭˧˟ ˧˩ ˢ˞˶ˮ

˫˧ˮ˧ˬ˯˸ ˞˪˪ ˫˧˵˟ˡˣˬ ,ˣˬˣ˪ˣˮ˶ˠˢ ˸ˣ˥˧˩˷˷ ˨˩ ˫˧ˠˡ˟ˣ ˫˧ˮ˧ˬ˯˸ ˸ˣ˥˸˲˸ˢˬ ˢ˞˴ˣ˸˩ ˭ˬˤˢ ˫˰ ˢ˸˪˰ ˸

 ˶˥ˣ˞ˬ ˫˧˯˲˸ˮ˷)˵ˣ˞'-˴ˡ' (˸ˣˬˣ˪ˣˮ˶ˠ ˸ˣˢˤ˪ ˶˸ˣ˧ ˢˣ˟ˠ ˧ˣ˩˧˯. 

 ˵ˡ˧˧˥ˢ ˧˩ ˢ˪ˣ˰ ˸ˣ˞˴ˣ˸ˢˬM. marinum ˳˶˲ˬˢ ˭ˣ˲˴˟ ˳ˣ˲ˮ ˣˮˡˣ˰ , ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˧˩ ˢ˞˶ˮ

˫˧ˠˡˢ ˧˟ˣ˪˩ ˸˲ˣ˵˸˪ ˢ˞ˣˣ˷ˢ˟ ˸ˡ˶ˣ˧ ˣ˸ˣ˥˧˩˷ .ˡˠ ˶ˣˤ˧˲ˬ ˸˰˟ˣˮ ˢˡ˧˶˧ˢ˷ ˭˩˸˧ ˧ˠˡ ˸ˣ˵ˢ˪ ˪˷ ˶˸ˣ˧ ˪ˣ

˶˟ˢ , ˭˧˟˪ ˭ˮ˧˟ ˭ˢˣ ˫˧˞ˣ˪˩ˢ ˫˧ˠˡˢˬ ˭ˢ ˢ˵˟ˡˢ˪ ˸ˣ˲ˣ˷˥ˣ ˭˟˧˟˯ ˸ˣˤ˩ˣ˶ˬ ˣ˧ˢ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˸˲ˣ˵˸˟ ˶˷˞

˭ˬ˴˰. 
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.ɣ3 . ˫˧ˡˣˡ˶ ˫˧ˬ˟ ˸˧˪ˣ˥ ˸˧˰˵˶˵ï ˦ˮˬ˧ˡ˯˟ ˧˥ˢ ˭ˣ˧˲˞ 
 

 ˢ˶˦ˬ 

˸˧˪ˣ˥ˢ ˸˧˰˵˶˵ˢ ˶˵˯ ,ˣ˟ ˧˥ˢ ˸˶˟˥ˣ ˰˴ˬˢ ˭ˣ˧˲˧˞ ,˴ˢ˪ ˫˧˧ˣ˷˰ˢ ˫˧˧ˣˮ˧˷ ˸ˣˢˤ˪ ˢˡ˰ˣˮ ˪˰ ˰˧˟

ˢ˟˧˟˯ˢ ˧˞ˮ˸˟ ˧ˣˮ˧˷. 

 

˸ˣ˦˧˷ 

˩ ˪˷ ˵ˬˣ˰˟ ˫˧˶˸˞ ˧ˮ˷˟ ˸ˣ˥˵˪ˮ ˢ˩˶ ˸˧˰˵˶˵ˬ ˦ˮˬ˧ˡ˯ ˸ˣ˞ˬˠˣˡ-20 ˫˧˶˦ˬ , ˸ˬˠˡˮ ˧ˮˣ˲˴ˢ ˱ˣ˥˟

˫˧˧˸ˡˢ ˱ˣ˥ ˪ˣˬ ˢˡˣ˵ˮ , ˦ˮ˧˵ˢ ˸˪˰˸ ˞˴ˣˬ˪ ˸˧˥˶ˤˬ)ˮ"˴ :29° 32.491´N ,34° 58.362´E ( ˱ˣ˥˟ˣ

 ˫˧˪˪ˣ˴ˢ ˶˲˩ ˪ˣˬ ˧ˬˣ˶ˡˢ)ˮ"˫˧ˬ˪ ˢ˯˧ˮ˩˟ ˴ :29° 29.966´N ,34° 54.866́ E .( 

 ˸ˣ˰˴ˬ˞˟ ˣ˥˵˪ˮ ˦ˮˬ˧ˡ˯ ˸ˣ˞ˬˠˣˡ3  ˶˦ˣ˵˟ ˸ˣ˧ˡˣ˰˧˧ ˸ˣ˧˯ˣ˩10 ˯" ˨˶ˣ˞ˣ ˬ8 ˯" ˥˲ˮ ˸˪˟˵˪ ˬ

˰ˣ˟˵ , ˪ˡˣˠ˟ ˸˷˶ ˧ˣ˲˧˥ ˫˰100 ˣ˶˵˧ˬ- ˢ˶˧ˠ˯ ˫˧˶˷˲˞ˬˢ ˫˧ˡˡ˴ˢ ˧ˮ˷ˬ ˫˧˯˩ˬˣ ˡ˥˞ ˡ˴˟ ˶˦ˬ

ˢˬˠˣˡˢ ˪˷ ˸˧˦ˬ˶ˢ . ˣ˶˲˯ˮˣ ˸ˣˡ˶˲ˮ ˸ˣ˞ˬˠˣˡ ˣ˥˵˪ˮ ˢ˶˲˧ˮ˧ˬ˶ˣ˲ ˸˶˧˲˯ˣ ˭ˣ˧ˬ ˶ˣ˟˰2 ˯ˢ" ˫˧ˮˣ˧˪˰ˢ ˬ

˦ˮˬ˧ˡ˯˟ ˪ˣˡˠˢ ˫˶˲˯ˬ ˟˵˰ ˭˧˰˪ˠ ˪˩ ˪˷ .˰˟ ˶˞˷ ˶ˣ˟˰"˯ˢ ˢ˷ˬ˥ ˣ˶˲˯ˮ ˦ˮˬ˧ˡ˯ˢ ˧ˮ˩ˣ˷ ˥" ˬ

˭˧˰˪ˠ ˪˩ ˪˷ ˫˧ˮˣ˧˪˰ˢ .˭ˣ˧ˬˣ ˪ˣ˲˧˦˪ ˡ˰ ˶ˣ˶˵˟ ˸ˣ˞ˬˠˣˡˢ ˣ˶ˬ˷ˮ ˱ˣ˯˧˞ˢ ˶˥˞˪ . ˢ˵ˣ˪˥ ˨˶ˣ˴˪ ˦ˮˬ˧ˡ˯

 ˪˷ ˶˦ˣ˵ ˧˪˰˟ ˫˧ˮ˧˰˪ˠ ˢ˷ˣ˪˷ ˸ˣ˰˴ˬ˞˟ ˫ˠˡˮ ˶ˠ˶ˠ ˧˪ˡˠ˪3.7 ˯" ˨˶ˣ˞˟ˣ ˬ10 ˯"ˬ. 

˰˟ ˭ˣ˧ˬ ˨˶ˣ˴˪ ˸ˣ˞ˬˠˣˡ˟ ˪ˣ˲˧˦ˢ" ˭˧˪ˬ˶ˣ˲˟ ˰ˣ˟˧˵ ˪˪ˣ˩ ˥)4% ( ˪˷ ˶˲ˣ˟ ˫˰Sodium-tetraborat 

 ˟pH  ˪˷8.2 ˢˬˬ˧ ˨˷ˬ˟ , ˸ˣ˲ˮ ˨˶ˡ ˤ˶˟ ˧ˬ˟ ˢ˲˧˦˷)250 x-500 ˶˦ˬˣ˶˵˧ˬ( , ˸ˣ˧˴˵˶˲ ˪˷ ˢ˶ˠˡˢˣ

 ˪ˣˮ˸˞˟ ˪ˡˣˠˢ)70% ( ˪ˠˮ˟ˤˣ˶ ˫˰)rosebengal ,1 ˫˶ˠ/˶˦˧˪˪ ( ˨˷ˬ˪24 ˸ˣ˰˷ .ˬˠˣˡˢ ˸˞ ˫˧˲˦ˣ˷ ˢ

 ˪ˣˮ˸˞ ˸˯˧ˬ˸˪ ˫˧˟˧˷ˬˣ ˫˧ˬ˟)70% .( ˫˧˶ˬ˷ˮ ˫˧ˮ˧ˣˬˬˢ ˫˧˦˶˲ˢˣ ˶˪ˣ˵ˣˮ˧˟ ˸˥˸ ˢ˷˰ˮ ˢˮˣ˞˲ˢ ˭ˣ˧ˬ

 ˪ˣˮ˸˞˟70% . 

 ˪ˠˮ˟ˤˣ˶ˣ ˪ˣˮ˸˞˟ ˶ˬ˷ˮ ˫˧˧ˮˣ˸ˮ˟ ˢ˶˲˧ˮ˧ˬ˶ˣ˲ ˸˶˧˲˯ˣ ˭ˣ˧ˬ˪ ˡ˰ˣ˧ˬˢ ˦ˮˬ˧ˡ˯ˢ)2 ˫˶ˠ\˶˦˧˪˪ (

 ˨˷ˬ˪14  ˸ˣ˲ˮ ˨˶ˡ ˸ˣ˞ˬˠˣˡˢ ˸ˣ˲˦˷ˮ ˤ˞ˣ ˫ˣ˧)125 ,250 x-500 ˦ˬˣ˶˵˧ˬ ˶( ˧˟ˠ ˪˰ ˸ˣ˷˟ˣ˧ˬˣ

ˢˬˬ˧ ˨˷ˬ˟ ˫˧˶˦˪˧˲ .˸ˣˡ˧˥˞ ˸˪˟˵˪ ˸˟˟˶ˣ˰ˬ ˪ˡˣˠ ˸˧˧˴˵˶˲ ˪˩ ,˸˸ ˷ˣ˪˷ ˢˮˬˬ ˸ˣ˥˵˪ˮˣ- ˸ˣˬ˧ˠˡ

˱˶ˣˡˮ˲˞ ˸ˮ˥˟ˬ ˸ˣ˰˴ˬ˞˟ .˸˸ ˪˩- ˶˪ˣ˵ˣˮ˧˟ˢ ˸˥˸ ˡ˶˲ˮ˟ ˸ˮ˧ˣˬˬ ˢˬ˧ˠˡ)ˬ ˸ˣ˥˲ ˫˧˞˴ˬˮˣ ˢˡ˧ˬ˟-300 

ˢˬˠˣˡ ˪˩˟ ˫˧˦˶˲ ,˸˸ ˣ˥˵˪˧˧-ˢ˯˩ˬˢ ˸ˬ˪˷ˢ˪ ˡ˰ ˸ˣ˲˯ˣˮ ˸ˣˬ˧ˠˡ.( 

˯ˢ ˸˞ ˪˷ ˢ˶ˣ˦˶˲ˬ˦˟ ˫˧˷˟˧˧ˬ ˶ˠ˶ˠ ˧˪ˡˠ ˸ˣˠ˪˲˸ˢ ˸ˡ˧ˡˬ˪ ˫˧ˮ˧˰˪ˠˢˬ ˦ˮˬ˧ˡ100  ˨˷ˬ˟ ˸ˣ˪˰ˬ

24 ˸ˣ˰˷ . ˪˷ ˢ˲ˮ ˨˶ˡ ˸ˣ˲˦˷ˮ ˤ˞ˣ ˸ˣ˪˵˷ˮ ˸ˣ˷˟˧ˢ ˸ˣ˞ˬˠˣˡˢ63  ˸˞ ˵˪˯˪ ˸ˮˬ ˪˰ ˶˦ˬˣ˶˵˧ˬ

 ˢ˵ˡˢ ˢ˧˴˵˶˲ˢ)˸˧˯˶˥ .( ˸ˣ˲ˮ ˦˯ ˫˰ ˶˵˧˧˷˪ ˸ˣ˶˟˰ˣˬ ˤ˞ˣ ˟ˣ˷ ˸ˣ˪˵˷ˮ ˸ˣ˞ˬˠˣˡˢ ˱˯ˣˮ ˷ˣ˟˧˧ ˶˥˞˪

 ˪˷ ˫˧˪ˡˠ˟2000 ,1000 ,500 ,250 ,125 ,63  ˨˷ˬ˪ ˶˦ˬˣ˶˵˧ˬ10 ˸ˣ˵ˡ . ˸˪˵˷ˮ ˪ˡˣˠ ˸˧˧˴˵˶˲ ˪˩

˨˯ˢ ˨ˣ˸ˬ ˟˷ˣ˥ˬ ˢ˪˷ ˧˯˥˧ˢ ˪˵˷ˬˢ ˤˣ˥˞ˣ ˡ˶˲ˮ˟-˪˩ˢ. 

 

˸ˣ˞˴ˣ˸ ˸ˣˮˣ˷˞˶ : 

˫˧ˮ˥˟ˮˢ ˫˧˶˸˞ˢ ˧ˮ˷ ,˧ˬˣ˶ˡˢ ˱ˣ˥˟ˣ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ,˫˧ˮˣ˷ ˫˧˲˶ˠˣ˧˯˧˲ ˫˧ˮ˧˧˲˞ˬ ˧˪˰˟ . ˱ˣ˥ˢ ˶˸˞

˭ˣ˸ˬ ˸˧˰˵˶˵ ˰ˣ˲˧˷ ˪˰˟ ˧ˮˣ˲˴ˢ ˫˧˧˸˷˟˧ ˫˧ˬ ˸˯˧ˮ˩˪ ˢ˪ˣˡˠ ˢ˲˧˷˥ˣ , ˨˶ˡ ˣ˞ ˸ˣˮˣ˲˦˧˷ ˧˰ˣ˶˞˟ ˫˞

˦ˮ˧˵ˢ ˸˪˰˸ .˧˸˷˟˧ ˞˴ˣˬˬ ˶ˬˣ˥ ˢ˟˶ˢ˟ ˸ˮ˧˧˲ˣ˞ˬ ˸˧˪ˣ˥ˢ ˸˧˰˵˶˵ˢ , ˫˧˴ˣ˲ˮ ˫˧ ˟˷˰ ˪˷ ˫˧ˡ˟˶ˬˣ

˶ˣˤ˞˟ .˪ˣ˪˸ ˰˵˶˵ ˰ˣ˲˧˷ ˪˰˟ ˶ˣˤ˞˟ ˳˶˲ˬˢ ˪˷ ˧˟˶˰ˬˢ ˭ˣ˶ˡˬˢ ˪˰ ˞˴ˬˮ ˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˶˸˞ , ˞˪˪

ˣ˷ ˸˟˧˟˯˟ˣ ˟ˣ˶˵ ˤˣ˵˧ˮ ˞˴ˣˬ˫˧ˠˣˬ˪˞ˢ ˸˧ˮ .˦ˮˬ˧ˡ˯˟ ˧ˮˠˣ˧˟ˢ ˟˧˩˶ˬˢ ˶˸ˣ˧ ˪ˣˡˠ ˢˤ ˶ˣˤ˞˟. 

 ˫˧˶˸˞ˢ ˧ˮ˷˟ ˶ˠ˶ˠˢ ˧˪ˡˠ ˸˵ˣ˪˥)˶ˣ˧˞ ɣ17 (˶˵˯ˢ ˧˶ˣˤ˞ ˭˧˟ ˫˧˪ˡ˟ˢˢ ˸˞ ˢ˞˶ˬ : ˧ˮˣ˲˴ˢ ˱ˣ˥˟

ˬ ˶˸ˣ˧˷ ˞˴ˬˮ-60% ˬ ˭˦˵ ˪ˡˣˠ˟ ˦ˮˬ˧ˡ˯ˢˬ- 125µm ˬ ˶˸ˣ˧ˣ-80% ˬ ˭˦˵ ˶ˠ˶ˠ ˪ˡˣˠ˟- 250µm .

 ˢ˰˧˵˷ ˸ˣˮ˧˧˲˞ˬˢ ˸ˣ˵ˡ ˸ˣ˧˴˵˶˲ ˢ˪˞˫˧˧˸˷˟˧ ˫˧˟˧˩˶ˬˬ ˸ˣ˶ˤˠˮ ˭˟ˣ˶ˣ ˢ˩ˣˬˮ ˢ˧ˠ˶ˮ˞˟ ˫˧ˬˢ ˸ˡˣˬ˰ˬ .

˧ˬˣ˶ˡˢ ˱ˣ˥˟ ,˸˞ˤ ˸ˬˣ˰˪ ,ˬ ˸ˣ˥˲- 20% ˬ ˭˦˵ ˶ˠ˶ˠ ˪ˡˣˠ ˪˰˟ ˦ˮˬ˧ˡ˯ˢˬ- 250µm  ˪ˡˣˠˢ ˸˧˧˴˵˶˲ˣ

˸˧˶˵˧˰ˢ ,˩- 30% ˦ˮˬ˧ˡ˯ˢ ˪˪˩ˬ , ˞˧ˢ500-1000µm. 
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˶ˣ˧˞ ɣ17:  ˶ˠ˶ˠ ˧˪ˡˠ˪ ˦ˮˬ˧ˡ˯ ˸˵ˣ˪˥)˧˪˵˷ˬ ˤˣ˥˞˟ (˫˧˶˸˞ ˧ˮ˷˟ ,ˣ˥˟ ˧ˮˣ˲˴ˢ ˱)NB ( ˧ˬˣ˶ˡˢ ˱ˣ˥˟ˣ

)SB(. 

Figure C17: Grain size distribution (weight percent) for soft sediment in two sites, at the 

north beach (NB) and south beach (SB) of Eilat.  

 

˸ˣ˷˵˩ ˣ˶˶˟˸ˢ ˫˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˸ˣ˶˧˲˯ ,˸ˣ˪ˣˡˠ ˣ˧ˢ ˢ˶˧˲˯ˢ ˸ˣ˞˧ˠ˷ˣ .˭˩ ˪˰ ,ˣˡˬ ˞˪ ˭˞˩ ˸˥ˣ

˭ˢ˧ˮ˧˟ ˢ˞ˣˣ˷ˢ ˸ˠ˴ˣˬ ˞˪ˣ ˸ˣˮ˥˸ˢ ˧˸˷˟ ˫˧ˮˣ˸ˮ˟ˢ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ˢ ˸˶˧˲˯ .˸˞ˤ ˫˰ ˡ˥˧ , ˧˩ ˶ˬˣ˪ ˭˸˧ˮ

 ˨ˣ˸ˬ20 ˣˢˣˤ ˶˷˞ ˫˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˧ˮ˧ˬ , ˫˧ˮ˧ˬˢAmphisorus ,Amphistegina, Hauerina ,

Borelis ,Sorites ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ ˫˧ˮ˧ˬˢ ˢ˷˧ˬ˥ ˫ˢ .˧ˬˣ˶ˡˢ ˱ˣ˥˟,  ˫˧˴ˣ˲ˮˢ ˫˧ˮ˧ˬˢ ˸˷ˬ˥

˫ˢ :Assilina ,Amphisorus ,Amphistegina ,Nonion ,Peneroplis.  

˶˥˞ ˢ˶˧˲˯ ˪ˣ˵ˣ˦ˣ˶˲˟ ˦ˣ˵ˮˮ ˢ˞˟ˢ ˶ˣ˦˧ˮˢ ˸ˮ˷˟ ,˶˸ˣ˧ ˪˧˰˧ ,˫˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˶ˣ˟˰. 

 

˰˟ ˸ˣ˶˧˲˯˟"ˢ ˸ˣ˴ˣ˟˵ ˧˩ ˞˴ˬˮ ˫˧˶˥˞ ˫˧ˠˣ˯ˬ ˦ˮˬ˧ˡ˯ ˧ˮ˩ˣ˷ ˥- Polychaeta ,Copepoda ,

Nematoda ˢ ˭ˢ˫˧˶˸˞ˢ ˧ˮ˷˟ ˦ˮˬ˧ˡ˯˟ ˶˸ˣ˧˟ ˸ˣ˴ˣ˲ˮ . ˶˲˯ˬ ˪˩ˢ ˨˯˟ ˣ˞˴ˬˮ ˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˶˸˞˟

˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˶˷˞ˬ ˶˸ˣ˧ ˪ˣˡˠ ˫˧˦˶˲ , ˸ˣ˴ˣ˟˵ˢ ˪˷ ˦˶˲˟Copepoda ,Nematoda )˶ˣ˧˞ ɣ18.( 

˪ ˪˧˥˸ˢ˪ ˢ˧ˢ˧ ˭˸˧ˮ ˸ˣ˞˟ˢ ˫˧ˮ˷˟˰˫˧˶˸˞ˢ ˧ˮ˷˟ ˦ˮˬ˧ˡ˯ˢ ˧ˮ˩ˣ˷ ˸˶˟˥ ˟˩˶ˢ˟ ˫˧˧ˣˮ˧˷ ˶˥˞ ˟ˣ˵. 

 

 
˶ˣ˧˞ ɣ18:  ˸ˣ˥˲˷ˬ˰˟"˫˧˶˸˞ ˧ˮ˷˟ ˫˧ˢ ˸˧˰˵˶˵˟ ˨˶ ˰˴ˬ ˧ˮ˩ˣ˷ ˥ , ˧ˮˣ˲˴ˢ ˱ˣ˥˟)NB ( ˧ˬˣ˶ˡˢ ˱ˣ˥˟ˣ

)SB(. 

Figure C18: Abundance of meiofauna genera dwelling in the upper layer of two soft 

sediment sites, at the north beach (NB) and south beach (SB) of Eilat.  
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.ɣ4 .˶ ˫˧ˬ˟ ˸˧˪ˣ˥ ˸˧˰˵˶˵ ˫˧ˡˣˡï ˫˧ ˟˷˰ ˧ˣ˯˧˩ 
 

 ˢ˶˦ˬ 

ˢˤ ˟ˣ˷˥ ˪ˣˡ˧ˠ ˸˧˟ ˪˷ ˣˮ˯ˣ˥ ˸˞ ˡˣˬ˞˪ ˢˡ˰ˣˮ ˸˧˪ˣ˥ˢ ˸˧˰˵˶˵ˢ ˧ˣ˯˧˩ ˸˩˶˰ˢ. 

 

˸ˣ˦˧˷ 

ˡˬ˞ˮ ˸˧˪ˣ˥ ˸˧˰˵˶˵ ˪˰ ˫˧ˢ ˟˷˰ ˧ˣ˯˧˩ ˫˧˵ˬˣ˰ ˢ˷ˣ˪˷˟ ,10 ,15 x-20 ˫˧˶˸˞ ˧ˮ˷˟ ˫˧˶˦ˬ : ˱ˣ˥˟

 ˧ˮˣ˲˴ˢ) ˞˴ˣˬ ˪ˣˬ"˫ˣ˪˷ˢ ˸ˮˣˠ˪" ,"˴ˮ )˫˧˶˦ˬ ˢ˶˷˰˟( :29° 32.655́ N ,34° 57.997́ E (ˣ ˱ˣ˥˟

 ˧ˬˣ˶ˡˢ)˫˧˪˪ˣ˴ˢ ˶˲˩ ˪ˣˬ ,"˴ˮ ˫˧ˬ˪ ˢ˯˧ˮ˩˟ :29° 29.966´N ,34° 54.866́ E .( 

 ˸˦˧˷˟ ˸˧˷˰ˮ ˧ˣ˯˧˩ˢ ˸˩˶˰ˢ"ˢˡˣ˵ˮ ˸ˬ˧ˠˡ) "point sampling ( ˫˧ˢ ˸˧˰˵˶˵ ˪˷ ˫˧ˬˣ˪˧˴ ˨ˣ˸ˬ

)˞ˠ ˶ˣ˧21( . ˨˶ˣ˞˟ ˢˡ˧ˡˬ ˦˶˯ ˯˶˲ˮ ˵ˬˣ˰ ˪˩˟60  ˰ˣ˟˶ ˶˦ˬ ˢ˥˦˷˷ ˢˮˣˬ˸ˣ ˱ˣ˥˪ ˪˧˟˵ˬ˟ ˫˧˶˦ˬ

)1m
2

 (ˢˬ˪ˣ˴ ˦˶˯ˢ ˨˶ˣ˞˪ ˫˧˶˦ˬ ˢ˷˧ˬ˥ ˪˩ . ˸ˣˡˣ˵ˮ ˢ˞ˬ ˣˬˠˡˮ ˢˡ˟˰ˬ˟˸ˣ˶ˣˡ˯  ˸˶ˤ˰˟ ˢˮˣˬ˸ ˪˩˟

 ˸ˮ˩˸ CPCe )Kohler & Gill, 2006 (˫˧ ˟˷˰ ˭˧˞ ˣ˞ ˷˧ ˰˟˵ˮ ˢˡˣ˵ˮ ˪˩ ˶ˣ˟˰ˣ . ˧ˣ˯˧˩˪ ˣˡ˟ˣ˰ ˸ˣ˞˴ˣ˸ˢ

˶˸˞˟ ˸ˣˮˣˬ˸ˢ ˨˯ ˨ˣ˸ˬ ˣ˟˷ˣ˥ ˶˸˞˪ ˭˵˸ ˸˧˧˦˯ˣ ˰˴ˣˬˬˣ ˢˮˣˬ˸ ˪˩ ˶ˣ˟˰ ˫˧ˢ ˟˷˰. 

 

 
˧˞ˠ ˶ˣ21 :˪˧˴ ˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˶˸˞˟ ˫˧˶˦ˬ ˫˧˶˷˰ ˵ˬˣ˰˟ ˶˵˯ˢ ˧˩˸˥ˬ ˫˧ ˟˷˰ ˪˷ ˫ˣ)˫ˣ˪˧˴ : ˬ.

'˴˧˵˯˟ˣ˥˧ˮ˶ .( 

Figure C21: A photo of seagrass cover along the 20m depth transect on the southern 

coast of Eilat (photo: M. Chernihovsky).  

 

˸ˣ˞˴ˣ˸ 

˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˶˸˞˟ ,˪ˣ˪˸ ˭ˣ˶ˡˬˢ ˰ˣ˲˧˷ ˣ˟ ˢˮ˦˵ ˱ˣ˥ˢˬ ˦ˮˬ˧ˡ˯ ˸˯˧ˮ˩ˣ , ˫˧ˢ ˟˷˰ ˧ˣ˯˧˩ ˧˩ ˶˩˧ˮ

 ˭˧˟˷ ˥ˣˣ˦˟ ˵ˬˣ˰ˢ ˫˰ ˪ˡˠ10 ˪ ˫˧˶˦ˬ-20  ˫˧˶˦ˬ)ˠ ˶ˣ˧˞22 .( ˧ˣ˯˧˩ ˞˴ˬˮ ˫˧˶˦ˬ ˢ˶˷˰ ˪˷ ˵ˬˣ˰˟

˩ ˪˷ ˫˧ ˟˷˰- 25% ,˪ ˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˫˧ˢ ˟˷˰ ˧ˣ˯˧˩ ˰˧ˠˬ ˫˧˶˦ˬ ˫˧˶˷˰ ˪˷ ˵ˬˣ˰˟ˣ- 82% . 

˰˵˶˵ ˣ˪ˣ˩ˣ ˭ˣ˸ˬ ˭ˣ˶ˡˬˢ ˰ˣ˲˧˷ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˵ˡ ˦ˮˬ˧ˡ˯ ˢ˪˧˩ˬˢ ˢ˩˶ ˸˧)ˠ ˵˶˲ ˢ˪˰ˬ˪ ˣ˞˶.3 (

 ˵ˬˣ˰ ˭˧˟ ˫˧ˢ ˟˷˰ ˧ˣ˯˧˩˟ ˪ˡ˟ˢˢ10 ˪ ˫˧˶˦ˬ-15  ˭˦˵ ˫˧˶˦ˬ)52% x- 45% ˢˬ˞˸ˢ˟ .( ˵ˬˣ˰˟20 

˫˧˶˦ˬ ,˪ ˰˧ˠˬ ˶˟˩ ˫˧ˢ ˟˷˰ ˧ˣ˯˧˩ ˱ˣ˥ˢ ˭ˬ ˶˸ˣ˧ ˵ˣ˥˶ˢ- 90% ˟ˣ˶˧˵˟. 

ˣ˶˵˯ˮ˷ ˸ˣˡˣ˵ˮ˟ ˫˧ˢ ˟˷˰ ˧ˡ˟˶ˬ ,˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˭ˢˣ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˭ˢ ,˷˰ ˶˩˧ˮ ˤˣ˥˞ ˫˧˯˩ˬˣ ˫˧˶˧

˸˧˪ˣ˥ˢ ˰˵˶˵ˢ ˧ˮ˲ˬ . ˭˧˟˷ ˫˧˵ˬˣ˰ˢ ˥ˣˣ˦˟ ˧˪˪˩ ˭˲ˣ˞˟10 ˪-20  ˟˷˰ ˪˷ ˧ˣ˯˧˩ˢ ˤˣ˥˞ ˢ˪ˣ˰ ˫˧˶˦ˬ

˫˧ˢ . 
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 ˳˶˲ˬ˟ ˫˧ ˟˷˰ ˸ˣ˰˶˸˷ˢ ˪˷ ˧˪ˬ˧˯˵ˬˢ ˵ˬˣ˰ˢ ˸˞˧˴ˬ˪ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˢ˰˴˟˷ ˫˧˧˸ˣ˩˧˞ ˫˧˶˵˯ˬ

˩ ˪˷ ˵ˬˣ˰˟ ˢ˞˴ˬˮ ˫˧ ˧˟˷˰ ˪˷ ˢˮˣ˷˞˶ ˢ˰˲ˣˢ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˧˩ ˢ˪ˣ˰- 40  ˫˧˶˦ˬ) ˫˧ˡˡˣ˟ ˫˧˪ˣ˰˟ˠ

˧˸ˣ˰ˬ˷ˬ ˧ˣ˯˧˩ ˞˪˪ ( ˪˷ ˵ˬˣ˰ˬ ˪˥ˢ ˞˴ˬˮ ˫˧ ˟˷˰ ˪˷ ˧ˬ˸˩ ˧ˣ˯˧˩ˣ30-35  ˫˧˟˥˶ˮ ˫˧ˡ˟˶ˬ ˫˰ ˫˧˶˦ˬ

˩ ˪˷ ˵ˬˣ˰ˬ- 25 ˫˧˶˦ˬ . ˸˰˦ˣ˵ˬ ˫˸˰˲ˣˢˣ ˫˧˴ˣ˲ˮ ˸ˣ˥˲ ˫˧ ˟˷˰ ˧ˡ˟˶ˬ ˧ˬˣ˶ˡˢ ˱ˣ˥˟) ˸ˣ˧ˮˣ˷ ˧ˡ˧ ˪˰

ˢ˷˵ ˸˧˰˵˶˵ ˰˴ˬ (ˬ ˫ˮ˷˧ ˫˧ ˧˟˷˰ ˫˧˞˴ˬˮ ˫ˢ˟ ˸ˣˬˣ˵ˬ˟ ˨˞˩ ˪˷ ˵ˬˣ˰˪ ˡ˰ ˫˧˶˧˷˰ ˫˧ˡ˟˶- 40 

˫˧˶˦ˬ . ˧ˡ˧ ˪˰ ˧˸˦˧˷ ˭˲ˣ˞˟ ˶˵˯ˮ ˫˧ˡˣˡ˶ ˫˧˵ˬˣ˰˟ ˸˪˧˞ ˳˶˲ˬ˟ ˫˧ˢ ˟˷˰ ˧ˣ˯˧˩Mejia et al. )2016( ,

˪˞˶˷˧ ˫ˣ˥˸˟ ˳˶˲ˬˢ ˭ˣ˲˴ ˧˪ˣ˷ ˨˶ˣ˞˪ ˫˧˟˥˶ˮ ˫˧ˡ˟˶ˬ ˣ˞˴ˬ˷ ,˫˟˴ˬ ˸˞ ˣ˩˧˶˰ˢˣ . ˫˧ˢ ˧˟˷˰˪

˥˸˲˸ˢ˟ ˸˩ˬˣ˸ ˢ˟˧˟˯˩ˣ ˧ˡˣ˥˧˧ ˪ˣˡ˧ˠ ˸˧˟˩ ˢ˪ˣˡˠ ˸ˣ˟˧˷˥ ˟˶ ˭˧˧ˮ˰ ˷˧ ˭˩ ˪˰ˣ ˫˧ˠˣˬ˪˞ ˸ˣ˧ˮˣ˷ ˸ˣ

 ˫˸ˣ˞˧˶˟˟)˫˧ˮˠˢˣ ˰˟˦ˢ ˸ˣ˷˶˟ ˫˧ˢ ˟˷˰ ˪˷ ˪ˣˡ˧ˠˢ ˸˧˟ ˶˶ˣ˰ˬ˷ ˭˧˧ˮ˰ˢ ˪˷ˬ˪ , ˫˧˶˥˞ˣ ˧ˮˣ˪ˣ˟ˤ" ˧˞

˫˧˟ ˵ˣ˶˧ ""x˸˪˧˞˟ ˫˧ˢ ˟˷˰ ˧ˡ˟˶ˬ˪ ˫˧˪˪ˣ˴" ,˳˶˞ˢ ˪˧˟˷˟ ˸ˣ˟˸˩ .( ˶˸ˣ˧˟ ˫˧˷˧ˠ˶ ˫ˠ ˫˧ ˧˟˷˰

˸ˣ˶ˡ˶ˡ˧ˢ˪ ˶ˣ˦˵˧ˡˮ˧˞ ˸ˣˣˢ˪ ˫˧˧ˣ˷˰ˣ ˫˧ˬˢ ˸ˣ˩˧˞˪  ˫˧ˮ˧˧˲˞ˬ ˫ˢ ˣ˸ˣ˞ ˧˪ˣ˥ˢ ˪ˣˡ˧ˠˢ ˸˧˟ ˸ˣ˩˧˞)˞˶ ˣ

ˠ ˵˶˲ ˪˷ˬ˪.4.(  

 

 
˞ˠ ˶ˣ˧22 :˸˪˧˞ ˪˷ ˧ˬˣ˶ˡˢ ˱ˣ˥ˢˣ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˧˶˸˞˟ ˫˧˵ˬˣ˰ ˢ˷ˣ˪˷˟ ˫˧ˢ ˟˷˰ ˧ˣ˯˧˩ . 

Figure C22: Seagrass cover at three depths in the northern beach and southern beach 

sites of eilat .  
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.ɣ5 .˟ ˫˧˧ˣˮ˧˷ ˫˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˧˲˯˞ˬ ˶˥˞˪ ˳˶˲ˬˢ ˭ˣ˲˴˟˫˧ˠˡˢ ˧˟ˣ˪˩ ˧ˣˮ˧˲ 
 

ˢˬˡ˵ˢ 

 ˭ˣ˶ˣ˞ ˧˷ ˪˷ ˶˵˥ˬ ˸ˡˣ˟˰ ˸˶ˠ˯ˬ˟ ˪˥ˢ ˭˪ˢ˪˷ ˶ˣ˦˧ˮˢ)M.Sc. ˭˟ ˸˦˧˯˶˟˧ˮˣ˞˟-˟ˠˮ˟ ˭ˣ˧˶ˣˠ ,

ˡ ˸˧˧˥ˮˢ˟"˯ ˶ .ˣˬ˶˟˞ˡˣ ˳˧˟"ˬ ˶ .˧ˣˣ˞˪˲˧˩ .( ˶˵˥ˬˢï  ˧˞˦˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˨˶ˡ ˰˴˟˸ˢ ˶˷˞

ˡ ˪˷ ˣ˸ˬˤ˧˟"ˡ ˶ .ˠˮ˞'ˡ ˫˰ ˱ˣ˸˧˷˟ˣ ˢ˲˧˥ ˸˦˧˯˶˟˧ˮˣ˞ˬ ˪"˟ ˶ .˴ ˭ˬˡˣˠ' ˟ˣˮ˶)ˮˣ˞ 'ˢ˲˧˥ (ï  ˭ˬˣˬ

˸ˣ˧ˬˣ˞˪ˢ ˸ˣ˧˸˷˸ˢ ˡ˶˷ˬ˟ ˢˬˡ˞ˢ ˧˰ˡˬ˪ ˶˵˥ˬˢ ˪ˢˮ˧ˬ ˧ˡ˧ ˪˰ ˣ˵˪˥˟. 

ˣˡˢ"˶˵˥ˬˢ ˸˞ ˫˩˯ˬˢ ˥ ,˸ˣ˧˸˷˸ˢ ˡ˶˷ˬ˪ ˷ˠˣˢ ˶˷˞ ,ˣˡ˟ ˥˲˯ˮ˩ ˣˮˣ˷˪˩ ˰˧˲ˣˢ" ˪˷ ˧˰ˡˬˢ ˥

 ˸ˮ˷˟ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸2010 ,ˢ˸ ˡˣ˰˧˸ ˣ˟ˣ ˳˧˵˪ ˡ˰ ˣ˞˴ˬˮ ˣ˟ ˶ˣˤ˞˟ ˫˧ˢ ˸˧˰˵˶˵ ˫ˣ˵˧˷ ˧˩˧˪2008 

˳˶˲ˬ˟ ˸˧ˬ˧ ˸ˣ˞˪˵˥ ˪˷ ˫˧ˠˡ ˧˟ˣ˪˩ . ˸ˮ˷˟2014  ˫˧˞˴ˬˬˢ ˸˞ ˶˞˸ˬˢ ˧˰ˡˬˢ ˫ˣ˯˶˲ˢ ˰˧˲ˣˢ)Oron 

et al. 2014.( 

ˮˢ ˢˡˣ˟˰ˢˬ ˣ˪˰˷ ˫˧ˮ˧˧ˮ˰ˬˢ ˫˧˞˴ˬˬˢ ˶ˣ˞˪"˪ , ˣ˟ ˶ˣˤ˞˟ ˯ˣ˸ˮ˟ˢ ˸˶˟˥ ˸ˣ˷˷ˣ˞˸ˢ ˢˡ˰ˣ˸ ˢ˟

˫˧ˠˡˢ ˧˟ˣ˪˩ ˶˟˰˟ ˣ˧ˢ ,˧˪˥ˢ ˫ˣˠ˧ˡˢ ˰ˣ˴˧˟˟ ˰ˣ˧˯ ˧ˡ˧ ˪˰ ˟˵˰ˬˢ ˨˷ˬˢ˟ ˨ˣˬ˸˪ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˢ˦

ˢ˪˧˪˴˟ ,˸ˣˤ˧˪ˮ˞ˢ ˰ˣ˴˧˟˟ ˫ˠ ˢˮ˷ˢˣ . 

 

ˢ˶˦ˬ 

˫˧ˠˡˢ ˧˟ˣ˪˩ ˶˟˰˟ ˣ˧ˢ ˣ˟ ˶ˣˤ˞˟ ˫˧ˢ ˸˧˰˵˶˵ ˟˴ˬ ˶˥˞ ˟˵˰ˬ , ˫˧˶˲˧ˮˬ˶ˣ˲ ˧˲˯˞ˬ ˪˰ ˷ˠˡ˟

˪ˣˡ˧ˠˢ ˸˧˟ ˸ˣ˞˧˶˟˪ ˭ˬ˯˩ ˫˧ˮˣ˸ˮ˟. 

 

˸ˣ˦˧˷ 

˪˰ ˸˰˴ˣ˟ˬ ˫˧˶˴˵ ˦ˮˬ˧ˡ˯ ˧ˮ˧˰˪ˠ ˸ˬ˧ˠˡ ˳˧˵ˢ ˧˷ˡˣ˥˟ ˢˮ˷˪ ˸˥˞ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˡ˧ . ˢˬ˧ˠˡˢ

 ˢ˰ˣ˟˵ ˢˡˣ˵ˮ˟ ˢ˪˧˥˸ˬ˷ ˢ˪˧˪˴˟ ˸˧˷˰ˮ20 ˫˧ˠˡˢ ˧˟ˣ˪˩ ˫ˣ˵˧ˬ˪ ˸˧˟˶˰ˬ ˶˦ˬ . ˯˶˲ˮ ˢˡ˧ˡˬ ˦˶˯

˥˶ˤˬ ˭ˣˣ˧˩˟ ˸˧˰˵˶˵ˢ ˨˶ˣ˞˪-˸ˣˮ˥˸ ˰˟˶˞ ˪˩ˢ ˨˯˟ ˸ˣˬˠˡˮˣ ˟˶˰ˬ :˫˧ˠˡˢ ˧˟ˣ˪˩ ˸˥˸ , ˸˧˟˶˰ˬˣ

 ˫˧˵˥˶ˬ˟ ˫˧˟ˣ˪˩ˢ ˫ˣ˵˧ˬ˪20 ,40 x-80 ˫˧˶˦ˬ . ˢˮ˥˟ˬ ˸ˣ˶ˣˮ˧˴ ˸˶ˡ˥ˢ ˸ˣ˰˴ˬ˞˟ ˸ˬˠˡˮ ˸˧˰˵˶˵ˢ50 

˧˪˧ˬ-˶˦˧˪ ,˸˧˰˵˶˵ˢˬ ˫˸˲˧˪˷ ˫˰ ˫˧ˬ˦˞ˮ˷ . ˡ˰ ˶ˣ˶˧˵˟ˣ ˧˩ˮ˞ ˟˴ˬ˟ ˸ˣˮ˯˥ˣ˞ˬˣ ˸ˣ˥˵˪ˮ ˸ˣˬ˧ˠˡˢ

ˢˡ˟˰ˬ˟ ˪ˣ˲˧˦˪ . 

˯ˢ ˥˵˪ˮ ˢˡ˟˰ˬ˟" ˸˯˧ˬ˸˟ ˫˧˧˰ˣ˟˷ ˨˷ˬ˪ ˢ˶˷ˣˬˣ ˭˧˰˪ˠ ˪˩ ˪˷ ˭ˣ˧˪˰ˢ ˬRose Bengal )2 ˶ɣ' (

 ˪ˣˮ˸˞ ˶˦˧˪˟)70%( ,ˢ ˧ˣˢ˧ˤ˪ˢˬ˧ˠˡˢ ˭ˬˤ˟ ˣ˧˥˷ ˫˧˦˶˲ .˷ˣ˟˧˧ ˶˥˞˪ , ˸ˮˮˣ˯ˬˣ ˸˪˵˷ˮ ˢˬˠˣˡ ˪˩

ˬ ˢ˪ˣˡˠˢ ˢ˧˴˵˶˲ˢ ˸˪˟˵˪- 125µm .˟ˣ˷ ˸˪˵˷ˮ ˣˤ ˢ˧˴˵˶˲ . ˨˶ˣ˴ˢ ˧˲˪ ˫˧˵˪˥ˬ ˢ˶˧˲˯˪ ˢˬˠˣˡˢ ˸˞

ˢ˶˧˲˯˪ ˸ˮ˸˧ˮ˷ ˸ˣˬ˩ ˸˪˟˵˪ .˶˪ˣ˵ˣˮ˧˟ ˸˶ˤ˰˟ ˫˧˶˲˯ˮ ˢ˟˷ ˫˧˦˶˲ˢ ˪˩ˣ ˸ˮ˧˧ˣˬˬ ˢˬˠˣˡˢ . ˭˩ˬ ˶˥˞˪

˦ˮˬ˧ˡ˯ ˫˶ˠ˪ ˫˶˲˯ˬ ˟˷ˣ˥ˬ. 

 

˸ˣ˞˴ˣ˸ 

 ˧˪ˣ˧ ˭˧˟2008 ,˫˧˟ˣ˪˩ˢ ˧ˮˣ˶˥˞ ˧ˣˮ˧˲ ˶˥˞˪ ˡ˧ˬ , ˶˟ˬ˴ˡˣ2009 ˧˷ˡˣ˥ ˫ˣˠ˧ˡ ˰˴ˣ˟  ˧ˮ˧˰˪ˠ ˪˷

˫˧ˠˡˢ ˸ˣˣ˥ ˪˷ ˸ˣ˪˧˰˲ˢ ˶ˣˤ˞ˬ ˫˧ˮˣ˷ ˫˧˵˥˶ˬ ˸ˣˠ˴˧˧ˬˢ ˸ˣ˰ˣ˟˵ ˸ˣˮ˥˸ˬ ˫˧ ˟˷˰ ˧˪˰ˣ ˫˧˶˴˵ ˦ˮˬ˧ˡ˯ .

 ˭˩ˬ ˶˥˞˪˸ˣ˰˴ˬ˞˟ ˟˵˰ˬˢ ˨˷ˬˮ ˶˲ˬ ˶ˣ˦˧ˮ˪ ˸˧ˬˣ˞˪ˢ ˸˧ˮ˩˸ˢ ˸˩˧ˬ˸˟ ˧˸ˮ˷ ˫ˣˠ˧ˡ˸˪˧˞ ˳. 

 ˫˧ˠˡˢ ˧˟ˣ˪˩ˬ ˸˧ˮˠ˶ˣ˞ˢ ˢ˶˷˰ˢˢ˴˧ˢ˶  ˧˞ˣˤ˞ ˶ˣˤ˧˞)˫˧˧˥ ˶˯˥ (˸˧ˡ˧˧ˬˢ ˫˸˟˧˟˯˟ , ˪˷ ˢ˲ˣ˵˸˪ ˡ˰

˫˧˟ˣ˪˩ˢ ˧ˣˮ˧˲ ˶˥˞˪ ˫˧˷ˡˣ˥ ˢ˷˧˷˩ . ˶˞ˣˮ˧ ˷ˡˣ˥˟2009  ˪˷ ˫˧˧˥ ˫˧˦˶˲ ˢˮˣ˷˞˶˪ ˰˧˲ˣˢ˪ ˣ˪˥ˢ

 ˭˧ˬ˪ ˶˵˧˰˟ ˫˧˩˧˧˷ˢ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲Operculina ammonoides )ˣˡ˟"ˮ ˸ˣˬˡˣ˵ˢ ˫˧ˮ˷ˢ ˸ˣ˥ ˢˤ ˭˧ˬ ˞˶˵

Assiluna ammonoides . ˠˣˢˮ ˸ˮ˩ˡˣ˰ˬˢ ˸ˣ˶˲˯˟ˣ ˭˧ˬˢ ˣ˸ˣ˞˟ ˶˟ˣˡˬ ˧˩ ˣ˞˶ˢ ˸ˣ˧˶˞˪ˣ˵˪ˣˬ ˸ˣ˵˧ˡ˟

 ˣ˸ˣˮ˩˪Operculina ammonoides( , ˱˧˴˶ˢ ˧˷ˡˣ˥ˢ ˫ˣˠ˧ˡˢ ˫ˣ˧˯˪ ˡ˰ ˣ˪ˡˠˣ ˣ˩˪ˢ ˫˧˧˥ˢ ˫˧˦˶˲ˢ ˧˶˲˯ˬ

 ˶˟ˬ˴ˡ˟2009 , ˸˵˥ˣ˶ˬˢ ˢˮ˥˸˟ ˫˧˧˥ˢ ˫˧˦˶˲ˢ ˧˶˲˯ˬ ˶˷˞˩40  ˣ80 ˧ˬˬ ˫˧˶˦ˬ ˫˧˟ˣ˪˩ˢ ˫ˣ˵

˸ˣ˞˴ˬˮˢ ˸ˣˮ˥˸˟ ˢ˪˞ˬ ˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˫˧˪ˣˡˠ ˵˥˶ˬ˟ 0  ˣ20 ˫˧˟ˣ˪˩ˢ ˫ˣ˵˧ˬˬ ˫˧˶˦ˬ . ˫ˣ˵˧˷ˢ ˯ˣ˲ˡ

ˢ˧˴˯˵ˣ˯ ˪˷ ˧˦˧˞ ˨˧˪ˢ˸ ˢ˞˶ˢ , ˣ˧ˢˣ ˸ˣˮˣ˷ˢ ˫ˣˠ˧ˡˢ ˸ˣˮ˥˸˟ ˢˮˣ˷ ˟˴˵˟ ˣ˷˥˶˸ˢ ˫˧˩˧˪ˢ˸ˢ ˶˷˞˩

˫˧ˠˡˢ ˧˟ˣ˪˩ ˣ˧ˢ ˣ˟ ˫ˣ˵˧ˬ˪ ˸ˣ˟ˣ˶˵ˢ ˸ˣˮ˥˸˟ ˶˸ˣ˧ ˫˧˧˦˧˞ . 

˟ˣ˥˵˪ˮ˷ ˸ˣˬ˧ˠˡ ˣ˧˟ ˧˪2010-2012 ˞˴ˬˮ  ˧ˡ˧ ˪˰ ˦˪˷ˮ ˭˧˧ˡ˰ ˦ˮˬ˧ˡ˯˟ ˫˧ˮ˧ˬˢ ˟˩˶ˢ ˧˩

ammonoides.O ˮˬ˧ˡ˯ ˫˶ˠ˪ ˫˧˦˶˲ˢ ˧˶˲˯ˬˣ ˦˸ˣˮ˥˸˟ ˢ˧˪˰ ˸ˬˠˬ˟ ˫˧˞˴ˬˮ 0 ,20W  ˣ40W. 
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 ˱˶ˣ˥˟2012-2013 ˣˣ˥˸ˢ ˢˢ ˭ˣ˲˴˟ ˸˧ˠˣ˪ˣ˵˞ˢ ˸˩˶˰ˬ˳˶˲ˬ ˸˶ˡ˯ ˫˸ˬ˴ˣ˰˟ ˫˧ˠ˧˶˥ ˸ˣˮˣ˲˦˷ ,

 ˢ˟˧˟˯ˢ ˪˷ ˫˧˟˥˶ˮ ˫˧˵˪˥ ˧ˣ˯˧˩˪ ˣˬ˶ˠ ˶˷˞ˮ˟ˢˮˣ˸˧˸˷˟˧ ˶ˣ˵ˬˬ ˶ˠ˶ˠ ˵ˡ ˶ˬˣ˥˟ ˸˧ , ˳˧˵˪ ˭ˣ˩ˮˣ

2014 ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶ˣˤ˞˟ ˢˡˣˡ˶ˢ ˫˧ˢ ˸˧˰˵˶˵˟ ˸ˣ˶˩˧ˮ ˭˧˧ˡ˰ ˣ˧˸ˣ˰˲˷ˢ.  ˞˪ ˸ˣˮˣ˲˦˧˷ˢ ˶˥˞˪ ˡ˧ˬ

˦ˮˬ˧ˡ˯˟ ˫˧˧˥ ˫˧˦˶˲ ˣ˞˴ˬˮ ,˯˪ ˢ˟˩˶ˣˢ ˢˮˣ˧˪˰ˢ ˢ˟˩˷ˢˣ"˧˸˷˟˧ ˶ˣ˵ˬˬ ˵ˡ ˶ˬˣ˥ ˪˷ ˬ. ˧˪ˣ˧˟ 2013 ,

˸ˣˮˣ˲˦˧˷ˢ ˶˥˞˪ ˫˧˷ˡˣ˥ ˢ˷˧ˬ˥ ,˶˲˯ˬ ˧˧˥ˢ ˫˧˦˶˲ˢ˦ˮˬ˧ˡ˯ ˫˶ˠ˪ ˫,  ˫ˠ ˣˬ˩˫˧ˮ˧ˬˢ ˭ˣˣˠˬ,  ˫˧˩ˣˬˮ ˣ˧ˢ

 ˟ ˶˷˞ˬ ˶˸ˣ˧2012. 

 ˧ˣˮ˧˲ ˸ˣ˟˵˰˟˷ ˣˤˬ ˸˶˩˧ˮ ˢˡ˧ˬ˟ ˢ˶˧ˢˬ ˢ˸˧ˢ ˸ˣˮˣ˲˦˧˷ˢ ˶˥˞˪ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ˢ ˸˶˟˥ ˸ˣ˷˷ˣ˞˸ˢ

˫˧ˠˡˢ ˧˟ˣ˪˩ .ˣˮˣ˲˦˧˷ˢ ˶˥˞˪ ˸ ˶˥˞˪ ˡ˟˪˟ ˢˮ˷ ˧˴˥ ˸ˣˮ˥˸ˢ ˪˩˟ ˫˶ˠ˪ ˫˧˦˶˲ ˢ˶˷˰ˬ ˶˸ˣ˧ ˣ˞˴ˬˮ

ˣ˲˦˧˷ˢ ˭˥˞ˢ˭ˣ˶.  ˸ˣˮ˥˸˟ ˦ˮˬ˧ˡ˯ ˫˶ˠ˪ ˫˧˦˶˲ˢ ˶˲˯ˬ˟ ˸˧˸ˣ˰ˬ˷ˬ ˢ˧˪˰ ˸˶˩˧ˮ ˢˮˣ˶˥˞ˢ ˢˮ˷˟0 ,

40W  ˣ80W . ˢˮ˥˸˟20W  ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˦˰ˬ ˨˞ ˢ˪˰ ˦ˮˬ˧ˡ˯ ˫˶ˠ˪ ˫˧˦˶˲ˢ ˶˲˯ˬ) ˶ˣ˧˞

ˠ19(. 

 

 
ˣ˧˞ ˶ˠ19 : ˸ˣˮˣ˷ˢ ˸ˣˮ˥˸˟ ˷˟˧ ˦ˮˬ˧ˡ˯ ˫˶ˠ˪ ˫˧˧˥ˢ ˫˧˦˶˲ˢ ˶˲˯ˬ ˧˪ˣ˧ˬ ˪˥ˢ2008 , ˸˞˴ˣˢ ˶˥˞˪ ˡ˧ˬ

ˣ˪˩˫˧ˠˡˢ ˧˟ .˫ˣˬ˧˯˵ˬˣ ˫ˣˬ˧ˮ˧ˬ ˫˧ˠ˴˧˧ˬ ˢ˞˧ˠ˷ˢ ˧ˣˣ˵. 

Figure C19: Live foraminifera individuals per gram dry sediment at sampled locations 

since 2008, right after fish cages were removed from the area. Error bars  are minimum 

and maximum values. 
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ˢ˸˯˧ˮ˩ ˫˰ ˢˮ˷ˢ  ˧ˣˢ˧ˤˢ ˸ˣ˪ˣ˩˧ ˶ˣ˲˧˷˟ ˪ˣˡˠ ˳ˬ˞ˬ ˰˵˷ˣˢ ˦ˮˬ˧ˡ˯ˢ ˡˣ˟˧˰˪ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˪˷

˫˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮˬ˶ˣ˲ ˧ˮ˧ˬ ˪˷ ˭ˣ˧ˬˢˣ .˸ˣˬˡˣ˵ ˫˧ˮ˷˟ ˶˷˞ˬ ˢ˟˶ˢ˟ ˪ˣˡˠ ˢˮ˷ˢ ˣˢˣˤ˷ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ , ˨˞

 ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˟˩ ˵˲˯ ˞˪˪ ˢ˪˥ˢ ˫˧ˮ˧ˬˢ ˶˷ˣ˰˟ ˢ˧˪˰ˢï ˢˮ˥˟˞ˢ ˸˪ˣ˩˧ ˣˮ˪ ˢ˸˧ˢ ˞˪ ˢ˟ . ˧ˮ˧ˬ ˶˷ˣ˰

ˮˬ˶ˣ˲ˢ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˪˷ ˫ˬˣ˵˧ˬˬ ˸ˣ˵ˣ˥˶ˢ ˸ˣˮ˥˸˟ ˶˸ˣ˧˟ ˪ˣˡˠ ˫˧ˮˣ˸ˮ˟ˢ ˫˧˶˲˧)40W x-80W ,19 

ˬ˫˧ˮˣ˸ˮ˟ ˫˧ˬ˶ˣ˲ ˧ˮ˧ ( ˸ˣ˟ˣ˶˵ˢ ˸ˣˮ˥˸˟ ˶˸ˣ˧ ˭˦˵ˣ)20W x-0 ,17 x-16 ˫˧ˬ˶ˣ˲ ˧ˮ˧ˬ ,ˢˬ˞˸ˢ˟ . ˶ˣ˧˞

ˠ20.( 

 

 
˧˞ ˶ˣˠ20 :˶˲˯ˬ ˫˧˶˲˧ˮˬ˶ˣ˲ˢ ˧ˮ˧ˬ  ˸ˣˮˣ˷ˢ ˸ˣˮ˥˸˟ ˷˟˧ ˦ˮˬ˧ˡ˯ ˫˶ˠ˪ ˫˧˧˥ˢ ˧˪ˣ˧ˬ ˪˥ˢ2008 , ˶˥˞˪ ˡ˧ˬ

˫˧ˠˡˢ ˧˟ˣ˪˩ ˸˞˴ˣˢ .˫ˣˬ˧˯˵ˬˣ ˫ˣˬ˧ˮ˧ˬ ˫˧ˠ˴˧˧ˬ ˢ˞˧ˠ˷ˢ ˧ˣˣ˵. 

Figure C20: The number of live foraminifera spcies per gram dry sediment at sampled 

locations since 2008, right after fish cages were removed from the area. Error bars  are 

minimum and maximum values. 

 

 

  

 



 

100 

 

 

 ˠˣ˯ˬ ˫˧ˢ ˟˷˰ ˪˷ ˢ˰˲ˣˢstipulacea Halophila  ˫˧ˠˡˢ ˧˟ˣ˪˩ ˫˧ˬ˵ˣˬˬ ˣ˧ˢ ˣ˟˷ ˶ˣˤ˞˟ˢˡ˰ˣ˸ 

 ˢˮˣ˷˞˶˪ ˦˯ˣˠˣ˞ ˷ˡˣ˥˟2009  ˪˷ ˸ˣ˯˯˟˸ˢ˪ ˫ˣ˶ˠ˪ ˧ˣ˲˴ˢ ˟ˣ˷˥ ˧ˠˣ˪ˣ˵˞ ˟˧˩˶ˬ ˪˷ ˢ˯˧ˮ˩ ˸˪ˬ˯ˬˣ

˶ˣˤ˞˟ ˫˧˦˧˲˧˲˞ ˫˧ˮ˧ˬ . ˱˶ˣ˥ ˪˷ ˸ˣˮˣ˲˦˧˷ˢˬ ˣ˰ˠ˲ˮ ˫˧ˢ ˧˟˷˰2013 ,˸ˮ˷˟ˣ ˸˶˩˧ˮ ˸ˣˮˣ˶˥˞ˢ ˫˧˧

˸˧˸ˠ˶ˡˢ ˸ˣ˷˷ˣ˞˸ˢ. 

 

˶ˡ˰˧ˢ ˫˞˶ˢ ˫˧˷ˡˣ˥˟ ˫ˣˠ˧ˡˢ ˶ˣˤ˞˟ ˦ˮˬ˧ˡ˯˟ ˫˧˧˥ ˫˧˦˶˲ ˪˷ ˸˦˪˥ˣˬˢ ˧ˣˮ˧˲ ˶˥˞˪˷ ˫˧ˮˣ˷

˰˧˟˴ˬ ˫˧˟ˣ˪˩ˢ ˫˧˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˪˷ ˫ˣ˧˵ ˢ˶˷˲˞ ˞˪ ˣˤ ˢ˟˧˟˯˷ ˨˩ ˪˰ .˨˩ˬ ˢ˶˸˧,  ˟˷˰ ˶ˡ˰ˢ

 ˫˧ˢHalophila  ˶ˣˤ˞˟ ˧˰˟˦ ˭˲ˣ˞˟ ˳ˣ˲ˮˢˢ˸ˣ˪˟ˠˬ ˪˰ ˡ˧˰ ˸ˣ˶ˣˬ˥ ˸ˣ˧˸˟˧˟˯ . 

 ˱˶ˣ˥ ˪˷ ˸ˣˮˣ˲˦˧˷ˢ ˸˶ˡ˯ ˶˥˞˪ ˶ˣˤ˞ˢ ˫ˣ˵˧˷2013  ˧˟ˣ˪˩ ˸˞˴ˣˢ ˶˥˞˪ ˶˷˞ˬ ˶˸ˣ˧ ˶˧ˢˬ ˢ˧ˢ

˫˧ˠˡˢ : ˫˧˧˥ ˫˧˦˶˲ ˪˷ ˢˢˣ˟ˠ ˸ˣ˲˧˲˴)˦ˮˬ˧ˡ˯ ˫˶ˠ˪ ˫˧˦˶˲ ˢ˶˷˰ ˪˰ˬ ( ˶˥˞˪ ˢˮ˷ ˧˴˥˩ ˢ˞˴ˬˮ

ˢ ˧˟ˣ˪˩ ˪˷ ˫ˬˣ˵˧ˬ˪ ˢ˩ˣˬ˯ˢ ˫ˣˠ˧ˡˢ ˸ˮ˥˸˟ ˫˧˧˸ˮ˷ˬ ˢ˪˰ˬ˪ ˶˥˞˪ ˵˶ ˨˞ ˸ˣˮˣ˲˦˧˷ˢ˫˧ˠˡ . 
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 l.˟ ˫˧ˬˢ ˸ˡˣˬ˰ ˫˧˵ˣˬ˰ˢ 
 

ˢ˶˦ˬ  

˫˧ˬ˧˩ ˫˧ˮ˸˷ˬ ˶˥˞ ˟˵˰ˬ ,˧˧˪˵˧˯˧˲ ˫, ˸ˣ˩ˣ˶˞ ˧ˣˮ˧˷ ˸ˣˬˠˬ ˧ˣˢ˧ˤ ˫˷˪ ˵ˣˬ˰ˢ ˫˧ˢ ˧ˬ˟ ˫˧˧ˠˣ˪ˣ˧˟ˣ

˸˪˧˞ ˳˶˲ˬ ˭ˣ˲˴˟ ˸˧ˠˣ˪ˣ˵˞ˢ ˸˩˶˰ˬˢ ˪˰ ˰˧˲˷ˢ˪ ˸ˣ˧ˣ˷˰ˢ ˫˧ˬˢ ˸ˣ˩˧˞˟ ˥ˣˣ˦ . 

 

˸ˣ˦˧˷ 

˶˵˥ˬ ˸ˮ˧˲˯˟ ˸˰˴ˣ˟ˬ ˷ˡˣ˥˪ ˸˥˞  ˢˠ˪˲ˢ ˢˮ˥˸˪A  ˭ˣ˲˴˪ˣ˳˶˲ˬˢ , ˧˟ˣ˪˩ ˣ˧ˢ ˣ˟ ˫ˣ˵ˬ˪ ˨ˣˬ˯˟

 ˫˧ˠˡˢ)FF .( ˢˮ˷˟ ˫˧˧ˬ˰˲)ˣ˧˸˯ˣ ˟˧˟˞ (˶˸ˣ˧ ˢ˩ˣ˶˞ ˢˠ˪˲ˢ ˸˰˴ˣ˟ˬ ,˭ˡ˶˧ˬ ˫˧ˮ˰ˡˬ ˫˰ ˱ˣ˸˧˷˟ ,

˭ˡ˶˧ ˪ˣ˟ˠ ˪ˣˬ ˢˮ˥˸ ˫ˠ ˸˪˪ˣ˩ˢ-˩ ˪˷ ˫˧ˬ ˵ˬˣ˰˟ ˢ˧ˡˣ˰˯-800 ˫˧˶˦ˬ , ˢˮ˥˸B . ˢˮ˥˸A  ˪˰ ˸˞˴ˬˮ

 ˳˶˲ˬˢ ˪˷ ˢ˴ˣ˥ˢ ˣ˵ˢ)˪˞˶˷˧ ˪ˣ˟ˠ-˭ˡ˶˧ (˟ˣ˶˵ ˶ˡˢ ˢˡˣ˵ˮ˪ ˪˷ ˫˧˧˪˞˧˶ˣ˦˧˶˦ˢ ˫˧ˬˢ ˪˷ ˶˸ˣ˧˟ ˸˧ˬˣ

˸˪˧˞ ˳˶˲ˬ˟ ˪˞˶˷˧, ˟˸˧˰˵˶˵ ˵ˬˣ˰ ˬ ˪ˣˡˠ- 800 ˬ ˦˶)ˢ˲ˬ1 ˮ˟ˤ ˥˲˯.1(.  ˨ˣˬ˯˟ ˸˧˰˵˶˵ˢ ˵ˬˣ˰

˩ ˫˧ˠˡˢ ˧˟ˣ˪˩˪-55 ˶˦ˬ . 

˫˧ˮˣ˷ ˫˧˵ˬˣ˰ˬ ˫˧ˬ ˸ˣˬ˧ˠˡ ˸ˣ˲˯˞ˮ ˸ˣ˧ˬ˧ˢ ˸ˣˮ˥˸˟ , ˸ˡ˶ˣˢ ˧ˡ˧ ˪˰'ˢ˦ˤˣ˶ '˫˧ˢ ˪˞ , ˢ˧˪˰˷˩11 

˶˦˧˪ ˢ˶˷˰ ˪˷ ˭˧˵˯˧ˮ ˧˵ˣ˟˵˟ ˫˧) ˸˶˟˥GoFlo( ,˫˧˧ˣ˴˶ˢ ˫˧˵ˬˣ˰˟ ˢˮ˧˲˯ˢ ˨ˣ˸ˬ ˫˧˵ˣ˟˵˟ˢ ˸˶˧ˠ˯ˣ .

ˢˣˣ˪ˮ ˢ˦ˤˣ˶ˢ ˪˞  ˢˡ˧ˡˬ ˶˧˷˩ˬCTD ˱˧˴˶ ˭˲ˣ˞˟ ˫˧˧˪˵˧˯˧˲ ˫˧ˮ˸˷ˬ ˡˡˣˬˢ . ˢˮ˥˸˟A  ˢˮ˥˸˟ˣB 

˶˲˯ˬ ˫˧˥˵˪ˮ  ˫˧˦˯˵)cast =ˢ˦ˤˣ˶ ˸ˡ˶ˣˢ( ,ˡˣˡ˶ ˦˯˵ˣ ˵ˣˬ˰ ˦˯˵ , ˪˷ ˢˢˣ˟ˠ ˢ˧˴ˣ˪ˣˤ˶ ˪˟˵˪ ˧ˡ˩˟

 ˢˮ˧˪˵ˣˬ˶˸ˢ ˟˧˟˯ ˸ˣˬ˧ˠˡˢˮˣ˧˪˰ˢ ˫˧ˬˢ ˸ˡˣˬ˰˟ˣ. ˡ˥˞ ˦˯˵ ˵˶ ˥˵˪ˮ ˸ˣˡˣˡ˶ ˸ˣˮ˥˸˟ , ˵ˬˣ˰˷ ˭ˣˣ˧˩

˶˸ˣ˧ ˭˦˵ ˫˧ˬˢ .˵ˬˣ˰ ˢˬ˧ˠˡˢ ˢˮ˥˸ ˪˩˟ ˧˟˶ˬˢ  ˭ˣ˸˥˸ˢ ˵ˣ˟˵˟ˢ ˢ˶˵ˬ ˪˩˟ˣ ˸˧˰˵˶˵ˢ ˵ˬˣ˰˟ ˧ˣ˪˸

 ˶ˠ˯ˮ2-3 ˬ '˸˧˰˵˶˵ˢ ˪˰ˬ . 

˸ˣˡ˧ˡˬ ˪˷ ˱˧˴˶ ˧˩ˮ˞ ˨˸˥ ˰˴˟˸ˬ ˢˮ˥˸ ˪˩˟ ˢ˶ˣ˦˶˲ˬ˦ ,˸ˣ˥˧˪ˬ ,˳˥˪ ,ˣ ˢ˧˴ˮ˯˶ˣ˞ˣ˪˲˧˷˩ˬ˟ ˶

CTD  ˪˷Sea-Bird Electronics.  ˸ˣˬ˧ˠˡˢ ˫˧ˬ˸ˡ˧ˡˬ ˨˶ˣ˴˪ ˫˧ˮˣ˷ ˫˧˵ˣ˟˵˟˪ ˸ˣ˵˪ˣ˥ˬ  ˯ˬˣˬ ˭˴ˬ˥

)DO( ,pH , ˸ˣ˧ˮ˧˪˵˪˞)AT( ,˫˧˦ˮ˧˧˶˦ˣˮ ˫˧˯ˬˣˬ )NO2
-1

, NO3
-1

, Si(OH)4, PO4
-3

(,  ˧˵˧˵˪˥ ˭ˬ˥˲

)POC(, ˸ˣ˥˧˪ˬ , ˪˧˲ˣ˶ˣ˪˩)Chl-a(, x˭ˣ˦˵ˮ˪˲ˣ˦˧˲ˢ ˸˧˧˯ˣ˪˩ˣ˞ ˸ˣˠ˪˲˸ˢ .˸ˣ˞ˬˠˣˡˢ ˭ˣˮ˧˯  ˨˶ˣ˴˪

˭ˣ˦˵ˮ˪˲ˣ˦˧˲ˢ ˸˧˧˯ˣ˪˩ˣ˞ˣ ˪˧˲ˣ˶ˣ˪˩ ˸ˡ˧ˡˬ ,ˢˮ˧˲˯˟ ˣ˷˰ˮ ˯ˬˣˬ ˭˴ˬ˥ ˸ˡ˧ˡˬ ˨˶ˣ˴˪ ˸ˣ˞ˬˠˣˡ ˰ˣ˟˧˵ˣ .

˫˧˲ˣ˥ˢ ˧ˬ˟ ˵˯ˣ˰ˢ ˵˶˲˟ ˸ˣ˶˞ˣ˸ˬˢ ˸ˣ˦˧˷ˢ ˧˲˪ ˢˡ˟˰ˬ˟ ˣ˰˴ˣ˟ ˸ˣˡ˧ˡˬˢ . 

˪˟ˣ˵ˬˢ ˠˢˣˮˢ ˧˲ ˪˰,  ˟˪˷˟ ˣ˶ˠ˯ˮ ˭˧˵˯˧ˮˢ ˧˵ˣ˟˵˟˷ ˭ˣˣ˧˩ˣˬ˶ˢˢ˦ˤˣ˶ˢ ˸ ,˸ˣˡ˧ˡˬ ˣ˥˵˪ˮ s-CTD 

˶ˢˢ ˭ˬˤˬ ˢˬ˥ˣ˸˧ˮ˪ˣ ˢˠ˴ˢ˪ . ˫˧˦˯˵ˬ ˣ˞ ˫˧ˮˣ˷ ˸ˣˬˣ˵ˬˬ ˫˧ˮˣ˸ˮˢ ˸˞ˣˣ˷ˢ˟ˣ ˫˪˷ ˫ˣ˧ ˸˩˶ˣ˞ ˢˠ˪˲ˢ ˪˩

˸ˣˡ˧ˡˬˢ ˭˧˟ ˭ˬˤˢ ˷˶˲ˢ ˸˞ ˶ˣ˩ˤ˪ ˷˧ ˫˧ˮˣ˷.  

] ˨˪ˢˬ˟ ˯ˮ˩˸ˢ˷ ˫˧ˮ˰ˡˬ ˪˷ ˢ˟˧˷˥ ˸ˣˣ˴ ˸˴˪ˬˢ ˧˲ ˪˰2008 ) ˫˧˵˯ˣ˰ˢ ˫˧ˮ˰ˡˬ ˸ˣ˥ˣˬ ˶ˣ˰˧˯

˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟ ˸ˣ˧ˬ˧ˢ ˸ˣˡ˧ˡˬˢ ˞˷ˣˮ˟ ˢ˧˲˶ˠˣˮ˧˧˵ˣ˞˟˶ˣ , ˷ˡˣ˥˟ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˡ˧ ˪˰ ˢ˯ˮˣ˩ ˶˷˞

 ˶˞ˣˮ˧2008 ˳˶˞ˢ ˶ˣˡ˩ ˧˰ˡˬ˪ ˭ˣ˩ˬ˟ ,˫˧˪˷ˣ˶˧ ˸˧˶˟˰ˢ ˢ˦˧˯˶˟˧ˮˣ˞ˢ , ˪˷ ˪ˢˮˬˢ ˡ˰ˣˣˢ ˸˴˪ˬˢ ˸ˣ˟˵˰˟

ˣˡ ˪˰  ˫˧ˮˣ˧ˡˢ ˸˰˟ ˸˧ˮ˩˸ˢ" ˶ˣ˦˧ˮˢ ˥2007 ( ˫ˣˠ˧ˡˢ ˸ˮ˥˸ ˪˰ ˶˸ˣˣ˪ ˦˪˥ˣˢOS ï  ˥ˣ˸˲ ˫˧ ˸ˮ˥˸ï  ˭ˣˣ˧˩ˬ

 ˢ˲˧˯ˣˬ ˢˮ˧˞ ˣˤ ˢˮ˥˸˷ ˢ˧ˢ ˢ˞˶ˮ˷˧ˮˣ˧˥ ˰ˡ˧ˬ .ˣˤ ˢˮ˥˸˟ ˫˧ˬ ˫˧ˬˠˣˡ ˭˧˞ ˤ˞ˬ , ˸ˡˣˬ˰ ˪˧˲ˣ˶˲ ˡˡˬˮ ˫˪ˣ˞

ˢ ˸ˣ˰˴ˬ˞˟ ˫˧ˬˢ-CTD.[ 

 

˫˧˲ˣ˥ˢ ˧ˬ ˵˶˲˟ ˸ˣ˦˶ˣ˲ˬ ˭ˮ˧˞˷ ˸ˣˡ˧ˡˬ ˪˷ ˢˡ˧ˡˬˢ ˸ˣ˦˧˷ ˭˪ˢ˪: 

˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧ )Primary Productivity (ï  ˸˶˞ˣˬˢ ˢ˟˩˷ˢ ˧ˬ)100 ˫˧ˮˣ˧˪˰ˢ ˫˧˶˦ˬˢ(  ˫˧ˬˠˡˮ

 ˧ˮ˲ˬ ˭˧˵˯˧ˮ ˧˵ˣ˟˵˟ ˸ˣ˰˴ˬ˞˟ ˫˧˵ˬˣ˰ˢˬˣ ˫˧ˢ20 ,40 ,60 ,80 x-100 ˫˧˶˦ˬ ,ˢ˩˷˥ˢ ˸ˣ˰˷˟ . ˢ˶˧˯˟

˶ˣ˞˪ ˫˧ˬˣ˦˞ ˫˧˪˩˧ˬ˪ ˫˧ˬˢ ˫˧˶˟˰ˣˬ x ˢˡ˟˰ˬ˟˯ˮ˩ˣˬ  ˪˩˧ˬ ˪˩˪ ˧˟˧˦˵˞ˣ˧ˡ˶ ˭ˬ˥˲ ˪˷ ˸ˣ˧˟˧˦˵˞˟

0.04  ˧˶˧˵ˣ˶˵˧ˬ 
14

Cˬ˪"˫˧ˬ ˪ . ˥˲ˮ˟ ˢ˶ˠˡˢ ˧˵ˣ˟˵˟ ˢ˰˟˶˞˪ ˫˧˵˪ˣ˥ˬ ˵ˬˣ˰ ˪˩ˬ ˫˧ˬˢ250 ˬ" ˪ +

˟ ˸ˣ˧˟˧˦˵˞ˢ ˸ˡ˧ˡˬ˪ ˢˬˠˣˡ ˫˧ˬ"˯˲˞ ˭ˬˤ˟." 

˫˧˪ ˸ˣ˶ˤ˥ˣˬ ˸ˣˮˬˣ˯ˬˢ ˫˧ˬˢ ˸ˣ˞ˬˠˣˡ ˢ˶ˠˡˢ ˧˵ˣ˟˵˟˟  ˨˷ˬ˪24  ˨˩ ˱ˣ˴ˬˬ ˸ˣ˧ˣ˪˸ ˭ˢ˷˩ ˸ˣ˰˷

ˢ˥˵˪ˮ ˣˮˬˬ ˵ˬˣ˰˟ ˢ˧ˣ˴ˬ ˢˬˠˣˡ ˪˩˷ .˶ˣ˞˪ ˫ˣ˦˞ ˡ˥˞ ˢ˶ˠˡˢ ˵ˣ˟˵˟ ˣˮ˷˧ ˵ˬˣ˰ ˪˩˟ )dark( , ˢ˷ˣ˪˷ˣ

˸˧˦˦ˮ˧˯ˣ˦ˣ˲ˢ ˸ˣˮ˶˴˧ˢ ˸ˡ˧ˡˬ˪ ˫˧˲ˣ˵˷ ˫˧˵ˣ˟˵˟. 

ˢˡ˟˰ˬ˪ ˸ˣ˶ˤ˥ˣˬ ˸ˣ˞ˬˠˣˡˢ ˪˸˶˥ˬ, ˟ˢ ˸ˣ˰˷ˢ˩˷˥,  ˫˧ˮˮˣ˯ˬ ˢ˶ˠˡˢ ˵ˣ˟˵˟ ˪˩ˬˣ50 ˬ" ˪˰ ˫˧ˬ ˪

 ˶˦˪˧˲ ˧˟ˠ)NC-45 .( ˫˧˶˦˪˧˲ˢ ˸ˣ˥˩ˣˮ˟ ˶ˣ˦˵˧˯ˡ˟ ˫˧˷˟ˣ˧ˬ ˨˷ˬ˪ ˸˧˶ˣ˪˩ ˢ˴ˬˣ˥ ˧ˡ˞24 ˸ˣ˰˷ 

˥˞ˣ"ˢ˧˴˪˧˦ˮ˧˯ ˢˮˣˬ˟ ˫˧˞˶˵ˮ ˩ . ˸˞˧˶˵˪ ˫˧ˬ ˸ˬˠˣˡ ˢ˶ˠˡˢ ˵ˣ˟˵˟ ˪˩ˬ ˸˥˵˪ˮ ˫˧˶˦˪˧˲˪ ˱˯ˣˮ˟
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 ˫˧ˬ˟ ˸˧˪˪˩ˢ ˸ˣ˧˟˧˦˵˞ˣ˧ˡ˶ˢ)added activity, AA (ˢ˧˴˪˧˦ˮ˧˯ˢ ˢˮˣˬ˟ . 

 ˸ˮ˷˟2011 ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬ˟ ˢ˧˴˪˧˦ˮ˧˯ˢ ˡˬ ˱˪˥ˣˢ , ˶˧˷˩ˬˢ ˧ˡ˧ ˪˰ ˰˟˵ˮ ˢ˞˧˶˵ˢ ˨˷ˬˣ

˸ˣ˟˵ˣ˰ ˸ˣ˞˧˶˵ ˧˸˷ ˭˧˟ ˧ˣˮ˧˷ˢ ˪˰ ˨ˬ˸˯ˢ˟ . ˸˞ ˫˧˞˸ˢ˪ˣ ˟ˣ˷˧˥ˢ ˸˥˯ˣˮ ˸˞ ˸ˣˮ˷˪ ˦˪˥ˣˢ ˨˩˪ ˱˯ˣˮ˟

˸˰˩ ˸ˣˡˡˬˮˢ ˸ˣ˞˴ˣ˸˪ ˸ˣˬˡˣ˵ˢ ˫˧ˮ˷ˢ ˭ˬ ˸ˣ˞˴ˣ˸ˢ .˧˷ ˸˦ˢˣ˷˧˥ ˟ ˸˧˥˩ˣˮˢ˸˩ˬ˸˯ˬ  ˶˲˯ˬ ˪˰

 ˢ˵ˡ˟ ˸ˣ˞˧˶˵ˢ(cpm)  ˢ˵ˡ˪ ˨˶˰ˣˬˢ ˸ˣ˧ˣ˵˶˲˸ˢˢ ˶˲˯ˬ ˪˰ ˫ˣ˵ˬ˟)(dpm  ˪ˣ˧˩ˬ ˰ˮˬ˧ˢ˪ ˧ˡ˩ ˸˞ˤˣ

˸ˣ˞˴ˣ˸ˢ ˸ˣˮ˧ˬ˞˟ ˰ˠˣ˲˷ ˶˸˧ . 

ˢˮˣˬ˟ ˸ˣ˞˧˶˵ˢ ˶˲˯ˬ )cpm( ˷ˬ˷ˬ  ˵ˣ˟˵˟ ˪˩˟ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ˢ ˧ˡ˧ ˪˰ ˭ˬ˥˲ˢ ˸˦˧˪˵ ˟ˣ˷˧˥˪

ˢ˞˟ˢ ˢ˥˯ˣˮˢ ˧˲˪ ˢ˶ˠˡˢ: 
[mgC/m

3
/day]={(CPM(sample)-CPM(dark)) *25008} /{Volume(filtered)*(CPM(AA)/Volume(AA))} 

ˣˤ ˢ˥˯ˣˮ˟: 

CPM(sample)- ˢ˶ˠˡˢˢ ˧˵ˣ˟˵˟ˬ ˫˧ˬ ˣˮˮˣ˯ ˣ˧˪˰ ˶˦˪˧˲ˢ ˪˷ ˸ˣ˧˟˧˦˵˞ˢ 

CPM(dark)- ˵ˬˣ˰ ˣ˸ˣ˞ˬ ˨˷˥ˣˬ ˵ˣ˟˵˟˟ ˢ˶ˠˡˢˢˬ ˶˦˪˧˲ˢ ˪˷ ˸ˣ˧˟˧˦˵˞ˢ 

CPM(AA)- ˡˢˢ ˵ˣ˟˵˟ˬ ˫˧ˬ˟ ˸˧˪˪˩ˢ ˸ˣ˧˟˧˦˵˞ˢˢ˶ˠ 

Volume(filtered)- ˢ˶ˠˡˢˢ ˵ˣ˟˵˟ˬ ˫˧ˬˢ ˥˲ˮ ,˶˦˪˧˲ˢ ˧˟ˠ ˪˰ ˭ˮˣ˯ ˶˷˞ )50ml( 

Volume(AA)-  ˢ˶ˠˡˢˢ ˵ˣ˟˵˟˟ ˸ˣ˧˟˧˦˵˞ˢ ˸˵ˡ˟ˮ ˣ˟ ˫˧ˬˢ ˥˲ˮ) ˟ˣ˶˪250ml( 

 ˶˲˯ˬˢ25008  ˭ˡˬˣ˞ ˢˣˣˢˬˤˣ˩˧˶˪ ˭ˬ˥˲ˢ )ˬ"˟˵ˣ˰ˬ ˶˦ˬ˪ ˠ(  ˧ˬ˟˫˧. 

 

˧˵˧˵˪˥ ˭ˬ˥˲ )POC (ï  ˫˧ˬˢ ˸ˡˣˬ˰ˬ ˸ˣ˞ˬˠˣˡ˲˯˞ˮ˸ˣ ˵˟˟˭˧˵˯˧ˮ ˧˵ˣ˟ ˢ˦ˤˣ˶ˢˬ ˮˮˣ˯ˬˣ˸ˣ  ˨˶ˡ

 ˸˷˶200µm ˬ˪˧ ˥˲ˮ˟ ˫˧˪˩6 ˫˧˶˦˧˪ . ˫˧˶˦˪˧˲ ˧˟ˠ ˪˰ ˫˧ˬˢ ˫˧ˮˮˣ˯ˬ ˢˠ˪˲ˢˢ ˸˶˥ˬ˪GF/F  ˶˷˞

 ˪˷ ˢ˶ˣ˦˶˲ˬ˦˟ ˡ˰ˣˬ ˡˣ˰˟ˬ ˣˬˬˣ˥450 ˸ˣ˥˲˪ ˸ˣ˰˷ ˰˟˶˞ ˨˷ˬ˪ ˸ˣ˪˰ˬ ,˭ˬ˥˲ˬ ˫˧˧˵ˮ ˣ˧ˢ˧˷ ˸ˮˬ ˪˰ .

˶ˣ˦˶˲ˬ˦˟ ˷˟ˣ˧ˬˣ ˧˶˦˲ ˸˥˪˴˟ ˶ˬ˷ˮ ˶˦˪˧˲ ˪˩ ˭ˣˮ˧˯ˢ ˶˥˞˪ ˪˷ ˢ60  ˨˷ˬ˪ ˸ˣ˪˰ˬ24 ˸ˣ˥˲˪ ˸ˣ˰˷ .

ˢˤ˧˪ˮ˞˪ ˡ˰ ˷˟˧ ˫ˣ˵ˬ˟ ˫˧ˮ˯˥ˣ˞ˬ ˫˧˷˟˧ˢ ˫˧˶˦˪˧˲ˢ. 

ˡ˧ˡˬ˫˧˶˦˪˧˲˟ ˭ˬ˥˲ˢ ˸˪ˣ˩˸ ˸  ˶˧˷˩ˬ˟ ˸˧˷˰ˮTotal Organic Carbon analyzer  ˸˶˟˥ ˪˷

Shimadzu Instruments,  ˢˢˣ˟ˠ ˢ˶ˣ˦˶˲ˬ˦˟ ˭˴ˬˣ˥ˬ ˢˬˠˣˡ˟ ˧ˣ˴ˬˢ ˭ˬ˥˲ˢ ˣ˟)900-980 ˸ˣ˪˰ˬ (

ˣˡ ˭ˬ˥˲ ˸˶˧˴˧˪- ˧ˮ˴ˬ˥)CO2( .ˣˡˢ ˭ˬ˥˲ˢ- ˧ˮ˴ˬ˥ ˭˴ˬ˥ ˧ˡ˧ ˪˰ ˞˷˧ˮ  ˧˞˪ˠ˪IR  ˣ˥˦˧˷ ˶˷˞ ˸ˣ˞ ˶˴ˣ˧ˣ

˭ˬ˥˲ˢ ˸ˣˬ˩˪ ˧˪ˮˣ˴˶ˣ˲ˣ˶˲ .ˢ˰ˣˡ˧ ˸ˣˬ˩˟ ˭ˬ˥˲ ˫˧˪˧˩ˬˢ ˫˧˶˩ˣ˯ ˫˧˷ˬ˷ˬ ˪ˣ˧˩ ˨˶ˣ˴˪. 

˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˧˞˸ ˸˶˧˲˯: ˶˧˲˯˸ ˧˞˸ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˫˧˵ˡ˧˧˥ˣ ˫˧˲ˣ˶˦ˣ˶˦ˢ ˸˰˴˟˸ˬ ˶˧˷˩ˬ˟Becton 

Dickinson LSRII flow cytometer  ,ˡ˧ˣ˴ˬ ˫ˠˣˡ˟ ˪˰˟ ˢ˵ˣ˲˸ ˢˢˣ˟ˠ )high throughput sampler( ,

ˢ ˸ˡ˧˥˧˟-flow-cytometry ˭ˣ˧ˮ˩˦˟ ˢ˯ˡˮˢˢˣ ˫˧˧˥ˢ ˧˰ˡˬ ˪˷ ˸ˣ˧˸˷˸ ˸˵˪˥ˬ˟ ,ˡ ˪˷ ˢ˪ˣˢ˧ˮ˟" ˸˶˲˞ ˶

˵˶˟. ˧˞˸ ˧˲˭ˣ˦˵ˮ˪˲ˣ˦ ˣˡˡˬˮ ˸ˣ˞ˬˠˣˡ˟ ˫˧ˬ ˪˷ 250ml ˡ˥˧ ˫˰ 1.0mm ˫˧ˤˣ˶˥ ˫˧˦˦ˮ˧˯ ˫˧˶˧˰ˤ 

)synthetic beads.( ˧˞˸ ˫˧˵ˡ˧˧˥ ˣˡˡˬˮ ˸ˣ˞ˬˠˣˡ˟ ˫˧ˬ ˪˷ 150ml ˶˷˞ ˣ˰˟˴ˮ ˰˟˴˟ ˸ˣ˴ˬˣ˥˪ ˭˧˰˶ˠ 

)SYBER green(. ˡ˶˲ˮ˟ ˞˸ ˪˩˟ ˸˰ˠˣ˲ˢ ˶ˤ˧˧˪ ˭˶˵ ˪ˣˬ ˸˧˶˞ˮ˧ˬ˪ ˢˬ˧˶ˤ˟ ˸˶˟ˣ˰ ˫˧ˬˢ ˸ˬˠˣˡ ,

˸˶˟˷ˮ ,ˣ˸˶ˣ˴ˣ ˞˸ˢ ˪ˡˣˠ ˪˰ ˰ˡ˧ˬ ˫˧˵˲˯ˬˢ ˫˧ˮ˷˧˧˥  ˧ˡ˧ ˪˰ ˸˦˪˵ˮˣ , ˫˧ˮ˧˧˲˞ˬˢ ˪ˠ ˧˩˶ˣ˞˟ ˢ˰˧˪˟ ˭˩ˣ

ˣ˪˩ˣ˞ˣˤˬ ˣˤ ˢˮˣ˷ ˢ˧˴˦ˮˬˠ˧˲ ˸ˣ˪˰˟ ˸ˣ˧˯. ˫˧˦ˣ˧˶˵ˣ˞˞ ˫˧˞˸ ˫˧˶˲˯ˮ ˶ˣ˦˧ˮˢ ˸˧ˮ˩ˣ˸˟ , ˫˧˵ˡ˧˧˥

˫˧˲ˣ˶˦ˣ˶˦ˢ , ˫˧ˮ˧ˬˢˬ ˢ˧˶˦˵˟ˣˮ˞˧˴ˣSynechococcus x- Prochlorococcus. 

˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˫˧ˮˣ˧˪˰ˢ ˫˧˶˦ˬ ˢ˞ˬ˟ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ ˧ˤˣ˩˧˶ ˶ˣ˦˧ˮ :˸ˣˬ˧ˠˡ  ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ˸ˣ˲˯˞ˮ 

˧˟ ˢ˶˧˯ ˨ˣ˸ˬ ˷ˡˣ˥˪ ˸˥˞˵ˣˬ˰ˢ ˫ . ˪˷ ˧˪ˬ˧ˮ˧ˬ ˫˧ˬ ˵ˬˣ˰ ˪˰ˬ300  ˸˷˶ ˸˶˧˶ˠ˟ ˫˧˪˧˥˸ˬ ˫˧˶˦ˬ

 ˢ˪ˣ˲˩ ˭ˣ˦˵ˮ˪˲) ˸˶ˠ˯ˬ˪ ˸˶˟ˣ˥ˬ"Bongo (" ˪˷ ˶ˣ˥ ˪ˡˣˠ˟200mm . ˪˷ ˵ˬˣ˰˪ ˸ˡ˶ˣˬ ˸˷˶ˢ100 

˦ˣ˧˷ ˧ˡ˩ ˨ˣ˸ ˢ˪˰ˣˬˣ ˫˧˶˦ˬ , ˪˷ ˵ˬˣ˰˪ ˡ˰ ˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˰ˣ˴˧ˬ ˢ˷˰ˮ˷ ˨˩100 ˶˦ˬ . ˸˶ˠ˯ˬ˪

 ˸ˣˬ˩ ˸˞ ˡˡˣˬˢ ˱˦˷ ˡˬ ˸˶˟ˣ˥ˬ ˸ˣ˧ˣˬ˩ ˸˞ ˶˧ˬˢ˪ ˢ˧ˢ˧ ˭˸˧ˮ˷ ˧ˡ˩˟ ˸˷˶ˢ ˨˶ˡ ˸˶˟ˣ˰ˢ ˫˧ˬˢ

˥˲ˮ ˸ˡ˧˥˧˟ ˤˣ˩˧˶˪ ˸ˣ˲˯˞ˮˢ ˭ˣ˦˵ˮ˪˲ˢ . ˰˯ˬ ˪˩˟ˢˬ˧ˠˡ ˢ˶˧˶ˠˢ ˪˰ ˸ˣ˶ˤ˥ ˷ˣ˪˷ ˸ˣ˷˰ˮ. 

 ˫˧˪ˡˠ˟ ˸ˣˬ˧ˠˡ ˸˸˪ ˢˮˣ˪ˣ˵ ˸ˣ˰˴ˬ˞˟ ˸ˣˬ˧ˠˡˢ ˸ˣ˵˪ˣ˥ˬ ˢˡ˟˰ˬ˟200mm, 500mm, 1000mm . ˪˩

 ˶˦˪˧˲ ˧˟ˠ ˪˰ ˸ˮˮˣ˯ˬ ˢˬ˧ˠˡ ˸˸GF/F ˶ˬ ˶˟˰ ˶˷˞ ˪˷ ˢ˶ˣ˦˶˲ˬ˦˟ ˢ˲˧˶˷ ˷˞450 °C , ˶˦˪˧˲ ˪˩ ˤ˞ˣ

 ˢ˶ˣ˦˶˲ˬ˦˟ ˷ˣ˟˧˧ ˶ˣˮ˸˟ ˷˟ˣ˧ˬ60°C ˫˧ˬ˧ ˢ˷ˣ˪˷ ˨˷ˬ˪ . ˶˟˰ˣˬ ˤ˞ˣ ˶˦˪˧˲ ˪˩ ˪˵˷ˮ ˷ˣ˟˧˧ˢ ˶˥˞˪

˲ˬ˦˟ ˢ˲˧˶˷˪ ' 450 °C  ˨˷ˬ˪4 ˸ˣ˰˷ . ˡˡˬ ˢˣˣˢˬ ˢ˲˧˶˷ˢ ˧˶˥˞ˣ ˧ˮ˲˪ ˶˦˪˧˲ˢ ˪˷ ˫˧˪˵˷ˬˢ ˷˶˲ˢ

 ˢ˯ˬˣ˧˟˪)ash-free dry weight.( 

˪ ˱˯ˣˮ ˢˮ˷ˢ˦ˮˬ˧ˡ˯ ˸ˣˡˣ˩˪ˬ ˸ˣ˰˴ˬ˞˟ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˧˵˧˵˪˥ ˶ˬˣ˥ ˶˥˞ ˟˵˰ˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ .

ˡ ˵˶˲˟ ˫˧ˮˣ˸ˮ ˫˧ˮˣ˷˞˶ˢ ˫˧˞˴ˬˬˢˣ ˢˡˣ˟˰ˢ ˸ˣ˦˧˷.4. 
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.l1 .˧˧˪˵˧˯˧˲ ˫˧ˡˡˬ ˫:ˣ˥˧˪ˬˣ ˢ˶ˣ˦˶˲ˬ˦ ˸

 

ˢ˶ˣ˦˶˲ˬ˦ ˪˷ ˫˧˲˧˴˶ ˫˧˪˧˲ˣ˶˲ , ˶˧˷˩ˬ ˧ˡ˧ ˪˰ ˫˧ˡˡˬˮ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˢ˧˴ˮ˯˶ˣ˞ˣ˪˲ˣ ˸ˣ˥˧˪ˬ

CTD ˧ˮˢ ˸ˣˠ˪˲ˢ˟ ˶ˣ˦˸ˣ˧˷ˡˣ˥ˢ . ˫˧ˬˢ ˸ˡˣˬ˰ ˢˮ˟ˬ˟ ˧˸ˮˣ˰ˢ ˧ˣˮ˧˷ˢ ˸˞ ˫˧˞˶ˬ ˢ˪˞ ˫˧ˮˣ˸ˮ˟ ˢ˧˴ˣ˪ˣˤ˶

ˢˢˣ˟ˠ ,˱˶ˣ˥ˢ˷ ˪˩˩ ˟ˣ˟˶˰ˢ ˸ˣ˥˸˲˸ˢ ˶˥˞ ˟ˣ˵˰˪ ˭˸˧ˮ ˫˸˶ˤ˰˟ˣ ˫ˡ˵˸ˬ , ˪˷ ˟˩ˣ˷ˬˢ ˢˮ˟ˬˢ ˸˶ˤ˥ˣ

˳˧˵˟ˣ ˟˧˟˞˟ ˸ˣˬˬ˥˸ˢˢ ˫˰ ˫˧ˬˢ ˸ˡˣˬ˰ . ˫˧ˡˡˬ ˪˷ ˸˧ˮ˦˶˲ ˢ˶˧˵˯ ˧ˡ˧ ˪˰ ˭˸˧ˮ ˶˸ˣ˧ ˥ˣˣ˦ ˨ˣ˶˞ ˦˟ˬ

ˮ˷˟ ˢ˪˞ ˢ˦ˤˣ˶ˢ ˪˰˷ ˫˧ˬˢ ˸ˬ˧ˠˡ ˧˵ˣ˟˵˟ ˸˶˧ˠ˯ ˸˰˟ ˣˬ˷˶ˮ˷ ˧˲˩ ˸ˣˮˣ˶˥˞ˢ ˫˧)rosette ( ˢ˧˪˞

ˢ ˶˧˷˩ˬ ˶˟ˣ˥ˬ-CTD . ˸ˣ˥˧˪ˬˢ ˸ˣˡ˧ˡˬ˟ ˷ˣˬ˧˷ ˪˪˩ ˨˶ˡ˟ ˢ˷˰ˮ ˫˧ˮ˷ˢ ˭˧˟ ˣˤ ˢ˞ˣˣ˷ˢ ˨˶ˣ˴˪

˫˧ˬˢ ˸ˣ˞ˬˠˣˡ ˪˰ ˢˡ˟˰ˬ˟ ˸ˣ˷˰ˮ˷ ˸ˣ˧ˮ˦˶˲ˢ. 

ˢ ˶˧˷˩ˬ-CTD  ˭˶˴˧˧ˢ ˸ˣ˞˶ˣˢ ˧˲ ˪˰ ˢ˶˟˥˟ ˪˧ˣ˩ˬ .˭ˣ˶˥˞ˢ ˪ˣ˧˩ˢ  ˶˟ˣ˦˵ˣ˞˟ ˢ˷˰ˮ2015. 

 ˢˮ˥˸˪ ˸˥˞ ˢˠ˪˲ˢ ˢ˰˴˟˸ˢ ˢˮ˷ˢB ,˭ˡ˶˧˟˷ ˢ˟˵˰˟ ˶˵˥ˬˢ ˸ˮ˥˸ˬ ˫˧ˮ˰ˡˬ ˫˰ ˱ˣ˸˧˷˟ , ˷ˡˣ˥˟

˦˯ˣˠˣ˞. 

 

] ˸ˮ˷˟2008 ,ˢ ˶˧˷˩ˬ ˥˪˷ˮ-CTD ˪ˣ˧˩ˣ ˪ˣ˲˧˦˪ ,˧˞ˬ ˫˧˷ˡˣ˥ˢ ˸ˣˠ˪˲ˢ˟ˣ-˧ˮˣ˧- ˧˪ˣ˧2008  ˢ˷˰ˮ

 ˪˷ ˵ˬˣ˰ ˠˣ˶˧ˡ ˣ˪ ˶˷˞ ˧˲ˣ˪˥ ˶˧˷˩ˬ˟ ˷ˣˬ˧˷600 ˡ˟˪˟ ˫˧˶˦ˬ .˸ˣˡ˧ˡˬ  ˨˩˧˲˪ ˸ˣ˪˟ˠˣˬ ˢ˪˞ ˫˧˷ˡˣ˥

˭ˢˣ ˢˤ ˵ˬˣ˰˪ ,˪ ˫ˣˠ˧ˡˢ ˵ˬˣ˰ ˰˧ˠˢ ˞˪ ˭ˢ˟ ˸ˣ˶˥˞ ˸ˣˡ˧ˡˬ ˣˬ˩- 700 ˬ ' ˢˮ˥˸˟A , ˸˩˶˰ˢ˟ ˸ˣ˪ˣ˪˩ ˭ˮ˧˞

˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˦ˮ˧˧˶˦ˣˮ ˪˷ ˫˧˶ˠ˞ˬˢ ˪ˡˣˠ.[  

 

 

ˢ˶ˣ˦˶˲ˬ˦ 

ˢˮ˷ˢ ˫ˠ ˡˣˡ˶ ˢ˧ˢ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ,-˩300  ˫˧˶˦ˬ)ˡ ˶ˣ˧˞1 .( ˢ˩ˣˬˮˢ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦

˧˟ ˳˶ˬ ˷ˡˣ˥˟ ˢˡˡˬˮ ˶˸ˣ21.58 ˸ˣ˪˰ˬ ,˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ ˨ˣˬˮ ˢ˪˰ˬˢ ˸ˣ˧˶˧˷˰ ˧˸˷˩ . ˵ˬˣ˰ˢ ˧ˬ˟

 ˢ˶ˣ˦˶˲ˬ˦ˢ ˢ˸˧ˢ21.08 ˸ˣ˪˰ˬ . ˢˮ˥˸˟ ˫˧ˢ ˧ˮ˲˟ ˢˡˡˬˮ ˶˷˞ ˸˧˟˶ˬˢ ˢ˶ˣ˦˶˲ˬ˦ˢA  ˢ˸˧ˢ27.26 

˦˯ˣˠˣ˞ ˷ˡˣ˥˟ ˸ˣ˪˰ˬ ,˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ ˶˸ˣ˧ ˨ˣˬˮ ˦˰ˬ . ˧˰˴ˬ˞ ˨˶˰ ˸˪˰˟ ˢˮ˷ˢ ˳˧˵ˢ ˸˶ˣ˦˶˲ˬ˦

˧˟ ˭°C 28.2  ˸ˮ˷˟2012 ˪- °C 26.85 ˟-2011.  ˪˷ ˢˤ˪ ˢˬˣˡ ˢˮ˷ˢ ˧˸ˮˣ˰ˢ ˶ˣˤ˥ˬˢ ˢ˧ˢ ˪˩ˢ ˨˯˟ˣ

˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ,˷ ˶˥˞˪ ˪˷ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ2012. 

ˢ˪˰ˬ˪ˬ ˫˧ˬˢ ˶ˣ˶˧˵ ˟˵˰ ˱˶ˣ˥ˢ ˸ˮˣ˰˟ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ,ˢ˶˲˯ˣˬ˦˞ˢ ˫˰ ˰ˠˬ˟ , ˫˶ˣˠ ˞ˣˢ

˳˶˲ˬ˟ ˸˧ˠˣ˪ˣ˵˞ˢ ˸˩˶˰ˬˢ ˪˷ ˢ˵˧ˬ˞ˮ˧ˡ˟ ˧ˤ˩˶ˬ. 
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˧˞ˡ ˶ˣ1 :ˢˡˡˬˮ˷ ˧˲˩ ˫˧ˬˢ ˸ˡˣˬ˰ ˸˶ˣ˦˶˲ˬ˦ ˢ ˶˧˷˩ˬ˟-CTD ˸ˣ˧˷ˡˣ˥ˢ ˶ˣ˦˧ˮˢ ˸ˣˠ˪˲ˢ˟ . ˢˮ˥˸B  ˞˧ˢ

˶˸ˣ˧˟ ˢ˵ˣˬ˰ˢˣ ˸˧ˬˣ˶ˡˢ )<800 ˬ'( , ˢˮ˥˸A ˪˞˶˷˧ ˪˷ ˫˧ˬˢ ˪ˣ˟ˠ˟ ˸˞˴ˬˮ/˭ˡ˶˧/ ˪˷ ˵ˬˣ˰˟ ˫˧˶˴ˬ

ˬ ˢ˪˰ˬ˪-700 ˫˧˶˦ˬ , ˢˮ˥˸ˣFF ˩ ˪˷ ˵ˬˣ˰˟ ˧ˮˣ˲˴ˢ ˱ˣ˥˟-50 ˫˧˶˦ˬ . 

Figure D1: Temperature profiles measured using a CTD during the monthly monitoring 

cruises. Station B is the southernmost and deepest (>800m), Station A is on the 

Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms station is 

close to the northern shore of the Gulf at ca. 50 meters depth.  
 

˟ˣ˟˶˰ˢ ˧˶ˣˤ˥ˬ˪ ˫˶ˣˠˢ ˞ˣˢ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˫˧ˬˢ ˶ˣ˶˧˵-˫˧˥ˣ˸˲ˢ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˧ˮ˧˧˲ˣ˞ˢ ˟ˣ˩˷ .

˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˪˩˟ ˟˦˧ˢ ˸˶˩˧ˮ ˣˤ ˸ˣ˧˶ˣˤ˥ˬ ,˧ˮ˷ˢ ˶˷˞˩ ˫ ˫ˠ ˨˩ˣ ˫˧ˢ ˧ˮ˲ ˪˷ ˶ˣ˶˧˵ˢ ˸ˡ˧ˬ˟ ˸ˣ˪ˡ˟ˮ

˟ˣ˟˶˰ˢ ˵ˬˣ˰˟ .˟ˣ˩˷ˢ ˸˪˧˥˸ˣ ˟ˣ˟˶˰ˢ ˫ˣ˧˯ ,˸˞ˤ ˸ˬˣ˰˪ , ˫˧ˬ˥ ˫˧ˬ ˸˶˧ˡ˥ ˧ˡ˧ ˪˰ ˢ˞˶ˮˢ ˪˩˩ ˫˶ˠˮ

 ˫ˣ˶ˡˬ ˶˸ˣ˧)Biton & Gildor, 2011 .(ˡˣˡ˶ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ˟ˣ˷ ˢˮ˷ˢ ,-˩ 300 ˬ' . ˨˩˟

 ˸ˮ˷ ˪˷ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˶˥˞˪ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˭˷ˡ ˧˶ˬˣ˥ ˸˶˧˟˴ ˸˩˷ˬˮ2012 )ˡ ˶ˣ˧˞2 .( ˸ˣˮ˷˟

ˬ˰ ˟ˣ˟˶˰ ˪˷ ˫˪˷ ˶ˣˤ˥ˬ˪ ˫˧ˡ˰ ˣˮ˧˧ˢ ˶ˣ˦˧ˮˢ ˫˧ˮ˷˟ ˵ˣ2007 x-2008 ,ˡˣˡ˶ ˟ˣ˟˶˰ ˪˷ ˫˧ˮ˷ ˷ˣ˪˷ ,

 ˫˧ˮ˷˟2009-11 , ˸ˮ˷˟ ˵ˣˬ˰ ˟ˣ˟˶˰ ˟ˣ˷ˣ2012 .ˬ ˵ˣˬ˰ ˣˮ˧˞ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ˤ˞ˬ-300 ˫˧˶˦ˬ. 

˶˸ˣ˧ ˨ˣ˶˞ ˥ˣˣ˦˪ ˦˟ˬ˟ , ˸ˮ˷ ˤ˞ˬ2000 )ˣ˶˲ ˸˶ˠ˯ˬ˟ ˣ˲˯˞ˮ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸˪ ˫˧ˬˡˣ˵ˢ ˫˧ˮˣ˸ˮ ˦˵˧

"˪˷ˢ ˵˶˞˲˫ˣ" ˲ˣ˶˲ˢ ˪˷ ˫˸ˣ˟˧ˡ˞˟ ˫˧˞˟ˣˬˣ ' ˧.˲ˣ˶˲ˣ ˤ˶˞ ' ˟.˶ˤ˪( , ˫˧˲˧˯ˣˬ ˵ˬˣ˰ˢ ˧ˬ˷ ˢ˞˶ˮ

 ˸ˮ˷˟ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˶˥˞˪ ˫ˠ ˫ˬ˥˸ˢ˪2012 )ˡ ˶ˣ˧˞3 .( ˸ˬˠˬ ˸˞ ˵ˤ˥ˬ ˢˮ˷ˢ ˪˷ ˡˣˡ˶ˢ ˟ˣ˟˶˰ˢ

ˣˤ ˢˮ˷˟ ˟ˣ˟˶˰ˢ ˰˧ˠˢ ˞˪ ˫ˢ˧˪˞ ˫˧˵ˬˣ˰˟ ˸ˡ˰ˣ˸ˬ ˶˷˞ ˫ˣˬ˧˥ˢ . 

]ˢ ˶˧˷˩ˬ˟˷ ˢ˶ˣ˦˶˲ˬ˦ˢ ˭˷˧˧˥ ˵ˣ˧ˡ-CTD 0.001 ˢ˪˰ˬ , ˡ˰ ˪˷ ˢ˧˧˦˯ ˫˰0.002 ˢˮ˷˟ ˸ˣ˪˰ˬ .

˦˧ˮˢ ˸˧ˮ˩˸ ˷ˣˬ˧˷˟˷ ˶˧˷˩ˬˢˣ˞˟ ˪˧˧ˣ˩ ˶ˣ ˦˯ˣˠ2013  ˶˟ˣ˦˵ˣ˞˟ ˢˮˣ˶˥˞˪ˣ2015.[ 
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 ˶ˣ˧˞ˡ2 : ˧˧ˣˮ˧˷ ˢˮ˥˸˟ ˢ˶ˣ˦˶˲ˬ˦A  ˶˞ˣˮ˧ ˤ˞ˬ2004. ˢˡ˧ˡˬˢ ˵ˬˣ˰ ˸˞ ˸ˣˠ˴˧˧ˬ ˸ˣ˶ˣ˥˷ˢ ˸ˣˡˣ˵ˮˢ . 

Figure D2: Changes in water temperature at Station A since 2004. Black dots represent 

the sampling depths.  

 

 
 ˶ˣ˧˞3l : ˧˧ˣˮ˧˷ˢ˶ˣ˦˶˲ˬ˦  ˵ˬˣ˰ˢ ˧ˬ˟) ˫˧˵ˬˣ˰˟400  ˡ˰700˫˧˶˦ˬ(  ˢˮ˥˸˟A  ˶˞ˣˮ˧ ˤ˞ˬ2000 . ˫˧ˮˣ˸ˮ
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˶ˤ˪. 

Figure D3: Changes in water temperature at depth (400m to 700m) at Station A since 

2000. Data from the years 2000-2002 were collected during the Peace Park Project and are 

provided courtesy of  prof. J. Erez and prof. B. Lazar. 
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Figure D4: Salinity profiles measured during the monthly monitoring cruises. Station B 

is the southernmost and deepest (>800m),  Station A is the southern station on the 
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Israeli/ Jordanian/ Egyptian border at ca. 700 meters depth, and the Fish Farms station 

is the close to the northern shore of the Gulf at ca. 50 meters depth.   

 

 
 ˶ˣ˧˞5l :˸ˣ˥˧˪ˬ ˧˧ˣˮ˧˷  ˢˮ˥˸˟A  ˶˞ˣˮ˧ ˤ˞ˬ2004 .ˢˡ˧ˡˬˢ ˵ˬˣ˰ ˸˞ ˸ˣˠ˴˧˧ˬ ˸ˣ˶ˣ˥˷ˢ ˸ˣˡˣ˵ˮˢ . 

Figure D5: Changes in salinity at Station A since 2004. Black dots represent the 

sampling depths.  
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ˡ ˶ˣ˧˞6 :˯ˬˣˬ ˭˴ˬ˥ ˧ˤˣ˩˧˶ ˸ˣ˧˷ˡˣ˥ˢ ˶ˣ˦˧ˮˢ ˸ˣˠ˪˲ˢ˟ ˣˡˡˬˮ˷ ˧˲˩ ˫˧ˬˢ ˸ˡˣˬ˰˟.  ˢˮ˥˸B  ˸˧ˬˣ˶ˡˢ ˞˧ˢ

˶˸ˣ˧˟ ˢ˵ˣˬ˰ˢˣ )<800 ˬ'( , ˢˮ˥˸A ˪˞˶˷˧ ˪˷ ˫˧ˬˢ ˪ˣ˟ˠ˟ ˸˞˴ˬˮ/˭ˡ˶˧/ˬ ˢ˪˰ˬ˪ ˪˷ ˵ˬˣ˰˟ ˫˧˶˴ˬ-700 

˶˦ˬ˫˧ , ˢˮ˥˸ˣFF ˩ ˪˷ ˵ˬˣ˰˟ ˧ˮˣ˲˴ˢ ˱ˣ˥˟-50 ˫˧˶˦ˬ.  

Figure D6: Dissolved oxygen concentration profiles measured during the monthly 

monitoring cruises. Station B is the southernmost and deepest (>800m), Station A is on 

the Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms 

station is close to the northern shore of the Gulf at ca. 50 meters depth.  
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 ˶ˣ˧˞ˡ7 :˫˧ˬˢ ˸ˡˣˬ˰˟ ˯ˬˣˬˢ ˭˴ˬ˥ˢ ˤˣ˩˧˶˟ ˫˧˧ˣˮ˧˷  ˢˮ˥˸˟A  ˶˞ˣˮ˧ ˤ˞ˬ2004 . ˸ˣ˶ˣ˥˷ˢ ˸ˣˡˣ˵ˮˢ

ˢˡ˧ˡˬˢ ˵ˬˣ˰ ˸˞ ˸ˣˠ˴˧˧ˬ . 

Figure D7: Changes in concentrations of dissolved oxygen in the water column at 

Station A since 2004. Black dots represent the sampling depths.  

 

 ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸ˮ˷ ˤ˞ˬ2007  ˸ˡˣˬ˰˟ ˯ˬˣˬˢ ˭˴ˬ˥ ˪˷ ˸˰˴ˣˬˬˢ ˸˧˸ˮ˷ˢ ˸ˣˬ˩˟ ˢˡ˧˶˧ ˢ˞˴ˬˮ

˟ ˨˞ ˫˧ˬˢ-2012 ,˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸ˣ˟˵˰˟ ,ˬˢ ˭˴ˬ˥ˢ ˸ˣˬ˩ ˢ˸˪˰ ˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˨˶˰˪ ˯ˬˣ

˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟ . ˸ˮ˷ ˪˷ ˢˣ˟ˠˢ ˨˶˰ˢˬ ˢˡ˶˧ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˯ˬˣˬˢ ˭˴ˬ˥ˢ ˸ˣˬ˩2012 , ˫˪ˣ˞

 ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˫˧ˬ˟ ˯ˬˣˬˢ ˭˴ˬ˥ˢ ˸ˣ˧ˣˬ˩˟ ˢˡ˧˶˧ˢˣ ˧˸ˣˢˬ ˭˲ˣ˞˟ ˢ˸ˮ˸˷ˢ ˞˪ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟

 ˫˧ˬˡˣ˵ ˵ˣˬ˰ ˟ˣ˟˶˰ ˧˰ˣ˶˧˞ ˶˥˞˪˷ ˣˤ˪ ˢ˞ˣˣ˷ˢ˟ ˢˮ˦˵) ˶ˣ˧˞8l .( 
 

Dissolved Oxygen[mmol/liter]

D
e
p

th
 [
m

]



 

111 

 

 

 

 
 ˶ˣ˧˞8l :˫˧ˬˢ ˸ˡˣˬ˰˟ ˯ˬˣˬˢ ˭˴ˬ˥ˢ ˶ˠ˞ˬ˟ ˫˧˧ˣˮ˧˷  ˢˮ˥˸˟A  ˶˞ˣˮ˧ ˤ˞ˬ2004 .ˢ˪˰ˬ˪ : ˸ˣˡ˧ˡˬ

˸ˣ˧˷ˡˣ˥ ,ˢ˦ˬ˪ :˧˸ˮ˷ ˰˴ˣˬˬ 

Figure D8: Changes in the dissolved oxygen inventory in the water column at Station A 

since 2004. Top: monthly inventories, Bottom: annual average 

 

 ˫˧ˮ˷ˢ ˭˧˟ ˭˴ˬ˥ˢ ˤˣ˩˧˶ ˡ˶˧ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟2000 x- 2007 . ˫˧ˮ˷˟ ˵ˣˬ˰ ˟ˣ˟˶˰ ˪˷ ˫˧˧˸ˮ˷

2007-8 ˫˧˵ˬˣ˰ˢ ˪˩˟ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶ ˸˞ ˣ˪˰ˢ , ˶˞ˣ˶˟˲˟ ˧˟˶ˬ ˨˶˰˪2008 , ˫˧ˮ˷˟ˣ2009-2011 

˭˴ˬ˥ˢ ˧ˤˣ˩˧˶ ˪˷ ˸˷ˡˣ˥ˬ ˢˡ˧˶˧ ˢ˪˥ˢ ,˵ˣˬ˰ ˟ˣ˟˶˰ ˶ˡ˰ˢ˟ . ˸ˮ˷˟ ˵ˣˬ˰ ˟ˣ˟˶˰2012 ˬ ˢ˪˰ˢ ˸˞ ˷ˡ˥

 ˪˷ ˢ˪˞˪ ˫˧ˬˣˡ ˫˧˩˶˰˪ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˭˴ˬ˥ˢ ˤˣ˩˧˶2007-8 , ˸ˣ˟˵˰˟ ˡˡˬˮ˷ ˢˬˬ ˫˧˩ˣˬˮ ˦˰ˬˣ

 ˸ˮ˷˟ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ2000 .ˢˮ˷ˢ , ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶ ˡˣˡ˶ ˟ˣ˟˶˰ ˪˷ ˫˧ˮ˷ ˷ˣ˪˷ ˶˥˞˪

 ˸ˮ˷ ˪˷ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˶˥˞˪ ˫˧ˮ˷ ˷ˣ˪˷ ˣ˧ˢ˷ˬ ˫˧ˢˣ˟ˠ2008 )ˡ ˶ˣ˧˞9 .( 
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 ˶ˣ˧˞ˡ9 :ˣˮ˧˷ ˫˧˵ˬ˰˟ ˯ˬˣˬˢ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶˟ ˫˧˧400  ˡ˰700 ˫˧˶˦ˬ  ˢˮ˥˸˟A  ˸ˮ˷ ˤ˞ˬ2000 . 

Figure D9: Changes in dissolved oxygen concentrations in 400m to 700m water depth at 

Station A, since 2000.  

 

 ˢ˟ˠˢ ˨˶˰)˫˧ˬˢ ˸ˣ˧˴ˬˣ˥ ˸ˬ˶ ,pH( 

 ˢ˟ˠˢ ˨˶˰)pH ( ˸˪˵˯˟ ˡˡˬˮ ˭˪ˢ˪ ˥ˣˣˡˬˢpHNBS   ˪˷ ˢ˶ˡˠˢˢ ˧˲˪Millero et al. (1993)    :

pHNBS = -log {H
+
} . ˦ˣ˶˧˲ ˣ˞˶ ˫˧˦˶˲˪"˸ˣ˦˧˷ "ˢ˪˰ˬ˪ ˫˧˲ˣ˥ˢ ˧ˬ ˵˶˲˟. 

 

]˸˶ˣ˩ˤ˸ : ˶ˣ˦˧ˮˢ ˸ˮ˷ ˨˪ˢˬ˟2006 ˢ ˧˩˶˰ ˪˷ ˢ˧˧˦ˢ ˢ˞˴ˬˮ-pH  ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˶˟˰˪ ˫˧ˡˡˬˮˢ

˧ˡˬ ,˪ˣ˧˩ˢ ˸ˣ˯˧ˬ˸ ˸ˣˮ˷˧˧˸ˢ ˟˵˰. ˸ ˨˧˶˞˸ ˢˢˣˤ ˣ˩˪ˢˬ˟ ˶˷˞ ˶ˣ˶˧˟ ˨˶˰ˮ ˢ˧˰˟ˢ ˸˪˧˥) ˶˟ˣ˦˵ˣ˞

2003(, xˣˡ˟ ˣˮˤ˶˩ˢ ˨˩˧˲˪" ˥2007 ˢ ˸ˣˡ˧ˡˬ ˪˷ ˭˸ˣ˪˧˟˵ ˧˞ ˪˰-pH  ˸ˣ˯˧ˬ˸ˢ ˸˲˪˥ˢ˪ ˡ˰ˣ ˨˧˶˞˸ ˣ˸ˣ˞ˬ

 ˶˟ˬ˟ˣˮ˟ ˢ˧˰˟ˢ ˭ˣ˵˧˸ˣ ˸ˣ˧˸˧˧˰˟ˢ2006.[ 

 

ˢ ˧˩˶˰-pH  ˸ˬ˶ ˫ˠ ˸˰˲˷ˣˬ ˭˩ ˪˰ˣ ˫˧ˡˣˡ˶ˢ ˫˧ˬ˟ ˶˷˞ˬ ˶˸ˣ˧ ˫˧˩ˣˬˮ ˪˪˩ ˨˶ˡ˟ ˵ˬˣ˰ˢ ˧ˬ˟

ˤ˥ˬˬ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˸ˣ˧˴ˬˣ˥ˢ˟ˣ˟˶˰ˢ ˶ˣ-˟ˣ˩˷ ˧˸ˮˣ˰ˢ . ˢ˟ˠˢ ˨˶˰ ˪˷ ˪˧˲ˣ˶˲ˢ ˢˮ˟ˬ)pH ( ˸ˡˣˬ˰˟

ˢˬˣˡ ˫˧ˬˢ ,˟ˣ˶˪ ,ˢˬ˧˷ˮˢˣ ˢˤ˸ˮ˧˯ˣ˦ˣ˲ˢ ˧˟˴˵˟ ˫˧˧ˣ˪˸ ˫˧ˮ˸˷ˬˢ ˧ˮ˷˷ ˭ˣˣ˧˩ˬ ˯ˬˣˬˢ ˭˴ˬ˥ˢ ˪˷ ˢˤ˪ . 

 ˧˩˶˰pH ˶˟ˬ˦˲˯ ˫˧˷ˡ˥˟ ˢˮ˷ˢ ˣˡˡˬˮ ˫˧ˢˣ˟ˠˢ-˶˟ˬ˟ˣˮ ,˩ ˡ˰ ˪˷ ˫˧˵ˬˣ˰˟- 100 ˬ ') ˶ˣ˧˞

ˡ10 .( ˡˡˬˮ ˶˷˞ ˧˟˶ˬˢ ˨˶˰ˢ ˢˮ˥˸˟ ˢˮ˷ˢA  ˢ˧ˢ8.204 , ˫˧ˠˡˢ ˧˟ˣ˪˩ ˸ˮ˥˸˟ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˣ˪˧˞ˣ

 ˡˡˬˮpH  ˪˷ ˧˟˶ˬ8.213 . 

ˡˣˡ˶ ˟ˣ˟˶˰ˢ ˭ˢ˟ ˫˧ˮ˷˟ ˡ˶ˣ˧ˣ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ˬ ˢ˞˴ˣ˸˩ ˢ˪ˣ˰ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˢ˟ˠˢ ˨˶˰ .

˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷ˢ ˪˷ ˢ˪˞˪ ˫˧ˬˣˡ ˫˧ˮˣ˧˪˰ˢ ˫˧ˬ˟ ˢ˟ˠˢ ˧˩˶˰ ˢˮ˷ˢ ˣ˧ˢ ˧˪˪˩ ˭˲ˣ˞˟ , ˫˧˩ˣˬˮ ˭˧˧ˡ˰ ˨˞

 ˸ˮ˷˪ ˢ˞ˣˣ˷ˢ˟2012  ˪˷ ˧˟˶ˬ ˨˶˰ ˡˡˬˮ ˢ˟8.229  ˦˯ˣˠˣ˞ ˷ˡˣ˥˟ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˸ˮ˥˸˟)ˡ ˶ˣ˧˞11 .(

 ˭ˣ˶˥˞ˢ ˫˧ˡˣˡ˶ˢ ˫˧˟ˣ˟˶˰ˢ ˶ˣˤ˥ˬ˟ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˢ˟ˠˢ ˨˶˰˟ ˫˧˧ˣˮ˧˷ˢ˷ ˸ˣ˞˶˪ ˭˸˧ˮ ˭˞˩ ˫ˠ) ˸ˮ˷ ˤ˞ˬ

2012 (˫ˡˣ˵ˢ ˶ˣˤ˥ˬ˟ ˣˡˡˬˮ˷ ˫˧˧ˣˮ˧˷ˢˬ ˫˧ˮ˦˵. 
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ˡ ˶ˣ˧˞10 :˧˩˶˰ ˸ˣ˧˴ˬˣ˥ ˸ˬ˶ ˡˣˬ˰˟˸ˣ˧˷ˡˣ˥ˢ ˶ˣ˦˧ˮˢ ˸ˣˠ˪˲ˢ˟ ˣˡˡˬˮ˷ ˧˲˩ ˫˧ˬˢ ˸.  ˢˮ˥˸B  ˞˧ˢ

˶˸ˣ˧˟ ˢ˵ˣˬ˰ˢˣ ˸˧ˬˣ˶ˡˢ )<800 ˬ'( , ˢˮ˥˸A ˪˞˶˷˧ ˪˷ ˫˧ˬˢ ˪ˣ˟ˠ˟ ˸˞˴ˬˮ/˭ˡ˶˧/ ˪˷ ˵ˬˣ˰˟ ˫˧˶˴ˬ

ˬ ˢ˪˰ˬ˪-700 ˫˧˶˦ˬ , ˢˮ˥˸ˣFF ˩ ˪˷ ˵ˬˣ˰˟ ˧ˮˣ˲˴ˢ ˱ˣ˥˟-50 ˫˧˶˦ˬ.  

Figure D10: Depth profiles of pH values measured during the monthly monitoring 

cruises. Station B is the southernmost and deepest (>800m), Station A is on the 

Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms station is 

close to the northern shore of the Gulf at ca. 50 meters depth.  
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ˡ ˶ˣ˧˞11 :˫˧˧ˣˮ˧˷ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˸ˣ˧˴ˬˣ˥ˢ ˸ˬ˶˟  ˢˮ˥˸˟A  ˶˟ˬ˟ˣˮ ˤ˞ˬ2006 . ˸ˣ˶ˣ˥˷ˢ ˸ˣˡˣ˵ˮˢ

ˢˡ˧ˡˬˢ ˵ˬˣ˰ ˸˞ ˸ˣˠ˴˧˧ˬ . 

Figure D11: Changes in pH in the water column at Station A since November 

2006. Black dots represent the sampling depths. 

 

˸ˣ˧ˮ˧˪˵˪˞ 

˧˪˵˪˞ˢ˫˧ˬ˟ ˸ˣ˷˪˥ˢ ˸ˣ˴ˬˣ˥ˢ ˤˣ˩˧˶˪ ˡˡˬ ˞˧ˢ ˸ˣ˧ˮ ,ˮˣ˟˶˵˧˟ˢˣ ˦ˮˣ˟˶˵ˢ ˧ˮˣ˧ ˤˣ˩˧˶˪ ˶˵˧˰˟ˣ ˦

)CO3
2-

 x- HCO3
-

 ˢˬ˞˸ˢ˟ .(ˡ˞ˬ ˭˦˵ ˸ˣ˧ˮ˧˪˵˪˞ˢ ˸ˣˡ˧ˡˬ˟ ˫˧˩˶˰ˢ ˥ˣˣ˦ ,˭ˢ ˫˧˧˸ˮˣ˰ˢ ˫˧˧ˣˮ˧˷˟  ˭ˢˣ

 ˫˧˵ˬˣ˰ˢ ˭˧˟)˶ˣ˧˞ l12 .(˳˧˵ˢ ˶˥˞˪ ˫˧ˬ˷˶ˮ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˸ˣ˧ˮ˧˪˵˪˞ ˪˷ ˸˧˯˥˧ ˫˧˩ˣˬˮ ˫˧˩˶˰ ,

˟ˣ˟˶˰ˢ ˧˷ˡˣ˥˟ ˶˸ˣ˧ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ˣ . ˶˷˞ˬ ˦˰ˬ ˢ˩ˣˬˮ ˫˧ˮˣ˧˪˰ˢ ˫˧ˬ˟ ˸ˣ˧ˮ˧˪˵˪˞ˢ ˳˧˵ˢ ˧˷ˡˣ˥˟

˫˧ˮˣ˸˥˸ˢ ˫˧ˬ˟ ,˶˸ˣ˧ ˦˰ˬ ˢˢˣ˟ˠ ˟˧˟˞ˢ ˧˷ˡˣ˥˟ˣ . ˢ˧ˢ ˢˮ˷ˢ ˡˡˬˮ˷ ˧˟˶ˬˢ ˨˶˰ˢ2.5177meq/kg ,

˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˪˷ ˢˤˬ ˦˰ˬ ˨ˣˬˮ . 
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ˡ ˶ˣ˧˞12 :˧˩˶˰ ˸ˣ˧ˮ˧˪˵˪˞ ˲ˢ˟ ˣˡˡˬˮ˷ ˧˲˩ ˫˧ˬˢ ˸ˡˣˬ˰˟˸ˣ˧˷ˡˣ˥ˢ ˶ˣ˦˧ˮˢ ˸ˣˠ˪.  ˢˮ˥˸B  ˸˧ˬˣ˶ˡˢ ˞˧ˢ

˶˸ˣ˧ ˢ˵ˣˬ˰ˢˣ )<800 ˬ' (ˣ ˢˮ˥˸A ˪˞˶˷˧ ˪˷ ˫˧ˬˢ ˪ˣ˟ˠ˟ ˸˞˴ˬˮ/˭ˡ˶˧/ˬ ˢ˪˰ˬ˪ ˪˷ ˵ˬˣ˰˟ ˫˧˶˴ˬ-700 

˫˧˶˦ˬ. 

Figure D12: Alkalinity  profiles measured during the monthly monitoring cruises. 

Station B is the southernmost and deepest (>800m) and Station A is on the 

Israeli/Jordanian/Egyptian border at ca. 700 meters depth. 

 

 

˟ˣ˟˶˰ˢ ˧˶ˣˤ˥ˬ ˧ˡ˧ ˪˰ ˵˶ ˫˧˰ˮˣˬ ˫ˮ˧˞ ˸ˣ˧ˮ˧˪˵˪˞˟ ˫˧˧ˣˮ˧˷ . ˫˧ˮ˷˟2004-2006  ˢˡˡˬˮ

˫˧ˬˢ ˸ˡˣˬ˰˟ ˢˢˣ˟ˠ ˸ˣ˧ˮ˧˪˵˪˞ ,˫˧ˮˣ˧˪˰ˢ ˫˧ˬ˟ ˦˶˲˟ˣ , ˸ˮ˷˟ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˶˥˞˪ˣ2007 ˡ˶˧ ˢ

˸ˡˡˬˮˢ ˸ˣ˧ˮ˧˪˵˪˞ˢ . ˫˧ˮ˷˟2012-2014 ˸˧˯˥˧ ˢˢˣ˟ˠ ˸ˣ˧ˮ˧˪˵˪˞ ˢˡˡˬˮ ˟ˣ˷ ,ˢˡ˧ˬ ˢ˸ˣ˞˟ ˞˪ ˧˩ ˫˞ ,

 ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧ˡˡˬˮˢ ˸ˣ˧ˮ˧˪˵˪˞ˢ ˧˩˶˰˟ ˢ˪˵ ˢˡ˧˶˧ ˢ˞˴ˬˮ ˢˮ˷ˢˣ)ˡ ˶ˣ˧˞13 .( 
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ˡ ˶ˣ˧˞31 :ˣˬ˰˟ ˸ˣ˧ˮ˧˪˵˪˞ ˧˧ˣˮ˧˷˫˧ˬˢ ˸ˡ  ˢˮ˥˸˟A  ˶˞ˣˮ˧ ˤ˞ˬ2004 . ˸˞ ˸ˣˠ˴˧˧ˬ ˸ˣ˶ˣ˥˷ˢ ˸ˣˡˣ˵ˮˢ

ˢˡ˧ˡˬˢ ˵ˬˣ˰ . 

Figure D13: Changes in alkalinity in the water column at Station A since 2004. Black 

dots represent the sampling depths.  

 

˦˧˶˦˧ˮ )
-

2NO ( ˦˞˶˦˧ˮˣ)
-

3NO( 

 ˧˦ˣ˲ˢ ˶ˣˤ˞˟ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˧ˡ˧ ˪˰ ˭ˢ ˨˶˴ˮ ˦˧˶˦˧ˮ)˶˞ˣˬˢ (˪˰ ˭ˢˣ-ˣ ˸ˣ˧˶˦˵˟ ˧ˡ˧ˢ˞˧˩˶˞ 

 ˫˧ˮ˴ˬ˥ˬˢ˫˧ˬˢ ˸ˡˣˬ˰ ˪˩˟ ˷˥˶˸ˬˢ ˢ˧˴˵˧˲˧˶˦˧ˮˢ ˨˧˪ˢ˸˟ ˦˞˶˦˧ˮ˪ ˣ˸ˣ˞ , ˦˧˶˦˧ˮˢ ˧ˤˣ˩˧˶ ˭˩ ˪˰ˣ

ˡ˞ˬ ˫˧˩ˣˬˮ ˫˧ˬ˟ .ˢ˧˴˵˧˲˧˶˦˧ˮˡ ˧ˡ˧ ˪˰ ˫ˠ ˶˴ˣˣ˧ˢ˪ ˪ˣ˩˧ ˦˧˶˦˧ˮ , ˫˧˵ˡ˧˧˥ ˧ˡ˧ ˪˰ ˦˞˶˦˧ˮ ˶ˣˤ˧˥

˫˧˟ˣ˶˧˞ˮ˞ ,˫˧ˮ˴ˬˣ˥ˬˢ ˳˶˲ˬˢ ˧ˬ˟ ˶˧˟˯ ˸ˣ˥˲ ˢˤ ˨˧˪ˢ˸ ˫˪ˣ˞ . ˸˷˥˶˸ˬ ˢ˧˴˵˧˲˧˶˦˧ˮˡ˷ ˭˩˸˧

˦ˮˬ˧ˡ˯˟. 

˱˶ˣ˥˟ ˟ˣ˟˶˰ˢ ˸˲ˣ˵˸˟ ˸˧˯˥˧ ˫˧ˢˣ˟ˠ ˦˧˶˦˧ˮˢ ˧ˤˣ˩˧˶ ,ˣˢ ˸˪˧˥˸ ˫˰˟ˣ˩˷ ˶˴ˣˮ  ˫˧˵ˬˣ˰ˢ ˭˧˟100 

-x300 ˬ ')˟˩˷˪ ˸˥˸ˬ˸˧˦ˣ˲ˢ ˢ (ˤ˞ ˶ˣ˦˧˶˦˧ˮˢ ˤˣ˩˧˶ ˣ˟ ˢˣ˟ˠ ˸˧˯˥˧. ˫˧˷˥˶˸ˬ ˢˤ ˶ˣˤ˞˟  ˵ˣ˶˲ ˧˩˧˪ˢ˸

ˢ˧ˮˣˬ˞ ˪˷ ˧˪˞˧˶˦˵˟ ˭ˣ˴ˬ˥ˣ ˧ˮ˞ˠ˶ˣ˞ ˶ˬˣ˥ .˸˟˴˧˧˸ˬ ˫˧ˬˢ ˸ˡˣˬ˰˷ ˪˩˩,  ˶ˠ˞ˬ˧˶˦˧ˮˢˢˤ ˶ˣˤ˞˟ ˦  ˭˦˵

ˣ˨˪ˣˢ )ˡ ˶ˣ˧˞14.( ˶˞ˣˮ˧ ˷ˡˣ˥˟ ˶˟˩ ˢˣ˟ˠˢ ˦˧˶˦˧ˮˢ ˤˣ˩˧˶ ˶˴ˣˮ ˢˮ˷ˢ , ˶˞ˣ˶˟˲ ˫˧˷ˡˣ˥˟ ˥˸˲˸ˢˣ

ˢˮˣ˧˪˰ˢ ˫˧ˬˢ ˸ˡˣˬ˰ ˪˩˟ ˢˣ˟ˠ ˤˣ˩˧˶ˢ ˢ˧ˢ ˤ˞ ˳˶ˬˣ ,˸˟˟˶ˣ˰ˬˢ . ˤˣ˩˧˶ ˡ˞ˬ ˭˦˵ ˶˟˩ ˪˧˶˲˞ ˷ˡˣ˥˟

 ˵ˬˣ˰˟ ˵˶ ˸˧˯˥˧ ˢˣ˟ˠ ˦˧˶˦˧ˮ ˤˣ˩˧˶ ˢ˧ˢ ˳˧˵ˢ ˧˷ˡˣ˥˟ˣ ˦˧˶˦˧ˮˢ120 ˧˶˦ˬ ˫. ˧˟˶ˬˢ ˦˧˶˦˧ˮˢ ˤˣ˩˧˶

 ˢˮ˥˸˟A ˶˞ˣˮ˧ ˷ˡˣ˥˟ ˢˮ˷ˢ ˡˡˬˮ ,0.43mmol/l, ˫˧˵ˬˣ˰˟140-180 ˫˧˶˦ˬ . ˪˷ ˢˤˬ ˨ˣˬˮ ˤˣ˩˧˶ ˣˢˤ

˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷ˢ , ˣˡˡˬˮ ˭ˢ˟0.48mmol/l x- 0.57mmol/l ,ˢˬ˞˸ˢ˟ .( 
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ˡ ˶ˣ˧˞41 :˧ˤˣ˩˧˶  ˦˧˶˦˧ˮ)NO2

-
 (˸ˣ˧˷ˡˣ˥ˢ ˶ˣ˦˧ˮˢ ˸ˣˠ˪˲ˢ˟ ˣˡˡˬˮ˷ ˧˲˩ ˫˧ˬˢ ˸ˡˣˬ˰˟. ˸ ˢˮ˥B  ˞˧ˢ

˶˸ˣ˧˟ ˢ˵ˣˬ˰ˢˣ ˸˧ˬˣ˶ˡˢ )<800 ˬ'( , ˢˮ˥˸A ˪˞˶˷˧ ˪˷ ˫˧ˬˢ ˪ˣ˟ˠ˟ ˸˞˴ˬˮ/˭ˡ˶˧/ ˪˷ ˵ˬˣ˰˟ ˫˧˶˴ˬ

ˬ ˢ˪˰ˬ˪-700 ˫˧˶˦ˬ , ˢˮ˥˸ˣFF ˩ ˪˷ ˵ˬˣ˰˟ ˧ˮˣ˲˴ˢ ˱ˣ˥˟-50 ˫˧˶˦ˬ.  

Figure D14: Nitrite  (NO2
-
) concentration profiles measured during the monthly 

monitoring cruises. Station B is the southernmost and deepest (>800m), Station A is on 

the Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms 

station is close to the northern shore of the Gulf at ca. 50 meters depth. 

 

ˠ˞ˬ ˪˷ ˧˶˵˧˰ˢ ˟˧˩˶ˬˢ ˞ˣˢ ˦˞˶˦˧ˮ ˶ ˭˵ˮ˥ˢ ˧ˮ˞ˠ˶ˣ˞ˮ˞ˢ˵ˬˣ˰ˢ ˧ˬ˟ ˭˴ˬˣ˥ˬˢ .˦˞˶˦˧ˮˢ  ˣˮ˧ˢ

 ˣ˸˪˧˥˸˷ ˢ˧˴˵˧˲˧˶˦˧ˮˢ ˨˧˪ˢ˸ ˪˷ ˧˲ˣ˯ˢ ˶˴ˣ˸ˢˢ˧ˮˣˬ˞ ˪˷ ˧˪˞˧˶˦˵˟ ˭ˣ˴ˬ˥  ˸ˣˬ˩˪ ˡˡˬ ˢˣˣˢˬ ˭˩ ˪˰ˣ

ˠ˶ˣ˞ˢ ˶ˬˣ˥ˢ ˫˧ˬ˟ ˢˬ˧˷ˮ ˧˩˧˪ˢ˸˟ ˵˶ˣ˲˷ ˧ˮ˫˧˵ˣˬ˰ˢ . ˥˦˷ˢ ˧ˬ ˪˷ ˢ˶˷˰ˢ˪ ˟ˣ˟˶˰ˢ ˫˶ˣˠ ˱˶ˣ˥˟

˵ˬˣ˰ˢˬ ˰˧ˠˬˢ ˦˞˶˦˧ˮ˟ .˧ˮˢ ˸˦˧˪˵ ˧ˤ˩˶ˬ ˫˶ˣˠ ˢˣˣˢˬ ˸˧˦ˣ˲ˢ ˢ˟˩˷˟ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˧ˡ˧ ˪˰ ˦˞˶˦

ˢ ˸˶˟ˠˢ˟ ˸ˣˮ˶˴˧ˢ ˸˧ˮˣ˷˞˶"˟˟˧˟˞ˢ ˸˥˧˶˲ ."ˢˢˣ˟ˠˢ ˣ˸˩˧˶˴ ˟˵˰ , ˨ˣˬˮ ˸˧˦ˣ˲ˢ ˢ˟˩˷˟ ˣˤˣ˩˧˶

˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˡˡˬˮˢ ˤˣ˩˧˶ˢˬ. ˟ˢ ˸˲ˣ˵˸˟ˣ˩˷ ˦˞˶˦˧ˮˢ ˤˣ˩˧˶ ˟˯˲˞˪ ˟ˣ˶˵ ˢˮˣ˧˪˰ˢ ˢ˟˩˷ , ˭ˬˤ˟ˣ

˟ˣ˟˶˰ˢ ,ˢ˪ˣ˰ ˣˤˣ˩˧˶ . 

ˢˮ˷ˢ ,ˬˣˡ˟˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷˪ ˢ , ˧ˮ˲˪ ˫˧˟˶ ˫˧˦ˮ˧˧˶˦ˣˮ ˢ˪˰ˢ ˞˪ ˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˡˣˡ˶ ˟ˣ˟˶˰

 ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˢ˪˰ ˞˪ˣ ˦˰ˬ˩ ˫˧ˡˣˡ˶ˢ ˫˧ˬ˟ ˦˞˶˦˧ˮˢ ˤˣ˩˧˶ˣ ˫˧ˢ) ˶ˣ˧˞ˡ15( . ˤˣ˩˧˶ ˢ˧ˢ ˳˶ˬ ˷ˡˣ˥˟

 ˫˧ˮˣ˧˪˰ˢ ˫˧ˬ˟ ˦˞˶˦˧ˮˢ0.5-0.6mmol/l , ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ ˶˷˞ˬ ˢˣ˟ˠ) ˧ˮ˲˟ ˡˡˬˮ ˸ˬˡˣ˵ˢ ˢˮ˷˟

˧˶ ˫˧ˢ ˪˷ ˧˟˶ˬ ˤˣ˩0.12mmol/l ˡ˟˪˟ .(ˢ˞ˣˣ˷ˢ ˫˷˪ , ˸ˮ˷˟ ˫˧ˢ ˧ˮ˲˟ ˧˟˶ˬˢ ˤˣ˩˧˶ˢ2012 , ˢ˧ˢ ˢ˟

˵ˣˬ˰ ˟ˣ˟˶˰ˢ ,˪ ˰˧ˠˢ- mmol/l2.158 ˳˶ˬ ˷ˡˣ˥˟ . 

 ˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˧˩˶˰ˬ ˦˰ˬ ˢˣ˟ˠ ˢˮ˷ˢ ˦˞˶˦˧ˮˢ ˤˣ˩˧˶ ˢ˧ˢ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ )5.5mmol/l x-

mmol/l5.4 ,ˢˬ˞˸ˢ˟ .( ˸ˮ˷˟2012  ˟˧˟˯ ˫˧ˤˣ˩˧˶ ˣˡˡˬˮmmol/l 4  ˸ˮ˷˟ˣ2011  ˦˞˶˦˧ˮˢ ˤˣ˩˧˶ ˰˧ˠˢ

˪ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟-mmol/l 5.9. 
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ˡ ˶ˣ˧˞15 :˧ˤˣ˩˧˶  ˦˞˶˦˧ˮ)NO3

-
 (˸ˣ˧˷ˡˣ˥ˢ ˶ˣ˦˧ˮˢ ˸ˣˠ˪˲ˢ˟ ˣˡˡˬˮ˷ ˧˲˩ ˫˧ˬˢ ˸ˡˣˬ˰˟.  ˢˮ˥˸B  ˞˧ˢ

˶˸ˣ˧˟ ˢ˵ˣˬ˰ˢˣ ˸˧ˬˣ˶ˡˢ )<800 ˬ'( , ˢˮ˥˸A ˪˞˶˷˧ ˪˷ ˫˧ˬˢ ˪ˣ˟ˠ˟ ˸˞˴ˬˮ/˭ˡ˶˧/ ˪˷ ˵ˬˣ˰˟ ˫˧˶˴ˬ

ˬ ˢ˪˰ˬ˪-700 ˦ˬ˫˧˶ , ˢˮ˥˸ˣFF ˩ ˪˷ ˵ˬˣ˰˟ ˧ˮˣ˲˴ˢ ˱ˣ˥˟-50 ˫˧˶˦ˬ.  

Figure D15: Nitrate (NO3
-
) concentration profiles measured during the monthly 

monitoring cruises. Station B is the southernmost and deepest (>800m), Station A is on 

the Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms 

station is close to the northern shore of the Gulf at ca. 50 meters depth. 

 

 ˫˧ˬˢ ˸ˡˣˬ˰˟ ˭˴ˬˣ˥ˬˢ ˭˵ˮ˥ˢ ˤˣ˩˧˶)Total Oxidized Nitrogen - TON ( ˣ˟˧˩˶ˬ ˤˣ˩˧˶˪ ˢˬˣˡ

˧˶˵˧˰ˢ ,˦˞˶˦˧ˮˢ . ˸ˮ˷ˬ2000 ,˵ˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ˢ˟ , ˧ˤˣ˩˧˶ ˣ˪˰˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˭˴ˬˣ˥ˬˢ ˭˵ˮ˥ˢ .

 ˱˶ˣ˥˟2004-5 ˩˪ ˡ˰ ˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˟ˣ˟˶˰ ˢ˧ˢ ˣ˟-600  ˵ˬˣ˰ˢ ˧ˬ˟ ˦˞˶˦˧ˮˢ ˧ˤˣ˩˧˶ ˦˰ˬ ˣˡ˶˧ ˶˦ˬ

˟ ˫˪ˣ˞-2006  ˸ˮ˷ ˪˷ ˢ˪˞˪ ˫˧ˬˣˡ ˫˧ˤˣ˩˧˶ ˣˡˡˬˮ2004 . ˵ˣˬ˰ ˟ˣ˟˶˰ ˪˷ ˫˧˧˸ˮ˷)2007-8 ( ˣˡ˧˶ˣˢ

˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˭˵ˮ˥ˢ ˧ˤˣ˩˧˶ ˸˞ ˸˧˸ˣ˰ˬ˷ˬ , ˶˞ˣ˶˟˲ ˤ˞ˬ ˨˞2008 ,˩ˬ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˭˵ˮ˥ˢ ˧ˤˣ˩˧˶- 

350 ˢ˧˧˪˰ ˸ˬˠˬ˟ ˣ˧ˢ ˫˧˶˦ˬ . ˸ˮ˷˟2012 ,˵ˣˬ˰ ˟ˣ˟˶˰ ˸ˣ˟˵˰˟ , ˭˵ˮ˥ˢˣ ˦˞˶˦˧ˮˢ ˧ˤˣ˩˧˶ ˣˡ˶˧

˸˶˩˧ˮ ˢˡ˧ˬ˟ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˪˪˩˟ ˭˴ˬˣ˥ˬˢ . ˸ˮ˷˟ ˟ˣ˩˷ˢ ˸˪˧˥˸ ˤ˞ˬ2012  ˫˧ˬ˟ ˭˵ˮ˥ˢ ˧ˤˣ˩˧˶

ˢ˧˪˰ ˸ˬˠˬ˟ ˫˧˞˴ˬˮ ˫˧˧ˮ˧˟ˢ ˧ˬ˟ˣ ˫˧˵ˣˬ˰ˢ ,˸˧˦˧˞ ˣˤ ˫˪ˣ˞  ˫˧˶ˣˤ˥ˬ˟ ˢ˞˶ˮ˷ ˢˬˬ ˸˶˩˧ˮ ˢˡ˧ˬ˟

˫˧ˬˡˣ˵ˢ . ˸ˮ˷ ˪˷ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˶˥˞˪ ˫˧ˮ˷ ˷ˣ˪˷2012  ˣ˧ˢ˷ˬ ˫˧˩ˣˬˮ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˭˵ˮ˥ˢ ˧ˤˣ˩˧˶

 ˸ˮ˷˟2011 , ˶˥˞˪ ˫˧ˮ˷ ˷ˣ˪˷ˢ ˸ˮ˷ ˪˷ ˵ˣˬ˰ˢ ˟ˣ˟˶˰2008 )˶ˣ˧˞ l16.( 

 ˫˧ˬˢ ˸ˡˣˬ˰˟ ˦˞˶˦˧ˮˢ ˶ˠ˞ˬ ˤ˞ˬ2004 ˟ ˞˴ˬˮˣ ˫˧ˤˣ˩˧˶ˢ ˪˷ ˣˤ˪ ˢˬˣˡ ˢˮˣˬ˸ ˢ˞˶ˬ ˢ˧˪˰ ˸ˬˠˬ

 ˸ˮ˷ ˤ˞ˬ2012 .ˢ ˸ˣˬ˩˦˞˶˦˧ˮ  ˸ˮ˷ ˤ˞ˬ ˢ˸˪˰ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˶ˣˠ˞ˢ2004 , ˟ˣ˟˶˰ˢ ˸ˣˮ˷˟2007-8 

ˢ˧˪˰ ˭˩ˬ ˶˥˞˪˷ ˫˧ˮ˷˟ˣ ˢˡ˧˶˧ ˢˡˡˬˮ . ˱˶ˣ˥˟2012 ˢ ˸ˣˬ˩˟ ˢˡ˧˶˧ ˢˬ˷˶ˮ ˟ˣ˷˦˞˶˦˧ˮ  ˫˧ˬˢ ˸ˡˣˬ˰˟

ˢ˧˪˰ ˢˬ˷˶ˮ ˵ˣ˶˧˲ˢ ˸ˣ˪˧˰˲ ˸ˣ˶˟ˠ˸ˢ ˟˵˰ ˭˩ˬ ˶˥˞˪˷ ˫˧˷ˡˣ˥˟ˣ .ˢˮ˷ˢ ,ˢ ˶ˠ˞ˬ˞˶˦˧ˮ ˦ ˨ˣˬˮ ˰˴ˣˬˬˢ

˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ ˦˰ˬ , ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ˣ)2014-15 ( ˶ˠ˞ˬ˦˞˶˦˧ˮˢ  ˨ˣˬˮ ˰˴ˣˬˬˢ ˧˸ˮ˷ˢ
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˧ˢ˷ˬ s˫ˡˣ˵ˢ ˟ˣ˟˶˰ˢ ˶ˣˤ˥ˬ˟ ˸ˣ˪˧˟˵ˬˢ ˫˧ˮ˷˟ ,2010-11 )ˡ ˶ˣ˧˞17(. 

 

 
ˡ ˶ˣ˧˞16 :˫˧˧ˣˮ˧˷  ˭˴ˬˣ˥ˬˢ ˭˵ˮ˥ˢ ˤˣ˩˧˶˟)TON= NO3+NO2( ˫˧ˬˢ ˸ˡˣˬ˰˟  ˢˮ˥˸˟A  ˶˞ˣˮ˧ ˤ˞ˬ

2004 .ˣˡˣ˵ˮˢˢˡ˧ˡˬˢ ˵ˬˣ˰ ˸˞ ˸ˣˠ˴˧˧ˬ ˸ˣ˶ˣ˥˷ˢ ˸ . 

Figure D16: Changes in the concentration of total oxidized nitrogen (TON= NO3+NO2) 

in the water column at Station A since 2004. Black dots represent the sampling depths.  
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ˡ ˶ˣ˧˞71 : ˦˞˶˦˧ˮˢ ˶ˠ˞ˬ˟ ˫˧˧ˣˮ˧˷)NO3( ˸ˡˣˬ˰˟  ˢˮ˥˸˟ ˫˧ˬˢA  ˶˞ˣˮ˧ ˤ˞ˬ2004 .ˢ˪˰ˬ˪ : ˸ˣˡ˧ˡˬ

˸ˣ˧˷ˡ˥ ,ˢ˦ˬ˪ :˧˸ˮ˷ ˰˴ˣˬˬ 

Figure D17: Changes in the nitrate (NO3) inventory in the water column at Station A 

since 2004. Top: monthly inventories, Bottom: annual average 

 

 ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˦˞˶˦˧ˮˢ ˤˣ˩˧˶ ˧˩ ˢ˞˶ˮ) ~700 ˶˦ˬ ( ˫˧ˮ˷˟ ˢˣ˟ˠ ˪˵˷ˬ ˧ˣˣ˧˷˪ ˰˧ˠˢ2003-

2007 , ˸ˮ˷ ˪˷ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˧˶˥˞2000 ,˫˧ˮ˦˵ ˣ˧ˢ ˣˤ ˢ˲ˣ˵˸˟ ˣ˟ ˫˧˧ˣˮ˧˷ˢˣ . ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰

˟ˣ˟˶˰ˢ ˰˧ˠˬ ˣ˧˪˞ ˵ˬˣ˰˟ ˦˞˶˦˧ˮˢ ˤˣ˩˧˶ ˸˞ ˡ˧˶ˣˬ ˱˶ˣ˥ˢ ˸˲ˣ˵˸˟ , ˢ˸˧ˢ ˫˧ˬˡˣ˵ ˫˧˩˶˰˪ ˢ˶ˤ˥ˢ ˫˪ˣ˞

ˢ˶˧ˢˬ . ˸ˮ˷˟ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ2007 ˬ˷ˬ ˡ˧˶ˣˢ ˵ˬˣ˰˟ ˦˞˶˦˧ˮˢ ˧ˤˣ˩˧˶ ˸˞ ˸˧˸ˣ˰) ˫ˣˬ˧ˮ˧ˬ ˨˶˰

˩ ˣˤ ˢ˲ˣ˵˸˟- 1.7mmol/l( ,˸˧˦˧˞ ˢ˸˧ˢ ˣ˧˶˥˞˷ ˢ˧˧˪˰ˢˣ . ˱ˣ˯˟2007  ˵ˬˣ˰˟ ˦˞˶˦˧ˮˢ ˤˣ˩˧˶700 

˩ ˢ˧ˢ ˫˧˶˦ˬ- 3.9mmol/l . ˱˶ˣ˥2008  ˤˣ˩˧˶ˢ ˸˞ ˡ˧˶ˣˢ ˟ˣ˷)˪- 2.16mmol/l( , ˱ˣ˯˟ˣ2008  ˢ˧ˢ

 ˵ˬˣ˰˟ ˤˣ˩˧˶ˢ700 ˩ ˫˧˶˦ˬ- 4mmol/l . ˷ˣ˪˷˟ ˫˧ˮ˷ˢ2009-2011  ˫˧ˬ˪ ˟ˣ˟˶˰ˢ ˰˧ˠˢ ˞˪ ˪˪˩

ˬ ˫˧˪ˣˡˠˢ ˫˧˵ˬˣ˰ˢ ˪˩˟ ˸ˣ˪˰˪ ˣ˲˧˯ˣˢ ˦˞˶˦˧ˮˢ ˧ˤˣ˩˧˶ˣ ˫˧˵ˣˬ˰ˢ- 400 ˫˧˶˦ˬ , ˫˧˩ˣˬˮ ˣ˶˸ˣˮ ˫˪ˣ˞

 ˸ˮ˷ ˧ˮ˲˪ ˪˷ ˫˧˩˶˰ˢˬ2007 . 

 ˸ˮ˷˟ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ2012  ˫˧˵ˬˣ˰ˢ ˪˩˟ ˫˧ˤˣ˩˧˶ˢ ˸˞ ˡ˧˶ˣˢ)2.16mmol/l  ˵ˬˣ˰˟700 ˬ '

 ˳˶ˬ˟2012 (˵ˮ˥ˢ ˤˣ˩˧˶ˣ ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˧˟˶ˬˢ ˭)2015 ( ˵ˬˣ˰˟700 ˬ ' ˪˰ ˡˬ˰5.47mmol/l .

ˢ˞ˣˣ˷ˢ ˫˷˪ , ˸ˮ˷˟ ˢˤ ˵ˬˣ˰˟ ˧˟˶ˬˢ ˤˣ˩˧˶ˢ2011  ˢ˧ˢ5.93mmol/l  ˸ˮ˷˟ˣ2006  ˪˷ ˤˣ˩˧˶ ˡˡˬˮ

7.09mmol/l )ˡ ˶ˣ˧˞18.( 
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ˡ ˶ˣ˧˞18:  ˫˧˵ˬ˰˟ ˦˞˶˦˧ˮˢ ˤˣ˩˧˶˟ ˫˧˧ˣˮ˧˷)400  ˡ˰700 ˶˦ˬ ( ˢˮ˥˸˟A  ˶˞ˣˮ˧ ˤ˞ˬ2000 .ˮˣ˸ˮ ˫˧

 ˦˵˧ˣ˶˲ ˸˶ˠ˯ˬ˟ ˣ˲˯˞ˮ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸˪ ˫˧ˬˡˣ˵ˢ"˫ˣ˪˷ˢ ˵˶˞˲ "˲ˣ˶˲ˢ ˪˷ ˫˸ˣ˟˧ˡ˞˟ ˫˧˞˟ˣˬˣ ' ˧. ˤ˶˞

˲ˣ˶˲ˢˣ ' ˟.˶ˤ˪ . 

Figure D18: Changes in nitrate concentration water depth of 400m to 700m at Station A 

since 2000. Data from the years 2000-2002 were collected during the Peace Park Project 

and are provided courtesy of Prof. J. Erez and Prof. B. Lazar. 

 

˦˲˯ˣ˲ 

˫˧˶˥˞ ˫˧˦ˮ˧˧˶˦ˣˮ˪ ˢˬˣˡ˟ , ˶˸ˣ˧ ˫˧ˢˣ˟ˠˣ ˫˧ˢ ˧ˮ˲ ˸˟˶˵˟ ˫˧˩ˣˬˮ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˦˲˯ˣ˲ˢ ˧ˤˣ˩˧˶

 ˵ˬˣ˰˟)ˡ ˶ˣ˧˞19 .( ˧ˮˠ˶ˣ˞ ˶ˬˣ˥ ˸˶˧˴˧ ˧˩˧˪ˢ˸˟ ˢ˪˞ ˫˧˶ˬˣ˥ ˫˧˩˶˴ˮ ˫˧ˡˣˡ˶ˢ ˫˧ˬ˟ ˫˧ˮ˶˴˧ˢ ˧ˡ˧ ˪˰

˫˧˧ˮˣ˷˞˶ˢ , ˤˣ˩˧˶ ˢ˪ˣ˰ ˵ˬˣ˰˟ ˫˵ˣ˶˧˲ˣ ˫˧ˡˣˡ˶ˢ ˫˧ˬˢˬ ˫˧ˮˠ˶ˣ˞ ˫˧˵˧˵˪˥ ˸˰˧˵˷ ˸ˣ˟˵˰˟ˣ

˫˧˦ˮ˧˧˶˦ˣˮˢ ,˦˲˯ˣ˲ˢ ˢˤ ˪˪˩˟ˣ ,˵ˬˣ˰ˢ ˫˰ . ˭˵ˮ˥ ˶ˣ˟˰ ˢ˞˶ˮˢ ˢˤ˪ ˢˬˣˡ ˦˲˯ˣ˲ˢ ˪˷ ˧˸ˮˣ˰ˢ ˶ˣˤ˥ˬˢ

˟ˣ˟˶˰ˢ ˸˰˟ ˫˧ˢ ˧ˮ˲˟ ˫˧ˤˣ˩˧˶ˢ ˸˧˧˪˰˟ ˭˧˧˲ˣ˞ˬˣ ,ˢ˟˶ˢ˟ ˨ˣˬˮ ˦˲˯ˣ˲ˢ ˤˣ˩˧˶ ˨˞  ˭˴ˬˣ˥ˬˢ ˭˵ˮ˥ˢ ˪˷ˬ

 ˯ˬˣˬˢ)TON , ˦˧˶˦˧ˮ +˦˶˦˧ˮ .( ˢˮ˥˸˟ ˫˧ˢ ˧ˮ˲˟ ˦˲˯ˣ˲ˢ ˤˣ˩˧˶ ˰˧ˠˢ ˢˮ˷ˢA  ˪˷ ˧˟˶ˬ ˨˶˰˪

0.070mmol/l , ˸ˮ˷ ˧˶˥˞ ˫˧ˢ ˧ˮ˲˟ ˣˡˡˬˮ˷ ˫˧˩˶˰˪ ˢˬˣˡ ˪˩ˢ ˨˯˟2012 . ˤˣ˩˧˶ ˢ˧ˢ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟

 ˟˧˟˯ ˦˲˯ˣ˲ˢmmol/l 0.29 ,ˡˡˬˮ˷ ˧˟˶ˬˢ ˨˶˰ˢˣ , ˢˮ˷ˢ ˱ˣ˯˟)˶˟ˬ˴ˡ (˟˯ ˢ˧ˢ  ˟˧ mmol/l0.31 ,

˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢˣ˟ˠ ˦˰ˬ . 

 ˸ˮ˷˟ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˧˰ˣ˶˧˞ ˸ˣ˟˵˰˟2007  ˸ˮ˷˟ ˟ˣ˷ ˨˩ ˶˥˞ˣ2008  ˦˲˯ˣ˲ˢ ˧ˤˣ˩˧˶ ˣˡ˶˧

˧˸ˣ˰ˬ˷ˬ ˭˲ˣ˞˟ ˫˧ˬˢ ˸ˡˣˬ˰˟ ,˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˦˲˯ˣ˲ˢ ˤˣ˩˧˶ ˢ˪˰ ˭˩ˬ ˶˥˞˪˷ ˫˧ˮ˷ˢ ˷ˣ˪˷˟ˣ . ˟ˣ˟˶˰ˢ

 ˸ˮ˷˟ ˵ˣˬ˰ˢ2012 ˢ ˧ˤˣ˩˧˶ ˸ˡ˧˶˧˪ ˞ˣˢ ˫ˠ ˫˶ˠ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˦˲˯ˣ˲ , ˧ˬ˟ ˦˲˯ˣ˲ˢ ˧ˤˣ˩˧˶ ˤ˞ˬˣ

 ˢˠ˶ˡˢ˟ ˫˧˪ˣ˰ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ˣ ˫˧˧ˮ˧˟ˢ) ˶ˣ˧˞ˡ20 .( ˧˩ ˭˧˥˟ˢ˪ ˭˸˧ˮ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˦˲˯ˣ˲ˢ ˧ˤˣ˩˧˶˟ ˫ˠ

˟ˣ˟˶˰ ˪˷ ˫˧ˮ˷ ˷ˣ˪˷  ˸ˮ˷ ˪˷ ˟ˣ˟˶˰ˢ ˶˥˞˪ ˡˣˡ˶2012 , ˣˡˡˬˮ˷ ˢ˪˞ˬ ˫˧˩ˣˬˮ ˦˲˯ˣ˲ˢ ˧ˤˣ˩˧˶

 ˫˧ˮ˷˟2004-6 x- 2009-11 . 
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 ˶ˣ˧˞ˡ19:  ˦˲˯ˣ˲ ˧ˤˣ˩˧˶)PO4

-3
 (˸ˣ˧˷ˡˣ˥ˢ ˶ˣ˦˧ˮˢ ˸ˣˠ˪˲ˢ˟ ˣˡˡˬˮ˷ ˧˲˩ ˫˧ˬˢ ˸ˡˣˬ˰˟.  ˢˮ˥˸B  ˞˧ˢ

˶˸ˣ˧˟ ˢ˵ˣˬ˰ˢˣ ˸˧ˬˣ˶ˡˢ )<800 ˬ'( , ˢˮ˥˸A ˪˞˶˷˧ ˪˷ ˫˧ˬˢ ˪ˣ˟ˠ˟ ˸˞˴ˬˮ/˭ˡ˶˧/ ˪˷ ˵ˬˣ˰˟ ˫˧˶˴ˬ

ˬ ˢ˪˰ˬ˪-700 ˫˧˶˦ˬ , ˢˮ˥˸ˣFF ˩ ˪˷ ˵ˬˣ˰˟ ˧ˮˣ˲˴ˢ ˱ˣ˥˟-50 ˫˧˶˦ˬ.  

Figure D19: Phosphate (PO4
-3
) concentration profiles measured during the monthly 

monitoring cruises. Station B is the southernmost and deepest (>800m), Station A is on 

the Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms 

station is close to the northern shore of the Gulf at ca. 50 meters depth. 
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ˣ˧˞ˡ ˶20 : ˢˮ˥˸˟ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˦˲˯ˣ˲ˢ ˤˣ˩˧˶˟ ˫˧˧ˣˮ˧˷A  ˶˞ˣˮ˧ ˤ˞ˬ2004 . ˸ˣˠ˴˧˧ˬ ˸ˣ˶ˣ˥˷ˢ ˸ˣˡˣ˵ˮˢ

ˢˡ˧ˡˬˢ ˵ˬˣ˰ ˸˞ . 

Figure D20: Changes in the concentration of phosphate in the water column at Station A 

since 2004. Black dots represent the sampling depths. 

 

 

 

 ˸ˮ˷˟2007  ˸ˮ˷ˬ ˪˥ˢ ˫˪ˣ˞ ˫˧ˬ˟ ˯ˬˣˬˢ ˦˲˯ˣ˲ˢ ˶ˠ˞ˬ ˫˴ˬ˦˴ˢ2008 ˢˮ˟ˮˣ ˟˷ . ˱˶ˣ˥˟2012 

ˡ˞ˬ ˢˡ˶˧ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˦˲˯ˣ˲ˢ ˸ˣˬ˩ ,˟ˣ˷ ˢ˸˪˰ ˳˧˵˟ ˫˪ˣ˞ .˦˞˶˦˧ˮ˪ ˢˬˣˡ˟ , ˸ˣ˧˷ˡˣ˥ˢ ˸ˣˡˣˮ˸ˢ

˸ˣˮ˦˵ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˦˲˯ˣ˲ˢ ˶ˠ˞ˬ˟ ,˸˧˯˥˧ ,˧ˮ˷ˢ ˷ˣ˪˷˟ ˸ˣˮˣ˶˥˞ˢ ˫)ˡ ˶ˣ˧˞21 .( ˦˲˯ˣ˲ˢ ˸ˣˬ˩

 ˫˧ˮ˷˪ ˸˟˷ˣ˥ˬˢ ˣˤˬ ˢ˩ˣˬˮˣ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˢˬˣˡ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˸˯ˬˣˬˢ ˸˰˴ˣˬˬˢ ˸˧˸ˮ˷ˢ2010-

11 , ˸ˮ˷ ˪˷ ˟ˣ˟˶˰ˢ ˧ˮ˲˪2012. 
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ˡ ˶ˣ˧˞21 : ˢˮ˥˸˟ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˦˲˯ˣ˲ˢ ˶ˠ˞ˬ˟ ˫˧˧ˣˮ˧˷A  ˶˞ˣˮ˧ ˤ˞ˬ2004 .ˢ˪˰ˬ˪ :˸ˣ˧˷ˡ˥ ˸ˣˡ˧ˡˬ ,

ˢ˦ˬ˪ : ˰˴ˣˬˬ˧˸ˮ˷ 

Figure D21: Changes in the phosphate inventory in the water column at Station A since 

2004. Top: monthly inventories, Bottom: annual average 

 

ˢ˵˧˪˧˯ 

 ˢˮ˥˸˟ ˫˧ˢ ˧ˮ˲˟ ˢ˵˧˪˧˯ˢ ˧ˤˣ˩˧˶A  ˫˧˩ˣˬˮ ˣ˧ˢ)mmol/l0.20-0.60 ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢˬˣˡ˟ ( ˨˷ˬ˟

ˢ˷ ˭ˣˣ˧˩ˬ ˢˮ˷ˢ ˪˩ ˢ˪ˣˡˠ ˢ˵˧˪˧˯ ˸ˣˬ˩ ˵ˬˣ˰ˢ ˭ˬ ˢ˪˰ˢ ˞˪ ˡˣˡ˶ˢ ˟ˣ˟˶˰)ˡ ˶ˣ˧˞22 .( ˸ˮ˷˟2012 

 ˪˷ ˢ˵˧˪˧˯ ˤˣ˩˧˶ ˫˧ˢ ˧ˮ˲˟ ˡˡˬˮmmol/l1.293 . ˨˶˰ˬ ˢˮ˷ˢ ˨˷ˬ˟ ˢ˵˧˪˧˯ˢ ˧ˤˣ˩˧˶ ˣ˪˰ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟

 ˪˷ ˧˪ˬ˧ˮ˧ˬmmol/l2.65 ˪ ˶˞ˣˮ˧˟- mmol/l3.02 ˶˟ˬ˟ˣˮ˟ . 

 ˶˞ˣˮ˧˟2012   ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˢ˵˧˪˧˯ˢ ˤˣ˩˧˶ ˢ˧ˢmmol/l 3.267  ˳˶ˬ˟ˣ2012 , ˟ˣ˟˶˰ˢ ˶˥˞˪

˪ ˡ˶˧ ˵ˣˬ˰ˢ- mmol/l 1.274 . 

 ˫˧ˢ ˸˧˰˵˶˵˪ ˨ˣˬ˯˟ ˢ˵˧˪˧˯ˢ ˧ˤˣ˩˧˶ ˸˧˧˪˰)ˡ ˶ˣ˧˞22 (ˬˢ˰˧˟˴  ˢ˵˧˪˧˯ ˶ˣ˵ˬ ˪˰˟˦ˮˬ˧ˡ˯ , ˸˯ˬˢ

˭ˣ˦˵ˮ˪˲ ˪˷ ˫˧˦˵˧˪˧˯ ˫˧ˡ˪˷ ˣ˞ ˧˸˷˟˧ ˞˴ˣˬˬ ˢ˵˧˪˧˯ , ˸ˣ˧ˮ˶ˣ˴ ˸ˣ˴˞ ˶˵˧˰˟]diatoms.[  

˧˶˩˧ˮ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˧˶ˣˤ˥ˬ ˢˡ˧˶˧ˣ ˵ˣˬ˰ ˟ˣ˟˶˰ ˸ˣ˟˵˰˟ ˫˧ˡˣˡ˶ˢ ˫˧ˬ˟ ˢ˵˧˪˧˯ ˧ˤˣ˩˧˶ ˸˧˧˪˰˟ ˫

ˡˣˡ˶ ˟ˣ˟˶˰ ˪˷ ˫˧ˮ˷˟ ˸˩˷ˬ˸ˬ , ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˢ˩ˣ˲ˢ ˢˮˣˬ˸ˣ)ˡ ˶ˣ˧˞23 .(ˢ˵˧˪˧˯˟ ˫ˠ , ˣˬ˩

˫˧˶˥˞ ˫˧˦ˮ˧˧˶˦ˣˮ˟ ,˟˶ ˫˧˶ˣˤ˥ˬ ˢ˷ˣ˪˷ ˫˧˶˩˧ˮ-˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰˪ ˫˧˶ˣ˷˵ˢ ˫˧˧˸ˮ˷ , ˶ˣˤ˥ˬ˟ ˶˷˞˩

 ˭ˣ˶˥˞ˢ)ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˶˥˞˪ ˸ˮ˷˟ ˵2012 ( ˧˰ˣ˶˧˞ ˶˥˞˪ ˣ˧ˢ˷ˬ ˫˧˩ˣˬˮ ˫˧˶˸ˣˮ ˢ˵˧˪˧˯ˢ ˧ˤˣ˩˧˶

˫˧ˬˡˣ˵ˢ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ. 
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ˡ ˶ˣ˧˞22 : ˢ˵˧˪˧˯ ˧ˤˣ˩˧˶)Si(OH)4 (˸ˣ˧˷ˡˣ˥ˢ ˶ˣ˦˧ˮˢ ˸ˣˠ˪˲ˢ˟ ˣˡˡˬˮ˷ ˧˲˩ ˫˧ˬˢ ˸ˡˣˬ˰˟.  ˢˮ˥˸B  ˞˧ˢ

˶˸ˣ˧˟ ˢ˵ˣˬ˰ˢˣ ˸˧ˬˣ˶ˡˢ )<800 ˬ'( , ˢˮ˥˸A ˪˞˶˷˧ ˪˷ ˫˧ˬˢ ˪ˣ˟ˠ˟ ˸˞˴ˬˮ/˭ˡ˶˧/˟ ˫˧˶˴ˬ ˪˷ ˵ˬˣ˰

ˬ ˢ˪˰ˬ˪-700 ˫˧˶˦ˬ , ˢˮ˥˸ˣFF ˩ ˪˷ ˵ˬˣ˰˟ ˧ˮˣ˲˴ˢ ˱ˣ˥˟-50 ˫˧˶˦ˬ.  

Figure D22: Silicate (Si(OH)4) concentration profiles measured during the monthly 

monitoring cruises. Station B is the southernmost and deepest (>800m), Station A is on 

the Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms 

station is close to the northern shore of the Gulf at ca. 50 meters depth. 
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˞ˡ ˶ˣ˧23 : ˢˮ˥˸˟ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˢ˵˧˪˧˯ˢ ˤˣ˩˧˶˟ ˫˧˧ˣˮ˧˷A  ˶˞ˣˮ˧ ˤ˞ˬ2004 . ˸ˣˠ˴˧˧ˬ ˸ˣ˶ˣ˥˷ˢ ˸ˣˡˣ˵ˮˢ

ˢˡ˧ˡˬˢ ˵ˬˣ˰ ˸˞ . 

Figure D23: Changes in the concentration of silicate in the water column at Station A 

since 2004. Black dots represent the sampling depths. 

 

 

˫˧ˬˢ ˸ˡˣˬ˰˟ ˢ˵˧˪˧˯ˢ ˶ˠ˞ˬ  ˸ˮ˷˟ ˶˸ˣ˧˟ ˫˧˩ˣˬˮ ˫˧˩˶˰˪ ˰˧ˠˢ2007 , ˢ˵˧˪˧˯ ˟ˣ˟˶˰ˢ ˢ˪˰ˢ ˤ˞

˧ˮ˶ˣ˴ ˸ˣ˴˞ ˸˥˧˶˲ ˭˧ˤˢˣ ˧˦ˣ˲ˢ ˶ˣˤ˞˪˸ˣ . ˸ˮ˷˪ ˡ˰ˣ ˭˩ˬ ˶˥˞˪˷ ˫˧ˮ˷˟2012  ˢ˵˧˪˧˯ˢ ˸ˣˬ˩ ˢ˸˪˰

˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸ˣ˟˵˰˟ ˢˡ˶˧ ˟ˣ˷ˣ ˫˧ˬ˟ ˸˯ˬˣˬˢ , ˢ˸ˣ˥˲ ˢˡ˧ˬ˟ ˧˩ ˫˞ï  ˟ˣ˟˶˰ˢ ˸ˣ˟˵˰˟ ˧˩ ˢ˞˶ˮ

 ˸ˮ˷˟2012  ˞˪ˢ˷˥˶˸ˢ ˫˧ˬˢˬ ˢ˵˧˪˧˯ ˣ˵˪˯˧˷ ˸ˣ˧ˮ˶ˣ˴ ˸ˣ˴˞ ˪˷ ˢ˵ˤ˥ ˢ˥˧˶˲ . ˤ˞ˬ2012  ˶ˠ˞ˬ

˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˭˦˵ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˢ˵˧˪˧˯ˢ 2009-11 )ˡ ˶ˣ˧˞24 .( 
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ˡ ˶ˣ˧˞24 : ˢˮ˥˸˟ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˢ˵˧˪˧˯ˢ ˶ˠ˞ˬ˟ ˫˧˧ˣˮ˧˷A  ˶˞ˣˮ˧ ˤ˞ˬ2004 .ˢ˪˰ˬ˪ :˸ˣ˧˷ˡ˥ ˸ˣˡ˧ˡˬ ,

ˢ˦ˬ˪ :˧˸ˮ˷ ˰˴ˣˬˬ 

Figure D24: Changes in the silica inventory in the water column at Station A since 2004. 

Top: monthly inventories, Bottom: annual average 

 

 ˧˵˧˵˪˥ ˧ˮˠ˶ˣ˞ ˭ˬ˥˲)POC( 

]˸˸ ˸˴˪ˬˢ ˸ˣ˟˵˰˟- ˫˧˟ ˢ˧ˬ˧˩ˢ ˞˷ˣˮ˟ ˸ˡ˥ˣ˧ˬˢ ˢˡ˰ˣˢ) ˸ˮ˷˟ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˢ˯ˮ˧˩ ˶˷˞2008 (

˳˶˲ˬˢ ˭ˣ˲˴˟ ˭ˬ˥˲ˢ ˶ˣˤ˥ˬ ˸˞ ˸ˬ˩˪ ˣ˰˧˧˯˧ ˶˷˞ ˫˧ˡˡˬ ˱˧˯ˣˢ˪ , ˸ˮ˷˟ ˪˥ˣˢ2009  ˧ˮˠ˶ˣ˞ ˭ˬ˥˲ ˸ˣˡ˧ˡˬ˟

˧˵˧˵˪˥ .˧˪ˮ˞ ˶ˣ˷˩ˬ ˸ˣ˩ˤ˟ ˸˶˷˲˞˸ˬ ˢˡ˧ˡˬˢ ˧˦)Total Organic Carbon analyzer   ˸˶˟˥ ˪˷

Shimadzu Instruments( ,˲ˣ˶˲ ˪˷ ˢ˧ˬ˧˩ˢ ˸ˡ˟˰ˬ˟ ˧ˣ˴ˬˣ ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬ˟ ˷˩˶ˮ ˶˷˞ '˶ˤ˪ ˤ˰˟ .

 ˸˶˟˥ ˪˷ ˧˦˶ˡˮ˦˯ˢ ˪ˣ˵ˣ˦ˣ˶˲ˢ ˧˲ ˪˰ ˸˧˷˰ˮ ˢˡ˧ˡˬˢShimadzu.[  

 

 ˢˮ˥˸˟ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˣˡˡˬˮ ˧˵˧˵˪˥ˢ ˭ˬ˥˲ˢ ˤˣ˩˧˶ ˪˷ ˫˧˪˧˲ˣ˶˲A , ˫˰ ˢ˪ˣˡˠ ˸ˣˬ˧ˠˡ ˸ˣ˲˧˲˴

˸˧˦ˣ˲ˢ ˢ˟˩˷˟ ,˸˧˰˵˶˵˪ ˟ˣ˶˵ˣ .˟ ˡ˥ˣ˧ˬ˟ ˫˧ˢˣ˟ˠ ˧˵˧˵˪˥ˢ ˭ˬ˥˲ˢ ˧ˤˣ˩˧˶-100  ˪˷ ˫˧ˮˣ˧˪˰ˢ ˫˧˶˦ˬˢ

 ˫˧ˬˢ ˸ˡˣˬ˰)ˡ ˶ˣ˧˞25 .( ˪˷ ˧˟˶ˬ ˤˣ˩˧˶µgC/l 209  ˵ˬˣ˰˟ ˧ˮˣ˧ ˷ˡˣ˥˟ ˢˮ˷ˢ ˡˡˬˮ100 ˫˧˶˦ˬ , ˫˪ˣ˞

˫˧ˬˢ ˸ˡˣˬ˰˟ ˟˴ˬˢ ˸˞ ˱˵˷ˬ ˣˮ˧˞ˣ ˦˪ˣ˟ ˭˲ˣ˞˟ ˠ˧˶˥ ˢˤ ˤˣ˩˧˶ . ˫˧˸˧˰˪ ˫˧ˡˡˬˮ ˢ˪˞˩ ˫˧ˤˣ˩˧˶)˪˷ˬ˪ ,

 ˶˟ˬ˦˲˯˟2013  ˪˷ ˤˣ˩˧˶ ˡˡˬˮµgC/l 123  ˵ˬˣ˰˟80 ˬ' ( ˵˧˵˪˥ ˪˷ ˸˧˞˶˵˞ ˢ˯˧˲˸˪ ˫˩˧˧˷˪ ˭˸˧ˮˣ

ˡˡˬˮˢ ˶˦˪˧˲ˢ ˪˵˷ˬ ˸˞ ˢ˪˰ˬ ˣ˸ˣ˥˩ˣˮ˷ ˣˢ˷˪˩ . ˭˲ˣ˞˟ ˪ˣˡˠ ˫˧ˮˣ˧˪˰ˢ ˫˧ˬ˟ ˧˵˧˵˪˥ˢ ˭ˬ˥˲ˢ ˤˣ˩˧˶

˰ˢ ˫˧ˬ˟ˣ ˳˧˵ˢ ˧˷ˡˣ˥˟ ˶˸ˣ˧ ˨ˣˬˮˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˧˯˥˧˫˧˵ˣˬ . ˭ˬ˥˲ ˤˣ˩˧˶˟ ˢ˧˧˪˰ ˸˟˶˵˟ ˧˵˧˵˪˥
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˸˧˰˵˶˵ˢˬ ˫˧˵˧˵˪˥ ˸˲˥˶ˢ ˪˰ ˰˧˟˴ˢ˪ ˢ˧ˣ˷˰ ˸˧˰˵˶˵ˢ.  

 

 
ˡ ˶ˣ˧˞25 : ˧ˤˣ˩˧˶ ˧˵˧˵˪˥ ˧ˮˠ˶ˣ˞ ˭ˬ˥˲)POC (˸ˡˣˬ˰˟ ˶ˣ˦˧ˮˢ ˸ˣˠ˪˲ˢ˟ ˣˡˡˬˮ˷ ˧˲˩ ˫˧ˬˢ ˸ˣ˧˷ˡˣ˥ˢ .

 ˢˮ˥˸A ˪˞˶˷˧ ˪˷ ˫˧ˬˢ ˪ˣ˟ˠ˟ ˸˞˴ˬˮ/˭ˡ˶˧/ˬ ˢ˪˰ˬ˪ ˪˷ ˵ˬˣ˰˟ ˫˧˶˴ˬ-700 ˫˧˶˦ˬ . 

Figure D25: Particulate organic carbon (POC) concentration profiles measured during 

the monthly monitoring cruises. Station A is the southern station on the 

Israeli/Jordanian/Egyptian border at ca. 700 meters depth. 
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.l3 .˫˧˧ˠˣ˪ˣ˧˟ ˫˧ˡˡˬ 
 

 ˪˧˲ˣ˶ˣ˪˩a  

˧˲ˣ˶ˣ˪˩ ˪a ˧˶˵˧˰ˢ ˧˦˦ˮ˧˯ˣ˦ˣ˲ˢ ˦ˮˬˠ˧˲ˢ ˞ˣˢ , ˢ˧˴˵˧ˡˮ˧˞ ˣˤˣ˩˧˶ ˷ˬ˷ˬ ˭˩ ˪˰ˣ)˸˧˵˪˥ ( ˸ˣˬ˩˪

˫˧ˬˢ ˸ˡˣˬ˰˟ ˸˧˦˸ˮ˧˯ˣ˦ˣ˲ˢ ˸ˣ˪˧˰˲ˢˣ ˸ˣ˴˞ˢ . ˪˷ ˸˧˸ˮˣ˰ ˸ˣ˧˶ˣˤ˥ˬ˟ ˫˧ˮ˸˷ˬ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶

 ˸˟˩˷˟ ˶˸ˣ˧ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ˣ ˸˟˟˶ˣ˰ˬˢ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˱˶ˣ˥ˢ ˸˲ˣ˵˸˟ ˸˧˯˥˧ ˫˧˩ˣˬˮˣ ˫˧ˡ˧˥˞ ˫˧ˤˣ˩˧˶

ˬˢ˟˧˟˞˟ ˢˮˣ˧˪˰ˢ ˫˧ ,˟˶˰ˢ ˸˲ˣ˵˸ ˱ˣ˯˟˟ˣ. ˟ˣ˟˶˰ ˞˪˪ ˪˧˲ˣ˶ˣ˪˩ ˭˧˞ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟.  

ˢ ˪˧˲ˣ˶ˣ˪˩ ˪˷ ˧˟˶ˬ ˤˣ˩˧˶˟ ˸ˮ˧˧˲ˣ˞ˬ ˸˟˩ˣ˷ˬˢ ˢ˲ˣ˵˸a  ˫˧˵ˬˣ˰˟80-100  ˫˧˶˦ˬ)deep 

chlorophyll maximum .(ˢˬ ˶˸ˣ˧ ˵ˣˬ˰- DCM ˯˲˞˪ ˡ˶ˣ˧ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ˣ ˢˮ˦˵ ˶ˣ˞ˢ ˸ˬ˴ˣ˰ ,

˪˟ˠˬ ˢˮ˷˧ ˶˸ˣ˧ ˡˣˡ˶ˣ˫˧ˢ ˧ˮ˲˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ˣ ˫˧˦ˮ˧˧˶˦ˣˮ ˸ ˫˧˩ˣˬˮ. 

˸ˬˡˣ˵ˢ ˢˮ˷˟ ˡˡˬˮ˷ ˢˤ˪ ˢˬˣˡ ˢ˧ˢ ˢˮ˷ˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ . ˶˷˞ ˧˟˶ˬˢ ˨˶˰ˢ ˢˮ˥˸˟ ˡˡˬˮA 

 ˢ˧ˢµg/l 0.71 , ˷ˡˣ˥˟ ˶˞ˣˮ˧˵ˬˣ˰˟˫˧ 40-60 ˬ ')ˡ ˶ˣ˧˞26.(  

˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˧˟˶ˬˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ,ˢ˧ˢ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˸ˮ˥˸˟ µg/l 0.88 ,ˬˮ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˨ˣ

 ˪˷ ˪˧˲ˣ˶ˣ˪˩ ˤˣ˩˧˶ ˫˷ ˡˡˬˮ ˢ˟ ˸ˬˡˣ˵ˢµg/l 1.10 . ˢˤ ˨˶˰ˢ ˫˧˶˧˷˰ ˫˧ˬ ˸˯˧ˮ˩ˬ ˢ˞˶ˮˢ ˪˩˩ ˭ˤˣ

ˢˤ ˶ˣˤ˞˟ ˫˧˦ˮ˧˧˶˦ˣˮ˟ ,˫˧ˢ ˟˴ˬ ˸˞ ˠ˴˧˧ˬ ˣˮ˧˞ˣ. 

ˮ˷˟ ˸2012 ,˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˵ˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ˢ˟ , ˟˧˟˞˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˢ˧ˢ)˧˞ˬ ( ˢˮ˥˸˟A 

)µg/l 0.834.( ˩ˢ ˧ˤˣ˩˧˶ ˵ˬˣ˰˟ ˟ˣ˟˶˰ˢ ˸˲ˣ˵˸ ˱ˣ˯˟ ˫˧ˡˡˬˮˢ ˪˧˲ˣ˶ˣ˪"˧˟˶ˬˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ "

ˢ˧˧ˮ˷ˢ ˢˮ˷˟ ˶˸ˣ˧˟ ˫˧ˢˣ˟ˠˢ ˫˧˩˶˰˪ ˣ˰˧ˠˢ ˸ˣ˲˧˴˶˟ ˵ˣˬ˰ ˟ˣ˟˶˰ ˪˷ ,2008 ,ˢ˧ˢ ˤ˞  ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶

 ˧˟˶ˬˢµg/l 1.14 . ˵ˬˣ˰˟ ˫˧ˢˣ˟ˠ ˪˩ˢ ˨˯˟ ˸˧˥˩ˣˮˢ ˢˮ˷ˢ ˪˩ ˨˶ˣ˞˪ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˣ˧ˢ ˸˞ˤ ˫˰ ˡ˥˧

-sDCM )˧˞ˡ ˶ˣ27 .( 

 ˧˟˶ˬˢ ˤˣ˩˧˶ˢ ˵ˬˣ˰˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˪˰ ˶˸ˣ˧ ˨ˣ˶˞ ˥ˣˣ˦˪ ˦˟ˬ˟)DCM ( ˧˸ˬˠˬ ˧ˣˮ˧˷ ˞˴ˬˮ ˞˪

 ˢˮˣ˧˪˰ˢ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶˟)ˡ ˶ˣ˧˞28( , ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸ˣˮ˷ˣ)2000 ,2007 ,2008 x- 

2012 (˫˧ˢˣ˟ˠ ˟˧˟˞ ˧ˤˣ˩˧˶˟ ˸ˣ˶˩˧ˮ .˷˪ ˶˟˰ˬˢ˪˞ ˫˧ˮ ,˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ ˣˡˡˬˮ  ˸ˮ˷˟ ˫ˠ2010  ˧ˤˣ˩˧˶ˣ

ˢ˲ˣ˴ˬˢˬ ˫˧ˢˣ˟ˠ ˣ˧ˢ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˪˧˲ˣ˶ˣ˪˩ˢ . ˸ˣˮˣ˲˦˧˷ ˧˰ˣ˶˧˞ ˶˲˯ˬ ˤ˞ ˣ˧ˢ ˫ˮˬ˞) ˫ˠ ˰˶˧˞˷ ˧˲˩

 ˸ˮ˷˟2010 ( ˢ˰ˣ˟˵ ˢ˧˪˰ ˪˷ ˢˬˠˬ ˪ˣ˪˷˪ ˸ˮˬ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶˟ ˫˧˧ˣˮ˧˷ˢ ˶˥˞ ˟ˣ˵˰˪ ˷˧ ˫˪ˣ˞

˸˩˶˰ˬˢ ˟˴ˬ˟ ˧ˣˮ˧˷ ˪˰ ˢ˰˧˟˴ˬˢ . 
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ˡ ˶ˣ˧˞26 :˶˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧ ˪˧a ˸ˣ˧˷ˡˣ˥ˢ ˶ˣ˦˧ˮˢ ˸ˣˠ˪˲ˢ˟ ˣˡˡˬˮ˷ ˧˲˩ ˫˧ˬˢ ˸ˡˣˬ˰˟.  ˢˮ˥˸B  ˞˧ˢ

˶˸ˣ˧˟ ˢ˵ˣˬ˰ˢˣ ˸˧ˬˣ˶ˡˢ )<800 ˬ'( , ˢˮ˥˸A ˪˞˶˷˧ ˪˷ ˫˧ˬˢ ˪ˣ˟ˠ˟ ˸˞˴ˬˮ/˭ˡ˶˧/ ˪˷ ˵ˬˣ˰˟ ˫˧˶˴ˬ

ˬ ˢ˪˰ˬ˪-700 ˫˧˶˦ˬ , ˢˮ˥˸ˣFF ˩ ˪˷ ˵ˬˣ˰˟ ˧ˮˣ˲˴ˢ ˱ˣ˥˟-50 ˫˧˶˦ˬ.  

Figure D26: Chlorophyll-a concentration profiles measured during the monthly 

monitoring cruises. Station B is the southernmost and deepest (>800m), Station A is on 

the Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms 

station is close to the northern shore of the Gulf at ca. 50 meters depth. 
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ˡ ˶ˣ˧˞27:  ˪˧˲ˣ˶ˣ˪˩ ˤˣ˩˧˶˟ ˫˧˧ˣˮ˧˷a ˫˧ˬˢ ˸ˡˣˬ˰˟  ˢˮ˥˸˟A  ˶˞ˣˮ˧ ˤ˞ˬ2004 . ˸ˣ˶ˣ˥˷ˢ ˸ˣˡˣ˵ˮˢ

ˢˡ˧ˡˬˢ ˵ˬˣ˰ ˸˞ ˸ˣˠ˴˧˧ˬ . 

Figure D27: Changes in the concentration of chlorophyll-a in the water column 

at Station A since 2004. Black dots represent the sampling depths. 

 

 
 ˶ˣ˧˞ˡ28 : ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶a  ˢˮ˥˸˟A  ˶˞ˣˮ˧ ˤ˞ˬ2000  ˫˧˵ˬˣ˰˟ˣ ˫˧ˢ ˧ˮ˲˟40 x- 100 ˫˧˶˦ˬ.  ˫˧ˮˣ˸ˮ

˲ˣ˶˲ˢ ˪˷ ˫˸ˣ˟˧ˡ˞˟ ˫˧˞˟ˣˬˣ ˫ˣ˪˷ˢ ˵˶˞˲ ˦˵˧ˣ˶˲ ˸˶ˠ˯ˬ˟ ˣ˲˯˞ˮ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸˪ ˫˧ˬˡˣ˵ˢ ' ˧.˲ˣ˶˲ˢˣ ˤ˶˞ '

 ˟.˶ˤ˪ . 

Figure D28: Concentrations of chlorophyll-a at Station A at the surface and at water 

depths of 40 and 100 meters since 2000. Data from the years 2000-2002 were collected 

during the Peace Park Project and are provided courtesy of Prof. J. Erez and Pro. B. Lazar. 
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˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧ 

˸ˣ˟˵˰˟ ˸˸ ˸˷˧ˠ˲˟ ˳˪ˬˣˢ˷ ˧˲˩ ˶ˣ˦˧ˮˢ ˸ˣ˪˧˰˲ ˸˟˥˶ˢ-˳˶˲ˬˢ ˧ˬ ˪˷ ˢ˧ˬ˧˩ˢ ˞˷ˣˮ˪ ˢˡ˰ˣˣˢ ,

 ˸ˮ˷ˬ ˪˥ˢ2009  ˭ˬ ˵˥˶ˢ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧ ˪˷ ˸˧˷ˡˣ˥ ˸ˣˡ˧ˡˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸˪ ˣ˲˯ˣˮ

˱ˣ˥ˢ.  

 ˳˶˲ˬ˟ ˸˧ˠˣ˪ˣ˵˞ˢ ˸˩˶˰ˬˢ ˟˴ˬ ˸˩˶˰ˢ˟ ˢ˪ˣˡˠ ˸ˣ˟˧˷˥ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧ ˸ˡ˧ˡˬ˪

 ˭ˣˣ˧˩ˬ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˪˷ ˸˶˟ˠˣˬ ˸ˣ˪˧˰˲˪ ˫ˣ˶ˠ˪ ˢ˧ˣ˷˰ ˫˧˦ˮ˧˧˶˦ˣˮ˟ ˢ˶˷˰ˢ˷ . ˞˪ ˸˶˟ˠˣˬ ˸ˣ˪˧˰˲

 ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ˢ ˤˣ˩˧˶˟ ˸˧˸ˣ˰ˬ˷ˬ ˢ˧˧˪˰˪ ˫ˣ˶ˠ˸ ˥˶˩ˢ˟)˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˸ˣ˰˴ˬ˞˟ ˨˶˰ˣˬˢ ( ˭ˣˣ˧˩ˬ

˸ˣ˪˰˪ ˞ˣˢ ˫ˠ ˧ˣ˷˰ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ ˧ˡ˧ ˪˰ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˪˷ ˢ˧˰˶ˢ ˟˴˵˷ .ˢ˧ˣ˷˰ ˸ˣˮ˶˴˧˟ ˢ˧˧˪˰ ˨˩˧˲˪ 

˫˧ˮˣ˷˞˶ˢ ˫˧˟˪˷˟ ˢˡ˧˥˧ ˧˪ˣ˞ˣ ˢˮ˧ˬ˞ ˢ˧˴˵˧ˡˮ˧˞ ˸ˣ˧ˢ˪ ,ˣˬ˩ ˸˩˶˰ˬˬ ˶˟˰ˬ˟ ˟˴ˬ ˧ˣˮ˧˷ ˪˷-

˫˧ˠˣˬ˪˞˪ ˫˧˥ˣˮ ˫˧˞ˮ˸ˢˣ ˢ˩ˣˬˮ ˸˧ˮˣ˷˞˶ˢ ˸ˣˮ˶˴˧ˢ ˢ˟ ˸˧˲ˣ˶˦ˣˠ˧˪ˣ˞ , ˸ˣˮ˶˴˧ˢ ˢ˟ ˸˧˲ˣ˶˦ˣ˞˞ ˸˩˶˰ˬ˪

ˢˢˣ˟ˠ. 

˸˧ˮ˩˦ ˢˮ˧˥˟ˬ ˢ˷˵ˣ ˸˩˟ˣ˯ˬ ˸ˣˮ˶˴˧ˢ ˸ˡ˧ˡˬ ,˟˵˰ ˭ˢˣ ˸˟˩˶ˣˬˢ ˸˧ˬ˧ˢ ˸ˣ˪˧˰˲ˢ ˟˵˰ ˭ˢ  ˸ˣ˪˧˰˲

˧˧˟˧˦˵˞ˣ˧ˡ˶ ˫˧˲ˣ˦ˣˤ˧˞˟ ˷ˣˬ˧˷ˢˣ ˢˡ˟˰ˬˢ ˫, ˫˧ˮ˷˟ ˶˧ˡ˯ ˭˲ˣ˞˟ ˸˪˧˞ ˳˶˲ˬ˟ ˢ˰˴ˣ˟ ˞˪ ˭˩ ˪˰ˣ

˸ˣˮˣ˶˥˞ˢ . ˫˧ˮ˷ˢ ˭˧˟ ˣ˰˴ˣ˟ ˸ˣˮ˶˴˧ ˸ˣˡ˧ˡˬ1989-2002  ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸˪ ˸ˣˬˡˣ˵ˢ ˸ˣ˧ˮ˩˸ˢ ˸˶ˠ˯ˬ˟

)Reeflux, Red Sea Program, Red Sea Marine Peace Park .(˸˞ ˢˬ˧˞˸ˢ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸  ˪ˣ˵ˣ˦ˣ˶˲

ˡ ˧ˡ˧ ˪˰ ˥˸ˣ˲ ˶˷˞ ˢˡ˧ˡˬˢ"˲ˣ˶˲ˣ ˤˣ˪˧˞ ˡˣˡ ˶ ' ˤ˶˞ ˭˸ˮˣ˧)Iluz, 1991 ( ˷ˬ˧˷ˣ ˸˪˧˞ ˳˶˲ˬ˟

˸ˣˬˡˣ˵ˢ ˸ˣ˧ˮ˩˸˟ ˸ˣˮˣ˷ ˸ˣ˧˴˞˧˶ˣˣ˟ , ˢˡˣˬ˶˟ ˪˷ ˢˡ˧ˡˬˢ ˸ˮ˥˸ˬ ˪ˣ˵ˣ˦ˣ˶˲˟ ˷ˣˬ˧˷ ˨ˣ˸)BATS, 

http://bats.bios.edu/ (ˡ ˪˷ ˰ˣ˧˯ˣ" ˤˣ˪˧˞ ˡˣˡ ˶)˪˶˟ ˸˧˟ ˸˪˪˩ˬ (˲ˣ˶˲ ' ˤ˶˞ ˭˸ˮˣ˧) ˶ˣˡ˩ ˧˰ˡˬ˪ ˭ˣ˩ˬˢ

˳˶˞ˢ ,˸˧˶˟˰ˢ ˢ˦˧˯˶˟˧ˮˣ˞ˢ  (ˡˣ" ˧˟ˣ˵˰˧ ˱˯ˣ˧ ˶)˰ ˸˶ˮ˩ˢ ˶˵˥˪ ˢˡ˟˰ˬˢ"˭ˣ˪˞ ˪˞ˠ˧ ˷ , ˫˧ˬ˧ ˶˵˥

˫˧ˬˠ˞ˣ .(ˣˡ˟ ˸ˣˠ˴ˣˬ ˣ˧˸ˣ˞˴ˣ˸ ˶˷˞ˣ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˞ ˷ˬ˷ˬ ˶˷˞ ˪ˣ˵ˣ˦ˣ˶˲ˢ" ˪˷ ˫˧˧˰ˡˬˢ ˸ˣ˥

˸˧ˮ˩˸ˢ ,˫˧˧ˣ˯˧ˮˣ ˥ˣ˸˧˲ ˪˷ ˫˧˷ˡˣ˥ ˶˟˰ .ˣ˞˟ ˰˴˟˸ˢ˪ ˣ˪˥ˢ ˸ˣˮ˶˴˧ ˸ˣˡ˧ˡˬ ˰˴ˬ˞ˬ ˶˧ˡ˯ ˭˲2009 .

˸˧ˮˣ˷˞˶ˢ ˸ˣˮ˶˴˧ˢ ˸ˣ˧˷ˡˣ˥ˢ ˸ˣˠ˪˲ˢ˪ ˸ˣ˩˧ˬ˯˟ ˷ˡˣ˥ ˪˩˟ ˸ˡˡˬˮ . 

] ˱ˣ˯ˬ ˪˥ˢ2011 ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬ˟ ˷˩˶ˮ ˶˷˞ ˷ˡ˥ ˢ˧˴˪˧˦ˮ˧˯ ˢˮˣˬ ˸˶ˤ˰˟ ˸ˣˮ˶˴˧ˢ ˸ˡˡˬˮ. 

˶˟˰˟ ˣˮ˪˵˸ˮ ˭ˢ˟ ˸ˣ˧˰˟ˬ ˪˟ˣ˯ ˣˮ˧˞ˣ ˶˸ˣ˧ ˭˧ˬ˞ ˢˤ ˢˮˣˬ , ˣˮ˰˴˧˟ ˭˩ ˪˰ˣ ˸ˮ˷˟2011 ,˲ˣ˶˲ ˫˰ ˢ˴˰˟'  ˭˸ˮˣ˧

ˤ˶˞ , ˸ˣˮ˶˴˧ˢ ˟ˣ˷˧˥˟ ˭ˣ˵˧˸) ˸ˣ˧ˮˬ ˪˰ ˯˯ˣ˟ˬ)cpm ( ˸ˣ˟˷ˣ˥ˬ ˸ˣ˧ˣ˵˶˲˸ˢ ˪˰ ˞˪ˣ)dpm (( ˧ˮˣ˸ˮˣ

ˬ ˸ˣˮ˶˴˧ˢ˸ˣˬˡˣ˵ˢ ˫˧ˮ˷ ˷ˡ˥ˬ ˣ˟˷ˣ˥ ˭˞˩ ˸ˣˠ˴ˣˬˢ . ˪˰ ˯˯˟˸ˢ˟ ˫˧ˮ˲ˣ˞ˢ ˧ˮ˷˟ ˟ˣ˷˧˥ˢ ˸ˣ˞˴ˣ˸ ˸˞ˣˣ˷ˢ

˷ˡ˥ˢ ˶˧˷˩ˬˢ ˧ˮˣ˸ˮ ˢˡ˟˰ˬ˟ ˫˧˧ˣ˯˧ˮˣ ˢ˟ˣ˦ ˢˬ˞˸ˢ ˢ˸˞˶ˢ.[ 

 

 

˧˧˷ˡˣ˥ˢ ˫˧˪˧˲ˣ˶˲˟ ˫˧˵ˬˣ˰˟ ˸ˡˡˬˮ ˢˢˣ˟ˠ ˸ˣˮ˶˴˧˷ ˨˩˟ ˶ˣ˞ˢ ˸ˬ˴˰˟ ˸ˣˮ˶˴˧ˢ ˸ˣ˪˸ ˸˶˩ˮ ˫

˵ˬˣ˰ˢ ˫˰ ˸ˣˮ˶˴˧˟ ˢˡ˧˶˧ ˢˮ˷˧ˣ ˫˧ˡˣˡ˶ .˨˩˪ ˱˯ˣˮ˟ , ˡ˧ˬ˸ ˞˪ ˵ˬˣ˰ˢ ˫˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˸ˣˠ˪˲˸ˢ

˸ˣˮ˶˴˧ˢ ˸ˣˠ˪˲˸ˢ ˸˞ ˸˲˵˷ˬ ,˸ˣˮ˶˴˧ˢ ˸ˡ˧ˡˬ ˸ˣ˟˧˷˥ ˸˞ ˢ˷˧ˠˡˬˢ ˢˡ˟ˣ˰ .ˢˮ˷ˢ , ˟ˣ˟˶˰ˢ ˱˞ ˪˰

˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˡˣˡ˶ˢ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢˢˣ˟ˠ ˸˧ˮˣ˷˞˶ˢ ˸ˣˮ˶˴˧ˢ ˢ˸˧ˢ . ˪˷ ˸˧˟˶ˬ ˸ˣˮ˶˴˧

mgC/m
3
/day 33.6  ˫˧ˢ ˧ˮ˲˟ ˳˶ˬ ˷ˡˣ˥˟ ˢˡˡˬˮ)ˡ ˶ˣ˧˞29 .( ˡˡˬˮ˷ ˧˟˶ˬˢ ˨˶˰ˢˬ ˪ˣ˲˩ ˢˤ ˨˶˰

˸ˬˡˣ˵ˢ ˢˮ˷˟ . ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˸ˣˡ˧ˡˬ˟ ˫ˠ ˸˩ˬ˸ˮ ˢˮ˷ˢ ˶˸ˣ˧ ˢˢˣ˟ˠˢ ˸˧ˮˣ˷˞˶ˢ ˸ˣˮ˶˴˧ˢ) ˭˸ˣ˞ˬ

˫˧ˬ ˸ˣˬ˧ˠˡ ( ˫ˠ ˶˷˞˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˸ˣˡ˧ˡˬˬ ˸ˣˢˣ˟ˠ ˭ˢ . ˢ˸˧ˢ ˳˶ˬ ˷ˡˣ˥˟ ˸ˣˮ˶˴˧ˢ ˧˩ ˢ˞˶ˮ ˸ˣˡ˧ˡˬˢˬ

˫˧˷ˡˣ˥ˢ ˶˞˷˟ ˶˷˞ˬ ˶˩˧ˮ ˭˲ˣ˞˟ ˢˢˣ˟ˠ . ˨ˣˬˮ ˪˧˲ˣ˶ˣ˪˩ ˤˣ˩˧˶ ˞˴ˬˮ ˪˧˶˲˞ ˷ˡˣ˥˟˷ ˡˣ˰˟˷ ˢ˞˶ˮ ˡˣ˰

 ˢˮˣ˧˪˰ˢ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˸˧˯˥˧)˶˞ˣˮ˧ ˷ˡˣ˥˪ ˪˷ˬ˪ ˢ˞ˣˣ˷ˢ˟( ,ˢˤ ˷ˡˣ˥˟ ˫ˠ ˢˢˣ˟ˠ ˢ˶˸ˣˮ ˸ˣˮ˶˴˧ˢ. 
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ˡ ˶ˣ˧˞29 :ˢˮˣ˧˪˰ˢ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˧˷ˡˣ˥ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ˣ ˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧ . 

Figure D29: Monthly primary productivity and Chl -a concentrations at the upper water 

column.  

 

ˡ ˶ˣ˧˞˟ ˸ˠ˴ˣˬ ˢˡ˧ˡˬˢ ˢ˸˷˰ˮ ˭ˢ˟ ˫˧ˬ˧ˢˬ ˡ˥˞ ˪˩˟ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˸ˣˮ˶˴˧ˢ ˪˷ ˢ˧˴˶ˠ˦ˮ˧˞30 .

ˮ˶˴˧ˢ ˢ˰ˮ ˢˮ˷ˢ ˪˷ ˧˶˰ˤˬ ˨˶˰ˬ ˸˟˷ˣ˥ˬˢ ˸ˣ0.12 gC/m
2
/day ˶˟ˬ˴ˡ ˷ˡˣ˥˟ , ˧˶˰ˤˬˢ ˨˶˰ˢˬ ˨ˣˬˮ

˸ˬˡˣ˵ˢ ˢˮ˷˟ , ˪˷ ˧˟˶ˬ ˨˶˰˪gC/m
2
/day 1.87  ˳˶ˬ ˷ˡˣ˥˟) ˸ˬˣ˰˪gC/m

2
/day 0.60  ˸ˬˡˣ˵ˢ ˢˮ˷˟

-x gC/m
2
/day 0.97  ˸ˮ˷˟2013 .(˶˴˧ˢ˪˰ ˢˡˬ˰ ˢˮ˷ˢ ˸˰˴ˣˬˬˢ ˸˧ˬˣ˧ˢ ˸ˣˮ 0.541gC/m

2
/day ,

˷ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˨˶˰ˢ ˢ˩ ˡ˰ ˸˧ˮ˩˸ˢ ˢˡˡˬ) ˸ˮ˷ˬ2009 .(ˢ˪˞ ˸ˣˡ˧ˡˬ ˧˲ ˪˰ , ˸˧ˮˣ˷˞˶ˢ ˸ˣˮ˶˴˧ˢ

ˡ˥ˣ˧ˬ˟ ˢˢˣ˟ˠ ˢ˸˧ˢ ˢˮ˷ˢ . 

 

ˢ˞ˣˣ˷ˢ ˫˷˪ ,ˢˡˣˬ˶˟ˣ ˧˞ˣˣˢ ˪ˣˬ˷ ˫˧˲ˣ˶˦ˣˠ˧˪ˣ˞ˢ ˫˧ˬ˧˟ ˸ˣ˰ˣ˟˵ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˥˸˟ , ˫˧˩˶˰ ˫˧ˡˡˬˮ

˟˶ ˫˧˰˴ˣˬˬ- ˟˧˟˯ ˫˧˰ˮˢ ˫˧˧˸ˮ˷~0.5 gC/m
2
/day 

)http://hahana.soest.hawaii.edu/hot/methods/fig54.gif ,

http://bats.bios.edu/bats_form_prod.html.( 

 

 ˸ˮ˷˟ ˶ˣ˦˧ˮ ˸˧ˮ˩˸ ˪˷ ˸ˣ˧˷ˡˣ˥ˢ ˸ˣˡ˧ˡˬˢ ˰˴ˣˬˬ ˨ˬ˯ ˪˰ ˟˷ˣ˥ˬˢ ˧˸ˮ˷ˢ ˪˶ˠ˦ˮ˧˞ˢ2015   ˞ˣˢ

197gC/m
2
/year . ˪˷ ˸ˣˮ˶˴˧ ˢˡˡˬˮ ˸ˬˡˣ˵ˢ ˢˮ˷˟135gC/m

2
/year , ˫˧ˮ˷ˢ ˷˷ ˪˷ ˧˸ˮ˷ˢ ˰˴ˣˬˬˢˣ

 ˞ˣˢ ˸ˣˮˣ˶˥˞ˢ147gC/m
2
/year. 
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ˡ ˶ˣ˧˞30 :˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˫˧ˮˣ˧˪˰ˢ ˫˧˶˦ˬˢ ˢ˞ˬ˟ ˸˧ˮˣ˷˞˶ˢ ˸ˣˮ˶˴˧ˢ ˪˷ ˢ˧˴˶ˠ˦ˮ˧˞ , ˸ˣˡ˧ˡˬ ˨ˣ˸ˬ

ˡ ˶ˣ˧˞˟ ˸ˣˠ˴ˣˬˢ ˸ˣ˧˷ˡˣ˥ˢ ˸ˣˮ˶˴˧ˢ31 . 

Figure D30: Integrated values of primary productivity in the upper 100m of the water 

column, based on the monthly productivity profiles presented in Figure D30.  
 

ˣˡ˟" ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˪˷ ˭ˣ˷˞˶ˢ ˫˧˧ˮ˧˟ˢ ˥)˭ˬ˶˟˪˧˯ˣ ˭˧ˮˠ ,2003 ( ˣˡˡˬˮ ˶˷˞ ˸ˣˮ˶˴˧ ˧˩˶˰ ˫˧˞˟ˣˬ

ˣ ˶˞ˣˮ˧ ˫˧˷ˡˣ˥˟\ ˫˧ˮ˷˟ ˶˞ˣ˶˟˲ ˣ˞2000-3 . ˶˴˵ ˢ˶ˠˡˢ ˪ˣ˵ˣ˦ˣ˶˲˟ ˷ˣˬ˧˷ ˨ˣ˸ ˣ˷˰ˮ ˸ˣˡ˧ˡˬˢ

)˸ˣ˰˷ ˰˟˶˞˩( , ˥ˣˣ˦˟ ˣ˰ˮ ˸ˣˡ˧ˡˬ ˭˸ˣ˞ ˸ˣ˞˴ˣ˸gC/m
2
/day0.14-0.78 . 

 ˢ˧ˢ ˢˮ˷ˢ ˫˧˩˶˰ˢ ˥ˣˣ˦gC/m
2
/day 0.12-1.87 ,˳˶ˬ ˷ˡˣ˥˟ ˢˣ˟ˠˢ ˨˶˰ˢ ˫˰. 

 ˪˧˶˲˞˟ ˡ˰ˣˬˢ ˸˶˴˵ ˭˸˥˧˶˲ ˭ˬˤ˟2008  ˸ˣ˞ˬˣ˦˞˧ˡ ˪˷)˸ˣ˪ˣˡˠ ˸ˣ˧ˮ˶ˣ˴ ˸ˣ˴˞ ( ˫˧˶˷˰˟ ˢˡˡˬˮ

 ˟˧˟˯ ˫˧˩˶˰ˬ ˸ˣˮ˶˴˧˟ ˢ˧˪˰ ˫˧ˮˣ˧˪˰ˢ ˫˧˶˦ˬˢ15mgC/m
3
/day ˪- 30mgC/m

3
/day )Iluz et al., 

2009 .( ˫˧˥ˣˣˡˬ ˣ˧˪˰ ˪ˣˡˠˢ ˧ˬˣ˧ˢ ˧ˣˮ˧˷ˢIluz et al. )2009 ( ˸ˣˮ˶˴˧ ˪˷ ˢ˶˧ˢˬˢ ˢ˵˧ˬ˞ˮ˧ˡˢ ˸˞ ˫˧ˠˡˬ

˸ˣˮ˶˴˧ˢ ˰˴ˣˬˬˬ ˸˧˸ˣ˰ˬ˷ˬ ˸ˣ˦˯˪ ˸ˣ˧ˣ˷˰ ˸ˣˡ˧ˡ˟ ˸ˣˡ˧ˡˬ ˧˩ ˡˬ˪ˬˣ ˳˶˲ˬ˟ . 

 

ˢ ˸ˣˮ˷ˬ-70 ˢ ˸ˣˮ˷ ˸˪˧˥˸˪ ˡ˰ˣ-90 ˢ ˢ˞ˬˢ ˪˷-20  ˸˪˧˞ ˳˶˲ˬ ˭ˣ˲˴˟ ˸˧ˮˣ˷˞˶ˢ ˸ˣˮ˶˴˧ˢ

˟ ˢˡˬ˞ˮ- ~80gC/m
2
/year )Levanon-Spanier et al., 1979 ,Iluz, 1991 ( ˫˧ˮ˷˟ˣ2000-2004  ˢ˸˪˰

 ˪˷ ˧˸ˮ˷ ˰˴ˣˬˬ˪~170gC/m
2
/year )Lazar et al. 2008( ,˩ ˪˷ ˢˣ˟ˠ ˨˶˰ ˫˰- gC/m

2
/year 230 

 ˸ˮ˷˟2004 . 

 

 ˞˧ˢ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˷ˬ˥˟ ˶ˣ˦˧ˮˢ ˸ˣˡ˧ˡˬ ˧˲ ˪˰ ˸˰˴ˣˬˬˢ ˸˧˸ˮ˷ˢ ˸ˣˮ˶˴˧ˢ147gC/m
2
/year ,

ˢˣ˟ˠ ˨˶˰ ˢ ˸ˣˮ˷˟ ˳˶˲ˬ˟ ˸ˣˮ˶˴˧ˢ ˸˩˶˰ˢˬ-70 ' ˡ˰90 ' ˫˧˶˷˰ˢ ˢ˞ˬˢ ˪˷)~80gC/m
2
/year( , ˨˞

 ˫˧ˮ˷˟ ˫ˡˣ˵ˢ ˶ˣ˷˰ˢ ˸˪˧˥˸˟ ˸ˣˮ˶˴˧ˢˬ ˨ˣˬˮ2000-2004 )~170gC/m
2
/year.( 
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˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˵ˡ˧˧˥ˣ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ 

]˫˧˵ˡ˧˧˥ˣ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˧˞˸ ˣ˶˲˯ˮ ˞˪ ˭ˢ˟ ˫˧ˮ˷ ˶˲˯ˬ ˶˥˞˪ , ˫˧ˬ ˸ˣ˞ˬˠˣˡ ˣ˥˵˪ˮ ˨˞ ˣ˶ˬˣ˷ˣ

˨˩ ˨˶ˣ˴˪ ,ˢ ˸ˡ˧˥˧˪ ˫˧˞˸ ˸˶˧˲˯˪ ˸ˣ˞ˬˠˣˡ ˥ˣ˪˷˪ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˢ˪˥ˢ- flow-cytometry  ˸˵˪˥ˬ˟

˭ˣ˧ˮ˩˦˟ ˢ˯ˡˮˢˢˣ ˫˧˧˥ˢ ˧˰ˡˬ ˪˷ ˸ˣ˧˸˷˸ˢ ,ˡ ˪ˣˢ˧ˮ˟"˵˶˟ ˸˶˲˞ ˶ . ˪˷ ˨ˣ˶˞ ˨˧˪ˢ˸ ˫ˡ˵ ˸ˣˡ˧ˡˬ˪

ˢˡ˧ˡˬˢ ˪ˣ˵ˣ˦ˣ˶˲ ˸˶˧˴˧ ,ˡ ˧ˤ˩˶ˬ ˱˸ˣ˷ ˢ˧ˢ ˣ˟ˣ"˟ ˫˧ˢ ˧˰ˡˬ˪ ˶˲˯ˢ ˸˧˟ˬ ˪ˢ˧ ˧˞˸˧ˠ ˶˸˶ˣˬ˩ˬ.[  

 

 ˧˦ˣ˧˶˵ˣ˶˲ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˧˞˸ ˸ˣ˪˪ˣ˩ ˸ˣ˶˧˲˯ˢ)Synechococcus, Prochlorococcus ( ˧˦ˣ˧˶˵ˣ˞˞ˣ

)Pico-Eukaryotic (˫˧˥ˣ˸˲ˢ ˫˧ˬ˟ ˫˧˲ˣ˶˦ˣ˶˦ˢ ˫˧˵ˡ˧˧˥ˣ , ˸ˣˠ˪˲ˢ˟ ˸ˣ˲˯˞ˮˢ ˸ˣˬ˧ˠˡ ˨ˣ˸ˬ ˸ˣ˷˰ˮˣ

˸ˣ˧˷ˡˣ˥ˢ ˶ˣ˦˧ˮˢ .˫˧ˡˡˬˮˢ ˫˧˞˸ˢ ˭˧˟ ˫˧ˤˣ˩˧˶˟ ˫˧˪ˡ˟ˢ˪ ˟˪ ˫˧˷˪ ˟ˣ˷˥ :ˢ ˫˧˞˸ˢ ˫˧˦ˣ˧˶˵ˣ˞˞-x 

Synechococcus ˫˧˲˪˞˟ ˫˧ˡˡˬˮ ,˧˞˸ Prochlorococcus ˫˧˲˪˞ ˸ˣ˶˷˰˟ ˫˧ˡˡˬˮ , ˫˧˵ˡ˧˧˥ˣ

 ˫˧ˡˡˬˮ ˫˧˲ˣ˶˦ˣ˶˦ˢ˟˶˦˧˪˧˪˧ˬ˪ ˫˧ˮˣ˧˪˧ˬ . 

 

 ˫˧˞˶ˬ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˪˷ ˫˧˧˷ˡˣ˥ˢ ˫˧˪˧˲ˣ˶˲ˢ ˢˮ˷ˢ˫˧˦ˣ˧˶˵ˣ˞˞ ˪˷ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ x- Synec. 

˷ˡˣ˥˟  ˵ˬˣ˰˟ ˧˟˶ˬ ˨˶˰ ˫˰ ˶˞ˣˮ˧80 ˬ' )˞ˡ ˶ˣ˧31 .( ˧ˤˣ˩˧˶Proc. ˫˧ˢˣ˟ˠ ˫ˢ ˱˞ ˫˧˧ˣ˴ˬ ,˟ˣ˶˪ ,

 ˫˧˵ˬˣ˰˟40-80  ˳˧˵ˢ ˧˷ˡˣ˥˟ ˟ˣ˶˪ˣ ˫˧˶˦ˬ- ˳˶ˬ ˷ˡˣ˥˟ ˫ˠ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ ˣ˞˴ˬˮ ˢˮ˷ˢ ˧˩ ˫˞ . 

 ˫˧˧˸ˣˬ˩ˢ ˫˧˯˥˧˟ ˧ˤˣ˩˧˶ ˶˷˞˩ ˫˧˧˸ˮˣ˰ ˫˧˪ˡ˟ˢ˟ ˭˧˥˟ˢ˪ ˭˸˧ˮ ˸ˣ˴ˣ˟˵ˢ ˷ˣ˪˷ ˭˧˟Synec.  ˫˧ˢˣ˟ˠ

˧ˤˣ˩˧˶ ˣ˪˧˞ˣ ˟˧˟˞ˢˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ Proc.  ˳˧˵ˢ ˧˷ˡˣ˥˟ ˫˧ˢˣ˟ˠ)ˡ ˶ˣ˧˞32 .( ˫˧˦ˣ˧˶˵ˣ˞˞ˢ ˧ˤˣ˩˧˶

˥˟ ˸˧˯˥˧ ˫˧ˢˣ˟ˠˣ˳˧˵ˢ ˧˷ˡˣ˥˟ ˶˸ˣ˧˟ ˫˧˩ˣˬˮˣ ˱˶ˣ˥ˢ ˧˷ˡ,  ˨˯ˬ ˡ˟˪˟ ˫˧ˡˡˣ˟ ˫˧ˤˣ˥˞ ˫˧ˣˣˢˬ ˫ˢ ˤ˞

˭ˣ˦˵ˮ˪˲ˣ˦˧˲ˢ ˧˞˸ . 

 ˢˮˣ˷ ˢˮˣˬ˸ ˢ˪ˠ˸ˬ ˢ˯ˬˣ˧˟˪ ˢ˶ˬˢ˟) ˨ˣ˸ˬ ˫˧˩˶˰˟ ˷ˣˬ˧˷ ˢ˷˰ˮ ˢ˶ˬˢˢ ˨˶ˣ˴˪Campbell et al. 

1998 ,ˤˣ˞ ˪˷ ˦˶ˣ˦˵ˣˡˢ ˸ˡˣ˟˰ ˸ˣ˟˵˰˟ ˸˞ .ˬ ˶ˡ˧)2012( ˡ ˫˰ ˢ˴˰˟ˣ"˧ ˶ˢ˪˰ ˡ˵˷ . ˢ˶ˬˢˢ ˧˩˶˰

˫ˢ :Synec.=175fg C/cell ,Proc.=53fg C/cell ,Euc.=2100fg C/cell:(  ˶˟˰ˬˢ ˸ˣˮˣ˰ˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟

˶ˬ ˸˞ ˫˧˦ˣ˧˶˵ˣ˞˞ˢ ˫˧ˣˣˢˬˢ˯ˬˣ˧˟ˢ ˸˧˟ ,ˢ ˫˧ˣˣˢˬ ˳˧˵ˢ ˧˷ˡˣ˥˟ ˵˶ˣ- Proc. ˧˶˵˧˰ˢ ˵˪˥ˢ ˸˞ ,˭˧˟ 

40-50%  ˧˪ˣ˧ ˫˧˷ˡˣ˥˟ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ˢ ˸˯ˬ ˪˪˩ˬ- ˶˟ˬ˟ˣˮ. 

 ˟ˣ˟˶˰ˢ ˸ˣ˲ˣ˵˸˟ ˫˧˴ˣ˲ˮˢ ˫˧˞˸ˢ˷ ˡˣ˰˟)˱˶ˣ˥-˟˧˟˞ (˭˧˟ ˫˧˧ˣˮ˧˷˪ ˫˧ˮˣ˸ˮ-˫˧˪ˣˡˠ ˫˧˧˸ˮ˷ , ˫˰

 ˸ˮ˷˟ ˫˧˦ˣ˧˶˵ˣ˞˞ˢ ˸˯ˬ˟ ˡˡˬˮ˷ ˞˧˷2012 , ˸˧˧˯ˣ˪˩ˣ˞ Proc. ˫˧˧ˣˮ˧˷ ˢ˞˶ˬ ˢˮ˧˞ ˳˧˵˟ ˸˧˦ˮˮ˧ˬˣˡˢ

˫˧ˮ˷ˢ ˭˧˟ ˫˧˪ˣˡˠ. 

 

 
ˡ ˶ˣ˧˞31:  ˫˧˦ˣ˧˶˵ˣ˶˲ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˧˞˸ ˪˷ ˫˧˧˷ˡˣ˥ ˫˧ˤˣ˩˧˶)Synechococcus, Prochlorococcus (

 ˢˮ˥˸˟ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˦ˣ˧˶˵ˣ˞˞ˣA. 

Figure D31: Monthly phytoplankton concentrations of prokaryotes (Synechococcus and 

Prochlorococcus), and pico-eukaryotes in the water column at Station A.  
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ˡ ˶ˣ˧˞32 : ˫˧˦ˣ˧˶˵ˣ˶˲ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˧˞˸ ˪˷ ˫˧˧˷ˡˣ˥ ˫˧˪˶ˠ˦ˮ˧˞)Synechococcus, Prochlorococcus (

˟ ˫˧˦ˣ˧˶˵ˣ˞˞ˣ-250  ˢˮ˥˸˟ ˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˫˧ˮˣ˧˪˰ˢ ˫˧˶˦ˬˢA , ˷ˣ˪˷ ˭˧˟ ˫˧˧˸ˣˬ˩ˢ ˫˧˯˥˧ˢ ˸ˣˠ˪˲˸ˢˣ

 ˸ˣ˴ˣ˟˵ˢ ˶˞ˣ˶˟˲ ˤ˞ˬ2012 .˧˟ ˧˲˪ ˢ˦ˬ˪ˣ ˫˧˞˸ˢ ˶˲˯ˬ ˧˲˪ ˢ˪˰ˬ˪ˢ˯ˬˣ. 

Figure D32: Monthly integrated phytoplankton abundances in the upper 250 meters for 

prokaryotes (Synechococcus and Prochlorococcus) and pico-eukaryotes at Station A, 

and their relative abundance since February 2012. Top ï according to the cell count and 

bottom ï according to biomass. 

 

 ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ ˢˮ˷ˢ ˪˩ ˨˶ˣ˞˪ ˸ˣ˞˶ˬ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˲ˣ˶˦ˣ˶˦ˢˢ ˫˧˵ˡ˧˧˥ˢ ˧ˤˣ˩˧˶ ˸ˣ˧ˣˠ˪˲˸ˢ

˟ ˸˧˯˥˧-150 ˫˧ˡ˧˥˞ˣ ˶˸ˣ˧ ˫˧˩ˣˬˮˣ ˫˧ˮˣ˧˪˰ˢ ˫˧˶˦ˬˢ ˧ˡˬ˪ ˩ˬ ˫˧˪ˣˡˠ ˫˧˵ˬˣ˰˟-200 ˫˧˶˦ˬ .˫˧ˤˣ˩˧˶ 

 ˧ˮˣ˧ˣ ˶˞ˣˮ˧ ˫˧˷ˡˣ˥˟ ˢˮ˷ˢ ˣˡˡˬˮ ˫˧˪ˣˡˠ˫ˢ˟ ˬˮ ˫˧ˡˣˡ˶ˢ ˫˧˵ˬˣ˰˟ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ ˣ˞˴) ˡ˰60 ˬ' (

 ˵ˬˣ˰˟ˣ180 ˬ' )ˡ ˶ˣ˧˞33( .  

 
ˡ ˶ˣ˧˞33 : ˢˮ˥˸˟ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˲ˣ˶˦ˣ˶˦ˢ ˫˧˵ˡ˧˧˥ ˧˞˸ ˪˷ ˫˧˧˷ˡˣ˥ ˫˧ˤˣ˩˧˶A. 

Figure D33: Monthly concentrations of hetrotrophic bacteria in the water column at 

Station A.  
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˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ 

 ˫˧ˮˣˤ˧ˮˢˣ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˧˥ˢ ˫˧˶˧˰ˤ ˫˧˲ˣ˶˦ˣ˶˦ˢ ˫˧˶ˣ˴˧ ˸˪˪ˣ˩ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤˢ ˸˴ˣ˟˵

˭ˣ˦˵ˮ˪˲ˣ˦˧˲ˬ ,˶˥˞ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤˬˣ ˫˧˵ˡ˧˧˥ . ˭ˣˤˬˢ ˠ˶˞ˬ˟ ˸˧˶˵˧˰ ˸˶˷˵ˬ ˢ˧˪ˣ˥ ˫˧ˣˣˢˬ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤˢ

 ˫˧˟ï ˶˸ˣ˧ ˸ˣˢˣ˟ˠ ˸ˣ˧˲ˣ˶˦ ˸ˣˬ˶˟ ˫˧˧˥ ˧˪˰˟˪ ˫˧˧ˮˣ˷˞˶ ˫˧ˮ˶˴˧ˬ ˶˟˰ˬˢ , ˢ˟ˣ˷˥ ˢ˧˪ˣ˥ ˫ˠ ˣˬ˩

 ˫˧˟ ˸˧˪˞˧˟ˣ˶˵˧ˬˢ ˢ˞˪ˣ˪˟)˫˧˵ˡ˧˧˥ ˧ˡ˧ ˪˰ ˫˧ˮˣ˷ ˫˧˶ˣ˴˧ˬ ˷˶˲ˣˬˢ ˯ˬˣˬ ˧ˮˠ˶ˣ˞ ˶ˬˣ˥ ˸˦˧˪˵ ,

˶˸ˣ˧ ˪ˣˡˠ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ ˧ˡ˧ ˪˰ ˫˧˪˩˞ˮ ˶˷˞ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤˣ˶˵˧ˬ ˧ˡ˧ ˪˰ ˭˩ˬ ˶˥˞˪ ˫˸˪˧˩˞ˣ .( ˷ˡˣ˥ˬ ˪˥ˢ

 ˳˶ˬ2011 ,ˢ˴˶ˢˣ ˧ˣ˯˧ˮ ˸˲ˣ˵˸ ˶˥˞˪ ,˧ˣˮ˧˷ ˶˥˞ ˶˧ˡ˯ˣ ˰ˣ˟˵ ˟˵˰ˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˰˴˟ˬ ˢ˯ˬˣ˧˟˟ ˫˧

˪ˡˣˠ ˸ˣ˧˴˵˶˲ ˧˲˪ ˸˧˦ˣ˲ˢ ˢ˟˩˷˟ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ ˪˷ . ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ˟ ˫˧˧˸ˣˬ˩ ˫˧˧ˣˮ˧˷ ˡ˰˸˪ ˡ˰ˣˮ ˶ˣ˦˧ˮˢ

˪˪˩˟ ,ˣ˟˶˵˟ ˪ˡˣˠˢ ˸ˣ˴ˣ˟˵ ˟˩˶ˢ˟ ˫ˠ ˣˬ˩. 

 ˵ˣˬ˰ˢ ˫˧˟ ˷ˡˣ˥ ˧ˡˬ ˸ˣ˲˯˞ˮ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ ˸ˣˬ˧ˠˡ) ˸˧˰˵˶˵ ˵ˬˣ˰300-400 ˬ'( , ˢ˶˧˶ˠ ˸ˣ˰˴ˬ˞˟

ˢ˪ˣ˲˩ ˭ˣ˦˵ˮ˪˲ ˸˷˶ ˪˷ ˸˧ˮˣ˯˩˪˞ ")Bongo (" ˪˷ ˶ˣ˥ ˪ˡˣˠ ˫˰mm200 )ˡ ˶ˣ˧˞34.(  ˢˬ˧ˠˡˢ

 ˫ˣ˧ˢ ˸ˣ˰˷˟ ˸˰˴˟˸ˬ) ˸ˣ˰˷ˢ ˭˧˟9-11( ,˷ˡˣ˥ ˪˩ ˪˷ ˭ˣ˶˥˞ˢ ˰ˣ˟˷˟ ˪˪˩ ˨˶ˡ˟ . ˢ˪˧˥˸ˬ ˢ˶˧˶ˠˢ

˩ ˪˷ ˵ˬˣ˰˪ ˸ˣ˧˦˧˞˟ ˭ˣ˦˵ˮ˪˲ˢ ˸˷˶ ˸ˡ˶ˣˢ˟-100 ˬ ,'˦˧˷ ˧ˡ˩ ˨ˣ˸ . ˢˤ ˵ˬˣ˰˪ ˸˷˶ˢ ˸˰ˠˢ ˫˰ ˡ˧ˬ

˥˦˷ˢ ˧ˮ˲˪ ˢ˶ˤ˥ ˸˧˪˰ˣˬ ˞˧ˢ . ˪˩ ˨˷ˬ˟˩ ˪˷ ˸ˣ˶˧ˢˬ˟ ˢ˦˷ ˢ˶˧˯ˢ ˢ˞˪˰ˢˢˣ ˢˡ˶ˣˢˢ ˭ˬˤ- 2  ˶˷˵)1 

 ˬ'ˢ˧ˮ˷˪ ( ˢ˶˧˶ˠˢ ˪˟˥ ˸˧ˣˤˣ)140 ˬ 'ˣ˩˶˞ ( ˟˧˟˯ ˸˶ˬ˷ˮÜ45 .˩ ˞ˣˢ ˪˪ˣ˩ˢ ˢ˶˧˶ˠˢ ˨˷ˬ-10 ˸ˣ˵ˡ .

ˢ˯˟" ˫˰˲ ˪˩˟ ˸ˣ˰˴˟˸ˬ ˩3  ˸ˣ˶˧˶ˠ =)6 ˷ˡˣ˥ ˪˩˟ ˫ˣ˧ ˣ˸ˣ˞ˬ ˸ˣˬ˧ˠˡ( , ˶ˣˤ˞˟˷ ˫˧˥ˣ˸˲ˢ ˫˧ˬ˟ ˭˪ˣ˩

 ˸˪˧˞ ˪˷ ˧ˬˣ˶ˡˢ ˱ˣ˥ˢ)ˬ ˭˧˟˸˸ˢ ˢ˲˴ˬ˪ ˢ˩˧˯ˮˢ ˭ˣ˪-˧ˬ˧ .( ˢ˴˵ˬ ˸ˣ˞˴ˣˬ ˸ˣˬ˧ˠˡˢ ˢ˶˧˶ˠ ˪˩ ˶˥˞˪

˱ˣ˥˪ ˢ˶ˤ˥ˢ ˫˰ ˡ˧ˬ ˢˡ˟˰ˬ˟ ˪ˣ˲˧˦˪ ˡ˰ ˥˶˵ ˫˰ ˸˧ˮˡ˧˴˟ ˸ˣ˶ˬ˷ˮˢ ˵˧˦˯˪˲ ˸ˣˮ˴ˮ˴˪ ˸ˣ˶˟˰ˣˬˣ ˸˷˶ˢ . 

 ˸ˣ˸˷˶ ˷ˣ˪˷ ˫˰ ˢˮˣ˪ˣ˵ ˪˰ ˭ˣˮ˧˯ ˸ˣ˰˴ˬ˞˟ ˪ˡˣˠ ˸ˣ˧˴˵˶˲ ˷ˣ˪˷˪ ˸ˡ˶˲ˣˬ ˢˬ˧ˠˡ ˪˩ ˢˡ˟˰ˬ˟

 ˪˷ ˶ˣ˥ ˪ˡˣˠ˟ ˭ˣ˦˵ˮ˪˲200 ,500 x- 1000 ˭ˣ˶˵˧ˬ . ˧˟˧˯ ˶˦˪˧˲ ˪˰ ˢ˧˴˵˶˲ ˪˩ ˸ˮˮˣ˯ˬ ˭˩ˬ ˶˥˞˪

˸˧˩ˣ˩ˤGF/A  ) ˪˷ ˧˪ˮ˧ˬˣˮ ˶ˣ˥ ˪ˡˣˠµm 1.6 (˟ ˶ˣˮ˸˟ ˷˞˶ˬ ˱˶˷ˮ ˶˷˞ºC  450  ˨˷ˬ˪4  ˸ˣ˰˷

 ˡˡˬˮ ˣ˪˵˷ˬˣ)˯ˮ˩ˣˬ ˞ˣˢ ˢ˧˪˞˷ ˸˧˶ˣ˩ˢ ˪˷ ˢˤ ˫˰ ˡ˥˧ .( ˶ˣˮ˸˟ ˷ˣ˟˧˧ ˫˧˶˟ˣ˰ ˫˧˶˦˪˧˲ˢ ˭˩ˬ ˶˥˞˪

ºC  60 ˥˲˪ ˫˧ˬ˧ ˢ˷ˣ˪˷ ˨˷ˬ˪˸ˣ , ˟ˣ˷ ˫˧˪˵˷ˮ) ˸˸˟ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤˢ ˪˷ ˷˟˧ˢ ˪˵˷ˬˢ ˸˪˟˵˪

ˢˬ˧ˠˡˢ (˥˞ˣ"˟ ˫˧˲˶˷ˮ ˩ºC 450   ˨˷ˬ˪4  ˧ˮˠ˶ˣ˞ˢ ˶ˬˣ˥ˢ ˪˷ ˷˟˧ ˪˵˷ˬ ˸˪˟˵˪ ˸ˣ˰˷) Ash Free 

Dry Weight ïAFDW .(ˬ˪ ˫˶ˠ˟ ˸ˣˠ˴ˣˬ ˸ˣ˞˴ˣ˸ˢ" ˵)˸˷˶ ˸ˣ˶˧˶ˠ ˷ˣ˪˷ ˪˷ ˭˵˸ ˸˞˧ˠ˷ˣ ˰˴ˣˬˬ (

˟ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ ˪˷ ˢ˯ˬˣ˧˟ˢ ˸˞ ˸ˣˠ˴˧˧ˬˣ- 100 ˬ ' ˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˫˧ˮˣ˧˪˰ˢ)˸˶˞ˣˬˢ ˢ˟˩˷ˢ ˞˧ˢ˷ .( 

 

 
˞ˡ ˶ˣ˧34 :˸˷˶  ˢ˪ˣ˲˩ˢ ˭ˣ˦˵ˮ˪˲ˢ")Bongo ("˵ˣˬ˰ˢ ˫˧˟ ˢ˶˧˯ˢˬ ˸˶˶ˠˮ. ˫ˣ˪˧˴ : ˬ.'˴˧˵˯˟ˣ˥˧ˮ˶ 

Figure D34: A double plankton net ("Bongo") towed from the boat in deep waters. 

Photo: M. Chernihovsky 
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ˣˤˢ ˸˯ˬ ˧˞ˬ ˷ˡˣ˥˟ ˢˡˡˬˮ ˢˮ˷ˢ ˶˸ˣ˧˟ ˢ˪ˣˡˠˢ ˭ˣ˦˵ˮ˪˲ˣ˞mg/m
3

 5.93 , ˨˶˰ˢ ˧˴˥ˬ ˶˸ˣ˧ ˦˰ˬ

˸ˬˡˣ˵ˢ ˢˮ˷˟ ˳˶ˬ ˷ˡˣ˥˟ ˡˡˬˮ˷ . ˷ˡˣ˥ ˧˶˥˞ˣ ˟˧˟˞ˢ ˧˷ˡˣ˥˟ ˢ˞˴ˬˮ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤˢ ˸˯ˬ ˶˵˧˰ ˢˮ˷ˢ

 ˫˧˷ˡˣ˥ˢ ˸˞ ˫˧ˮ˧˧˲˞ˬˢ ˫˧˩ˣˬˮˢ ˫˧˩˶˰ˢ ˣˡˡˬˮ ˟ˣ˷ ˧˞ˬ"˫˧˧ˮ˰ˢ " ˧˸ˮˣ˰ˢ ˶ˣˤ˥ˬ˟)ˣ˧˞ˡ ˶35  .( 

ˢˮ˷˟ ˣˬ˩ ˸ˬˡˣ˵ˢ ,˶˞ˣˮ˧ ˫˧˷ˡˣ˥˟ ˢˡˡˬˮ ˶˷˞ ˢ˯ˬˢ ˶˵˧˰ ˢˮ˷ˢ ˫ˠ- ˪ˡˣˠˢ ˸˴ˣ˟˵˟ ˢ˶ˣ˵ˬ ˳˶ˬ

 ˪˷1000mm> )ˡ ˶ˣ˧˞36 ,ˢ˦ˬ˪( .˫˧ˮ˷ˢ ˟ˣ˶˟ ˟˴ˬˢ ˣˢˤ , ˸ˮ˷˟ ˡ˟˪ˬ2013  ˪ˡˣˠˢ ˸ˣ˴ˣ˟˵ ˣˣ˧ˢ ˢ˟

ˢ˯ˬˢ ˶˵˧˰ ˸˞ ˶˸ˣ˧ ˸ˣˮ˦˵ˢ . ˢˮ˦˵ˢ ˪ˡˣˠˢ ˸˴ˣ˟˵ ˢˣˣˢˬ ˳˧˵ˢ ˧˷ˡˣ˥˟200mm >ˢ˯ˬˢ ˶˵˧˰ ˸˞ . 

 

 

 
˧˞ˡ ˶ˣ35 :˩˧˶˟ ˫˧˧˷ˡˣ˥ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ ˧ˤˣ-100 ˵ˣˬ˰ˢ ˫˧˟ ˫˧ˮˣ˧˪˰ˢ ˫˧˶˦ˬˢ  . ˢ˪˰ˬ˪ï ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤˢ ˨˯ ,

 ˢ˦ˬ˪ï  ˪˷ ˶˦˪˧˲ ˪˰ ˸ˣˮˮˣ˯ˬ ˪ˡˣˠ ˸ˣ˧˴˵˶˲˪ ˢ˵ˣ˪˥1000 ,500 x-200  ˭ˣ˶˵˧ˬ)˵ˣ˶˧ ,˪ˣ˥˩ˣ ˫ˣˡ˞ ,

ˢˬ˞˸ˢ˟.( 

Figure D35: Monthly zooplankton concentrations at the upper 100m of the deep sea. 

Top ï all zooplankton, bottom ï divided to size fractions filtered on 1000, 500 and 200 

µm filters (green, red and blue, respectively). 
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Zooplankton Ash-Free Dry weight
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˭ˣ˧ˡ 

˸ˡˣˬ˰ ˫˧ˬˢ ˫˧˵ˣˬ˰ˢ ˸˟˴ˣ˰ˬ ˶˵˧˰˟ ˪˰ ˧ˡ˧ ˶ˣˤ˥ˬˢ ˧˸ˮˣ˰ˢ ,˟˩˶ˣˬˢ ˸ˡ˧˶˧ˬ ˸ˣ˶ˣ˦˶˲ˬ˦ ˧ˮ˲˟ 

˫˧ˢ ˢ˞˴ˣ˸˩ˣ ˨˩ˬ ˟ˣ˟˶˰ ˪˷ ˫˧ˬˢ ˫˧ˮˣ˧˪˰ˢ ˫˰ ˫˧ˬˢ ˫˧˵ˣˬ˰ˢ ˱˶ˣ˥˟ ˨ˣ˸ˣ ˨˩ - ˸˞˪˰ˢ ˫˧˦ˮ˧˧˶˦ˣˮ ,

˧˶ˬˣ˥ ˭˷ˡ ,˵ˬˣ˰ˢˬ ˸˶˷˰ˢˣ ˫˧ˬˢ ˫˧˵ˣˬ˰ˢ ˭˴ˬ˥˟ .ˢ˪˧˥˸ˬ˷˩ ˢˮˣ˰ˢ ˢˬ˥ˢ ,˸˶˧ˡ˥ ˫˧ˬ ˫˧ˬ˥ ˶˸ˣ˧, 

˫˶ˣ˵ˬ˷ ˫ˣ˶ˡ˟ ˳˶˲ˬˢ, ˸˶˴ˣ˧ ˟ˣ˩˷ ˧˪˵˧˯˧˲ ˟˧˴˧ ˰ˮˣˬˢ ˟ˣ˟˶˰ ˭˧˟ ˧ˬ ˥˦˷ˢ ˫˧ˬˢˣ ˫˧˵ˣˬ˰ˢ .˨˪ˢˬ˟ 

ˢˮˣ˰ xʕ ˫˧˩˶˴ˮ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˫˧ˬ˟ ˫˧ˮˣ˧˪˰ˢ ˫˧˶˟˴ˮˣ ˫˧˦ˮ˧˧˶˦ˣˮ ˫˧ˬ˟ ˫˧˵ˣˬ˰ˢ ,˪˧˟˵ˬ˟ˣ ˪ˡ˪ˡˬ ˶ˠ˞ˬ 

˭˴ˬ˥ˢ ˯ˬˣˬˢ ˫˧ˬ˟ ˫˧˵ˣˬ˰ˢ . 

ˢ˵˧ˬ˞ˮ˧ˡˢ ˸˧˸ˮˣ˰ˢ ˪˷ ˧ˤˣ˩˧˶ ˫˧˦ˮ˧˧˶˦ˣˮ ˭˴ˬ˥ˣ ˫˧ˬ˟ ˫˸ˣˮ˧ˬˤˣ ˸ˣ˧˯ˣ˪˩ˣ˞˪ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ˢ 

˸ˡˣˬ˰˟ ˫˧ˬˢ ˢˮˣ˧˪˰ˢ ˢ˟˧˸˩ˬ ˸˞ ˪˧˲ˣ˶˲ ˫˧ˤˣ˩˧˶ˢ ˪˷ ˫˧˟˧˩˶ˬˢ s˫˧ˮˣ˷ ˸ˡˣˬ˰˟ ˫˧ˬˢ ˨˶ˣ˞˪ ˢˮ˷ˢ . 

ˢ˵˧ˬ˞ˮ˧ˡˢ ˟˶ˢ ˸˧˸ˮ˷ ˬ ˶˵˧˰˟ ˸˰˲˷ˣˬ˵ˬˣ˰ ˨˷ˬˣ ˟ˣ˟˶˰ˢ ˸ˣ˧ˣˬ˩ˣ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˣ˶˟˴ˮ˷ ˧ˬ˟ 

˵ˬˣ˰ˢ )ʕ"˞ ,˵ˬˣ˰ ˣ˸ˣ˞˪ ˫ˡˣ˵ ˟ˣ˟˶˰ ˤ˞ˬ ˱˪˥˷ ˭ˬˤˢ( . ˫ˠˢˮ˷ˢ  ˢ˧ˢ˟ˣ˟˶˰ ˸ˡˣˬ˰ ˫˧ˬˢ ˡˣˡ˶ ï ˩-

300  ˫˧˶˦ˬï ˤ˞ˬ ˸˧˷˧˪˷ˢ ˢˮ˷ˢ ˣˤ ˮ˷ ˸2012  ˢ˧ˢ ˢ˟˟ˣ˟˶˰ ˰˵ˣˬ ˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ . ˢˤ˶ˣˤ˥ˬ 

 ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟ ˧˷˧˪˷˪˷ ˢ˵˧ˬˮ˧ˡ ˟˶-˸˧˸ˮ˷ ˟ˣ˟˶˰ˢ ˵ˬˣ˰ ˧ˡ˧ ˪˰ ˸˦˪˷ˮˢ .˶ˣˤ˥ˬˢ ˫ˡˣ˵ˢ ,˶˷˞ 

ˣ˪ˣ˩ ˡ˰ˣ˸ ˸˶ˠ˯ˬ˟ ˸˧ˮ˩˸ ˶ˣ˦˧ˮˢ ,˪˪˩ ˟ˣ˟˶˰ ˵ˣˬ˰ ˫˧ˮ˷˟ 2007-8 ,˷ˣ˪˷ ˫˧ˮ˷ ˪˷ ˟ˣ˟˶˰ ˡˣˡ˶ 

)2009-2011 (˟ˣ˷ˣ ˟ˣ˟˶˰ ˵ˣˬ˰ ˟˸ˮ˷ 2012 . 

 

 ˶ˣ˦˧ˮˢ ˸˪˧˥˸)2004 ( ˫˧˧ˮˣˮ˧˟ ˫˧˵ˬˣ˰˪ ˫˧˟ˣ˟˶˰ ˪˷ ˢ˲ˣ˵˸˟) ˟˧˟˯500 ˫˧˶˦ˬ ( ˟ˣ˟˶˰ˢ ˭˧˟

 ˸ˮ˷ ˪˷ ˵ˣˬ˰ˢ200  ˸ˮ˷ ˪˷ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢˣ2007 . ˫˧ˬ˟ ˫˧˟˶ ˫˧˦ˮ˧˧˶˦ˣˮ ˣ˶˟˴ˮ ˣˤ ˢ˲ˣ˵˸˟

˫˧˩ˣˬˮ ˣ˧ˢ ˫˷ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶ˣ ˫˧˵ˣˬ˰ˢ .˸ˣ˟˵˰˟ ˟ˣ˟˶˰ˢ ˵ˣˬ˰ˢ ˫˧ˮ˷˟ 2007-2008 ˡ˶˧ ˸˧˸ˣ˰ˬ˷ˬ 

ˤˣ˩˧˶ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˫˧ˬ˟ s˫˧˵ˣˬ˰ ˢ˪˰ˣ ˤˣ˩˧˶ ˭˴ˬ˥ˢ ˯ˬˣˬˢ ˫ˢ˟ .˟ˢ ˷ˣ˪˷˫˧ˮ˷ ˶˥˞˪˷ ˭˩ˬ ˢˡˡˬˮ 

ˢ˧˧˪˰ ˧ˤˣ˩˧˶˟ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˫˧ˬ˟ ˫˧˵ˣˬ˰ˢ ˫˧˶ˠ˞ˬˢˣ ˫˧˯ˬˣˬˢ ˣ˞˪ˬ˸ˢ ,˫˞ ˧˩ ˞˪ ˣ˰˧ˠˢ ˫˧˩˶˰˪ 

˫˧ˢˣ˟ˠˢ ˪˷ ˫˧ˮ˷ˢ 2004-2006 ˶ˣˤ˥ˬ˟ ˟˶ˢ-˧˸ˮ˷ ˫ˡˣ˵ˢ . 

˸ˮ˷˟ 2012 )˵ˣˬ˰ ˟ˣ˟˶˰ (˟ˣ˷ ˢˡ˰ˣ˸ ˢˡ˧˶˧ ˧ˤˣ˩˧˶˟ ˧˶ˠ˞ˬˣ ˮs˫˧˦ˮ˧˧˶˦ˣ ˸ˡˣˬ˰˟ ˫˧ˬˢ ˧˷ˡˣ˥˟ 

˱˶ˣ˥ˢ ˢ˧˪˰ˣ ˭˴ˬ˥˟ ˯ˬˣˬˢ .ˡ˥˧ ˫˰ ˸˞ˤ ,˸˧˧˪˰ ˸ˣ˶ˣ˦˶˲ˬ˦ˢ ˱ˣ˯˟ ˱˶ˣ˥ 2012 ˢ˸˧˧ˢ ˢ˶˧ˢˬ ˢ˪ˣˡˠˣ 

ˢ˟˶ˢ ˶˸ˣ˧ ˶˷˞ˬ ˸ˣ˟˵˰˟ ˟ˣ˟˶˰ˢ ˵ˣˬ˰ˢ ˪˷ 2007-2008 ˧˶ˠ˞ˬˣ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˫˧˯ˬˣˬˢ ˣ˞˪ˬ˸ˢ ˱˞ 

˧˩ ˫˧ˤˣ˩˧˶ˢ ˧ˬ˟ ˵ˬˣ˰ˢ ˣ˶˸ˣˮ ˫˧˩ˣˬˮ .ˤ˞ˬ ,ˣ˟˶˰ ˪˷ ˫˧ˮ˷˟ ˟ˡˣˡ˶  ˸ˡˣˬ˰ ˪˷˫˧ˬˢ  ˣ˪˰˧ˤˣ˩˧˶ 

˫˧˦ˮ˧˧˶˦ˣˮˢ ˧ˬ˟ ˵ˬˣ˰ˢ ˢˠ˶ˡˢ˟. ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˯ˬˣˬˢ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶˟ ˢˡ˧˶˧ ˢˡˡˬˮ ˪˧˟˵ˬ˟.  ˫˰ ˡ˥˧

˸˞ˤ ,˟˶ˢ ˶ˣˤ˥ˬ˟ ˢ˪˧˟˵ˬˢ ˢ˲ˣ˵˸˪ ˢ˞ˣˣ˷ˢ˟- ˫ˡˣ˵ˢ ˧˸ˮ˷) ˸ˮ˷2011 ( ˫˧˦ˮ˧˧˶˦ˣˮˢ ˧ˤˣ˩˧˶ ˧˩ ˶˩˧ˮ

ˢ ˟ˣ˟˶˰ˢ ˶˥˞˪ ˫˧ˮ˷ ˷ˣ˪˷ ˣ˧ˢ˷ˬ ˫˧˩ˣˬˮ ˵ˬˣ˰ˢ ˧ˬ˟ ˸ˮ˷ ˪˷ ˵ˣˬ˰2008 , ˵ˬˣ˰˟ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶ˣ

˶˸ˣ˧ ˫˧ˢˣ˟ˠ .˨˩˪ ˱˯ˣˮ˟ , ˫˧ˮ˷˟ ˢˡˡˬˮ˷ ˵ˣˬ˰ˢ ˫˧ˢ ˸˧˰˵˶˵ ˸˟˶˵˟ ˫˧˦ˮ˧˧˶˦ˣˮ ˧ˤˣ˩˧˶˟ ˢ˧˪˰

˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˸ˡˡˬˮ ˞˪ ˶ˣ˦˧ˮˢ ˸˪ˣ˰˲˪ ˸ˣˮˣ˷˞˶ . 

˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˪˩˪ ˢ˞ˣˣ˷ˢ˟ , ˭˧˟ ˟ˣ˟˶˰ˢ ˵ˬˣ˰˟ ˫˧˪ˡ˟ˢˢˣ ˫˧˪ˣˡˠˢ ˫˧˧˸ˮˣ˰ˢ ˫˧˧ˣˮ˧˷ˢ ˱˞ ˪˰

˷ˢ˫˧ˮ,  ˶˸ˣ˧ ˢ˧˧˵ˮ ˳˶˲ˬˢ ˭ˣ˲˴˟ ˫˧ˬˢ ˸ˡˣˬ˰ ˧˩ ˢ˞˶ˮ)˫˧˦ˮ˧˧˶˦ˣˮ˟ ˶ˣˬ˞ˢ ˪˩˟ ( ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟

˶ˣ˦˧ˮˢ ˪˷ ˸ˣˮˣ˷˞˶ˢ ˫˧ˮ˷˟ ˢ˸˧˧ˢ˷ˬ. 

 

˵ˬˣ˰ˢ ˧ˬ˟ ,˧˵ˬˣ˰˟ ˦˶˲˟ˣ˩ˬ ˫˧˪ˣˡˠˢ ˫- 500 ˫˧˶˦ˬ , ˸˩˷ˬˮˢ ˸˧˧˪˰ ˪˷ ˢˬˠˬ˶ˣ˦˶˲ˬ˦ s.

 ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˢ˶ˣ˦˶˲ˬ˦ˢˢˡ˶˧ ˫˧ˮ˷˟ 2007-2008 ˢ˞˴ˣ˸˩ ˟˶˰ˢˬ˟ˣ ˵ˣˬ˰ˢ ˫˧ˮ˷˟ ˢ˪˞ ,ˤ˞ˬ ˨˞ 

˸ˡˡˬˮ ˢ˧˧˪˰ ˢ˪˵ ˸ˣ˶ˣ˦˶˲ˬ˦˟ ˫˧ˬˢ ˫˧˵ˣˬ˰ˢ .˪˰ ˱˞ ˟ˣ˟˶˰ˢ ˵ˣˬ˰ˢ  ˸ˮ˷ ˪˷2012, ˞˪ ˢ˞˴ˬˮ 

ˢˡ˧˶˧ ˸˶ˣ˦˶˲ˬ˦˟ ˫˧ˬˢ ˫˧˵ˣˬ˰ˢ ˬ-500 ˫˧˶˦ˬ x˸˧˧˪˰ sˢ˶ˣ˦˶˲ˬ˦ ˫˧ˬ˟ ˫˧˵ˣˬ˰ˢ ˢ˩˷ˬˮ  ˫ˠˢˮ˷ˢ. 
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ˢ˶˦ˬ 

˪˥ ˶ˬˣ˥ ˧˲˦˷ ˶˥˞ ˟˵˰ˬ ˫˰ ˫˧˧ˣˮ˧˷ˢ ˸˞ ˡˣˬ˞˪ ˸ˮˬ ˪˰ ˸˧˰˵˶˵˪ ˡ˰ˣ ˫˧ˬˢ ˸ˡˣˬ˰ ˡ˶ˣˬ˟ ˧˵˧˵

˵ˬˣ˰ˢ ,˸˧˰˵˶˵˪ ˰˧ˠˬˢ ˶ˬˣ˥ˢ ˸ˣ˧ˣˬ˩ ˸˞ , ˸˞ ˶ˣ˷˵˪ ˸ˣ˯ˮ˪ˣ ˫˧˧˸ˮ˷ ˭˧˟ˢˣ ˫˧˧˸ˮˣ˰ˢ ˫˧˧ˣˮ˧˷ˢ ˸˞ˣ

˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˩˧˪ˢ˸˪ ˰ˡ˧ˬˢ. 

 

˸ˣ˦˧˷ 

 ˵ˣˬ˰ˢ ˫˧˟ ˸˟˴ˣˬ ˦ˮˬ˧ˡ˯ ˸ˣˡˣ˩˪ˬ ˸˶ˡ˯)˩ ˪˷ ˫˧ˬ ˵ˬˣ˰- 605 ˫˧˶˦ˬ( , ˢˮˣˠ˰ ˸˩ˬ˸ˮˣ ˸˧˰˵˶˵˪

 ˫˧˲ˣ˴ˬ ˸˶ˡ˯ ˧ˡ˧ ˪˰)˶ˣ˧˞ l36 .( ˸˞ ˸ˣ˦˪ˣ˵ˢ ˶ˣˮ˧˴ ˸ˣˡˣ˩˪ˬ ˧˸˷ ˪˷ ˫˧˩˶˰ˬ ˢ˷˧ˬ˥ ˸˪˪ˣ˩ ˢ˶ˡ˯ˢ

˧˷ˡˣ˥ˢ ˫˧˵˧˵˪˥ˢ ˱˦˷ ,˫ˣ˧ ˧ˡˬ ˧˦ˬˣ˦ˣ˞ ˭˲ˣ˞˟ ˱ˣ˯˧˞ˢ ˶ˣˮ˧˴ ˱˪˥ˣˬ ˢ˟ ˸˥˞ ˸ˡˣ˩˪ˬˣ ,˨˶˰˪ .

 ˫˧˵ˬˣ˰˟ ˸ˣ˟˴ˣˬ ˸ˣ˧˷ˡˣ˥ˢ ˸ˣˡˣ˩˪ˬˢ570 ,450 ,350 ,220 x-120 ˫˧˶˦ˬ ,˨˶˰˪ , ˸˧ˬˣ˧ˢ ˸ˡˣ˩˪ˬˢˣ

 ˵ˬˣ˰˟ ˸˟˴ˣˬ400 ˨˶˰˪ ˫˧˶˦ˬ .˨˶˰ˬˢ ˱˯˞ˮ ˷ˡˣ˥˩ ˧ˡˬ ,˫˧˪ ˶ˤ˥ˣˬ ˨˶˰ˬˢˣ ˸ˣ˲˪˥ˣˬ ˸ˣˡˣ˩˪ˬˢ .

 ˸ˣˡˣ˩˪ˬˢ ˵ˬˣ˰˟ ˫˧˪˵ ˫˧˪ˡ˟ˢ ˫ˮ˷˧ ˨˶ˣ˴ˢ ˧˲˪ ˫˧˪˟˥ ˸˲˪˥ˢˬˣ ˫ˣ˵˧ˬ˟ ˫˧ˮ˦˵ ˫˧˧ˣˮ˧˷ˬ ˢ˞˴ˣ˸˩

˫˰˲˪ ˫˰˲ˬ. 

˸˟ ˫˧˲˯˞ˮˣ ˫˧ˬˢ ˸ˡˣˬ˰ ˨˶ˡ ˫˧˶˷ˣˮˢ ˫˧˵˧˵˪˥ ˸ˣ˲˯ˣ˞ ˸ˣˡˣ˩˪ˬˢ ˸˥˪ˬ˸ ˢ˪˧˩ˬˢ ˸ˡˣ˩˪ˬˢ ˸˧˸˥

 ˦˰ˬ ˪˷ ˸˲˯ˣ˸ ˫˰ ˢ˧ˣˣ˶˟HgCl  ˸˞ ˸ˣˮ˷˪ ˢ˪ˣ˪˰˷ ˸ˡˣ˩˪ˬˢ ˨ˣ˸˟ ˸˧ˠˣ˪ˣ˧˟ ˸ˣ˪˧˰˲ ˰ˣˮˬ˪ ˢˡ˰ˣˮ˷

ˣˡ˩˪ˮ˷ ˫˧˵˧˵˪˥ˢ ˱˯˞ˬ . 

 ˰˵˷ˬˢˣ ˫˧ˮˣ˧˪˰ˢ ˫˧ˬˢ ˫˧˟˞˷ˮ ˸˶˥ˬ˪ˣ ˢ˪˧˪ˢ ˨˷ˬ˪ ˶ˣ˶˧˵˟ ˸ˣ˶ˬ˷ˮ ˭ˢ ˸ˣˡˣ˩˪ˬˢ ˱ˣ˯˧˞ ˶˥˞˪

 ˪˷ ˢ˲ˮ ˨˶ˡ ˭ˮˣ˯ˬ1 ˬ"ˤ ˞˧˴ˣˢ˪ ˸ˮˬ ˪˰ ˬˡ˩˪ˮ˷ ˪ˣˡˠ ˭ˣ˦˵ˮ˪˲ˣ˞ˣ . ˸ˣ˲˧˦˷ ˸˶ˡ˯ ˶˟ˣ˰ ˭ˮˣ˯ˬˢ ˶ˬˣ˥ˢ

˷˟ˣ˧ˬˣ ˷ˡ˥ˬ ˰˵˷ˣˬ ˫˧˥˪ˬˢ ˸˵˥˶ˢ˪ ˫˧˵˵ˣˤˬ ˫˧ˬ˟. 

˪˪˩˩ ,˶ˣˮ˧˴ ˸ˣˡˣ˩˪ˬ ˠˣˤ ˟˴ˣˬ ˵ˬˣ˰ ˪˩˟ ;ˢ˪ˣ˩ ˸˪˵˷ˮ ˠˣˤ ˪˩ˬ ˸˥˞ ˸ˡˣ˩˪ˬ ˸˪ˣ˩˸ , ˢ˧ˮ˷ˢˣ

˫˧˪˵˷ˮ ˫ˢˬ ˫˧˧ˮ˷ˣ ˫˧ˣˣ˷ ˫˧˵˪˥ ˢ˶˷˰˪ ˸˵˪ˣ˥ˬ .˧˴ˢ ˪˷ ˫˧ˮ˲ˢ ˥˦˷˪ ˪ˬ˶ˣˮˬ ˪˵˷ˬˢ ˨˷ˬ˪ˣ ˶ˣˮ

˰ˣ˟˶ ˶˦ˬ˪ ˫ˣ˧˪ ˪˵˷ˬ ˪˷ ˱˦˷˟ ˸ˣˮ˸˧ˮ ˸ˣ˞˴ˣ˸ˢˣ ˢˬˠˣˡˢ ˸ˠ˴˧˧ˬ ˣ˸ˣ˞ ˭ˬˤˢ. 
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˳˶˲ˬˢ.  

Figure D36: The array of sediment traps placed on a mooring line at 605 meters depth 

at the center of the northern basin of the gulf.  

 

˸ˣ˞˴ˣ˸ 

 ˶˞ˣˮ˧˟ ˢˮˣ˷˞˶˪ ˣ˟˴ˣˢ ˸ˣˡˣ˩˪ˬˢ2014 ,˫˧ˮˣ˷˞˶ˢ ˫˧˷ˡˣ˥ˢ ˨˷ˬ˟ ˫˧˪˵ ˫˧˧ˣˮ˧˷ ˶˟˰ ˨˶˰ˬˢˣ .

 ˶˞ˣ˶˟˲ ˤ˞ˬ ˸ˣˡˣ˩˪ˬˢ ˪˩˟ ˫˧˵˧˵˪˥ˢ ˱˦˷ ˸˞ ˸ˣ˪˪ˣ˩ ˭˞˩ ˸ˣ˥ˣˣˡˬˢ ˸ˣ˞˴ˣ˸ˢ2014 , ˢ˧˴ˣ˪ˣˤ˶˟ˣ

ˣ˩˪ˬˢ ˢ˟˴ˣˢ ˤ˞ˬ ˸˧ˬˣ˧ˢˢˮˣ˷˞˶˪ ˸˧˦ˬˣ˦ˣ˞ˢ ˸ˡ , ˪˧˶˲˞˟2014. 

˦ˮˬ˧ˡ˯ˢ ˸ˣˡˣ˩˪ˬ ˱ˣ˯˧˞ˣ ˸˟˴ˢ , ˫ˡ˞ ˥˩ ˸ˣ˷˶ˣˡˢ ˸ˣ˶˵˧ ˸ˣ˪ˣ˰˲ ˭ˢ ˸ˣ˞ˬˠˣˡ˟ ˪ˣ˲˧˦ˢ ˫ˠ ˣˬ˩

ˢ˟˶ ˸ˣˮˬˣ˧ˬˣ. ˨˩˧˲˪ , ˫˧ˬ˟ ˭ˬˤ ˨˶ˣ˞˪ˣ ˰ˣ˟˵ ˭˲ˣ˞˟ ˸ˣ˟˴ˣˬ ˦ˮˬ˧ˡ˯ ˸ˣˡˣ˩˪ˬ˷ ˢˮˣ˷˞˶ˢ ˫˰˲ˢ ˧ˢˣˤ

˧˪ˢ˸ ˶˧˞ˢ˪ ˧ˣ˲˴ ˪˟˵˸˧˷ ˰ˡ˧ˬˣ ˳˶˲ˬˢ ˭ˣ˲˴˟˷ ˫˧˵ˣˬ˰ˢ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˷˥˶˸ˬˢ ˫˧˟˶ ˫˧˩

˫˧ˢ ˸˧˰˵˶˵˟ˣ. ˡ ˫˰ ˢ˪ˣ˰˲ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˲˸˷ˬ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˧˵˧˵˪˥ˢ ˱˦˷ˢ ˶ˣ˦˧ˮ˟" ˧ˡ˰ ˶

˸˧˶˟˰ˢ ˢ˦˧˯˶˟˧ˮˣ˞˟ ˳˶˞ˢ ˶ˣˡ˩ ˧˰ˡˬ˪ ˭ˣ˩ˬˢˬ ˭˧˧˦˷˲˶ˣ˦ . ˦ˮˬ˧ˡ˯ˢ ˸ˣˡˣ˩˪ˬˬ ˸ˣ˞ˬˠˣˡˢ ˶˵˧˰

ˡ ˪˷ ˣ˸ˡ˟˰ˬ˟ ˡ˟ˣ˰ˬ"˭˧˧˦˷˲˶ˣ˦ ˶ ,˰ ˢ˧ˬ˧˩ ˧˯˯ˣ˟ˬ ˫˧˶˵˥ˬ˪ ˷ˬ˷˧ˣˢˮ˧ˡ )˫˧˲ˣ˦ˣˤ˧˞ˣ ˦˶ˣ˵ ˸ˣˡˣ˯˧( 

˦ˮˬ˧ˡ˯˟ˣ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˷˥˶˸ˬˢ ˫˧˩˧˪ˢ˸ˢ ˸ˮ˟ˢ ˸˞ ˢ˟˶ ˢˡ˧ˬ˟ ˫ˡ˵˪ ˫˧˧ˣ˲˴ ˶˷˞ ˢ˧ˠˣ˪ˣ˧˟ˣ .

ˢ˪˞ ˫˧˶˵˥ˬ ˧˞˴ˬˬ ˪˰ ˥ˣˣˡ˪ ˢ˧ˢ˧ ˭˸˧ˮ ˡ˧˸˰˟. 

˭ˬˤˢ ˨˷ˬ˟, ˭ˬˤˢ ˫˰ ˧˵˧˵˪˥ˢ ˱˦˷˟ ˫˧˧ˣˮ˧˷ ˪˷ ˢ˟ˣ˦ ˢˮˣˬ˸ ˪˟˵˸˸˷˩˪,  ˨˶˰ˬ˟ ˫˧˧ˣˮ˧˷ ˣˮ˩˸˧

ˡ˸˟ ˣ˞ ˸ˣˡˣ˩˪ˬˢ ˢ˟˴ˢˢ ˸ˣ˶˧)ˢ˧˴ˣ˪ˣˤ˶.( 

 

˶ˣ˶˟ ˧˸ˮˣ˰ ˶ˣˤ˥ˬ˟ ˭˧˥˟ˢ˪ ˭˸˧ˮ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ , ˟˧˟˞˟ˣ ˱˶ˣ˥˟ ˶˸ˣ˧ ˫˧˪ˣˡˠ ˫˧˲˦˷ ˫˰ï 

 ˳˶ˬ ˡ˰ ˶˟ˬ˟ˣˮï  ˢˢˣ˟ˠ ˳˶˲ˬ˟ ˸ˣˮ˶˴˧ˢ ˢ˟ ˢˮˣ˰ˢ)˶ˣ˧˞ l37 .( ˵˟˞ ˧˰ˣ˶˧˞˟ ˭˧˥˟ˢ˪ ˭˸˧ˮ ˨˩˪ ˱˯ˣˮ˟

˶˞ˣ˶˟˲˟ ˣ˰˶˧˞˷ ˧˲˩ ˫˧˵ˤ˥ ,ˢˮ˷ˢ ˶˟ˬ˟ˣˮˣ ˶˟ˬ˦˲˯ ,ˠ ˧˰ˣ˶˧˞˟ˣ˸ˣˮˣ˲˦˧˷ˣ ˫˷. 

˧˪˪˩ ˭˲ˣ˞˟ , ˭ˣ˩ˮ ˶˟ˡˢˣ ˸ˣˡˣˡ˶ˢ ˸ˣˡˣ˩˪ˬ˟˷ ˢˤˬ ˢˣ˟ˠ ˸ˣ˵ˣˬ˰ˢ ˸ˣˡˣ˩˪ˬ˟ ˡ˩˪ˮˢ ˧˵˧˵˪˥ˢ ˱˦˷ˢ

ˣ˥˟ ˦˶˲˟ˡ˱˶ˣ˥ˢ ˧˷ .˨ˣˬˮ ˱˦˷ˢ ˫ˢ˟ ˳˧˵ˢ ˧˷ˡˣ˥˟ ,˫˧ˮ˦˵ ˫˧˵ˬˣ˰ˢ ˭˧˟ ˫˧˪ˡ˟ˢˢ. 

 ˶ˣˮ˧˴ˢ ˸ˣˡˣ˩˪ˬ˟ ˡ˩˪ˮˢ ˰˴ˣˬˬˢ ˧˷ˡˣ˥ˢ ˱˦˷ˢ ˸˞ ˸ˬ˞ˣ˸ ˸˧ˬˣ˧ ˢ˧˴ˣ˪ˣˤ˶˟ ˸˪˟˵˸ˬˢ ˢˮˣˬ˸ˢ

ˮˣ˧˷ˡˣ˥ˢ ˰˴ˣˬˬˢ ˪˰ ˡ˰ˣˬ ˧˶˴˵ ˫˧˰ˣ˶˧˞ ˪˷ ˢ˪ˣˡˠˢ ˫˸˰˲˷ˢ ˸˶˩˧ . ˫˧ˮ˷ ˭˧˟ ˫˧˪ˡ˟ˢ˷ ˨˩ˬ ˰˟ˣˮ

˫˧˵ˤ˥ˣ ˫˧ˡ˧ˡ˟ ˫˧˰ˣ˶˧˞ ˪˷ ˭˦˵ ˶˲˯ˬ ˧ˡ˧ ˪˰ ˢ˟˶ ˢˡ˧ˬ˟ ˫˧˰ˮˣˬ ˫˸ˣ˧ˢ˟ ˫˧˪ˣˡˠ ˸ˣ˧ˢ˪ ˫˧˧ˣ˷˰. 
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˶ˣ˧˞ l37 : ˸˪˧˥˸ ˤ˞ˬ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˧˵˧˵˪˥ ˶ˬˣ˥ ˧˲˦˷2014 .ˢ˪˰ˬ˪- ˧˲˩ ˸˧˷ˡˣ˥ ˢ˧˴ˣ˪ˣˤ˶  ˢ˯˲˸ˮ˷

 ˫˧˵ˬˣ˰˟ ˸ˣˡˣ˩˪ˬ˟120 ,220 ,350 ,450 ,ˣ570 ˫˧˶˦ˬ .ˢ˦ˬ˪-  ˸ˡˣ˩˪ˬ˟ ˢ˯˲˸ˮ˷ ˧˲˩ ˸˧ˬˣ˧ ˢ˧˴ˣ˪ˣˤ˶

 ˵ˬˣ˰˟ ˸˟˴ˣˬˢ ˸˧˦ˬˣ˦ˣ˞ˢ400 ˫˧˶˦ˬ . 

Figure D37: Particulate fluxes caught in sediment traps since early 2014. Top- monthly 

resolution inat depths of 120, 220, 350, 450 and 570 meters. Bottom- daily resolution 

captured in the automatic sampling trap placed at 400 meters depth. 
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 s.ˢˢˣ˟ˠ ˸ˣ˶˧ˡ˸˟ ˸ˣ˧˸˟˧˟˯ ˸ˣˡ˧ˡˬ 

.s1 .˪˧˲ˣ˶ˣ˪˩ 

 

ˢ˶˦ˬ 

˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷ ˪˷ ˸˧ˮˣ˷ˢ ˶ˣˤ˞˟ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˸ˣˬ˩˟ ˫˧˧ˣˮ˧˷ ˶˥˞ ˫˧ˮ˷ ˟˶ˣ ˱˧˴˶ ˟˵˰ˬ. 

 

˸ˣ˦˧˷ 

 ˪˧˲ˣ˶ˣ˪˩ ˤˣ˩˧˶ ˪˷ ˸˧ˬˣ˧ ˢˡ˧ˡˬa ˭ˣ˦˵ˮ˪˵ˣ˦˧˲ˢ ˸ˣˬ˩˟ ˫˧˧ˣˮ˧˷˪ ˡˡˬ˩ ˫˧ˬ˟ . ˭˧˟ ˶˵ˣ˟ ˧ˡˬ

 ˪˷ ˫˧ˬ ˸ˣˬ˧ˠˡ ˧˸˷ ˸ˣ˥˵˪ˮ ˰˷˸˪ ˢˮˣˬ˷300 ˬ" ˢ˲˴ˬˢ ˥ˤˬ˟ ˢ˰ˣ˟˵ ˢˡˣ˵ˮ˟ ˥˦˷ˢ ˧ˬˬ ˸˥˞ ˪˩ ˪

˸˸ˢ-˧ˬ˧ ,˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˪ ˳ˣ˥ˬ . ˸˷˶ ˨˶ˡ ˫ˣ˵ˬ˟ ˫˧ˮˮˣ˯ˬ ˫˧ˬˢ100mm ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ ˸˞˴ˣˢ˪ ,

ˢˡ˟˰ˬ˟ ˢˡ˧ˡˬ˪ ˫˧˞˟ˣˬˣ , ˶˦˪˧˲ ˪˰ ˢˬˠˣˡ ˪˩ ˸ˮˮˣ˯ˬ ˫˷GF/F. ˟ ˢ˷˰ˮ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˣ˴˧ˬ-10 ˬ" ˪

Acetone (90%)  ˨˷ˬ˟24 ˟ ˨˷ˣ˥˟ ˸ˣ˰˷- CÜ4 .˦ˮˣ˟˶˵ ˫ˣ˧ˤˮˠˬ ˪˷ ˶˲ˣ˟ ˪˪ˣ˩ ˭ˣ˦˴˞ˢ . ˸ˡ˧ˡˬ

 ˶˦ˬˣ˶ˣ˞ˣ˪˲˟ ˸˰˴˟˸ˬ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶)Turner Designs TD-700( ˧ˬˣ˧ ˢˡ˧ˡˬ ˸ˣ˰˴ˬ˞˟ ˸ˣ˪˧ˣ˩ˬˣ ˸

˸ˣ˞ˬˠˣˡˢ ˫˰ ˦˶ˡˮ˦˯ ˪˷. 

 ˸ˮ˷ ˤ˞ˬ ˣˤ ˸ˮˣ˩˸ˬ˟ ˸ˣ˩˶˰ˮ ˸ˣ˧ˬˣ˧ˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˸ˣˡ˧ˡˬ1988 , ˶˟˰ˬ ˥ˣˣ˦ ˨ˣ˶˞ ˡˡˬ ˸ˣ˵˲˯ˬˣ

˶ˣ˦˧ˮˢ ˸˧ˮ˩ˣ˸ ˪˷ ˢ˸ˣ˪˧˰˲ ˸˲ˣ˵˸˪. 

 

˸ˣ˞˴ˣ˸ 

˶˞ˣˮ˧ ˷ˡˣ˥˟ ˶˟˩ ˫˧ˢˣ˟ˠ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ ˫˧ˢ ˧ˮ˲˟ ˣˡˡˬˮ ˢˮ˷ˢ . ˪˷ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ ˫˧˰˧˲ˣˬ ˨˩˟

ˬ ˫ˡ˵ˣˬ ˪˧˲ˣ˶ˣ˪˩ ˸ˣˬˡˣ˵ˢ ˫˧ˮ˷ˢ ˸˧˟˶ˬ˟ ˸ˣ˧˲˴˸ˢˬˣ ˧ˣ˲˴ˢ) ˫˧ˡˡˬˮ ˫˧ˢˣ˟ˠˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˟ˣ˶˪

˳˶ˬ ˫˧˷ˡˣ˥˟- ˪˧˶˲˞)˶ˣ˧˞ s1 .((˟˧˟˞ˢ ˧˷ˡ˥˟ ˫ˠ ˫˧˸˧˰˪ ˣˡˡˬˮ ˫˧ˢˣ˟ˠ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ , ˢˮˣ˰˟ ˨˞

˸ˣˬˡˣ˵ ˫˧ˮ˷ˬ ˸ˣˡ˧ˡˬ˪ ˢ˞ˣˣ˷ˢ˟ ˫˧ˠ˧˶˥ ˫˧ˤˣ˩˧˶ˢ ˣ˧ˢ ˞˪ ˣˤ . 

ˢ ˡˡˬˮ ˶˷˞ ˧˟˶ˬˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˢ˧ˢ ˢˮ˷mg/m
3

 0.82 )˶˞ˣˮ˧ ˷ˡˣ˥˟( , ˶˷˞ˬ ˦˰ˬ ˨ˣˬˮ

 ˸ˮ˷ ˪˷ ˧˟˶ˬˢ ˨˶˰ˢˬ ˢ˟˶ ˢˡ˧ˬ˟ˣ ˸ˬˡˣ˵ˢ ˢˮ˷˟2013 ) ˪˷ ˧˟˶ˬ ˤˣ˩˧˶ ˡˡˬˮ ˢ˟mg/m
3

 1.42 .( 

 ˫˧ˮ˷ˢ ˣ˧ˢ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟2012 x- 2007-2008 ˵ˣˬ˰ ˟ˣ˟˶˰ ˪˷ ˫˧ˮ˷ . ˸ˮ˷˟2012  ˤˣ˩˧˶ ˢ˧ˢ

 ˧˟˶ˬˢ ˪˧˲ˣ˶ˣ˪˩ˢmg/m
3

 1.78 , ˸ˮ˷˟2008 ˸˧˧ˢ˪ ˰˧ˠˢ ˧˟˶ˬˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˨˞ ˢ˩ˣ˶˞ ˢ˥˧˶˲ ˢ- 

mg/m
3

 1.03 ˡ˟˪˟ , ˸ˮ˷˟ˣ2007  ˧˟˶ˬˢ ˤˣ˩˧˶ˢ ˢ˧ˢmg/m
3

 1.95 , ˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˨˶˰ˢ

 ˸ˮ˷˟ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˤ˞ˬ2000 . 

 

 
 ˶ˣ˧˞1s:  ˪˧˲ˣ˶ˣ˪˩ ˤˣ˩˧˶a  ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ ˥˦˷ˢ ˧ˮ˲˟)˧ˬ˧ˢ ˢ˲˴ˬˢ ˥ˤˬ˪ ˨ˣˬ˯˟ .( ˫ˣˡ˞ ˣ˵-  ˸ˮ˷˟

ˢ ˶ˣ˦˧ˮ2015 , ˵ˣ˶˧ ˣ˵-  ˧˸ˮ˷ ˟˶ ˰˴ˣˬˬ)1988-2014( , ˪ˣ˟ˠ ˶ˣ˥˷ ˣ˵90% ˣ˶˟˦˴ˢ˷ ˫˧ˮˣ˸ˮˢˬ. 

Figure E1: Chlorophyll a concentrations sampled daily at the Underwater Observatory 

jetty in 2015 (red line) and the long-term average (1988-2014, green line). Black lines 

mark the 90% of all accumulated data.  
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.s2. ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ ˥˦˷ˢ ˧ˮ˲˟ ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ 
 

ˢ˶˦ˬ 

˨ˣ˶˞ˣ ˱˧˴˶ ˟˵˰ˬ-˫˧ˢ ˧ˮ˲˟ ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ ˶˥˞ ˥ˣˣ˦. 

 

˸ˣ˦˧˷ 

˧ˬ˧ˢ ˢ˲˴ˬˢ ˥ˤˬ ˢ˴˵˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˪˷ ˸˧ˬˣ˧ˢ ˢˡ˧ˡˬ˪ ˸ˣˡ˧ˬ˴˟ ˸ˡˡˬˮ ˫˧ˢ ˧ˮ˲˟ ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ ,

˵˧ˣˡˬ ˸˧˲˯˩ ˫ˣ˥ ˡˬ ˸˶ˤ˰˟ ˢ˪˰ˬˢ ˸˧˶˧˷˰ ˧ˡ˩ ˡ˰. 

 

˸ˣ˞˴ˣ˸ 

 ˳˧˵ˢ ˧˷ˡˣ˥˟ ˨˞ ˟˧˟˞ˢˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˧˸ˮ˷ ˟˶ˢ ˰˴ˣˬˬ˪ ˢˬˣˡ ˫˧ˬˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦ ˢ˸˧ˢ ˢˮ˷ˢ

 ˰˴ˣˬˬˢˬ ˢˢˣ˟ˠ ˢˮ˷ˢ ˢˡˡˬˮ ˶˷˞ ˢ˶ˣ˦˶˲ˬ˦ˢ ˢ˸˧ˢ ˣ˧˸˯ˢˣ)ˢ ˶ˣ˧˞2 .( 

ˢˮ˷ˢ ˢˡˡˬˮ ˶˷˞ ˸˧˶˰ˤˬˢ ˢ˶ˣ˦˶˲ˬ˦ˢ ,°C 21.2 , ˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˪˷ ˣˤˬ ˦˰ˬ ˢ˩ˣˬˮ ˢ˸˧ˢ)°C 
21.5( , ˸ˮ˷ ˪˷ ˣˤˬ ˢ˟˶ˢ˟ ˢˢˣ˟ˠ ˨˞2012  ˪˷ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦ ˢˡˡˬˮ ˢ˟°C 20.65  ˟ˣ˟˶˰ ˢ˧ˢˣ

˵ˣˬ˰ . ˢ˸˧˧ˢ ˢˮ˷ˢ ˢˡˡˬˮ ˶˷˞ ˸˧˟˶ˬˢ ˢ˶ˣ˦˶˲ˬ˦ˢ°C 27.9 ,˦˯ˣˠˣ˞ ˷ˡˣ˥˟ , ˢ˶ˣ˦˶˲ˬ˦˪ ˢˬˣˡ˟

˸ˬˡˣ˵ˢ ˢˮ˷˟ ˢˡˡˬˮ ˶˷˞.  

 

 
˧˞ˢ ˶ˣ2: ˦˸˶ˣ˦˶˲ˬ  ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ ˫˧ˢ ˧ˮ˲˟ ˫˧ˬˢ)˪ ˨ˣˬ˯˟˧ˬ˧ˢ ˢ˲˴ˬˢ ˥ˤˬ .( ˫ˣˡ˞ ˣ˵-  ˸ˮ˷

 ˶ˣ˦˧ˮˢ2015 , ˣ˵˪ˣ˥˩ -  ˸ˣ˧ˬˣ˧ˢ ˸ˣˡ˧ˡˬˢ ˪˷ ˧˸ˮ˷ ˟˶ ˰˴ˣˬˬ1988-2014 ,˵˫˧ˣˣ  ˫˧˶ˣ˥˷ï  ˭ˣ˴˧˵ ˧˩˶˰

 ˫˧˰˴ˣˬˬ)˫˧ˬ˧ ˢ˰˟˷ ˰˴ˣˬˬ ( ˸ˣˡ˧ˡˬˬ1988-2014. 

Figure E2: Daily sea surface temperatures measured from the Underwater Observatory 

jetty during 2015 (red line), the average SST for 1988-2014 (blue line), and long-term 

average (1-weekrunning mean) minimum and maximum values from 1988 to 2014. 

 

 ˸ˮ˷ ˤ˞ˬ1988 ˸˸ˢ ˢ˲˴ˬ˪ ˨ˣˬ˯˟ ˫ˣ˧ ˧ˡˬ ˸ˡˡˬˮˢ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦˟ ˢ˧˧˪˰ ˪˷ ˢˬˠˬ ˸ˬ˷˶ˮ-

 ˧ˬ˧)ˢ ˶ˣ˧˞3 .(˸˰˴ˣˬˬˢ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦ ˢ˸˧˧ˢ ˢˮ˷ˢ °C 24.22 , ˫˧˧˸ˮ˷˟ ˰˴ˣˬˬˢˬ ˢˣ˟ˠ ˦˰ˬ

˸ˣˮˣ˶˥˞ˢ .ˬ˟˶ˢ ˫ˣˬ˧˥ˢ ˸ˬˠ- ˪˷ ˰˴ˣˬˬ ˶ˣ˰˧˷˟ ˸˩˷ˬˮ ˭˧˧ˡ˰ ˫˧ˢ ˧ˮ˲ ˪˷ ˧˸ˮ˷3.2-3.7  ˸ˣ˪˰ˬ

ˢˮ˷ ˢ˞ˬ˟. 
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˧˞ ˶ˣ3s :ˢ˪˰ˬ˪: ˦˸˶ˣ˦˶˲ˬ  ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ ˫˧ˢ ˧ˮ˲˟ ˫˧ˬˢ)˧ˬ˧ˢ ˢ˲˴ˬˢ ˥ˤˬ˪ ˨ˣˬ˯˟ ( ˤ˞ˬ2002 .

 ˫˧ˬˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦ ˸˧˧˪˰ ˪˷ ˥ˣˣ˦ ˸˩ˣ˶˞ ˢˬˠˬ ˠ˴˧˧ˬ  ˢ˧˯˶ˠ˶ˢ ˣ˵ˤ˞ˬ 1988 )˲ˣ˶˲ ˸ˣ˟˧ˡ˞˟ ˫˧ˮˣ˸ˮ '

˭˧ˮˠ ˢ˧˴ˬ˞ .(ˢ˦ˬ˪: ˸˰˴ˣˬˬˢ ˸˧˸ˮ˷ˢ ˢ˶ˣ˦˶˲ˬ˦ˢ.  

Figure E3: Top ï Daily sea surface temperatures measured from the Underwater 

Observatory jetty since 2002. Linear regression represents the long term trend of rising 

SST since 1988 (data courtesy of Prof. Amatzia Genin). Bottom ï Annual average SST.  
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.s3 .˫˧ˠˣ˪ˣ˶ˣ˞˦ˬ ˫˧ˮ˸˷ˬ 
 

 ˧˩ˣ˶˞ ˫˧˧ˣˮ˧˷ ˭ˣ˥˟˞˟ ˸˧ˠˣ˪ˣ˵˞ˢ ˢˮˣˬ˸ˢ ˸˞ ˫˧˪˷ˢ˪ ˣˡ˰ˣˮ ˥ˣˣ˦ ˸ˣ˩ˣ˶˞ ˸ˣ˧ˠˣ˪ˣ˶ˣ˞˦ˬ ˸ˣˡ˧ˡˬ

 ˥ˣˣ˦ ˫˧ˠˣ˪ˣ˵˞ˢ ˫˧˞ˮ˸ˢ ˪˰ ˢ˰˲˷ˢ ˸ˣ˧ˢ˪ ˢ˧ˣ˷˰ ˫ˢ˪ ˫˧˧ˬ˧˪˵˞ ˫˧ˮ˸˷ˬ˟) ˸ˬ˴ˣ˰˟ ˫˧˧ˣˮ˧˷ ˭ˣˠ˩

ˢˮ˧˶˵ˢ ,˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ ,˸ˣ˶˰˯ ˸ˬ˴ˣ˰ˣ ˸ˣ˶˧ˡ˸( , ˪˰ ˫˸˰˲˷ˢˣ ˫˧˧˸ˡˣ˵ˮ ˫˧˧ˬ˧˪˵˞ ˫˧˰ˣ˶˧˞ ˭ˣ˥˟˪ˣ

 ˸˧ˠˣ˪ˣ˵˞ˢ ˸˩˶˰ˬˢ)˪˲˷ ˧˰ˣ˶˧˞ ˭ˣˠ˩ ,˸ˣ˶˰˯ ,˫˧˧ˮˣ˴˧˵ ˢˮ˧˶˵ˣ ˫ˣ˥ ˧˩˶˰ .( 

 ˳˧˵˟2006 )21.9.2006 ( ˭ˣ˩ˬˢ ˪˷ ˥ˤˬˢ ˢ˴˵˟ ˸˧ˠˣ˪ˣ˶ˣ˞˦ˬ ˢˮ˥˸ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˡ˧ ˪˰ ˢˬ˵ˣˢ

˭˧˟ˢ- ˸˪˧˞˟ ˧˞˦˧˯˶˟˧ˮˣ˞)˫ˣ˵˧ˬ :N 29ę 30.211ô E 34ę 55.068ô.( 

 

ˢ˶˦ˬ 

˨ˣ˶˞ˣ ˱˧˴˶ ˟˵˰ˬ-˳˶˲ˬ˟ ˫˧ˠˣ˪ˣ˶ˣ˞˦ˬ ˫˧ˮ˸˷ˬ ˶˥˞ ˥ˣˣ˦. 

˸ˣ˦˧˷ 

˫˧˟ˣ˦ˢˬ ˫˧ˮ˷˧˧˥ ˪˷ ˭ˣˣˠˬ ˸˪˪ˣ˩ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˪˷ ˸˧ˠˣ˪ˣ˶ˣ˞˦ˬˢ ˢˮ˥˸ˢ  ˵ˣ˷˟)ˢ ˢ˪˟˦1( ,

˫˧˞˟ˢ ˫˧ˮ˸˷ˬˢ ˪˷ ˸ˣ˲˧˴˶ ˸ˣˡ˧ˡˬ ˸˰˴˟ˬˣ :˧ˣˣ˞ˢ ˸˶ˣ˦˶˲ˬ˦ ˶,˸˧˯˥˧ ˸ˣ˥˪ ,˧˶˦ˬˣ˶˟ ˳˥˪ , ˢˮ˧˶˵

˸˧˪˟ˣ˪ˠ ,˥ˣ˶ˢ ˸ˣ˶˧ˢˬ ,˥ˣ˶ˢ ˭ˣˣ˧˩ , ˫˧ˬ ˳˥˪ˣ ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ =)˫˧ˢ ˯˪˲ˬ .( ˫˧˶˟ˣ˥ˬ ˫˧ˮ˷˧˧˥ˢ

˫˷˶˪- ˫˧ˮˣ˸ˮ)data-logger (˲ˣ˞˟ ˸˪˰ˣ˲ˣ ˫˧ˢ ˪˰ˬ ˢ˧ˣ˴ˬ ˢ˪ˣ˩ ˸˩˶˰ˬˢˣ ˧˞ˬ˴˰ ˭)ˢ ˶ˣ˧˞4( , ˶˷˞˩

˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˸˶˷˪ ˸˧˦ˬˣ˦ˣ˞ ˫˧˶˟˰ˣˬ ˫˧ˮˣ˸ˮ. 

 ˟˧˟˞˟2010 )26.5.2010 ( ˢˮ˧˶˵ˢ ˭˷˧˧˥ ˡ˴˪ ˸˧ˠˣ˪ˣ˶ˣ˞˦ˬˢ ˢˮ˥˸˪ ˢˮ˧˶˵ ˧ˮ˷˧˧˥ ˧ˮ˷ ˣ˲˯ˣˢ

˸˧˪˟ˣ˪ˠˢ ;˞˶˦˪ˣ˞ ˢˮ˧˶˵˪ ˭˷˧˧˥- ˸˧˪ˣˠ˯)UV( , ˸˧˦˦ˮ˧˯ˣ˦ˣ˲ ˸ˣ˪˧˰˲˪ ˭˧ˬˤˢ ˪ˠ ˨˶ˣ˞˟ ˢˮ˧˶˵˪ ˭˷˧˧˥ˣ

)PAR.(  ˪˷ ˫˧ˮˣ˷ ˫˧˦˵˲˯˞˟ ˫˧ˡ˵ˬ˸ˬˢ ˫˧˶˵ˣ˥ ˫˰ ˸ˣ˧ˣ˴˰˧˧˸ˢ ˸ˣ˟˵˰˟ ˣ˲˯ˣˢ ˫˧ˮ˷˧˧˥ˢ ˧ˮ˷

 ˸˧ˮˣ˷˟ ˢ˧ˠˣ˪ˣ˵˞)˫˧ˠˣˬ˪˞ ˸ˣ˪˥ˬˣ ˸ˣˮ˶˴˧ ˭ˣˠ˩ (˫˧˟ ˫˧ˬ˧˩ˣ˦ˣ˲ˣ ˫˧˦˦ˮ˧˯ˣ˦ˣ˲ ˫˧˩˧˪ˢ˸ˣ , ˟˵˰

˳˶˲ˬˢ ˸˧ˠˣ˪ˣ˵˞˪ ˢ˪˞ ˪ˠ ˧˩˶ˣ˞ ˪˷ ˢ˟˶ˢ ˫˸ˣ˟˧˷˥. 

   ˭ˣ˰˷ ˞ˣˢ ˫˧ˠˣ˪ˣ˶ˣ˞˦ˬˢ ˫˧ˮˣ˸ˮˢ ˫˧ˬ˷˶ˮ ˣ˧˲˪ ˭ˬˤˢ ˪˞˶˷˧ ˪˷ ˱˶ˣ˥ˢ)GMT+2.( 
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ˢ ˶ˣ˧˞4 :˭˧˟ˢ ˭ˣ˩ˬˢ ˪˷ ˥ˤˬˢ ˢ˴˵˟ ˸˧ˠˣ˪ˣ˶ˣ˞˦ˬˢ ˢˮ˥˸ˢ-˧˞˦˧˯˶˟˧ˮˣ˞ . 

Figure E4: The meteorological station at the end of the IUI pier.  
 

Description Manufacturer  Model 

Wind monitor MA (speed & direction) Young 05106 

Air temperature and relative humidity Campbell HMP45C 

Casing for temp & RH Campbell 41003 

Barometric pressure Young 61202 

Barometric pressure port (to minimize wind effect) Young 61002 

Global radiation Kipp&Zonen CM11B 

UV radiation Apogee SU-100 

PAR radiation Li -Cor LI-190SA 

Water pressure Campbell CS455 

Water temperature Campbell 108 

Data logger Campbell CR1000 

ˢ˪˟˦ s1 :˭˧˟ˢ ˭ˣ˩ˬˢ ˪˷ ˥ˤˬˢ ˢ˴˵˟ ˸˧ˠˣ˪ˣ˶ˣ˞˦ˬˢ ˢˮ˥˸ˢ ˸˞ ˫˧˟˧˩˶ˬˢ ˫˧˷ˠ˶ˢ ˸ˬ˧˷˶-˧˞˦˧˯˶˟˧ˮˣ˞ . 

Table E1: Setup of the meteorological station at the end of the IUI pier, list of sensors.  
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˥ˣ˶ˢ ˭ˣˣ˧˩ˣ ˸ˣ˶˧ˢˬ ,˧ˣˣ˞ˢ ˸˶ˣ˦˶˲ˬ˦ˣ ˶˥ˤˬˢ ˢ˴˵˟˷ ˭˶ˣ˸ˢ ˷˞˶ˬ ˫˧ˡˡˬˮ ˸ˣ˥˪ˢˣ , ˢ˶˷˰˩

 ˫˧ˢ ˧ˮ˲˪ ˪˰ˬ ˫˧˶˦ˬ)˪˲˷ ˭ˬˤ˟ .( ˢ˟ˣˠ˪ ˭˵ˣ˸ˬˣ ˫˧ˢ ˪˰ˬ ˫˧˶˦ˬ ˢ˷˧ˬ˥˩ ˫˵ˣˬˬ ˧˶˦ˬˣ˶˟ˢ ˳˥˪ˢ ˡˬ

˫˧ˢ ˧ˮ˲ . ˢˮ˧˶˵ ˫˧ˡˡˣˬˢ ˫˧ˮ˷˧˧˥ˢ)˸˧˪˟ˣ˪ˠ ,UV ,PAR (ˣˬˬ ˵˥˶ˬ˟ ˰ˣ˶ˤ ˪˰ ˫˧ˬ˵0.7  ˸˧ˬˣ˶ˡ ˫˧˶˦ˬ

ˢ˪˪˴ˢ ˰ˣˮˬ˪ ˧ˡ˩˟ ˭˶ˣ˸˪ ,-˩6 ˫˧ˢ ˪˰ˬ ˫˧˶˦ˬ . ˨˶ˣ˞˟ ˶ˣˮ˧˴˟ ˰˟ˣ˵ˬ ˫˧ˬˢ ˳˥˪ ˡˬ3  ˶˦ˣ˵ˣ ˫˧˶˦ˬ

 ˪˷3ò ˥ˤˬˢ ˪˷ ˧ˤ˩˶ˬˢ ˡˣˬ˰ˢ ˪˞ ˸˧˩ˮ˞ ˶˟ˣ˥ˬˢ ,˭˶ˣ˸˪ ˸˥˸ˬ ˸ˣ˶˧˷˧ . ˸ˣˡˣˮ˸ ˸˞ ˨˩˷˪ ˡ˰ˣˮ ˶ˣˮ˧˴ˢ

˫˧˪ˠˢ ,˵ ˣ˟ ˵˵˲˟ ˣ˯˧˯˟˟ ˵ˣ˵˲ ˞ˣˢ ˨˩ ˨˶ˣ˴˪ˣ ˶˦ˣ˵˟ ˶ˣ˥ ˥ˣˡ3 ˬ" ˧˪˰˟ ˯˪˲ˬ ˧˧ˣˮ˧˷ˬ ˰ˮˣˬ ˶˷˞ ˬ

˭˷˧˧˥ˢ ˪˰ ˰˧˲˷ˢ˪ ˢˢˣ˟ˠ ˸ˣ˶˧ˡ˸ .˩ ˪˷ ˵ˬˣ˰˟ ˞˴ˬˮ ˣˬ˴˰ ˭˷˧˧˥ˢ- 75 ˯" ˧ˬ˷˶ˢ ˫˧ˢ ˯˪˲ˬ˪ ˸˧˯˥˧ ˬ

 ˳˶˲ˬˢ ˪˷ï ˪˞˶˷˧ ˧ˣ˲˧ˬ˪ ˤ˩˶ˬˢˬ ˶˴˪ˬ ˧˯ˣ˧ ˪˷ ˣ˸ˣ˟˧ˡ˞˟ ˢ˷˰ˮ ˫˧ˢ ˧ˮ˲˪ ˭˷˧˧˥ˢ ˢ˟ˣˠ ˪ˣ˧˩ . ˭˷˧˧˥

˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ ˸˞ ˡˡˣˬ ˫ˠ ˢˤ .˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦˪ ˱˯ˣˮ ˭˷˧˧˥ ,ˡ˧˥˧ˢ ˣˡˣ˰˧˧ ˢˤ˷ , ˵ˣˬ˰ ˶˦ˬ˩ ˫˵ˣˬˬ

˶˸ˣ˧ ,˥ˤˬˢ ˪˷ ˧ˤ˩˶ˬ ˡˣˬ˰ ˣ˸ˣ˞ ˪˞ ˵ˤˣ˥ˬ. 

˫˷˶˪ ˸ˣ˶˟˰ˣˬ ˸ˣˡ˧ˡˬˢ ˪˩-˭˶ˣ˸ˢ ˧˟ˠ ˪˰ ˫˧ˬ˪ ˢˡ˧ˬ˰ ˢ˯˲ˣ˵˟ ˫˵ˣˬˬˢ ˫˧ˮˣ˸ˮˢ . ˪˩ ˸ˣˡ˧ˡˬ

ˢ˧˧ˮ˷ ˪˷ ˸ˣ˶˧ˡ˸˟ ˸ˣˬ˷˶ˮ ˫˧ˮ˸˷ˬˢ ,˷ ˸ˣ˶˧ˡ˸˟ ˸ˣˬ˷˶ˮ ˶˷˞ ˫˧ˢ ˯˪˲ˬ ˸ˣˡ˧ˡˬ ˦˰ˬ˪ˢ˵ˡ ˪ .˫˷˶-

˧ˬ˧ˮ˲ˢ ˣˮˣ˶˩˧ˤ˟ ˶ˬ˷ˮˢ ˡ˥˞ ˨˶˰˪ ˢˡ˧ˡˬ ˪˷ ˸ˣ˵ˡ ˶˷˰ ˰˴ˬˬ ˫˧ˮˣ˸ˮˢ . ˶˷˵˸ˬ ˧ˡˣ˰˧˧ ˟˷˥ˬ ˢ˰˷ ˧ˡˬ

˫˷˶ ˫˰-˭ˣ˩ˬˢ ˸˶˷ ˧˟ˠ ˪˰ ˭ˣ˯˩˧˞˪ ˸˲˪ˣ˥ˢ ˢ˰˷ˢ ˧ˮˣ˸ˮ ˸˞ ˱˯ˣ˞ˣ ˫˧ˮˣ˸ˮˢ . ˫˧˰˴ˣˬˬˢ ˫˧ˮˣ˸ˮ˪ ˱˯ˣˮ˟

˸ˣ˵ˡ ˶˷˰ ˧ˮ˲ ˪˰ ,˫˷˶ ˶ˬˣ˷-ˮˣˣ˧˩ ˸˞ˣ ˸˧˟˶ˬˢ ˥ˣ˶ˢ ˸ˣ˶˧ˢˬ ˸˞ ˫˧ˮˣ˸ˮˢ s, ˪˷ ˭˵˸ˢ ˸˧˧˦˯ ˸˞ˣ

˸ˣ˵ˡ ˶˷˰ ˪˷ ˭ˬˤ ˵˶˲˟ ˭ˣˣ˧˩ˢ .ˢˮˣ˶˥˞ˢ ˢˬˬ˧ˢ ˧ˮˣ˸ˮ ˪˷ ˫ˣ˩˧˯ ˸˩˶˰ˬˢ ˸˶ˬˣ˷ ˢ˪˞˪ ˱˯ˣˮ˟ : ˧˩˶˰

 ˭ˣ˴˧˵)˧˶˰ˤˬˣ ˧˟˶ˬ ( ˣ˦˪˵ˮ ˣ˟ ˭ˬˤˢˣ ˫˧ˮ˸˷ˬˢ ˪˩ ˪˷) ˫˧˩˶˰ˢ ˵˶ ˫˧ˬ˷˶ˮ ˢˮ˧˶˵ˢˣ ˥ˣ˶ˢ ˧ˮˣ˸ˮ ˶ˣ˟˰

˫˧˧˟˶ˬˢ ,˥ˣ˶ˢ ˭ˣˣ˧˩ ˫˰ ˡ˥˧.( 

 

 

˸ˣ˞˴ˣ˸ 

 ˧˸˦˧˷ˢ ˟˵˰ˬ˪ ˶˟˰ˬ˫˧ˠˣ˪ˣ˶ˣ˞˦ˬ ˫˧ˮ˸˷ˬ ˶˥˞ ,ˢ˦ˬ˪ ˦˶ˣ˲ˬ˩ , ˪˷ ˫ˣ˷˧˶ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˩˶ˣ˰

˫˧ˮ˷˧˧˥ˢ ˧ˡ˧ ˪˰ ˸ˣ˶˧˷˧ ˫˧ˡˡˬˮ ˫ˮ˧˞ ˶˷˞ ˫˧ˠ˧˶˥ ˫˧ˠˣ˪ˣ˶ˣ˞˶˦ˬ ˫˧˰ˣ˶˧˞ .˱˯ˣˮ˟ , ˡˬ ˸˧ˮ˩˸ˢ ˢ˟˧˴ˢ

 ˶˧˰ˤ ˫˷ˠ)ɣˬ"ʕ (˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˠˠ ˪˰. 

6-8 ˶˞ˣˮ˧˟ : ˣ˶˴˧ˣ ˫˧˪ˠ ˣˬ˧˶ˢ ˸ˣ˧ˬˣ˶ˡ ˸ˣ˥ˣ˶"˸˧ˬˣ˶ˡ ˢ˶˰˯ "˸˧ˮˣˮ˧˟ , ˢ˸ˬ˴ˣ˰˟ ˢ˸ˣ˥˲

 ˸ˮ˷ ˪˷ ˸ˣ˵ˤ˥ˢ ˸ˣ˶˰˯ˢˬ2010 .˫˧˞˟ˢ ˫˧ˬ˧˟ ,9-11 ˶˞ˣˮ˧˟ , ˢ˸ˣˣ˪ ˶˷˞ ˢ˶˵ˢ ˸˩˶˰ˬˢ ˢ˩˷ˬˮ

 ˫˧˶˴˵ ˫˧ˬ˷ˠ˟)˩- 2.5 ˬˬ '˶˧˰ˤ ˫˷ˠ ˡˬ ˸˶ˤ˰˟ ˣˡˡˬˮ .(˭ˡ˶˧ ˧˶ˢ˟ ˡ˶˧ ˠ˪˷ ,˳˶˲ˬ˪ ˶˟˰ˬ. 

16-17 ˶˞ˣˮ˧˟ :˩ ˣˡˡˬˮ ˶˟˦˴ˬ˟-2 ˬ"˫˷ˠ ˬ. 

10 ˶˞ˣ˶˟˲˟ :ˣ˪ˬ ˸˧ˬˣ˶ˡ ˢ˶˰˯ ˫˧˞˟ˢ ˫˧˧ˬˣ˧˟ ˫ˠ ˨˧˷ˬˢ ˶˷˞ ˡ˟˩ ˨˟ˣ˞˟ ˢˣ)11-12 ˶˞ˣ˶˟˲˟ .(

˵˟˞ ˪˷ ˢ˟˶ ˸ˣ˶˟˦˴ˢ. 

11 ˳˶ˬ˟ :˫˷ˠ ,ˠˬ˟ ˡˣˡˬ˪ ˢ˧ˢ ˭˸˧ˮ ˞˪˷ ˢˮ˦˵ ˸ˣˬ˩"ʕ. 

29 ˳˶ˬ˟ :˶˴˵ ˫˷ˠ ˰ˣ˶˧˞ ,˸˪˧˞ ˪˷ ˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˪˰ˬ ˭ˮ˰ ˶˟˷ .6.5 ˬ"˫˷ˠ ˬ. 

19 ˧ˮˣ˧˟ :˸˪˧˞ ˶˧˰˟ ˫˧ˬ ˸˴˧˶˲ , ˸ˣˬ˶ˣˤ ˫˧ˬ ˪˷ ˸ˣˬˣ˴˰ ˸ˣ˧ˣˬ˩ ˪˷ ˣ˲ˣ˯˟ ˸ˣ˰˧ˠˬˣ ˶˧˰ˢ ˨˶ˡ

˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶ˣˤ˞˪ ˶˟ˡ. 

8-9 ˶˟ˬ˦˲˯˟ :ˢˣ˟ˠ ˸ˣ˥˪ ,˵˟˞ˣ ˨˟ˣ˞) .˶ˠ˯ˮ ˸˪˧˞˟ ˢ˲ˣ˰˸ˢ ˢˡ˷( 

15 ˶˟ˬ˦˲˯˟ :˭ˡ˶˧˟ ˭ˣ˲˦˧˷ ,˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˭ˣˣ˧˩ˬ ˳˶˲ˬ˟ ˦˷˲˸ˬ. 

25-26 ˶˟ˣ˦˵ˣ˞ :˫˧ˮ˸˷ˬ ˫˧ˮˣˣ˧˩ˬ ˸ˣ˵ˤ˥ ˸ˣ˥ˣ˶ˣ ˫˷ˠ ˸˶˰˯ .6 ˬ"ˠˬ˟ ˬ"ʕ. 

4-5 ˶˟ˬ˟ˣˮ˟ :ˬ ˡ˟˩ ˨˟ˣ˞ˡ˞ .˶ˠ˯ˮ ˢ˲ˣ˰˸ˢ ˢˡ˷ .3 ˬ"ˠˬ˟ ˫˷ˠ ˬ"ʕ. 

13 ˶˟ˬ˴ˡ˟ :˫˧˵˶˲˪ ˫˷ˠ .2.5 ˬ"ˠˬ˟ ˬ"ʕ. 

 

 

 ˫˧ˮ˷˟ ˣˡˡˬˮ˷ ˣ˪˞ˬ ˸ˣ˵ˤ˥ ˸ˣ˥˲ ˣ˧ˢ ˸ˣ˧ˬˣ˶ˡˢ ˸ˣ˥ˣ˶ˢ ˫ˠˣ ˭˸ˬ˴ˣ˰˟ ˸ˣˠ˧˶˥ ˣ˧ˢ ˞˪ ˢˮ˷ˢ ˸ˣ˥ˣ˶ˢ

2010-11 x-2013 .˫ˣ˶ˡ ˸ˣ˥ˣ˶-˶˞ˣˮ˧ ˫˧˷ˡˣ˥˟ ˫˰˲ ˧ˡˬ ˣ˟˷ˮ ˸ˣ˵ˤ˥ ˸ˣ˧˟˶˰ˬ- ˶˟ˬ˦˲˯ˣ ˶˞ˣ˶˟˲

)ˢ ˶ˣ˧˞5 .( ˢ˸˧ˢ ˢˮ˷ˢ ˢˡˡˬˮ ˶˷˞ ˸˧˟˶ˬˢ ˥ˣ˶ˢ ˸ˣ˶˧ˢˬ25.4 m/sec ˫ˣ˶ˡ ˭ˣˣ˧˩ˬ- ˟˶˰ˬ)214°( ,-˟

13 ˶˟ˬ˦˲˯˟ .ˡ˟ ˸ˣ˰˧ˠˬ ˸ˣ˧˟˶˰ˬ ˸ˣ˥ˣ˶"˱˴˶˟ ˞˪ˣ ˫˧˵ˤ˥ ˫˧˟˷ˬ˟ ˩ , ˫˧ˢ ˪˰ ˢ˪ˣˡˠ ˢ˰˲˷ˢ ˭ˢ˪ ˭˧˞ˣ

˫˧˶˴˵ˢ ˟˥˶ˬˢˣ ˭ˬˤˢ ˨˷ˬ ˟˵˰ .˫ˣ˶ˡˢ ˸ˣ˥ˣ˶ˢ- ˳˶˲ˬˢ ˪˷ ˨˶ˣ˞ˢ ˶˧˴˪ ˪˧˟˵ˬ˟ ˸ˣ˟˷ˮˬˢ ˸ˣ˧˟˶˰ˬ

˧˧ˬ˫˧ˢˣ˟ˠ ˫˧˪ˠ ˫˰ ˸ˣ˧ˬˣ˶ˡ ˸ˣ˶˰˯ ˸ˣ˶˴ . ˸ˣ˵ˤ˥ ˵˟˞ ˸ˣ˲ˣ˯˪ ˸ˣ˩˧ˬ˯˟ ˢ˧ˢ ˶˟ˬ˦˲˯˟ ˥ˣ˶ˢ ˰ˣ˶˧˞)8-

9/9/2015.( 
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ˢ ˶ˣ˧˞5 :ˢ˪˰ˬ˪- ˢ˧˧ˮ˷˪ ˫˧˶˦ˬ˟ ˢˬˬ˧ ˪˩˟ ˸˧˟˶ˬˢ ˥ˣ˶ˢ ˸ˣ˶˧ˢˬ ˸ˣˡ˧ˡˬ .ˢ˦ˬ˪-  ˸˧˟˶ˬˢ ˥ˣ˶ˢ ˸ˣ˶˧ˢˬ

 ˸˪˧˥˸ ˤ˞ˬ ˢˮˣˣ˧˩ˣ ˢˬˬ˧˟2007 .˫ˣˡ˞˟ ˢˮˣ˶˥˞ˢ ˢˮ˷ˢ ˸ˣˡ˧ˡˬ. 

Figure E5: Top- Maximum daily wind speed (m/sec). Bottom- Maximum daily wind 

speed and direction since January 2007. This yearôs wind measurements are marked by 

red squares. 

 

 ˢ˶ˣ˦˶˲ˬ˦ˢ ˪˷ ˫˧˧˸ˠ˶ˡˢ ˫˧˧ˣˮ˧˷˟ ˧˸ˮˣ˰ˢ ˶ˣˤ˥ˬˢ ˸˞ ˸˲˵˷ˬ ˫˧ˢ ˪˰ˬ ˶˧ˣˣ˞ˢ ˸˶ˣ˦˶˲ˬ˦

ˣ ˸˧˟˶ˬˢ ˢˬˬ˧ ˪˩˟ ˸˧˶˰ˤˬˢ)˞ˢ ˶ˣ˧6 .(˶˸ˣ˧˟ ˢˢˣ˟ˠˢ ˢ˶ˣ˦˶˲ˬ˦ˢ  ˢ˸˧˧ˢ ˢˮ˷ˢ °C43.6 , ˢ˪˰ˬ ˧˴˥

˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ ˢˣ˟ˠ .ˢˮ˷ˢ ˸˪˧˥˸˟ ˢ˸˧ˢ ˢˮ˷ˢ ˶˸ˣ˧˟ ˢ˩ˣˬˮˢ ˢ˶ˣ˦˶˲ˬ˦ˢ, ˶˞ˣˮ˧ ˷ˡˣ˥˟ , 

°C7.5 .˭ˡ˶˧ ˧˶ˢ˟ ˡ˶˧ ˠ˪˷ˣ ˫˷ˠ ˧˰ˣ˶˧˞ ˫ˠ ˣ˧ˢ ˣˤ ˢ˲ˣ˵˸˟ .ˢˮ˷ˢ ˱ˣ˯˟ ˢ˩ˣˬˮˢ ˢ˶ˣ˦˶˲ˬ˦ˢ , ˷ˡˣ˥˟

˟ˬ˴ˡ ˶, ˢ˸˧ˢ °C9.0 ,˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ ˨ˣˬˮ ˸ˣ˪˰ˬ ˰˟˶˞ ˦˰ˬ˩ . 
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 ˢˬˬ˧˟ ˸˧˶˰ˤˬˢˣ ˸˧˟˶ˬˢ ˢ˶ˣ˦˶˲ˬ˦ˢ ˭˧˟ ˫˧˪ˡ˟ˢˢ ˳˧˵ˢ ˧˷ˡˣ˥˟) ˶˵ˣ˟ ˸ˣˮ˲˪ˣ ˟˶˰ˢ ˸ˣ˰˷˟

ˢˬ˞˸ˢ˟ (˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˶˷˞ˬ ˫˧˪ˣˡˠ .˪ ˷˧ ˸ˣ˲˴˪ ˷˧ˣ ˫˧ˢ ˪˰ˬ ˸ˣˡˡˬˮ ˸ˣ˶ˣ˦˶˲ˬ˦ˢ ˧˩ ˭˧˧˴

˪˰ˬ ˸˪˟˵˸ˬˢ ˣˤˬ ˶˸ˣ˧ ˢˮ˦˵ ˫˧˩˶˰ ˸˰˶˷ˬ˪ ˢ˷˟˧ ,˸˶ˬ˞ ˸˞ˤ , ˫˧˩˶˰ˣ ˶˸ˣ˧ ˫˧˩ˣˬˮ ˫˧˧˟˶ˬ ˫˧˩˶˰

˶˸ˣ˧ ˫˧ˢˣ˟ˠ ˫˧˧˶˰ˤˬ. 

 

 
ˢ ˶ˣ˧˞6 : ˫˧˧˶˰ˤˬˣ ˫˧˧˟˶ˬ ˫˧˩˶˰)˪ˣ˥˩˟ˣ ˫ˣˡ˞˟ ,ˢˬ˞˸ˢ˟ (˫˧ˢ ˪˰ˬ ˶˧ˣˣ˞ˢ ˸˶ˣ˦˶˲ˬ˦ ˪˷ ,ˢˬˬ˧ ˪˩˟ . 

Figure E6: Maximum and minimum (red and blue, respectively) daily air temperature 

above the sea.  
 

˶˧ˣˣ˞ˢ ˸˶ˣ˦˶˲ˬ˦ ˪˷ ˢˤ˪ ˢˬˣˡ ˧˸ˮˣ˰ ˶ˣˤ˥ˬ ˸˪˰˟ ˸˧˪˟ˣ˪ˠˢ ˢˮ˧˶˵ˢ , ˫˧˧˟˶ˬ ˫˧˩˶˰ ˫˪ˣ˞

˟˧˟˞ˢ ˧˷ˡˣ˥˟ ˫˧ˡˡˬˮ .ˢ ˢ˰˷ˢ ˭˧˟ ˪˪˩ ˨˶ˡ˟ ˸ˬ˷˶ˮ ˳˶˲ˬ˟ ˶˸ˣ˧˟ ˢ˵ˤ˥ˢ ˢˮ˧˶˵11 ˪-1 ˫˧˧˶ˢ˴˟ ,

˫˧˶˥ˣ˞ˬˢ ˫˧˧˶ˢ˴ˢ ˶˥˞ ˟ˣ˶˪ ˸ˬ˷˶ˮ ˸˧˟˶ˬˢ ˶˧ˣˣ˞ˢ ˸˶ˣ˦˶˲ˬ˦ ˣ˪˧˞ˣ . ˢˮ˷ˢ ˸˧˟˶ˬˢ ˢˮ˧˶˵ˢ)1399 

˦˞ˣ\˰ˣ˟˶ ˶˦ˬ ,˪˧˶˲˞˟ ( ˸˶ˠ˯ˬ˟ ˢ˩ ˡ˰ ˢˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˢˢˣ˟ˠˢˣ ˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˭ˬ ˢˣ˟ˠ ˦˰ˬ ˢ˸˧˧ˢ

 ˶ˣ˦˧ˮˢ)˞ˢ ˶ˣ˧7( . 

 ˸ˣˮˣ˷ˢ ˸ˣˮ˧˶˵ˢ ˧ˠˣ˯ ˪˷ ˫˧˧˟˶ˬˢ ˫˧˩˶˰ˢ ˸ˣˡ˧ˡˬ ˧ˮˬˤ ˭˧˟ ˢˬ˞˸ˢ ˢˮ˷˧ ˡ˧ˬ˸ ˞˪) ˢˮ˧˶˵

˸˧˪˟ˣ˪ˠ , ˸ˮ˧˶˵UV , ˸ˮ˧˶˵ˣPAR( ,ˢˬˣˡ ˸˧˪˪˩ˢ ˸˧ˮ˟˸ˢ ˧˩ ˫˞ .ˢˮ˷˧  ˫˧ˬ˧ˢ ˭˧˟ ˶˵˧˰˟ ˢ˧˧˦˯

˞˶˦˪ˣ˞ˢ ˢˮ˧˶˵ˢ ˧˩˶˰ ˪˷ ˸ˣ˰˷ˢˣ- ˸˧˪˟ˣ˪ˠˢ ˢˮ˧˶˵ˢ ˪˷ ˸ˣ˧˟˶ˬˢ ˸ˣˡ˧ˡˬˢ ˧ˮˬˤ ˭˧˟ˣ ˫˧˧˟˶ˬˢ ˢ˪ˣˠ˯

ˢ ˸ˮ˧˶˵ˣ-PAR .˱˯ˣˮ˟ ,˞˶˦˪ˣ˞ˢ ˢˮ˧˶˵ˢ ˸ˬ˴˰ ˧˩ ˢ˞˶ˮ- ˢˮ˧˶˵ˢˬ ˶˸ˣ˧ ˢ˟˶ ˢˡ˧ˬ˟ ˸˸˥ˣ˲ ˢ˪ˣˠ˯

˱˶ˣ˥˪ ˳˧˵ˬ ˶˟˰ˬˢ ˫˰ ˸˧˪˪˩ˢ .ˢˮ˷ˢ ,˪˪˩ ˨˶ˡ˟ ,˪ˣ˞ˢ ˢˮ˧˶˵ˢ ˢ˸˧ˢ ˢ˞ˣˣ˷ˢ˟ ˢ˩ˣˬˮ ˢ˪ˣˠ˯ ˞˶˦

˸ˣˬˡˣ˵ ˫˧ˮ˷˪. 
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ˢ ˶ˣ˧˞7 : ˸˧˪˟ˣ˪ˠ ˢˮ˧˶˵ ˪˷ ˫˧˧˟˶ˬ ˫˧˧ˬˣ˧ ˫˧˩˶˰)ˢ˪˰ˬ˪( ,˞˶˦˪ˣ˞ ˢˮ˧˶˵- ˸˧˪ˣˠ˯)˰˴ˬ˞˟ ( ˢˮ˧˶˵ˣ

 ˢˤ˸ˮ˧˯ˣ˦ˣ˲˪ ˢˮ˧ˬˤ)ˢ˦ˬ˪ .( 

Figure E7: Maximum daily global radiation (top), ultraviolet radiation (middle) and 

photosynthetically available radiation (bottom).  
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˸˧˯˥˧ˢ ˸ˣ˥˪ˢ ,˫˧ˢ ˪˰ˬ ˭ˣ˩ˬˢ ˥ˤˬˬ ˢˮ˷ˢ ˸ˡˡˬˮ˷ ˧˲˩ , ˸˪˧˥˸˟ ˢˢˣ˟ˠ ˸ˣ˥˪ ˪˷ ˫˧ˬ˧ ˢ˞˶ˬ

 ˣ˧˸˯˟ˣ ˢˮ˷ˢ)ˢ ˶ˣ˧˞8( . ˪˷ ˸˧˟˶ˬ ˸ˣ˥˪ ˢˡˡˬˮ ˢˮ˷ˢ83% ˶˟ˣ˦˵ˣ˞˟ ˫ˠˣ ˶˞ˣ˶˟˲˟ ˫ˠ , ˧˰ˣ˶˧˞ ˭ˬˤ˟

˨˟ˣ˞ˣ ˫˷ˠ .˫ˣˬ˧˯˵ˬˢˬ ˨ˣˬˮ ˦˰ˬ ˨˶˰ ˣˢˤ  ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˡˡˬˮ˷)87% ˶˞ˣ˶˟˲ ˷ˡˣ˥˟ .( ˫˧˧ˣˮ˧˷

ˢ˪ˣˡˠˢ ˸˧ˬˣ˧ˢ ˸˰˶˷ˬ˪ ˢ˞ˣˣ˷ˢ˟ ˫˧ˮ˦˵ ˸˧˯˥˧ˢ ˸ˣ˥˪ˢ ˸ˣˡ˧ˡˬ˟ ˫˧˧˸ˮˣ˰ , ˧ˡ˧ ˪˰ ˢ˟˶ ˢˡ˧ˬ˟ ˫˧˰ˮˣˬˣ

˥ˣ˶ˢ ˸ˬ˴ˣ˰ˣ ˭ˣˣ˧˩˟ ˫˧˧ˣˮ˧˷ . ˶˸ˣ˧ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ˣ ˳˧˵˟ˣ ˱˶ˣ˥ˢ ˱ˣ˯˟ ˣˡˡˬˮ ˫˧˩ˣˬˮ ˸ˣ˥˪ ˧˩˶˰ï  ˭ˢ

˸˧˶˰ˤˬˢ ˭ˢˣ ˸˧˟˶ˬˢ ˸ˣ˥˪ˢ ˪˷ ï ˱˶ˣ˥˟ˣ ˣ˧˸˯˟ ˣˡˡˬˮ . ˣ˞ ˢ˪˧˪ˢ ˸ˣ˰˷˟ ˟ˣ˶˪ ˸ˡˡˬˮ ˸˧˟˶ˬˢ ˸ˣ˥˪ˢ

˫˧˧˶ˢ˴ˢ ˶˥˞ ˸ˣ˰˷˟ ˸˧˶˰ˤˬˢ ˸ˣ˥˪ˢ ˣ˪˧˞ˣ ˸ˣˬˡ˵ˣˬˢ ˶˵ˣ˟ˢ-˟˶˰ . ˢ˧˪˰˪ ˟˶˪ ˸ˣˬ˶ˣˠ ˸ˣ˧ˬˣ˶ˡ ˸ˣ˥ˣ˶

˸ˣ˥˪˟. 

  ˫˧ˮˣ˷ ˸ˣ˧ˢ˪ ˫˧˧ˣ˲˴ˣ ˫˧ˢ ˪˰ˬ ˫˧ˡˡˬˮ ˢ˪˞ ˫˧˩˶˰ ˧˩ ˶ˣ˩ˤ˪ ˷˧ ˭˞˩ ˫ˠ)˫˧ˢˣ˟ˠ ( ˸ˡˡˬˮˢ ˸ˣ˥˪ˢˬ

ˣˤ˞˟ ˢ˷˟˧˟˸˪˧˞ ˶ . 

 

 
ˢ ˶ˣ˧˞8 : ˫˧˧˶˰ˤˬˣ ˫˧˧˟˶ˬ ˫˧˩˶˰)˪ˣ˥˩˟ˣ ˫ˣˡ˞˟ ,ˢˬ˞˸ˢ˟ (˫˧ˢ ˪˰ˬ ˸˧˯˥˧ ˸ˣ˥˪ ˪˷ ,ˢˬˬ˧ ˪˩˟ . 

Figure E8: Maximum and minimum (red and blue, respectively) daily values of relative 

humidity over the sea.  
 

 ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ ˸ˣˡ˧ˡˬ˟)˩ ˵ˬˣ˰-2 ˫˧˶˦ˬ (˰˪ ˭˸˧ˮ˵ ˸˶ˣ˦˶˲ˬ˦ ˣ˟ ˧˸ˮˣ˰ˢ ˶ˣˤ˥ˬˢ ˶˥˞ ˟ˣ

˫ˣˬ˧ˮ˧ˬˢ )°C 21.2 ,˳˶ˬ ˷ˡˣ˥˟ ( ˧˶˰ˤˬˢ ˨˶˰ˢˬ ˢˢˣ˟ˠ ˨˞ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢ˩ˣˬˮ ˦˰ˬ ˢ˸˧˧ˢ

 ˸ˮ˷˟2012  ˵ˣˬ˰ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ˢ˟)ˢ ˶ˣ˧˞9( .˫ˣˬ˧˯˵ˬˢ ˸˶ˣ˦˶˲ˬ˦ )°C 29.7 ( ˢˡˡˬˮ

˦˯ˣˠˣ˞ ˷ˡˣ˥˟,  ˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˷ˣ˪˷˟ ˧˟˶ˬˢ ˨˶˰˪ ˢˬˣˡ˟˸ˣ . ˱ˣ˯˟ ˸˧˶˰ˤˬˢ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦

 ˢˢˣ˟ˠ ˸˧˯˥˧ ˢ˸˧ˢ ˢˮ˷ˢ)°C 22.6( ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢˬˣˡ˟ . ˢˮ˷ˢ ˫ˠ ˢ˸˧ˢ ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ ˸˰˶˷ˬ

˸˧˯˥˧ ˢˮ˦˵ : ˫˧˩˶˰ ˣˬ˷˶ˮ ˫˧ˡˡˣ˟ ˫˧ˬ˧˟ ˵˶ ˳˧˵˟ˣ ˸˧˯˥˧ ˢˢˣ˟ˠ ˪˪˩ ˨˶ˡ˟ ˢ˶ˣ˦˶˲ˬ˦ˢ ˢ˸˧ˢ ˱˶ˣ˥˟

˫˧˧˟˶ˬ . 

ˢˢˢˣ ˸˧˟˶ˬˢ ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ ˭˧˟ ˰˴ˣˬˬˢ ˷˶˲ ˸˥˸˲˸ˬ ˤ˞ ˳˧˵ˢ ˧˷ˡˣ˥˟ ˪ˡˠ ˸˧˶˰ˤˬ

˸˧ˬˣ˧ ˢˮ˧˪˵ˣˬ˶˸ .˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ,˟ˣ˟˶˰ˢ ˞˧˷˪ ˫˧˪˧˟ˣˬˢ ˫˧˷ˡˣ˥˟ ˶˵˧˰˟ˣ , ˸ˣ˶ˣ˦˶˲ˬ˦ˢ ˸˰˶˷ˬ

ˢˮ˦˵ ˸˧ˬˣ˧ˢ . 
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ˢ ˶ˣ˧˞9 : ˫˧˧˶˰ˤˬˣ ˫˧˧˟˶ˬ ˫˧˧ˬˣ˧ ˫˧˩˶˰)˪ˣ˥˩˟ˣ ˫ˣˡ˞˟ ,ˢˬ˞˸ˢ˟ ( ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ ˪˷)˩ ˵ˬˣ˰˟-2 ˬ' .( 

Figure E9: Maximum and minimum (red and blue, respectively) daily water 

temperature at ~2m depth.  
  

 ] ˭˧˟ ˫˧ˢ ˯˪˲ˬ ˸ˣˡ˧ˡˬ15 ˶˟ˣ˦˵ˣ˞˟ 2009 x-10  ˳˶ˬ˟2010 ˭˷˧˧˥ ˸˧˧˰˟ˬ ˸˰˟ˣˮˢ ˢ˞˧ˠ˷˟ ˣ˵˪ .

˫˧ˮˣ˸ˮˢ ˯˧˯˟ˬ ˣ˶˯ˣˢ ˸ˣ˧ˣˠ˷ˢ ˸ˣˡ˧ˡˬˢˣ ˪˧ˣ˩ˣ ˱˪˥ˣˢ ˭˷˧˧˥ˢ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˪˷.  ˢ˧˧˦˯ ˢ˞˴ˬˮ ˟ˣ˷ ˢˮ˷ˢ

˷˟ ˷ˡ˥ ˭˷˧˧˥ ˭˵˸ˣˢˣ ˯˪˲ˬˢ ˸ˣˡ˧ˡˬ ˪6  ˶˟ˬ˟ˣˮ˟2012 . ˶˷˞ ˸ˣˡ˧ˡˬ˟ ˣ˲˪˥ˣˢ ˸ˣ˧ˣˠ˷ˢ ˸ˣˡ˧ˡˬˢ

˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˥ˤˬˬ ˪˞˶˷˧ ˧ˣ˲˧ˬ˪ ˤ˩˶ˬˢ ˧ˡ˧ ˪˰ ˸ˣ˷˰ˮ . ˫˧ˬ˰˲ ˶˲˯ˬ ˭˷˧˧˥ˢ ˪˧˧ˣ˩ ˢˮ˷ˢ ˨˷ˬ˟

˪˞˶˷˧ ˧ˣ˲˧ˬ˪ ˤ˩˶ˬˢ ˪˷ ˯˪˲ˬˢ ˸ˣˡ˧ˡˬ ˡˠˮ˩.[ 

 

 

˟ ˢˮ˸˷ˬ ˫˧ˢ ˯˪˲ˬ˟ ˶˵˧˰˧˴˥ ˸ˣ˧˶ˣˤ˥ˬ ˪˲˷ˣ ˸ˣ˞ˠ ˪˷ ˸˧ˬˬ˧ . ˫˧ ˯˪˲ˬˬ ˟˩˶ˣˬ ˧˸ˮ˷ˢ ˶ˣˤ˥ˬˢ

 ˳˧˵ˢ ˧˷ˡˣ˥˟ ˶˸ˣ˧ ˨ˣˬˮˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˢˣ˟ˠ)ˢ ˶ˣ˧˞10 .( ˸ˣ˪ˣˡˠ ˸ˣˡˣˮ˸ ˸ˣˡˡˬˮ ˫ˠ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟

ˢˬˬ˧˟ ˧˶˰ˤˬˢ ˫˧ˢ ˯˪˲ˬ˟ ˶˸ˣ˧ , ˸ˣ˟˧˴˧ ˸ˣ˥˲ˢ ˫˧˪˵˞ˢ ˸ˣ˩˶˰ˬˣ ˸ˣ˥ˣ˶ˢ ˸˰˲˷ˢ˟ ˢ˞˶ˮˢ ˪˩˩ ˸˞ˤˣ

ˢ˪˞ ˫˧˷ˡˣ˥˟. 

 

 
ˢ ˶ˣ˧˞10 :˫˧˩˶˰  ˫˧˧˶˰ˤˬˣ ˫˧˧˟˶ˬ)˪ˣ˥˩˟ˣ ˫ˣˡ˞˟ ,ˢˬ˞˸ˢ˟ (˫˧ˢ ˯˪˲ˬ ˪˷ ,ˢˬˬ˧ ˪˩˟ . 

Figure E10: Maximum and minimum (red and blue, respectively) daily sea-level 

measurements.  
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