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ˢ˪ ˢˬ˷ ˸˪˧˞ ˳˶˲ˬ˪ ˸˧ˬˣ˞˪ˢ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ .˥ˣˣ˦ ˸˩ˣ˶˞ ˢ˧˧˞˶˟ ˭˸ˬ˴˰ ˸˞ ˸ˡˬˣ˞ˣ  ˸˞ ˷˧ˠˮˢ˪ ˢ˶˦ˬ˪
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,˸˧ˠˣ˪ˣ˵˞ˢ ˸˩˶˰ˬˢ ˟˴ˬ ˪˰ ˸˥ˣˣˡˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˢ˰˧˶˸ˬ  ˫˧˩˶ˡ ˪˰  ˢ˴˧˪ˬˬˣ ˢ˪ ˸ˣ˲˵˷ˮˢ ˸ˣˮ˩˯ ˪˰

  .˸˩˶˰ˬˢ ˶ˣˬ˧˷˪ 

 

.˞2 . s ˬˡ˵ˢ 
 

˸ˮ˷˟ ˸˪˧˞ ˳˶˲ˬ ˭ˣ˲˴˟ ˧ˬˣ˞˪ˢ ˶ˣ˦˧ˮˢ ˸ˡˣ˟˰ ˸˞ ˶˞˸ˬ ˭˪ˢ˪˷ ˥"ˣˡˢ 2023 ˫˧˵˶˲˪ ˵˪ˣ˥ˬ ˥"ˣˡˢ .

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

 ˸ˣ˦˧˷ˢ ˪˷ ˦˶ˣ˲ˬ ˶ˣ˞˧˸ .˸ˣˮ˵˯ˬ˟ ˶˴˵ ˭ˣ˧ˡˣ (˸ˣ˞˪˟˦) ˭ˣ˷˞˶ˢ ˧˸ˮ˷ˢ ˥"ˣˡ˟ ˞˴ˬˮ2003  ˸ˣ˧ˣ˪˧˰˲ ˫ˣ˩˧˯ˣ (

˞ ˢ˪˟˦˟ ˫˧˰˧˲ˣˬ ,˸ˣ˧˶˵˧˰ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˥˸ ˫ˣ˵˧ˬˣ ,˭˸ˣ˶˧ˡ˸ˣ ˶ˣ˦˧ˮˢ1 ˞ ˶ˣ˧˞˟ˣ1.ˢˬ˞˸ˢ˟ , 

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

˫˧ˮˣ˸ˮ ˣ ˸ˣˡ˧˥˞ ˸ˣ˦˧˷˟ ˣ˲˯˞ˮ ˶˷˞˸ˣˣ˴ ˧ˡ˧ ˪˰ ˰ˣ˟˵ ˸˧˦˧˪ˮ˞ ˢˬ˴˰ ˢˮ˵ˬ ˶˟ˡˢ .ˢ˟˶   ˸ˣ˞˴ˣ˸ˢ ˥ˣ˸˧ˮ˪

 .˸ˣ˧˸˞ˣˣ˷ˢˢ 

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

.˶ˣ˵ˬˢ ˶˩ˤˣ˞ˬ ˢ˪˞ ˫˧˶˵ˬ˟ˣ ,˸ˣˬˡˣ˵ ˫˧ˮ˷ˬ  ˫˧ˮˣ˸ˮ ˫˧˸˧˰˪ ˫˧˶˩ˤˣˬ 

) ˸˲˪ˣ˥ˢ ˢˮ˷˟2022  ,˫˧ˢ ˧ˮ˲ ˸˟˶˵˟ ˫˧ˬ˶ˤ ˸ˣˡ˧ˡˬˣ ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˪ˣˬ ˫˧˪ˠ ˪˷ ˸ˣˡ˧ˡˬ ˣ˲˯ˣˮ (

 ˨˪ˢˬ˟ .˭ˣ˩ˬˢ ˱ˣ˥˪ ˨ˣˬ˯˟2023  .˰ˣ˟˵ ˢ˟˴ˢ ˭˲ˣ˞˟ ˢ˲˧˴˶ ˢˡ˧ˡˬ ˸˶ˠ˷˪ ˢ˪˞ ˸ˣˡ˧ˡˬ ˣ˯ˮ˩ˮ 

) ˯ˬˣˬ ˧ˮˠ˶ˣ˞ˮ˞ ˭ˬ˥˲ ˧ˤˣ˩˧˶ ˪˷ ˫˧˪˧˲ˣ˶˲ ˸ˣˡ˧ˡˬDIC ˢˮ˥˸˟ ˫˧ˬˢ ˸ˡˣˬ˰˟ (A  ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˣ˷˰ˮ

 ˣ˸˶˧˦˲ ˶˥˞˪ ,ˢˮ˷ˢ .˸˧˶˟˰ˢ 'ˮˣ˞ˢˣ ˢ˥ˣ˸˲ˢ ˢ˦˧˯˶˟˧ˮˣ˞ˢˬ ˭ˣ˯ˡ˶˟ˡ˞ .ˠˣ ,˪"ˤ ,˦˲ˠ˶ˣˣ .˞ '˲ˣ˶˲ ˫˰ ˱ˣ˸˧˷˟

  ˭ˣ˩ˬ˟˷ ˣ˸ˡ˟˰ˬ˟ ˭ˣ˧˶ˣˠ ˭˟ ˸˦˧˯˶˟˧ˮˣ˞ˬ ˶˪˦ˮ˞ .ˠ ˶"ˡ ˧ˡ˧ ˪˰ ˢ˪˞ ˸ˣˡ˧ˡˬ ˣ˷˰ˮ ,˦˲ˠ˶ˣˣ ˪˧˧˞ ˣˮ˶˟˥ ˪˷

 ˭ˬˤ˟ ˫˧ˬˠˡˮ ˢ˪˞ ˸ˣˡ˧ˡˬ˪ ˫˧ˬ .˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ  .ˢˠ˪˲ˢˢ ˶˥˞˪ ˡ˧ˬ ˸˧˷˰ˮ ˢˤ˧˪ˮ˞ˢˣ ˸ˣ˧˷ˡˣ˥ˢ ˶ˣ˦˧ˮˢ ˸ˣˠ˪˲ˢ

ˣ˶˵˧ˬ ˧˞˸ ˪˷ ˸ˣ˶˧˲˯-  ˢ˧˞ˮˬ˵ ˢˮ˧ˮ ˶"ˡ ˫˰ ˢ˪ˣ˰˲ ˱ˣ˸˧˷˟ ˢˮ˷ˢ ˣ˷ˡˣ˥ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˵ˡ˧˧˥ˣ ˭ˣ˦˵ˮ˪˲

˶˟ˡˬˢ ˶˵˥˪ ˢˮ˥˸ˢˣ ˭ˣ˧˶ˣˠ ˭˟ ˸˦˧˯˶˟˧ˮˣ˞ˬ  ˢ˰ˣ˟˵ ˢ˶ˠ˷˪ ˣ˯ˮ˩˧ ˢ˪˞ ˸ˣˡ˧ˡˬ˷ ˫˧ˣˣ˵ˬ ˣˮ˞ .˶˵ˣ˟ ˢˡ˷˟

 .˸˩˷ˬ˸ˬˣ 

  ˣ˷˰ˮ (˪˞˶˷˧˪ ˫˧ˬˠ˞ˣ ˫˧ˬ˧ ˶˵˥ˬ ˨˧˧˶ .˸ˣ ˟ˢ˶ .˞ '˲ˣ˶˲ ˱ˣ˸˧˷˟) ˸˧ˮˣ˷˞˶ˢ ˸ˣˮ˶˴˧ˢ ˸ˣˡ˧ˡˬ ,˨ˡ˧˞ˬ

ˣˡ ˢ˧˴ˣ˪ˣˤ˶˟ ˸ˬˡˣ˵ˢ ˢˮ˷˟-  ˸ˣ˧˶˥˞ˢ ˸˞ ˶˧ˤ˥ˢ˪ ˨˶ˣ˴ ˢ˪ˣ˰ .˶˸ˣ˧ ˢ˩ˣˬˮ ˸ˣˡ˧ˡˬˢ ˸ˣ˶˧ˡ˸ ˢˮ˷ˢ ˨˞ ˸˧˷ˡˣ˥

 .˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˡ˧˪ ˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧ ˸ˣˡ˧ˡˬ ˪˷ ˰ˣ˴˧˟ˢˣ 

 ˫˧˪˩˪ ˫˧˞˸˧˷ ˫˧ˬˣ˪˧˴ ˨˶˰ˬ ˶ˣ˲˧˷ ˪˰ ˫˧ˡ˵ˣ˷ ˣˮ˞ˣ ˢˮ˷ˢ ˣ˥˸ˣˮ ˞˪ ˸˧ˮˣ˷˟ ˸ˣ˰ˣ˟˵ˢ ˸ˣˡˣ˵ˮˢ ˧ˬˣ˪˧˴

  .˫ˣ˧˩ ˫˧˧ˣ˴ˬˢ ˫˧˧˟ˣ˷˧˥ˢ 

 

 ˸ˮ˷ˬ ˪˥ˢ ,˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˮˣ˸ˮ2004 ˷˶ˣˡ ˪˩˪ ˢ˥ˣ˸˲ ˫ˢ˧˪˞ ˢ˷˧ˠˢˣ ˧ˮˣ˶˦˵˪˞ ˫˧ˮˣ˸ˮ ˯˧˯˟˟ ˫˧ˮ˯˩ˣ˞ˬ ,

 :˸˪˧˞˟ ˫˧ˢ ˧˰ˡˬ˪ ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬ˟ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˶˸˞ ˨˶ˡhttp://www.iui-eilat.ac.il/NMP  ˶ˠ˞ˬ .

  ˣ˞ ˸ˣ˪˵˸ ˣ˞˴ˬˮˣ ˢˡ˧ˬ˟ ,˨˧˪ˢ˸ˢ ˫˧˧˸˯˧˷ ˡ˰ .ˠˣ˶ˡ˷ˣ ˷ˡ˥ˬ ˢ˧˧ˮ˟ ˪˷ ˨˧˪ˢ˸˟ ˢˮˣ˶˥˞ˢ ˢˮ˷˟ ˞˴ˬˮ ˫˧ˮˣ˸ˮˢ

 :˪"˞ˣˡ˟ ˸ˣˮ˲˪ ˭˸˧ˮ ,˫˧ˮˣ˸ˮ ˸ˠ˷ˢ˟ ˫˧˧˷˵yonathan.s@mail.huji.ac.il 

  

mailto:yonathan.s@mail.huji.ac.il
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 ˞  ˢ˪˟˦1 .˭˸ˣ˶˧ˡ˸ˣ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸ˣ˧ˣ˪˧˰˲ : 

Table A1: Activities of the monitoring program and their frequency. 

 

 

 ˸ ˣ˪˧˰˲  (˫˧˶˵˯˪ ˭ˬˤˢ ˨˷ˬ) ˸ˣ˶˧ˡ˸ 

 ˸ ˧ˮˣ˷  

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

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

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

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

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

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

 ˶ˣ˦˧ˮˣ˶˵˞ˬ-˧ˮˣ˷˟ ˸ˣ˴˞ ˸   ˷ ˡˣ˥˪ ˸˥˞ 

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

 ˸ˣˮ˥˸ ˸ ˣ˧˲ˣ˥  

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

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

 ˫ ˧ ˟˷˰ ˧ˣ˯˧˩  ˳ ˧˵ˣ ˱˶ˣ˥ ,ˢˮ˷˟ ˫˧˧ˬ˰˲ 

  ˫˧ˠˡ ˸ˣˣ˶˪  x ˧˸˯˟ ,ˢˮ˷˪ ˸˥˞ 

˵ˣˬ˰ ˫˧  

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

 (˫˧˧ˠˣ˪ˣ˧˟ 
 ˷ ˡˣ˥˪ ˸˥˞ 

˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧   ˫˧˧˷ˡˣ˥˪ ˸˥˞ 

 ˶ˣ˦˧ˮ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ  ˷ ˡˣ˥˪ ˸˥˞ 

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

 ˸ˣˡ˧ˡˬˢˢˣ˟ˠ ˸ˣ˶˧ˡ˸˟  ˧ ˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬ˪ ˨ˣˬ˯˟  

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

 ˢˮ˥˸˸˧˶˩ + ˸˧ˠˣ˪ˣ˶ˣ˞˦ˬ  ˪˩10  ˸ ˣ˵  l

 ˫ ˧ˬ˶ˤˣ ˫˧˪ˠ  ˪˩30 x- 10 ˸ˣ˵ˡˢˬ˞˸ˢ˟ ,  

˱˥˶ˬ ˵˟˞  ,˱˧˴˶ ˱ˣ˯˧˞˰˴ˣˬˬ  ˧ ˰ˣ˟˷  
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 ˞  ˶ˣ˧˞1 : ˫ˠ ˣ˞˶ ,˶ˣ˦˧ˮˢ ˸ˣˮ˥˸ ˫ˣ˵˧ˬ.ˤ ˢ˲ˬ1  ˥˲˯ˮ˟1 . 

Figure A1: Location of monitoring sites. See also map G.1 in Appendix 1. 
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.˞3 ˸ ˣˮ˵˯ˬˢˣ ˸ˣ˞˴ˣ˸ˢ ˶˧˴˵˸ . 

 

˸˲˪ˣ˥ˢ ˢˮ˷ˢ ˧˞˴ˬˬ 
 

 ˫ ˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷ 

1.  ˫˧˧˥ ˭˟˞ ˧ˠˣˬ˪˞ ˧ˣ˯˧˩ï   ˳˶ˬ ˪˷ ˸˧ˬˣ˶ˡˢ ˢ˶˰˯˟ ˸ˣ˷˵ ˰ˠ˲ˮ ˸ˣˡˣˡ˶ˢ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩

2020  .ˢˣˣ˷ ˢˡ˧ˬ˟ ˣ˰ˠ˲ˮ ˸ˣ˧ˮˣ˷ˢ ˪˩ ˞˪ˣ ˟˥˶ˬ˟ ˢˡ˧˥˞ ˢ˸˧ˢ ˞˪ ˢ˰˧ˠ˲ˢ .  ˤˣ˥˞ ˡ˶˧ ˢ˶˰˯ˢ ˸ˣ˟˵˰˟

 ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˫˧ˮ˷˟ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˰˴ˣˬˬˢ2020-2021) ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ ˨˞ ,2022-

2023 ˡˡˬˮ ˶˷˞ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ .˸˧ˮˣ˷ˢ ˸ˬˡ˵˟ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢ˧˧˪˰ ˢˡˡˬˮ (

 ˢ˧ˢ ˢˮ˷ˢ24.4Ñ3.9% ˳˧˵˟ ˡˡˬˮ˷ ˰˴ˣˬˬˢ ˧ˣ˯˧˩˪ ˟ˣ˶˵ˣ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢˣ˟ˠ ,2019 ˧ˮ˲˪ ,

 ˢ˶˰˯ˢ)24.9Ñ4.5%( ˫˧˧˸ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢˢˣ˟ˠ ˢˮ˷ˢ ˢˡˡˬˮ˷ ˸˰˴ˣˬˬˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˫ˠ .

 ,˸ˣˮˣ˶˥˞ˢ51.9Ñ5.5 ˷ˣˬ  .˶"ˬ˪ ˸ˣ˟ 

 ˢ˧˪˰ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ ˢˡˡˬˮ ,ˢ˶˰˯ˢ ˤ˞ˬ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ ˢˣˣ˥˷ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˶˸˞˟ ˫ˠ

  ˪˷ ˧ˣ˯˧˩)19.1Ñ1.5%  ˧ˮ˲˪˷ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˨ˣˬˮ ˭˧˧ˡ˰ ˫˷ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˨˞ (ˢˮ˷ˢ ˡˡˬˮ

) ˢ˶˰˯ˢ22.5Ñ2.9%  ˸ˮ˷˟2019 .( 

 ˢˣ˟ˠ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧˧˥ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˫˪ˣ˞ ˸ˣˮˣ˷˞˶ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˷˟ ˢ˧ˢ˷ˬ   ˫˞ˢ ˶ˣ˶˟ ˞˪ ˭˧˧ˡ˰

 ˸ˮ˷˟ ˢ˵ˤ˥ˢ ˢ˶˰˯ˢ ˸˰˧ˠ˲ ˶˥˞˪ ˸ˣ˷˷ˣ˞˸ˢ ˪˷ ˢˬˠˬ ˸ˣˮˬ˯ˬ ˭˩˞ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷ˢ2020 . 

2.  ˭˟˞ ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˪ˡˣˠï   ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˪ˡˣˠ˟ ˫˧˪ˡ˟ˢ ˫ˮ˷˧ ˫˧˶˦ˣˮˬˢ ˸˧ˮˣ˷ˢ ˧˶˸˞ ˭˧˟

˶˸ˣ˧˟ ˟˶ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥ ˢˡ˟˰ˬˢ ˶˸˞˟ .˧ˮ˧˧˲ˣ˞ˢ ˩)- 80%  ˶˸˞˟IUI -10(˶˸˞˟ ˣ˪˧˞ˣ , ˧ 

ˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢ ˵ˣˬ˰ˢˣ  ˸ˣ˴ˣ˲ˮ ˸ˣ˧˵ˮ˰ˣ ˸ˣ˪ˣˡˠ ˸ˣ˟˷ˣˬˣ ˶˸ˣ˧˟ ˦˰ˣˬˢ ˭˵˪˥˫˷   ˫˧˶˸˞˟ ˶˷˞ˬ ˶˸ˣ˧

  .˫˧˶˥˞ 

 ˫˧ˮ˷ˢ ˨˶ˣ˞˪ˢˮˬ˸˯ˢ  ˸ˣ˧ˮˣˮ˧˟ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥˟ ˢ˧˪˰ˣ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥˟ ˢˡ˧˶˧

 .˸ˣ˪ˣˡˠˢˣ .˟˴˧˧˸ˢ ˭˵˪˥ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ˣ,ˢˮ˷ˢ ,˫˧ˮ˷ ˷ˬ˥ ˢˤˬ ˢˮˣ˷˞˶˪  ˢ˞˴ˬˮˢ˧˪˰   ˸ˣ˲˧˲˴˟

 ˭˧˟ ˢˬ˞˸ˢ ˢˮ˷˧ ,˸˪˧˞ ˧ˠˣˬ˪˞ ˸˧˧˯ˣ˪˩ˣ˞˟ ˪ˣˡˠ ˟ˣ˶ ˸ˣˣˢˬ ˸ˣˮ˦˵ ˸ˣ˟˷ˣˬ˷ ˭ˣˣ˧˩ˬ .˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ

 .˸ˣ˟˷ˣˬˢ ˪˪˩ ˸ˣ˲˧˲˴ˣ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˳˧˵ ˧˶˵˯˟2023,˶ˣˬ˞˩ ,  ˢ˞˴ˬˮˢ˧˪˰  ˸ˣ˲˧˲˴˟

.˸˪˧˞˟ ˸˧ˮˣ˷ˢ ˧˶˸˞˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ 

3.  ˫˧ˠˣˬ˪˞ ˧ˮ˧ˬ ˭ˣˣˠˬï  ˡˡˬWiener-Shanon ˭ˣˣˠˬ˪, ˣ˸˶ˤ˰˟ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˭ˣˣˠˬ ˡˬ˞ˮ, 

 ˫˧˶˸˞˪ ˢ˞ˣˣ˷ˢ˟ ˨ˣˬˮ ˫˧ˡˣˡ˶ ˫˧˶˸˞˟ ˭ˣˣˠˬˢ ˨˶˰ ,˟ˣ˶˪ .˫˧ˮ˷ˢ ˭˧˟ ˸ˣ˧˸ˬˠˬ ˞˪ˣ ˸ˣ˪˵ ˸ˣˡˣˮ˸ ˢ˞˶ˬ

 .˫˧˵ˣˬ˰ ˭ˣˣˠˬ˪ ˱˯ˣˮ ˡˡˬ ˟˷ˣ˥ ˢˮ˷ˢï "˧˟˧˦˵˲˞ ˫˧ˮ˧ˬ ˶˲˯ˬ"effective number of species)(  ,

 ˣ˸ˣ˰ˬ˷ˬ˷ ˢˣˣˢˬ ˞ˣˢ ˭˩ ˪˰ˣ ˟˷ˣ˥ˬˢ ˡˡˬˢ ˨˶˰ ˸˞ ˫˧ˮ˸ˣˮ ˣ˧ˢ ˶˷˞ ˢˢˤ ˸ˣ˥˧˩˷ ˧˪˰˟ ˫˧ˮ˧ˬˢ ˶˲˯ˬ

˭ˣˣˠˬ˪ ˶˧˷˧ ˡˡˬ  ˫˧ˠˣˬ˪˞ˢ ˭ˣˣˠˬ˟ ˢ˪˵ ˢ˧˪˰ ˢ˪ˠˬ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˶ˣ˞˪ ˢˤ ˡˡˬ ˪˷ ˭ˬˤˢ ˸˶ˡ˯ .

.˰˴ˣˬˬˢ  ˢ˶˧˟˴ ˸ˣˬˣ˵˰)rarefaction curves( ,ˢˬˣˡ ˢˮˣˬ˸ ˸ˣ˶˧˧˴ˬ ˫˧ˠˣˬ˪˞ ˧ˠˣ˯ ˪˷  ˸ˣˡˣˮ˸ ˪˷

,˸ˣ˪˵ ˧˞˶˵˞ ˸ˣ˟˷ˣˬ ˸ˣ˞ˬ ˷ˬ˥ˣ ˱˪˞ ˸˶˧˲˯˟ ˧ˣ˲˴ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˶˲˯ˬ ˫ˠ ˨˩ˣ  ˫˧ˡˡˬˢ ˪˩˟ .˸ˣ

˫˧˧ˣˮ˧˷ˢ ˫˧ˠˣˬ˪˞ˢ ˭ˣˣˠˬ˟  .˫˧ˮ˦˵ ˫˧ˮ˷ˢ ˭˧˟  

4. ˸˧ˮˣ˷˟ ˸ˣ˴˞ ˸˥˧˶˲ ï   ˸ˬˡˣ˵ˢ ˢˮ˷˟)2022 (  ˢ˥˧˶˲ ˸˞ˤ ˸ˣ˟˵˰˟ˣ ˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˵ˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ

 ˢ˩˷ˬˮ˷ ˸ˣ˧ˮˣ˸ˮ˟ˣ ˸ˣ˧ˮˣ˦˵ˮ˪˲ ˸ˣ˴˞ ˪˷ ˢ˵ˤ˥˨˪ˢˬ˟ ˳˶ˬ- ˵ˣˬ˰ ˢ˧ˢ ˞˪ ˢˮ˷ˢ ˟ˣ˟˶˰ˢ .˪˧˶˲˞

˰˷˩ ˢ˟˶ˢ˟ ˢˮ˦˵ ,˧ˣ˲˴˩ ,ˢ˸˧ˢ ˸ˣ˴˞ˢ ˸˥˧˶˲ˣ˧ ˧˩ ˢ˞˶ˮ ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˪˩˟ .˱˶ˣ˥ˢ ˸˪˧˥˸˟ ˢ˶˵

ˢ˪˧˰˧ ˢ˶ˣ˴˟ ˸ˣ˴˞ˢ ˧ˣ˯˧˩ ˸˞ ˸˸˯ˣˣˬ ˸˧ˮˣ˷˟ ˸ˣ˴˞ˢ ˸˧˧˰˶  ˱˧˰˯ ˢ˞˶) ˫˧ˢ ˧ˡˣ˲˧˵ ˸˸ˣˬ˸ ˱˞ ˪˰7.( 

5. ˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷ ˸ˮˣˠ˪ ï ˢˮˣˠ˪˟ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ ˢˡ˧˶˧ ˢ˞˴ˬˮ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ 

 ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˢˡˡˬ ˶˷˞ ˶˸ˣ˧˟ ˢ˩ˣˬˮˢ ˢ˸˧ˢ ˢˮ˷ˢ ˢˮˣˠ˪˟ ˢˡˡˬˮ ˶˷˞ ˸˰˴ˣˬˬˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ˣ

) ˢ˟˷ˣˬˬ ˸ˣ˥˲ ,ˢ˩ ˡ˰0.96 ˸ˮ˷ ˤ˞ˬ ˸˧˦ˬ˶ˡ ˢˡ˧˶˧ ˣˤ .˶"ˬ˪ (2017 )2.32 (˶"ˬ˪ ˸ˣ˟˷ˣˬ . 

 ˭ˣˣˠˬˢˣ ˫˧˧˦ˮˮ˧ˬˣˡ ˫˧ˮ˧ˬ ˧ˡ˧ ˪˰ ˸˦˪˷ˮ ˫˧ˠˣˬ˪˞ˢ ˸˶˟˥ ,˫˧˷˵ ˫˧˧˸˟˧˟˯ˢ ˫˧˞ˮ˸ˢ ˢˮˣˠ˪˟˷ ˭ˣˣ˧˩ˬ

ˢˮˣˠ˪˟ ˶˸ˣ˧˟ ˳ˣ˲ˮˢ ˠˣˬ˪˞ˢ .˸˧ˮˣ˷ˢ ˸ˬˡ˧˵ ˧˶˸˞˪ ˸˧˯˥˧ ˭˦˵ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˨˷ˬ˟  ˞ˣˢStylophora 

pistillata ˸ˣ˶˰˯˟ ˧˶˵˧˰ˢ ˰ˠ˲ˮˢ ˫ˠ ˞ˣˢ ˨˞ x ˷˞ˢ ˠˣˬ˪˞Millepora s ˧˦ˮˮ˧ˬˣˡ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ 

ˢˡ˧˶˧˟ ˞ˣˢ ˱˞ ˞˴ˬˮ. 

6.  ˸˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢï   ˫˧ˮ˷ˢ ˪˩˟  ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ ˶˥˞ ˸˧ˮ˩˸ˢ ˸˟˵ˣ˰ ˭ˢ˟

 ˸˧ˮˣ˷˟ ˸ˣ˟˴ˣˬˢ ˞˴ˬˮ ˶˷˞ˬ ˶˸ˣ˧ ˟ˣ˦ ˫˧˪ˡˠ ˫ˢˣ ˶˸ˣ˧ ˢ˪ˣˡˠ ˫˧˯˧˧ˣˠˬˢ ˸ˣˬ˩ ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˧˩

 ˧˩ ˢ˞˶ˮˣ ˢ˶ˣ˶˟ ˸ˣ˥˲ ˸ˣ˟˷˧˧˸ˢˢ ˸˧ˮ˟˸ ,˞"˞˴˵ ˶˸˞˟ ˫ˠ ˧˪ˣ˞ˣ ,ˢˡ˟˰ˬˢ ˶˸˞˟ .˫˧˶˥˞ˢ ˫˧˶˸˞˟



 

9 

 

  ˫˧˪ˡ˟ˢˢ ˫˞ˢ ˰ˣ˟˵˪ ˸˶˷˲˞ˬ ˢˮ˧˞ ˢˤ ˟˪˷˟ ˫˧ˮˣ˸ˮˢ ˸ˣˬ˩ ,˸˞ˤ ˫˰ .˶˸ˣ˧ ˢ˪ˣˡˠ ˸ˣˡ˧˶˷ ˸˪˟ˠˬ ˢˮ˷˧

 .ˢ˪˧ˡˠˣ ˯ˣ˧ˠ ˧˧˷˵˟ ˣ˞ ˢ˵˲˯˞˟ ˫˧˪ˡ˟ˢˬ ˸˰˟ˣˮ ˸ˣ˟˷˧˧˸ˢˢ ˸˧ˮ˟˸ ˸ˮ˧˥˟ˬ ˫˧ˮ˷ˢ ˭˧˟ˣ ˫˧˶˸˞ˢ ˭˧˟ 

7.  ˫˧ ˧ˡˣ˲˧˵ï  ˭˧ˬˢ ˢ˩ˣ˸ˬˣ ,˫˧ˢ ˧ˡˣ˲˧˵ ˞˧ˢ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˭˧˟ˬ ˸˧ˮˣ˷˟ ˶˸ˣ˧˟ ˢ˟ˣ˷˥ˢ ˫˧˰ˣ˶ˢ ˸˴ˣ˟˵

 ˶˸ˣ˧˟ ˳ˣ˲ˮˢ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˞ˣˢDiadema setosum ˫˧ˢ ˡˣ˲˧˵ ˸ˣ˲˧˲˴ .D. setosum  ˡ˞ˬ ˢˮ˸˷ˬ

˧˯ˣ˪˩ˣ˞ ˪ˡˣˠ˟ ˸ˣˡˣˮ˸ˢ ˸˞ ˫ˠ ˢ˟˧˸˩ˬˣ ˫˧ˮ˷ˢ ˭˧˟ x ˸ ˧ˮ˧ˬ .˪˪˩˟ ˫˧ˡˣ˲˧˵ˢ ˸ˮ˷ ˤ˞ˬ2016  ˸ˡˡˬˮ

˟ ˸˩˷ˬ˸ˬ ˢˡ˧˶˧ ˸ˣ˲˧˲˴D. setosum  ˸ˣ˲˧˲˴ˣ ˧ˮ˧ˬ˫˧ ˧ˡˣ˲˧˵ ˪˪˩˟.   ˟ˣ˟˶˰ˢ ˱˞ ˪˰ ˸ˬˡˣ˵ˢ ˢˮ˷˟

˸˧˸ˣ˰ˬ˷ˬ ˢ˧˪˰ ˢˡˡˬˮ ˞˪ ˵ˣˬ˰ˢ. 

˸˪˧˞˟ ˫˧ ˧ˡˣ˲˧˵ ˪˷ ˸˧ˮˣˬˢ ˢ˸ˣˬ˸ ˢ˸˲˴ˮ ˢˮ˷ˢ ˸˪˧˥˸˟  ˸˧˧˯ˣ˪˩ˣ˞˟ ˸ˣ˷˵ ˢ˰ˠ˲ ˶˷˞D. 

setosum ˸˪ˡ˪ˣˡˬˢ   ˠˣ˯ˢˬ ˫˧ˡˣ˲˧˵ ˫ˠ .ˢˤ ˡˣ˲˧˵ ˪˷ ˫˧ˡˡˣ˟ ˫˧˦˶˲ ˵˶ ˣ˞˴ˬ ˢˮ˷ˢ ˧˶˵˯ˣ

Tripneustes .˶˸ˣ˧˟ ˢˠ˧˞ˡˬ ˢˡ˧ˬ˟ ˢˮ˦˵ ˸˪˧˞˟ ˫˧ˡˣ˲˧˵ˢ ˸˧˧˯ˣ˪˩ˣ˞ ˪˩ˢ ˨˯˟ˣ ˸˧ˮˣˬˢ ˢ˸ˣˬ˸ˬ ˣ˰ˠ˲ˮ   

8.  ˸˧ˮˣ˷ ˧ˠˡï ,˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˷ˬ˟ ˢ˟˧˴˧ ˸˪˧˞˟ ˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷˟ˣ ˭ˣ˩ˬˢ ˧˶˸˞˟ ˸˧ˮˣ˷ˢ ˧ˠˡ ˸˶˟˥

) ˸ˮ˷ ˤ˞ˬ2007 ( ˫˧˧ˣˮ˧˷ ˫˰˫˧˪˵  ˢ˞˶ˮˢ ˪˩˩ ˫˧˰˟ˣˮ˷ ˫˧ˮ˷ˢ ˨˪ˢˬ˟ˬ  ˸ˣˮˬˡˤˬ ˸ˣ˵ˢ˪ ˪˷ ˸ˣˡˣˮ˸

ˣ˫˧ˠˡˢ ˸ˣ˥˧˩˷ˣ ˟˩˶ˢ˟ ˧˸ˣˢˬ ˧ˣˮ˧˷ˬ ˞˪ ˟˩˶ˢˣ ˸˰˲˷˟ ˵ˢ˟ˣˬ ˪ˡ˟ˢ ˞˴ˬˮ ˞˪ ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˭˧˟ .

 .˫˧ˠˡˢ 

 

  ˸˧˲ˣ˥ˢ ˢ˟˧˟˯ˢ 

9.  ˫˧˧˲ˣ˥ˢ ˫˧ˬ˟ ˪˧˲ˣ˶ˣ˪˩ˣ ˫˧˦ˮ˧˧˶˦ˣˮ ˤˣ˩˧˶ï   ˫˧˧˪˵˧˯˧˲ˢ ,˫˧˧ˬ˧˩ˢ ˫˧ˡˡˬˢ ˟ˣ˶˟ ˦˪ˣ˷ˢ ˨˧˪ˢ˸ˢ

˫˧ˡˡˬˢ ˟ˣ˶ ˧˩˶˰ˣ ˧˸ˮ˷ˢ ˟ˣ˟˶˰ˢ ˶ˣˤ˥ˬ ˞ˣˢ ˸ˣ˧˲ˣ˥ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˥˸˟ ˫˧ˡˡˬˮˢ ˫˧˧ˠˣ˪ˣ˧˟ˢˣ   ˥˦˷ˢ ˧ˬ˟

 .˳˧˵˟ ˶˷˞ˬ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˶˸ˣ˧ ˫˧ˢˣ˟ˠ) ˸ˬˡˣ˵ˢ ˢˮ˷˟2022  ˸˧˰˵˶˵ˢ ˵ˬˣ˰˪ ˫˧ˬˢ ˸ˡˣˬ˰ ˢ˟˟˶ˣ˰ (

 ˢˮ˥˸˟A  <)700   ˸ˣ˴˞ ˸˥˧˶˲ ˢ˸˧ˢ ˨˩ˬ ˢ˞˴ˣ˸˩ˣ ,ˡˣˡ˶ ˣ˞ ˧ˮˣˮ˧˟ ˧˸ˮˣ˰ ˟ˣ˟˶˰ ˪˷ ˶ˣ˷˰ ˶˥˞˪ (˶˦ˬ

˩ ˪˷ ˵ˬˣ˰˪ ˫˧ˬˢ ˸ˡˣˬ˰ ˢ˟˟˶ˣ˰ ˟ˣ˷ ˢˮ˷ˢ .˸˩˷ˣˬˬˣ ˢ˵ˤ˥-400   ˫˧˦ˮ˧˧˶˦ˣˮˢ ˧ˤˣ˩˧˶ˣ ˡ˟˪˟ ˫˧˶˦ˬ

  ˢ˧ˢ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˡˡˬˮ ˶˷˞ ˧˟˶ˬˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˫ˠˣ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˫˧˩ˣˬˮ ˣ˧ˢ

˩.˸ˬˡˣ˵ˢ ˢˮ˷˟ ˡˡˬˮ˷ ˨˶˰ˢˬ ˸˧˴˥ˬ 

  ˫˧ˡˡˬˮˢ ˫˧ˤˣ˩˧˶ˢˬ ˸˧˸ˣ˰ˬ˷ˬ ˫˧ˮˣ˷ˢ ˢ˪˞˩ ˫ˢ ˫˧ˠ˧˶˥˩ ˫˧˶ˡˠˣˬˢ ˫˧ˤˣ˩˧˶ ,˸ˣ˧˲ˣ˥ˢ ˸ˣˡ˧ˡˬˢ ˶ˣ˟˰

˶˧˟˯ ˣˮ˧˞ ˧ˬˣ˵ˬ ˫ˣˢ˧ˤ ˶ˣ˵ˬ ˢ˶ˣ˟˰ ˶˷˞ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˦˶˲˟ˣ ,˸ˣ˶˥˞ˢ ˸ˣˮ˥˸˟ .  ˢ˶˷˰ˢ ˧˰ˣ˶˧˞

 ˧ˮ˲˪˷ ˫˧ˮ˷˟ ˶˸ˣ˧ ˫˧˶˧ˡ˸ ˣ˧ˢ ˫˧˧ˬˣ˵ˬ2007  ˫˧ˮ˷˟ .˫˸ˬ˴˰ˣ ˫˸ˣ˶˧ˡ˸˟ ˢˡ˧˶˧ ˢ˸˲˴ˮ ˨˩ ˶˥˞ˣ ,

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

 ,˸˞ˤ ˱˞ ˪˰2023  ˢ˞ˣˣ˷ˢ˟ ˫˧˩ˣˬˮ ˣ˧ˢ ˣˡˡˬˮ ˶˷˞ ˫˧ˠ˧˶˥ˢ ˫˧˩˶˰ˢ ˫ˠˣ ˫˧˩ˣˬˮ ˫˧ˤˣ˩˧˶˟ ˢˮ˧˧˲ˣ˞

 .˸ˬˡˣ˵ˢ ˢˮ˷˪   

10. ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦ ï  ˫˧ˢ ˸ˮ˥˸˟ ˸ˣ˧˲ˣ˥ˢ ˸ˣˠ˪˲ˢ˟ ˢˡˡˬˮ˷ ˸˰˴ˣˬˬˢ ˸˧˸ˮ˷ˢ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦

˟˶ ˢˬˠˬˢ ˣ˵ˬ ˢ˩ˣˬˮ ˭˧˧ˡ˰ ˨˞ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢˢˣ˟ˠ ˢ˸˧ˢ ˥ˣ˸˲ˢ- .˫˧ˮ˷ˢ˸˞ˤ ˫˰,  ˶˩˧ˮ

 ˸˩˷ˬˮ ˫˧ˢ ˧ˮ˲ ˪˷ ˫ˣˬ˧˥ˢ ˸ˬˠˬ˷ .˶ˣ˷˰˪ ˢ˪˰ˬ ˧˴˥˩ ˪˰ ˸ˡˬˣ˰ ˢ˪˞ ˸ˣˡ˧ˡˬ˟ ˢ˶ˣ˰˧˷ˣ 

11. ˧ˮˣ˲˴ˢ ˱ˣ˥˟ˣ ˸˧ˮˣ˷˪ ˨ˣˬ˯˟ ˫˧ˠˡ ˸ˣˣ˶˪ ï ˟2022 ,˸ˣ˶˥˞ ˸ˣ˟˧˯ˬ ˧˪ˣ˞ˣ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸ˣ˟˵˰˟ ˧˪ˣ˞,  

ˣ˶˲˯ˮ˷ ˸ˣˣ˶˪ˢ ˸ˣ˧ˣˬ˩ ˣ˧ˢ   ˸ˣˣ˶˪ˢ ˸ˣ˲˧˲˴ ˢ˶ˤ˥ ˢˮ˷ˢ .ˢ˪ ˣˬˡ˵˷ ˫˧ˮ˷ˢ ˟ˣ˶˟ ˧˞˴ˬˢˬ ˢ˟˶ˢ˟ ˸ˣ˪ˣˡˠ

 ˫˧ˮ˷˟ ˧˞˴ˬ˪ ˢˬˣˡ ˢ˸˧ˢˣ "˪˧ˠ˶ˢ" ˟˴ˬˢ ˸˞ ˱˵˷˪2019-2021 .  ˶ˣˤ˞˟ ˸ˣˣ˶˪ ˶˸ˣ˧ ˸ˣ˞˴ˬˮ ˟ˣ˶˪

 ˧ˮˣ˲˴ˢ ˱ˣ˥ˢˢ˶ˣˬ˷ˢ ˡ˧˪ ˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˶˷˞ˬ ˭˧˧ˡ˰ ˸˧˥˩ˣˮˢ ˣ˸ˮˣ˩˸ˬ˟ ˢˤ ˶˵˯ ˫˧˧˵˸ˬ ˢ˟ ˢ˲ˣ˵˸ˢ .

 .˫˧˶˸˞ˢ ˭˧˟ˣ ˫˧ˮ˷ˢ ˭˧˟ ˫˧˪ˡ˟ˢ˪ ˰ˠˣˮ˟ ˸ˣˮ˵˯ˬ ˸˵˯ˢ ˶˷˲˞˪ ˧ˡ˩ˬ ˢ˶˴˵ 

12. ˸˧˪ˣ˥ ˸˧˰˵˶˵˟ ˫˧˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ï  ˤ˞ˬ) ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟˷ ˶˥˞˪2020  ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲ ˣ˞˴ˬˮ (

  ,˫˧ˠˡˢ ˧˟ˣ˪˩ ˪˷ ˫ˡˣ˵ˢ ˫ˬˣ˵˧ˬ˪ ˸ˣ˟ˣ˶˵ˢ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˸ˣˮ˥˸˟ ˶˵˧˰˟ ,˫˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˪˷

 .ˢ˪˞˩ ˫˧˦˶˲ ˣ˞˴ˬˮ ˞˪ ˢˮ˷ˢ  ˫˧˶˟˴ˮˢ ˫ˣˢ˧ˤ ˧ˬ˶ˣˠ ˪˰ ˰˧˟˴ˢ˪ ˢ˧ˣ˷˰ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲ ˪˷ ˫˸˞˧˴ˬ

.ˡ˪˷ˢ ˸ˣ˥˸˲˸ˢ˟ ˫˧˰ˠˣ˲ˣ ˦ˮˬ˧ˡ˯˟ ˢ˪˞ ˫˧˞˴ˬˬ ˢˮ˥˸˟ ˡˡˬˮ ˶˷˞ ˢˣ˟ˠˢ ˸ˣ˩˸ˬˢ ˤˣ˩˧˶˪ ˱˯ˣˮ˟ ,

,˫˧˟ˣ˪˩ˢ ˫ˣ˵˧ˬ ˸˥˸˷  ˳˶ˬ ˪˷ ˢ˶˰˯ˢ ˸ˣ˟˵˰˟˷ ˸ˣ˶˷˲˞˟ ˫˧˩ˬˣ˸2020  ˧˪˰˟ ˫˧˦ˮˬ˧ˡ˯ ˣ˲˷˥ˮ

 ˢˢˣ˟ˠ ˸ˣ˩˸ˬ ˸˪ˣ˩˸ˣˬ˶ˠ ˶˷˞   .˫˧˶˲˧ˮ˧ˬ˶ˣ˲˟ ˡ˪˷ ˧˸ˣˣ˧˰˪ 

13. ˫˧ ˧˟˷˰ ï   ˫˧˪ˡ˟ˢ ˣ˞˴ˬˮ ˸ˣˮˣ˰ˢ ˭˧˟ˣ ,˳˧˵ˣ ˱˶ˣ˥ ,˸ˣˮˣ˰ ˧˸˷˟ ˣ˩˶˰ˮ ˫˧ˢ ˟˷˰ ˧ˣ˯˧˩ ˪˷ ˫˧˶˵˯

  .˫˧ˢ ˟˷˰ ˧ˣ˯˧˩˟ ˫˧˪ˣˡˠ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˣ˪˧˞ˣ ˱˶ˣ˥˟ ˶˸ˣ˧ ˶˧˷˰ ˧ˣ˯˧˩ ˞˴ˬˮ ˧ˬˣ˶ˡˢ ˱ˣ˥˟ï  .˳˧˵˟  ,˟ˣ˶˪

.˱˶ˣ˥˟ ˶˷˞ˬ ˶˸ˣ˧ ˶˧˷˰ ˳˧˵˟ ˫˧ ˟˷˰ ˧ˣ˯˧˩  

 ˸ˮ˷˟2020  ˢ˶˰˯ˢ ˸˰˧ˠ˲ˬ ˢ˞˴ˣ˸˩ ˧˪ˣ˞ ,˫˧˶˸˞ˢ ˧ˮ˷˟ ˫˧ˢ ˟˷˰ ˧ˣ˯˧˩˟ ˢ˪ˣˡˠ ˢˡ˧˶˧ ˢˡˡˬˮ

 ˳˶ˬ ˷ˡˣ˥˟ ˸˧ˬˣ˶ˡˢ2020 ˢ˞˴ˬˮ ˢˮ˷ˢ . ˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˧ˣ˯˧˩˟ ˢˡ˧˶˧  ˣ˪˧˞ˣ

˧ˮˣ˲˴ˢ ˱ˣ˥˟  .ˢ˧˪˰ ˢ˞˴ˬˮˬ ˫˧˪ˣˡˠ ˫˧˵ˬˣ˰˟ ˡ˶ˣ˧ ˫˧ˢ ˟˷˰ ˧ˣ˯˧˩ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˧˩ ˢ˞˶ˮ-20   ,˫˧˶˦ˬ
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˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˫˧ˢ ˟˷˰ ˡ˟˶ˬ .ˢ˪˞ ˫˧˵ˬˣ˰˟ ˪ˡˠ ˞˵ˣˣˡ ˧ˣ˯˧˩ˢ ˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˣ˪˧˞ˣ  ˧ˣ˯˧˩ ˪˰˟   ˟˧˴˧ ˸ˣ˥˲

˵ˬˣ˰˟ˣ ,˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˶˷˞ˬ ˬ ˡˣˡ˶ 10   .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˭˧˦ˣ˪˥˪ ˦˰ˬ˩ ˫˪˰ˮ ˫˧˶˦ˬ 

 

 ˵ ˣˬ˰ˢ ˫˧˟ ˫˧ˬˢ ˸ˡˣˬ˰ 

14.  ˟ˣ˟˶˰ˢ ˵ˬˣ˰ï ˩ ˪˷ ˵ˬˣ˰˪ ˡ˰ ˫˧ˬˢ ˸ˡˣˬ˰ ˢ˟˟˶ˣ˰ ˢˮ˷ˢ-400   ."˧ˮˣˮ˧˟" ˵ˬˣ˰ ,˫˧˶˦ˬ ˱˶ˣ˥˟2022  

 ˢˮ˥˸) ˢˡ˧ˡˬˢ ˸ˮ˥˸˟ ˸˧˰˵˶˵ˢ ˵ˬˣ˰˪ ˟ˣ˟˶˰ˢ ˰˧ˠˢA˩ ˪˷ ˸˧˰˵˶˵ ˵ˬˣ˰ ,-730   ˢˮˣ˷˞˶˪ ,(˫˧˶˦ˬ

 ˸ˮ˷ ˤ˞ˬ2012   ˟ˣ˟˶˰ˢ ˸ˣ˟˵˰˟ .˳˶˲ˬ˟ ˫˧˵ˣˬ˰ ˫˧˟ˣ˟˶˰ ˭˧˟ ˡ˰ˣ˸ˬˢ ˶˸ˣ˧˟ ˨ˣ˶˞ˢ ˥ˣˣ˶ˬˢ ˢˤ ˢ˧ˢˣ

 ˢ˸˧ˢ ˵ˣˬ˰ˢ ˳˶ˬ˟- ˪˧˶˲˞2022  .˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˧ˤˣ˩˧˶ ˣˡ˶˧ˣ ˸˩˷ˣˬˬˣ ˢ˵ˤ˥ ˢ˥˧˶˲ 

15.  ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˫˧˯ˬˣˬ ˫˧˦ˮ˧˧˶˦ˣˮˣ ˭˴ˬ˥ ˧ˤˣ˩˧˶ï  ˟ˣ˟˶˰  ˫˧ˬˢ ˸ˡˣˬ˰ ˸ˮ˷˟2022 ˵ˣˬ˰ ˢ˧ˢ   ˧ˤˣ˩˧˶ˣ

˟ ˫˧˦ˮ˧˧˶˦ˣˮ  ˫˧˵ˣˬ˰ˢ ˫˧ˬ .˯ˬˣˬˢ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶˟ ˢ˧˧˪˰˪ ˪˧˟˵ˬ˟ ˣˡ˶˧˷ ˭ˣˣ˧˩ˬ˸ˡˣˬ˰ ˟ˣ˟˶˰ ˢˮ˷ˢ  

˫˧ˬˢ ˩˪ ˰˧ˠˢ-400 ˫˧˶˦ˬ ,˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˶˟˦˴ˢ˪ ˣ˪˥ˢ ˫˧˦ˮ˧˧˶˦ˣˮ  ˪˥ˢ ˫˷ ˭˴ˬ˥ˢ ˤˣ˩˧˶ˣ ˶˸ˣ˧

 ˪˷ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˧˶˥˞˷ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˧ˣ˲˴ˢˬ ˢ˪ˣˡˠ ˢˡ˧ˬ˟ ˸˞ˤˣ ,˸ˡ˶˪2012 . 

˟ ˟ˣ˟˶˰ˢ ˨˷ˬ- 2022   ˧˶˴˧ˬ ˨˶ˡ ˸˩˶˰ˬˢˬ ˢ˞˴˧˷ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˸ˣˬ˩ ˣˤ ˢ˟˧˯ˬ˷ ˭˩˸˧ˣ ˶˴˵ ˢ˧ˢ

  ˫˧˦ˮ˧˧˶˦ˣˮˢ ˸ˣ˶˟˦˴ˢˣ ˨˩ ˪˩ ˸˩˷ˣˬˬ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˢ˥˧˶˲ˢ ˢ˸˧ˢ ˭˩˪ ˧˪ˣ˞ .˸˧˯˥˧ ˢˮ˦˵ ˢ˸˧ˢ ˭˞˶˧˦

˫˧ˮ˷˟ (˫˧˧˸˷˟˧ ˸ˣ˶ˣ˵ˬˬ) ˫˧˦ˮ˧˧˶˦ˣˮ ˪˷ ˸˶˟ˠˣˬ ˢ˯˧ˮ˩ ˢˮ˷˧ ˧˪ˣ˞ ˨˞ ,˸˧˯˥˧ ˢ˶˧ˢˬ ˵ˬˣ˰˟  

.˸˧˵˲ˣ˞ ˢ˰˯ˢˣ ˫˧˧ˬ˧ˮ˲ ˫˧˪ˠ ˪˷ ˢ˰˲˷ˢ ˭˞˩ ˢˮ˷˧ ˧˪ˣ˞ ,˭˧˲ˣ˪˧˥˪ .˸ˣˮˣ˶˥˞ˢ 

16. ˪˧˲ˣ˶ˣ˪˩ ï ˢ ˱˞ ˪˰˸ˣ˧˸ˡˣˮ˸ ˧˸ˮˣ˰ˢ˸  ˶˷˞˩ ,˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶˟ ˢ˧˧˪˰ ˪˷ ˢˬˠˬ ˭ˬ˸˯ˢ˪ ˢ˪˧˥˸ˬ ,

 ˵˶ ˞˪ˣ ˳˧˵ˢ ˧˷ˡˣ˥˟ ˫˧˸˧˰˪ ˫˧ˡˡˬˮ ˫˧ˢˣ˟ˠ ˫˧˧˸ˮ˷ ˫˧ˤˣ˩˧˶.˟˧˟˞˟    ˸ˣ˧ˣˬ˩ ˸˞ ˫˧˟˷˥ˬ ˶˷˞˩ ˫ˠ

 ˵ˬˣ˰˟ ˪˧˲ˣ˶ˣ˪˩ˢ60-100  ˡ˟˪˟ ˳˧˵ˢ ˧˷ˡˣ˥˟ ˫˧˶˦ˬï .ˢ˧˪˰ ˪˷ ˢˬˠˬ ˸˦˪ˣ˟   ˧ˤˣ˩˧˶˷ ˢ˞˶ˮ ˨˩

˵ˬˣ˰ˢˬ ˣ˸˧˞ ˫˧˪ˣ˰ˢ ˫˧˦ˮ˧˧˶˦ˣˮˣ ˟ˣ˟˶˰ˢ ˵ˬˣ˰˟ ˵˶ ˫˧˧ˣ˪˸ ˫ˮ˧˞ ˫˧ˡˡˬˮˢ ˪˧˲ˣ˶ˣ˪˩ˢ   ˸ˣ˥˧˪ˬˢ ˧˧ˣˮ˧˷ˣ

ˣˤ ˢ˶˰˷ˢ˟ ˫˧˩ˬˣ˸ ˟ˣ˟˶˰ˢ ˸˲ˣ˵˸ ˱ˣ˯˟ ˫˧˵ˤ˥ˢ  .  ˫˧˦ˮ˧˧˶˦ˣˮ ˸ˣ˶ˣ˵ˬ ˪˰ ˢ˰˧˟˴ˬˣ ˭˩˸˧˧ ˣˤ ˢˬˠˬ

 .˫˧˵ˣˬ˰ˢ ˳˶˲ˬˢ ˧ˬˬ ˫˧˰˧ˠˬˢ ˣ˪˞ ˪˰ ˫˧˲˯ˣˮ 

17. ˫˧˵ˣˬ˰ˢ ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ ï ˩ˬ ˫˧˪ˣˡˠˢ ˫˧˵ˬˣ˰˟ ˦˶˲˟ˣ ,˵ˬˣ˰ˢ ˧ˬ˟-500   ˪˷ ˢˬˠˬ ˸˩˷ˬˮ ,˫˧˶˦ˬ

 .ˢ˶ˣ˦˶˲ˬ˦ˢ ˸˧˧˪˰  ˦˰ˬ ˢˡ˶˧ ˵ˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ˫ˢ˟ ˫˧ˮ˷˟˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˢ˶ˣ˦˶˲ˬ˦ˢ ,ˤ˞ˬ ˨˞ ˸ˡˡˬˮ  

ˢ˧˧˪˰ ˢ˪˵ ˸ˣ˶ˣ˦˶˲ˬ˦˟  ˫ ˧ˬˢ ˫˧˵ˣˬ˰ˢ .˪˰ ˱˞ ˟ˣ˟˶˰ˢ ˵ˣˬ˰ˢ  ˸ˮ˷ ˪˷2012, ˞˪ ˢ˞˴ˬˮ  ˤ˞ˢˡ˧˶˧  

˸˶ˣ˦˶˲ˬ˦˟ ˫˧ˬˢ ˫˧˵ˣˬ˰ˢ   ˬ-500 ˫˧˶˦ˬ ˸˧˧˪˰ˣ ˢ˶ˣ˦˶˲ˬ˦ˢ ˫˧ˬ˟   ˫ˠ ˢ˩˷ˬˮ ˫˧˵ˣˬ˰ˢ˟ ˢˮ˷

 ˸ˬˡˣ˵ˢ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸ˣ˶ˬ˪. 

18.  ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤï  ˣˡˡˬˮ ˶˷˞ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤˢ ˧ˤˣ˩˧˶-˟ 2023 ˫˧ˢˣ˟ˠ ˣ˧ˢ   ˢˮ˷˟ ˡˡˬˮ˷ ˢˬ˪ ˢˬˣˡ˟ ,˸˧˯˥˧

.˸ˬˡˣ˵ˢ   ˢˣ˟ˠ ˞˧˷ ˡˡˬˮ ˢˮˣ˧˪˰ˢ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ ˧ˤˣ˩˧˶ ˶˥˞ ˶ˣ˦˧ˮ ˰˴ˣ˟ ˭ˢ˟ ˫˧ˮ˷ˢ ˟ˣ˶˟

ˢˮ˷ˢ ˸˪˧˥˸ ˪˷ ˫˧˷ˡˣ˥ˢ ˡ˥˞˟ x ˤ˞ˬ) ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟ ˶˸ˣ˧˟ ˢˢˣ˟ˠˢ ˢ˯ˬˣ˧˟ˢ2011( ˢˡˡˬˮ 

˟ ˶˞ˣ˶˟˲2016  ˮ ˷˟˷ ˸ˣ˶ˬ˪˫˧ 2012 x-2022  .˶˸ˣ˧ ˵ˣˬ˰ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ,˨˩ ˨˷ˬ˪ ˧˩ ˢ˞˶ˮ

  .˫˧ˬˢ ˸ˡˣˬ˰˟ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤˢ ˸ˣˬ˩ ˪˰ ˢ˰˲˷ˢ ˭ˬˤ˟ ˣ˸ˣ˥˸˲˸ˢ ˭˲ˣ˞˪ˣ ˟ˣ˟˶˰ˢ ˢ˧ˢ ˸ˬˡˣ˵ˢ ˢˮ˷˟

 .˶˸ˣ˧ ˫ˡ˵ˣˬ ,˫˧ˮ˷ˢ ˸˧˟˶ˬ˟ ˣˬ˩ ˢˮ˷ˢˣ ˧ˮˣ˧ ˷ˡˣ˥˟ ˧˟˶ˬˢ ˤˣ˩˧˶ˢ 

19.  ˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧ï  ˨˞ ,˪"˞˧˥ˬ ˨˧˧˶ ˫ˣ˸ˣ ˟ˢ˶ ˪˧˧˞ '˲ˣ˶˲ ˫˰ ˱ˣ˸˧˷˟ ˸ˣˮ˶˴˧ˢ ˸ˣˡ˧ˡˬ ˣ˩˷ˬˮ ˢˮ˷ˢ

 .ˢ˩ˣˬˮ ˸ˣ˶˧ˡ˸˟ ˪˰ ˸ˣ˵˧˲˯ˬ ˭ˮ˧˞ ˸ˣˡ˧ˡˬˢ ˧˩ ˭˩˸˧ˣ ˫˧˶˧ˢˬˣ ˫˧˪ˣˡˠ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˸ˣˮ˶˴˧˟ ˫˧˧ˣˮ˧˷ˢ

  ˢ˧ˣ˴ˬ ˸˩˶˰ˬˢˣ ˶˸ˣ˧ ˫˧ˮ˦˵ ˫˧˧ˣˮ˧˷ˢ ,˸˞ˤ ˸ˬˣ˰˪ ,˳˧˵ˢ ˸ˮˣ˰˟ .ˣˤ ˢ˲ˣ˵˸˟ ˸˩˶˰ˬˢ ˸˞ ˭˧˧˲˞˪ ˸ˮˬ

 ˮ ˣ˰˟ ˞˵ˣˣˡ ˸ˣ˪ˠ˪ ,˧˪ˣ˞ ,ˢ˧ˢ˧ ˭˸˧ˮ ˫˧˩˷ˬ˸ˬ ˫˧˧˸˩˶˰ˬ ˫˧˧ˣˮ˧˷ ,ˢˤ ˰˵˶ ˪˰ ."˧˲ˣ˶˦ˣˠ˧˪ˣ˞" ˟˴ˬ˟ .ˣˤ ˢ

 ˫˧ˮ˷ˢ ˧˩ ˫˷˶˸ˢ˪ ˭˸˧ˮ ˳˧˵ˢ ˧˷ˡˣ˥˟ ˸ˣˮ˶˴˧ˢ ˧˩˶˰˟ ˸ˣˮˮˣ˟˸ˢˬ2010-2023  ˨˶˰ ˫˰ ,ˣˤ˪ ˣˤ ˸ˣˬˣˡ

 ˸ˮ˷˟ ˶˸ˣ˧˟ ˢˣ˟ˠ2016 ˳˧˵ˢ ˸ˣˮ˶˴˧˟ ,˸˵ˢ˟ˣˬ ˢˮ˧˞˷ ,ˢ˪˵ ˢ˧˧˪˰˟ ˭˧˥˟ˢ˪ ˧˪ˣ˞ ˭˸˧ˮ ,˸˞ˤ ˫˰ˣ ,

 .˳˶˲ˬ˟ 

 

 ˸ ˣˬ˧˪˷ˬ ˸ˣ˲˧˴˶ ˸ˣˡ˧ˡˬ 

20. ˸˧ˮˣ˷˪ ˨ˣˬ˯˟ ˫˧ˢ ˧ˮ˲˟ ˪˧˲ˣ˶ˣ˪˩  (˸˧ˬˣ˧ ˢˡ˧ˡˬ)ï ˫˧˞˶ˬ ˸˧ˮˣ˷˪ ˨ˣˬ˯˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶,˟ˣ˶˪ ,  

˸ˣˡ˥ ˸ˣˡˣˮ˸   ˳˧˵˟ ˶˸ˣ˧ ˫˧˩ˣˬˮˣ ˟˧˟˞ˢˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˶˸ˣ˧ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˪˷ ˸˧˸ˮˣ˰ ˸˧ˮ˟˸ ˫˰ ˡ˥˧

  ˢˣ˟ˠ ˢ˧ˢˣ ,˳˶ˬ ˷ˡˣ˥ ˸˪˧˥˸˟ ,˸˧˯˥˧ ˫ˡ˵ˣˬ ˰˧ˠˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶˟ ˡˡˬˮˢ ˞˧˷ˢ ,ˢˮ˷ˢ .ˣ˧˸˯˟ˣ

 ˧ˡ˧ ˪˰ ˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˢˤ ˢ˧ˢ ,ˢ˷˰ˬ˪ .ˣˤ ˢˮˣ˰˟ ˸ˣˡ˧ˡˬˢ ˟ˣ˶˪ ˢ˞ˣˣ˷ˢ˟

 ˫˧˩ˣˬˮ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˣ˧ˢ ˢˮ˷ˢ ˟ˣ˶ ˨˷ˬ˟ ,˸˞ˤ ˸ˣ˶ˬ˪ .˵ˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ˞˪ ˭ˢ˟ ˫˧ˮ˷˟ ˸˧ˮ˩˸ˢ

ˢ ˰˴ˣˬˬ˪ ˸˧˯˥˧˶˵ˢ ˢˮ˷˟ ˧˟˶ˬˢ ˨˶˰ˢˬ ˸˧˴˥ˬ˩ ˢ˧ˢ ˧˟˶ˬˢ ˤˣ˩˧˶ˢˣ ˧˸ˮ˷ ˟  ˟ˣ˟˶˰ ˢ˧ˢ ˢ˟ ,˸ˬˡˣ

 .˵ˣˬ˰ 
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21. ˸˧ˮˣ˷˪ ˨ˣˬ˯˟ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦  (˸˧ˬˣ˧ ˢˡ˧ˡˬ)ï ˟ ˸ˡˡˬˮˢ ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ ˢ˸˧ˢ ˢˮ˷ˢ ˪˩ ˨˷ˬ

˸˸ˢ ˢ˲˴ˬ˪ ˨ˣˬ˯˟ ˫ˣ˧ ˧ˡˬ-˟˶ˢ ˰˴ˣˬˬˢ ˨˶˰ˢˬ ˢˢˣ˟ˠ ˧ˬ˧ -˟ .˧˸ˮ˷ ˸˪˧˥˸2023,   ˨˞ ,˭˦˵ ˢ˧ˢ ˪ˡ˟ˢˢ

˩ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦ ˢ˸˧ˢ ˦˯ˣˠˣ˞ ˰˴ˬ˞ ˡ˰ˣ ˧˪ˣ˧ ˷ˡˣ˥ ˰˴ˬ˞ˬ- 1.5  ˸ˣ˪˰ˬ  .˧˸ˮ˷ ˟˶ˢ ˰˴ˣˬˬ˪ ˪˰ˬ

 ˣˡ˰ˣ˸˷ ˫˧˶˧ˢˬˢ ˭ˬ ˢ˧ˢ ˢ˶ˣ˦˶˲ˬ˦ˢ ˸˧˧˪˰ ˟˴˵ ˫ˠï   ˢˤ ˳˧˵˟ ˢ˶ˣ˦˶˲ˬ˦ˢ .˰ˣ˟˷˟ ˸ˣ˪˰ˬ ˧˸˷˪ ˟ˣ˶˵

ˬ ˢˢˣ˟ˠ ˢ˸˧ˢ- 90%  ˫ˠ .˸˧ˮ˩˸ˢ ˧ˡ˧ ˪˰ ˢˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˢˢˣ˟ˠˢ ˞˪ ˨˞ ˸ˣˬ˧˧˵ˢ ˸ˣˡ˧ˡˬˢˬ  ˧˷ˡˣ˥˟

 ˱˶ˣ˥ˢˢ˶˸ˣˮ  ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦ ˢ˸˧ˢ ˪˩ˢ ˨˯˟ˣ ,˰˴ˣˬˬˢ ˨˶˰ˢˬ ˢˢˣ˟ˠ ˸˧˸ˮ˷ˢ ˫˧ˢ

 ˸ˮ˷˟) ˢ˪˞ˢ ˸ˣˡ˧ˡˬˢ ˸˪˧˥˸ ˤ˞ˬ .˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ ˢ˪˰ˬ ˧˴˥˩˟ ˢˢˣ˟ˠ ˸˰˴ˣˬˬˢ1988  ˧"˰

 (˭˧ˮˠ ˢ˧˴ˬ˞ '˲ˣ˶˲ ˸ˡ˟˰ˬ˩ ˪˷ ˰˴ˣˬˬ ˶ˣ˰˧˷˟ ˸˰˴ˣˬˬˢ ˸˧˸ˮ˷ˢ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦ ˢ˪ˣ˰- 0.34  

 ˤ˞ˬˣ ˫˧ˮ˷ ˶˷˰ ˪˩˟ ˸ˣ˪˰ˬ2004 ˩˟- 0.42 .˫˧ˮ˷ ˶˷˰ ˪˩˟ ˸ˣ˪˰ˬ 

22. ˢ˧ˠˣ˪ˣ˶ˣ˞˦ˬ ˸ˣ˲˧˴˶ ˸ˣˡ˧ˡˬ) ( ï  ˢ˞ˣˣ˷ˢ˟ ˫˧ˠ˧˶˥ ˣ˧ˢ ˞˪ ˢˮ˷ˢ ˣˡˡˬˮ ˶˷˞ ˫˧ˠˣ˪ˣ˶ˣ˞˦ˬˢ ˫˧˞ˮ˸ˢ

ˡ˥ˣ˧ˬ˟ ˸ˣ˵ˤ˥ ˞˪ ˨˞ ,˸ˣ˶˰˯ ˣ˶˴˧˷ ˸ˣ˧ˬˣ˶ˡ ˸ˣ˥ˣ˶ ˪˷ ˫˧˰ˣ˶˧˞ ˶˲˯ˬ ˫˰ ,˸ˣˬˡˣ˵ ˫˧ˮ˷˪ .  

 ˸ˣ˶ˣ˦˶˲ˬ˦ˢ˶˧ˣ˞   ˷˶˲ˢ˟ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˱˶ˣ˥˟ ˫ˠˣ ˳˧˵˟ ˫ˠ ˢˢˣ˟ˠ ˢ˸˧ˢ ˫˧ˢ ˪˰ˬ ˸ˡˡˬˮˢ

  .˫ˣˬ˧ˮ˧ˬˢˣ ˫ˣˬ˧˯˵ˬˢ ˧˩˶˰˟ ˸ˣ˪˰ˬ ˧˸˷˩ ˪˷ 

˫˧ˢ ˟˴ˬ  (˸ˣ˲˧˴˶ ˸ˣˡ˧ˡˬ)ï  ˭ˣ˩ˬˢ ˥ˤˬˬ ˸ˣ˲˧˴˶ˢ ˸ˣˡ˧ˡˬ˟ ˢˡˡˬˮ˷ ˫ˣˬ˧ˮ˧ˬˢ ˸˶ˣ˦˶˲ˬ˦

ˢ˸˧ˢ ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ   ˸ˡˣˬ˰ ˪˷ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˭ˬˤ˟ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˢˡˡˬˮ˷ ˣˤˬ ˢ˪˰ˬ ˧˴˥˩˟ ˢˢˣ˟ˠ

˫˧ˬˢ )°C 21.0 .() ˸ˣˡ˧ˡˬˢ ˸˲ˣ˵˸ ˨˶ˣ˞˪ ˢˮ˷ ˪˩˟ ˸ˣ˧˶˰ˤˬˢ ˸ˣ˶ˣ˦˶˲ˬ˦ˢ ˸ˮ˧˥˟˟5%   ˫˧ˬ˧ˢˬ

 ,ˢˮ˷ ˪˩˟ ˶˸ˣ˧˟ ˫˧˶˵ˢ18  ˪˷ ˸˩˷ˬ˸ˬ ˢ˧˧˪˰ ˸˞˴ˬˮ (ˢˮ˷ ˪˩˟ ˶˸ˣ˧˟ ˸ˣ˩ˣˬˮˢ ˸ˣ˧˪ˬ˧ˮ˧ˬˢ ˸ˣ˞˧˶˵ˢ

 .˳˶˲ˬ˟ ˫ˣˬ˧ˮ˧ˬˢ ˸ˣ˶ˣ˦˶˲ˬ˦ 

 ˣˤ ˸˶ˠ˯ˬ˟ ˢˡˡˬˮ˷ ˶˸ˣ˧˟ ˢˢˣ˟ˠˢ ˸˧˟˶ˬˢ ˢ˶ˣ˦˶˲ˬ˦ˢ ˢ˸˧ˢ) ˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˪˷°C 31.0 ( ˸ˮ˷˟ ,

2021. 

23.  ˸ˮ˷˟2021  ˢ˲˧˴˶ˢ ˫˧˪ˠˢ ˸ˡ˧ˡˬ ˧ˢˣˤ ,ˣˮ˸˰˧ˡ˧ ˟˦˧ˬ˪ .˳˶˲ˬ˟ ˫˧˪ˠ ˡˣˡˬ˪ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˢ˪˥ˢ

 ˸˪˧˞ ˧˲ˣ˥˟ ˫˧˶˴ˣˮˢ ˫˧˪ˠˢ ˸˞ ˭˧˧˲˞˪ ˸ˣ˶˷˲˞ˬ ˸ˣˡ˧ˡˬˢ .˸˪˧˞ ˳˶˲ˬ ˭ˣ˲˴˟ ˸˧˷˰ˮ˷ ˢˡ˧˥˧ˢ

˩ ˡ˰ ˫˧˧˸ˣ˰ˬ˷ˬ ˫˧˪ˠ ˢ˟ˣˠ) ˸ˣ˧ˮˣ˲˴ ˸ˣ˥ˣ˶ ˶˦˷ˬ ˸˥˸ ˫˧˧ˬˣ˶ˡˢ- 0.2 ˬ ˨ˣˬˮ ˧˟˶ˬ ˢ˟ˣˠˣ ,˶˦ˬ-0.5  

ˣ (˶˦ˬ ˶˟˩  ˣˡˡˬˮ  ˫ˠ .˸ˣ˧ˬˣ˶ˡ ˸ˣ˶˰˯ ˧˰ˣ˶˧˞ ˶˲˯ˬ  ˢ˟ˣˠ ˫ˢ˟ ,ˢ˪˞˩ ˫˧˰ˣ˶˧˞ ˢ˷˧ˬ˥ ˣˡ˰ˣ˸ ˢˮ˷ˢ

ˬ ˪ˣˡˠ ˢ˧ˢ ˧˸ˣ˰ˬ˷ˬˢ ˫˧˪ˠˢ-1 ˶˦ˬ ˪ˠˢ ˢ˟ˣˠ .˧˟˶ˬˢ ˶˸ˣ˧˟ ˪ˣˡˠˢ ˢ ˡˡˬˮ ˶˷˞ˢˮ˷ ˬ ˶˸ˣ˧ ˦˰ˬ ˢ˧ˢ-

2  .ˡ˥ˣ˧ˬ˟ ˸ˣ˵ˤ˥ ˣ˧ˢ ˞˪ ˢ˪˞ ˸ˣ˶˰˯ .˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˸ˣˡ˧ˡˬ˪ ˢˬˣˡ˟ ,˫˧˶˦ˬ 

24.  ˳˧˵˟2022  ˧˦˯ˣ˵˞ ˫˧ˬ˶ˤ ˡˬ ˣˮ˟˴ˢ ˸ˣ˲˧˴˶˟ ˡˡˣˬˢ  .˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˪ˣˬ ˫˧ˢ ˧ˮ˲˪ ˨ˣˬ˯˟

 ˸ˣˡ˧ˡˬˢ˸ˣ˶˟˦˴ˬˢ   ˭ˣˣ˧˩ ˫˧ˮ˷ˬˢ ,˱ˣ˥˪ ˪˧˟˵ˬ˟ ˫˧˦ˮˮ˧ˬˣˡ ˫˧ˬ˶ˤ ˸ˣ˪ˠˬ˸˰˲˷ˢ˟ ˧˶ˣˤ˥ˬ˪˸ˣ   ˸ˣ˞˧ˠ

˩ ˡ˰) ˫ˣ˶ˡ ˭ˣˣ˧˩˪ ˣˡˡˬˮ ˶˸ˣ˧˟ ˫˧˵ˤ˥ ˫˧ˬ˶ˤ ˶˷˞˩ ,˪˲˷ˣ-0.5 ˶˦ˬ\.˸ˣ˞˧ˠ ˧ˮˬˤ˪ ˸ˣ˩˧ˬ˯˟ˣ (ˢ˧ˮ˷  

 ˸˞ ˢ˪˧˥˸ˬ˷ ˸˧˦˦ˣ˲˧ˢ ˫˧ˬ ˸˪˧˟˥ˣ ,˭ˣ˲˴ ˭ˣˣ˧˩˟ ˫˧ˬ˶ˤ ˶˷˞ˬ ˶˸ˣ˧ ˫˧˴ˣ˲ˮ ˫ˠ ˫ˣ˶ˡ ˭ˣˣ˧˩˪ ˫˧ˬ˶ˤ

˩ ˢˬˣ˶ˡ ˡˣˡˮ˸ ˳˧˵ˢ ˧˷ˡˣ˥˟ ˢ˩˶ˡ-500  .ˢˮ˷ˢ ˱ˣ˯˪ ˡ˰ ˫˧˶˦ˬ 
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˸ˣˡˣˮ˸ ˟˶-˧˸ˮ˷˧ˣˮ˧˷ ˸ˣˬˠˬˣ ˸ˣ 

 ˫ ˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷ 

1.  ˭˟˞ ˧ˠˣˬ˪˞ ˧ˣ˯˧˩ï  ˞ˣˢ ˫˧˧˥ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˧ˣ˯˧˩ˢ ˤˣ˥˞ ˡ˥˞ˡˡˬˢ˫˧ s˫˧˪˟ˣ˵ˬ ˸˞ ˶˞˸˪   ˟˴ˬ

ˢ  .˧ˣ˯˧˩ˢ ˸ˡ˧ˬ˟ ˫˧˪ˡ˟ˢ ˫ˮ˷˧ ˫˧˶˦ˣˮˬˢ ˫˧˶˸˞ˢ ˭˧˟ˣ ˫˧ˮ˷ˢ ˭˧˟ .˭ˬˤ ˨˶ˣ˞˪ ˸˧ˮˣ˷ ˶ˣ˦˧ˮˢ ˸ˣˮ˷˟

) ˸ˣˮˣ˷˞˶ˢ2004-6 ˢ˧ˢ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ (19-20% ˫˧ˮ˷˟ .2007-12   ˢ˪˰

 ˫˧˩˶˰ˢ ˥ˣˣ˦˟ ˰ˮˣ ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ21.5-23.9% x ˸ˮ˷˟2013  ,˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟ ˧˟˶ˬˢ ˧ˣ˯˧˩ˢ ˡˡˬˮ

26.4Ñ5.2%,˭˩ˬ ˶˥˞˪ .  ˥ˣˣ˦˟ ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ ˰ˮ25.3%-24.0 . 

˟ ˮ ˷ ˸2020   ˫˧˶˸˞ˢ ˭˧˟ ˡ˧˥˞ ˢ˧ˢ ˞˪ ˢ˰˧ˠ˲ˢ ˶ˣ˰˧˷ˣ ˢ˵ˤ˥ ˸˧ˬˣ˶ˡ ˢ˶˰˯˟ ˸˪˧˞ ˸ˣ˧ˮˣ˷ ˣ˰ˠ˲ˮ

 .˸˧ˮ˩˸ˢ ˧ˡ˧ ˪˰ ˫˧˶˦ˣˮˬˢ ˸ˡ˶˪ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˨˧˷ˬˢ ˢ˶˰˯ˢ ˸ˣ˟˵˰˟ ˸ˬˡ˵ ˧˶˸˞˟  ˨˞ ˸˧ˮˣ˷ˢ

˪˰ ˡˬ˰ ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ .˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢ˧˪˰ ˢˡˡˬˮ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟  

%93.Ñ4.42.ˢ˶˰˯ˢ ˸˰˧ˠ˲ ˧ˮ˲˪ ˞˴ˬˮ˷ ˧ˣ˯˧˩˪ ˟ˣ˶˵ , 

 .˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˷ˬ˟ ˢ˪˰ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˫˧˧˥ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ,˪˩ˢ ˨˯˟ 

2.  ˭˟˞ ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˪ˡˣˠˣ ˸ˣ˲˧˲˴ï  ˣ˞˴ˬˮ ˫˧˶˸˞ˢ ˪˩ ˭˧˟ ˸˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟

ˢˮ˷˪ ˢˮ˷ ˭˧˟ ˫˧˧ˣˮ˧˷ˢ ˨˞ ˫˧ˮ˷ˢ ˭˧˟ ˸ˣˡˣˮ˸ ˪˪˩ ˨˶ˡ˟  .˫˧ˮ˦˵ ˢˡˡˬˮ˷ ˸˰˴ˣˬˬˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴

 ,˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢˢˣ˟ˠ ˢˮ˷ˢ51.9Ñ5.5  .˶"ˬ˪ ˸ˣ˟˷ˣˬ ˢˡ˧˶˧ ˸ˮˬ˸˯ˬ ˫˧ˮ˷ˢ ˨˶ˣ˞˪

˸ˣ˪ˣˡˠˢˣ ˸ˣ˧ˮˣˮ˧˟ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥˟ ˢ˧˪˰ˣ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥˟   ˸ˣˡ˧˶˷ ˪˰ ˢ˰˧˟˴ˬˢ

ˢ˟ˣ˦. ,ˢˮ˷ˢ ,˫˧ˮ˷ ˷ˬ˥ ˢˤˬ ˢˮˣ˷˞˶˪  ˢ˞˴ˬˮˢ˧˪˰  .˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ 

3.  ˭˟˞ ˧ˠˣˬ˪˞˟ ˢ˧˥ˢ ˢˬ˵˶ˢ ˡˡˬï   ˤ˞ˬ ,ˢˡ˧˶˧˟ ˧ˣ˴ˬ ˢˤ ˡˡˬ2012˫˧ˮ˦˵ ˢˤ ˡˡˬ˟ ˫˧˧ˣˮ˧˷ˢ ,˸˞ˤ ˫˰ .  ,

-˩ 1% ˢˮ˷˟ ˸ˣ˲˷˥ˮˢ ,˸ˣ˟˷ˣˬ ˸˪˧ˡˠˣ ˸ˣˡ˧˶˷˟ ˢ˧˪˰ˢ ˸ˬˠˬ ˸˞ ˸˲˵˷ˬ ˡˡˬˢ ˨˶˰˟ ˢˡ˧˶˧ˢˣ ˭˩˸˧ .

.ˠˣˬ˪˞ˢ ˸ˬ˵˶˟ ˸ˣ˶˟˦˴ˬ ˸ˣ˰˧ˠ˲˪ ˭ˬˤˢ ˫˰   

4.  ˫˧ˮ˧ˬˢ ˭ˣˣˠˬï  ˢˮ˷ˬ ˦˰ˬ ˨˞ ˫˧ˮ˸˷ˬ ˶ˣ˦˧ˮˢ ˧˶˸˞˟ ˫˧ˠˣˬ˪˞ˢ ˸˶˟˥ ˟˩˶ˢ ˫ˠ ˣˬ˩ ,˫˧ˮ˧ˬˢ ˭ˣˣˠˬ

 .˟˧˴˧ ˢ˶˟˥ ˟˩˶ˢ˪ ˸ˣˡ˰ ,ˢˮ˷˪  ˟˷ˣ˥ˬˢ ˭ˣˣˠˬ˪ ˡ˧˥˞ ˡˡˬ) "˧˟˧˦˵˲˞ˢ ˫˧ˮ˧ˬˢ ˶˲˯ˬ" ˪˷ ˭ˬˤˢ ˸˶ˡ˯

 .˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˭ˣˣˠˬ˟ ˢ˪˵ ˢ˧˪˰ ˢ˪ˠˬ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˶ˣ˞˪ (˭ˣˮ˞˷ ˡˡˬ ˪˷ ˢ˧˴ˬ˶ˣ˲˯ˮ˶˦ ˧ˡ˧ ˪˰ 

5.  ˫˧ ˧ˡˣ˲˧˵ï  ˭˧ˬˢ ˢ˩ˣ˸ˬˣ ,˫˧ˢ ˧ˡˣ˲˧˵ ˞˧ˢ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˭˧˟ˬ ˸˧ˮˣ˷˟ ˶˸ˣ˧˟ ˢ˟ˣ˷˥ˢ ˫˧˰ˣ˶ˢ ˸˴ˣ˟˵

 ˞ˣˢ ˶˸ˣ˧˟ ˳ˣ˲ˮˢDiadema setosum ˫˧ˢ ˡˣ˲˧˵ ˸ˣ˲˧˲˴ .D. setosum ˢ˸ˮ˸˷ˢ  ˫˧ˮ˷ˢ ˭˧˟ ˡ˞ˬ

 .˪˪˩˟ ˫˧ˡˣ˲˧˵ˢ ˸˧˧˯ˣ˪˩ˣ˞ ˪ˡˣˠ˟ ˸ˣˡˣˮ˸ˢ ˸˞ ˫ˠ ˢ˟˧˸˩ˬˣ ˸ˮ˷ ˤ˞ˬ2016   ˸˩˷ˬ˸ˬ ˢˡ˧˶˧ ˸ˡˡˬˮ

˟ ˸ˣ˲˧˲˴D. setosum ˫˧ˢ ˧ˡˣ˲˧˵ ˸ˣ˲˧˲˴ˣ  ˶ˣ˦˧ˮˢ ˸ˣˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˡ˞ˬ ˭˦˵ ˸ˬ˧˧˵ˢ ˢ˧˧˯ˣ˪˩ˣ˞ˢ ˪ˡˣˠˣ

 ˢˡ˰ˣ˸ ˢˮ˷ˢˣ ˢ˧˯ˣ˪˩ˣ˞ˢ ˸ˣ˷˷ˣ˞˸ˢ˪ ˰˧˧˯ ˞˪ ˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˪˷ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˫ˠ .˸ˣˮˣ˷˞˶ˢ

  ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ .˭ˠˣ˸˲ ˸˰˧ˠ˲ˬ ˢ˞˴ˣ˸˩ ˢ˞˶ˮˢ ˪˩˩ ,˸˪˧˞˟ ˫˧ ˧ˡˣ˲˧˵ ˪˷ ˸˧ˮˣˬˢ ˢ˸ˣˬ˸  ˸˧˧˯ˣ˪˩ˣ˞

.˶˸ˣ˧˟ ˢˠ˧˞ˡˬ ˢˡ˧ˬ˟ ˢˮ˦˵ ˸˪˧˞˟ ˫˧ˡˣ˲˧˵ˢ   

 ˸ ˧˲ˣ˥ˢ ˢ˟˧˟˯ˢ 

6.  ˸ˣ˧˲ˣ˥ ˸ˣˮ˥˸˟ ˫˧˦ˮ˧˧˶˦ˣˮ ˧ˤˣ˩˧˶ï ˫˧˦ˮ˧˧˶˦ˣˮ ˧ˤˣ˩˧˶   ˧˷ˡˣ˥˟ ˶˸ˣ˧ ˫˧ˢˣ˟ˠ ˪˪˩ ˨˶ˡ˟ ˥˦˷ˢ ˧ˬ˟

 .˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˫˧˦ˮ˧˧˶˦ˣˮ˟ ˫˧˶˧˷˰ ˵ˬˣ˰ ˧ˬ ˢ˪˰ˬˢ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ˟˵˰ ,˳˧˵˟ ˶˷˞ˬ ˱˶ˣ˥ˢ

  ˢ˶˷˰ˢ ˪˰ ˫˧ˡ˧˰ˬˣ ˳˧˵ˢ ˧˷ˡˣ˥˟ ˶˸ˣ˧ ˫˧˴ˣ˲ˮ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˠ˧˶˥ ˭˲ˣ˞˟ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ ,˧ˮ˷ ˡ˴ˬ

.˫˧˦ˮ˧˧˶˦ˣˮ˟ ˸˧ˬˣ˵ˬ  ˸ˮ˷˪ ˡ˰ ˫˧˶˧ˡ˸ ˣ˧ˢ ˸˧ˬˣ˵ˬ ˢ˶˷˰ˢ ˪˷ ˫˧˰ˣ˶˧˞2007   ,˫˸ˣ˶˧ˡ˸ ˢˡ˶˧ ˢ˧˶˥˞ˣ

  ˸ˣˮ˥˸˟ ˦˶˲˟ˣ ˸ˣ˧˲ˣ˥ ˸ˣˮ˥˸˟ ˫˧ˠ˧˶˥ ˫˧˦ˮ˧˧˶˦ˣˮ ˧ˤˣ˩˧˶ ˫˰˲ ˧ˡˬ ˫˧ˡˡˬˮ ˟ˣ˷ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˨˞

"˸ˣ˧ˮˣ˲˴"   .˫˧˧˸˷˟˧ ˸ˣ˶ˣ˵ˬˬ ˫˧˦ˮ˞˧˶˦ˣˮ ˸˯˧ˮ˩˪ ˷˷˥ ˢ˪˰ˬˢ ˶˟ˡ 

7. ˫˧ˠˡˢ ˧˟ˣ˪˩ ˶˸˞˟ ˢ˩˶ˢ ˸˧˰˵˶˵˟ ˫˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮˬ˶ˣ˲ ï  ˸ˡ˰ˣ˸ˬ ˶˟˰˷˪ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˶˸˞˟

 ˸ˮ˷˟ ˫˧˟ˣ˪˩ˢ ˸˞˴ˣˢ ˤ˞ˬ ˫˧ˮˣ˸ˮ˟ˢ ˫˧˶˲˧ˮˬ˶ˣ˲ˢ ˸˶˟˥˟ ˸ˣ˷˷ˣ˞˸ˢ2008 )Oron et al., 2014 .(

 ˱˶ˣ˥˟ ˶˸˞˟ ˣ˰ˠ˲ ˸ˣˮˣ˲˦˷ ˸˶ˡ˯2012-13  ˢ˟˶ˢ˟ ˢ˶˧ˢˬ ˢ˸˧ˢ˷ ˸ˣ˷˷ˣ˞˸ˢ ˸ˬˠˬ ˢ˪˥ˢ ˣ˧˶˥˞˪ˣ ,

.ˢ˞˧˶˟ ˸˩˶˰ˬ ˪˰ ˢˡ˧˰ˬˣ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˸˞˴ˣˢ ˸ˣ˟˵˰˟ ˢˡ˰ˣ˸˷ ˸ˣ˷˷ˣ˞˸ˢˢˬ  

 ˸ˮ˷˟ ˫˧ˠˡˢ ˧˟ˣ˪˩/˦ˮ˧˵ˢ ˞˴ˣˬ ˪ˣˬ ˫˧˧˪ˣ˥ˢ ˫˧˶˸˞˟ ˣ˞˴ˬˮ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲2020 ˢ˞˴ˣ˸˩ ˧˪ˣ˞ ,

  ˫ˠ ˣ˞˴ˬˮ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲ .ˢˮ˷ ˢ˸ˣ˞ ˳˶ˬ ˷ˡˣ˥˟ ˢ˵ˤ˥ˢ ˢ˶˰˯ˢ ˧ˡ˧ ˪˰ ˫ˢˣˤˬ ˦ˮˬ˧ˡ˯ ˸˲˧˷˥ˬ

  ˧˪ˣ˞ˣ ˫ˠˡˮ ˶˸˞ ˱˞˟ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲ ˣ˞˴ˬˮ ˞˪ ˢˮ˷ˢ ˨˞ ,˸ˣ˞˟ˢ ˫˧˧˸ˮ˷˟ ˶˸ˣ˧ ˫˧˵ˣ˥˶ ˫˧˶˸˞˟

˷ˣ˶˧˲   .˫˪˰ˮˣ ˪˪ˣˡ ˫ˣˢ˧ˤˢ ˶ˣ˵ˬ˷ ˶˟ˡˢ 

 ˵ ˣˬ˰ˢ ˫˧˟ ˫˧ˬˢ ˸ˡˣˬ˰ 

8.  ˯ˬˣˬ ˭˴ˬ˥ˣ ˫˧˦ˮ˧˧˶˦ˣˮ ˧ˤˣ˩˧˶ï  ˫˸ˣˮ˧ˬˤˣ ˫˧ˬ˟ ˭˴ˬ˥ˣ ˫˧˦ˮ˧˧˶˦ˣˮ ˧ˤˣ˩˧˶ ˪˷ ˸˧˸ˮ˷ˢ ˢ˵˧ˬˮ˧ˡˢ

 ˸˰ˮˣˬ ,˥ˣ˸˲ˢ ˫˧˟ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ˢ ˸ˣ˧˯ˣ˪˩ˣ˞˪ ˶˵˧˰˟ ˢ˵˧ˬ˞ˮ˧ˡˢ .˫˧ˬˢ ˸ˡˣˬ˰˟ ˧˸ˮˣ˰ˢ ˟ˣ˟˶˰ˢ ˧ˡ˧ ˪˰
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˟˶ˢ-.˵ˬˣ˰ˢ ˧ˬ˟ ˣ˶˟˴ˮ˷ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˸ˣ˧ˣˬ˩ˬˣ ˣ˩˷ˬˣ ˟ˣ˟˶˰ˢ ˵ˬˣ˰ˬ ˸˰˲˷ˣˬ ˸˧˸ˮ˷   ˸ˬˡˣ˵ˢ ˢˮ˷˟

 ˢˮ˥˸) ˢˡ˧ˡˬˢ ˸ˮ˥˸˟ ˸˧˰˵˶˵ˢ ˵ˬˣ˰˪ ˸ˣ˥˲˪ ˫˧ˬˢ ˸ˡˣˬ˰ ˢ˟˟˶ˣ˰A ,730 ˣ (˶˦ˬ ˵ˬˣ˰ˢ ˧ˬ  ˣ˟˟˶ˣ˰

 ˣ˞˟ˣˢ˷ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˧ˤˣ˩˧˶˟ ˢˡ˧˶˧˪ ˪˧˟˵ˬ˟ ˣ˪˰ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶ :˫˧ˮˣ˧˪˰ˢ ˫˧ˬˢ ˫˰

  ˪˧˟˵ˬ˟ ,˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˷ˡ˥ˬ ˶˟˦˴ˢ˪ ˫˧˦ˮ˧˧˶˦ˣˮ ˣ˪˥ˢ ˢˮ˷ˢ .˸ˣ˴˞ ˸ˣ˥˧˶˲ ˣ˰˧ˮˢˣ ˧˦ˣ˲ˢ ˶ˣˤ˞˪

 ˫˷ ˭˴ˬ˥ˢ ˤˣ˩˧˶˟ ˢˡ˧˶˧˪ï   ˸ˮ˷˟) ˫ˡˣ˵ˢ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˨ˬ˯ ˪˰ ˧ˣ˲˴ˢ ˭ˬ ˶˧ˢˬ ˟˴˵˟2012 .( 

9. ˢˮˣ˧˪˰ˢ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˪˧˲ˣ˶ˣ˪˩ ï  ˪˰  ,˪ˣˡˠˢ ˧˸ˮˣ˰ˢ ˷˰˶ˢ ˱˞  ˟ˣ˟˶˰ ˪˷ ˫˧ˮ˷˟ ˫˧ˢˣ˟ˠˢ ˫˧˩˶˰ˢˣ

 ,˵ˣˬ˰  ˫˧ˡˡˬˮ ˫˧ˢˣ˟ˠ ˫˧˧˸ˮ˷ ˫˧ˤˣ˩˧˶ ˶˷˞˩ ,˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶˟ ˢ˧˧˪˰ ˪˷ ˢˬˠˬ ˭ˬ˸˯ˢ˪ ˢ˪˧˥˸ˬ

 ˵ˬˣ˰˟ ˵˶ ˫˧˧ˣ˪˸ ˫ˮ˧˞ ˫˧ˡˡˬˮˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶˷ ˢ˞˶ˮ ˨˩ .˟˧˟˞˟ ˵˶ ˞˪ˣ ˳˧˵ˢ ˧˷ˡˣ˥˟ ˫˧˸˧˰˪

 .˵ˬˣ˰ˢˬ ˣ˸˧˞ ˫˧˪ˣ˰ˢ ˫˧˦ˮ˧˧˶˦ˣˮˣ ˟ˣ˟˶˰ˢ 

10.  ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ï  ˫˧ˮ˷˟ ˢˡ˶˧ ˵ˬˣ˰ˢ ˧ˬ ˸˶ˣ˦˶˲ˬ˦2008-2007  ˫˧ˮ˷˟ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢˬ ˢ˞˴ˣ˸˩

 ˫˧ˮ˷˟ˣ ,ˢ˪˞˭˩ ˧˶˥˞˷ ˡˡˬˮ ˸ ˮ ˷˟ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˱˞ ˪˰ .˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˸ˣ˶ˣ˦˶˲ˬ˦˟ ˢ˧˧˪˰˫˧ 2012  

-x2022 ,ˬ ˫˧˵ˣˬ˰ˢ ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦˟ ˢˡ˧˶˧ ˸˶˩˧ˮ ˞˪-500  ˫˧˶˦ˬˣ  ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦˟ ˢ˧˧˪˰ˢ ˸ˬˠˬ

 .˸˩˷ˬˮ ˫˧˵ˣˬ˰ˢ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦˟ ˫ˠ ˸ˡˡˬˮ ˸˩˷ˬ˸ˬ ˢ˧˪˰ ˤ˞ˬ1988 . 
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.˞4.  ,˸˧˪ˠˮ˞˟ ˶˧˴˵˸English Abstract   
 

The Israel National Monitoring Program in the Northern Gulf of Aqaba 

Funded by Israelôs Ministry of Environmental Protection 

 

Scientific report 2023 

 
Dr. Yonathan Shaked, Program Manager 

Prof. Maoz Fine, Scientific Director 

 (April , 2024) 

 

Introduction  
 

This report describes the work and results of Israel's National Monitoring Program in the 

Gulf of Aqaba (Eilat) ï NMP ï in the year 2023. It is divided into chapters according to 

habitats and the methods employed. 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. While most of the text in this report is in Hebrew, all figures and 

figure captions are given in English. 

The NMP has been operating since 2004, collecting continuous data by using 

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

collected data provides increased analytical power and confidence in our findings, allowing 

us to seek inter-annual 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. 

Among the new measurements implemented or resumed this year, are DIC profiles at 

Station A. These were measured in the previous year by Prof. E. Wurgaft, RIP and G. 

Edvardson of the Open University and the Hebrew University and this year measurements 

were assumed by Dr. Gilad Antler of Ben Gurion University. DIC measurements are still 

somewhat patchy but are now being done consistently during the NMP monthly cruises. 

Primary Productivity at the upper 100 meters of the water column were measured 

intermittently together with Prof. E. Rahav and T. Reich of Israel Oceanographic and 

Limnological Research). Measurement of cell counts for pico-phytoplankton were resumed 

this year, by Dr. Nina Kamennaya of Ben Gurion University from sample collected during 

the monthly NMP cruises. 

In addition, we have placed sensors for surface currents and waves near the IUI (southern 

coast of Eilat) and these are beginning to characterize water movements at that location.  

On the other hand, analyses of photos from permanent photo-sites were discontinued as 

we search for a better method that will match the present-day technology. Photos at the 

permanent sites were taken and will be available for future analyses if required. 

 

The NMP reports are available through 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 from the NMP page. This database is currently being upgraded for better 

availability and accessibility. 

For questions or comments please contact yonathan.s@mail.huji.ac.il 

http://iui-eilat.ac.il/
http://iui-eilat.ac.il/
mailto:yonathan.s@mail.huji.ac.il


 

15 

 

 

 

Key findings of this year 

 

The coral reefs of Eilat 

1. Live cover of stony corals ï Coral cover was greatly damaged by the strong southern 

storm that hit Eilat in March 2020. The stormôs effect was not uniform across the 

reefs of Eilat and most damage occurred in the shallow reefs. Following the storm, the 

average live coral cover at Eilatôs forereef sites declined in 2020-2021, but in the last 

two years (2022-2023) the average coral cover in Eilat increased. Coral cover this 

year was 24.4±3.9%, higher than the previous year and close to the 2019 pre-storm 

value (24.9±4.5%). Colony density was also higher this year relative to the previous 

two years, 51.9±5.5 colonies per square meter.  

Coral cover at the reef-flat site also decreased following the storm and here too an 

increase was measured in the last two years, but it is still lower than the pre-storm 

value (19.1Ñ1.5% and 22.5±2.9 this year and in 2019, respectively).  

Live coral cover in Eilat is higher than it was in the initial years of monitoring, but it 

is not yet clear whether the last two years signify a recovery trend following the storm 

damage of 2020. 

2. Size of stony coral colonies ï The characteristic size of coral colonies varies between 

monitored sites. At the IUI site the fraction of small colonies is largest whereas at the 

shallow NR site it is smallest and large and huge colonies are more common there 

than at other sites.  

Over the years, a decrease in the fraction of small colonies and an increase in that of 

medium and large colonies is documented, but this has stabilized in over the past few 

years. This year, for the first time in five years, we find an increase in the density of 

small coral colonies. Since most of the colonies in Eilat are of the small size class, an 

increase in the overall density of corals was measured, as noted above.   

3. Coral diversity ï The Shanon-Wiener diversity index used for estimating coral 

diversity at the reefs of Eilat, displays small, indeterminate, fluctuations between 

years. Coral diversity at shallow sites is generally lower than at deeper sites. This year 

we calculated the ñeffective number of speciesò ï an exponential transformation of 

the Shanon index that amounts to the evenly-distributed number of species that would 

result in the derived value and thus provides a more universal and meaningful 

measure of diversity. A time series of this index over the monitored period displays a 

slight increase in the average coral diversity in Eilat. These findings are corroborated 

by Rarefaction curves and the expected number of coral taxa per 1,500 random 

individuals, display a similar picture of small fluctuations.  

4. Algae blooms ï In the previous year, deep mixing of the water column produced 

sustained strong algal blooms, both phytoplankton and benthic, that lasted through 

March and April into May. Mixing this year was not deep and, accordingly, algae 

blooms on the shallow seafloor at the monitored reef sites was much smaller and 

occurred only in the early winter. At all monitored sites it seems that grazing is 

efficient enough to moderate benthic algae growth. 

5. The coral reserve lagoon ï In recent years a considerable decrease in coral density 

was noted at the Nature Reserve lagoon. This year average coral density was smaller 

than 1 colony per square meter (0.96), the lowest value measured by the monitoring 

program and a dramatic decrease from the 2.32/m2 measured in 2017. Environmental 

conditions at the lagoon are harsh and so it is dominated by a small number of coral 
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taxa and coral diversity is low. The dominant coral at the nature reserve lagoon over 

the years is Stylophora pistillata, but it is also the coral most affected by storms. In 

the recent years the fire coral Millepora was the most abundant at the lagoon but it too 

is declining. 

6. Coral settlement in the reef ï Throughout the monitored period, more coral settlers are 

found at the nature reserve (NR) site than at the other monitored sites, and they also 

seem to grow better. At the IUI site, and perhaps at Katza too, spat growth over the 

season is less regular ï implying, perhaps, that settler survivorship is less successful. Having 

said that, the monitored period is not yet long enough to draw firm conclusions. 

7. Sea urchins ï Of the invertebrates, sea urchins are the most important group of reef 

grazers and of this group, Diadema setosum is the most abundant species in Eilat. Its 

density fluctuates from year to year and dictates the density of the entire urchins 

population. Sea urchins density is declining since 2016 and over the past few years, 

urchins density has decreased dramatically despite the deep mixing of 2022. Early this 

year mass mortality of urchins occurred in Eilat, affecting D. setosum as well as 

Tripneustes urchins and only few individuals were encountered in this yearôs surveys. 

The urchins population in Eilat is currently ominously small and recovery may be 

very slow ï if at all. 

8. Reef fish ï Fish surveys are conducted since 2007, although there have been some 

modifications and new sites were added in recent years. The fish community in Eilat 

(Nature Reserve and IUI sites) seems stable in composition, diversity and size, with 

fluctuations between years that are likely caused by incidental passing of fish schools 

during the survey rather than actual changes. Fish communities between the sites and 

depths surveyed are not significantly different. 

 

Coastal Environs 

9. Nutrient concentrations in coastal waters ï Concentrations of nutrients are commonly 

high during winter and very low during summer. The process that dictates these 

dynamics is the seasonal mixing driven by cooling of the sea surface in winter, which 

brings nutrient-rich deep waters to shallow coastal areas. In the previous year (2022), 

after a decade of shallow to intermediate mixing, the water column in Eilat was mixed 

to a depth greater than 700 meters and as a result a strong and lengthy phytoplankton 

bloom ensued. This year, the water column was mixed to a shallower ~400m depth 

and nutrient concentrations were much lower. Maximal chlorophyll-a concentration at 

the Open Sea sampling station was approximately half of that measured in the 

previous year. 

Within the coastal monitoring, irregular concentrations are those that are notably 

different than those measured at other stations ï and particularly the Open Sea station 

ï during a single sampling campaign. Local nutrient enrichments were more common 

prior to 2007, but in recent years irregularly high nutrient concentrations are again 

more frequent, particularly in the northern sampling stations. Nevertheless, this year 

was characterized by low concentrations and even the anomalies were low compared 

with the previous year. 

10. Sea surface temperatures ï This yearôs annual average SST measured in the coastal 

monitoring campaign was higher than the previous year, but still lower than the multi-

annual trend line. However, it is obvious that the warming SST trend continues, and 

in these measurements amounts to ca. 0.5 degree per decade.  

11. Fish larvae next to the reef and at the northern beach ï In 2022, perhaps following the 

deep mixing of the water column or maybe due to other reasons, fish larvae were 

much more abundant than in the years before it. This year, larvae abundances were 
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back to ñnormalò, similar to the values found in 2019-2021. There are usually more 

larvae at the northern site than in the southern site, close to the nature reserve. The 

time span of this series is not yet sufficient to draw conclusions regarding spatial and 

temporal variations. 

12. Benthic foraminifera ï Deformed benthic foraminifera were first found at several of 

the soft sediment seafloor sampling stations at the northern beach (previous location 

of aquaculture cages) in 2020 and were later found at other stations as well. The 

presence of deformed specimen may indicate contaminated sediments, and in samples 

from the eastern-most station (previous location of fish cages and across from the 

Kinet Channel) elevated metal concentrations were found. This year, deformed 

specimens were not found at any sampled location. These findings support the 

hypothesis that contaminated sediments were exposed by the 2020 southern storm. 

13. Seagrass at the northern and southern beaches ï Seagrass surveys are conducted in 

winter and in summer and a marked difference was found between seasons. 

Generally, sea grass cover is denser during the summer.  

In 2020 a strong southern storm occurred between the seasonal surveys and in the 

summer only a sparse cover remained at both monitored sites and all depths. Seagrass 

cover recovered since then and this year cover at the northern beach was higher than 

previous year and at the southern beach it was lower. It seems that at the northern site 

seagrass cover diminishes at depths greater than 20 meters whereas at the southern 

site it is denser at these depths. Seagrass cover at the southern site is less stable and 

disappeared at depths 10 meters and shallower.  

 

The deep water column  

14. Vertical mixing ï This year, the water column mixed to an intermediate depth of ~400 

meters.  

In the previous year, mixing of the water column reached deeper than the seafloor at 

the sampling station (Station A, 730 meters) for the first time since 2012. That was 

the longest interval between deep mixing events on record and a strong phytoplankton 

bloom ensued for several months, coupled with decreased nutrient concentrations in 

the deep waters.  

15. Concentrations of oxygen and nutrients in the deep waters ï The water column was 

deeply mixed in the previous year and concentrations of nutrients decreased in the 

deep waters, while oxygen concentrations increased. Following this yearôs 

intermediate mixing depth, nutrients started accumulating in waters deeper than 400 

meters ï and at a higher rate than expected only one year after deep mixing, as 

compared to the years following the deep mixing of 2012. 

Mixing duration was short in the previous year and so perhaps only a relatively small 

amount of nutrients left the Gulf through the Straits at the south. Maybe that is why 

phytoplankton blooms were so extended and nutrient accumulation in the deep water 

so rapid, but maybe nutrient input to the northern gulf has increased in recent years. 

Conversely, perhaps there an effect of internal waves and lateral transport. 

16. Chlorophyll-a concentrations ï Even considering the large seasonal variations, a trend 

of rising chlorophyll-a concentrations begins to emerge, and peak annual values are 

now sometimes measured during summer months. Even considering the amount of 

integrated chlorophyll-a at depths of 60 to 100 meters during the summer season, to 

reduce seasonal effects, a rising trend emerges. It appears that chlorophyll 

concentrations are not driven only by vertical mixing and changes in salinity at the 
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end of the mixing season may indicate water intrusion that is, perhaps, associated with 

high chlorophyll concentrations.  

17. Deep-water temperatures ï The temperature in the deep waters, and especially deeper 

than 500 meters, continues to rise. In deep-mixing winters temperature at depth 

commonly dropped slightly, but that did not happen following 2012 and 2022 deep 

mixing. A sustained overall trend of rising temperatures at depth is apparent. 

18. Zooplankton ï Zooplankton concentrations were high this year and similar to the 

previous year. Usually, peak zooplankton concentration is measured in one of the 

months at the start of the calendar year and the highest value measured by the 

monitoring program (since 2011) was in February 2016 although that was not a year 

of deep mixing.   relative to the past few years but lower than the high values of 

February 2016. This suggests that the duration and intensity of mixing may also play 

a role. In the previous year, peak concentration occurred in June and this year it was 

earlier as is more common.  

19. Primary productivity ï This year measurements of primary productivity continued, in 

collaboration with Prof. E. Rahav and T. Reich, of IOLR, but an irregular and low 

temporal resolution. Variations in productivity are large and rapid during winter and it 

is likely that our measurements are not sufficient to capture these details. During 

summer, on the other hand, variations are smaller, and the system is in an 

ñoligotrophicò state. Therefore, summer productivity may provide a better chance of 

recognizing long-term patterns. It seems that summer productivity in the years 2010-

2023 is rather uniform, with highest values in 2016, but still, there may be a slight 

increase in summer productivity over the years.   

 

Supplementary continuous measurements 

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

Chlorophyll-a concentrations fluctuate sharply and frequently with a seasonal pattern 

of higher values in winter and spring and lower values in summer. This year, peak 

chlorophyll concentrations were measured early, in early March, and was higher than 

most measurements from other years of that period. It was the highest concentration 

measured by the monitoring program other than in deep mixing years. Despite that, 

during most of the year chlorophyl concentrations were lower than the multi-annual 

average and the peak concentration was about half that of the previous year, in which 

mixing was deep.   

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

the year, SST measured daily next to the Underwater Observatory and the nature 

reserve reef was higher than the multi-annual average. At first, the difference was 

small but from mid-July to mid-August SST was ~1.5 degrees above the average. The 

rate of SST rise during that period was also among the fastest on record: 

approximately 2 degrees per week. SST this summer was higher than the 90th 

percentile of existing measurements but not the highest recorded. Into winter SST 

remained higher than average and overall, the annual average SST was approximately 

half a degree higher than last year. Since the start of these measurements (in 1988, by 

Prof. Amatzia Geninôs lab) the annual average SST rises at an average rate of ~0.34 

degrees per decade and since 2004 at a rate of ~0.42 degrees per decade.  

22. Meteorology (continuous measurement) ï This yearôs meteorological measurements 

were not extraordinary and included several southern storms events that were not 

particularly strong. The ambient air temperatures recorded over the sea from the pier 
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at the IUI were higher than last yearôs both in winter and in summer by ~ 2 degrees in 

the maximum and minimum values.  

Sea conditions (continuous measurement) ï The minimal SST recorded at the IUI pier 

this year was about half a degree higher than that measured in last year during the 

deep mixing of the water column (21.0°C). Looking at the minimal annual 

temperatures (coldest 5%, 18 days of every year) we find a continuous rise of the 

minimal SSTs over the years. 

The highest maximal SST on record is 31.0°C, measured in 2021. 

23. In 2021 the NMP started collecting wave data. To our knowledge this is the only 

(nearly) continuous wave measurement at the northern Gulf of Eilat. The data 

collected to date allows characterization of the typical waves generated near the IUI 

(southern shore of Eilat) by northern winds ï significant wave height of up to 0.2 

meters and maximum wave heights not larger than 0.5 meters. The record also 

contains several southern storm events, though not particularly strong. This year, five 

such events were recorded with the highest significant wave a bit over 1 meter and the 

highest maximal wave a little over 2 meters ï similar to last yearôs measurements. 

24. In the summer of the previous year, we placed a surface acoustic current meter next to 

the IUI pier. Measurements available so far reveal that the dominant currents are 

parallel to shore, the southerly direction is more dominant than the northerly direction, 

and that the strongest southerly currents are stronger than the strongest northerly 

currents. Strong currents seem to be associated with peak high and low tides, with the 

strongest currents on record reaching 0.5 meters/second in a southerly direction 

parallel to the shore. A hypothetical water parcel that began its travel this summer 

next to the IUI would migrate about 500 meters to the south by the end of the year. 
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Multi -annual variations and trends 

 

The coral reefs of Eilat 

1. Live stony coral cover ï Live coral cover is the most simple and significant metric 

reflecting the state of the reef, and substantial variations in the live coral cover 

between sites and interannual changes have been recorded.  

During the initial years of monitoring (2004-6) average coral cover in Eilat was 19-

20%. In the interval of 2007-12 average cover increased and fluctuated in the range of 

21.5-23.9% and in 2013 the highest average cover was recorded: 26.4%. After that 

maximum, the average coral cover at Eilat ranged between 24.0% and 25.3%.  

In March 2020 the coral reefs of Eilat were hit hard by a severe southern storm and 

damage to the reef varied between the monitored sites. Following the storm average 

coral cover decreased significantly but in the last two years an increased average coral 

cover was measured, and it now stands at 24.4Ñ5.2%, close to the pre-storm value. 

Overall, live coral cover at most monitored sites is higher than it was at the initial 

years of monitoring.  

2. Stony coral density and size ï Average coral density between all monitored sites 

varies from year to year, although annual changes are small. The average coral 

density measured this year is high, compared to the previous two years, 51.9Ñ5.5 

colonies per square meter. Throughout the monitored period there is a gradual 

decrease in the fraction of small colonies and an increase in the fraction of medium 

and large coral colonies, indicating improved coral survival over time. This year, for 

the first time in five years, an increase in the fraction of small colonies was recorded.  

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

slow rate, ca. 1% per year. The decrease in the average percentage of live tissue in 

living coral colonies possibly reflects the growth and improved survival of coral 

colonies that are thus more exposed to partial mortality.  

4. Diversity ï Stony coral diversity in Eilat's reefs, as well as the coral community 

composition change only slightly from year to year, indicating a stable community 

structure. A time-series of the ñeffective number of speciesò (a normalized metric of 

diversity derived from transformation of the Shannon-Wiener diversity index) reveals 

a slight increase in coral diversity over the monitored period. 

5. Sea urchins ï The most important group of invertebrate reef grazers are the sea 

urchins and the dominant sea urchin in Eilat is Diadema setosum. The density of D. 

setosum fluctuates from year to year and dictates the abundance of sea urchins at the 

monitored sites. Since 2016 a gradual decline in sea urchin abundance is observed and 

the population size seems but a fraction of that in the initial monitoring years. Even 

following the deep-water column mixing of 2022 urchin population in Eilat did not 

recover.  

This year, mass mortality of urchins in Eilat was documented, most likely due to a 

bacterial pathogen. In recent years urchin population in Eilat is ominously small and 

recovery may be very slow ï if at all. 

 

Coastal Environs 

6. 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 

individual sampling stations are found mostly in stratified summer months. 
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Abnormally high concentrations, indicating local nutrient enrichment, were common 

until 2007 and became less so in later years. However, abnormally high 

concentrations of nutrients, particularly at the northern sampling stations, are again 

occasionally recorded in recent years.  

7. 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). 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 considerably more rapid than the recovery from the impact 

of aquaculture cages indicating a healthy habitat.  

Morphologically deformed individual foraminifera were first discovered following the 

storm of 2020 at the northern sampling station at the former location of fish cages and 

opposite the Kinet outlet, perhaps indicating ongoing contamination of the sediments 

at the site. In the following two years deformed individuals were discovered at other 

sampling stations, but this year we did not find deformed foraminifera and that may 

indicate that the contaminated sediment was diluted and dispersed by transport.  

 

The deep sea water column 

8. 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. 

In the previous year mixing depth was greater than the water depth at the sampling 

station (Station A, ~730 meters). Deep waters were mixed with the upper water 

column, ending a decade-long cycle since the previous deep mixing in 2012. Oxygen 

concentrations at the deep waters rose and nutrient concentrations decreased after 

fueling algal blooms at the photic zone. This year, oxygen began to decrease and 

nutrients started to re-accumulate in the deep waters ï at a higher rate than expected 

when compared to the preceding deep mixing event of 2012. 

9. Chlorophyll-a in the upper water layer ï Despite the large seasonal fluctuations, and 

even considering the high values attributed to years of deep mixing, a trend of rising 

Chlorophyll-a concentrations begins to emerge, where peak annual values are 

sometimes measured during summer and not spring. It seems that Chlorophyll-a 

concentrations are affected by processes in addition to the seasonal mixing of the 

water column. 

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

years 2007-2008 due to deep mixing and has been slowly rising since. Despite deep 

mixing in 2012 and 2022, a drop in the temperature was not noted at depths greater 

than 500 meters. Thus, the documented trend of rising deep-sea water temperatures 

continues. A trend of rising sea surface temperatures in Eilat is documented since 

1988.  
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.˞5  ˸ˣ˴˪ˬˢˣ ˸ˣˮ˵˯ˬ . 
 

I .  ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˶˸ˣ˧ ˟ˣ˦ ˟˴ˬ˟ ˸ˣ˧ˣ˴ˬ ˭ˢˣ ˸˪˧˞ ˪˷ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˧ˮˣ˷˟ ˢ˥˧ˬ˴ ˢˡ˰ˣ˸ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˷ˬ˟

 ,˫˪ˣ˞ .˶ˣ˦˧ˮˢ ˪˷ ˸ˣˮˣ˷˞˶ˢ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ,ˢ˲ˣ˵˸ˢ ˰˴ˬ˞ˬ ˪˥ˢ2015 ,˨˶˰˟   ˢ˟ˣ˦˪ ˫˧˧ˣˮ˧˷ ˧˩ ˢ˧ˢ ˢ˞˶ˮ

  ˳˶ˬ ˷ˡˣ˥˟ .ˢˡ˧˶˧˟ ˫˧˧ˣ˴ˬˢ ˫˧ˡˡˬ ˫ˠ ˫ˮ˷˧ˣ ˶˸ˣ˧ ˫˧˧˦˧˞2020   ˸˪˧˞ ˧˲ˣ˥˟ ˡ˥ˣ˧ˬ˟ ˢ˵ˤ˥ ˸˧ˬˣ˶ˡ ˢ˶˰˯ ˢ˰ˠ˲

 .˫˧˲ˣ˥ˢ ˨˶ˣ˞˪ ˟˶ ˵ˤˮ˪ ˢˬ˶ˠˣ˫ˮˬ˞ ˢ˰˧ˠ˲ˢ ˢˣˣ˷ ˢˡ˧ˬ˟ ˫˧˶˸˞ˢ ˪˩˟ ˢ˰˧˲˷ˢ ˞˪   ˢ˶˰˯ˢ ˧˶˥˞˷ ˫˧˧˸ˮ˷˟ ˨˞

 ˢ˧˧˪˰ˣ ˸ˣ˷˷ˣ˞˸ˢ ˸ˡ˰ˣ˸ˬ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ .˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢ˪ˣˡˠ ˢˡ˧˶˧ ˢˡ˰ˣ˸

ˣ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟˷ˢˣ˯˧˩ˢ ˢˮ ˣˤ ˫˞ˢ ˰ˣ˟˵˪ ˫ˡ˵ˣˬ ,˸˞ˤ ˫˰ .ˢ˶˰˯ˢ ˧ˮ˲˪ ˢ˧ˢ˷ ˢˬ˪ ˟ˣ˶˵ ˰˴ˣˬˬˢ ˧

 .˸ˣ˟ˣ˶˵ˢ ˫˧ˮ˷˟ ˫ˠ ˨˷ˬ˸ ˶˷˞ ˧ˣ˯˧˩˟ ˢ˧˪˰ˣ ˸ˣ˷˷ˣ˞˸ˢ ˪˷ ˢˬˠˬ 

 ˫˧˧˷ˣˮ˞ ˫˧˴˥˪ ˭ˣˣˠˬ˪ ˢ˰˧ˠ˲ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷ x  ˸ˣ˟˶˰˸ˢˬ ,˫˵˪˥˟ , ˫˧˰˲˷ˣˬ "˫˧˧˰˟˦" ˫˧ˬ˶ˣˠ ˫ˠ .˫˧˧˰˟˦

˸˧˷ˣˮ˞,˪˷ˬ˪ , ˡˡˣ˰ˬ ˫˧ˢ ˪˞ ˫˧˲˦ˣ˷ˢ ˶ˠˮ ˧ˬ ˣ˞ ˫˧ˢ ˧ˬ˟ ˭˷ˡ ˧˶ˬˣ˥ ˸ˣ˶˟˦˴ˢ˫˧ ˸ˣ˴˞ ˸ˣ˥˧˶˲,   ˸˶˧ˡ˥ˣ

 ˵˪˥ ˫ˢ ˸ˣ˴˞ ˸ˣ˥˧˶˲ˣ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˸ˣˡˣˮ˸ .˫˧˧ˬˣ˵ˬ ˥"˰˟˟ ˢ˷˵ ˢ˰˧ˠ˲˪ ˫ˣ˶ˠ˪ ˢ˧ˣ˷˰ ˫˧ˮˠˣ˸˲ ˫˧˵ˡ˧˧˥

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

˦ˣ˵ˮ˪ ˫˧˴˧˪ˬˬ ˣˮ˞ ˧ˣ˴˶ ˶˸˧ˢ ˭˧˟ .˸˧ˮˣ˷˟ ˰ˣˠ˲˪ ˸ˣ˪ˣ˪˰ˢ ˸ˣ˪ˣ˰˲˪ ˰ˠˣˮˢ ˪˩˟ ˸ˣ˶˧ˢˤ ˢˮ˷ˬ,˭˟ˣˬ˩ , ˰ˣˮˬ˪ 

˸˧ˮˣ˷˟ ˸˧˯˧˲ ˢ˰˧ˠ˲ ˰ˣˮˬ˪ ˫ˠ ˨˞   ˭ˣˠ˩ ,˫˧˩ˬˣ˸ˢ ˪ˣˡ˧ˠˢ ˧˸˟˟ ˢ˰˧ˠ˲ ,˸ˣ˴˞ ˸˥˧˶˲ ˡˡˣ˰˸˷ ˫˧˦ˮ˧˧˶˦ˣˮ˟ ˢ˶˷˰ˢ

˳˶˲ˬˢ ˭ˣ˲˴˪ ˫˧ˮˠˣ˸˲ ˸ˣ˷˧˪˲˪ ˰ˠˣˮˢ ˪˩˟ ˸ˣ˶˧ˢˤ ˦ˣ˵ˮ˪ˣ ,˫˧ˢ ˧˟˷˰.  

 .ˡ˧ˬ˸ˬ ˶˸ˣ˧ ˸˰˩ ˟ˣ˷˥ (˦˲ˮ ˸ˣ˲˧˪ˡ ˸ˬˠˣˡ) ˧˷ˣˮ˞ ˶ˣ˵ˬˬ ˸ˣ˧ˮˣ˴˧˵ ˣ˞ ˸ˣ˧ˮˣ˶˩ ˸ˣ˵˰˪ ˭ˣ˩˧˯ˢ ˫ˣ˴ˬ˧˴ 

 

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

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

˸˧ˮˣ˷ˢ ˧˥˦˷ ˪˰ ˫˧ˠˣˬ˪˞ ˫˰ ˸ˣ˶˥˸ˬˢ ˰˴ˬ ˸ˣˡˣˬ˴ ˸ˣ˴˞ ˪˷ ˸ˣ˥˧˶˲ ˫˧˸˯ˣˣˬ.  ˸ˣˮ˷˟ ˧˩ ˸ˣ˞˶ˬ ˸ˣˡ˧ˡˬ

.˸ˣ˪˧˰˧˟ ˢ˷˰ˮ ˫˧˰ˣ˶ ˧ˡ˧ ˪˰ ˸ˣ˥˧˶˲ˢ ˸ˣ˯˧ˣ ˶ˣ˦˧ˮˢ 

 ˸ˮ˷ ˤ˞ˬ2016 ˸ˡ˰ˣ˸ˬ ˶ˣ˦˧ˮˢ ˧˶˸˞˟ ˫˧ˢ ˧ˡˣ˲˧˵ ˸˰˲˧˷˟ ˢˡ˧˶˧  ˸ˮ˷˟˷ ˱˞ ˪˰ˣ2022   ˶˷˞ ˵ˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ

 ˸ˣ˲˧˲˴˟ ˢ˧˧˪˰ ˫˰ ˢ˧˴˪˶ˣ˵˟ ˞˴ˬˮ ˟ˣ˶˪˫˧ˡˣ˲˧˵ ˢˮ˷ˢ ˸˪˧˥˸˟ ,˨˩˪ ˱˯ˣˮ˟ . ˸ˡ˶˪ ˢ˲˧˯ˣˢ ˸˧ˮˣ˷˟ ˫˸ˣ˲˧˲˴ ,

˭ˠˣ˸˲ ˵ˡ˧˧˥ ˸˰˧ˠ˲ˬ ˢ˞˴ˣ˸˩ ˢ˞˶ˮˢ ˪˩˩ ,˫˧ˮˣ˷ ˫˧ˠˣ˯ˬ ˫˧ ˧ˡˣ˲˧˵ ˪˷ ˸˧ˮˣˬˢ ˢ˸ˣˬ˸ ˢˡ˰ˣ˸.   ˸˧˧˯ˣ˪˩ˣ˞

ˬ˟ ˢˮ˦˵ ˢˮ˷ˢ ˳˧˵˟ ˢ˶˵˯ˮ˷ ˫˧ˡˣ˲˵ˢ˧ ˢ˞˶ˮ ,˫˧ˮ˷ˢ ˨˷ˬ˟ ˣˤ ˢ˧˧˯ˣ˪˩ˣ˞˟ ˸ˣ˪ˣˡˠˢ ˸ˣˡˣˮ˸ˢ ˱˞ ˪˰ .ˢˠ˧˞ˡˬ ˢˡ

.˸˧˦˧˞ ˢ˧ˢ˸ ,˷˥˶˸˸ ˫˞ ,˸ˣ˷˷ˣ˞˸ˢˣ ˫˧˟˦˧ˬ ˫˧˞ˮ˸˟ ˫ˠ ˟˧ˠˢ˪ ˧ˡ˩ˬ ˢˮ˦˵ ˸ˬ˧˧˵ˢ ˢ˧˯ˣ˪˩ˣ˞ˢ ˧˩   

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

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

˸˪˧˞ ˧˲ˣ˥ ˨˶ˣ˞˪ ˫˧ ˧ˡˣ˲˧˵˟ ˰ˣˠ˲˪ ˶ˣ˯˧˞ˢ ˸˲˧˩˞ ˪˰ ˡ˧˲˵ˢ˪  .˫˧ˡˣˡ˶ˢ ˫˧ˬ˟ ˫˧˧˰˪˯ ˪ˣˡ˧ˠ ˧˸˟ ˪˰ ˢ˶˧ˬ˷ˣ 

 

III  ˸ˣˠ˧˶˥ .˫˧˧ˮˣ˲˴ˢ ˫˧˶˸˞˟ ˦˶˲˟ ,˸ˣ˧˲ˣ˥ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˥˸˟ ˫˧˦ˮ˧˧˶˦ˣˮ ˧ˤˣ˩˧˶˟ "˸ˣˠ˧˶˥" ˸ˣˡˡˬˮ ˫˰˲ ˧ˡˬ .

  ˫˧˪ ˢ˷˟˧ˢˬ ˫˧˯ˬˣˬ ˫˧˶ˬˣ˥ ˧˞˷ˣˮ ˫˧ˬ ˪˷ ˸˧ˬˣ˵ˬ ˢ˯˧ˮ˩˪ ˷˷˥ ˸ˣ˪˰ˬ ˧˲ˣ˥ ˶ˣ˵ˬ ˸˟˶˵˟ ˫˧˦ˮ˧˧˶˦ˣˮ ˧ˤˣ˩˧˶˟

˟˧˟˯ ˶ˣ˵ˬ ˢˣˣˢˬ ˦ˮ˧˵ˢ ˸˪˰˸ ˧˩ ˢ˞˶ˮ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ .ˢ˪˞ ˫˧˶ˣˤ˞˟˸ˣ˵ˤ˥ˣ ˸ˣ˟ˣ˶ˬ ˸ˣ˥˧˶˲ ˸ˣ˲˴ˮ ˣ   ˫˧ˡˡˬˮˣ
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.˟ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷ 

.˟1 ˸ ˧ˮˣ˷ˢ ˸˶˟˥ ˶˵˯ . 
 

 s ˶˦ˬ 

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

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

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

 

 ˸ ˣ˦˧˷ 

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

˟ ˶ˣ˧˞) ˧˶˧ˣˣ˞ˢ1.˸ˣ˰ˣ˟˷ ˶˲˯ˬ ˨˷ˬˮˣ ,˳˧˵ˢ ˸˲ˣ˵˸˟ ,ˢˮ˷˪ ˸˥˞ ˢ˷˰ˮ ˸˧ˮˣ˷ˢ ˸˶˟˥ ˶˵˯ .( 

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

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

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

5,10,15 29Ü30ô.07 34Ü55ô.02 IUI  (˸˧ˬ˧ ˢˡ˟˰ˬ) ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ 

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

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

 

˪˰ 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˞˧ˠ1  ˢˡ˧ˡˬˢ ˦˶˯ ˨˶ˣ˞˪ .

˪˰ ˨˸˥ˢ ˪˷ ˢ˪˥˸ˢˢ ˸ˡˣ˵ˮ ˷˞˶ˬ ˢ˶˥˟ˮ- ˨˶ˣ˞˟ ˫˧˩˸˥ ˣ˰˴ˣ˟ ˣˤ ˢˡˣ˵ˮˬ .˫˧˧˞˶˵˞ ˫˧˶˲˯ˬ ˪˪ˣ˥ˬ ˧ˡ˧10  

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

 ,˪˪˩ ˨˶ˡ˟ ,˰ˮ (˵ˬˣ˰ˣ ˧˲˶ˠˣ˞˧ˠ ˫ˣ˵˧ˬ ˭˧˟10 ˪-25ˮˣ ,ˬ ˢˣ˟ˠ ˵ˣ˧ˡ ˸˪˟˵˪ ˡ˰ ˶˵˯ˢ ˸ˣ˞˴ˣ˸ ˧˲˪ ˰˟˵-20% 

˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˤˣ˥˞ ˡˡˬ˟.   

  ˡ˥˞ ˶˦ˬ˧˦ˮ˯ ˪˷ ˵ˣ˧ˡ˟ ˢˡ˧ˡˬˢ ˦˶˯ ˸˥˸ ˞˴ˬˮ˷ ˢˬ ˪˩ ˪˷ ˪˦˧ˢˢ ˫˷˶ˮ ˫˧˶˦ˬ ˢ˶˷˰ ˪˷ ˰˦˵ˬ ˪˩˟

˟ ˶ˣ˧˞)2 ˶˷˲˞˸ˢˣ ˢˡ˧ˬ˟ˣ ,ˠˣ˯ˢ ˸ˬ˶˪ ˣˢˣˤ ˫˧˶˥˞ ˸ˣ˧˪ˣ˥ ˧˶˯˥ˣ (˫˧˩˶ ˫˧ˠˣˬ˪˞ˣ ˭˟˞ ˧ˠˣˬ˪˞) ˫˧˧˥ ˫˧ˠˣˬ˪˞ .(

 ˭˧ˬˢ ˸ˬ˶˪ ˱˞ ˫˧ˠˣˬ˪˞ˢ ˸ˬ˧˷˶)ˣ˞˴ˬˮ˷ ˫˧˩˸˥ˢ ˪˪˩˟  ˤ ˥˲˯ˮ˟ ˢ˰˧˲ˣˬ2ˤ ˢ˪˟˦ ,1˪˩˟ .( ˠ ˫˷˶ˮ ˨˸˥  ˠˣ˯ ˫

 .('ˣ˩ˣ ,˫˧˸ˬ ˫˧ˠˣˬ˪˞ ,˫˧˵ˣ˪˥ ,˪ˣ˥ ,˱ˣ˷˥ ˰˪˯) ˢˡ˧ˡˬˢ ˦˶˯ ˸˥˸ ˰˴ˬˢ 

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

> :˭ˢ ˪ˡˣˠˢ ˸ˣ˴ˣ˟˵ ˰˟˶˞ .˫˷˶ˮˣ ˨˶˰ˣˢ5  ,ˬ"˯5-15  ,ˬ"˯15-30 ˣ ˬ"˯- <30 ) ˬ"˯S ,M ,L x- H 

 .(ˢˬ˞˸ˢ˟ 

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

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

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

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

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

 ˶˷˞˩ ˣ˞ˢ˪ ˢ˪ˣ˪˰ ˸˧ˮˣ˷˞˶ˢ ˢ˰˧ˠ˲ˢ ,ˢ˪˥ˬ ˞˧ˢ ˢ˰˧ˠ˲˪ ˢ˟˧˯ˢ ˸˧ˮ˩˸˟ .ˢ˟˷ˣˬ˟ ˫˧˩ˣˬ˯ ˫˧˶ˣˤ˞˪ ˦˷˲˸

 ˭˪ˢ˪ ,ˢˤ ˡˡˬ ."ˣ˸ˣ˞˧˶˟"˪ ˡˡˬ˩ ˠˣˬ˪˞˟ ˢ˰ˣˠ˲ ˞˪ˢ ˢˬ˵˶ˢ ˶ˣ˰˧˷ ˭ˡˬˣ˞˟ ˫˧˷ˬ˸˷ˬ ˣˮ˞ ˶ˣ˦˧ˮˢ)Live 

Tissue Index, LTI ˮ   (ˬ˞  ˸˧˪˞ˣˤ˧ˣ ˢ˰˧˟˵ ˧ˡ˧ ˪˰ ,˸˧ˮˣ˷˟ ˣ˵ˢ ˧˩˸˥˟ ˫˧˪˪˩ˮˢ ˫˧ˠˣˬ˪˞ˢ ˧˲˪˞ˬ ˡ˥˞ ˪˩ ˶ˣ˟˰ ˡ

.ˢ˧˥ ˢˬ˵˶˟ ˢ˯ˣ˩ˬˢ ˢ˟˷ˣˬˢ ˥˦˷ ˤˣ˥˞ ˪˷ (˶˵ˣ˯ˢ ˪˪ˣ˴ˢ ˧ˡ˧ ˪˰)   ˶ˣ˦˧ˮˢ ˸ˣ˥"ˣˡ˟ ˢˮˣ˩ ˶˷˞ ,ˢˤ ˡˡˬ

) ˫˧ˮˣ˷˞˶ˢ2004-2007) "˸ˣ˞˧˶˟ˢ ˡˡˬ" (Health Index, HI  ˢˬ˵˶ˢ ˤˣ˥˞ ˰˴ˣˬˬ˩ ˶˸˞ ˪˩ ˶ˣ˟˰ ˟˷ˣ˥ˬ ,(

  .ˢˤ ˶˸˞˟ ˣ˶˵˯ˮ˷ ˸ˣ˧˥ˢ ˸ˣ˟˷ˣˬˢ ˪˩ ˪˷ ˢ˧˥ˢ 

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

 ˧˰ˡˬ ˥"ˣˡ ˸˪˧˞ ˳˶˲ˬ ˶ˣ˦˧ˮ˪ ˸˧ˬˣ˞˪ˢ ˸˧ˮ˩˸ˢ) ˢˮˬˬ ˟˷ˣ˥ˬˢ ˡˡˬˢ ˪˷ˣ ˢ˩˶˰ˢˢ ˪˷ ˢˣ˟ˠ ˵ˣ˧ˡ ˪˰2008  ,

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

  ˫˧˟ˣˢ˴ˢ ˫˧ˣˣ˵ˢ .˭ˣ˲˴˟ ˞"˞˴˵˪ ˡ˰ˣ ˫ˣ˶ˡ˟ ˸˧ˬ˧ˢ ˢˡ˟˰ˬˢˬ ,˸˧ˮˣ˷ˢ ˸˶˟˥ ˢ˶˵˯ˮ ˫ˢ˟ ˫˧˶˸˞ˢ

 ˫˧˶˸˞ˢ ˸˞ ˫˧ˠ˴˧˧ˬ) :˫˧˶˵˯ˮˢ1) ,˸˧ˬ˧ˢ ˢˡ˟˰ˬˢ (2) ,˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷ (3 ˢˮ˵ ˣ˵ .˞"˞˴˵ (

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

Figure B1: 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

˟ ˶ˣ˧˞2  ˪˷ ˪˦˧ˢˢ ˫˷˶ˮ ˱ˡˢ ˪˰ˣ ,˸˧ˮˣ˷ˢ ˪˰ ˷˶˲ˮ ˢˡ˧ˡˬ ˦˶˯ .˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷˟ ˸˧ˮˣ˷ˢ ˶˵˯ :

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

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

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

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

 ˡˡˬ ˧˲˪ ˫˧ˮ˧ˬ ˭ˣˣˠˬShannon Wiener ˟ ˢ˞ˣˣ˷ˬ)1˷˩ ,- iP ˧˧˴˶ˣ˲ˣ˶˲ ˞ˣˢ ˸ ˣ˞) ˭˧ˬ ˪˷ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ

 (ˠˣ˯i  ˩"ˢ˯ ˨ˣ˸ˬn  ˸ˮ˩˸ ˧ˡ˧ ˪˰ ˧ˡ˧ ˪˰ ˸ˣˬˡˣ˵ ˫˧ˮ˷˟ ˨˶˰ˣˢ (ˣ˶˲˯ˮ˷ (˫˧ˠˣ˯ˢ ˣ˞) ˫˧ˮ˧ˬˢEstimateS  

)Colwell, 2005 ;http://viceroy.eeb.uconn.edu/EstimateS ˸ˮ˷ˬˣ (2022  ˸ˮ˩˸ ˸ˣ˰˴ˬ˞˟Past )Hammer et 

al. (2001) ,https://www.nhm.uio.no/english/research/resources/past ˢˮ˩˸ˢ .˫˧˶˸˞ˢˬ ˡ˥˞ ˪˩ ˶ˣ˟˰ (

˫˧˦˶˲ˢ ˶˲˯ˬ ˪˰ ˸ˣ˧˦˦ˮ˯ ˸ˣ˶ˤ˥ ˸˶˴˧˧ˬ \  ˫˧˲˯ˣˮ˷ ˪˩˩ :ˢ˧ˣˣ˶ ˸ˬˣ˵˰ ˸˶˴ˣ˧ˣ ˣˡˡˬˮ˷ ˫˧ˠˣ˯ˢˣ ˢˡ˧ˡˬˢ ˸ˣˡ˧˥˧

 ˸ˣˡ˧˥˧ ˸ˣ˲˯ˣˮ ˣ˞ ˫˧˦˶˲  ˢˮ˧˞ ˸˲˯ˣ˸ ˣ˟ ˟˴ˬ˪ ˡ˰ ˶˸˞˟ ˧˸˧ˬ˞ˢ ˨˶˰˪ ˟˶˵˸ˬ ˨˶˰ˣˬˢ ˨˶˰ˢ (˫˧˩˸˥) ˢˡ˧ˡˬ

.˧˸˧ˬ˞ˢ ˨˶˰˪ ˟ˣ˶˵ ˨˶˰ˣˬˢ ˨˶˰ˢ ˢˤ ˟˪˷˟ .˨˶˰ˣˬˢ ˨˶˰ˢ ˪˰ ˢ˰˧˲˷ˬ 

˟ 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 ˶˥˟ˮLoya 

1972  ,˸˞ˤ ˫˰ ˡ˥˧ .˶˟˰˟ ˣ˲˯˞ˮ˷ ˫˧ˮˣ˸ˮ˪ ˶ˣ˦˧ˮˢ ˸˧ˮ˩ˣ˸ ˸˶ˠ˯ˬ˟ ˫˧˲˯˞ˮ˷ ˫˧ˮˣ˸ˮ ˭˧˟ ˢ˞ˣˣ˷ˢ ˸˶˷˲˞˸ˬ ˨˩ˣ (

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

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

) ˢ˶˧˟˴ ˸ˣˬˣ˵˰ ˸ˣ˰˴ˬ˞˟rarefaction curves  ˫˧ˮ˧ˬˢ ˸˪˥ˣ˸ ˫ˠ ˸˟˷ˣ˥ˬ ˭˩ˣ˸ˬˣ ˢˮ˩˸ˢ ˸ˣ˰˴ˬ˞˟ ˸ˣ˟˷ˣ˥ˬˢ (

 ˪˷ ˢ˶˧˲˯˟ ˢ˧ˣ˲˴ˢ1500 ˪˪˩ ˨ˣ˸ˬ ˸ˣ˟˷ˣˬ   .˸˪˧˞ ˸ˣ˧ˮˣ˷ 

 

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

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

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

 ˪˷˟ ˸˞ˤ ˫˰ ˡ˥˧ .˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞ˬ ˶˸ˣ˧ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˱ˣ˷˥ ˫ˢ˪ ˫˧˧ˮˣ˴˧˵ ˫˧˧ˬ˧˪˵˞ ˫˧˰ˣ˶˧˞ ˶˥˞ (˶˸˧ˢ

˥"ˣˡ ˣ˞˶) ˸˧ˮˣ˷ˢ ˸ˬˡ˵ˣ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˭˧˟ ˫˧˶˩˧ˮˢ ˫˧˪ˡ˟ˢˢ  ,˸˪˧˞ ˳˶˲ˬ ˶ˣ˦˧ˮ˪ ˸˧ˬˣ˞˪ˢ ˸˧ˮ˩˸ˢ2007  (

˸˸ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˪ ˷ˡ˵ˣˬ-ˣˡ˟ ˡ˶˲ˮ ˵˶˲ .ˢˤ ˥" 

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

 

˫˧ˠˣˬ˪˞ ˧ˣ˯˧˩ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ˣ 

 ˭˟˞ ˧ˠˣˬ˪˞ ˢ˯ˣ˩ˬˢ ˥˦˷ˢ ˤˣ˥˞ ˫˧˧˥ˣ˷˫˧˶˸˞ˢ ˭˧˟ ˡ˞ˬ ˢˮ˫˧ˠˣˬ˪˞ˢ ˸ˣ˲˧˲˴ ˫ˠ ˨˩ˣ ,  ˶ˣ˧˞)3˟  ˧ˣ˯˧˩ .(

) ˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷˟ ˢˡˣˡ˶ˢ ˸˧ˮˣ˷˟ ˞˴ˬˮ ˶˸ˣ˧˟ ˪ˣˡˠˢ ˫˧ˠˣˬ˪˞ˢNR-5  ˪˷ ˭˟˞ ˧ˠˣˬ˪˞ ˧ˣ˯˧˩ ˢˮ˷ˢ ˡˡˬˮ ˢ˟ ,(

44.5Ñ4.6%) ˫˧˶˦ˬ ˢ˶˷˰ ˵ˬˣ˰˟ ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˢˮ˷ˢ ˫ˠ ˞˴ˬˮ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˧ˣ˯˧˩ˢ .NR-10 ˫˰ ,(

9.5Ñ1.1% ) ˶˸ˣ˧˟ ˢ˩ˣˬˮˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˫˰ ˶˸˞ˢ ˫ˠ ˞ˣˢ ˢˤ ˶˸˞ .ˡ˟˪˟ ˧ˣ˯˧˩19.8Ñ3.2   (˶"ˬ˪ ˸ˣ˟˷ˣˬ

 ,ˣ˸ˬˣ˰˪ ,ˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢ ˶˸˞ .˧ˬ˸˩ ˧˲ˣ˞ ˸˪˰˟ ˣ˟ ˸˧ˮˣ˷ˢˣ ˣ˟ˣ˶˟ ˧˪ˣ˥ ˶˸˞ ˣ˸ˣ˧ˢ ˸˞ ˶˵˧˰˟ ˱˵˷ˬ ˢˤ ˟˴ˬˣ

ˣ˟ˠˢ ˧ˣ˯˧˩ˢˣ ,˱˧˴˶ˣ ˧˟˧˯ˬ ˸˧ˮˣ˷ ˢˮ˟ˬ ˪˷ ˶˸˞ ˞ˣˢ ,˧˯˥˧ ˭˲ˣ˞˟ ˢ˩ˣˬˮ ˸ˣ˲˧˲˴ ˫˰ ˡ˥˧) ˣ˟ ˢ45.8Ñ5.5  

 .˸ˣ˪ˣˡˠ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˧ˡ˧ ˪˰ ˯ˣ˪˩˞ ˱˵˷ˬ (˶"ˬ˪ ˸ˣ˟˷ˣˬ 

 ,˫˧˶˸˞ ˧ˮ˷˟ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˨ˣˬˮ ˫˧˧˥ ˫˧ˠˣˬ˪˞ ˧ˣ˯˧˩ ˡˡˬˮ ˢˮ˷ˢNR-10 x-IUI-5 ˶˞˷˟ˣ ,

  .˸ˬˡˣ˵ˢ ˢˮ˷˟ ˡˡˬˮ˷ ˢˤˬ ˢˣ˟ˠ ˣ˞ ˧ˣˮ˧˷ ˞˪˪ ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˫˧˶˸˞ˢ 

  ˪˰ ˡˬ˰ˣ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷ˢ ˸ˬˣ˰˪ ˢˮ˷ˢ ˢ˪˰ ˫˧˶˵˯ˮˢ ˸˧ˮˣ˷ˢ ˧˶˸˞˟ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩

24.4Ñ3.9%  ˸ˬˣ˰˪)22.6Ñ3.2% x- 21.9Ñ3.0%  ˸ˮ˷˟ ˡˡˬˮ˷ ˧ˣ˯˧˩˪ ˢˬˣˡˣ (ˢˬ˞˸ˢ˟2019  ˸ˣ˲˧˲˴ ˫ˠ .

 ˢˮ˷ˢ ˢ˸˪˰ ˸˰˴ˣˬˬˢ ˸ˣ˟˷ˣˬˢ ,˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷˪ ˢ˞ˣˣ˷ˢ˟51.9Ñ5.5  ˸ˬˣ˰˪) ˶"ˬ˪ ˸ˣ˟˷ˣˬ38.2Ñ4.2 x- 

44.4Ñ5.8  .(ˢˬ˞˸ˢ˟ 

 

 
˟ ˶ˣ˧˞3˭˟˞ ˧ˠˣˬ˪˞ ˪˷ (ˢ˦ˬ˪) ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ˣ (ˢ˪˰ˬ˪) ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ ˥˦˷ :  ˫˧˧˥ ˸ˮ˷˟ ˶˸˞ ˪˩˟2023  ˪˩˟ .

ˢ ˫˧ˮˣˤˣ˥˞ˢ ˸˞ ˸ˠ˴˧˧ˬ ˢ˯˲ˣ˵ˢˣ ˭ˣ˧˴˥ˢ ˸˞ ˠ˴˧˧ˬ ˰˴ˬ˞ ˣ˵ "ˢ˯˲ˣ˵"-25  ˢˣ -75    ˸ˮ˩˸ ˧ˡ˧ ˪˰ ˣ˟˷ˣ˥˷ ˧˲˩R  ;

 .˫˧˵˲ˣ˞ ˫˧ˣˣ˵˟ ˫˧˶˸˞ˢ ˪˩ ˰˴ˣˬˬˣ ˪ˣˡˠ ˶ˣ˥˷ ˪ˣˠ˧˰ ˧ˡ˧ ˪˰ ˠ˴ˣˬ ˶˸˞ ˪˩˟ ˰˴ˣˬˬˢ 

Figure B3: The average live stony coral cover (top) and colony density (bottom) at each site, in 

2023. Center lines of boxes are the medians; box limits indicate the 25th and 75th percentiles 

determined by R software; large black dots represent site means and the lines are the averages of 

all sites. 
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  ˫˧˪ˡ˟ˢ .˪ˣˡ˧ˠˢ ˧˸˟ ˪˷ ˢˮˣ˷ˢ ˫˧˧˲ˣ˞ ˸˞ ˶˵˧˰˟ ˫˧˲˵˷ˬ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˤˣ˥˞˟ ˫˧˶˸˞ˢ ˭˧˟ ˫˧˪ˡ˟ˢˢ

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

˟ ˶ˣ˧˞) ˟˷˧˧˸ˢ˪4˶˸˞ .( ˢ˶ˣˬ˷ˢ NR-10   ˧˪ˣ˥ ˶˸˞ ˞ˣˢ ˶˸ˣ˧˟ ˭˦˵ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˣ˟ˣ˟ˣ˶˟  ˡˣˡ˶ ˣ˪˧˞ˣ ,

 ˶˸ˣ˧ï  ˶˸˞NR-5 ï  ˷ ˶˸˞ ˞ˣˢˣ˟ˣ˶ ˢ˲˧˴˶ ˸˧ˮˣ˷ ˞˪ˢ ˰˴ˬˢ ˤˣ˥˞ˣ-˨ˣˬˮ ˣ˟ ˡ˩ˣ˪ˬ˫˧˪ˡ˟ˢˢ .   ˭˧˟ ˰˴ˬˢ ˧˲ˣ˞˟

ˣ ˫˧ˮ˷ˢ ˭˧˟ ˫˧˟˧˴˧ ˫˧˶˞˷ˮ ˫˧˶˸˞ˢ (˶˵˧˰˟ ,˸˧˪ˣ˥) ˸ˡ˩ˣ˪ˬ ˞˪ˢ ˸˧˰˵˶˵ˢ ˸ˣˬ˩ˢ˟˧˸˩ˬ  ˬ ˸˞  ˸ˣ˧ˬ˸˩ˢ ˸ˡ˧

 .˶˸˞ ˪˩˟ ˸˧ˮˣ˷ˢ ˪˷ 

 

 
˟ ˶ˣ˧˞4 ˣ˸ˣ˞˟ ˫˧˩˸˥ˢ ˪˩ ˰˴ˣˬˬ ˫ˢ ˧ˣ˯˧˩ˢ ˧ˤˣ˥˞ .˫˧˸ˬ ˫˧ˠˣˬ˪˞ˣ ,˰˪˯ ,˪ˣ˥ ,˫˧ˠˣˬ˪˞ ˪˷ ˫˧˶˟˦˴ˬˢ ˧ˣ˯˧˩ˢ ˧ˤˣ˥˞ :

 .˶˸˞ 

Figure B4: Cumulative percent cover of live corals, sand, rock and dead corals. The presented 

percent cover is an average of all transects at each site. 

 

 ˶˸˞˟ ˫˧˧˥ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˧ˣ˯˧˩ˢ ˤˣ˥˞ "ˡ˩ˣ˪ˬ ˞˪"ˢ ˰˴ˬˢ ˸ˣˬ˩˪ ˢ˩ˣ˲ˢ ˢˬ˞˸ˢ˟ ˞˴ˬˮ

)nconsolidatedu ˟  ˶ˣ˧˞) ˶˸˞ ˣ˸ˣ˞˟ ,˫˧˵ˣ˪˥ˣ ˪ˣ˥ ˪˪ˣ˩ˢ ,(5˪˰ ˡˬˣ˰ ˢˮ˷ˢ ˫˞˸ˬˢ .( 59=0.2R x ˞˴ˬˮ ˨˩

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

  .˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˫˧˞˸ˬ ˣˮ˧˞ 

 ˪˷ˬ˪ ,˶˸ˣ˧ ˢˣ˟ˠ ˫˞˸ˬ ˫˧˸˧˰˪ ˢ˧ˢ ˸ˣˬˡˣ˵ ˫˧ˮ˷˟77=0.2R  ˸ˮ˷˟2019  ˢˣˣˢˬ ˫˞˸ˬ˟ ˢˡ˧˶˧ ˧˩ ˭˩˸˧ˣ ,

 ˳˶ˬ ˪˷ ˢ˵ˤ˥ˢ ˢ˶˰˯ˢ ˧˵ˤˮ˪ ˢ˲˧˵˰ ˸ˣˡ˰2020.˸˧ˮˣ˷ˢ ˧˶˸˞˟ ˢ˷˵ ˰˴ˬ ˢ˲˷˥ˣ ˸˧ˮˣ˷ˢ ˧ˠˣˬ˪˞˟ ˢ˰ˠ˲ ˶˷˞ , 

 

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

Figure B5: L ive stony coral cover versus unconsolidated (sandy) sea floor at the sites examined.  
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  ˠˣ˯ˬ ˫˧˰˟ˣˮ ˫ˮ˧˞˷ ˶˥˞ ˣ˞ ˢˤ ˶˸˞˟ ˫˧ˠˣˬ˪˞ ˸˥˧ˬ˴˟ ˫˧˪ˡ˟ˢ ˶˸˞˪ ˸ˮˬ ˪˰ˣ ˫˧˶˸˞ ˭˧˟ ˢ˞ˣˣ˷ˢ ˨˶ˣ˴˪

  ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˤˣ˥˞˟ ˸ˣˮˮˣ˟˸ˢ ˧ˡ˧ ˪˰ ˫˧˶˸˞ˢ ˭˧˟ ˸ˡ˩ˣ˪ˬ ˞˪ˢ ˰˵˶˵ˢ ˸ˣˬ˩˟ ˫˧˪ˡ˟ˢˢ ˸˞ ˪˶˦ˮ˪ ˭˸˧ˮ ,˰˴ˬˢ

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

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

˟ ˶ˣ˧˞) ˢˤ˩ ˰˴ˬ ˪˰ ˫˧˟˷ˣ˧ ˫˧ˠˣˬ˪˞ˢ ˪˩˷ˣ ˡ˟˪˟ (˸˧˰˪˯) ˸ˡ˩ˣ˪ˬ ˰˵˶˵ ˞ˣˢ6.( 

  ˸˶ˣˬ˷ ˧˶˸˞ .˶˸ˣ˧ ˫˧ˮ˦˵ ,˫˧˶˸˞ˢ ˭˧˟ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˪˷ ˢ˥˪˴ˢˢ ˸ˡ˧ˬ˟ ˫˧˪ˡ˟ˢˢ ˧˩ ˢ˞˶ˮ ˣˤ ˸ˣˮˮˣ˟˸ˢ˟

 ˭˧˟ ˢ˰ˮˢ ˪ˬ˶ˣˮˬ ˧ˣ˯˧˩ ˪˷ ˸˰˶˷ˬ ˧˪˰˟ ˫˧ˮˣ˷ˢ ˫˧˵ˬˣ˰˟ ˞"˞˴˵ˣ ˫˧ˠˣˬ˪˞ˢ55.4Ñ4.5% )NR-5  ˨ˣˬˮ ˨˶˰˪ (

 ˪˷39.4Ñ3.4% )KATZA -10  ,ˡˣˡ˶ˢ ˵ˬˣ˰˟ ˶˸ˣ˧˟ ˨ˣˬˮ ˪ˬ˶ˣˮˬ ˧ˣ˯˧˩ ˪˷ ˸˰˶˷ˬ ˢˮ˷˧ ˭ˣ˩ˬˢ ˧˶˸˞˟ .(

24.4Ñ1.5% ˵ˬˣ˰˟ ˶˸ˣ˧ ˢˣ˟ˠˣ ,15  ,˫˧˶˦ˬ51.4Ñ3.6% . 

 ˢˮ˷ˢ ˢ˧ˢ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˡ˩ˣ˪ˬ ˰˴ˬ ˧˟ˠ ˪˰ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ43.5Ñ3.7%  ˢˣ˟ˠ ˦˰ˬ ,

˸ˮ˷˪ ˢ˞ˣˣ˷ˢ˟˧ .˸ˣˮˣ˶˥˞ˢ ˫˧ 

 ˢˮ˷ˢ ˣ˞˴ˬˮ ˰˴ˣˬˬ˟100.7Ñ10.4   ,˫˧ˬˣˡ ˫˧˵ˬˣ˰˟ ˶˷˞˩ ,˸ˡ˩ˣ˪ˬ ˰˵˶˵ ˪˷ ˰ˣ˟˶ ˶˦ˬ˪ ˪ˣˬ˶˧ˮ˟ ˸ˣ˟˷ˣˬ

.ˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˶˸ˣ˧˟ ˢ˩ˣˬˮˣ ˭ˣ˩ˬˢ ˧˶˸˞˟ ˶˸ˣ˧˟ ˢˢˣ˟ˠ ˸˪ˬ˶ˣˮˬˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ 

 

 
˟ ˶ˣ˧˞6 : ˶ˣ˦˧ˮˢ ˸ˮ˷˟ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˫˧˞˸ˬˢ ˰˴ˬˢ ˪ˣ˴˧ˮ2023 . ˧ˣ˯˧˩ˢ ˤˣ˥˞ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ˣ ˧ˠˣˬ˪˞ ˪˷

˧˧˥ ˭˟˞.˶˸˞ ˪˩˟ ˸˧˰˪˯ ˰˵˶˵  ˧˟ˠ ˪˰ ˫  

Figure B6: Utilization of available substrate by stony corals in 2023. The percent cover and colony 

density of live stony corals on hard consolidated seafloor at each monitored site. 

 

 ,˸ˣˬˡˣ˵ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˰˴ˣˬˬˢ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˧ˣ˯˧˩ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ,24.2Ñ3.9%  ˢˣ˟ˠ ,

 ˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷˟ ˡˡˬˮ˷ ˢˤˬ)22.6Ñ3.2% x- 21.9Ñ3.0%ˢˬ˞˸ˢ˟ , (˟ˣ˶˵ˣ ˪  ˳˧˵˟ ˡˡˬˮ ˶˷˞ ˰˴ˣˬˬˢ ˧ˣ˯˧˩

2019,  ˱˶ˣ˥ ˪˷ ˢ˵ˤ˥ˢ ˢ˶˰˯ˢ ˧ˮ˲˪2020 )24.9Ñ4.5% ˶ˣ˧˞ ,(7˟  . 

 ˢ˧ˢ ˸˪˧˞ ˧˶˸˞˟ ˡˡˬˮˢ ˫˧˧˥ ˫˧ˠˣˬ˪˞˟ ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ19.1Ñ4.1%  ˸ˮ˷) ˶ˣ˦˧ˮˢ ˸˪˧˥˸˟2004  ˢˣ˟ˠˣ (

 ˸ˮ˷˟ ˶˸ˣ˧˟2013 )26.4±5.1% ˸˲ˣ˵˸ ˨˶ˣ˞˪ ˦˟ˬ˟ ,˫˧˵ˢ˟ˣˬ ˫ˮ˧˞ ˸ˣ˟˵ˣ˰ ˫˧ˮ˷ ˭˧˟ ˫˧˪ˡ˟ˢˢ˷ ˱˞ ˪˰ .(

 ˸ˮ˷˪ ˡ˰ ˭ˬˤ ˨˶ˣ˞˪ ˢ˧˪˰ ˪˷ ˢˮˣ˸ˬ ˢˬˠˬ ˢ˞˴ˬˮ ˶ˣ˦˧ˮˢ2019  ˤ˞ˣï   ˧ˣ˯˧˩ ˪˷ ˫˧˧˸ˮ˷ ˣ˞˟ ˢ˶˰˯ˢ ˸ˣ˟˵˰˟

  ˸ˮ˷˪ ˡ˰ ˫˧ˮˣ˸ˮˢ ˸˶ˡ˯ ˪˷ ˸˵ˡ˵ˣˡˬ ˸˧˦˯˧˦˦˯ ˢˮ˧˥˟˟ .ˢˮˣ˶˥˞ˢ ˢˮ˷˟ ˸ˣ˷˷ˣ˞˸ˢ ˪˷ ˢ˪˧˥˸ ˫˰ ˸˧˯˥˧ ˨ˣˬˮ

2017  ˧˰ˡˬ ˥"ˣˡ ,˶ˣ˦˧ˮˢ ˸˧ˮ˩˸) ˸˵ˢ˟ˣˬ ˢ˸˧ˢ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ (ˢ˧˧˪˰) ˧ˣˮ˧˷ˢ ˸ˬˠˬ ˧˩ ˞˴ˬˮ

2017˯˧˩˟ ˧ˣˮ˧˷ˢ ˶ˣ˦˧ˮˢ ˸˪˧˥˸ ˤ˞ˬ .(˸˯ˬ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˩ ˪˷ ˸˰˴ˣˬˬ ˢ˧˪˰˟ ˫˩- 0.21% .ˢˮ˷˟ 

 

 ,ˢ˪˰ˬ˪ ˭˧ˣ˴˷ ˧˲˩ ˧ ˪ˣˡˠ ˫˧˪ˡ˟ˢ ˫ˮ˷˧ ˣ˶˵˯ˮ˷ ˫˧˶˸˞ˢ ˭˧˟ ˟˫ ˟ ˞ ˧ˠˣˬ˪˞ ˪˷ ˧ˣ˯˧˩ˢ ˥˦˷˧˥ ˭  ˭˞˩ˬˣ ˫˧

ˠ˴˧˧ˬ ˨˶˰˷  ˧ˣ˯˧˩˪ ˪˞˶˷˧ ˥˦˷˟ ˳˶˲ˬˢ ˧˲ˣ˥ ˨˶ˣ˞˪ ˫˧ˠˣˬ˪˞ˢ ("˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩")

 ˶˲˯ˬ ˥˶˩ˢ˟ ˢ˧ˢ˧˧˲˧˴˲˯ ˶˸˞ ˱˞˪ ˫˞ˣ˸ ˣˮ˧˞˷ . ˢ˸ˣ˞˟ ˭˧˥˟ˢ˪ ˭˸˧ˮ ˫˟ˣ˶˟ ˨˞ ˭ˬˤ˟ ˣ˪˷ˬ ˸ˣ˥˸˲˸ˢ ˶˸˞ ˪˩˪

.˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˸ˣ˟˴˧˧˸ˢ ˣ˞ ˢˡ˧˶˧ˣ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˪˷ ˸ˣˮˣ˷˞˶ˢ ˢ˧˸ˣˮ˷˟ ˢ˧˪˰ ˪˷ ˢˬˠˬ 
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 ˞  ˶ˣ˧7˟:    ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ ˥˦˷.˥˦˷ˢ ˪˪˩ˬ ˫˧ˤˣ˥˞˟ ,˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞ ˪˩ ˰˴ˣˬˬ˩ˣ ˶˸˞ ˪˩˟ ˫˧˧˥ 

Figure B7: Average live stony coral cover at each site and the average for all forereef sites, as 

percent of total area.  

 

  ˫˧ˠˣˬ˪˞ ˧ˣ˯˧˩) ˸˧ˮˣ˷ ˸˧˧ˮ˟ˣ ˸ˣ˟˷˧˧˸ˢ˪ ˸ˡ˩ˣ˪ˬ ˰˵˶˵ ˪ˣ˴˧ˮ˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˪˧˰˧ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˷ˬ˟

˟ ˶ˣ˧˞) ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˸ˣ˟˧˴˧ˣ ˶ˣ˦˧ˮ˪ ˢˮˣ˷˞˶ˢ ˢ˲ˣ˵˸˟ ˢ˧˧˪˰ ˞˧ˢ ˱˞ ˢ˞˶ˬ (ˢ˪˰ˬ˪ ˣ˞˶ ,˪ˬ˶ˣˮˬ8 .(

 ˳˶ˬ ˷ˡˣ˥˟ ˢ˪ˣˡˠˢ ˢ˶˰˯ˢ ˪˷ ˢ˸˰˲˷ˢ2020 ˰ ˦˶˲˟ˣ ,˪ˬ˶ˣˮˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˪˰  ˸ˣ˧ˮˣ˷˟ ˰˴ˣˬˬˢ ˨˶˰ˢ ˪

 ˸ˣ˶˵˯ˮˢ ˸˪˧˞-   ˰˴ˣˬˬˢ ˪ˬ˶ˣˮˬˢ ˧ˣ˯˧˩˟ ˫ˠ ˨˩ˣ ˫˧˶˸˞ˢ ˟ˣ˶˟ ˪ˬ˶ˣˮˬˢ ˧ˣ˯˧˩˟ ˢ˧˪˰ ˢˡˡˬˮ ˢˮ˷ˢ .ˢˮ˦˵

.˸˪˧˞ ˸ˣ˧ˮˣ˷˪ 

  ˧ˮ˲ ˧ˣ˯˧˩˟ ˫˧˧ˣˮ˧˷ ˫ˠ ˸ˣ˲˵˷ˬ ˨˞ ,˫˧ˠˣˬ˪˞ ˯˶ˢ ˣ˞ ˪ˣˡ˧ˠˬ ˸ˣ˰˲˷ˣˬ ˪ˬ˶ˣˮˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˸ˣˡˣˮ˸

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

(ˢˮ˩ˬ˟ ˧ˣˮ˧˷ ˣ˸ˣ˧ˢ˟) ˶˸˞ ˣ˸ˣ˞˟ ˪ˬ˶ˣˮˬˢ ˨˶˰ˢ ˪˰ ˢ˟˶ ˢˡ˧ˬ˟ ˰˧˲˷ˢ˪ ˧ˣ˲˴  ˫ˢ˟ ˫˧ˡˣˡ˶ ˫˧˶˸˞˟ ˦˶˲˟ ,

 ˭ˣˣ˧˩ˬ .˫˧˶˸˞ˢ ˭ˬ ˵˪˥˟ ˫˧ˮ˷ˢ ˭˧˟ ˸ˣ˴˧˲˵˟ ˧ˣ˦˧˟ ˧ˡ˧˪ ˢ˞˟ ˣˤ ˢˡ˟ˣ˰ .˶˸ˣ˧ ˢ˪ˣˡˠ ˸ˣ˧ˢ˪ ˢ˧ˣ˲˴ ˦ˮˬ˧ˡ˯ ˸˰ˣˮ˸

 ˫˧ˮ˷ ˭˧˟ ˢ˞ˣˣ˷ˢ ˨˶ˣ˴˪ ˪˧˰˧ ˸ˣ˥˲ ˨˞ ˫˧˶˸˞ ˭˧˟ ˢ˞ˣˣ˷ˢ˟ ˪˧˰ˣˬ ˪ˬ˶ˣˮˬˢ ˧ˣ˯˧˩ˢ ˨˶˰˟ ˷ˣˬ˧˷ˢ˷ ˢ˞˶ˮ ,˨˩˷

˧˶˸˞ˢ ˟ˣ˶ ˭˧˟ ˫˧˪ˡ˟ˢˢ .˶˸˞ ˣ˸ˣ˞˟  ˢˮ˦˵ ˢ˰˲˷ˢ ˢ˧ˢ˸ ˦ˮˬ˧ˡ˯ ˸˰ˣˮ˸˪˷ ˵˧˲˯ˬ ˫˧˪ˣˡˠ ˸˧˰˵˶˵ˢ ˧˲ˣ˞˟ ˫

  .˫ˢ˧ˮ˧˟ ˢ˞ˣˣ˷ˢ˟ ˫˧˪ˬ˶ˣˮˬˢ ˫˧˩˶˰ˢ ˪˰ ˡ˟˪˟ 

˶˸ˣ˧˟ ˢˣ˟ˠˢ ˞ˣˢ ˫˧ˠˣˬ˪˞ ˧ˡ˧ ˪˰ ˰˴ˬˢ ˪ˣ˴˧ˮ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟ ˧˩ ˞˴ˬˮ ˫˧ˮ˷ˢ ˭˧˟ ˸ˣˡˣˮ˸ˢ ˸ˣ˶ˬ˪ ,˨˩  

 ˫˧ˮ˷ˢ ˨˶ˣ˞˪ .(˫˧ˡˣˡ˶˟ ˦˶˲˟) ˸˧ˬ˧ˢ ˢˡ˟˰ˬˢ ˧˶˸˞˟ ˶˸ˣ˧ ˨ˣˬˮˣ ,˫˧˵ˬˣ˰ˢ ˪˩˟ ˢ˶ˣˬ˷ˢ ˧˶˸˞˟ ˶˸˞ ˢˡ˟˰ˬˢ

 ,ˡˣˡ˶ˢ IUI-5ˢ , ˢ˶ˣˬ˷ˢ ˧˶˸˞ ,ˣ˸ˬˣ˰˪ˣ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˞ˣˢ ˸ˣ˟˷˧˧˸ˢ˪ ˫˧˞˸ˬˢ ˰˴ˬˢ ˪ˣ˴˧ˮ ˣ˟ ˶˸˞ˢ ˞ˣNR-

20 x-NR-5  .˶˸ˣ˧˟ ˢˣ˟ˠˢ ˪ˬ˶ˣˮˬˢ ˧ˣ˯˧˩ˢ ˧˪˰˟ ˫˧ˮ˷ˢ ˨˶ˣ˞˪ 

 ,˞"˞˴˵ ˭˧˟ ˫˧˪ˡ˟ˢˢ ˧˩ ˢ˞˶ˮ ,˰˴ˬ˪ ˧ˣ˯˧˩ˢ ˸˞ ˫˧˪ˬ˶ˮˬ ˶˷˞˩ ˫˧ˮ˦˵ ˫˧˶˸˞ˢ ˭˧˟ ˫˧˪ˡ˟ˢˢ˷ ˱˞ ˪˰

 ˡˣ˰ .˸˧ˮˣ˷ˢ ˸˥˪˴ˢ ˪˰ ˫˧˰˧˲˷ˬˢ ˫˧˞ˮ˸ ˪ˣ˪˩ˬ˟ ˞˪˞ ˰˴ˬ ˸ˣˮ˧ˬˤ˟ ˵˶ ˫˧˶ˣ˷˵ ˫ˮ˧˞ ˸˧ˬ˧ˢ ˢˡ˟˰ˬˢˣ ˢ˶ˣˬ˷ˢ

ˬˣ ˭ˬˤ ˨˶ˣ˞˪ ,˪˪˩ ˨˶ˡ˟ ,˫ˢ ˫ˠ ˫˧˶ˬ˷ˮ ˫ˣ˵˧ˬ ˪˩˟ ˫˧˵ˬˣ˰ˢ ˭˧˟ ˫˧˪ˡ˟ˢ ˧˩ ˢ˞˶ˮ ˫˧˪ˡ˟ˢ ˢ˞˶ˮ˩ ˫˧˲˵˷
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  ˶˸˞ˢ ˞ˣˢ ˪˪˩ˢ ˭ˬ ˞˴ˣ˧IUI -15  ˧˶˸˞ ˪˷ ˢˤˬ ˢˣ˟ˠ ˣ˟ ˭˧ˬˤˢ ˰˴ˬˢ ˪ˣ˴˧ˮ ˶˷˞IUI  ˨˯˷ ˱˞ ˪˰ ˫˧ˡˣˡ˶ˢ

.˶˸ˣ˧ ˨ˣˬˮ ˪˪˩ ˨˶ˡ˟ ˣ˟ ˧ˣ˯˧˩ˢ 

 

 
˟ ˶ˣ˧˞8:  ) ˫˧ˠˣˬ˪˞ ˧ˡ˧ ˪˰ ˧˰˪˯ˢ ˰˴ˬˢ ˪ˣ˴˧ˮ ˸ ˧˰˪˯ˢ ˸˧˰˵˶˵ˢ ˨ˣ˸ˬ ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ ˥˦˷  ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ (

˫˧˶˸˞ˢ ˪˩˟ ˫˧˩˶˰ˢ ˰˴ˣˬˬˣ  . 

Figure B8: Utilization of rocky substrate by stony corals (percent of live stony coral coverage 

out of the total consolidated substrate at each site) and the average of all forereef sites.  

 

  ˡˠˮ˩ ˣˤ ˢ˦˧˷ ˪˷ ˢ˧˦ˢˢ ˭ˣ˵˧˸ ˸ˣ˰˴ˬ˞˟ ˣ˵ˢ ˧˩˸˥ ˨ˣ˸ˬ ˸˟˷ˣ˥ˬ ˰ˣ˟˶ ˶˦ˬ˪ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴

) ˸ˣˮ˦˵ ˸ˣ˟˷ˣˬZvuloni et al. 2008ˢ˟ .( ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˪˩˟ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ ˢ˧˧˪˰ ˢˮ˷ˢ ˢ˞˴ˬˮ

˟ ˶ˣ˧˞) ˰ˣ˟˶ ˶˦ˬ˪ ˭˟˞ ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˪˷ ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴˟9 ˪˩ ˭˧˟ ˸˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ .(

 ˸ˮ˷˪ ˡ˰ ˢˡ˶˧ˣ ˶ˣ˦˧ˮˢ ˪˷ ˸ˣˮˣ˷˞˶ˢ ˫˧ˮ˷˟ ˢˢˣ˟ˠ ˢ˸˧ˢ ˫˧˶˸˞ˢ2010 ˩ ˪˷ ˧˟˶ˬ ˨˶˰˪ ˡ˰ ˸ˣ˪˰˪ ˢ˪˥ˢ ˤ˞- 

52  ˫˧ˮ˷˟ ,˰˴ˣˬˬ˟ ,˶"ˬ˪ ˸ˣ˟˷ˣˬ2016-7 ˫˧ˮ˷˟ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ .2018-2021   ˢ˟˧˴˧ ˨˞ ˶˸ˣ˧ ˢ˩ˣˬˮ ˢ˸˧ˢ

˸ˣ˲˧˲˴ˢ ˢˡˡˬˮ ˸ˬˡˣ˵ˢ ˢˮ˷˟ˣ  ,˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟ ˶˸ˣ˧˟ ˢ˩ˣˬˮˢ38.2Ñ4.2   ˢˡˡˬˮ ˢˮ˷ˢ .˰˴ˣˬˬ˟ ,˶"ˬ˪ ˸ˣ˟˷ˣˬ

 ˢ˸˧ˢ ˸˪˧˞˟ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢˣ ˫˧˶˸˞ˢ ˪˩˟ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˢ˧˧˪˰51.9Ñ5.5 

ˢˣ˟ˠˢ ˫˧˩˶˰ˢˬ ,˶"ˬ˪ ˸ˣ˟˷ˣˬ .˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟ ˣˡˡˬˮ˷ ˶˸ˣ˧ ˫˧ 

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

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

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

  .˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˧˶˧˟ 
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˟ ˶ˣ˧˞9˸ˣ˲˧˲˴ˢ :   ˰ ˴ˣˬˬˢ ˸   ˭˟˞ ˧ˠˣˬ˪˞ ˪˷  ˸ˬˡ˵ ˧˶˸˞ ˪˩ ˰˴ˣˬˬ˩ˣ ˶˸˞ ˪˩˟ (˰ˣ˟˶ ˶˦ˬ˪ ˸ˣ˟˷ˣˬ ˶˲˯ˬ) ˫˧˧˥

 .˸˧ˮˣ˷ˢ 

Figure B9: Average density of stony corals (colonies per square meter) at each site and the 

average for all forereef site. 

 

  ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ˣ ˸˧˰˵˶˵ˢ ˠˣ˯ ˸ˣˠ˪˲˸ˢ ,˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˫˧˪ˣˡˠ ˫˧˪ˡ˟ˢ ˫ˮ˷˧ ˶ˣ˦˧ˮˢ ˧˶˸˞ ˭˧˟

 ˢ˪˟˦) ˫˧ˠˣˬ˪˞ˢ2˟( ˸ˣ˧ˮˣ˷ˢ ˪˪˩ ˸˞ ˢˮˬ˞ˮ ˠ˴˧˧ˬˢ ˡ˥˞ ˶˸˞ ˭˧˞ˣ ˫˧ˮˣ˷ ˫˧˞ˮ˸ˣ ˧˲ˣ˞ ˶˸˞ ˪˩˪˷ ˰˟ˣˮ ˨˩ˬ .

  ˢˮ˷ ˪˩˟˷ ˭ˣˣ˧˩ˬ ,˫˧ˮ˷ ˭˧˟ ˢ˞ˣˣ˷ˢ ˨˶ˣ˴˪ ˧˷ˣˬ˧˷ ˧˦˯˧˦˦˯ ˨˶˰ ˞ˣˢ ˢˤ ˵˶˲˟ ˭ˣˡ˧ˮˢ ˰˴ˣˬˬˢ .˸ˣ˶˵˯ˮˢ

 .˫˧˶˸˞ ˫˸ˣ˞ ˣ˟ ˫˧ˠ˴ˣ˧ˬ 

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

) ˶ˣ˦˧ˮˢ2004 ˸˶˩˧ˮ ˢˡ˧ˬ˟ ˢ˪˰ ˸˪˧˞ ˸ˣ˧ˮˣ˷˪ ˰˴ˣˬˬˢˣ ,˫˧˶˸˞ˢ ˟ˣ˶˟ ˧˸ˣ˰ˬ˷ˬ ˭˲ˣ˞˟ ˢ˪˰ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ (

 ˫˧ˮ˷˟ .˸˵ˢ˟ˣˬˣ2020-2021  ˢ˰ˠ˲ ˶˷˞ ˢ˵ˤ˥ˢ ˢ˶˰˯ˢ ˸ˣ˟˵˰˟ ˧˪ˣ˞ ,˸˪˧˞˟ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ ˸˞˴ˬˮ

 ˳˶ˬ ˷ˡˣ˥˟ ˸˪˧˞˟2020  ˢˮ˷ˢ ˢˡˡˬˮ ˶˷˞ ˢ˧˧˪˰ˢˣ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ˢ ˢˬ˪˟ˮ ˸ˬˡˣ˵ˢ ˢˮ˷˟ .

  ˶ˣ˦˧ˮˢ ˧˶˸˞˟ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˪˷ ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ .˸ˣ˷˷ˣ˞˸ˢ ˨˧˪ˢ˸ ˪˷ ˣ˸˪˧˥˸ ˪˰ ˢ˞˶ˮ˩ ˢˡ˧˰ˬ

 ˢˣ˟ˠˢ ˨˶˰ˢˬ ˨ˣˬˮ ˨˶˰ ˪˰ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˢ˟˴˧˧˸ˢ ˸ˮ˷ ˪˷2017  ˸ˣ˲˧˲˴ ˪˷ ˢ˶ˤ˥ ˢˡˡˬˮ ˢˮ˷ˢ ˨˞

 .˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟ ˣˡˡˬˮ˷ ˫˧ˢˣ˟ˠˢ ˫˧˩˶˰˪ ˸ˣ˟˷ˣˬˢ 
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˟ ˢ˪˟˦2  ˧ˣ˯˧˩ˢ ˧ˮˣ˸ˮ ˫ˣ˩˧˯ :  ˧˶˸˞˟ ˫˧ˣˣ˵ˢ ˧˩˸˥˟ ˣ˲˯˞ˮ˷  ˸ˬˡ˵  ˸˧ˮˣ˷ˢ˟  ˫˧ˤˣ˥˞˩ ˫˧ˠ˴ˣˬ ˫˧ˮˣ˸ˮˢ .˶ˣ˦˧ˮˢ ˥˦˷

˫˰ (˵ˬˣ˰ˣ ˫ˣ˵˧ˬ ˪˷ ˟ˣ˪˧˷) ˶˸˞ ˣ˸ˣ˞ ˪˷ ˫˧˩˸˥ˢ ˪˩˟ ˣˡˡˬˮ˷ ˫˧˰˴ˣˬˬˢ  ,˭˵˸ˢ ˸˧˧˦˯  ˸ˣˮˣ˷ˢ ˫ˡ˵ˬˣ ˭˵˸ˢ ˸˞˧ˠ˷ ,

˫˧˶˸˞ˢ ˰˴ˣˬˬ˩ ˶ˡˠˣˬˢ "˸˪˧˞ ˰˴ˣˬˬ" ˡ˟˪ˬ .    ˰˴ˬ ˶ˣ˟˰ ˞ˣˢ "˪ˣˬ˶ˮ" ,˰ˣ˟˶ ˶˦ˬ˪ ˸ˣ˟˷ˣˬ ˶˲˯ˬ˩ ˸ˮ˸˧ˮ ˸ˣ˲˧˲˴

.ˢ˷˵ 

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 per square meter, 

ñNormalizedò is for hard substrate. 

 

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

Number of Transects 13 13 13 23 13 13 14 15 117 

Stony coral [%] 26.1 27.6 44.5 9.5 33.6 16.6 16.5 19.4 24.2 

stdev 6.3 6.7 16.7 5.1 12.3 5.0 6.6 6.6 11.2 

SE 1.7 1.9 4.6 1.1 3.4 1.4 1.8 1.7 3.9 

CV 0.2 0.2 0.4 0.5 0.4 0.3 0.4 0.3 2.2 

Octocoral [%] 18.4 15.7 0.3 1.7 9.6 0.0 0.8 1.2 6.0 

stdev 12.3 10.2 0.5 2.1 6.1 0.2 1.1 1.1 7.5 

SE 3.4 2.8 0.1 0.4 1.7 0.0 0.3 0.3 2.7 

CV 0.7 0.7 1.6 1.2 0.6 3.6 1.4 0.9 0.8 

GRV+Sand [%] 30.8 32.2 20.1 78.2 37.3 30.7 52.1 61.3 42.8 

stdev 12.9 13.6 12.0 12.1 15.0 16.7 9.0 10.2 19.4 

SE 3.6 3.8 3.3 2.5 4.2 4.6 2.4 2.6 6.8 

CV 0.4 0.4 0.6 0.2 0.4 0.5 0.2 0.2 2.2 

Rock [%] 15.8 17.4 19.9 7.7 11.0 46.8 26.2 14.8 20.0 

stdev 11.5 7.8 16.2 7.4 7.1 13.4 9.3 7.2 12.2 

SE 3.2 2.2 4.5 1.5 2.0 3.7 2.5 1.9 4.3 

CV 0.7 0.4 0.8 1.0 0.6 0.3 0.4 0.5 1.6 

Dead Coral [%] 8.0 6.5 14.9 2.7 7.5 5.7 4.2 2.9 6.6 

stdev 6.9 6.2 10.5 3.0 5.6 4.9 3.2 2.5 3.9 

SE 1.9 1.7 2.9 0.6 1.5 1.4 0.9 0.6 1.4 

CV 0.9 0.9 0.7 1.1 0.7 0.9 0.8 0.9 1.7 

Norm. cover [%] 39.3 41.7 55.4 48.2 52.7 24.4 34.4 51.4 43.5 

stdev 12.1 10.4 16.2 18.5 10.0 5.5 11.1 14.0 10.5 

SE 3.4 2.9 4.5 3.8 2.8 1.5 3.0 3.6 3.7 

CV 0.3 0.2 0.3 0.4 0.2 0.2 0.3 0.3 4.1 

Density [m-2] 55.7 67.8 45.8 19.8 42.9 63.5 63.9 55.9 51.9 

stdev 26.1 25.0 19.7 15.4 16.1 26.2 26.1 35.1 15.6 

SE 7.2 6.9 5.5 3.2 4.5 7.3 7.0 9.1 5.5 

CV 0.5 0.4 0.4 0.8 0.4 0.4 0.4 0.6 3.3 

Norm. Density [m-2] 86.0 106.4 57.6 104.6 77.5 91.5 135.9 146.5 100.7 

Stdev 46.9 55.0 22.3 76.1 41.6 34.0 55.0 85.5 29.5 

SE 13.0 15.3 6.2 15.9 11.5 9.4 14.7 22.1 10.4 

CV 0.5 0.5 0.4 0.7 0.5 0.4 0.4 0.6 3.4 
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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 ˶˷˞˩ ˫˧ˮˣ˷ ˪ˡˣˠ ˧˥ˣˣ˦ ˫ˮ˷˧ ˪ˡˣˠ ˸ˣ˴ˣ˟˵˪ ˣˤ ˢ˵ˣ˪˥˟ .˶˵ˣ˯ˢ ˸˩˶˰ˢ ˧˲ ˪˰ ˬ"˯

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

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

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

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

˸˸˪ ˸ˣ˟˧˷˥ ˭˧˞- .˶˸ˣ˧ ˸ˣ˪ˣˡˠˢ ˪ˡˣˠˢ ˸ˣ˴ˣ˟˵ ˪˷ ˢ˵ˣ˪˥ˢ 

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

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

  ˧˟˧˦˵˲˞ˢ ˥˦˷ˢ ˟˷ˣ˥ˬ ˣ˟ ˧˦ˬ˸ˬ ˭ˣ˵˧˸ ˢ˷˰ˮ ,˨˩˧˲˪ .ˢ˧˯ˣ˪˩ˣ˞˟ ˧˯˥˧ˢ ˭˵˪˥ˬ ˭˦˵ ˞ˣˢ ˢˤ ˶˵˯˟ ˪˰ˣ˲˟
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> ˬ"˯Medium>15    ;ˬ"˯15  > ˬ"˯Large>30    ;ˬ"˯Huge<30   .ˬ"˯   ˸ˣ˟˷ˣˬˢ ˨˯ˬ ˫˧ˤˣ˥˞ ˫˧ˠ˴ˣˬ ˢ˪˰ˬ˪
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 ˧˲ ˪˰) ˣ˵ˢ ˧˩˸˥ ˸˦˧˷˟ ˪ˡˣˠ ˸ˣ˶˧˲˯˪ ˸˧ˮ˟ˣˬˢ ˢ˧˦ˢˢ ˭ˣ˵˧˸ ˶˥˞˪ ˫˧ˠ˴ˣˬZvuloni 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. Top, values are percent 

of the total number of colonies of each size group at each site. Bottom, colony densities of each 

size class at the monitored sites and the average of all sites. Values are presented after correction 

for the bias of size counts in line transects (Zvuloni et al., 2008). 
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ˣ˧˞˟ ˶11:  :ˢ˪˰ˬ˪ ˧ ˣˮ˧˷˫˧ ˟˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˸ˣˮˣ˷ˢ ˪ˡˣˠˢ ˸ˣ˴ˣ˟˵ˬ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˪˷ ˰˴ˣˬˬˢ ˧˯˥˧ˢ ˭˵˪˥  

(ˣ˵ ˧˩˸˥˟ ˢ˶˧˲˯ˢ ˸˧˧˦ˢ˪ ˭˵ˣ˸ˬ).   ,˪ˡˣˠ ˸ˣ˴ˣ˟˵ ˧˲˪ (˰ˣ˟˶ ˶˦ˬ˪) ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ :ˢ˦ˬ˪

 .ˢ˶˧˲˯ˢ ˸˧˧˦ˢ˪ ˸ˮ˵ˣ˸ˬˣ ˣ˵ˢ ˧˩˸˥ˬ ˸ˣ˶˧˲˯ ˨ˬ˯ ˪˰ ˸˟˷ˣ˥ˬ˥˸˲ˬˢ ˧˲˪ ˫˧˪ˡˠˢ ˸˵ˣ˪˥  ˞ ˟ˢ: Small>5  ;ˬ"˯5  

> ˬ"˯Medium>15    ;ˬ"˯15 > ˬ"˯Large>30   ;ˬ"˯Huge<30 .ˬ"˯   

Figure B11: Top: Changes in average relative size fraction abundance and density (per square 

meter) by size class of Eilat coral colonies (corrected for transect based count bias) during the 

monitored period. Bottom: Average coral density (per square meter) by size class in Eilat, 

calculated from transect count data and corrected for size bias. Size groups are: Small<5 cm; 5 

cm <Medium< 15 cm; 15 cm <Large< 30 cm; Huge>30 cm.  
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˫ˠ ˞˴ˬˮ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˡˡˬˢ  ˶˸˞˟ ˢˮ˷ˢIUI-15˩ ,- 92%   ˶ˣ˧˞)˟12 .( 

 

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

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

Figure B12: 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. 
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˟ ˶ˣ˧˞13 x ˬ˪˞ˢ ˟˴ˬ˟ ˧ˣˮ˧˷ˢ : ˢˬ˵˶ ˪˷ ˰˴ˣˬˬˢ ˤˣ˥˞ˢ ˧˲ ˪˰ ˫˧ˠ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ˟ ˢ˧˥ )LTI(  ˸˪˧˞˟  ˸ˣˮ˷˟

˶ˣ˦˧ˮˢ  . 

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 monitored period.  
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˸ˣ˟˷ˣˬ ˪ˡˣˠ . ˤ˞ˬ ˡˡˬˢ ˨˶˰˟ ˧ˣˮ˧˷ ˪˷ ˭ˬˤ ˸˶ˡ˯ ,ˢ˦ˬ˪2007  .˪ˡˣˠ ˸ˣ˴ˣ˟˵˪ ˸ˣ˟˷ˣˬ ˸˵ˣ˪˥ ˧˲˪ 

Figure B14: Top, the average percentage of living coral tissue (LTI) from all sites in 2023, 

grouped by colony size class. Bottom, change to the LTI since 2007 in the various coral size 

classes. 

 

 

˭ˣˣˠˬ ˫˧ˮ˧ˬ   

 ˡˡˬ ˧˲˪ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬShannon-Wiener  )ôH( ˨˶˰ˣˢ  ˸ˮ˩˸ ˸ˣ˰˴ˬ˞˟ ˸ˣˬˡˣ˵ ˫˧ˮ˷˟EstimateS  

)Colwell, 2005 ( ˸ˮ˷ˬ ˪˥ˢˣ  2022 ˸ˮ˩˸ ˸ˣ˰˴ˬ˞˟ Past (Hammer et al., 2001) ˸ ˣˮ˩˸˟ .   ˭ˣˣˠˬ ˟˷ˣ˥ˬ ˢ˪˞

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

ˢ ˥"ˣˡ˟ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ ˸˩˶˰ˢ˪ ˫˧˩˶ˡ˟ ˦˶ˣ˲ˬ ˭ˣ˧ˡ ˣ˞˶) ˫˧˶˧ˡˮ ˫˧ˮ˧ˬ˟ ˸ˣ˟˷˥˸ˢ ˶ˣ˦˧ˮ2006 ˸ˣ˞˴ˣ˸ˢ .(  ˸ˣˮ˸˧ˮ

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

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

 ˡˡˬˢ ˨˶˰ ˧˩ ˞˴ˬˮ ˸ˣ˟˷ˣˬ ˶˲˯ˬ ˸ˬˣ˰˪ ˫˧ˠˣˬ˪˞ ˪˷ ("˥˦˷") ˶˟˦˴ˬ ˨˶ˣ˞ ˪˰ ˫˧˯˯ˣ˟ˬˢ ˫˧ˡˡˬ ˭˧˟ ˣ˷˰ˮ˷

.˥˦˷ ˪˰ ˯˯ˣ˟ˬˢ ˨˶˰ˢˬ ˦˰ˬ ˢˣ˟ˠ ˢ˶˧˲˯ ˪˰ ˯˯ˣ˟ˬˢ   

 ˡˡˬ ˧˲˪ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬShannon-Wiener ˟ ˶ˣ˧˞) ˶ˣ˦˧ˮˢ ˧˶˸˞ ˭˧˟ ˢˮˣ˷15 .( ˡˡˬ˷ ˭ˣˣ˧˩ˬShannon-

Wiener  ) ˸ˣˡ˧˥˞ˢ ˸ˡ˧ˬˬ ˡ˞ˬ ˰˲˷ˣˬevenness˫˧ˮˣ˷ ˫˧ˠˣ˯ˬ ˫˧ˠˣˬ˪˞ ˪˷ ( ˪˷ ˫˶ˡ˰ˢ ˣ˞ ˫˸ˣ˞˧˴ˬˬ ˫ˠ ˣˬ˩ ,

,˫˧˶˧ˡˮ ˫˧ˮ˧ˬ .ˢ˪ˣˡˠ ˸ˣ˧ˬ˸˩ˢ ˫ˢ˟ ˫˧˶˸˞˟ ˢˣ˟ˠ ˭ˣˣˠˬ ˞˴ˬˮ  

˞˴ˬˮ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˭ˣˣˠˬˢ  ˢˮ˷ˢ ˫ˠ  ˶˸˞˟IUI -5 ,2.45Hô= x˶˸ˣ˧˟ ˢˣ˟ˠˢ ˭ˣˣˠˬˢ ˟˷ˣ˥ ˢˮ˷ˢ ˶ˣ˟˰  ˶˸˞

KATZA-20 ,H'=3.01 . ˢˮ˷ˢ ˢ˧ˢ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞ ˪˪˩˪ ˰˴ˣˬˬˢ ˡˡˬˢ ˨˶˰2.79. 

 

 

0

20

40

60

80

100

H L M S

LTI [%] by size class, 2023

50

55

60

65

70

75

80

85

90

95

100
LTI [%] by size class

H

L

M

S



 

45 

 

 
˟ ˶ˣ˧˞15 ˡˡˬ ˧˲˪ ˫˧ˠˣˬ˪˞ ˪˷ ˫˧ˠˣ˯ˢ ˭ˣˣˠˬ :Shannon-Wiener  ˨ ˶˰ˣˢ˷ ˧˲˩  ˢˮ˷ˢ  ˸ˮ˩˸ ˧ˡ˧ ˪˰ ˶˸˞ ˪˩ ˶ˣ˟˰

Past  (Hammer et al., 2001) . .˫˧˶˸˞ˢ ˰˴ˣˬˬ ˞ˣˢ ˸˪˧˞ ˶ˣ˟˰ ˰˴ˣˬˬˢ ˨˶˰ˢ 

Figure B15: The Shannon-Wiener diversity index of coral taxa estimated this year for each site 

by the Past software (Hammer et al., 2001). The value for Eilat is calculated as the average of all 

monitored sites. 

 

  ˫˴ˬˣ˴ˬ ˫˧˩˶˰ ˥ˣˣ˦˟ ˡ˧ˬ˸ ˞˴ˬˮ ˨˞ ,ˡ˶˧ˣ ˢ˪˰ ˫˧ˮˣ˷ˢ ˫˧˶˸˞˟ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ ˡˡˬ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˨˷ˬ˟

 ˶ˣ˧˞) ˧ˮ˧˧˲˞˟16  ˫˧˶˸˞˟ .(Katza-20 x  ,- NR-10 ˢ˧ˢ  ˡˡˬShannon-Wiener  ˭ˬ ˢˣ˟ˠ ˫˧ˠˣˬ˪˞ˢ ˭ˣˣˠˬ˪

 ˫˧˶˸˞˟ˣ ,˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˪˩˟ ˦˰ˬ˩ ˰˴ˣˬˬˢIUI-5 x- NR-20  ˶˸˞˟ ˫ˠ .˰˴ˣˬˬˢ ˭ˬ ˨ˣˬˮ ˢ˧ˢ ˡ˧ˬ˸NR-5   ˭ˣˣˠˬ

 .˰˴ˣˬˬˢ ˭ˬ ˨ˣˬˮ ˟ˣ˶˪ ˫˧ˮ˧ˬˢ ˪˷ ˭ˣˣˠˬˢ ˡˡˬShanon-Wiener  "˸˪˧˞ ˸ˣ˧ˮˣ˷"˟  ˟˷ˣ˥ˬˢ ˫˧˶˸˞ˢ ˪˩ ˰˴ˣˬˬ˩

 ˧ ˸ˬˠˬ ˧ˣˮ˧˷ ˠ˧˴ˬ ˣˮ˧˞ˣ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˨˶ˣ˞˪ ˦˰ˬ ˨˞ ˢˮ˸˷ˬ.  

 

 
˟ ˶ˣ˧˞16 ˡˡˬ ˧˲˪ ˫˧ˠˣˬ˪˞ ˪˷ ˫˧ˠˣ˯ˢ ˭ˣˣˠˬ :Shannon-Wiener  ˨ ˶˰ˣˢ˷ ˧˲˩  ˶˸˞ ˪˩ ˶ˣ˟˰  ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˪˩˟  ˪˰

 ˸ˮ˩˸ ˧ˡ˧EstimateS )Colwell, 2005 ( ˸ˮ˷ˬ ˪˥ˢˣ2022  ˸ˮ˩˸˟Past  (Hammer et al., 2001)  . 

Figure B16: The Shannon-Wiener diversity index of coral taxa estimated for each site over time 

by the EstimateS software (Colwell, 2005) and starting 2022 by the Past software (Hammer et al., 

2001).  
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(Hammer et al., 2001) . 

Figure B17: The average effective number of species for stony corals at the Eilat reefs since 2004. 

This is calculated from the Shanon-Wiener diversity index of coral taxa estimated by the 

EstimateS software (Colwell, 2005) and starting 2022 by the Past software (Hammer et al., 2001). 

 

˭˥˟ˮ ˫˧ˠˣˬ˪˞ˢ ˭ˣˣˠˬ ˸ˣ˰˴ˬ˞˟ ˫ˠ ) ˢ˶˧˟˴ ˸ˣˬˣ˵˰rarefaction˫˧ˠˣ˯ ˪ˣˬ ˫˧˦˶˲ ˪˷ (.   ˢ˶˧˟˴ˢ ˸ˣˬˣ˵˰ˬ

  ˨˩ ˶˸ˣ˧ ˢˣ˟ˠ ˢˬˣ˵˰ˢ ˞˧˷˷ ˪˩˩ ,˶˸ˣ˧ ˢ˪ˣˡˠ ˸ˣˡ˧˥˞ˢ ˨˩ ˶˸ˣ˧ ˢ˪ˣ˪˸ ˢˬˣ˵˰ˢ˷ ˪˩˩ :˫˧˶˟ˡ ˶˲˯ˬ ˡˣˬ˪˪ ˭˸˧ˮ

˸ˣ˧ ˧˵˲ˣ˞ ˢˬˣ˵˰ˢ ˱ˣ˯˷ ˪˩˩ˣ ,˶˸ˣ˧ ˪ˣˡˠ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˪˷ ˪˞˧˴ˮ˦ˣ˲ˢ ˸˞ ˢ˴ˬˬ ˫ˣˠ˧ˡˢ ˳ˬ˞ˬ ˧˩ ˢ˞˶ˮ ˨˩ ˶

.˫ˠˡˮˢ ˥˦˷ˢ  ˸ˮ˷˟ ˢ˸˷˰ˮ ˢ˶˧˟˴ˢ ˸ˣˬˣ˵˰ ˪˰ ˢ˸˰˲˷ˢˣ ˫ˣˠ˧ˡ˪ ˳ˬ˞ˬ ˸˲˯ˣ˸ ˪˷ ˢˮ˧˥˟2013  ˥"ˣˡ ˣ˞˶)

 ˸ˮ˷˪ ˶ˣ˦˧ˮˢ2013 .( 

 ˭˧˟ ˢ˞ˣˣ˷ˢ˟ ˭ˬ ˢ˶˧˟˴ˢ ˸ˣˬˣ˵˰ ˶ˣ˧˞) ˫˧ˮˣ˷ˢ ˫˧˶˸˞ˢ˟18 ˧˩ ˸ˣ˞˶˪ ˭˸˧ˮ (˟ ˶˸˞IUI-5   ˢ˩ˣˬˮˢ ˸˪˥ˣ˸ˢ

 ˪˷ ˶˸ˣ˧˟˫˧ˠˣˬ˪˞ ˧ˠˣ˯ ˣ˪˧˞ˣ , ˧˶˸˞˟KATZA ˶˸ˣ˧˟ ˢˢˣ˟ˠˢ ˸˪˥ˣ˸ˢ   ˶˸˞ ˫˰ ˡ˥˧ ,˫ˢ˟ˣNR-10 ˫ˠ ,

  .˶˸ˣ˧˟ ˢ˟˶ˢ ˸ˣˡ˧˥˞ˢ 

  ,˶˸ˣ˧˟ ˪ˣˡˠˢ ˫˧ˠˣˬ˪˞ˢ ˶˷ˣ˰37  ˶˸˞˟ ˢˮ˷ˢ ˞˴ˬˮ ,˫˧ˠˣˬ˪˞ ˧ˠˣ˯KATZA-20 ,˶˸ˣ˧˟ ˨ˣˬˮˢˣ ,22 ˞˴ˬˮ ,

 ˶˸˞˟IUI-5  . 
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 ˞˟ ˶ˣ˧18 ˶˲˯ˬ ˪˷ ˢ˶˧˟˴ ˸ˣˬˣ˵˰ : ˫ ˧ˠˣˬ˪˞ˢ ˧ˠˣ˯  ˣ˟˷ˣ˥˷ ˧˲˩ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ ˪ˣˬ ˶˸˞ ˪˩ ˶ˣ˟˰   ˸ˮ˩˸ ˧ˡ˧ ˪˰

Past  )Hammer et al., 2001(.   

Figure B18: Rarefaction curves of taxa richness based on colony counts, calculated for each site 

with the Past software (Hammer et al., 2001).  

 

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

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

 ˢ˧ˢ ˢˮ˷ˢ ˞˴ˬˮ˷ ˫˧ˠˣˬ˪˞ˢ46 ˫˧ˮ˷ˢ ˟ˣ˶˪ ˢ˞ˣˣ˷ˢ˟ ˢˣ˟ˠ ˦˰ˬ ,ï   ˪˷ ˶˸ˣ˧ ˟˶ ˶˲˯ˬ ˢ˞˶ˮˢ ˪˩˩ ˢ˟˧˯ˢ ˧˩ ˱˞

 ˶ˣ˧˞) ˫ˠˡˬ˟ ˣ˪˪˩ˮ ˶˷˞ ˸ˣ˟˷ˣˬ˟19  .( 

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

 ˸ˮ˷ ˤ˞ˬ ˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˢ˸ˮ˸˷ˢ ˞˪ ,ˢ˶˧˟˴ˢ ˸ˣˬˣ˵˰ ˪˰ ˯˯˟˸ˢ˟ ,"˸˪˧˞ ˸ˣ˧ˮˣ˷"˟2004  ˫˧ˠˣ˯ˢ ˶˲˯ˬ ˢˮ˷ˢ .

 ˪˰ ˡˬ˰ ˧ˣ˲˴ˢ36 x-39˟ ˶ˣ˧˞) ˢˬ˞˸ˢ˟ ,20 ˪˷ ˸˧˞˶˵˞ ˢ˶˧˲˯ ˧˩ ˢ˞˶ˮ ,ˢˬ˧ˠˡˢ ˳ˬ˞ˬ ˸ˮ˧˥˟ˬ .(500   ˫˧˦˶˲

 ˧˶˥˞ ,˫˧˲˯ˣˮ .˭ˣ˷˞˶ˢ ˱˪˞˟ ˣ˪˪˩ˮ ˞˪˷ ˫˧ˮ˧ˬ ˢ˷ˣ˪˷ ˵˶ ˸ˣ˪ˠ˪ ˢ˧ˣ˲˴ ,˱˪˞ ˣ˶˲˯ˮ ˶˟˩˷ 

 

 

 
˟ ˶ˣ˧˞19  ˸ˮ˩˸ ˧ˡ˧ ˪˰ ˣ˟˷ˣ˥˷ ˧˲˩ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ ˪ˣˬ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˶˲˯ˬ ˪˷ ˢ˶˧˟˴ ˸ˣˬˣ˵˰ :Past  

)Hammer et al., 2001(   ˤ˞ˬ ˢˮ˷ ˪˩˟ "˸˪˧˞ ˸ˣ˧ˮˣ˷" ˶ˣ˟˰2004 . 
Figure B19: Rarefaction curves of taxa richness based on colony counts, calculated with the Past 

software (Hammer et al., 2001) for the ñEilat Reefsò since 2004. 
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 ˞˟ ˶ˣ˧20 : ˪˷ ˸˧˞˶˵˞ ˢ˶˧˲˯˟ ˪˟˵˸ˢ˪ ˧ˣ˲˴ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˶˲˯ˬ1000 x- 1500  ˤ˞ˬ "˸˪˧˞ ˸ˣ˧ˮˣ˷"˟ ˸ˣ˟˷ˣˬ

 ˸ˮ˷2004 .ˢ˶˧˟˴ˢ ˸ˣˬˣ˵˰ ˪˰ ˯˯ˣ˟ˬ , 

Figure B20: The expected number of stony coral taxa per 1000 and per 1500 random coral 

colonies in the ñEilat Reefsò since 2004 based on the rarefaction curves.   

 

 ˧˦ˮˮ˧ˬˣˡˢ ˠˣˬ˪˞ˢ ˪˷ ˣ˵˪˥ ˡ˶˧ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˨˪ˢˬ˟Acropora  ˥˦˷ˬ ˰˟˶˩ ˣˣ˧ˢ ˢ˪˞ ˫˧ˠˣˬ˪˞ .

 ˸ˮ˷˪ ˡ˰ˣ ˶ˣ˦˧ˮ˪ ˸ˣˮˣ˷˞˶ˢ ˫˧ˮ˷˟ ˫˧ˠˣˬ˪˞ˢ2009 ˸ˮ˷ˬ ˪˥ˢˣ ,2010  ˫˵˪˥ ˢ˧ˢ ˢˮ˷ˢ .˸˧˷˧ˬ˥˪ ˫˵˪˥ ˡ˶˧

 ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˪˪˩ˬ16% ˠˣˬ˪˞ˢ .Stylophora ˩) ˶˸ˣ˧˟ ˳ˣ˲ˮ ˧ˮ˷ˢ ˞ˣˢ-10%   ˶˸ˣˮˣ (ˢˮ˷ˢ

  ˧ˣ˯˧˩ ˪˪˩ ˨ˣ˸ˬ ˫˵˪˥ ˪˰ ˣ˶ˬ˷ ˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ ˸˷ˬ˥ ˭˧˟ˬ ˫˧˶˥˞ˢ ˫˧ˠˣˬ˪˞ˢ ˢ˷ˣ˪˷ ˫ˠ .˫˧ˮ˷ˢ ˨˪ˢˬ˟ ˟˧˴˧

˟ ˶ˣ˧˞) ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ21 ˧ˠˣˬ˪˞˷ ˱˞ ˪˰  .(Acropora   ,˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ ˫ˮ˧ˢ  ˸˪˧˞˟ ˫˧ˠˣˬ˪˞ˢ ˸˶˟˥

˸ˣˮˣˣˠˬ  ˮ ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˟˩˶ˢ˟ ˫˧˧ˣˮ˧˷ˢ .ˢ˟˧˴˧ˣ  ˪˷ ˫˵˪˥ ,˫˧˪ˣˡˠ ˫ˮ˧˞ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˨˶ˣ˞˪ ˸˪˧˞˟ ˫˧˴ˣ˲

ˬ ˢˣ˟ˠ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˪˩ ˨˶ˣ˞˪ ˢ˧ˢ ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ ˢ˷˧ˬ˥- 50%˩ ˫˧ˣˣˢˬ ˫ˢ ˢˮ˷ˢˣ ,- 50%   ˧ˣ˯˧˩ ˨˯ˬ

 .˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ˫˧ˣˣˢˬ ˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ ˫˧˶˷˰ ˩ ˢˮ˷ˢ- 92%  ˦˶˯ ˪˰ ˡˡˬˮ ˨˶ˣ˞ ˧˲˪)

 ˸˪˧˞˟ ˫˧ˠˣˬ˪˞ˢ ˪˪˩ˬ (ˢˡ˧ˡˬˢˢˬˣˡ˟  .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˧ˮˣ˸ˮ˪ 

 ˤ˞ˬ2017 ˟ ˣ˷˰ˮ ˫˧ˠˣˬ˪˞ˢ ˠˣˣ˧˯˸˪˧˞˟ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˪˷  ˫˧˧ˣˮ˧˷ ˫˧˧ˣˮ˧˷˪ ˫˞˸ˢ˟  ˸˧˧ˬˣˮˣ˯˵˦˟ ˣ˷˰ˮ˷

 ˠˣˬ˪˞ˢ ˪˷ˬ˪ ˨˩ .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˫˧ˠˣˬ˪˞ˢDipsastrea  ˸ˣˬˡˣ˵ˢ ˫˧ˮ˷˟ ˞˶˵ˮFavia ˢˮˣ˩ˬˢ ˠˣˬ˪˞ˢˣ ,

Paramontastrea  ˠˣ˯˪ ˸ˣˬˡˣ˵ ˫˧ˮ˷˟ ˨˧˧ˣ˷Favites  ˶˩ˣˬ ˢ˧ˢ˷ ˱˞ ˪˰ ˷ˡ˥ ˫˧ˠˣˬ˪˞ ˠˣ˯ "˱˯ˣˮ"˷ ˞˴ˣ˧ ˨˩ .

 ˸˴ˣ˟˵ ˪˷ ˫˧ˠˣˬ˪˞ˢ ˶˲˯ˬ ,˪˧˟˵ˬ˟ .˸˶˥˞ ˢ˴ˣ˟˵˟ ˪˪˩ˮ ˨˞ ˸ˣˬˡˣ˵ ˫˧ˮ˷˟Favites  ˨ˣˬˮˢ˪˞ ˫˧˧˸ˮ˷˟   ˶˷˞ˬ

 .˷ˡ˥ ˯ˣ˦˦˯˪ ˣ˩ˤ ˸ˣ˟˷ˣˬˢ ˭ˬ ˵˪˥˷ ˭ˣˣ˧˩ˬ ˸ˣˬˡˣ˵ ˫˧ˮ˷˟ 

 

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

  .ˣ˵ˢ ˧˩˸˥˟ ˡˡˬˮˢ ˥˦˷ˢ ˨˯ˬ ˧ˣ˯˧˩ˢ ˤˣ˥˞ ˫˷˶ˮ 
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ˣ˧˞˟ ˶21: ˧ˠˣ˯ ˢ˷˧ˬ˥   ˫˧ˠˣˬ˪˞ˢ ˢˮ˷˟ ˢ˴ˣ˲˸ˢ ˶ˡ˯ ˧˲˪ ˫˧˶ˡˣ˯ˬ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ

 ˡˡˬˮˢ ˫˧ˠˣˬ˪˞ˢ ˨˶ˣ˞ ˨˯ ˨ˣ˸ˬ ˶˟˦˴ˬˢ ˫˩˶ˣ˞ ˰˴ˣˬˬ˩ ˟˷ˣ˥ˬ ˫˧ˠˣˬ˪˞ˢ ˪˷ ˫˵˪˥ .ˢˮˣ˶˥˞ˢ  ˸ˣ˧ˮˣ˷˟ ˣ˵ˢ ˧˶˵˯˟

 .˸˪˧˞ 

Figure B21: The five most abundant coral taxa in the reefs of Eilat during the monitoring period, 

arranged according to their abundance in the last year. The fraction percent is the average 

accumulated length of a coral taxa out of the total coral length measured in line transect surveys 

of the Eilat reefs. 
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 ˢ˪˟˦3˟:   ˧˲˪) ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ ˫˧˶˷˰ˤˣ˥˞ ˶ˣ˦˧ˮˢ ˥˦˷˟ (˧ˣ˯˧˩,   ˧˶˸˞ˬ ˡ˥˞ ˪˩˟ ˫ˢ˪˷ ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ ˤˣ˥˞ˣ

  .˶ˣ˦˧ˮˢ 

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.  

 
 

 

Katza 
10 

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

Eilat 
(Average) 

Acropora 5.0 2.5 4.7 1.2 9.6 1.9 2.0 4.8 4.38 

Montipora 2.9 3.0 3.4 0.6 6.3 0.5 1.0 1.6 2.65 

Stylophora 1.9 2.4 5.6 0.6 1.0 2.6 2.4 1.6 2.33 

Goniastrea 2.8 1.6 7.9 1.1 0.5 2.5 0.4 0.3 2.23 

Echinopora 2.4 2.5 5.5 0.3 3.2 0.2 0.2 0.4 1.86 

Lobophyllia 0.2 0.3 9.5 0.0 1.1 0 0 0.0 0.93 

Cyphastrea 1.1 0.9 1.4 0.3 3.0 1.8 1.6 0.5 0.91 

Dipsastraea 1.2 1.0 0.3 1.0 1.4 2.8 1.7 1.0 0.83 

Paramontastraea 0.8 2.9 0.2 0.2 1.2 0.2 0.6 1.0 0.75 

Porites 0.7 1.3 0.8 0.6 2.1 0.0 0.4 1.0 0.73 

Favites 0.8 1.0 0.1 0.3 1.1 1.1 0.8 0.9 0.71 

Leptastrea 0.9 1.4 0.3 0.3 0.0 0.2 0.2 0.4 0.44 

Mycedium 1.0 0.2 2.2 0 0.1 0 0 0.1 0.42 

Pocillopora 0 0.3 0.3 0.7 0.2 0.2 0.8 1.1 0.37 

Gyrosmilia 0 0.2 0 0.1 0.1 0 0.4 2.6 0.37 

Pavona 0.5 2.0 0.0 0.0 0.5 0.0 0 0.0 0.29 

Millepora 0.0 0.2 0.1 0.1 0.2 0.9 1.1 0.5 0.25 

Platygyra 0.6 0.2 0.4 0.3 0.2 0.8 0.3 0.1 0.25 

Astreopora 0.3 0.2 0.5 0.4 0.6 0 0.2 0.0 0.20 

Plesiastrea 0.3 0.1 0.2 0.5 0.1 0.2 0.5 0.0 0.20 
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˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ 
 

  ˶˸ˣ˧˟ ˡˬ˪ˮˢˣ ˶˸ˣ˧˟ ˢ˞˶ˮˢ ˣ˸ˣ˧ˢ˟ ˢ˪ˣˡˠ ˸ˣ˟˧˷˥ ˣ˪ ˶˷˞ ,˸˧ˮˣ˷˟ ˧ˡˣ˥˧˧ ˶ˣˤ˞ ˢˣˣˢˬ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷

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

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

 ˢ˰˧ˠ˲˪ ˶˸ˣ˧˟ ˱ˣ˷˥ ˫ˠ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ .˸ˣ˶˰˯ˬˣ ˫˧˧ˮˣ˴˧˵ ˫˧˪˲˷ˬ ˰˲˷ˣˬ ˣ˸ˣ˧ˢ˟ ,"˸˧ˮˣ˷ ˸ˬˡ˧˵" ˧˶ˣˤ˞˟ ˫˪ˣ˩

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

  .ˣ˪˪ˢ ˸ˣ˰˲˷ˢˢ 

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

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

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

 ˸ˮ˷˟ ˣ˪˥ˢ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟2007 . 

 

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

 ˟˶˷˟ ˸˧˸˷˸ˢ ˥˦˷˥˪ˣ˸˧ˮˣ˷ˢ ˭˵ ˧˶˸˞˪ ˡˣˠ˧ˮ˟ .˧˸˧ˮˣ˷ˢ ˸ˬˡ,  ˫˷ˢˤˣ˥˞ ˪˷ ˶˸ˣ˧˟ ˢˣ˟ˠˢ  ˱ˣ˷˥ ˡ˩ˣ˪ˬ ˰˪˯

ˣˢ ˢˮ˷ˢ ˡˡˬˮ˷˩ ˞-47%  ˶˸˞˟)IUI -5˪ˣ˷˟ ,( ˱ˣ˷˥ˢ ˡ˩ˣ˪ˬˢ ˰˪˯ˢ ˥˦˷ ˸˧ˮˣ˷ˢ ˭˥˞ˣˢ ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˩-  

58% .  ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ (ˢ˷˵ˢ ˰˴ˬˢ ˨˯ ˨ˣ˸ˬ) ˪ˬ˶ˣˮˬˢ ˧ˣ˯˧˩ˢ ˤˣ˥˞˪ ˧˥ˢ ˧ˣ˯˧˩ˢ ˤˣ˥˞ ˭˧˟ ˪ˡ˟ˢˢ ˨˩ˬ ˢ˞˴ˣ˸˩

 .˪ˣˡˠ ˣˮ˧˞ ˞ ˪ˢ ˰˵˶˵ˢ ˵˪˥˟ ˸ˣˡˣˮ˸ ˸ˣ˲˴ˮ ˫˧ˮ˷ˢ ˨˷ˬ˟- ,˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˸˧˰˪˯ˢ ˸˧˸˷˸ˢ ˥˦˷˟ˣ ,˸ˡ˩ˣ˪ˬ

˟ ˶ˣ˧˞) ˢ˪˞ ˸ˣˡˣˮ˸˟ ˢˬˠˬ ˸˶˩˧ˮ ˞˪ ˫˪ˣ˞22.( 

 

 
˟ ˶ˣ˧˞22˫˧˸ˬ ˫˧ˠˣˬ˪˞ˣ ,˰˪˯ ,˪ˣ˥ ,˫˧ˠˣˬ˪˞ ˪˷ ˫˧˶˟˦˴ˬˢ ˧ˣ˯˧˩ˢ ˧ˤˣ˥˞ :  ˸ ˧ˮˣ˷ˢ ˭˥˪ˣ˷˟.   ˫˧˰˴ˣˬˬ ˫ˢ ˫˧ˤˣ˥˞ˢ

 .˶˸˞˟ ˣ˷˰ˮ˷ ˣ˵ˢ ˧˩˸˥ ˪˩ ˨ˣ˸ˬ 

Figure B22: Cumulative percent cover of live corals, sand, rock and dead corals at the reef 

table. Values are averages of line transect values. 

 

˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˫˧˧˥ˢ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˧ˣ˯˧˩˩ ,- 19.1Ñ1.5%˸ˬˣ˰˪ ˦˰ˬ ˢ˪˰ ,  ˶˸ˣˮ ˨˞ ,˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷ˢ

 ˳˶ˬ˟ ˢ˶˰˯ˢ ˧ˮ˲˪˷ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˨ˣˬˮ2020 )22.5Ñ2.9%  ˸ˮ˷˟2019 ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˪˷ ˢˡ˧˶˧ˢ .(

˟ ˶ˣ˧˞) ˢ˵ˤ˥ ˸˧ˬˣ˶ˡ ˢ˶˰˯ ˢ˸ˣ˞ ˸˰˧ˠ˲˪ ,˧˪ˣ˞ ,ˢ˶ˣ˷˵23  ˢ˧ˢ ˶ˣ˦˧ˮˢ ˸˶ˠ˯ˬ˟ ˡˡˬˮ˷ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˧ˣ˯˧˩ˢ .(

33.7Ñ3.5% ˸ˮ˷˟ ,2010 . 

) ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˪˷ ˣˤ˪ ˢ˞ˣˣ˷ˢ˟ ˢˢˣ˟ˠ ˢˮ˷ˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ ˫ˠ15.6  ˧˩ ˱˞ ,(˶"ˬ˪ ˸ˣ˟˷ˣˬ

 ˸ˮ˷ ˤ˞ˬ2014  ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˪˰ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ ˫˧˧ˣˮ˧˷ˢï .˫˧ˮ˦˵ 
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˟ ˶ˣ˧˞23ˤˣ˥˞ :  ˧ˣ˯˧˩ˢ˫˧ˠˣˬ˪˞  ˸ˮ˷ ˤ˞ˬ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ˣ2007 . 

Figure B23: Percent cover of live corals and density of coral colonies on the reef table since 

2007. 

 

 ˪˩ˢ ˨˯˟ ˢˮ˷ˢ ˣ˞˴ˬˮ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟19   ˫˧ˠˣ˯ ˶˷ˣ˰ ˡˡˬˮ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˟ˣ˶˟ .˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˫˧ˠˣ˯

 ˭˧˟˷ ˥ˣˣ˦˟20 ˪-23 ˫˧ˮ˷˟ ˶˸ˣ˧ ˫˧˩ˣˬˮ ˫˧˩˶˰ ˫˰ ,2022  -x 2017-2018 ˟ ˶ˣ˧˞)24 ˫˧ˮ˧ˬˢ ˶˷ˣ˰ .(  ˭˥˪ˣ˷˟

 ˸˧ˮˣ˷ˢ) ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞ ˪˩˟ ˶˷˞ˬ ˨ˣˬˮ46 (ˣ˧ˡ˥˧ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˢˮ˷ˢ ˣˢˣˤ ˭˟˞ ˧ˠˣˬ˪˞ . 

 

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

)Hammer et al., 2001(  ˢˮ˷ˢ ˢ˧ˢ2.68  ˢ˧ˢ ˧˟˧˦˵˲˞ˢ ˫˧ˮ˧ˬˢ ˶˲˯ˬˣ14.6  ˣˡˡˬˮ ˶˷˞ ˫˧ˢˣ˟ˠˢ ˫˧˩˶˰ˢ ˭˧˟ ,

˟ ˶ˣ˧˞) ˢ˩ ˡ˰25( . 

 ˶˸ˣ˧ ˪ˣ˪˸ ˰ˣ˲˧˷ ˸˪˰˟ ˢˮ˷ˢ ˶˵˯ˢ ˧ˮˣ˸ˮˬ ˢ˟˷ˣ˥ ˶˷˞ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˫˧ˠˣˬ˪˞ ˧ˠˣ˯ ˪˷ ˢ˶˧˟˴ˢ ˸ˬˣ˵˰

 .˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˟ˣ˶ ˭˧˟ ˢˠ˧˶˥ ˞˪ ˨˞ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢˣ˟ˠ ˧˲ˣ˯ ˨˶˰ˣ  ˭ˣˣˠˬˢ ˡˡˬ ˧˩ ˢ˞˶ˮ ˫˧ˮ˷ˢ ˪˩˟

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

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

 

 ˪ ˣ˷˟ ˫˧˞˴ˬˮˢ ˫˧ˠˣˬ˪˞˪ ˸˧ˮˣ˷ˢ ˸ˬˡ˵˟ ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ ˭˧˟ ˢ˪ˣˡˠ ˢ˲˧˲˥ ˢˮ˷˧˭˥˨ˣ˸ˬ . 19   ˫˧ˠˣ˯ˢ

 ,˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˣ˞˴ˬˮ ˶˷˞ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷15  ˸ˬ˧˷˶˟ ˫˧˞˴ˬˮ20   .˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ

˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞ ˸ˬˣ˰˪ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˪˷ ˸˧˯˥˧ˢ ˢ˴ˣ˲˸˟ ˫˧˪ˡ˟ˢ ˫ˮ˷˧ ,˸˞ˤ ˫˰  ˢ˪˟˦)

4˟ .(  ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˪˷ ˭˶ˡ˰ˢ ˣ˞ ˭˸ˣ˥˩ˣˮˬ ˡ˞ˬ ˫˧˰˲˷ˣˬ ˫˧ˮ˷ˢ ˭˧˟ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬˣ ˶˷ˣ˰˟ ˫˧˪ˡ˟ˢˢ

 .˧˸ˮ˷ˢ ˶˵˯˟ ˫˧˧˸˷ ˣ˞ ˢ˟˷ˣˬ ˵˶ ˪˪˩ ˨˶ˡ˟ ˸ˣ˞˴ˬˮ ˫ˢˬ ,˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ "˫˧˶˧ˡˮ" 
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˟ ˶ˣ˧˞24:  .˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˶ˣ˞˪ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˧˶˵˯˟ ˣ˞˴ˬˮ˷ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˶˲˯ˬ 

Figure B24: The number of coral genera encountered at the Reef Flat monitoring surveys. 

 

 
˟ ˶ˣ˧˞25 : ˢ˪˰ˬ˪ï   ˡˡˬShannon-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 B25: Top ïShannon-Wienr diversity of stony corals in the years since 2007, bottom ï 

rarefaction curves for coral genus diversity on the reef table since 2007. 
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˟ ˢ˪˟˦4  .˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ˣ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ (˧ˣ˯˧˩ ˧ˤˣ˥˞ ˧˲˪) ˫˧˴ˣ˲ˮˢ ˭˟˞ˢ ˧ˠˣˬ˪˞ : 

Table B4: The most abundant stony corals (by cover percentage) at the reef table and the fore-

reef sites.  

 

 
Fore-Reef Reef Table Rank 

Acropora Platygyra 1 

Montipora Dipsastraea 2 

Stylophora Acropora 3 

Goniastrea Millepora 4 

Echinopora Stylophora 5 

Lobophyllia Favites 6 

Cyphastrea Echinopora 7 

Dipsastraea Goniastrea 8 

Paramontastraea Hydnophora 9 

Porites Pocillopora 10 

Favites Acanthastrea 11 

Leptastrea Goniopora 12 

Mycedium Montipora 13 

Pocillopora Galaxea 14 

Gyrosmilia Lobophyllia 15 

Pavona Cyphastrea 16 

Millepora Pavona 17 

Platygyra Porites 18 

Astreopora Leptastrea 19 

Plesiastrea  20 
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˭ˣ˧ˡ ˸ˣˮ˵˯ˬˣ 

 

  .˸ˣˮˣ˷ ˸ˣ˶˦ˬˣ ˸ˣ˟˧˟˯˪ ˫˧ˬ˞˸ˣˬˢ ˫˧ˠˣ˪ˣ˵˞ ˫˧˶˵˯ ˶˲˯ˬ ˸ˣ˰˴ˬ˞˟ ˰˴ˣ˟ˬ ˸˪˧˞˟ ˸ˣ˧ˮˣ˷ˢ ˟˴ˬ ˶ˣ˦˧ˮ

 ˪˷ ˧˦˯˧˦˦˯ ˭ˣ˧˲˞ .ˣ˵ˢ ˧˩˸˥ ˸˦˧˷˟ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ˣ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˰˴ˣ˟ˬ ˧ˠˣ˪ˣ˵˞ˢ ˶˵˯ˢ ˪˷ ˧˶˞ˢ ˵˪˥

 ,˶˸˞ ˪˩˟ ˸˧ˮˣ˷ˢ ˟˴ˬ ˪˰ ˰˧˟˴ˬ ˣ˵ˢ ˧˩˸˥ ˸˦˧˷˟ ˫˧˶˵˯ ˸ˣ˰˴ˬ˞˟ ˸˧ˮˣ˷ˢ ˧˶˸˞  ˪˷ ˢ˪˶ˣˠ˪ ˯˥˧˧˸ˬ ˣˮ˧˞ˣ

.˸˶˥˞ ˣ˞ ˣˤ ˫˧ˠˣˬ˪˞ ˸˟˷ˣˬ  ˶˥˞ ˟˵˰ˬ ˸˶˷˲˞ˬ ˢ˩ˣ˶˞ ˢ˲ˣ˵˸ ˨˶ˣ˞˪ ˸ˣ˧˟˵˰˟ ˫˧˶˵˯ˢ ˪˰ ˢ˶ˤ˥   ˭ˬˤ˟ ˫˧˧ˣˮ˧˷

 .˪˞˶˷˧ ˥˦˷˟ ˸ˣ˞˴ˬˮˢ ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷ ˸˶˟˥ ˧ˮ˧˧˲˞ˬ ˪˷ 

 ˰˴ˬ ˸ˣˠ˪˲˸ˢ ,˧ˣ˯˧˩ ˧ˤˣ˥˞) ˥˦˷˪ ˫˧˶ˣ˷˵ˢ ˫˧ˮ˧˧˲˞ˬ ˸ˡ˧ˡˬ˪ ˡ˥ˣ˧ˬ˟ ˢ˪˧˰˧ ˫˧˧ˣˣ˵ ˫˧˩˸˥ ˨˶ˣ˞˪ ˢˡ˧ˡˬ

  ˸˧ˮ˟ˣˬˢ ˢ˧˦ˢˢ ˟˵˰ ('ˡ˩ˣ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ ,˫˧˪ˡˠ ˸ˣˠ˪˲˸ˢ) ˢ˶˧˲˯ ˪˰ ˸ˣ˯˯ˣ˟ˬˢ ˸ˣˡ˧ˡˬ˪ ˢ˪˧˰˧ ˸ˣ˥˲ˣ ,('ˡ˩ˣ

˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˧ˮˣ˸ˮ ˫˧ˠ˴ˣˬ ˢˤ ˥"ˣˡ˟ ,˭˩ ˪˰ .˭˦˵ ˪ˡˣˠ˟ ˸ˣ˟˷ˣˬ ˡˠˮ˩ ˭ˣ˵˧˸ ˶˥˞˪ ˸ˣ˟˷ˣˬˢ ˧˪ˡˠ ˸ˣˠ˪˲˸ˢˣ ˸ˣ

) ˸ˣˮˣ˷ ˪ˡˣˠ ˸ˣ˴ˣ˟˵ˬ ˸ˣ˟˷ˣˬ ˭˧˟ ˫˧˧˶˲˯ˬˢ ˫˧˯˥˧ˢ ˪˷ ˶˸ˣ˧ ˸˵˧ˣˡˬ ˢ˩˶˰ˢ ˶˷˲˞ˬˢ ˧˦ˬ˸ˬZvuloni et al., 

2008.( 

 ˫ˮ˧ˢ ˸˧ˮˣ˴˧˵ ˢ˰˶˲ˢ ˪˷ ˢ˞˴ˣ˸ ˫ˮ˧˞˷ ˸˧ˮˣ˷ ˧ˮ˧˧˲˞ˬ˟ ˫˧˧ˣˮ˧˷ˢ ˫ˠ ˨˩ˣ "˸˧ˮˣ˷" ˪˷ ˸˧˰˟˦ ˸ˣ˥˸˲˸ˢ

˧˧ˮˣ˦ˣˮˣˬ ˥˶˩ˢ˟ ˞˪ˣ ˫˧˧˦˧˞ ˫˧˩˧˪ˢ˸˫  ˸˶˟˥˟ ˭ˢˣ ˸˧˯˧˲ˢ ˢ˟˧˟˯˟ ˭ˢ ,˫ˢ˧ˮ˧˟ˣ ˫˧˶˸˞ˢ ˨ˣ˸˟ ˢ˟˶ˢ ˸ˣˮˣ˷ˢ .

ˣˮ˸˪ˣ˩˧ ˸˞ ˨˯ˬ˪ ˢ˪ˣ˪˰ ,˫˧ˠˣˬ˪˞ˢ  ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˮˣ˸ˮ ,˸˞ˤ ˫˰ .˸ˣ˧ˮˣ˴˧˵ ˞˪ ,˸ˣ˪˵ ˸ˣˬˠˬ ˭˥˟˞˪ ˸˧˦˯˧˦˦˯ˢ

  ˪˰ ˰˧˶˸ˢ˪ˣ ˭˥˟˞˪ ˢˡ˰ˣˮ ˫˧ˮ˷ˢ ˭˧˟ ˫˧ˮˣ˸ˮˢ ˸˞ˣˣ˷ˢˣ ,ˢˮ˷ ˧ˡˬ ˸˪˧˞˟ ˸˧ˮˣ˷ ˧˶˸˞ ˪˷ ˸˧ˠˣ˪ˣ˵˞ ˢˮˣˬ˸ ˫˧˶˴ˣ˧

 ˸ˣˬˠˬ ˣ˞ ˨ˣ˶˞ ˶ˣˤ˥ˬ ˭ˬˤ ˧˪˰˟ ˫˧˧˰˟˦ ˫˧˶ˣˤ˥ˬ ˸ˣ˪ˠ˪ ˫ˠ ˣˬ˩ ,˸ˣˠ˧˞ˡˬ ˸ˣ˧ˣ˥˸˲˸ˢˣ ˭ˣ˴˧˵ ˧˟˴ˬ  .˸ˣ˧˦˧˞ ˧ˣˮ˧˷

ˢˮ˷ˬ ˫˧ˮˣ˸ˮˢ ˸ˣ˶˟˦˴ˢ ˫˰   .˸˧˦˯˧˦˦˯ˢ ˭ˣ˥˟˞ˢ ˸˪ˣ˩˧ ˸˶˲˸˷ˬ ˢˮ˷˪ 

  ˫˧˪ˡ˟ˢˣ ˰˴ˬˢ ˠˣ˯˟ ˫˧˪ˡ˟ˢ ,˵ˬˣ˰ˢ ˧˪ˡ˟ˢˬ ˢ˞˴ˣ˸˩ ˫˧˪ˣˡˠ ˫˧˪ˡ˟ˢ ˫ˮ˷˧ ˸˧ˮ˩˸˟ ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˭˧˟

 ˧˲ˣ˞ ˪˰ ˸˧ˮˣ˷˞˶ˣ ˢ˪ˣˡˠ ˢ˰˲˷ˢ ˢ˪˞ ˫˧˧˰˟˦ ˫˧˪ˡ˟ˢ˪ .˫˧˶˸˞ˢ ˪˷ ˢˮˣ˷ˢ ˫ˬˣ˵˧ˬˬ ˫˧˰˟ˣˮˢ ˫˧˧˲˶ˠˣˮ˧˵ˣ˞

ˢ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞ ˢˮˣˬ˷ˬ ˟˩˶ˣˬˢ ˰˴ˣˬˬˢ .˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢˬ ˡ˥˞ ˪˩˟ ˸˧ˮˣ˷ˢ  ˭˞˩ ˢˮˣ˩ˬˢ ,˫˧˶˵˯ˮ

 ˫˪ˣ˞ ,˫˪ˣ˰˟ ˫˧˶˥˞ ˸ˣˬˣ˵ˬ ˫˰ˣ ˫˧ˮ˷ ˭˧˟ ˢ˞ˣˣ˷ˢ ˧˩˶ˣ˴˪ ˸˧˦˯˧˦˦˯ ˸ˣ˷˧ ˞ˣˢ ,"˸˪˧˞ ˸ˣ˧ˮˣ˷"ï  ˪˷ ˫˩˶ˡ˩

 ˫˧˰˴ˣˬˬï  .ˡ˶˲ˮ˟ ˫˧˶˸˞ˢˬ ˡ˥˞ ˱˞ ˠ˴˧˧ˬ ˣˮ˧˞ 

 ˧˪ˣ˧ ˷ˡˣ˥˟2017  ˷ˣˬ˧˷˪ ˥˸˲ˮ˷ ˥˦˷ˢ .˞"˞˴˵ ˸˶˟˥ ˧ˡ˧ ˪˰ ˪˟ˠˣˬ ˫˧ˮ˲˪ ˢ˧ˢ˷ ˱ˣ˥ ˰˦˵ ˶ˣ˟˧˴˪ ˥˸˲ˮ

  ˸˰˴˟ˬ ˫ˢ˟ ˸˧ˮˣ˷ˢ ˧˶˸˞ .˫˧˲ˣ˴ˬ ˧˪˟˥ ˧ˡ˧ ˪˰ ˢ˴˥˶˪ ˪˟ˠˣˬˢ ˶ˣˤ˞ ,˞"˞˴˵ ˱ˣ˥ ˪˷ ˧ˮˣ˲˴ˢ ˵˪˥ˢ ˞ˣˢ ˶ˣ˟˧˴ˢ

˪ˣ˞ ,ˢ˴˥˶˪ ˫˧˥ˣ˸˲˩ ˫˧ˮˬˣ˯ˬˢ ˫˧˶ˣˤ˞˪ ˳ˣ˥ˬ ˫˧˧ˣ˴ˬ ˢ˧˶˵˯ ˸˞ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸  ˫˧˪˪ˣ˴ˢ ˸ˣˬ˩ ˧˩ ˸ˣ˲˴˪ ˭˸˧ˮ ˫

 ˢ˧ˢ˧ ˨˞ ,˱ˣ˥ˢ ˸˥˧˸˲˟ ˶ˣ˷˵ˢ ˧˸ˬˠˬ ˧ˣˮ˧˷ ˭˥˟˞˪ ˭˸˧ˮ ˞˪ ˢ˰˷ ˧˲˪ .˱ˣ˥ˢ ˸˥˧˸˲ ˟˵˰ ˪ˡˠ˸ ˫ˢ˟ ˫˧˶˟ˣ˰ˢ

  ˶ˣˤ˞˪ ˳ˣ˥ˬ ˫˧˧ˣ˴ˬ ˶ˣ˦˧ˮˢ ˧˶˸˞ ,˧˪ˬ˶ˣ˲ ˭˲ˣ˞˟ ,˧˩ ˱˞ ˣ˪˞˩ ˫˧˧ˣˮ˧˷ ˣ˪ˠ˸˧ ˸ˣ˟ˣ˶˵ˢ ˫˧ˮ˷˟ ˫˞ ˸ˣ˞˶˪ ˭˧˧ˮ˰ˬ

.˥˸˲ˮ˷  

 

 ˳˶ˬ˟ ˸˪˧˞ ˧˲ˣ˥˟ ˢ˸˩ˢ ˡ˥ˣ˧ˬ˟ ˢ˵ˤ˥ ˸˧ˬˣ˶ˡ ˢ˶˰˯2020  ˸˶ˠ˯ˬ˟ ˣˡˡˬˮ˷ ˶˸ˣ˧˟ ˸ˣ˵ˤ˥ˢ ˣ˧ˢ ˸ˣ˥ˣ˶ˢ .

 ˢ˰ˮˬ ˢˮˣ˶ˣ˵ˢ ˸˲˧ˠˬ ˢ˟ ˢ˲ˣ˵˸˟ ˢ˰˶˧˞ ˢ˶˰˯ˢ .˫˧˪ˣˡˠ ˣ˧ˢ ˫˧˧˲ˣ˥ˢˣ ˫˧ˡˣˡ˶ˢ ˫˧˶ˣˤ˞˟ ˫˧˵ˤˮˢˣ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸

 ˫˧˶˵˯ˢ ˪˰ ˸ˮ˰˷ˮ ˢ˶˰˯˪ ˫˧˩˧˧ˣ˷ˬˢ ˫˧˵ˤˮˢ ˸˩˶˰ˢˣ ˸˵ˡ˵ˣˡˬˣ ˸˧ˡˣ˯˧ ˢˡˣ˟˰ ˸˧ˮ˩˸ ˸˩˶ˣ˰ ˫˸ˣ˞ ˫˧˧˸ˮ˷ˢ

 ˨˪ˢˬ˟ˣ (ˢ˪˰ˬ˪ ˣ˞˶) ˫˧˪ˣˡˠ ˫ˮ˧˞ ˫˧ˮ˷ ˭˧˟ ˫˧˪ˡ˟ˢˢ ,˟ˣ˶˪ .˳˧˵ ˧ˡ˧ˬ ˶ˣ˦˧ˮˢ15   ˢ˸ˣ˪˧˰˲˪ ˸ˣˮˣ˷˞˶ˢ ˫˧ˮ˷ˢ

 ˳˧˵ ˶˵˯ ˶˥˞˪ ˢ˪ˠ˸ˬˢ ˪ˣˡˠ ˧ˣˮ˧˷ ,˨˩˧˲˪ .˨˷ˬ˸ˬˣ ˧˦˧˞ ˶ˣ˲˧˷ ˶˵˧˰˟ ˸˧ˮ˩˸ˢ ˢˡˡˬ2019  ˪˰ ˰˧˟˴ˢ˪ ˧ˣ˷˰

 ˳˧˵ ˪˷ ˫˧˶˵˯˟ .ˢ˶˰˯ˢ ˸˰˲˷ˢ2020  ˳˧˵ˣ2021   ˸ˣ˧ˮˣ˷˟ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˥ ˢˡ˧˶˧ ˢ˞˴ˬˮ ˭˩˞

 ˳˧˵ ˶˵˯˟ .˸˪˧˞2022   ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ ˢˡ˧˶˧˟ ˢ˸ˣˣ˪ ˣˤ ˨˞ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢ˪˵ ˢ˧˪˰ ˢ˞˴ˬˮ

 ˱˶ˣ˥ ˪˷ ˵ˣˬ˰ˢ ˟ˣ˟˶˰˟ ,˧˪ˣ˞ ,ˢ˶ˣ˷˵ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˢˡ˧˶˧ˢ .˸ˣˮ˦˵ ˸ˣ˟˷ˣˬ ˦˶˲˟ˣ ˫˧ˠˣˬ˪˞ˢ

2022˶˲ ˶˶ˠ ˶˷˞ ,  ˸˞ ˭ˬ˯˪ ˢ˧˧ˣ˷˰ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢ˪˵ˢ ˢ˧˪˰ˢ˷ ˢ˧ˢ ˢ˞˶ˮ ,˸˞ˤ ˫˰ .ˢ˵ˤ˥ ˸ˣ˴˞ ˸˥˧

 .ˢ˶˰˯˪ ˸˯˥ˣ˧ˬˢ ˸ˣ˶ˡ˶ˡ˧ˢˢ ˪˷ ˢ˸ˬ˧˪˟ 

  ,ˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢ ˶˸˞ ˢ˧ˢ ˶˸ˣ˧˟ ˰ˠ˲ˮ˷ ˶˸˞ˢˣ ,˫˧˶˵˯ˮˢˢ ˸˧ˮˣ˷ˢ ˧˶˸˞˟ ˡ˧˥˞ ˞˪ ˭˲ˣ˞˟ ˢ˰ˠ˲ ˢ˶˰˯ˢ

NR-5  ˸ˮ˷˟ ˡˡˬˮ ˣ˟2019   ˪˷ ˫˧ˠˣˬ˪˞ ˧ˣ˯˧˩45.9Ñ2.8%  ˫˧ˮ˷˟ˣ2020-2022  ˭˧˟ ˰ˮ˷ ˧ˣ˯˧˩ ˡˡˬˮ35-

37% ,ˢ˶˰˯ˢ ˧ˮ˲˪˷ ˢˤ˪ ˢˬˣˡ ˫˧ˠˣˬ˪˞ ˧ˣ˯˧˩ ˢˤ ˶˸˞˟ ˡˡˬˮ ˢˮ˷ˢ .44.5Ñ4.6%  ˸ˣ˲˧˲˴˟ ˫ˠ ˢ˧˪˰ ˢ˞˴ˬˮ ˭˩ˣ ,

 ˢ˪ˣˡˠˢ ˞˧ˢ ˢ˶˰˯ˢ ˶˥˞˪ ˣ˟ ˢ˞˴ˬˮ˷ ˢˡ˧˶˧ˢˣ ,˶˸ˣ˧˟ ˪ˣˡˠˢ ˞ˣˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˢˤ ˶˸˞˟˷ ˭ˣˣ˧˩ˬ .˸ˣ˟˷ˣˬˢ

.˸˧˯˥˧ ˢ˪ˣˡˠ "˸˪˧˞ ˸ˣ˧ˮˣ˷" ˞˶˵ˮˢ ˰˴ˣˬˬˢ ˨˶˰ˢ ˪˰ ˣ˸˰˲˷ˢ ,˸˧ˮˣ˷ˢ ˧˶˸˞˟ ˢˡˡˬˮ˷ ˶˸ˣ˧˟   

 

 ˢ˧ˢ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˫˧˧˥ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ ˤˣ˥˞24.9Ñ4.5%  ˳˧˵˟2019 ˧ˮ˲˪ ,

  ˪˷ ˧˶˰ˤˬ ˨˶˰˪ ˡ˶˧ ,ˢ˶˰˯ˢ21.9Ñ3.0%  ˸ˮ˷˟2021 ˪˷ ˧ˣ˯˧˩ ˞˴ˬˮ ˢˮ˷ˢˣ ,24.2Ñ3.9%  ˧ˣ˯˧˩˪ ˟ˣ˶˵ ,

 .ˢ˶˰˯ˢ ˧ˮ˲˪˷ 

 ,˭˟˞ˢ ˧ˠˣˬ˪˞ ˧ˣ˯˧˩˟ ˢ˧˪˰ ˢˮ˷ˢ ˢˡˡˬˮ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˶˸˞˟ ˫ˠ19.1Ñ1.5%  ˸ˮ˷˟ ˧ˣ˯˧˩ˢ ,ˢ˞ˣˣ˷ˢ ˫˷˪ .



 

56 

 

2019 ˢ˧ˢ ,ˢ˶˰˯ˢ ˧ˮ˲˪ ,22.5Ñ2.9%  ˢ˧ˢ ˢ˶˰˯ˢ ˶˥˞˪ ˧˶˰ˤˬˢ ˨˶˰ˢˣ16.2Ñ1.5% ˸ˮ˷˟ ,2021  . 

 ˫˧ˮ˷˟ ˢ˞˴ˬˮ˷ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˥ˢ ˢˡ˧˶˧ˢ2020-2021   ˶ˣ˞˪ˣ ,˸ˣ˟˧˴˧ ˪˷ ˫˧ˮ˷ ˶˲˯ˬ ˶˥˞˪ ˢ˞˟

 ˪˷ ˢ˸˰˧ˠ˲˪ ˫˧˶ˣ˷˵ ˫˧ˡˡˬˮˢ ˫˧˧ˣˮ˧˷ˢ˷ ˢ˶˰˷ˢˢ ˸˵ˤ˥˸ˬ ˢˮ˷ˢ ˢ˩˷ˬˮˣ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˢ˪˥ˢ˷ ˢ˧˪˰ˢ

 ˳˶ˬ ˷ˡˣ˥˟ ˸˧ˬˣ˶ˡˢ ˢ˶˰˯ˢ2020ˣ˞ ,˸ˣ˷˷ˣ˞˸ˢ ˨˧˪ˢ˸ ˪˷ ˣ˸˪˧˥˸˟ ˭˧˥˟ˢ˪ ˭˸˧ˮ ˶˟˩ ˧˩ ˢ˞˶ˮ .  ˫ˡ˵ˣˬ ˫˪

  .˸ˣ˞ˡˣˣ˟ ˸˞ˤ ˰ˣ˟˵˪ 

  ˢ˶˰˯ˢˣ ˢ˟˧˟˯ ˧˞ˮ˸ ˭ˣˣˠˬ˪ ˣ˸ˣ˰˧ˠ˲ˬ ˢ˞˴ˣ˸˩ ˫˧ˮ˷ˢ ˭˧˟ ˶˸ˣ˧ ˸ˣ˪ˣˡˠ ˸ˣˡˣˮ˸ ˭ˮ˷˧ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˶˸˞˟

  .˫˧˧˥ˢ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˧ˣ˯˧˩ˬ ˸˧˷˧ˬ˥˩ ˪˷ ˭ˡ˟ˣ˞ˣ ˸˶˩˧ˮ ˢˡ˧˶˧˪ ˫˷ ˢˬ˶ˠ ˸˧ˬˣ˶ˡˢ 

  ˦˶˲˟ˣ ,˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˧ˣ˯˧˩˟ ˢ˧˪˰ ˢˮ˷ˢ ˢ˞˴ˬˮ ,˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ˣ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ,˫˧˶ˣˤ˞ˢ ˧ˮ˷˟

 ˸ˮ˷˟ ˣˡˡˬˮ˷ ˫˧˩˶˰˪ ˟˶˵˸ˬ ˧ˣ˯˧˩ˢ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟2019 ˶ˣ˧˞) ˢ˶˰˯ˢ ˸˰˧ˠ˲ ˧ˮ˲˪ ,6˟2.(  

 

 
˟ ˶ˣ˧˞26 : ,(˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞ ˢˮˣˬ˷ ˰˴ˣˬˬ) "˸˪˧˞ ˸ˣ˧ˮˣ˷"˟ ˫˧˧˥ ˭˟˞ ˧ˠˣˬ˪˞ ˢ˯ˣ˩ˬˢ ˥˦˷ˢ ˤˣ˥˞˶ˣ˥˷˟  ,

 ,˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˶˸˞˟ˣ˪ˣ˥˩˟ ˪ˣˡ˧ˠ ˸˧˟ ˪˷ ˣ˸ˣ˷˧ˠ˶ ˸˞ ˸ˣ˲˵˷ˬˢ ˫˧ˮ˷ˢ ˭˧˟ ˸ˣ˪ˣˡˠ ˸ˣˡˣˮ˸ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˶˸˞˟ .

.ˢˤ 

Figure B26: The percentage of live coral cover at the ñEilat Reefsò (the average of the eight 

surveyed fore-reef sites), in black, and the reef-table site, in blue. The reef-table monitoring site 

displays large fluctuations, reflecting the high sensitivity of this habitat. 

 

  ˧ˣ˯˧˩˟ ˣˡˡˬˮ ˶˷˞ ˫˧˧ˣˮ˧˷ˢˬ ˫˧˧˦ˬ˶ˡ ˸ˣ˥˲ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˣ˧ˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ ˫˧˧ˣˮ˧˷

) ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˨˞ ,˫˧ˠˣˬ˪˞ˢ2022˟ ˶ˣ˧˞) ˸˰˴ˣˬˬˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˸˶˩˧ˮ ˢˡ˧˶˧ ˢ˞˴ˬˮ (27  ˸ˣ˟˷ˣˬ .(

  ˪˷ ˭˵˪˥ ˰ˮ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟) ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˪˷ ˧˶˞ˢ ˵˪˥ ˸˞ ˸ˣˣˢˬ ˸ˣˮ˦˵ ˫˧ˠˣˬ˪˞

 ˭˧˟ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ63-74%  .˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˸ˣ˧˟ ˢ˰ˠ˲ˮ ˶˷˞ ˪ˡˣˠˢ ˸˴ˣ˟˵ ˫ˠ ˧ˢˣˤˣ (˸ˣ˟˷ˣˬˢ ˪˪˩ˬ

ˬˡˣ˵ˢ ˢˮ˷˟ ˢ˸˧ˢ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˸ˣˮ˦˵ ˸ˣ˟˷ˣˬ ˪˷ ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ  ˸24.1Ñ3.3   ˶"ˬ˪ ˸ˣ˟˷ˣˬ

 ,˸˧˸ˣ˰ˬ˷ˬ ˢ˧˪˰ ˢ˞˴ˬˮ ˢˮ˷ˢˣ38.1Ñ4.6 ˸ˣˮ˦˵ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ .  ˸ˣ˧ˮˣ˷˟ ,˸˧˶˲˯ˬ ,˶˸ˣ˧˟ ˸ˣ˴ˣ˲ˮ ˫ˮˬ˞

  .˸˧˯˥˧ ˢˮ˦˵ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˪ ˫˸ˬˣ˶˸ ˫˪ˣ˞ ,˸˪˧˞ 

  ˸ˣˡ˧˶˷˟ ˶ˣ˲˧˷ ˪˰ ˢ˰˧˟˴ˬˣ ˶ˣ˦˧ˮˢ ˸˪˧˥˸ ˤ˞ˬ ˨˷ˬ˸ˬˣ ˭ˣ˸ˬ ˭˲ˣ˞˟ ˢ˪ˣ˰ "˸ˣ˧ˮˣˮ˧˟ˢ" ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴

ˢ˪˵ ˢˡ˧˶˧ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˢ˞˴ˬˮ ˣˤ ˢ˴ˣ˟˵ ˶ˣ˟˰ ˫ˠ ˨˞ ,ˣˤ ˢ˲ˣ˵˸ ˨˶ˣ˞˪ ˫˧ˠˣˬ˪˞ˢ   ˞˪˪ ˭˸ˣ˲˧˲˴ ˢ˶˞˷ˮ ˢˮ˷ˢˣ
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˟ ˶ˣ˧˞27 :  ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ ,ˢ˦ˬ˪ .˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟ ˪ˡˣˠ ˸ˣ˴ˣ˟˵ ˧˲ ˪˰ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ ,ˢ˪˰ˬ˪

  .˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ ˨˯ ˪ˣˬ ˸ˣˮ˦˵ 

Figure B27: Top, coral colony density by size groups during the monitoring period. Bottom, 

density of ñsmallò coral colonies versus the density of all coral colonies in the ñEilatò reefs.  
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Figure B28: The sampling design in the lagoon. 1 m2 quadrates (red circles) were placed 5 m apart 

along a measuring tape laid cross shore, 9 m from the "shoreline" to the reef table. Each cross 

shoreline includes 5 or 6 quadrates (though in this figure only 4 are depicted). 17 cross-shore lines 

were evenly spread to cover the lagoon area. 
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Figure B29: Relative abundance (by colony number) of the 10 most abundant coral genera in 

the lagoon.  
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˪˟˦˟ ˢ5 ˫ ˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˪˷ (˰ˣ˟˶ ˶˦ˬ˪ ˸ˣ˟˷ˣˬ ˶˲˯ˬ) ˸˰˴ˣˬˬˢ ˭˸ˣ˲˧˲˴ˣ ˸˧˯˥˧ˢ ˭˸˴ˣ˲˸ ,˸ˣ˟˷ˣˬˢ ˶˲˯ˬ :  

ˣ˞˴ˬˮ˷  ˢˮ˷ˢ˟ˢˮˣˠ˪. 

Table B5:  The number of colonies, relative abundance and average density (colonies per square 

meter) of the coral taxa found this year at the lagoon. 

 
Species n Relative abundance [%] n/m2 

Millepora 30 30.6 0.29 

Stylophora 27 27.6 0.26 

Dipsastraea 14 14.3 0.14 

Rhytisma 11 11.2 0.11 

Platygyra 6 6.1 0.06 

Sinularia 3 3.1 0.03 

Montipora 2 2.0 0.02 

Sarcophyton 2 2.0 0.02 

Acropora 1 1.0 0.01 

Favites 1 1.0 0.01 

Pocillopora 1 1.0 0.01 
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 .˫˷ (˫˧ˠˣˬ˪˞ˢ 

 

 

 
˟ ˶ˣ˧˞30 : s ˪˰ˬ˪- ˫˧ˠˣˬ˪˞ ˪˷ (˰ˣ˟˶ ˶˦ˬ˪ ˸ˣ˟˷ˣˬ) ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ ˢˮˣˠ˪˟  ˫˧˧˶˵˧˰ˢ ˫˧ˠˣˬ˪˞ˢ ˦˶˲˟ˣ ,

Stylophora pistillata x- Millepora ˶ˣ˦˧ˮˢ ˸˪˧˥˸ ˤ˞ˬ. ˢ˦ˬ˪-   ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˶˲˯ˬˣ ˪˪ˣ˩ˢ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ

 .˶ˣ˦˧ˮˢ ˸˪˧˥˸ ˤ˞ˬ ˢˮˣˠ˪˟ 

Figure B30: Top- the average density (colonies/square meter) of all coral genera and the 

dominant corals Stylophora pistillata and Millepora found in the lagoon during the monitored 

period. Bottom- the total number of colonies and of coral taxa surveyed in the lagoon since 

2004. 

 

 ˸ˮ˷˟2022  ˪˷ ˭ˣˣˠˬˢ ˡˡˬ ,˦˶˲˟) ˭ˣˣˠˬˢ ˧ˡˡˬ ˸˞ ˟˷˥˪ ˣˮ˶˟˰Shannon-Wiener  ˸ˮ˩˸ ˸ˣ˰˴ˬ˞˟ (

Past )Hammer et al. (2001).ˣˤ ˢˮ˩˸ ˸ˣ˰˴ˬ˞˟ ˷ˡ˥ˬ ˣ˟˷ˣ˥ ˫˧ˮ˷ˢ ˪˩ ˪˷ ˭ˣˣˠˬˢ ˧˩˶˰ˣ ( 

 ˡˡˬ ˪˷ ˣ˩˶˰Shannon-Wiener  ˭ˣˣˠˬ˪ˡˡˬ˪ ˢˮ˷ˢ ˢˬˣˡ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯  ˞˪ ˨˞ ,˸ˬˡˣ˵ˢ ˢˮ˷ˢ

) ˧˦ˬ˶ˡ ˭˲ˣ˞˟1.87 x-1.84˟ ˶ˣ˧˞ ,ˢˬ˞˸ˢ˟ ,31.(   ˶˲˯ˬ˟ ˫˧˧ˣˮ˧˷ˬ ˢ˟˶ ˢˡ˧ˬ˟ ˫˧˰˟ˣˮ ˭ˣˣˠˬˢ ˡˡˬ˟ ˫˧˧ˣˮ˧˷ˢ

˸ˣ˟˷ˣˬ  ˬ ˢ  ˠˣˬ˪˞ˢ ,ˢˮˣˠ˪˟ ˧˦ˮˮ˧ˬˣˡˢ ˭˧Stylophora   .˨˲˧ˢ˪ˣ ,˭ˣˣˠˬˢ ˡˡˬ˟ ˢ˧˪˰ ˢ˟˧˸˩ˬ ˢˤ ˠˣˬ˪˞˟ ˢˡ˧˶˧ˣ

 ˡˡˬˬ ˟˷ˣ˥ˬˢ ,"˧˟˧˦˵˲˞ˢ ˫˧ˮ˧ˬˢ ˶˲˯ˬ" ˧ˡ˧ ˪˰ ˸ˮ˸˧ˮ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˭ˣˣˠˬ˪ ˶˸ˣ˧ ˢ˟ˣ˦ ˢ˩˶˰ˢShannon-

Wiener˪˷ ˭ˣˣˠˬˢ ˯˵ˡˮ˧˞˪ ˢˢˤ ˨˶˰ ˫˧ˮ˸ˣˮ ˣ˧ˢ˷ ˢˬˣˡ ˰˲˷ ˧˪˰˟ ˫˧ˮ˧ˬˢ ˶˲˯˧ˬ ˸˞ ˠ˴˧˧ˬ ˢˤ ˡˡˬ . Shannon-

Wiener ˫˧ˮ˧ˬˢ ˶˲˯ˬ .) ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˧˟˧˦˵˲˞ˢ8.6 ˸ˮ˷˟ ˢˮˣˠ˪˟ ˞˴ˬˮ (2014  ˧˟˧˦˵˲˞ˢ ˫˧ˮ˧ˬˢ ˶˲˯ˬ ˢˮ˷ˢ .

 ˞ˣˢ6.5˩˟ ˨ˣˬˮ ,- 25% .ˢ˩ ˡ˰ ˢˣ˟ˠˢ ˨˶˰ˢˬ 
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˧˞˟ ˶ˣ31 ˪˷ ˭ˣˣˠˬˢ ˡˡˬ ˧˲ ˪˰ ˫˧ˠˣˬ˪˞ˢ ˧ˮ˧ˬ ˭ˣˣˠˬ˟ ˫˧˧ˣˮ˧˷ˢ :Shannon-Wiener  ˤ˞ˬ ˢˮˣˠ˪˟2004   ˧˲˩

˩˶˰ˣˢ˷ ˸ˮ˩˸ ˸˶ˤ˰˟ ˣPast ˢ˪˰ˬ˪)( .(ˢ˦ˬ˪) ˣˮˬˬ ˟˷ˣ˥ˬˢ ˧˟˧˦˵˲˞ˢ ˫˧ˮ˧ˬˢ ˶˲˯ˬˣ   

Figure B31: Changes to the Shannon-Wiener diversity index of corals in the lagoon since 2004, 

estimated using the Past software (top), and the effective number of species calculated from it 

(bottom). 

 

˸ˣˮ˵˯ˬˣ ˭ˣ˧ˡ 

) ˸ˣˮˣ˷˞˶ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˷˟2004-2009 ˭˧˟ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˲˧˲˴ ˢ˰ˮ (3.75 ˪- 3.29   .˶"ˬ˪ ˸ˣ˟˷ˣˬ

 ˱˶ˣ˥˟2009-2010  ˳˧˵˟ˣ ˸ˣ˵ˤ˥ ˸ˣ˧ˬˣ˶ˡ ˸ˣ˶˰˯ ˸˶ˡ˯ ˸˪˧˞˟ ˢ˰ˠ˲2010  ˪˷ ˸ˣ˲˧˲˴ ˢˡˡˬˮ1.93   ˸ˣ˟˷ˣˬ

 ˸ˮ˷˟ ˢˡˡˬˮ ˢ˲ˣ˵˸ ˢ˸ˣ˞˟ ˶˸ˣ˧˟ ˢ˩ˣˬˮˢ ˸ˣ˲˧˲˴ˢ .˶"ˬ˪ ˫˧ˠˣˬ˪˞2012 ,1.50 ˣ˟˷ˣˬ  ˢ˸˲˴ˮ ˢ˧˶˥˞ˣ ,˶"ˬ˪ ˸

 ˳˶ˬ ˪˷ ˢ˵ˤ˥ˢ ˢ˶˰˯ˢ ˸ˣ˟˵˰˟ .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˪ ˡ˰ ˸˧˦˧˞ ˢ˧˪˰2020˪ ˢˮˣˠ˪˟ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˢˡ˶˧ ,- 

1.63  ˪˷ ˸ˣ˲˧˲˴ ˢ˞˴ˬˮ ˢˮ˷ˢˣ0.96  .˶ˣ˦˧ˮˢ ˸ˣˮ˷˟ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˨˶˰ˢ ,ˡ˟˪˟ ˶"ˬ˪ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ 

 ˧˦ˮˮ˧ˬˣˡˢ ˠˣˬ˪˞˟ ˢˮ˧ˢ ˸˧˶˵˧˰ˢ ˢ˰˧ˠ˲ˢStylophora pistillata x  ˸˞ ˣ˟˧˸˩ˢ ˢˤ ˠˣˬ˪˞ ˸˧˧˯ˣ˪˩ˣ˞˟ ˸ˣˡˣˮ˸

  ˶˧ˢˬ ˢˤ ˧ˮ˥˧˷ ˠˣˬ˪˞ .˫˧ˮ˧ˬˢ ˭ˣˣˠˬ˪ ˡˡˬˢ ˨˶˰ ˸˞ ˫ˠ ˢ˟˶ ˢˡ˧ˬ˟ˣ ,˪˪˩˟ ˢˮˣˠ˪ˢ ˸˶˟˥˟ ˫˧˲˴ˮˢ ˫˧˧ˣˮ˧˷ˢ

 ˷˞ˢ ˠˣˬ˪˞ ˪˷ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ .˫˧˪ˠˢ ˳˲ˬ ˸˥˸ ˸ˣ˪˵˟ ˶˟˷ˮ ˶˵˧˰˟ˣ ˸ˣ˵˰ ˭ˣˣˠˬ˪ ˰˧ˠ˲ ˫ˠ ˨˞ ,˥ˣˬ˴˪

Millepora   ˠˣˬ˪˞˟ ˢ˰˧ˠ˲ˢ ˸ˣ˟˵˰˟ ˨˞ ˫˧ˮ˷ˢ ˨˶ˣ˞˪ ˧ˡˬ˪ ˢ˟˧˴˧Stylophora pistillata   ˷˞ˢ ˠˣˬ˪˞ ˨˲ˢ

 ˞˴ˬˮ ˞ˣˢˣ ˢˤˢ ˠˣˬ˪˞ˢ ˸˰˲˧˷˟ ˫ˠ ˢˡ˧˶˧ ˸ˡˡˬˮ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ ,˸˞ˤ ˸ˣ˶ˬ˪ .ˢˬˣˡ ˢˡ˧ˬ˟ ˧˦ˮˮ˧ˬˣˡ˪

 ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˫˧˩ˣˬˮ ˫˧˶˲˯ˬ˟2020-21. 

  ˠˣˬ˪˞ˢ ˸˧˧˯ˣ˪˩ˣ˞Stylophora   ˸˧ˮ˩˸ ˪˷ ˢ˸ˣ˪˧˰˲ ˸ˣˮ˷˪ ˸ˣˬˡˣ˵ˢ) ˫˧ˮ˷ˢ ˨˷ˬ˟ ˸ˣ˟˶ ˸ˣˡˣˮ˸ ˢ˰ˡ˧

 (˶ˣ˦˧ˮˢ.˭ˬˤ ˶ˣ˟˰˩ ˢ˷˷ˣ˞˸ˢˣ  ˸ˣ˟˷ˣˬˣ ˪˪˩˟ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ˟ ˢˡ˧˶˧ˢ ,ˢˮˣˠ˪˟ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟Stylophora  

 ˸ˮ˷ ˭˧˟ ˦˶˲˟2009  ˸ˮ˷ˣ2010  ˢˠ˧˶˥ ˢˣˣˢˬ,"˪˧ˠ˶ˢ" ˟˴ˬˢˬ  ,˸ˣ˷˷ˣ˞˸ˢ ˨˧˪ˢ˸ ˶˩˧ˮ ˭˩ˬ ˶˥˞˪ ˫˧ˮ˷˟

.ˢˮˣˠ˪˟ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ˟ ˢˡ˧˶˧ ˢˡˡˬˮ ˟ˣ˷ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˫˪ˣ˞   ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˶˲˯ˬ˟ ˫˧˧ˣˮ˧˷ˢ˷ ˶˧˟˯

Stylophora  .˫˧ˮ˧ˬˢ ˭ˣˣˠˬ ˡˡˬ˟ ˸ˣˡˣˮ˸ˢ ˸˞ ˫ˠ ˣ˟˧˸˩ˢ˷ ˫ˢ ˧˦ˮˮ˧ˬˣˡˢ 
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˪ ˪˷ ˣ˪˞ ˸ˬˠˣˡ ˸ˣ˧ˬˣ˶ˡ ˸ˣ˶˰˯2020  ˱˶ˣ˥ ˪˷ˣ2009-2010  ˣ˞˧˟ˢ˷ ,ˢ˞˶ˮ˩ ,˭ˢˣ ˢˮˣˠ˪˟ ˸˶˩˧ˮ ˢ˰˲˷ˢ

  ˦ˮˬ˧ˡ˯ ˸ˣˬ˩ ˫˧˰˧˯ˬˢ ,˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˶ˣˤ˞˟ ˸ˣˮˣ˲˦˷ ˫ˠ˷ ˢ˞˶ˮ .ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˲˧˲˴˟ ˢ˪ˣˡˠˢ ˢˡ˧˶˧˪

 .ˢˮˣˠ˪ˢ ˧ˠˣˬ˪˞˟ ˫˧˰ˠˣ˲ ,˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˰˶˧˞˷ ˧˲˩ ˫˧˲ˣ˥ˢ ˪˞ ˢ˪ˣˡˠ 

 ˪˷ ˸ˣˮˣ˷˞˶ˢ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢ˟˶ ˢˡ˧ˬ˟ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸˰˲˧˷ ˢˡ˶˧ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ,˸˞ˤ ˸ˣ˟˵˰˟

 ˸ˣ˯ˮ˪ˣ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸˶˟˥˟ ˫˧˧ˣˮ˧˷ ˶˥˞ ˟ˣ˵˰˪ˣ ˨˧˷ˬˢ˪ ˣˮ˧˪˰ˣ ˶ˣ˦˧ˮˢ˪ .ˢ˪˞ ˫˧˧ˣˮ˧˷˪ ˫˧ˬ˶ˣˠˢ ˸˞ ˡˡˣ˟ 
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.˟3 .˸˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ 
 

 s ˶˦ˬ 

 ˧˟˴˵ ˭ˡˬ˞˯ˣ˧ˠ   ˫˧˶˧˰˴ ˫˧ˠˣˬ˪˞ ˸˵˲˯˞˪ ˡˡˬ˩ ˸ˣ˟˷˧˧˸ˢ ˸ˣ˧˥ˣ˪ ˸ˣ˰˴ˬ˞˟ ˸˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ ˪˷

 .˸˧ˮˣ˷˪ ˯ˣ˧ˠˢ ˪˞˧˴ˮ˦ˣ˲ˣ 

 

 ˸ ˣ˦˧˷ 

 ˣ˟˴ˣˢ ,ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷ˣ ˸˧ˬ˧ˢ ˢˡ˟˰ˬˢ ,˫˧˶˸˞ ˧ˮ˷˟ ˸ˮ˷˟2017 ˸˷˶ ˧˩˶˰ˬ ˢ˷ˣ˪˷ ˷ ˫ˢˬ ˡ˥˞ ˪˩˪

 ˣˡˬ˴ˣˢ12  ˭˪ˡˣˠ˷ ˠˣˠ˧ˤ ˞˪˪ ˸ˣ˧ˬ˶˵ ˸ˣ˧˥ˣ˪25X25    .ˬ"˯ ˸ˮ˷˟2019 .˞"˞˴˵ ˶˸˞˟ ˫ˠ ˫˧ˢˤ ˫˧˩˶˰ˬ ˣ˲˯ˣˣ˸ˢ 

˞˴ˬˮ ˠˣˠ˧ˤ ˞˪˪ ˸ˣ˧ˬ˶˵ ˸ˣ˧˥ˣ˪ x˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˪˧˰˧ ˰˴ˬ˩   ˸ˣ˟˷˧˧˸ˢ ˧˶˵˥ˬ˟ ˷ˣˬ˧˷ ˭ˢ˟ ˢ˷˰ˮˣ

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

 ˸ˣ˧˥ˣ˪ˢ˫˧˯ˮ˩ˣˬ  (˳˶ˬ) ˟˧˟˞˟ ˫˧˪˫˧ˡˬ˴ˣˬˣ  ˵ˬˣ˰˟ ˸˧ˮˣ˷ ˰˪˯˪ ˨ˣˬ˯˟ ˧˸ˣ˶˧˶˷ ˭˲ˣ˞˟ ˣ˥ˮˣˢ˷ ˫˧˩˶˰ˬ˪7-

10  ˶ˣ˧˞) ˫˧˶˦ˬ˟32.(   

 

 
˧˞ ˶ˣ˟32 ˧˩˶˰ˬ : .˸˧ˮˣ˷˟ ˸ˣ˟˷˧˧˸ˢ ˸ˣ˧˥ˣ˪ 

Figure B32: Arrays of coral settlement plates in Eilat's reef.  

 

 ˫˧˧˷ˡˣ˥˪ ˸˥˞˸ˣ˲˯˞ˮ    ˣˢ˷˷ ˸ˣ˧˥ˣ˪ ˪˷ ˞ˣˢ ˧˞ˬ ˱ˣ˯˟ ,˭ˣ˷˞˶ˢ ˱ˣ˯˧˞ˢ˷ ˨˩ ,˸ˣ˧˥ˣ˪ ˷ˣ˪˷ ˨˶˰ˬ ˪˩ˬ

 ,˭ˣ˶˥˞ˢ ˱ˣ˯˧˞ˢˣ ˫˧˧˷ˡˣ˥˩ ˫˧˟˶˟ˬ˟ˣˮ ˱ˣ˯˟ ˨˷ˬ˟ ˫˧˟ ˣˢ˷ ˶˷˞ ˸ˣ˧˥ˣ˪ ˪˷ ˞ˣˢ ,ˢˮˣˬ˷˩  ˢ˲ˣ˵˸ˢ .˫˧˷ˡˣ˥

  ˸ˣ˟˴ˢ ˧ˮˣ˸ˮˬˣ ˸ˣ˶˲˯ˢˬ ˸˶˩ˣˬ˷ ˧˲˩ ˸˪˧˞˟ ˫˧ˠˣˬ˪˞ ˪˷ ˢ˧˧˟˶ˢ ˸ˮˣ˰ ˪˩ ˸˞ ˸˪˪ˣ˩ ˫˧˟ ˸ˣ˧˥ˣ˪ ˣˢ˷ ˢ˟

  ˶ˣ˧˞) ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸˶˧˲˯ ˨˶ˣ˴˪ ˢˡ˟˰ˬ˪ ˸ˣ˧˥ˣ˪ˢ ˸ˣ˞˟ˣˬ ˭˸˞˴ˣˢ ˶˥˞˪ .˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˡ˧ ˪˰ ˸ˣˬˡˣ˵

˟33.( 

  ˶ˣ˞ ˲ˣ˵˯ˣ˶˵˧ˬ ˸ˣ˰˴ˬ˞˟ ˸˧˷˰ˮ ˢ˶˧˲˯ˢ .˭˸˞˴ˣˢ ˫˰ ˡ˧ˬ ˢ˪˧˥˸ˬˢ ˢ˶˧˲˯˪ ˡ˰ ˫˧ ˧ˬ˟ ˸ˣ˶ˬ˷ˮ ˸ˣ˧˥ˣ˪ˢ

  ˫˧˵ˣ˶˧ ˫˧ˮ˧˞˦ˣ˶˲ ˪˷ ˢ˧˴ˮ˯˶ˣ˞ˣ˪˲˟ ˭˧˥˟ˢ˪ ,˟ˣˢ˴ ˶˦˪˧˲ ˸˶ˤ˰˟ ,˶˷˲˞ˬˢ ˪ˣ˥˩ ˶ˣ˞ ˯ˮ˲ˣ (˶˪ˣ˵ˣˮ˧˟) ˶ˤ˥ˣˬ

)green fluorescent proteins, GFP ˮ  ˫˧˟˷˧˧˸ˬˢ ˶˲˯ˬ˪ ˱˯ˣˮ˟ .˫˧ˠˣˬ˪˞ ˪˷ ˫˧˲˧˪ˣ˲ ˫˧ˮ˧˧˲˞ˬˢ (  ˫ˠ ˫˷˶

ˢ˟˷ˣˬ ˪˩˟ ˫˧˲˧˪ˣ˲ˢ ˶˲˯ˬ . 

.ˢ˞˟ˢ ˢˮ˷˟ ,˸˧ˮˣ˷˟ ˫˧˩˶˰ˬ˪ ˭˸˶ˤ˥ˢ˪ ˡ˰ ˸ˣ˶ˬ˷ˮˣ ˸˷˶˟ˬ˟ ˸ˣˡ˶ˣˠˬ ˸ˣ˧˥ˣ˪ˢ ˢ˶˧˲˯ˢ ˶˥˞˪ 
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˧˞ ˶ˣ˟33 :.˸˧ˮˣ˷ˢˬ ˣ˞˴ˣˢ˷ ˸ˣ˟˷˧˧˸ˢ ˸ˣ˧˥ˣ˪ ˪˰ ˸ˣ˶˧˰ˤ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ  

Figure B33: Tiny coral colonies (spats) on settlement plates retrieved from the reef. 
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Figure B34: Top ï the average density of coral spats (per m2) at different time intervals this 

year. Bottom ï the average number of polyps per spat (size). 
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˧˞ ˶ˣ˟35 :(˫˧˯˧˧ˣˠˬˢ ˪ˡˣˠ) ˯˧˧ˣˠˬ˪ ˰˴ˣˬˬˢ ˫˧˲˧˪ˣ˲ˢ ˶˲˯ˬ ˡˠˮ˩ ˰˴ˣˬˬˢ ˫˧˯˧˧ˣˠˬˢ ˶˲˯ˬ  ˞"˞˴˵ ˫˧˶˸˞˟

 .˸˵ˡ˟ˮˢ ˢ˲ˣ˵˸ˢ ˨˷ˬ˟ (ˢ˦ˬ˪) ˭ˣ˩ˬˢˣ (˰˴ˬ˞˟) ˢ˶ˣˬ˷ˢ ,(ˢ˪˰ˬ˪) 

Figure B35: The average number of recruits found on coral settlement plates versus the average 

number of polyps per recruit (recruit size) at the KATZA site (top), the nature reserve (middle) 

and the Interuniversity site (bottom), throughout the examined period. 

 

 ˸ˮ˷ ˤ˞ˬ ˸˧˥˩ˣˮˢ ˣ˸ˮˣ˩˸ˬ˟ ˰˴ˣ˟ˬ ˸˧ˮˣ˷˪ ˫˧˯˧˧ˣˠˬ ˶ˣ˦˧ˮ2017  ˵˧˯ˢ˪ ˸ˣ˶˷˲˞ ˭˧˞ ˭˧˧ˡ˰ ˢˤ ˭ˬˤ ˵˶˲˟ˣ

 ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˸˧˸ˮˣ˰ˢ ˯ˣ˧ˠˢ ˸˧ˮ˟˸ ˶˥˞ ˟ˣ˵˰˪ ˭˸˧ˮ ,˸˞ˤ ˫˰ .˫˧ˮ˷ˢ ˭˧˟ ˫˧˪ˡ˟ˢ ˧˟ˠ˪ ˸ˣ˶ˣ˶˟ ˸ˣˮ˵˯ˬ

˟ ˶ˣ˧˞) ˭ˣ˩ˬˢ ˶˸˞ˣ ˢ˶ˣˬ˷ˢ ,˞"˞˴˵ ˧˶˸˞ ,˫˧˧˶˵˧˰ ˸˧ˮˣ˷ ˧˶˸˞ ˢ˷ˣ˪˷˟36(  ˶˸˞˟ ˫˧˯˧˧ˣˠˬˢ ˸ˣˬ˩ ,˟ˣ˶˪ .

  ˸ˣ˥˲ ˸ˣ˟˷˧˧˸ˢˢ ˸˧ˮ˟˸ ˢˡ˟˰ˬˢ ˶˸˞˟ .˫˧˶˥˞ˢ ˫˧˶˸˞˟ ˶˷˞ˬ ˶˸ˣ˧ ˟ˣ˦ ˫˧˪ˡˠ ˫ˢˣ ˶˸ˣ˧ ˢ˪ˣˡˠ ˢ˶ˣˬ˷ˢ

  ˨˞ ,˶˸ˣ˧ ˢ˪ˣˡˠ ˸ˣˡ˧˶˷ ˸˪˟ˠˬ ˫ˠ ˢˮ˷˧ ˧˪ˣ˞ˣ ˶˸ˣ˧ ˢ˶˴˵ ˫˷ ˸ˣ˟˷˧˧˸ˢˢ ˸ˮˣ˰ ˪˪˩ ˨˶ˡ˟ ˧˩ ˢ˞˶ˮˣ ˢ˶ˣ˶˟

 ˸˩˷ˬ˸ˬ ˢ˪˧ˡˠˣ ˢ˩ˣ˶˞ ˯ˣ˧ˠ ˸ˮˣ˰ ˫˷ ˢ˞˴ˬˮ ˢˮ˷ˢ  ˢˤ ˟˪˷˟ ˧˩ ˢ˞˶ˮ ,˫˧ˮ˷ˢ ˭˧˟ ˫˧˪ˡ˟ˢˢ ˶ˣ˞˪ .ˢˮˣ˰ˢ ˨˶ˣ˞˪
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 ˫˧ˮ˷ˢ ˭˧˟ˣ ˫˧˶˸˞ˢ ˭˧˟ ˢ˪˧ˡˠˢˣ ˸ˣ˟˷˧˧˸ˢˢ ˸˧ˮ˟˸˟ ˫˧˪ˡ˟ˢˢ ˫˞ˢ ˰ˣ˟˵˪ ˸˶˷˲˞ˬ ˢˮ˧˞ ˫˧ˮˣ˸ˮˢ ˸ˣˬ˩

  .ˢ˪˧ˡˠˣ ˯ˣ˧ˠ ˧˧˷˵˟ ˣ˞ ˢ˵˲˯˞˟ ˫˧˪ˡ˟ˢˬ ˫˧˰˟ˣˮ ˫ˢ ˫˞ˢˣ ,˫˧˰ˣ˟˵ 

 

 
˧˞ ˶ˣ˟36 :  .(ˢ˦ˬ˪) ˭ˣ˩ˬˢ ˶˸˞˟ˣ (˰˴ˬ˞˟) ˞"˞˴˵˟ ,(ˢ˪˰ˬ˪) ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˸ˣˮˣ˰ˢ ˭˧˟ˣ ˫˧ˮ˷ˢ ˭˧˟ ˢ˞ˣˣ˷ˢ

 ˪˞ˬ˷ˬï   ˭˧ˬ˧ˬ .˫˧ˬˠˡˮˢ ˭ˬˤˢ ˧˵˶˲˟ ˶˸˞ ˪˩˟ ˸˰˴ˣˬˬˢ ˫˧˟˷˧˧˸ˬˢ ˸ˣ˲˧˲˴ï   .˯˧˧ˣˠˬ˪ ˰˴ˣˬˬˢ ˫˧˲˧˪ˣ˲ˢ ˶˲˯ˬ 

Figure B36: Inter-annual and seasonal comparison of coral settlement at the Nature Reserve 

(top), Katza (middle) and Interuniversity Institute (right). Left ï the average density of coral spats 

at different time intervals between. Right ï the average number of polyps per spat (size). 
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.˟4 .˶˵˯  ˸ˣ˧˪ˣ˥ ˧˶˯˥  ˸ ˧ˮˣ˷˟ ˫˧ˡ˧˧ˮ 
 

 s ˶˦ˬ 

 .˸˪˧˞ ˪˷ ˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷˟ ˫˧˧˶˵˧˰ˢ ˫˧ˡ˧˧ˮˢ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˸˰˲˧˷ ˭ˡˬ˞ 

 

 ˸ ˣ˦˧˷ 

 ˫˸˧˟˶ˬ ˫ˣ˧ˢ ˸ˣ˰˷˟˷ ˭ˣˣ˧˩ˬ ,ˢ˪˧˪ˢ ˸ˣ˰˷˟ ˨˶˰ˮ ˫˧ˡ˧˧ˮˢ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˶˵˯  ˡ˵ˬ˸ˬ ˶˵˯ˢ .˫˧˶˸˸˯ˬ

  ˫˧˵ˬˣ˰˟ (˫˧˶˵˟ˬ˪ ˶ˣˠ˯ˢ ˶ˣˤ˞˟) ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ˣ ˸˧ˬ˧ˢ ˢˡ˟˰ˬ˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˧ˮˣ˷˟5 x- 10   ˫˧˶˦ˬ

.ˢˮˣˠ˪˟ˣ ,(˫˧ˠˣˬ˪˞ˢ ˧˩˸˥ ˫˧˩˶˰ˮ ˫ˢ˟ ˫˧˵ˬˣ˰˪ ˪˧˟˵ˬ˟) 

  .˫ˮˣˤˬ ˶ˣ˥˧˷ ˫˷˪ ˫˶ˣ˸˯ˬˬ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˸˞˧˴˧ ˶˥˞˪ ,ˢ˩˧˷˥ˢ ˸ˡ˶ ˶˥˞ ˢ˰˷˩ ˢ˪˧˥˸ˬ ˢ˶˧˲˯ˢ 

ˬ ˪˥ˢ-2006 ˧˰˦˵ˬ ˸˦˧˷˟ ˶˵˯ˢ ˰˴ˣ˟ˬ-) ˢ˰ˣ˴˶belt-transect) ˢˬ˧ˠˡ ˧˰ˣ˟˧˶ ˸ˬˣ˰˪ (quadrates (

 ˫˧ˮ˷˟ ˫˧˶ˣˡ˯2004-2005 ˨˶ˣ˞˟ ,ˢ˰ˣ˴˶ˢ ˧˰˦˵ˬ .50  ˵ˬˣ˰ˢ ˨˶ˣ˞˪ ˸˧˸ˣ˶˧˶˷ ˢˡˣ˵ˮˬ ˪˥ˢ ˫˧˯˶˲ˮ ,˫˧˶˦ˬ

  ˸˶ˣ˴˟ ˭˵˸ˬ ˵˧ˤ˥ˬˢ ˪˪ˣ˴ ˫ˡ˵˸ˬ ˢ˪˥˸ˢˢ ˸ˡˣ˵ˮˬ .˶˥˟ˮˢT   ˶˷˞ ,˟˴˧ˮˢ ˦ˣˬˢ ˸˥˸ ˞˴ˬˮˢ ˦˶˲ ˪˩ ˶˲ˣ˯ˣ

˥˞ ˶˦ˬ ˣ˩˶ˣ˞  ˶ˣ˧˞) ˡ˟37  ˪˩ ˪˷ ˣ˥˦˷ ˸˧˟˶ˬ ˸˞ ˢˤ ˢ˶˵ˬ˟ˣ ,ˢ˟˶ ˸ˣ˪˧˰˧˟ ˪ˣˡˠ ˥˦˷ ˸ˣ˯˩˪ ˭˸˧ˮ ˣˤ ˢ˦˧˷˟ .(

˰ˢ ˣ˵ ˨˶ˣ˞˪ ˶˸˞  .˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˪˷ ˭˦˵ˢ ˫˶˲˯ˬ ˟˵˰ ˸ˣ˟˧˷˥ ˸˪˰˟ ˢˡ˟ˣ˰ ,˶˥˟ˮˢ ˵ˬˣ˶˸˞˟ ˥˦˷ˢ ˟˶˧ˬ 

˶˵˯ˮ ˞ˢ ˪˩˩ ˸˵˧ˣˡˬ ˢ˶˧˲˯ ˸˪˟˵˪ ˷˵ˣ˟ˬˢ ˵ˬˣ˰ˢ ˣ˵ ˨˶ˣ˞˪  ˫˧˶˦ˬ˶˲ ˪˷ ˢ˩˶˰ˢˢ ˸˪ˣ˩˧ ˢˡ˟˞ ˫˪ˣ˞ ,˶˷˲

 .˶˸˞ˢ ˸˞ ˸ˣˬˠˣˡˢ ˸ˣˮ˦˵ ˢˡ˧ˡˬ ˸ˣˡ˧˥˧ ˪˷ ˸ˣ˟˶ ˸ˣ˶ˤ˥˟ ˫˧˧ˣ˪˸ˢ ˫˧˦˯˧˦˦˯ 

,˫˧˶˲˯ˮˢ ˫˧˦˶˲ˢ  .ˢ˥˲˷ˬ ˣ˞ ˠˣ˯ ˧˲˪ ˫˧ˠˣˣ˯ˬ ,(˸ˣ˩˧˩˶ˣ ˶ˣ˰ ˧˴ˣˣ˵) ˫˧ˡ˧˧ˮˢ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ 

 

 
ˣ˧˞ ˶˟37 ˫˧˟ˣ˪˴ ˸ˣ˦ˣˬ ˤ˥ˣ˞ˢ ˶˵ˣ˯ˢ ˶˟ˣ˰ ˢˡ˧ˡˬ ˦˶˯ ˨˶ˣ˞˪ :˫˧ˡ˧˧ˮ ˸ˣ˧˪ˣ˥ ˧˶˯˥ ˶˵˯˪ ˢ˰ˣ˴˶ˢ ˧˩˸˥ ˸˦˧˷ :

˟ ˸˶ˣ˴T   ˪˰ ˰˟˵ˮ ˢ˩˶ˣ˞ ˶˷˞ ˢ˰ˣ˴˶ ˸˶˵˯ˮ .ˡ˥˞ ˶˦ˬ ˣ˩˶ˣ˞ ˶˷˞ ,˟˴˧ˮˢ ˦ˣˬˢ ˸˥˸ ˫˧˞˴ˬˮˢ ˫˧˦˶˲ˢ ˸˞ ˶˲ˣ˯ˣ

) ˟˴˧ˮˢ ˦ˣˬˢ ˧ˡ˧ ˪˰ ˢ˟˥ˣ˶ˣ ˢˡ˧ˡˬˢ ˦˶˯ ˧ˡ˧1  ˟ ˣ˪ˣ˞˷ ˶ˬˣ˸ :˫ˣ˪˧˴ .('ˬ 

Figure B37: Belt-transect survey of motile invertebrates: a diver holding a T-shaped stick passes 

along a 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˸ 

 ˫˧˶˸˞ˢ ˪˩˟ ˣ˶˵˯ˮ ˢˮ˷ˢ1100 ˟ ˢ˪˟˦˟ ˦ˣ˶˧˲ˢ ˧˲˪ ,˫˧˰ˣ˟˶ ˫˧˶˦ˬ6  ˭˦˵ ˢ˧ˢ ˢˮ˷ˢ ˶˵˯ˮˢ ˥˦˷ˢ .

  ˸˟˷ˣ˥ˬˢ ˸ˣ˲˧˲˴˪˷ ˧ˡ˩ˬ ˭˦˵ ˢ˧ˢ ˫˧˶˵˯ˮˢ ˫˧˶ˣ˴˧ˢ ˟ˣ˶ ˶ˣ˟˰ ˣ˞˴ˬˮ˷ ˫˧˦˶˲ˢ ˶˲˯ˬˣ ˸ˣˬˡˣ˵ ˫˧ˮ˷˟ ˶˷˞ˬ

 .(ˢ˪˟˦˟ ˶ˣ˲˞ ˫˧˰ˣ˟˴ ˢ˪˞ ˫˧˶˵ˬ) ˸ˣ˰ˬ˷ˬ ˢ˧ˢ˸ 

 
˪˟˦˟ ˢ6˷ : .˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ ˫˧ˡ˧˧ˮˢ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ (˶"ˬ˪ ˫˸ˣ˲˧˲˴ˣ ˫˧˦˶˲ˢ ˶˲˯ˬ) ˸ˣ˥˧˩ 

Table B6: Total abundance and average density (number per 1m2) of mobile invertebrates at 

the monitored sites.   

 IUI-5 IUI-10 NR-5 NR-10 Lagoon 

 Density Number Density Number Density Number Density Number Density Number 

 Diadema 0.05 5 0.005 1 0.003 1  0   

Other Urchins 0.01 1 0.01 2 0.078 31 0.005 2   

Total Urchins 0.06 6 0.015 3 0.08 32 0.005 2   

Starfish 0.01 1 0.015 3 0.003 1 0.003 1   

Feather star 0.46 46 0.85 170 0.523 209 0.278 111   

Sea Cucumber 0.08 8 0.045 9 0.06 24 0.125 50   

Basket Star  0 0.02 4 0.018 7 0.01 4   

m2 surveyed 100 200 400 400  

 

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

 ˢ˴ˣ˟˵ˢ ˶˷˞˩ ˶ˣ˦˧ˮˢ ˧˶˵˯˟ ˶˸ˣ˧˟ ˢ˴ˣ˲ˮˢ ˢ˴ˣ˟˵ˢ ˢ˸˧ˢ ˫˧ˢ ˧ˡˣ˲˧˵ ˸˴ˣ˟˵ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˟ˣ˶˟ .˸ˣ˴˞ˬ ˸˧ˮˣ˷ˢ

ˣ ˸ˣ˶˴ˣ˧ˢ ˣ˩˲ˢ˸ˢ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˫˪ˣ˞ ,˫˧ˢ ˸ˣ˪˴˟˥ ˞˧ˢ ˢ˴ˣ˲ˮˢ ˢ˧ˮ˷ˢ  ˶˸ˣ˧ ˢ˴ˣ˲ˮ ˫˧ˢ ˸ˣ˪˴˟˥ ˸˴ˣ˟˵

˟ ˶ˣ˧˞) ˫˧ˢ ˧ˡˣ˲˧˵ ˶˷˞ˬ ˶ˣ˦˧ˮˢ ˧˶˸˞˟38  ˢ˞ˣˣ˷ˢ˟ ˣ˪˧˲˞ ,˫˧ˢ ˧ˡˣ˲˧˵ ˸ˣ˲˧˲˴˟ ˸˲˯ˣˮ ˢˡ˧˶˧ ˢˡˡˬˮ ˢˮ˷ˢ .(

  .˶˸ˣ˧˟ ˢ˩ˣˬˮ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧ˢ ˧ˡˣ˲˧˵ ˸ˣ˲˧˲˴ ˢˤ ˶˵˯˪ ˭ˣ˩ˮˣ ˸ˬˡˣ˵ˢ ˢˮ˷˪ 

 ˶˸ˣ˧˟ ˳ˣ˲ˮˢ ˭˧ˬˢ ˢ˧ˢ ˫˧ˮ˷ˢ ˟ˣ˶˟ ,˫˧ˢ ˧ˡˣ˲˧˵ ˭˧˟Diadema setosum  ˢ˧˪˰ ˢ˸˲˴ˮ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ .

 ˫˧ˢ ˡˣ˲˧˵ˣ ˢˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢˣ ˢˮˣˠ˪ˢ ˧˶˸˞˟ ˫˧˶˥˞ ˫˧ˠˣ˯ˬ ˫˧ ˧ˡˣ˲˧˵ ˸˰˲˧˷˟Echinometra mathaei   ˳ˣ˲ˮ ˢ˧ˢ

 ˡˣ˲˧˵ˢ ˸ˣ˲˧˲˴ ˦˰ˬ ˢ˸˪˰ ˸ˬˡˣ˵ˢ ˢˮ˷˟ .˶˸ˣ˧D. setosum,   ˸ˣ˧ˢ˪ ˶ˤ˥ ˞ˣˢˣ ,ˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˶˵˧˰˟

˶˸ˣ˧˟ ˳ˣ˲ˮˢ ˫˧ˢ ˡˣ˲˧˵˟ ˦˶˲˟ˣ ,˸˪˧˞˟ ˫˧ˢ ˧ˡˣ˲˧˵˟ ˢ˪˥ˬ ˢ˰ˠ˲ ˢˮ˷ˢ .D. setosum ˞˴ˬˮ ˞˪ˣ ˦˰ˬ˩ ˢˤ ˡˣ˲˧˵ˣ ,

 ˢ˧ˢ ˢˮ˷ˢ ˶˸ˣ˧˟ ˳ˣ˲ˮˢ ˡˣ˲˧˵ˢ ,˟ˣ˷ ˨˩ˣ ˫˧˶˵˯ˮˢ ˫˧˶˸˞˟E. mathaei.   ˫˧˶˸˞˟ ˶˸ˣ˧˟ ˢ˪ˣˡˠ ˫˧ ˧ˡˣ˲˧˵ ˸ˣ˲˧˲˴

˶ˣˬ˷ˢ ˶˸˞˟ ˵˶ ˢˮ˷ˢ ˨˞ ,˫˧ˡˣˡ˶ˢ .˫˧˶ˣ˲˯ ˫˧ˡˣ˲˧˵ˬ ˶˸ˣ˧ ˣ˞˴ˬˮ ˡˣˡ˶ˢ ˢ 

 ˸ˮ˷˟2014 ) ˵ˮˣ˷˥ˮ ˶ˣ˦˧ˮˢ ˧˶˵˯˟ ˢˮˣ˷˞˶˪ ˢ˲˴ˮBasket Star, Astroboa nuda  ˸ˣ˧˲˴˸ˢ ˸ˣ˟˶˸ˬ ˤ˞ˬˣ (

 ˣ˶˲˯ˮ ˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷˟ .ˢˤ ˶ˣ˴˧ ˪˷23  ˣ˶˲˯ˮ ˢˮ˷ˢˣ ,˫˧˶˸˞ˢ ˪˩˟ ˪˩ˢ ˨˯˟ ˫˧˦˶˲15  ,˶ˣˬ˞˩ ,˧˩ ˱˞) ˡ˟˪˟

 .˸˪˧˞˟ ˯˯˟˸ˬˣ ˨˪ˣˢ ˢˤ ˶ˣ˴˧˷ ˢ˞˶ˮ .(˶˸ˣ˧ ˭˦˵ ˢ˧ˢ ˶˵˯ˮˢ ˥˦˷ˢ 
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ˣ˧˞ ˶˟38 ˪˷ (˶"ˬ˪ ˫˧˦˶˲) ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ : ˪˪˩ ˧˶˯˥ s ˸ˣ˧˪ˣ˥ˢ˫˧ˡ˧˧ˮ  (ˢ˦ˬ˪) ˫˧ ˧ˡˣ˲˧˵ˣ (ˢ˪˰ˬ˪)   ˧˶˸˞˟

  .˶ˣ˦˧ˮˢ 

Figure B38: The average density (per m2) of all mobile invertebrates (top) and sea urchins 

(bottom) at the sampling sites.  

 

 ˣˡˡˬˮ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˨˷ˬ˟  ˸˧˧˯ˣ˪˩ˣ˞˷ ˢ˞˶ˮ ˭ˬˤ ˨˶ˣ˞˪ ˦˟ˬ˟ ˨˞ ˫˧ ˧ˡˣ˲˧˵ ˸ˣ˲˧˲˴˟ ˸ˣ˪ˣˡˠ ˸ˣˡˣˮ˸

 ˸ˮ˷ ˤ˞ˬ ˦˶˲˟ˣ ,˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˷ˬ˟ ˢˮ˦˵ ˸˪˧˞ ˧˶˸˞˟ ˫˧ˡˣ˲˧˵ˢ2016 ˟ ˶ˣ˧˞)39 ˸ˣ˲˧˲˴ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ .(

 ˸ˣ˧˸ˮ˷ ˸ˣˡˣˮ˸ ˪˰ ˡˣˬ˰˪ ˢ˷˵˷ ˢˮ˦˵ ˨˩ ˪˩ ˫˧ˢ ˧ˡˣ˲˧˵ˢ˯˶˵ ˢ˧˯ˣ˪˩ˣ˞ˢ˷ ˢˬˡˮ ˢ˷˰ˬ˪ˣ  ˪˩˟ ˣ˶˲˯ˮ ˢˮ˷ˢ .

 ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ43  ,˸ˬˡˣ˵ˢ ˢˮ˷˟ ˫˧ˡˣ˲˧˵ˢ ˶˲˯ˬˬ ˰˟˶ˬ ˸ˣ˥˲ ˢˤ .˫˧ˠˣ˯ˢ ˪˩ˬ ˫˧ ˧ˡˣ˲˧˵ ˪˷ ˫˧˦˶˲

 ˸ˮ˷˟ ˶˲˯ˬˢˬ ˸˧˷˧ˬ˥˩ˣ2021  ˸ˣˬˡˣ˵ ˫˧ˮ˷˟ ˶˷˞ˬ ˶˸ˣ˧ ˭˦˵ ˢ˧ˢ ˢˮ˷ˢ ˶˵˯ˮˢ ˥˦˷ˢ˷ ˨˩˟ ˟˷˥˸ˢ˟ ˫ˠ .

˩˟ ˭˦˵)-30% (ï   .˶˸ˣ˧˟ ˸ˣˠ˧˞ˡˬ ˢ˪˞ ˸ˣ˞˴ˣ˸ 

) ˶ˣ˦˧ˮ˪ ˸ˣˮˣ˷˞˶ˢ ˫˧ˮ˷˟ ˢˡˡˬˮ ˫˧ ˧ˡˣ˲˧˵ ˪˷ ˢˢˣ˟ˠ ˸ˣ˲˧˲˴2004-5 ˫˧ˮ˷˟ ˭˩ˣ (2007-8  ˸ˮ˷˟ˣ2012 .

˩˟ ˢˮ˦˵ ˢ˧˯ˣ˪˩ˣ˞ˢ ˸ˣ˲˧˲˴ ˭ˢ˟ ˫˧ˮ˷ ˸ˣˡ˧˶˲ˬ ˢ˪˞ ˫˧˞˧˷ ˭˧˟- 50% . ˫˧ˢ ˧ˡˣ˲˧˵ ˸ˣ˲˧˲˴˟ ˫˧˧ˣˮ˧˷ˢˣ˲˵˧˷  ,

˫˧˶ˣˤ˥ˬ ,ˢ˞˶ˮ˩   .˭ˣˤˬ ˸˵˲˯˞ˣ ˟ˣ˟˶˰ˢ ˵ˬˣ˰ ˭ˣˠ˩ ˸ˣ˧˶ˣˤ˥ˬ ˸ˣ˧˸˟˧˟˯ ˸ˣ˰˲˷ˢ ˣ˞ ,ˢ˧˧˯ˣ˪˩ˣ˞ˢ ˪ˡˣˠ˟ ˫˧˧˰˟˦

˪ ˸ˣˬˡˣ˵ˢ ˫˧ˮ˷˟ ˭˦˵ ˟ˣ˟˶˰ ˵ˬˣ˰-2022   ˢ˵ˤ˥ˢ ˢ˶˰˯ˢ ˦˶˲˟ˣ ˸ˣ˵ˤ˥ ˸ˣ˧ˬˣ˶ˡ ˸ˣ˶˰˯ ˪˷ ˭˸˰˧ˠ˲ ˸˲˯ˣ˸˟

 ˳˶ˬ˟2020ˣˡˠ ˟ˣ˟˶˰ ˵ˬˣ˰ ˱˞ ˪˰ ,˸ˬˡˣ˵ˢ ˢˮ˷˟ .˶˩˧ˮ ˭˲ˣ˞˟ ˫˧ˡˣ˲˧˵ˢ ˸˧˧˯ˣ˪˩ˣ˞˟ ˣ˰ˠ˲ , ˢ˵ˮ˧ˤ ˞˪ ˪

ˣ˪˩ˣ˞ˢ˷ ˢ˧ˢ ˢ˞˶ˮˣ ˢ˶ˤ˥˟ ˫˧ˡˣ˲˧˵ˢ ˸˧˧˯ˣ˪˩ˣ˞ ˸ˣ˶˧ˢˬ˟ ˟˧ˠˢ˪ ˧ˡ˩ˬ ˢˮ˦˵ ˢ˧˯  .˧ˣˮ˧˷˪ 

 ,˨˩˪ ˱˯ˣˮ˟ ˢˮ˥˟ˣ˞ ,˭ˣ˩˧˸ˢ ˫˧˟ ˢ˸˲˴ˮ˷ ˶˥˞˪˸ˣˬ˸ ˢˮ˷ˢ ˶˞ˣˮ˧ ˷ˡˣ˥˟˪˷ ˸˧ˮˣˬˢ ˢ ˫˧ˡˣ˲˧˵  ˭˧ˬˢˬD. 

setosum   ˢˡ˰ˣ˸ ˫ˠ ˶˞ˣ˶˟˲ ˷ˡˣ˥˟ .˫˧˵ˡ˧˧˥ ˫˧ˮˠˣ˸˲ ˸ˣ˴˶˲˸ˢ˟ ˢ˶˷˵ˮ ˶˷˞ ,˫˧˶˥˞ ˸ˣˬˣ˵ˬ˟ˣ ˸˪˧˞˟ ˫ˠ

 ˠˣ˯ˢˬ ˫˧ˡˣ˲˧˵ ˪˷ ˢ˸ˣˬ˸Tripneustes  ˸ˣ˰˧ˠ˲ ˫˰ ˡˡˣˬ˸ˢ˪ ˧ˡ˩ˬ ˢˮ˦˵ ˸˪˧˞˟ ˫˧ˡˣ˲˧˵ˢ ˸˧˧˯ˣ˪˩ˣ˞ ˧˩ ˢ˞˶ˮ .

 .˸˧˦˧˞ ˢ˧ˢ˸ ,˷˥˶˸˸ ˫˞ ,˸ˣ˷˷ˣ˞˸ˢˣ ˢ˪˞ 
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˧˞ ˶ˣ˟39 ˪˷ (˶"ˬ˪ ˫˧˦˶˲) ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ : ˪˪˩ ˫˧ˢ ˧ˡˣ˲˧˵ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ (ˢ˪˰ˬ˪)ˢˮˣˠ˪˟ˣ   .(ˢ˦ˬ˪) 

Figure B39: The average density (individuals per m2) of all sea urchins at the fore-reef sites 

(top) and at the lagoon (bottom).  

 

  ˸˧˧˯ˣ˪˩ˣ˞˟ ˸ˣˡˣˮ˸ˢ ˧˶˥˞ ˸˟˵ˣ˰ ˫˧ˢ ˧ˡˣ˲˧˵ ˸˧˧˯ˣ˪˩ˣ˞ ˪ˡˣˠ˟ ˧˶ˣˤ˥ˬˢ ˧ˣˮ˧˷ˢ ˸˧ˮ˟˸ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟

D. setosum ˟ ˶ˣ˧˞) ˸˦˪ˣ˟ ˸ˣ˥˲ ˣˤ ˸ˣ˪˸ ˢˮˣˠ˪˟ ˣ˪˧˞ˣ40 .(  ˭˧ˬˢˬ ˫˧ˢ ˡˣ˲˧˵ ˸ˣ˲˧˲˴ ˢˮˣˠ˪˟E. mataei  ˞˧ˢ

 .˶˸ˣ˧˟ ˢ˪ˣˡˠˢ 
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˧˞ ˶ˣ0˟4  ˫˧ˢ ˧ˡˣ˲˧˵ ˪˷ (˶"ˬ˪ ˫˧˦˶˲) ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ :Diadema setosum x ˫˧˶˥˞ ˫˧ ˧ˡˣ˲˧˵ ˪˷  ˸ˬˡ˵˟

ˢˮˣˠ˪˟ˣ ˸˧ˮˣ˷ˢ  . 

Figure B40: The average density (individuals per m2) of Diadema setosum and other urchins at 

the forereef and lagoon sites.  

 

 ˞˧˷˟ ˢ˞˴ˬˮˣ ,˸ˣˮˣ˷˞˶ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˤ˞ˬ ˢ˟˶ ˢˡ˧ˬ˟ ˢ˸˪˰ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˫˧ˢ ˸ˣ˪˴˟˥ ˸ˣ˲˧˲˴

 ˸ˮ˷˟2012˟ ˶ˣ˧˞) ˸ˣˮˣ˷˞˶ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˷˪ ˸˧˯˥˧ ˢˢˣ˟ˠ ˢ˶˸ˣˮ ˨˞ ˸ˣ˪˴˟˥ˢ ˸ˣ˲˧˲˴ ˢˡ˶˧ ˤ˞ˬ .41  ˢˮˣˠ˪˟ .(

˧ˮˢ ˸˲ˣ˵˸ ˪˩ ˨˶ˣ˞˪ ˸˧ˮˣ˷ˢ ˸ˬˡ˵˟ ˶˷˞ˬ ˸˶˩˧ˮ ˢˡ˧ˬ˟ ˢˮ˦˵ ˫˧ ˸ˣ˪˴˟˥ ˸ˣ˲˧˲˴  .˶ˣ˦ 

 ˸˞˴ˬˮ ˶ˣ˦˧ˮˢ ˸˪˧˥˸ ˤ˞ˬ˫˧ˢ ˧ˮˣ˲˲˪ˬ ˸˧˧˯ˣ˪˩ˣ˞  ˢ˞˴ˬˮ ˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷˟ .˫˧˶˸˞ˢ ˪˩˟ ˸˩˷ˬ˸ˬ ˢ˧˪˰˟

  ˪˩˟ ˢ˩ˣˬˮ ˫˧ ˧˟˩ˣ˩ ˸ˣ˲˧˲˴ .˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ ˶˸ˣ˧ ˢˢˣ˟ˠ ˫˧ˮˣ˲˲˪ˬˢ ˸ˣ˲˧˲˴ˢ ˢˮ˷ˢ ˨˞ ˸ˬ˧˧ˣ˯ˬ ˢˡ˧˶˧

  .ˢˮˣˠ˪˟ ˶˷˞ˬ ˸˧ˮˣ˷ˢ ˸ˬˡ˵˟ ˶˸ˣ˧ ˢˢˣ˟ˠ ˧˩ ˫˞ ,˫˧˶˸˞ˢ 

  ˫˧˧ˣˮ˧˷ ˣ˞ ˸ˣ˧˶ˣˤ˥ˬ ˸ˣˡˣˮ˸ ˧˟ˠ˪ ˵˧˯ˢ˪ ˢ˷˵ ˭˩ ˪˰ˣ ˡ˞ˬ ˢ˩ˣˬˮ ˫˧ ˧˟˩ˣ˩ˣ ˫˧ ˧ˮˣ˲˲˪ˬ ˪˷ ˫˸ˣ˲˧˲˴

 .˸ˣ˟˶ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˭˸ˮ˧ˢ˟ ˫ˠ ,˫˧˧˸ˬˠˬ 
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 ˞ ˶ˣ˧˟41 ˶ ˲) ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ : ,(ˢ˪˰ˬ˪) ˫˧ ˸ˣ˪˴˟˥ ˪˷ (˶"ˬ˪ ˫˧˦  ˫˧ ˧ˮˣ˲˲˪ˬ ˫˧ ˧˟˩ˣ˩ˣ (˰˴ˬ˞˟)  (ˢ˦ˬ˪)

 ˧˶˸˞˟ˢˮˣˠ˪˟ˣ ˸˧ˮˣ˷ˢ ˸ˬˡ˵  . 

Figure B41: The average density (per m2) of feather-stars (top), Sea Cucumbers (middle) and 

Sea Stars (bottom) at the fore-reef sites and the lagoon.  
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.˟5ˣ˶˵˞ˬ ˪ˣˡ˧ˠ ˟˴˵ .- ˸ ˧ˮˣ˷˟ ˸ˣ˴˞ 
 

 s ˶˦ˬ 

ˢˣ ˸ˣ˟˷˧˧˸ˢˢ ˧˟˴˵ ˭ˡˬ˞ˢ˥˧ˬ˴ ˸ˣˡˣˬ˴ ˸ˣ˴˞ ˪˷- .˸ˣ˴˞ˢ ˸ˣˬ˩ ˸ˣ˯˧ˣ˪ ˢ˧˧˰˶ˢ ˸ˣ˟˧˷˥ˣ ˰˴ˬ 

 

 ˸ ˣ˦˧˷ 

ˢ˷ˣ˪˷  ˫˧˩˶˰ˬ˫ˢ˟ ˷ ˮ ˧ ˪˷ ˸ˣˠˣˤ ˸ˣ˧˥ˣ˪PVC  ˭˪ˡˣˠ˷ ,˸ˣ˩ˣˬ˯10X10  ˸ˮˬ ˪˰ ˯˲˯ˣ˥ ˭ˣ˧˪˰ˢ ˭ˡ˧˴ˣ ˬ"˯

˭˧˟ˢ ˭ˣ˩ˬˢ ˪ˣˬ˷ ˸˧ˮˣ˷˟ ˫˧˶˦ˬ ˢ˶˷˰ ˡ˰ ˢ˰˟˷ ˫˧˵ˬˣ˰˟ ˧˸ˣ˶˧˶˷ ˭˲ˣ˞˟ ˣ˟˴ˣˢ ,˸ˣ˴˞ ˸ˣ˟˷˧˧˸ˢ ˪˰ ˪˵ˢ˪-

 .˧˞˦˧˯˶˟˧ˮˣ˞˟ ˸ˮ˷2007  ˫˧˵ˬˣ˰˟ ,ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷ ˪˷ ˧ˬˣ˶ˡˢ ˢ˵˪˥˟ ˫ˠ ˫˧ˬˣˡ ˫˧˩˶˰ˬ ˣ˟˴ˣˢ20  ,'ˬ5  

 ˪˷ ˭˧˰ ˪ˡˣˠ ˪˰˟ ˸˩˸ˬ ˟ˣ˪˩ ˸ˣ˯ˣ˩ˬ ˸ˣ˧˥ˣ˪ ˧˸˷ˣ ˸ˣ˲ˣ˷˥ ˸ˣ˧˥ˣ˪ ˧˸˷ ˨˶˰ˬ ˪˩˟ .ˢˮˣˠ˪˟ˣ ,'ˬ1X1   ˶ˣ˧˞) ˬ"˯

˟42.(   ˫˧˲ˣ˷˥ ˫˧˥˦˷˟ ˸ˣ˴˞ ˸ˣ˟˷˧˧˸ˢ˪ ˪ˡˣˬ ˸ˣˣˢˬˣ ,˰˴ˬ ˸ˣˡˣˬ˴ ˸ˣ˴˞ ˸ˣ˟˷˧˧˸ˢ˪ ˸ˣ˷ˬ˷ˬ ˸ˣ˧˥ˣ˪ˢ

 ˱˪˥ˣˬ ˷ˡˣ˥˪ ˸˥˞ .˸˧ˮˣ˷˟ ˟ ˠˣˤ ˨˶˰ˬ ˪˩˷ ˡˬˣ˴ˬ ˪ ˸ˣ˧˥ˣ˪)ˢ˲ˣ˷˥-ˢ˯ˣ˩ˬ(  ˸ˣ˧˵ˮ ˸ˣ˧˥ˣ˪˟ï  ˸ˣˢ˷ˢ ˭ˬˤ  ˫˧˟

 .˫˧˧˷ˡˣ˥˩ ˸˧˥ˣ˪ ˪˩ ˪˷ 

 ˸˧˩ˣ˩ˤ ˧˟˧˯ ˶˦˪˧˲ ˪˰ ˸ˣˮˮˣ˯ˬˣ ˫˧ˬˢˬ ˣ˞˴ˣˢ˷ ˸ˣ˧˥ˣ˪ˢˬ ˸ˣˡ˶ˣˠˬ ˸ˣ˴˞ˢGF/A   ˫˧˶˷ˣˬ ˫˧˶˦˪˧˲ˢ .

) ˪ˣˮ˸ˬ:˭ˣ˦˴˞ ˸˯˧ˬ˸˟50:50) (v/v  ˸ˬ˴˰ .˸ˣ˴˞ˢ ˸˯ˬ ˭ˡˬˣ˞˪ ˫˧˷ˬ˷ˬˢ ˫˧˦˸ˮ˧˯ˣ˦ˣ˲ˢ ˫˧˦ˮˬˠ˧˲ˢ ˧ˣ˴˧ˬ˪ (

 ˫˧˦˸ˮ˧˯ˣ˦ˣ˲ˢ ˫˧˦ˮˬˠ˧˲˪ ˫˧ˬ˧˞˸ˬˢ ˪ˠˢ ˧˩˶ˣ˞˟ ˶ˣ˞ˢ ˸˰˧˪˟)E664, E647, E630( ˟ ˸ˡˡˬˮ- 

Spectrophotometer  ˢ ˸ˣˬ˩ ˟ˣ˷˧˥˪ ˸˷ˬ˷ˬˣ- chlorophyll a ,ˢ˪˞ ˸ˣ˴˞˟ ˧˶˵˧˰ˢ ˦ˮˬˠ˧˲ˢ ,˸ˣ˰˴ˬ˞˟ 
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  ˫˧˰ˮˣˬ ˫˧˟ˣ˪˩ˢ˷ ˨˩˟ ,˸˧˪˞˧˴ˮ˦ˣ˲ˢ ˸ˣ˴˞ˢ ˸ˣˬ˩ ˭ˡˬˣ˞˪ ˸ˣ˷ˬ˷ˬ ˸˩˸ˬˢ ˧˟ˣ˪˩ ˧ˡ˧ ˪˰ ˸ˣˮˠˣˬˢ ˸ˣ˧˥ˣ˪ˢ

 ˸ˣ˴˞ ˪˷ ˪ˣˡ˧ˠˢ ˪˞˧˴ˮ˦ˣ˲ .ˢ˪˞ ˸ˣ˴˞ ˪˷ ˫˧˧˶˵˧˰ˢ ˫˧ˮ˩˶˴ˢ ˫ˢ˷ ˫˧˪ˣˡˠ ˸ˣˮˣˤ˪˥ˣ ,˫˧ ˧ˡˣ˲˧˵ ,˫˧ˠˡ ˪˷ ˢ˧˧˰˶

ˣ˪ˢ .˫˧ˬ˟ (˫˧˦ˮ˧˧˶˦ˣˮ) ˭ˣˤˬˢ ˧˶ˬˣ˥ ˸ˣˮ˧ˬˤ ˧ˡ˧ ˪˰ ˢ˟˶ ˢˡ˧ˬ˟ ˦˪˷ˮ  ˸ˣ˴˞ˢ ˸ˣˬ˩˪ ˡˡˬ ˸ˣˣˢˬ ˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥

 ˨˩ˣ ˪˰ˣ˲˟ ˫ˠ  .˸ˣ˴˞ ˪˰ ˢ˧˧˰˶ˢ ˸ˡ˧ˬ˪ 

 ˤˣ˩˧˶ =) ˸ˣ˴˞ˢ ˸ˣˬ˩ ˪˷ ˢˢˣ˟ˠˢ ˸ˣˮˣ˷ˢ ˪˷˟chlorophyll a  ˸˧˷ˡˣ˥ ˢˡ˧ˡˬ ˪˩ ,˧ˣ˯˧ˮˢ ˸ˣ˧˥ˣ˪ ˪˰ (

˪˰ ˸˟˷ˣ˥ˬ- ˣ˸ˣ˞˟ ˣ˞˴ˣˢ˷ ˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪ˢ ˷ˣ˪˷ˣ ˸ˣˮˠˣˬˢ ˸ˣ˧˥ˣ˪ˢ ˷ˣ˪˷ ˰˴ˣˬˬˬ ˧˲ ˣ˸ˣ˞˟ ˶˸˞ ˪˩˟ .˷ˡˣ˥

 ˭˵˸ˢ ˸˞˧ˠ˷ ˸˞ ˫˧ˠ˴˧˧ˬ ˫ˢ ,ˢ˞˧ˠ˷ ˧ˣˣ˵ ˫˧˰˧˲ˣˬ ˫ˢ˟ ˫˧˶˵ˬˢ(Error bars represent the standard error). 

 

 
ˣ˧˞ ˶˟42  :˫ˣ˪˧˴ .˸˩˸ˬ ˟ˣ˪˩ ˧ˡ˧ ˪˰ ˸ˣˮˠˣˬ ˫˧˧˸˷ˣ ,ˢ˧˧˰˶˪ ˸ˣ˲ˣ˷˥ ˸ˣ˧˥ˣ˪ ˧˸˷ .˸ˣ˟˷˧˧˸ˢ ˸˧˥ˣ˪ ˪˷ ˨˶˰ˬ (˞ :

 ˱ ˧˶ ˧˸ˣ˶ :˫ˣ˪˧˴ .˫˧˟ ˫˧˧˷ˡˣ˥ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ˢ ˸ˣ˲˪˥ˣˬ ˷ˡˣ˥ ˧ˡˬ ,ˢ˪˧˪˴˟ ˸ˣ˧˥ˣ˪ ˸˲˪˥ˢ (˟) ˟ˠ˷ ˭˴˧ˮ 

Figure B42: Algae settlement plates. (A) 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. 

 

˸ˣ˞˴ˣ˸  

 ˞˵ˣˣˡ ˢ˪˧ˡˠˢ ˪˞˧˴ˮ˦ˣ˲˟ ˫˧˞˧˷ ˢ˞˶ˬˢ ˸ˣ˟˧˷˧ ˸ˣ˴˞ ˸˥˧ˬ˴ ˪˷ ˸˧˸ˮˣ˰ ˸˧ˮ˟˸˟ ˫˧˸˧˰˪ ˣˮ˪˵˸ˮ ˢˮˣ˶˥˞˪

˧˴ˮ˦ˣ˲ ˞˧˷ ˢˮ˷ˢ .ˣ˧˸˯ˢˣ ˳˧˵ˢ ˧˷ˡˣ˥˟˞) ˶˞ˣˮ˧ ˷ˡˣ˥˟ ˞˵ˣˣˡ ˡˡˬˮ ˢ˥˧ˬ˴ˢ ˪2mg/cm 3.31  ˧˷ˡˣ˥˟ ˫ˠ ˨˞ (

˧˪ˣ˧ ,˳˧˵ˢ-  ˶˷˞ˬ ˢˣ˟ˠ ˪˧˲ˣ˶ˣ˪˩ ˤˣ˩˧˶ (˸˧ˮˣ˷˟ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲ =) ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˪˰ ˞˴ˬˮ ,˶˟ˬ˦˲˯

˟ ˞ 
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˟ ˶ˣ˧˞) ˟˧˟˞ˢˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥ ˶˞˷˟43ˣ˶˵˞ˬ ˸˥˧˶˲ .(-  ˢˮ˷˟ ˶˷˞ˬ ˸ˣ˥˲ ˢ˵ˤ˥ˣ ˸˩˷ˣˬˬ ˢ˸˧ˢ ˢˮ˷ˢ ˸ˣ˴˞

ˬˮˢ ˪˞˧˴ˮ˦ˣ˲ˢ ˞˧˷ˣ ˵ˣˬ˰ ˢ˧ˢ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ˢ˟ ˸ˬˡˣ˵ˢˡ ˢ˧ˢ ˡ2mg/cm 5.33 ˶˞ˣ˶˟˲ ˷ˡˣ˥˟ ,2022  .

˫˧˧˸ˮ˷ ˧ˮ˲˪ ˪˷ ˢˤˬ ˢˣ˟ˠ ˢˮ˷ˢ ˡˡˬˮˢ ˨˶˰ˢ ,˸˞ˤ ˫˰,  ,˳˧˵ ˸˥˧˶˲˟ ˰˶˧˞ ˡˡˬˮˢ ˪˞˧˴ˮ˦ˣ˲ˢ ˞˧˷ ˤ˞2mg/cm  

2.90  ˧˪ˣ˧ ˷ˡˣ˥˟2021  . 

  ˶˥˞ ˟ˣ˶˪ ˸˟˵ˣ˰ (ˢ˧˧˰˶˪ ˸ˣ˲ˣ˷˥ ˸ˣ˟˷˧˧˸ˢ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ =) ˪˰ˣ˲˟ ˸ˣ˴˞ ˸˥˧ˬ˴

 ˣˮ˧˟ ˶˸ˣ˧ ˪ˣˡˠ ˷˶˲ˢ ˞˴ˬˮ ˢˣ˟ˠ ˢ˥˧ˬ˴ˢ ˪˞˧˴ˮ˦ˣ˲ ˫ˢ˟ ˫˧˷ˡˣ˥˟ ˨˞ ,˭˦˵ ˫ˢ˧ˮ˧˟ ˷˶˲ˢˢˣ ˪˞˧˴ˮ˦ˣ˲˟ ˫˧˧ˣˮ˧˷ˢ

  ˪˷ ˞˧˷ ˡˡˬˮ ˢˮ˷ˢ ˶˞ˣˮ˧ ˷ˡˣ˥˟ ,˨˩ .˪˰ˣ˲˟ ˢ˥˧ˬ˴ˢ ˭˧˟ˣ2mg/cm 1.81  ˧˩ ˢ˞˶ˮˣ ,˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪ˢ ˧˟ˠ ˪˰

  ˸˥˧ˬ˴ ˪˞˧˴ˮ˦ˣ˲˟ ˭ˢ ˸˶˩˧ˮ ˸˧˸ˮˣ˰ˢ ˸˧ˮ˟˸ˢˣ ˸ˣ˴˞ˢ ˸˥˧ˬ˴˪ ˵˧˲˯ˬ ˶ˢˬ ˢ˟˧ˠˬ ˢˮ˧˞ ˢ˧˧˰˶ˢ ˢ˪˞ ˫˧˷ˡˣ˥˟

 .˪˰ˣ˲˟ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ˟ ˭ˢˣ ˸ˣ˴˞ˢ 

 

 
 ˶ˣ˧˞˟43 ˸ˣˬ˩ ˰˴ˣˬˬ :chlorophyll a  ˫˧˟ˣ˪˩˟ ˸ˣˮˠˣˬˣ ˸ˣ˲ˣ˷˥ ˸˧˥ˣ˪ ˠ"˰ ˸ˮ˷˟2023 ˪˩ .ˢˡˣˬ˰   ˷ˡˣ˥ ˸ˠ˴˧˧ˬ

˪˰ ˸˟˷ˣ˥ˬ) ˡ˥˞ -  .(˫˧˧˷ˡˣ˥ ˫˧˟ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ ˷ˣ˪˷ ˧˲ 

Figure B43: Average chlorophyll a on exposed and caged settlement plates  in 2023. Each bar 

represents one month (calculated as an average of three plates submerged in the sea for two 

months). 

 

˦ˣ˲˟ ˫˧˞˧˷ ˧ˮ˷ ˣ˞˴ˬˮ ˫˧ˮ˷ˢˬ ˢ˟˶ˢ˟  ˟ˣ˟˶˰ ˪˷ ˫˧ˮ˷˟ ˶˷˞˩ ,˳˧˵ˣ ˱˶ˣ˥ ,˸ˣ˟˧˷˧ˢ ˸ˣ˴˞ˢ ˸˥˧˶˲ ˪˞˧˴ˮ

.˳˧˵ˢ ˪˷ ˢˤˬ ˢˣ˟ˠ ˱˶ˣ˥ˢ ˪˷ ˞˧˷ˢ ˨˶˰ ˵ˣˬ˰  ˶˟ˬ˦˲˯˟2014   ˸ˣ˟˧˷˧ ˸ˣ˴˞ ˸˥˧˶˲ ˪˞˧˴ˮ˦ˣ˲˟ ˞˧˷ ˡˡˬˮ

  ,ˡˣˡ˶ ˟ˣ˟˶˰ ˪˷ ˢˮ˷ ˶ˣ˟˰ ˣ˸ˬ˴˰˟ ˠ˧˶˥ ˢ˧ˢ˷2mg/cm 6.95  ˣˮ˧˞˷ ˶ˣ˶˟ ˧˩ ˫˞ ,˵˲˯ˬ ˶˟˯ˢ ˣ˪ ˞˴ˬˮ ˞˪ˣ ,

 ˫˧ˮ˷˟ .ˤ˞ ˢ˥˧˶˲ ˞˧˷˪ ˫˶ˣˠˣ ˱˶ˣ˥˟ ˣ˞˧˷˪ ˰˧ˠˬˢ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ˪˷ ˢ˞˴ˣ˸2015-2020   ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲

 ˶˥˞˪˷ ˢ˲ˣ˵˸˟ ˡˣˡ˶ ˟ˣ˟˶˰ ˸ˣˮ˷ ˪˷ ˣ˪˞ˬ ˫˧ˢˣ˟ˠ ˟ˣ˶˪ ˫˧ˡˡˬˮˢ ˫˧˞˧˷ˢ ˧˩ ˫˞ ,˶˸ˣ˧ ˨ˣˬˮ ˶˸ˣˮ ˸ˣ˴˞ˢ

2007 . 

  ˸˶ˠ˯ˬ˟ ˸˧ˬ˧ˢ ˢˡ˟˰ˬˢ ˪ˣˬ ˢ˧˰˶ˬ ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˡˡˬˮ˷ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲

ˢ˧ˢ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ 2mg/cm 7.99 ˶˞ˣˮ˧˟ ,2008ˡ˥ˣ˧ˬ˟ ˵ˣˬ˰ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ˢ˟ ˢˮ˷ ,.    ˫˧ˮ˷˟ ˫ˠ

2007 ,2012 x- 2022   ˶˸˞˟ ˸ˣ˟˧˷˧ ˸ˣ˴˞ ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲˟ ˫˧˞˧˷ ˣˡˡˬˮˣ ,˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˵ˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ

 ˶ˣ˧˞) ˸˧ˬ˧ˢ ˢˡ˟˰ˬˢ˟44 .( 

  ˫˧˶˵ˬˢ ˟ˣ˶˟ .˸ˣˮˠˣˬˢ ˸ˣ˧˥ˣ˪˟ ˫˪ˣˠˬˢ ˪˞˧˴ˮ˦ˣ˲ˢˬ ˢˮ˦˵ ˢ˧˧˰˶˪ ˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˸ˣ˴˞ˢ ˸ˣˬ˩

 ˢˮ˦˵ ˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧˩˶˰ ˸˰˶˷ˬ˸ˣ˪˧˰˧˪ ˸ˣˡ˰ ,˪˞˧˴ˮ˦ˣ˲ˢ ˪˷ ˣˤˬ ˢ˟˶ˢ˟   ˸ˣˬ˩ ˸ˣ˯˧ˣ˟ ˢ˧˧˰˶ˢ

 ˭ˢ˟ ˫˧ˮ˷˟ .ˡ˞ˬ ˫˧ˮ˦˵ ˸ˣˮˠˣˬˢˣ ˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪ˢ ˭˧˟ ˫˧˪ˡ˟ˢˢ ˨ˣˬˮ ˸ˣ˴˞ˢ ˪˞˧˴ˮ˦ˣ˲ ˭ˢ˟ ˫˧ˮ˷˟ .˸ˣ˴˞ˢ

) ˭ˬˤ ˥ˣˣ˶ˬ ˶˴ˣˣ˧ˢ˪ ˧ˣ˷˰ ˢˣ˟ˠ ˪˞˧˴ˮ˦ˣ˲ˢtime lag ˸ˣ˰˴ˬ˞˟ ˪ˣˡ˧ˠˢ ˸ˣ˯˧ˣ ˭˧˟ˣ ˸ˣ˴˞ˢ ˪˷ ˶˧ˢˬˢ ˪ˣˡ˧ˠˢ ˭˧˟ (

˶˟ˡ ˪˷ ˣˬˣ˩˧˯˟ .˸ˣ˶˧ˢˬ˟ ˸ˣ˪ˡˠ ˸ˣ˴˞ˢ ˣ˟ ˟˪˷˟ ˢ˴˞ ˫˶ˠ˪ ˢ˧˧˰˶ˢ ˧˴˥˪˟ ˢˡ˧˶˧ˬ ˫˶ˠˮ ˢˤ ˥ˣˣ˶ˬ .ˢ˧˧˰˶  ,

 ˧˩ ˢ˞˶ˮ ˫˧˰ˣ˶ˢ ˸˧˧˯ˣ˪˩ˣ˞˸˸˯ˣˣˬ  ˫˧˸˧˰˪ ˧˩ ˫˞ ,˪˧˰˧ ˭˲ˣ˞˟ ˸˧ˮˣ˷˟ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ ˸˞˷˶ˡˮ   ˪˰ ˶˟ˠ˸ˢ˪ ˭ˬˤ

 ˢ˧˧˪˰ ˢ˶˧ˢˬˢˣ˟ˠ ˪ˣˡ˧ˠˢ ˪˞˧˴ˮ˦ˣ˲ ˭ˢ˟ ˫˧ˮ˷˟ ˸ˣ˴˞ˢ ˸˰˲˧˷˟˟ ˶ˣ˧˞) ˸ˣ˴˞ˢ ˪˩ ˸˞ ˸˪˴ˮˬ ˢˮ˧˞ ˫˪ˣ˰˪ˣ ,44 ,

(ˢ˦ˬ˪. 
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 ˶ˣ˧˞˟44 : ˢ˪˰ˬ˪ï   ˸ˣˬ˩ ˰˴ˣˬˬChlorophyll a  ˤ˞ˬ ˫˧˟ˣ˪˩˟ ˸ˣˮˠˣˬˣ ˸ˣ˲ˣ˷˥ ˸˧˥ˣ˪ ˠ"˰2004 . ˢ˦ˬ˪ï  

  ˭˧˟ˣ ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˸ˣˬ˩ ˭˧˟ ˷˶˲ˢˢ) ˢ˧˧˰˶ˢ ˳˥˪ ˪ˣˬ (˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩) ˪˞˧˴ˮ˦ˣ˲

 .(˸ˣ˲ˣ˷˥ ˸ˣ˧˥ˣ˪ ˪˰ ˣˤˣ˩˧˶ 

Figure B44: Top ï Average chlorophyll a on exposed and caged settlement plates  since 2004. 

Bottom ï Potential (Chl-a from protected, caged, plates) versus grazing pressure (the difference 

between potential and the realized (chl-a on exposed plates) algae growth). 

 

 ˟ ˶ ˟˵˰ˬ ˪ˢˮ˸ˬ ˢˡ˟˰ˬˢ ˪ˣˬ-˫˧ˮ˷,˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸ˬ˵ˢ ˧ˮ˲˪ ˪˥ˢ˷ ,   ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˸ˣˬ˩ ˶˥˞

˳˶ˬ) ˟˧˟˞˟ ˫˧˧˷ˡˣ˥ ˨˷ˬ ˫˧ˬ˟ ˣˢ˷˷-  ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲˟ ˢˮ˷˪ ˢˮ˷ˬ ˫˧˪ˣˡˠ ˫˧˧ˣˮ˧˷ ˫˧˲˴ˮ ˣ˟ˣ (˪˧˶˲˞

 ˶ˣ˧˞) ˣˤ ˢˮˣ˰˟ ˸˧ˮˣ˷˟˟45  .(  ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲ ˞˧˷ =) ˸˧ˮˣ˷˟ ˸ˣ˟˧˷˧ˢ ˸ˣ˴˞ˢ ˸˥˧˶˲ ˭ˣˬˤ˸˷ ˱˞ ˪˰

  ˪˰ ˢ˞ˣˣ˷ˢ ˢ˪˞ ˫˧ˮˣ˸ˮ ˫˧˶˷˲˞ˬ ,ˢˮ˷˪ ˢˮ˷ˬ ˢˮ˸˷ˬ (ˢ˧˰˶ˬ ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶/˸ˣ˴˞ˢ

˷ˣ˪˷ ˪˩ ˸˷˥˶˸ˬ ˟˧˟˞˟ ˸ˣ˟˧˷˧ ˸ˣ˴˞ ˪˷ ˢ˵ˤ˥ ˢ˥˧˶˲ ˧˩ ˢ˞˶ˮ ˣˤ ˭ˬˤ ˸˶ˡ˯˟ .˶˸ˣ˧ ˨ˣ˶˞ ˭ˬˤ ˧ˮ˲- ,˫˧ˮ˷ ˷ˬ˥

˞  ˸ˮ˷ ˪˷ ˭ˣ˶˥˞ˢ ˞˧˷ˢ ˭˧˟ ˨2012 ï ˪˷ ˢˮ˷  ˵ˣˬ˰ ˟ˣ˟˶˰ï  ˸ˮ˷ ˪˷ ˞˧˷ˢˣ2022  .˶˸ˣ˧ ˢ˩ˣ˶˞ ˢ˲ˣ˵˸ ˢ˶˟˰

  ˶˵˧˰ ˧˩ ˭˩˸˧ ˫˪ˣ˞ ,ˢ˪ ˢˬˡ˵˷ ˢ˲ˣ˵˸˪ ˢ˞ˣˣ˷ˢ˟ ˢ˷˪˥ ˢ˸˧ˢ ˸ˣ˟˧˷˧ ˸ˣ˴˞ ˪˷ ˟˧˟˞ˢ ˸˥˧˶˲ ,ˣˤ ˢ˲ˣ˵˸˟

  .(ˢ˪˰ˬ˪ ˭ˣ˧ˡ ˣ˞˶) ˳˧˵ˢ ˧˷ˡˣ˥˟ ˞˵ˣˣˡ ˢ˷˥˶˸ˢ ˢ˪˞ ˫˧ˮ˷˟ ˸ˣ˟˧˷˧ˢ ˸ˣ˴˞ˢ ˸˥˧˶˲ 
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 ˶ˣ˧˞˟45 ˰˴ˣˬˬ :ˤˣ˩˧˶ Chlorophyll a  ˳ ˶ˬ) ˟˧˟˞ˢ ˧˷ˡˣ˥˟-˪˰ (˪˧˶˲˞-˸ˣ˲ˣ˷˥ ˸˧˥ˣ˪ ˧˟ˠ   ˪˥ˢ ,˫˧˟ˣ˪˩˟ ˸ˣˮˠˣˬˣ

 ˸ˮ˷ˬ1997  .˫˧˧˷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.  
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Figure B46: Average chlorophyll a on exposed (blue) and caged (red) settlement plates  at the 

Nature Reserve in 2023. 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. 
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Figure B47: Average chlorophyll a on exposed and caged settlement plates  at the Nature Reserve 
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since 2007. Each point represents one month. Top ï the lagoon, middle ï at 5 meters depth, bottom 

ï at 20 meters. 
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Figure B48: An exposed algae settlement plate from the lagoon.  
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Figure B49: The annual average potential benthic algae growth on the reef slope across the IUI 

versus the mixing depth, since 2004. Years of deep mixing are marked. 
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 ˣˤ ˢ˦˧˷˟ ˸ˮ˥˟ˮ ˞˧ˢ˷ ˧˲˩ ˫˧ˠˡˢ ˸˶˟˥ˢ˶˟˥ˢ ˪˷ ˟˴ˬ ˸ˮˣˬ˸ ˢˣˣˢˬ ˭ˬˤ˟ ˰ˣ˴˧˟   ˭˧˟ ˸ˣˮ˸˷ˢ˪ ˢ˪ˣ˩˧ˣ ,˶˵˯ˢ

ˢˮ˷˪ ˢˮ˷ ˧˯ ˨˩˪ ˢˮ˧˧ˢ˸˷ ˞˪˟˸ˣ˧ˠˣ˪ˣ˵˞ ˸ˣ˟.   ˫˧˶˵ˣ˯ ˫˸ˣ˞ ˧ˡ˧ ˪˰ˣ ˢˮˣ˰ ˢ˸ˣ˞˟ ˫˧ˬ˧˧˵˸ˬ ˫˧˶˵˯ˢ ,˸˞ˤ ˫˰

 ˢˤˬ17 ˢˮ˷ ,ˢ ˶˟ˡ ˶˷˲˞ˬ˟˵˰ˬ ˶˥˞ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˶ˣ˞˪ ˫˧ˠˡˢ ˸˶˟˥. 

 

 ˢˮ˷ˢ ˶˵˯˟ˣ˶˲˯ˮ ˪˩ˢ ˨˯˟ 11,151 ˟ ˫˧ˠˡ-135 ˟ ˫˧˩˸˥˪ ˫˧˩˧˧˷ˢ ,˫ˣˠ˧ˡˢ ˧˶˸˞ ˪˩-98 ˪ˣ ˫˧ˮ˧ˬ-24  

 .˸ˣ˥˲˷ˬ ˪˩˟ ˫˧˦˶˲ˢ ˶˲˯ˬˣ ˫ˠˡˬˢ ˪ˡˣˠ ˢ˪˟˦˟ ˫˧ˮˣ˸ˮ ˶˸˞7˟  ˢ˪˟˦˟ ˭ˣ˸ˮ ˶˵˯ˢ ˸ˣ˞˴ˣ˸ ˦ˣ˶˧˲ˣ8˟  . 

 ˰˴ˣˬˬ˟ ˣ˶˲˯ˮ ˶˵˯ˢ ˧˶˸˞ ˪˩˟ ˣ˷˰ˮ˷ ˫˧˩˸˥ˢ ˪˪˩˟76Ñ9  .ˢˬ˧ˠˡ ˸ˡ˧˥˧˟ ˫˧ˠˡ ˢˮ˷ˢ ˪˪˩ ˫˧ˠˡˢ ˫ˠˡˬ

1230  ,˶ˣ˸˯ˬ˪ˣ ˸˧˰˵˶˵˪ ˡˣˬ˴˟ ˫˧ˮ˩ˣ˷ˢ ˫˧ˠˡ7865 ˩ˣ ,˸˧˰˵˶˵ˢ ˸˟˶˵˟ ˫˧ˮ˩ˣ˷ˢ ˫˧ˡˡˣˮ ˫˧ˠˡ- 928  ˫˧ˠˡ

 ˣ˶˲˯ˮ ˭˩ ˣˬ˩ .ˢˮˣ˧˪˰ˢ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˧˥ˢ934 ˶˷˞ ,˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸˧˴˥ˬ.˫˧ˠˡ ˧ˡ˧ ˪˰ ˸ˣ˟˷ˣ˧ˬ ˣ˧ˢ ˭  

˟ ˢˮˣ˸ˮ ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˸˷˷˟ ˫ˢ˧ˮ˧˧˲˞ˬˣ ˫˶˲˯ˬ ,ˣ˲˴ˮ˷ ˫˧ˮ˧ˬˢ ˸ˬ˧˷˶ˤ ˢ˪˟˦2 ˤ ˥˲˯ˮ˟3 . 

 

ˢˮ˷ˢ   ˞˪ˣ˞˴ˬˮ ˢ˟˶ˢ  ˫˧ˠˡ ˪˷ ˸ˣ˪ˣˡˠ ˸ˣ˵ˢ˪ˢ ˸˥˲˷ˬˬ- Atherinidae  ˫˧ˠˡˢ ˧˶˵˯˟  ˭˶ˡ˰˧ˢ ˣ˞ ˭˸˰˲ˣˢ .

 ˸ˣ˵ˢ˪ ˪˷ˣ˪˞ ˧˪˪˩ˢ ˭ˤ˞ˬ˪ ˯ˮ˩ˣˢ ˞˪ ˨˞ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˶˲˯ˮ ˞ˣˢ ˭˩˪ˣ ,˫ˠˡˬˢ ˸ˣˮˣ˷ ˸˞ ˡˣ˞ˬ ˢ˪˧ˡˠˬ 

ˢ˦ˬ˪ ˠ˴ˣˬˢ ˢˮ˷ˢ . ˩  ˵˶ ˣ˲˴ˮ ˸ˣ˵ˢ˪ ˰˟˶˞˩˟ ˣ˩˶˰ˣˢ˷-100-300 ˢ˵ˢ˪˪ ˫˧ˠˡ ) ˢ˶ˣˬ˷˟ ˡˣˡ˶ˢ ˶˸˞˟5 NR(  ,

ˣ ˫˶˲˯ˬ  ˧˪˪˩ˢ˶˵˯ˢ ˨˪ˢˬ˟ ˡˬ˞ˮ ˩˟-1000 ˫˧ˠˡ  ˩  ˸ˬˣ˰˪)-3000   .(˸ˬˡˣ˵ˢ ˢˮ˷˟ 

 

) ˭ˣ˩ˬˢ ˶˸˞˟ ˶˷˞ˬ ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧ˠˡ ˶˸ˣ˧ ˣ˲˴ˮ ˢ˶ˣˬ˷ˢ ˶˸˞˟83±14   ˢ˶ˣˬ˷˟ ˰˴ˣˬˬ ˨˸˥˪ ˫˧ˠˡ

 ˸ˬˣ˰˪±11 67   ˶˸˞˟ ˢ˧ˣ˲˴ ˶˸ˣ˧ ˢˢˣ˟ˠ ˫˧ˠˡ ˸˰˲˷ .˸˧˦˯˧˦˦˯ ˵ˢ˟ˣˬ ˣˮ˧˞ ˢˤ ˪ˡ˟ˢ ˨˞ ,(˭ˣ˩ˬˢ ˶˸˞˟

  .˫˧˶˸˞ˢ ˭˧˟ ˫˧˟˷ˣ˧ˬˢ ˫˧ˠˣˬ˪˞ˢ ˤˣ˥˞˟ ˵ˢ˟ˣˬ ˪ˡ˟ˢ ˞˴ˬˮ ˞˪ ˧˩ ˱˞ ,˶˸ˣ˧ ˶˧˷˰ ˸˧ˮˣ˷ ˶˸˞ ˣ˸ˣ˧ˢ˟ ˢ˶ˣˬ˷ˢ

) ˵ˣˬ˰ˢ ˭ˣ˩ˬˢ ˶˸˞˟ ˢ˲˴ˮ ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˫˧ˠˡˢ ˶˲˯ˬ15 IUI  ˢ˪˟˦ ,7˟˶˸˞˟ .(   ˞˴ˬˮ ˫ˠ ˢˤ

  ˤˣ˥˞ ˫ˠ ˣˬ˩ ,ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˫˧ˠˡˢ ˶˲˯ˬ .˶˸ˣ˧˟ ˢˣ˟ˠˢ ˫˧ˠˡ ˧ˡ˧ ˪˰ ˫˧˟˷ˣ˧ˬˢ ˫˧ˠˣˬ˪˞ˢ ˤˣ˥˞

˟ ˣˡˡˬˮ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˫˧ˠˡ ˧ˡ˧ ˪˰ ˫˧˟˷ˣ˧ˬˢ ˫˧ˠˣˬ˪˞ˢ) ˡˣˡ˶ˢ ˭ˣ˩ˬˢ ˶˸˞5IUI  .( 
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 ˢ˪˟˦7˟˪ˡˣˠ : ,ˣ˶˲˯ˮ˷ ˫˧ˠˣˬ˪˞ˢˣ ˫˧ˠˡˢ ˶˲˯ˬˣ ˫ˠˡˬˢ   .˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˪˪˩˟ 

Table B7: Sample size, the number of fish (individuals) and corals at the Eilat reef sites 

surveyed this year. 

 

Site IUI 5 m IUI 10 m IUI 15 m NR 5 m NR 10 m NR 20 m Total 

Number of sampling units 23 24 20 20 22 25 135 

Total number of fish observed 732 1690 2160 1699 1369 2501 10151 

Number of fish per sampling unit омΦуҕтΦп тлΦпҕмтΦс млуҕмфΦу урҕнмΦп снΦнҕнпΦф мллҕнсΦс трΦуҕф 

Number of corals per sampling unit сΦоҕмΦм тΦфҕоΦм тΦмҕнΦр сΦпҕмΦс пΦмҕм фΦтҕмΦр сΦфҕмΦр 

Percentage of corals inhabited by fish  отΦфҕмоΦн слΦрҕфΦр смΦнҕмпΦн оуΦмҕмлΦр рфҕмоΦф рфΦтҕтΦф рнΦтҕммΦр 

 

 

 ˫˧ˮ˧ˬ˪ ˫˧˩˧˧˷ ˢˮ˷ˢ ˫˧˶˵˯˟ ˫˧˴ˣ˲ˮˢ ˫˧ˠˡˢ ˟ˣ˶.˫˧˧˶ˣ˟˧˦˵ˮ˪˲ ,˫˧˧˸˵ˢ˪   ˪˩˟ ˶˸ˣ˧˟ ˢ˴ˣ˲ˮˢ ˢ˥˲˷ˬˢ

) ˶˵˯ˢ ˧˶˸˞26Ñ11 ˢ˸˧˧ˢ (˸˰˴ˣˬˬ ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧ˠˡ ) ˫˧˧˸˧ˮˣ˷ˢ ˸˥˲˷ˬ(Pomacentridae )  ˢ˪˟˦8˟,   ˶ˣ˧˞

˟50( ,) ˫˧˧˪ˣ˷ˢ ˸˧ˠˣˬ˪˞ ˪˷ ˸ˣ˵ˢ˪ ˪˷˟ ˶˵˰˟Dascyllus marginatus) ˸˵˶˵˶˧ ˸˧ˬˣ˶˩ ˪˷ ,(Chromis 

viridis ) ˧˶˧ˬ ˸˧˸˧ˮˣ˷ ˪˷ˣ ,(Neopomacentrus miryae,(  ˫˧˧˥˷ ˫˧˧˶ˣ˟˧˦˵ˮ˪˲ˣ ˫˧˧˸˵ˢ˪ ˫˧ˠˡ ˧ˮ˧ˬ ˢ˷ˣ˪˷

 ˟ˮˤ ˭˟˪ ˭˸˧ˮˣ˷ ˞ˣˢ ˣˤ ˢ˥˲˷ˬ ˪˷ ˢ˪ˣˡˠˢ ˢ˸˥˧˩˷˪ ˫˶˸˷ ˱˯ˣˮ ˠˡ .˸˧˰˵˶˵˪ ˢ˵˧ˤ˟ ˨˞ ,˫˧ˬˢ ˸ˡˣˬ˰˟

)Pomacentrus trichourus  ,(˪˩ˣ˞ ˠˡ- .˸˧˰˵˶˵˪ ˨ˣˬ˯ ˸ˣˮ˦˵ ˸ˣ˵ˢ˪˟ ˧˥˷ ˪˩ 

ˢ ˸˥˲˷ˬ ˢ˸˧˧ˢ ˶˵˯ˢ ˧˶˸˞ ˪˩˟ ˢ˴ˣ˲ˮˢ ˢ˧˧ˮ˷ˢ ˢ˥˲˷ˬˢ-Serranidae , ˪˷ ˸˰˴ˣˬˬ ˸ˣ˲˧˲˴˪ ˢ˰˧ˠˢ˷

15Ñ10 ) ,˱ˣ˯ ˫˧ ˸˧ˤ˲ ˢ˧ˢ ˣˤ ˢ˥˲˷ˬ˟ ˶˸ˣ˧˟ ˳ˣ˲ˮˢ ˭˧ˬˢ .˶˵˯ˢ ˧˶˸˞ ˪˩˟ ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧ˠˡPseudanthias 

squamipinnis(  .˭ˣ˦˵ˮ˪˲ˬ ˭ˣˤ˧ˮˣ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˸ˣ˪ˣˡˠ ˸ˣ˵ˢ˪˟ ˧˥˷ ˠˡ 

ˢ ˸˥˲˷ˬ- Caesionidae˸ˣ˧ˮˣˮ˧˟ ˸ˣ˧˶ˣ˟˧˦˵ˮ˪˲ ˸ˣ˵ˢ˪˟ ˸ˮ˧˧˲ˣ˞ˬˢ ,- ˢ˸˧˧ˢ ,˫˧ˬˢ ˸ˡˣˬ˰˟ ˸ˣ˧˥ˢ ˸ˣ˪ˣˡˠ

) ˵ˣˬ˰ˢ ˭ˣ˩ˬˢ ˶˸˞˟ ˶˸ˣ˧˟ ˢˢˣ˟ˠˢ ˸ˣ˥˧˩˷˟ ˢ˸˲˴ˮ ˪˟˞ ,˫˧˶˸˞ˢ ˪˩˟ ˡˣ˞ˬ ˢ˴ˣ˲ˮ15IUI   ˸ˣ˵ˢ˪ ˫ˠ .(

) ˸˧ˣˣ˵ ˭ˬ˦ ˸˧ˮ˶ˣˡˢ ˭˧ˬˢ ˪˷ ˸ˣ˧ˮˣˮ˧˟Paracheilinus octotaenia ,(ˢ ˸˥˲˷ˬˬ ˧˶ˣ˟˧˦˵ˮ˪˲ ˭˧ˬ- Labridae   ˣ˲˴ˮ

˶˸ˣ˧˟ ˵ˣˬ˰ˢ ˭ˣ˩ˬˢ ˶˸˞˟ ˶˵˧˰˟) 15IUI   .( 

ˢ ,˸ˣ˧˸˵ˢ˪ ˭ˮ˧˞˷ ˸ˣ˥˲˷ˬˢ ˭˧˟ˬ˫˧˧ˮˣˮ˶˵/˫˧˧ˮˣˮ˶˟˵ )Blenniidae/Gobiida  ˢˢˣ˟ˠˢ ˸ˣ˥˧˩˷˟ ˣ˞˴ˬˮ (

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

 )Epinephelus sp., Cephalopholis sp.ˢ ˸˥˲˷ˬˬ (- Serranidae ) ˸˧˯˥˧ ˢˢˣ˟ˠ ˸ˣ˥˧˩˷˟ ˣ˲˴ˮ1-4   ˫˧˦˶˲

˩˟ ,˨˸˥˪-89 ) ˭ˣ˩ˬ˟ˣ ˢ˶ˣˬ˷˟ ˶˸ˣ˧˟ ˫˧˵ˣˬ˰ˢ ˫˧˶˸˞˟ (ˢˬ˧ˠˡ ˸ˣˡ˧˥˧NR 20 x- IUI 15 .( 

ˢ ˸˥˲˷ˬ- Acanthuridae ˶˸ˣ˧˟ ˢ˥˧˩˷ˢ ˢ˸˧˧ˢ   ˸ˣ˥˲ˢ ˸ˣ˥˲˷ˬˢ ˭˧˟ˬ,˸ˣ˴ˣ˲ˮ   ˶˵˧˰˟ ˢˢˣ˟ˠ ˸ˣ˥˧˩˷ ˫˰

) ˫ˣ˥˷ ˭˶˸˟ ˧˸˵ˢ˪ˢ ˭˧ˬˢ ,ˣˤ ˢ˥˲˷ˬ ˨ˣ˸ˬ .˫˧˶˸˞ˢ ˧ˮ˷˟ ˫˧ˡˣˡ˶ˢ ˫˧˵ˬˣ˰˟Acanthurus nigrofuscus ,(  ˢ˧ˢ

˩˟ ˢ˲˴ˮˣ ˶˸ˣ˧˟ ˳ˣ˲ˮˢ-22  ˨ˣ˸ˬ25 ˟ ˢˬ˧ˠˡ ˸ˣˡ˧˥˧-20 NR   ˭˧ˬˢ ˫ˠ ˡˣ˞ˬ ˳ˣ˲ˮ ˢ˶ˣˬ˷˟ ˢˤ ˵ˬˣ˰˟ .

) ˭ˬˡ˧˶˲ ˧ˮˣ˰˟˴ ˧˶˞˦˧˪ˣ˯ˢPseudochromis fridmani( ˢ ˸˥˲˷ˬˬ ,- Pseudochromidae  ˸˥˲˷ˬˬ ˫˧ˮ˧ˬ .

 ˶˸˞˟ ˵˶ ˣ˲˴ˮ ˫˧˧ˮ˩˧˯ˢ15 IUI . 

˟ ˵ˢ˟ˣˬ ˪ˡ˟ˢ ˞˴ˬˮ ˞˪˟˩˶ˢ   ˞˪˪ ,˸˞ˤ ˫˰ .˫˧˧˸˵ˢ˪ˢ ˫˧ˮ˧ˬˢ ˧˪˟ˣ ˫˰ ˫˧ˮˣ˷ˢ ˫˧˶˸˞ˢ ˭˧˟ ˫˧ˠˡˢ ˸˶˟˥

˟ ˵ˢ˟ˣˬ ˪ˡ˟ˢ ˢ˧ˢ ,˫˧˧˸˵ˢ˪ˢ ˫˧ˠˡˢ ˸˶˧˲˯˸ˣ˲˧˲˴ ) ˭ˣ˩ˬ˪ ˢ˶ˣˬ˷ˢ ˭˧˟ ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧ˠˡˢp<0.05  ˶˷˞˩ ,(

  ˫˧ˠˡˢ ˸ˣ˲˧˲˴ ,˫˧˧˸˵ˢ˪ˢ ˫˧ˮ˧ˬˢ ˞˪˪ .ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧˧˸˵ˢ˪ ˫ˮ˧˞˷ ˫˧ˠˡ ˶˸ˣ˧˟ ˭˧˧˲ˣ˞ˬ ˢ˶ˣˬ˷ˢ ˶˸˞

 ˶˸˞˟ ˢ˸˲˴ˮ ˶˸ˣ˧˟ ˢˢˣ˟ˠˢ ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˸˰˴ˣˬˬˢ2051±13) NR   ˶˸ˣ˧˟ ˢ˩ˣˬˮˢ ˣ˪˧˞ˣ (ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧ˠˡ

 ˶˸˞˟ ˢ˞˴ˬˮ5 IUI  )18Ñ4 ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧ˠˡ ˶ˣ˧˞ ,˟51 .( 
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ˢ˪˟˦ ˟8 :ˢ ˸ˣ˥˧˩˷ˢ ˫˧ˠˡ ˸ˣ˥˲˷ˬ ˪˷ (ˢˬ˧ˠˡ ˸ˡ˧˥˧˪) ˸˰˴ˣˬˬ˸ˣ˟˷ˣˬˣ  .ˢˮ˷ˢ ˣ˶˵˯ˮ˷ ˸˧ˮˣ˷ ˧˶˸˞˟ ˫˧ˠˣˬ˪˞ 

Table B8: Average occurrence (per sampling unit) of fish families and corals at the Eilat reef sites 

surveyed this year. 

 

 

 

˶ˣ˧˞  ˟50  :˸ˣ˥˲˷ˬ ˧˲ ˪˰ ,˫˧ˠˡˢ ˸˶˟˥,   ˧ ˶˸˞˟˫˧˶˵˯ˮˢ ˫  .,ˢ˪˰ˬ˪  ˢ  ˸ˣ˥˧˩˷ s  (ˢˬ˧ˠˡ ˸ˡ˧˥˧˪) ˸˰˴ˣˬˬ  ˸˷ˬ˥ ˪˷

  .˶˸ˣ˧˟ ˸ˣ˴ˣ˲ˮˢ ˸ˣ˥˲˷ˬˢ  ,ˢ˦ˬ˪ˢ  ˸ˣ˥˧˩˷ˢ  (ˢˬ˧ˠˡ ˸ˡ˧˥˧˪) ˸˰˴ˣˬˬ  ˞˪˷ ˸ˣ˥˲˷ˬ .ˣ˲˴ˮ˷ ˸ˣ˥˲˷ˬˢ ˶˞˷ ˪˷

 ˫ˢ˟ ˢ˲˴ˮ ˰˴ˣˬˬ˟˪ ˡ˥˞ ˠˡ ˸ˣ˥˲˪ˢˬ˧ˠˡ ˸ˡ˧˥˧  ˸ ˣˠ˴ˣˬ ˭ˮ˧˞ . 

Figure B50: Fish community by families in the surveyed sites. Top, number of fish per sampling 

unit of the five most common families. Bottom, number  of fish per sampling unit of all other 

observed families. Families with <1 fish per sampling unit are not shown. 

Family Habitat IUI 5 m IUI 10 m IUI 15 m NR 5 m NR 10 m NR 20 m IUI 5 m IUI 10 m IUI 15 m NR 5 m NR 10 m NR 20 m

Blenniidae/Gobiidae 28 34 135 84 45 131 мΦнόҕлΦфύмΦпόҕлΦуύсΦуόҕнΦтύпΦнόҕнΦрύнόҕмΦмύрΦнόҕмΦрύ

Mullidae 55 74 56 19 39 27 нΦоόҕлΦуύоΦмόҕмύнΦуόҕмΦсύмόҕлΦуύмΦуόҕмύмΦлуόҕлΦтύ

Pinguipedidae 8 3 0 0 1 0 лΦоόҕлΦнύлΦмόҕлΦмύ0 0 0.0 0.0

Pseudochromidae 9 51 79 34 15 255 лΦпόҕлΦнύнΦмόҕлΦтύпόҕмΦуύмΦтόҕлΦтύлΦтόҕлΦпύмлΦнόҕоύ

Scorpaenidae 0 0 2 0 1 0 0 0 лΦмόҕлΦмύ0.0 0.0 0.0

Synodontidae 15 3 1 2 4 6 лΦсόҕлΦоύлΦмόҕлΦмύлΦмόҕлΦмύлΦмόҕлΦмύлΦнόҕлΦнύлΦнόҕлΦнύ

Tetraodonitidae/Diodonitidae 3 1 0 10 1 0 лΦмόҕлΦмύ0 0 лΦрόҕлΦрύ0.0 0

Acanthuridae 96 63 25 131 26 113 4(±1.3) нΦсόҕмΦмύмΦоόҕлΦтύсΦсόҕмΦсύмΦнόҕлΦрύпΦрόҕмΦоύ

Apogonidae 0 7 0 0 0 49 0.0 лΦоόҕлΦоύ0.0 0.0 0.0 нόҕмΦфύ

Balistidae 28 8 11 10 26 37 мΦнόҕлΦрύлΦоόҕлΦнύлΦсόҕлΦпύлΦрόҕлΦпύмΦнόҕлΦтύмΦрόҕмΦтύ

Chaetodontidae 38 34 39 40 33 48 мΦсόҕлΦсύмΦпόҕлΦуύнόҕлΦфύнόҕлΦфύмΦрόҕлΦфύмΦфόҕлΦсύ

Labridae 54 198 236 129 144 228 нΦоόҕмΦнύуΦоόҕтΦнύммΦуόҕсΦуύсΦрόҕмΦтύсΦсόҕуΦоύфΦмόҕрΦрύ

Lethrinidae 1 3 11 7 20 3 0 лΦмόҕлΦнύлΦсόҕлΦрύлΦпόҕлΦнύлΦфόҕлΦуύлΦмόҕлΦнύ

Ostraciidae 5 3 4 4 1 0 лΦнόҕлΦнύлΦмόҕлΦмύлΦнόҕлΦнύлΦнόҕлΦнύ0 0

Pomacanthidae 4 9 5 15 4 23 лΦнόҕлΦнύлΦпόҕлΦоύлΦоόҕлΦнύлΦуόҕлΦпύлΦнόҕлΦнύлΦфόҕлΦрύ

Pomacentridae 237 532 578 731 604 772 фΦфόҕоΦфύннΦнόҕтΦуύнуΦфόҕфΦтύосΦсόҕмрΦфύнтΦрόҕмуΦрύолΦфόҕммΦмύ

Scaridae 37 33 49 57 33 38 мΦрόҕлΦтύмΦпόҕлΦсύнΦрόҕмΦуύнΦфόҕмύмΦрόҕлΦфύмΦрόҕмύ

Serranidae 63 525 489 153 179 668 нΦсόҕнΦтύнмΦфόҕмнΦрύнпΦрόҕмоύтΦтόҕсΦфύуΦмόҕтΦфύнсΦтόҕмрύ

Siganidae 20 7 78 9 6 1 лΦуόҕлΦуύлΦоόҕлΦпύоΦфόҕрΦрύлΦрόҕлΦпύлΦоόҕлΦоύ0

Atherinidae 0 0 0 1000 0 0 0 0 0 50(±51.5) 0.0 0.0

Caesionidae 30 100 356 177 184 80 мΦоόҕнΦсύпΦнόҕпΦуύмтΦуόҕмпύуΦфόҕсΦтύуΦпόҕрΦнύоΦнόҕоΦоύ

Coral inahbited  by fish 55 112 81 45 51 138 нΦоόҕлΦуύпΦтόҕлΦфύпΦмόҕлΦфύнΦпόҕлΦтύнΦпόҕлΦтύрΦрόҕлΦуύ

Coral without fish 89 78 60 82 38 105 оΦтόҕмύоΦоόҕлΦуύоΦнόҕнΦоύпΦоόҕмΦпύмΦтόҕлΦтύпΦпόҕмΦмύ

Pelagic

Fish abundance at each site 

(Total number of fish observed)

B
e

n
th

ic
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e
n
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e
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g
ic

Mean fish number per sampling unit 

όҕфр҈ ŎƻƴŦƛŘŜƴŎŜ ƛƴǘŜǊǾŀƭ ƻŦ ǘƘŜ ƳŜŀƴύ
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  ˶ˣ˧˞˟51  :˫˧ˠˡˢ ˸˶˟˥ ˸ˣ˥˲˷ˬ ˧˲ ˪˰  ˫˧˧˸˵ˢ˪ˢ ˫˧ˮ˧ˬˢ ˞˪˪˧˶˸˞˟ ,˫˧˶˵˯ˮˢ ˫  ˫ˢ˟ ˢ˲˴ˮ ˞˪˷ ˸ˣ˥˲˷ˬ . ˰˴ˣˬˬ˟

 ˪  ˡ˥˞ ˠˡ ˸ˣ˥˲˪ˢˬ˧ˠˡ ˸ˡ˧˥˧ ˸ˣˠ˴ˣˬ ˭ˮ˧˞ . 

Figure B51: Fish community by families, excluding schooling species, in the surveyed sites. 

Families with <1 fish per sampling unit are not shown. 

 

˸ˣ˲˧˲˴ ,˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˷ˣ˪˷˟  ˸ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢˢˣ˟ˠ ˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ ˸˧˪˪˩ˢ ˫˧ˠˡˢ2020  ˢ˟

 ˳˶ˬ˟ ˢ˵ˤ˥ˢ ˸˧ˬˣ˶ˡˢ ˢ˶˰˯ˢ ˸ˣ˟˵˰˟ ˧˪ˣ˞ ,ˡ˥ˣ˧ˬ˟ ˢ˩ˣˬˮ ˫˧ˠˡˢ ˸ˣ˲˧˲˴ ˢ˸˧˧ˢ2020˟ ˶˟˩ .-2021  ˢ˞˴ˬˮ

˶ˣ˧˞) ˫˧˶˸˞ˢ ˟ˣ˶˟ ˫˧ˠˡˢ ˸ˣ˲˧˲˴˟ ˢˡ˥ ˢ˧˧˪˰  ˟52 ˢˡ˧˰ˬˢ ,(˰˲˷ˢ ˧˩ ˸ ˢ˸˧˧ˢ ˫˧ˠˡˢ ˸˶˟˥ ˪˰ ˢ˶˰˯ˢ

 ˭ˬˤ˟ ˸˧˸ˡˣ˵ˮ .˫˧˵ˢ˟ˣˬ ˫ˮ˧˞ ˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷˪ ˢˮ˷ˢ ˭˧˟ ˫˧ˠˡˢ ˸ˣ˲˧˲˴˟ ˫˧˪ˡ˟ˢˢ .ˢ˶˴˵ˣ˶˸˞˟ 10 NR )7 

NR   ˶˸˞˟ˣ (˫˧ˬˡˣ˵ ˸ˣ˥"ˣˡ˟15 IUI ˢ˞˴ˬˮ  ˢˮ˷ ˸ˬˣ˰˪ ˫˧ˠˡˢ ˸ˣ˲˧˲˴˟ ˢˡ˧˶˧˸ˬˡˣ˵ˢ  . 

˶ˣ˧˞ ˟52 :ˢ ˸ˣ˥˧˩˷ˢ (ˢˬ˧ˠˡ ˸ˡ˧˥˧˪) ˸˰˴ˣˬˬ ˫˧ˮ˷˟ ˫˧˶˵˯ˮˢ ˫˧˶˸˞˟2020-2023 . 

Figure B52: Number of fish per sampling unit at the surveyed sites since 2020. 

 

 ,˫˧˶˵˯˟ ˣ˶˲˯ˮ˷ ˫˧ˮ˧ˬˢ ˨˯ ˨ˣ˸ˬ20  ˬ  ˸ˣ˥˲ ˪˷ ˸ˣ˥˧˩˷˟ ˣ˶˲˯ˮ ˶˸ˣ˧˟ ˫˧˶˧ˡˮˢ ˫˧ˮ˧ˬˢ-0.05   ˸ˡ˧˥˧˪

ˢˬ˧ˠˡ ) ˢ˪˟˦9˟.( ˧ˠˡˢ ˸ˣ˧˲˴˸ ˭˧˟ ˵ˢ˟ˣˬ ˶˷˵ ˢ˲˴ˮ ˞˪ ˫  .˫˧˧ˣ˯ˬ ˵ˬˣ˰ ˣ˞ ˫˧˧ˣ˯ˬ ˶˸˞˪ ˫˧˶˧ˡˮˢ 
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 ˢ˪˟˦9˟ .˫˧˶˷˰   .˫˧ˠˡˢ ˧˶˵˯˟ ˣ˲˴ˮ˷ ˶˸ˣ˧˟ ˫˧˶˧ˡˮˢ ˫˧ˮ˧ˬˢ 

Table B9. The 20 rarest fish species observed in the survey.  

  

 

˶˷ˣ˰ ˫˧ˮ˧ˬˢ ˢˬ˧ˠˡ ˸ˡ˧˥˧˪  ˭˧˟ ˰ˮ5 ˪- 18  ˭˧˟ˣ ,˫˧ˮ˧ˬ51-67   .˶˸˞˟ ˫˧ˮ˧ˬ ˟ˣ˷˥ ˵˶ ˭˥ˣ˟ ˶˵˯ˢ˷ ˶ˣ˩ˤ˪

 ˸ˣˬ˧˧ˣ˯ˬ ˫˧ˠˡ ˸ˣ˴ˣ˟˵ˢ˪˰ˬ˪ ˣ˞˶) ˷˞˶ˬ ˣ˰˟˵ˮ ˶˷˞ ˢ˪˟˦ˣ ,3ʕ ˥˲˯ˮ˟ ʕ3 ˞˪ˣ ( ˸˞˸˩˶˰ˬ˟ ˫˧ˠˡˢ ˪˪˩. 

 

  ˫ˮ˧˞ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ˣ (ˢ˪˰ˬ˪ ˣ˞˶ ,˧˟˧˦˵˲˞ˢ ˫˧ˮ˧ˬˢ ˶˲˯ˬ) ˭ˣˣˠˬˢ˷ ˢ˞˶ˮ ,˶˵˯ˢ ˧˶˸˞ ˪˩ ˭˧˟ ˢ˞ˣˣ˷ˢ˟

˶ˣ˧˞) ˫˧˶˸˞ˢ ˭˧˟ ˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˫˧ˮˣ˷ ˟53˫˧ˮ˧ˬˢ ˭ˣˣˠˬ .(   ˰˴ˣˬˬˢ s ˧ˢ ˫˧˶˸˞ˢ ˪˩ ˶ˣ˟˰ 18.2Ñ1.1   .˫˧ˮ˧ˬ

 ˶˸˞5 NR ˟ ˶˵˯ˮ˷ ˤ˞ˬ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ˟ ˢˡ˧˶˧ ˣ˟ ˢˡˡˬˮ˷ ˧ˡ˧˥˧ˢ ˶˸˞ˢ ˞ˣˢ-2021  ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ ˨˶˰ ˫˰ ,

) ˢˮ˷ˢ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˞ˣˢ ˣ˟ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ,˸˞ˤ ˫˰ .ˢˮ˷ˢ ˫˧˶˸˞ˢ ˪˩ ˭˧˟ˬ ˶˸ˣ˧˟ ˨ˣˬˮˢ67  ˪˩ ˭˧˟ˬ (˫˧ˮ˧ˬ

 ˤ˞ˬ ˡ˰ˣ˸˷ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˫ˠˣ ,˫˧˶˸˞ˢ2020. 

 ˡˡˬˮ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˫˧ˮ˧ˬˢ ˶˷ˣ˰-˟ 10 NR.  ˶˸˞5 IUI  ˶˷ˣ˰˟ ˨˞ ,˶˸ˣ˧˟ ˢˣ˟ˠˢ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ˟ ˭˧˧˲ˣ˞ˬ

ˢˤ ˶˸˞˟ ˫˧ˮˣ˷ˢ ˫˧ˮ˧ˬˢ ˭˧˟ ˢˢˣ˟ˠ ˸ˣ˧ˮˣ˧ˣˣ˧˷ ˪˰ ˡ˧˰ˬˢ ˶˟ˡ ,˨ˣˬˮ ˫˧ˮ˧ˬ. 

 ˤ˞ˬ ˫˧˶˵˯ˮ˷ ˫˧˶˸˞ˢ ˪˩˟ ˶˸ˣ˧˟ ˫˧ˢˣ˟ˠˢ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˧˩˶˰ ˣˡˡˬˮ ˢˮ˷ˢ2020 ˣ˶˵˯ˮ˷ ˫˧˶˸˞ˢ ˸˷ˣ˪˷˟ .

) ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˫ˠIUI 5  ,IUI 15 x  ,- NR 10  .˫˧ˮ˧ˬˢ ˭ˣˣˠˬ˟ ˢ˧˧˪˰ ˢˮ˷ˢ ˢ˞˴ˬˮ ( 

 

Family Species Hebrew name 
Number of 

fishes observed 
mean number per 

sampling unit 

Acanthuridae Acanthurus sohal    1 0.01 

Scorpaenidae Pterios sp.   1 0.01 

Monacanthidae Aluterus scriptus    1 0.01 

Siganidae Siganus stellatus     1 0.01 

Chaetodontidae Chaetodon auriga    2 0.01 

Chaetodontidae Chaetodon lineolatus    2 0.01 

Labridae Anampses lineatus   2 0.01 

Labridae Anampses twistii     2 0.01 

Labridae Cheilinus abudjubbe     3 0.02 

Scaridae Scarus fuscopurpureus     3 0.02 

Siganidae Siganus luridus    3 0.02 

Siganidae Siganus argenteus      4 0.03 

Blenniidae/Gobiidae Aspidontus tractus    4 0.03 

Labridae Cheilinus lunulatus    4 0.03 

Labridae Oxycheilinus mentalis    4 0.03 

Ostraciidae Ostracion cubicus    4 0.03 

Ostraciidae Ostracion cyanurus    3 0.03 

Ostraciidae Tetrasomus gibbosus    2 0.03 

Pomacanthidae Apolemichthys xanthotis    5 0.04 

Pomacentridae Dascyllus trimaculatus    6 0.04 



 

87 

 

 
˶ˣ˧˞ ˟53  :  ˫˧ˮ˷˟ ˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ ˫˧ˠˡˢ ˸˶˟˥˟ (ˢ˦ˬ˪) ˫˧ˮ˧ˬˢ ˭ˣˣˠˬˣ (ˢ˪˰ˬ˪) ˶˷ˣ˰2020-2023 . 

Figure B53: Species richness  (top) and diversity (bottom) of fish communities at the surveyed sites 

since 2020. 

 

 ˳ˬ˞ˬ˪ ˡ˥ˣ˧ˬ˟ ˷˧ˠ˶ ˡˡˬ ˞ˣˢ ˫˧ˮ˧ˬ ˶˷ˣ˰ˢˬ˧ˠˡ .ˢ˶˧˟˴ ˸ˣˬˣ˵˰ )Rarefaction ˶ ˷˲˞ˬ (ˣ ˸˞ ˭ˣ˥˟˪ ˸

 ˫˧ˮ˧ˬˢ ˶˷ˣ˰ˢ˧˧˦ˢˢ ˞˪˪ ˷  ˪ ˳ˬ˞ˬ ,ˢˤ ˥ˣ˸˧ˮ˟ .ˢˬ˧ˠˡˢ  ˶˸˞˟ ˸ˣˬ˧ˠˡˢ ˨˯ ˨ˣ˸ˬ ˧˞˶˵˞ ˭˲ˣ˞˟ ˸ˣˡ˧˥˧ ˸ˣˬˠˡˮ

 ˫˧ˮ˧ˬˢ ˶˷ˣ˰ˣ ˭ˣˣˠˬ ˪˷ ˢˬˣ˵˰ ˸˶˟˴ˮ ˨˩ˣˢ˧˴˵ˮˣ˲˩ ˪˷ ˶˲˯ˬ s˸ˣˬ˧ˠˡ )sample base rarefaction ˶˲˯ˬ ˣ˞ (

) ˫˧˦˶˲ˢindividual based rarefaction˶˸˞˟ ( .  ˫˧˶˸˞˟ ˭˧ˬˢ ˸ˬ˶˪ ˣˢˣˤ˷ ˫˧ˠˡˢ ˶ˣ˟˰ ˰˴ˣ˟ ˢˤ ˥ˣ˸˧ˮ

.˫˧˶˵˯ˮˢ 

  ˶ˣ˧˞) ˣˬˠˡˮ˷ ˫˧˦˶˲ˢ ˸ˣˬ˩ ˧˲ ˪˰ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˸ˣˬˣ˵˰˟ ˟54  ˡ˟˪ˬ ˫˧˶˸˞ˢ ˪˩ ˶ˣ˟˰ ˧˩ ˢ˞˶ˮ (ˢ˪˰ˬ˪5  

IUI   ˫˧˦˶˲ ˶˲˯ˬ ˣ˸ˣ˞ ˶ˣ˟˰ ˶˸ˣ˧˟ ˭˦˵ ˫˧ˮ˧ˬ ˶˲˯ˬ .˫˧˧˵ˢ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˸˞ ˸ˣ˴ˬ˪ ˧ˡ˩ ˫˧˦˶˲ ˵˧˲˯ˬ ˣ˶˲˯ˮ

 ˶˸˞˟ ˞˴ˬˮ15 IUI  ˶˸˞˟ ˞˴ˬˮ ˶˸ˣ˧˟ ˪ˣˡˠˣ5 IUI .   

 ˭ˣˣˠˬˢ ˸ˬˣ˵˰ ,˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˸ˬˣ˵˰ˬ ˢˮˣ˷˟ ˧˲ ˪˰ ˶ˣ˧˞) ˫˧˦˶˲˟54 ˶˸˞ ˶ˣ˟˰ ˶˸ˣ˧˟ ˢ˩ˣˬˮ (ˢ˦ˬ˪ 5 

NR . 

 

˵˰ ˧˲ ˪˰ ˶ˣ˧˞) ˣ˷˰ˮ˷ ˸ˣˬ˧ˠˡˢ ˶˲˯ˬ˪ ˢ˶˧˟˴ˢ ˸ˣˬˣ˟55 ˪˩ ˶ˣ˟˰ ˵˲˯ˬ ˢ˧ˢ ˫ˣˠ˧ˡˢ ˳ˬ˞ˬ ˧˩ ˢ˞˶ˮ ,(

 ˶ˣ˟˰ .˭ˣˣˠˬ ˶ˣ˟˰ ˭ˢˣ ˶˷ˣ˰ ˶ˣ˟˰ ˭ˢ ˫˧˶˸˞ˢ  ˶ˣ˟˰ ˶˸ˣ˧˟ ˫˧ˢˣ˟ˠˢ ˣ˧ˢ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬˣ ˶˷ˣ˰ ,˸ˣˬ˧ˠˡ ˶˲˯ˬ ˣ˸ˣ˞

 ˶˸˞5 NR  ˨˶ˣ˴ˢˣ ˣ˟ ˫˧˶˧ˡˮˢ ˫˧ˮ˧ˬˢ ˧ˣ˟˧˶ ˪˪ˠ˟ ˭˩˸˧ ,˸˧˯˥˧ ˪ˣˡˠ ˸ˣˬ˧ˠˡ ˶˲˯ˬ ˶˥˞˪ ˢ˧ˣˣ˶˪ ˰˧ˠˢ ˢˤ ˶˸˞ .

.˪"ˮˢ ˟˩˶ˣˬˢ ˪ˣˡ˧ˠˢ ˸˧˟ ˪˷ ˶˸ˣ˧ ˢˣ˟ˠ ˠˣ˴˧˧˟  
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 ˶ˣ˧˞˟54:   ˢ˶˧˟˴ ˸ˣˬˣ˵˰˫˧ˮ˧ˬ ˭ˣˣˠˬˣ (ˢ˪˰ˬ˪) ˶˷ˣ˰˪   ˫˧˦˶˲ ˶˲˯ˬ ˧˲ ˪˰ (ˢ˦ˬ˪) ˫˧˶˸˞˟˫˧˶˵˯ˮˢ  . 

Figure B54: Individual based rarefaction curves for species richness (top) and diversity (bottom) 

at the surveyed sites. 

 

 ˶ˣ˧˞˟55˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ (ˢ˦ˬ˪) ˫˧ˮ˧ˬ ˭ˣˣˠˬˣ (ˢ˪˰ˬ˪) ˶˷ˣ˰˪ ˢˬ˧ˠˡ ˸ˣˡ˧˥˧ ˧˲ ˪˰ ˢ˶˧˟˴ ˸ˣˬˣ˵˰ :  . 

Figure B55: Sample-based rarefaction curves for species richness (top)  and diversity (bottom) at 

the surveyed sites.  

 

 ˧ˡˡˬ˪˪˵˷ˬ ˫˧ˮ˧ˬ ˭ˣˣˠˬ˫˧  ˫˧ˮ˧ˬˢ ˶˲˯ˬ ˸˞ˣ˞˴ˬˮ˷  ˪˩ .˸˧˯˥˧ˢ ˫˸ˣ˥˧˩˷ ˸˞ˣˡˡˬ    ˸ˣ˟˧˷˥ ˸ˡ˧ˬ ˯˥˧˧ˬ

ˢ˶˟˥˟ ˫˧˶˧ˡˮˢ ˫˧ˮ˧ˬ˪ ˢˮˣ˷.  ) ˧ˮ˧˧˶ ˸ˣˬˣ˵˰˟Rényi diversity profiles  ˫˰ ˡ˶ˣ˧ ˫˧˶˧ˡˮ ˫˧ˮ˧ˬ˪ ˭˸˧ˮˢ ˪˵˷ˬˢ (

 ˨˶˰˟ ˢ˧˪˰ˢq ˢ ˶˧˴)-x ˶ˣ˧˞˟ ˟56.( ˩ˢ ˶˧˴ ˨˶ˣ˞˪ ˶˸ˣ˧ ˢˢˣ˟ˠ ˢˬˣ˵˰˷ ˪˩- y   "˸ˮˣˣˠˬ" ˢ˶˟˥ ˸ˠ˴˧˧ˬ ˞˧ˢ ˨˩

 ˫ˣ˵˧ˬ˟ ˠ˴ˣ˧ˬ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ .˶˸ˣ˧q=0 ,q=1 ˭ˣˮ˞˷ ˡˡˬ ˸˞ ˠ˴˧˧ˬ ) ˭ˣ˯˲ˬ˧˯ ˡˡˬˣSimpson ˧ˡ˧ ˪˰ ˠ˴ˣ˧ˬ (q=2 .
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ˢ ˨˶˰- q˱ˣ˯ˮ˧˞) ˧˪ˬ˧˯˵ˬˢ- Inf  ˶˥˞ ˶˸˞ˬ ˶˸ˣ˧ ˭ˣˣˠˬ ˶˸˞ .˸˩˶˰ˬ˟ ˫˧˧˶˵˧˰ˢ ˫˧ˮ˧ˬˢ ˪˷ ˪˵˷ˬˢ ˸˞ ˠ˴˧˧ˬ ,(

ˢ ˧˩˶˰ˬ ˡ˥˞ ˪˩ ˶ˣ˟˰ ˢˣ˟ˠ ˶˞˷ˮ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ ˶˷˞˩ ˵˶- q .ˣˮ˥˟ˮ˷  

˶ˣˬ˷ˢ ˶˸˞˷ ˞˴ˬˮ ˢ˪˞ ˸ˣˬˣ˵˰ ˧˲ ˪˰ ˢNR 10   ˣ˟ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ .ˣ˶˵˯ˮ˷ ˫˧˶˥˞ˢ ˫˧˶˸˞ˢˬ ˭ˣˣˠˬ ˸ˣ˥˲

 ˶˸˞˟ ˫˧ˮ˧ˬˢ ˶˷ˣ˰˷ ˸ˣˡ˧˰ˬ ˢ˪˞ ˸ˣˬˣ˵˰ ˫ˠ .˶˸ˣ˧˟ ˭˦˵ˢ ˞ˣˢ ˣ˟ ˫˧˧˶˵˧˰ˢ ˫˧ˮ˧ˬˢ ˪˵˷ˬˣ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˞ˣˢ5  

NR ˨ˣˬˮ ˣ˟ ˭ˣˣˠˬˢ ˨˞ ˢˣ˟ˠ.˫˧˶˸˞ˢ ˟ˣ˶˪ ˸˧˯˥˧ ˨ˣˬˮ ˣ˟ ˫˧˧˶˵˧˰ˢ ˫˧ˮ˧ˬˢ ˪˵˷ˬ˷ ˨˩˟ ˫ˠ ˸˞ˤ ˸ˣ˞˶˪ ˭˸˧ˮ .  

 ˫˧˶˸˞˟ ˞˴ˬˮ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˫˧ˠˡˢ ˭ˣˣˠˬ ˣ˪˞ ˸ˣˬˣ˵˰ ˧˲ ˪˰ ˫ˠ20 NR -x 5 IUI  . 

 ˱˞ ˪˰  ˶˸˞˟ ˫˧ˠˡˢ ˸ˣ˲˧˲˴˷15 IUI   ˶˸˞ˬ ˢ˟˶ˢ˟ ˢ˪ˣˡˠ10 IUI ˫ˢ˪˷ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬˣ ˶˷ˣ˰ ˸ˣˬˣ˵˰ˢ ,

 .ˡˣ˞ˬ ˢˬˣˡ ˸ˣˠˢˮ˸ˬ 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ˣ˧˞˟ ˶56  ˧˲ ˪˰ ˭ˣˣˠˬ ˸ˣˬˣ˵˰ :) ˧ˮ˧˧˶ ˯˵ˡˮ˧˞Rényi diversity profiles .˫˧ˮˣ˷ˢ ˫˧˶˸˞˟ ˸˧ˮˣ˷ˢ ˧ˠˡ ˸˶˟˥ ˟˩˶ˢ˪ ( 

Figure B56: Rényi diversity profiles for reef fish communities at the surveyed sites. 

 

 .˸˧ˮˣ˷ˢ ˧ˠˡ ˪˷ ˧ˠˣ˪ˣ˵˞ˢ ˡˣ˵˲˸ˢ ˪˰ ˸ˡˬ˪ˬ (˭ˣˤˬ ˸˲ˡ˰ˢ) ˸˧˲ˣ˶˦ˢ ˢˬ˶ˢ ˧˲˪ ˫˧ˠˡˢ ˸˵ˣ˪˥ ˣˬ˩ ,ˢˮ˷ˢ ˫ˠ

 :˶˸ˣ˧˟ ˪ˣˡˠˢ ˢ˧ˢ ˭ˣ˦˵ˮ˪˲ˢ ˧˪˩ˣ˞ ˫˧ˠˡˢ ˪˷ ˫˵˪˥ ,˸ˣˬˡˣ˵ ˫˧ˮ˷˟53%Ñ12%   ˢˬ˧ˠˡˢ ˸ˣˡ˧˥˧˟ ˫˧ˠˡˢ ˪˪˩ˬ

˫˧˶ˣ˟˧˦˵ˮ˪˲ ˣ˧ˢ.   ˸ˣ˩ˣˬˮˢ ˸ˣˬ˶ˢˬ ˭ˣˤˬ ˧˶ˬˣ˥ ˫ˤ˩˶˟ ˭ˣˤˬˢ ˠ˶˞ˬ˟ ˸˧ˮˣ˧˥ ˢ˧˪ˣ˥ ˫˧ˣˣˢˬ ˫˧˶ˣ˟˧˦˵ˮ˪˲ ˫˧ˠˡ

.˫˧ˬˢ ˱ˣˠ˟  ˶˸˞˟ ˢ˧ˢ ˣˤ ˢ˴ˣ˟˵ ˪˷ ˶˸ˣ˧˟ ˪ˣˡˠˢ ˢ˵˪˥10  NR )66% ˶˸˞˟ ˢ˧ˢ ˶˸ˣ˧˟ ˭˦˵ˢ ˢ˵˪˥ ˣ˪˧˞ˣ ,(5 

IUI )32% ˶ˣ˧˞ ,ˢˬ˧ˠˡ ˸ˡ˧˥˧˟ ˫˧ˠˡˢˬ  ˟57 .( 

) ˱ˣ˯ ˫˧ ˸˧ˤ˲ ˪˷ ˸ˣ˵ˢ˪˪ ˫˧˩˧˧˷ ˣ˶˵˯ˮ˷ ˫˧ˮˣ˦˵ˮ˪˲ˢ ˫˧ˠˡˢ ˸˧˟˶ˬPseudanthias squamipinnis ,(  ˣ˪˞

 ˢ˧ˣ˷˰ ˢ˪˞ ˫˧ˠˡ ˪˷ ˶˸ˣ˧ ˣ˞ ˸˥˞ ˢ˵ˢ˪ ˸ˣ˥˩ˣˮˣ ˫˧˦˧˶˲ ˪˷ ˪ˣˡˠ ˶˲˯ˬ ˭ˢ˟ ˸ˣ˵ˢ˪˟ ˫˧˰ˮˢ ˸˧˯˥˧ ˫˧ˮ˦˵ ˫˧ˠˡ

 .˸˧ˮˣ˷˟ ˢ˪˞ ˫˧ˠˡ ˪˷ ˪ˣˡˠ ˶˲˯ˬ ˞˴ˬˮ ˡ˧ˬ˸ ˨˞ ,˧ˠˣ˴˧˧ˢ ˫˪˵˷ˬ ˸˞ ˸ˣˮ˷˪ˡ˟˪ˬ   ˫˧ˠˡ ˸ˣ˵ˢ˪ ˫ˠ ,ˣ˪˞ ˸ˣ˵ˢ˪

) ˫˧˧˸˧ˮˣ˷ˢ ˸˥˲˷ˬˬPomacentridae( ˣˬ˩ ,) ˧˶˧ˬ ˸˧˸˧ˮˣ˷Neopomacentrus miryae  ,(  ˫˧˧˪ˣ˷ˢ ˸˧ˠˣˬ˪˞

)(Dascyllus marginatus) ˸˵˶˵˶˧ ˸˧ˬˣ˶˩ ,Chromis viridis) ˸˧ˮˣˠ ˣˡ ˸˧ˬˣ˶˩ˣ ((Pycnochromis dimidiate  

  .˭ˣ˦˵ˮ˪˲ˢ ˧˪˩ˣ˞ˬ ˪ˣˡˠ ˵˪˥ ˣˣ˧ˢ 

˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˧˪˩ˣ˞ ˪˷ ˞˧ˢ ˶˵˯˟ ˢ˪ˡˣˠ˟ ˢ˧˧ˮ˷ˢ ˸˧˲ˣ˶˦ˢ ˢ˴ˣ˟˵ˢ ) IS/IM  ˢ˪ˣˡˠˢ ˢ˸˧˧ˢ ˣˤ ˢ˴ˣ˟˵ .(

 ˶˸˞˟ ˶˸ˣ˧˟5 IUI ) ˭ˣ˯ˣˣ˦ˢ ˠˡ ˸ˣ˥˩ˣˮ ˪˷˟ ˶˵˧˰˟ ,Thalassoma sp. ˪˷ ˸ˣˮ˦˵ ˸ˣ˵ˢ˪ ˫ˠ ,˫˧ˮˣ˯ˣˣ˦ˢ ˡ˟˪ˬ .(

) ˸˧˯˲ ˷˷ ˸˧ˮ˸˲˷Pseudocheilinus hexataenia ˪˩˟ ˢˣ˟ˠ ˶˲˯ˬ˟ ˣ˲˴ˮ ,˸ˣ˧˪ˣ˥ ˧˶˯˥ ˪˰ ˭ˣˤ˧ˮˢ ˱˯ˣˮ ˭˧ˬ ,(

 .˫˧˶˸˞ˢ 
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˶ˣ˧˞ ˟57 ˧ˠˡ ˸ˣˠ˪˲˸ˢ :˸˧˲ˣ˶˦ˢ ˢˬ˶ˢ ˧˲ ˪˰ ˸˧ˮˣ˷ˢ   .˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ 

Figure B57: Distribution of reef fish according to trophic levels at the surveyed sites.  

 

 ˫˧ˠˡˢ ˸˶˟˥ ˪˷ ˧˲ˣ˶˦ˢ ˢ˟˩˶ˢ˟˟ ˟˧˴˧ ˫ˣˠ˧ˡˢ ˧˶˸˞  ˫˧ˮ˷2020-2023 ˶ˣ˧˞) ˟58 .( 

˸˞˟˶5  IUI    ˢˤ ˶˸˞˟ ˢ˶˟˥ˢ .˫˧˶˥˞ˢ ˫˧˶˸˞ˢˬ ˵ˢ˟ˣˬ˟ ˢˮˣ˷ ˢ˧ˢ ˸ˣ˧˲ˣ˶˦ ˸ˣˬ˶ ˸ˮ˧˥˟ˬ ˢ˶˟˥ˢ ˟˩˶ˢ

) ˸ˣ˧˪ˣ˥ ˧˶˯˥ ˧˲˶ˣ˦ ˫˧ˮ˧ˬ ˪˷ ˶˸ˣ˧ ˪ˣˡˠ ˠˣ˴˧˧ ˫˰ ,˸ˣ˧˲ˣ˶˦ ˸ˣˬ˶ ˸ˮ˧˥˟ˬ ˶˸ˣ˧ ˸˧ˮˠˣˬˣˢ26.9%   (ˢ˶˟˥ˢˬ

) ˫˧˶ˣ˟˧˟˶ˢ ˫˧ˮ˧ˬˣ20% ) ˫˧˶˥˞ˢ ˫˧˶˸˞˟ ˶˷˞ˬ (ˢ˶˟˥ˢˬ15%  .(<  ˫˧˶˸˞ˢ ˡ˟˪ˬ ˫ˣˠ˧ˡˢ ˧˶˸˞ ˪˩˟

) ˫˧ˡˣˡ˶ˢ5 NR -x5  IUI  ˫˧˶˵ˡ ˪˷ ˸ˣ˟˶ ˸ˣ˧˲˴˸ ˸ˣ˟˵˰˟ ˶˵˧˰˟ ,˫˧˲˶ˣ˦ˢ ˫˧ˠˡˢ ˪˷ ˫˸ˣ˥˧˩˷ ˢ˸˪˰ (

ˢ ˸˥˲˷ˬˬ- Serranidae  . 

 

˶ˣ˧˞  ˟58:   ˸ ˧˲ˣ˶˦ˢ ˢˬ˶ˢ ˧˲ ˪˰ ˸˧ˮˣ˷ˢ ˧ˠˡ ˸ˣˠ˪˲˸ˢ    ˫˧ˮ˷˟ ˫˧˶˵˯ˮˢ ˫˧˶˸˞˟2020-2023  ˢ˦ˬ˪ ,˸ˣ˧ˣ˲˧˲˴ ˢ˪˰ˬ˪ .

.˫˧ˤˣ˥˞˟ 

Figure B58: Distribution of reef fish according to trophic levels at the surveyed sites in 2020-2023. 

Top, fish densities; bottom, fractions.  

 

 ˶˸˞˟NR 10 ˣ˟˷ ,˶˟˩ ˸˶˵˯ˮ ˫˧ˠˡˢ ˸˶˟˥ 17  ˮ ˷ ˶˸˞) ˢ7 NR (˫˧ˬˡˣ˵ ˸ˣ˥"ˣˡ˟ ˫˧˶ˬ˷ˮ ,ˢ  ˫˧˯˥˧

ˢ  ˫˧ˠˡˢ ˸˧˧˯ˣ˪˩ˣ˞ ˢˮ˟ˬ˟ ˸ˣ˟˧˴˧ ˪˰ ˫˧ˡ˧˰ˬˣ ˸ˣˮˣ˷ˢ ˸ˣ˧˲ˣ˶˦ˢ ˸ˣˬ˶ˢˣ ˸ˣ˴ˣ˲ˮˢ ˫˧ˠˡˢ ˸ˣ˥˲˷ˬ ˭˧˟ ˫˧˧˸ˣˬ˩
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˶ˣ˧˞) ˸˧ˮˣ˷˟ ˟59.( .˸ˣˬˡˣ˵ ˫˧ˮ˷ˬ ˢ˩ˣˬˮ ˢ˸˧ˢ ˢˤ ˶˸˞˟ ˫˧ˠˡˢ ˸ˣ˲˧˲˴ ˢˮ˷ˢ ,˸˞ˤ ˫˰   ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ

 ˢˮ˧ˢ ˫˧ˮ˷ˢ ˨˶ˣ˞˪ ˢˤ ˶˸˞˟121.4Ñ25.1   ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧ˠˡˢ ˸ˣ˲˧˲˴ ˢˮ˷ˢ˷ ˡˣ˰˟ ,ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧ˠˡ

) ˨˩ˬ ˸˧˴˥ˬ˩˪ ˢ˰˧ˠˢ62.2Ñ24.9   .(ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧ˠˡ 

) ˫˧˧˸˧ˮˣ˷ˢ ˸˥˲˷ˬ ,ˢˤ ˶˸˞˟ ˫˧ˮ˷ˢ ˨˶ˣ˞˪ ˶˸ˣ˧˟ ˢ˴ˣ˲ˮˢ ˢ˥˲˷ˬˢPomacentridae  ˢˮ˷ˢ ˢ˸˲˴ˮ ,(

 ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˪˩ˬ ˶˸ˣ˧˟ ˢ˩ˣˬˮˢ ˸ˣ˲˧˲˴˟) 27.5 ±18.5 .(ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧ˠˡ ˧˶˞ˢ ˵˪˥ ˸˞ ˢˣˣˢˬ ˣˤ ˢ˥˲˷ˬ

  .˫˧˶ˣ˟˧˦˵ˮ˪˲ ˫ˮ˧ˢ ˢ˟ ˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ ˫˧ˮ˧ˬˢ ˶˷˞˩ ,˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˪˩ ˨˶ˣ˞˪ ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˫˧ˠˡˢ ˸˶˟˥˟

 ˫˧ˮ˷˟ ˸ˣ˞˶˪ ˭˸˧ˮ˷ ˸ˣˡ˥ˢ ˸ˣˡˣˮ˸ˢ2009 x-2018 ˟ ˫ˢ ˪ ˷  ˫˧˧ˮˣ˦˵ˮ˪˲ ˫˧ˠˡ ˪˷ ˸ˣ˪ˣˡˠ ˸ˣ˵ˢ˪ ˸ˣ˥˩ˣˮ

˥˲˷ˬˬ) ˫˧˧˪˥˩ˢ ˸˥˲˷ˬ ,ˢ˸ˬˣ˰˪ .ˣˤ ˢCaesionidae  ˫˧ˮ˷ˢ ˸˧˟˶ˬ˪ ˸˧˯˥˧ ˢˢˣ˟ˠ ˸ˣ˲˧˲˴˟ ˢˤ ˶˸˞˟ ˢ˸˲˴ˮ (

 .(˶˸ˣ˧˟ ˢˢˣ˟ˠˢ ˞˪ ˨˞) ˧ ˲ˣ˶˦ˢ ˢ˴ˣ˟˵ˢ ,˸ˣˬˡˣ˵ ˫˧ˮ˷˟ ˣˬ˩ ˢ˪ˡˣˠ˟ ˢ˧˧ˮ˷ˢ ˸ ˶˸˞˟10 NR   ˫˧ˠˡˢ ˧˶˥˞)

 (˭ˣ˦˵ˮ˪˲ˢ ˧˪˩ˣ˞) ˸˧ˮˣ˷˟ ˫˧˥˧˧ˮˣ ˫˧ˡ˧˧ˮ ˸ˣ˧˪ˣ˥ ˧˶˯˥ ˫˧˲˶ˣ˦ ˫˧ˮ˧ˬˬ ˸˟˩˶ˣˬ(IM/IS  ˸˞ ˫˧˸˯ˣˣˬ ˣ˪˞ ˫˧ˠˡ .

  ˸ˣ˧ˮ˯˶ˢ ˸ˣ˧ˢ˪ ˸ˣ˧ˣ˷˰ˢ ,ˣ˪˞ ˸ˣ˴ˣ˟˵ˬ ˫˧ˮ˧ˬ ˪˷ ˸ˣ˧ˣ˴˶˲˸ˢ ˫˧˰ˮˣˬ ˨˩ˣ ˸˧ˮˣ˷˟ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˸˧˧˯ˣ˪˩ˣ˞

 .˸˧ˮˣ˷˪ 

 ˡˣˠ˧ˮ˟ ,ˢˮ˷ˢ) ˫˧˲˶ˣ˦ˢ ˫˧ˠˡˢ ,˸ˣˬˡˣ˵ ˫˧ˮ˷˪FC ˫˧˰ˣ˶ˢ ˫˧ˠˡˢˬ ˶˸ˣ˧ ˢˢˣ˟ˠ ˸ˣ˥˧˩˷˟ ˣ˶˲˯ˮ ()H/HD ,

(˰˴ˬ ˸ˣˡˣˬ˴ ˸ˣ˴˞ ˧˪˩ˣ˞  ˶˸˞˟10 NR  ˭˧˟ ,˫˧ˮ˷ˢ ˨˶ˣ˞˪ ˢˤ ˶˸˞˟ ˢˮ˸˷ˬ ˠˣ˴˧˧ ˫˧˲˶ˣ˦ˢ ˫˧ˠˡ˪ .2-10% 

) ˸ˣˬˡˣ˵ ˫˧ˮ˷˪ ˸˧˯˥˧ ˢˢˣ˟ˠ ˢ˸˧˧ˢ ˫˸ˣ˲˧˲˴ ˢˮ˷ˢ .˫˧ˠˡˢ ˸˶˟˥ˬ6.2    ˪˷ ˰˴ˣˬˬ ˪ˣˬ ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧ˠˡ

2.9Ñ1.1   .(˸ˣˬˡˣ˵ ˫˧ˮ˷˟ ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧ˠˡ 

 ˶˸˞˟ ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧˰ˣ˶ˢ ˫˧ˠˡˢ ˶˲˯ˬ10 NR ˸ˣˬˡˣ˵ ˫˧ˮ˷ ˸ˬˣ˰˪ ˢˮ˷ˢ ˨ˣˬˮ ˢ˧ˢ )3.4   ˸ˬˣ˰˪ ˢˮ˷ˢ

 ˪˷ ˰˴ˣˬˬ7.3Ñ2.6 (˸ˣˬˡˣ˵ ˫˧ˮ˷˟  ˸˥˧ˬ˴ ˸˞ ˫˧˸˯ˣˣˬ ˢ˪˞ ˫˧ˠˡ ,˸ˣ˧˪ˣ˥ ˧˶˯˥ˬ ˫˧ˮˣˤ˧ˮˢ ˫˧ˠˡˢ ˫˰ ˡ˥˧˟ .

˶˷˲˞ˬˣ ˸˧ˮˣ˷˟ ˸ˣ˴˞ˢ  .˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˫˧˧˵ˮ ˸˧ˮˣ˷ ˧˥˦˷ ˫˧ 

 

˶ˣ˧˞  ˟59  ˸ˣ˥˲˷ˬ ˧˲ ˪˰ˣ (˪˞ˬ˷ˬ) ˸˧˲ˣ˶˦ˢ ˢˬ˶ˢ ˧˲ ˪˰ ˸˧ˮˣ˷ˢ ˧ˠˡ ˸ˣˠ˪˲˸ˢ :  ˸ˣ˧˶˵˧˰  (˭˧ˬ˧ˬ)  ˶˸˞˟10 NR  ˤ˞ˬ

 ˸ˮ˷2007 . 

Figure B59: Distribution of reef fish according to trophic level (left) and major families (right) 

at NR 10 since 2007. 

 

 .˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˭˧˟ ˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˪ˡ˟ˮ ˞˪ ˪ˣˡ˧ˠ ˧˸˟˪ ˢ˵ˣ˪˥ ˧˲˪ ˸˧ˮˣ˷ˢ ˧ˠˡ ˸˶˟˥ ˟˩˶ˢ˪˩˟ ˫˧˶˸˞ˢ  

) ˫˧ˠˡˢ ˸˧˟˶ˬ70-85%ˢ ( ˫) ˸˧˰˵˶˵˪ ˢ˵˧ˤ ˫˰ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˧˥˷ ˫˧ˮ˧ˬBentho-pelagic˶ˣ˧˞) (  ˟60 .(

 ˰˧˸˲ˬ ˢˤ ˭˧˞ ,(ˢˬ˴˰ ˸˧ˮˣ˷ˢ ˪˰ˬ ˸ˣ˶˯ˮˬ˟ ˫˧˷˰ˮ ˫˧˩˸˥ˢ) ˸˧ˮˣ˷ˢ ˧ˠˡ˟ ˫˧ˤ˩˶˸ˬˢ ˫˧˶˵˯˟ ˶˟ˣˡˬ˷ ˭ˣˣ˧˩ˬ

 ˫˧ˠˡˢ ˸˧˟˶ˬ˷ ˫˧˶˵˯ˮˢ ˱˞ ˪˰ ,ˣ˪˞ ˫˧ˮ˧ˬ .˸˧ˮˣ˷˪ ˢ˵˧ˤ˟ ˫˧˧˥˫˟ˣ˶˷ ˶ˣ˟˧˦˵ˮ˪˲˫˧ ˶ˬˣ˪˩),  ˫ˮ˧˞˫˧˩ˬ˯ˮ   ˪˰

 ,(˭ˣˤˬ ˸˵˲˯˞˪ ˸˧ˮˣ˷ˢ˪ ˫˧˵ˣ˵ˤ ˸˧ˮˣ˷˪ ,ˢ˯˥ˬ˩  ˸ˣ˵ˢ˪ ˶˵˧˰˟ ˣ˪˪˩ ˫˧˧ˠ˞˪˲ˢ ˫˧ˠˡˢ ˦ˣ˰˧ˬ .ˡˣ˰ˣ ,ˢ˧˧˟˶ ˶˸˞

˸ˣˮ˦˵-  ˡ˰) ˸ˣ˧ˮˣˮ˧˟30 ˢ ˸˥˲˷ˬ) ˫˧˧˪˥˩ ˪˷ (˫˧˦˶˲- Caesionidae˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˭ˣ˧˪˰ˢ ˵˪˥˟ ˸ˣ˧˥˷ ,(  

ˢ ˸˥˲˷ˬ) Atherinidae-(ˢˤ ˭ˤ˞ˬ˟ ˸˪˪˩ˮ ˢˮ˧˞ . 

 ˫˧ˠˡˢ ˶˲˯ˬ ˭˧˟ ˢ˧˴˪˶ˣ˵ ˢ˞˴ˬˮ ˞˪,˸˧ˮˣ˷ˢ ˨ˣ˸˟ ˫˧˧˥ˢ ,˫˧˧˦ˮ˟ˢ   ˫˧ˠˣˬ˪˞ˢ ˤˣ˥˞ ˣ˞ ˫˧ˠˣˬ˪˞ˢ ˶˲˯ˬ ˭˧˟˪

ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧˧˦ˮ˟ˢ ˫˧ˠˡˢ ˤˣ˥˞ .˫˧˟˷ˣ˧ˬˢ   ˰˴ˣˬˬ˟ ˢ˧ˢ12Ñ3.2%   ˟ˣ˶˟ .ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˧˪˪˩ˢ ˫˧ˠˡˢ ˨˯ˬ

.˫˧ˠˡ ˧"˰ ˫˧˟˷ˣ˧ˬ ˣ˧ˢ ˫˧˩˸˥˟ ˣ˞˴ˬˮ˷ ˫˧ˠˣˬ˪˞ˢˬ ˸˧˴˥ˬ ˪˰ˬ ,˫˧˶˸˞ˢ   

ˢ˞˴ˬˮ ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˫˧ˠˣˬ˪˞ˢ ˶˲˯ˬ ˭˧˟˪ ˧˪˪˩ˢ ˫˧ˠˡˢ ˶˲˯ˬ ˭˧˟ ˢ˧˴˪˶ˣ˵ . ,˪˷ˬ˪ ˶˸˞˟20 NR   ˣ˟˷

  ˢ˸˧˧ˢ ˞˪ ,˸˞ˤ ˫˰ .˶˸ˣ˧˟ ˢˣ˟ˠˢ ˫˧ˠˣˬ˪˞ˢ ˶˲˯ˬ ˫ˠ ˞˴ˬˮ ,ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˫˧ˠˡˢ ˶˲˯ˬ ˢ˲˴ˮ

  .˫˧ˠˡˢ ˶˲˯ˬ˪ ˫˧˟˷ˣ˧ˬˢ ˫˧ˠˣˬ˪˞ˢ ˤˣ˥˞ ˭˧˟ ˢ˧˴˪˶ˣ˵ 
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˶ˣ˧˞  ˟60˧˲ ˪˰ ˸˧ˮˣ˷ˢ ˧ˠˡ ˸ˣˠ˪˲˸ˢ :    ˫˧˶˸˞˟ ˫˧ˠˡ ˧ˡ˧ ˪˰ ˫˧˟˷ˣ˧ˬ ˞˪ˢˣ ˫˧˟˷ˣ˧ˬˢ ˫˧ˠˣˬ˪˞ˢ ˶˲˯ˬˣ ,˪ˣˡ˧ˠˢ ˧˸˟

.˫˧ˮˣ˷ˢ 

Figure B60: Distribution of reef fi sh according to habitat, and number of inhabited and non-

inhabited corals at surveyed sites . 

 

˭ˣ˧ˡ 

 ˫˧ˮˣ˸ˮ ˭˧˟ˣ ˭˞˩ ˫˧ˠ˴ˣˬˢ ˫˧ˮˣ˸ˮˢ ˭˧˟ ˢ˞ˣˣ˷ˢ ˭˩ ˪˰ˣ ˫˪ˣ˰˟ ˸ˣˠˣˢˮˢ ˫˧ˠˡ ˧˶˵˯˪ ˸ˣ˟˶ ˸ˣ˦˧˷ ˭ˮ˷˧

 ˫˧˶˥˞ ˸ˣˬˣ˵ˬˬˢ˪˧˟˵ ˡ˧ˬ˸ ˞˪˸ˣ˦˧˷ ˭˸ˣ˞˟ˣ ˫˧˶˸˞ ˫˸ˣ˞ ˶˥˞ ˸˟˵ˣ˰ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ,˸˞ˤ ˫˰ .  ˶˟˩17   ˢˮ˷

  ˧ˠˡ ˸˶˟˥˷ ˢ˞˶ˮ ,ˣˤ ˢ˞ˣˣ˷ˢ ˯˧˯˟ ˪˰ .˸˪˧˞ ˳˶˲ˬ˟ ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˭˧˟ ˭ˬˤ ˨˶ˣ˞˪ ˢ˞ˣˣ˷ˢ ˸˶˷˲˞˸ˬ ˨˩ˣ

  ˨˪ˢˬ˟ ˫˧˧˞˶˵˞ ˫˧˧ˣˮ˧˷ ˫˰ ,˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˷ˬ˟ ˢ˟˧˴˧ ˸˪˧˞˟ ˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷˟ˣ ˭ˣ˩ˬˢ ˧˶˸˞˟ ˸˧ˮˣ˷ˢ

 ˢ˞˶ˮˢ ˪˩˩ ˫˧˰˟ˣˮ˷ ˫˧ˮ˷ˢ ˬ ˸ˣˮˬˡˤˬ ˸ˣ˵ˢ˪ ˪˷ ˸ˣˡˣˮ˸ˣ .˫˧ˠˡˢ ˸ˣ˥˧˩˷ˣ ˟˩˶ˢ˟ ˧˸ˣˢˬ ˧ˣˮ˧˷ˬ ˞˪ 

 ˞˴ˬˮ ˞˪ ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˭˧˟ ˢˮ˷ˢ  ˫˧˶˸˞ ˫ˢ ˣˬˠˡˮ˷ ˫˧˶˸˞ˢ ˪˩ .˫˧ˠˡˢ ˟˩˶ˢˣ ˸˰˲˷˟ ˵ˢ˟ˣˬ ˪ˡ˟ˢ

 ˧˩ ˢ˞˶ˮ .˫˧ˬˣˡ ˫˧˞ˮ˸˪ ˫˧˲˷˥ˮ ˸˧ˮˠˣ˲ˣ˶˸ˮ˞ˢ ˢ˰˲˷ˢˢ ˸ˮ˧˥˟ˬˣ ˧ˮˣ˶˧˰ˢ ˶ˣˤ˞˪ ˳ˣ˥ˬ ˫˧ˬ˵ˣˬˬˣ ,ˠ˧˧ˡ˪ ˫˧˶ˣ˯˞

 ˫˧˧˸˵ˢ˪ˢ ˫˧ˠˡˢ ˸ˣ˥˧˩˷ ˫˧ˮˣ˷ˢ ˫˧˶˸˞˟  ˫˧˶˸˞ˢ ˪˩˟ ˸ˣ˥˧˩˷ ˸ˣ˵ˢ˪ˢ ˧˩ˣ ,ˢ˶˟˥ˢ ˟˩˶ˢ ˪˰ ˢ˰˧˲˷ˬ ˢˮ˧˞

.˫˧˶˵˯ˮˢ  ˢ˶ˣˬ˷ˢ ˶˸˞ ˧˩ ˢ˞˶ˮ ,˸˞ˤ ˫˰˭˧˧˲ˣ˞ˬ  .˭ˣ˩ˬˢ ˸ˬˣ˰˪ ,˫˧˧˸˵ˢ˪ ˫ˮ˧˞˷ ˫˧ˠˡ ˶˸ˣ˧˟ 

 ˱˶ˣ˥ ˪˷ ˢ˪ˣˡˠˢ ˢ˶˰˯ˢ ˤ˞ˬ ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˭˧˟ ˢ˞ˣˣ˷ˢ˟2020˸ˣ˞˶˪ ˭˸˧ˮ ,  ˸ˣ˷˷ˣ˞˸ˢ  ˢ˶˧ˢˬ

 ˫˧ˠˡˢ ˸ˣ˲˧˲˴˟ ˤ˞ˬ2020ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˢ˩ˣˬˮ ˫˧ˠˡ ˸ˣ˲˧˲˴ ˢ˸˧˧ˢ ˢ˟˷ ,   ˧˶˥˞˷ ˳˧˵˟ ˣ˩˶˰ˮ ˫˧˶˵˯ˢ)

.(ˢ˶˰˯ˢ ˟ ˶˟˩-2021  ˢ˞˴ˬˮ ˡ˟˪ˬ) ˫˧˶˸˞ˢ ˪˩˟ ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧ˠˡˢ ˸ˣ˲˧˲˴˟ ˢˡ˥ ˢ˧˧˪˰5 NR ,(ˢˡ˧˰ˬˢ   ˧˩

˰˲˷ˢ ˸ ˢ˸˧˧ˢ ˫˧ˠˡˢ ˸˶˟˥ ˪˰ ˢ˶˰˯ˢˢ˶˴˵ˣ ˸˧ˮˬˤ .˪ ˢ˞ˣˣ˷ˢ˟ ˢˮ˷˸ˬˡˣ˵ˢ ˢˮ˷ˢ , ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ ˢ˪˰  ˫˧˶˸˞˟

 ˤ˞ˬ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ ˸ˮ˧˥˟˟ ,˸˞ˤ ˫˰ .˫˧˶˵˯ˮˢ2020  ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˡˡˬ˷ ˡˣ˰˟ ˡ˶˧ ˞˵ˣˣˡ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ ˧˩ ˢ˞˶ˮ ,

 ˶˸˞ ˪˷ˬ˪ ˨˩ .˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˢˮ˸˷ˢ ˞˪5 NR  ˶˵˯ˮ ˞˪˷ ,˟ ˢˮ˷˸ˬˡˣ˵ˢ ˫˰ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ˟ ˢˡ˧˶˧ ˢ˞˶ˬ ,

 ˤ˞ˬ ˫˧ˮ˷ˢ2020 ˢˤ ˶˸˞ .˭˧˧˲ˣ˞ˬ   ˢ˪ˣˡˠˢ ˢ˶˰˯ˢ ˨˪ˢˬ˟ ˰ˠ˲ˮ ˫ˢ˪˷ ˪ˣˡ˧ˠˢ ˸˧˟˷ ˭˩˸˧˷ ,˫˧˶˧ˡˮ ˫˧ˮ˧ˬ ˧ˣ˟˧˶˟

-˟2020 ˢˮ˷ˢ ˢ˪˰ ˫˧˟˷ˣ˧ˬˢ ˫˧ˠˣˬ˪˞ˢ ˤˣ˥˞ ˫ˠ . ˶˵˯ˢ ˧˶˸˞ ˪˩˟ ˸ˬˣ˰˪˸ˬˡˣ˵ˢ ˢˮ˷ˢ  ˸ˬˠˬˬˬ ˵˪˥˩ ˧˪ˣ˞ ,

 ˪˷ ˢ˪ˣˡˠˢ ˢ˶˰˯ˢ ˤ˞ˬ ˫˧ˠˣˬ˪˞ˢˣ ˫˧ˠˡˢ ˸˶˟˥ ˪˷ ˸ˣ˷˷ˣ˞˸ˢ2020 . 

 ˵ˬˣ˰˟ ˭ˣ˩ˬˢ ˶˸˞5  ˭ˣˣˠˬ˟ ˨˞ ,˨ˣˬˮ ˫˧ˮ˧ˬ ˶˷ˣ˰˟ ,˫˧˶˥˞ˢ ˫˧˶˸˞˪ ˸˧˯˥˧ ˫˧ˠˡ ˦ˣ˰˧ˬ˟ ˭˧˧˲ˣ˞ˬ ˫˧˶˦ˬ

˸˧˯˥˧ ˢˣ˟ˠ ˫˧ˮ˧ˬ .˫˧ˮ˧ˬˢ ˭˧˟ ˶˸ˣ˧ ˢˢˣ˟ˠ ˸ˣ˧ˮˣ˧ˣˣ˷ˬ ˰˟ˣˮ ˶˟ˡˢ ˧˩ ˢ˞˶ˮ  ˟˩˶ˢ˟ ˫ˠ ˢˤ ˸˞ ˸ˣ˞˶˪ ˶˷˲˞ .

 :ˢ˶˟˥ˢ ˪˷ ˧˲ˣ˶˦ˢ  ˧˲˶ˣ˦ ˫˧ˮ˧ˬ ˪˷ ˶˸ˣ˧ ˪ˣˡˠ ˠˣ˴˧˧ ˫˰ ,˸ˣ˧˲ˣ˶˦ ˸ˣˬ˶ ˸ˮ˧˥˟ˬ ˶˸ˣ˧ ˸˧ˮˠˣˬˣˢ ˢˤ ˶˸˞˟ ˢ˶˟˥ˢ

 ˫˧˶˸˞˟ ˶˷˞ˬ ˫˧˶ˣ˟˧˟˶ˢ ˫˧ˮ˧ˬˣ ˸ˣ˧˪ˣ˥ ˧˶˯˥.˫˧˶˥˞ˢ  

  ˨˞ ,˨ˣˬˮ ˫˧ˮ˧ˬ ˶˷ˣ˰ˣ ˸ˣ˥˧˩˷ ˫˰ ˫˧ˠˡ ˸ˣ˶˟˥˟ ˩"ˡ˟ ˭˧˧˲˞˸˸ ˢ˰ˣˠ˲ ˢ˸˧˸˷˸˷ ˸˧ˮˣ˷ ˧˩ ˫˧˞˶ˬ ˫˧˶˵˥ˬ

) ˢˢˣ˟ˠ ˸ˣ˧ˮˣ˧ˣˣ˧˷ ˫˰Cyms 2000 ˢˤ ˶˸˞˟ ˸˧ˮˣ˷ˢ ˧˩ ˭˩˸˧ .(ˢ˧ˣ˴ˬ    ,˫ˣˠ˧ˡˢ ˧˶˸˞ ˭˧˟ˬ ˶˸ˣ˧˟ ˡˣ˶˧ˢ ˟˴ˬ˟

  ˸˧˟˧˯ˮ˦ˮ˧˞ ˢ˪˧˪˴ ˸ˣ˪˧˰˲˪ ˱ˣ˷˥ ˞ˣˢ ˭˩˷˶˷˞ˬ ˶˸ˣ˧ ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ   ˪˷ ˢ˶˰˯˟ ˢ˷˵ ˢ˰ˠ˲ˮ ˫ˠˣ ˫˧˶˥˞ˢ

 ˳˶ˬ2020 ˸ˣ˰˧˲˷ˬ ˢ˪˞˩ ˸ˣ˰˧ˠ˲˷ ˭˩˸˧ˣ ˫ˣ˶ˡˬ ˢ˰˯ˢˣ ˫˧˪ˠ˪ ˱ˣ˷˥ˢ ˢˮ˲ˬˢ ˟˵˰ ˢˤ ˶˸˞˟ ˢ˷˵ ˢ˰ˠ˲ ˢ˶˰˯ˢ .

˸ˣˮˬˣˤˬ ˫˧˸˧˰˪ ˣ˧˪˰ . ˭˧˟ ˫˧˪ˡ˟ˢˢ ˸˞ ˫ˠ ˶˧˟˯ˢ˪ ˢ˧ˣ˷˰ ˵ˬˣ˰ˢ ˫˰ ˫˧ˮ˸˷ˬˢ ˫˧˞ˮ˸˪ ˱˯ˣˮ˟ ,ˢ˶˰˯ˢ ˸˰˧ˠ˲

 .˭ˣ˩ˬˢ ˪ˣˬ˷ ˶˸ˣ˧ ˫˧˵ˣˬ˰ˢ ˫˧˶˸˞ˢˣ ˢˤ ˶˸˞ 

 ˶˸˞10 NR   ˨˶ˣ˞˪ ˶˵˯ˮ˷ ,17  ,ˢˮ˷˭ˣˣˠˬ ˸ˣ˥˲ ˣ˶˵˯ˮ˷ ˫˧˶˥˞ˢ ˫˧˶˸˞ˢˬ ˨ˣˬˮˢ ˞ˣˢ ˣ˟ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ .

 ˶˸ˣ˧˟.˶˸ˣ˧˟ ˭˦˵ˢ ˞ˣˢ ˣ˟ ˫˧˧˶˵˧˰ˢ ˫˧ˮ˧ˬˢ ˪˵˷ˬˣ ˸˞ˤ ˫˰,  ˫˧˯˥˧ˢˢ  ˸ˣ˴ˣ˲ˮˢ ˫˧ˠˡˢ ˸ˣ˥˲˷ˬ ˭˧˟ ˫˧˧˸ˣˬ˩

  ˫˧˶ˬ˷ˮ ˸ˣˮˣ˷ˢ ˸ˣ˧˲ˣ˶˦ˢ ˸ˣˬ˶ˢˣ ˢˤ ˶˸˞˟ ˸˧˧˯ˣ˪˩ˣ˞ ˢˮ˟ˬ˟ ˸ˣ˟˧˴˧ ˪˰ ˫˧ˡ˧˰ˬˣ ˧˯˥˧ ˭˲ˣ˞˟ ˢˮ˷ˢ .ˣ˟ ˫˧ˠˡˢ
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  ˫˧ˠˡˢ ˸ˣ˲˧˲˴ ˶˸˞˟10 NR   ,˸˧˯˥˧ ˢ˩ˣˬˮ ˢ˸˧˧ˢ˧˪ˣ˞   ˸˥˲˷ˬˬ ˸ˣ˵ˢ˪ ˪˷ ˸˧˯˥˧ ˢ˩ˣˬˮ ˸ˣ˥˧˩˷ ˪˪ˠ˟

   .˫˧˧˸˧ˮˣ˷ˢ 

˫˧˶˸˞ˢ ˪˩˟ ˸˶˵˯ˮˢ ˢ˲ˣ˵˸ˢ ˨˷ˬ˟  ˫ˮ˧ˢ ˫˧ˠˡˢ ˸˧˟˶ˬ ˶˷˞˩ ,˟˧˴˧ ˶˸ˣˮ ˫˧ˠˡˢ ˸˶˟˥ ˪˷ ˧˲ˣ˶˦ˢ ˟˩˶ˢˢ ,

 ˸˧˯˥˧ ˫˧˪ˣˡˠ ˫˧ˮ˧ˬ ˫ˠ ˫ˮ˧ˢ˷ ,˫˧˲˶ˣ˦ˢ ˫˧ˠˡˢ ˪˷ ˫˸ˣ˥˧˩˷ ˢ˸˪˰ ˢˮ˷ˢ .˫˧˶ˣ˟˧˦˵ˮ˪˲ x  ˫˧˰ˣ˶ˢ ˫˧ˠˡˢ ˶˲˯ˬ

  ˫˧˥˦˷ ˸˲˧˷˥ˣ ˸˧ˮˣ˷˟ ˸ˣ˴˞ˢ ˸˥˧ˬ˴ ˸ˣ˯˧ˣˣ˟ ˡˣ˞ˬ ˟ˣ˷˥ ˡ˧˵˲˸ ˣ˪˞ ˫˧ˠˡ˪˷ ˭ˣˣ˧˩ˬ .˸˧˯˥˧ ˨ˣˬˮ ˢ˧ˢ

  .ˣ˞ˣ˟˧˷ ˫˧ˮ˷˟ ˣˤ ˢˬˠˬ ˧˶˥˞ ˟ˣ˵˰˪ˣ ˨˧˷ˬˢ˪ ˷˧ ,˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ 
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˸˧˲ˣ˥ˢ ˢ˟˧˟˯ˢ ˶ˣ˦˧ˮ .ˠ 

.ˠ1 ˱ ˣ˥ˢ ˸˟˶˵˟ ˫˧ˢ ˧ˬ  .   
 

ˢ˶˦ˬ   

˧˧˪˵˧˯˧˲ ,˫˧˧ˬ˧˩ ˫˧ˮ˸˷ˬ ˶˥˞ ˟˵˰ˬ˫  ˫ˣˢ˧ˤ ˸ˣ˶ˣ˵ˬ ˣ˞ ˸ˣˬˠˬ ˧ˣˢ˧ˤˣ ˱ˣ˥ˢ ˸˟˶˵˟ ˫˧ˢ ˧ˬ˟ ˫˧˧ˠˣ˪ˣ˧˟ˣ ,

 .˸˧ˮˣ˷ˢ ˸˶˟˥˟ ˰ˣˠ˲˪ ˫˧˧ˣ˷˰ˢ 

  

 ˸ ˣ˦˧˷ 

 ˨˶ˣ˞˪ ˸ˣˮ˥˸ ˰˟˷˟ ˥˦˷ˢ ˧ˬˬ ˸ˣ˞ˬˠˣˡ ˪˰ ˫˧˧ˠˣ˪ˣ˧˟ˣ ˫˧˧ˬ˧˩ ˫˧ˮ˸˷ˬ ˪˷ ˸ˣˡ˧ˡˬ ˸ˣ˰˴ˣ˟ˬ ˷ˡˣ˥˪ ˸˥˞

˶ˣ˲ˬ˷ ˧˲˩ ˥ˣ˸˲ ˫˧ ˸ˮ˥˸˟ˣ ˳˶˲ˬˢ ˪˷ ˧˪˞˶˷˧ˢ ˱ˣ˥ˢˠ ˶ˣ˧˞˟ ˦1 xˠ ˢ˪˟˦˟1 ˸ˣ˰˷˟ ˢ˶˧˯ˬ ˸˧˷˰ˮ ˢˬ˧ˠˡˢ .

˩ ˪˷ ˵ˬˣ˰ˬ ˫˧ˬ ˸ˣ˞ˬˠˣˡ ˸ˣˮ˥˸ˢ ˢˮˣˬ˷ˬ ˸ˣ˥˵˪ˮ ˢ˲˧˴˶ ˢˠ˪˲ˢ ˨˪ˢˬ˟ .˶˵ˣ˟ˢ-1  'ˬ˨˶ˣ˴˪   ,ˢˡ˟˰ˬ˟ ˸ˣˡ˧ˡˬ

  ˥˲ˮ˟ ˭˧˵˯˧ˮ ˵ˣ˟˵˟ ˸ˣ˰˴ˬ˞˟5  ˸˶˟˥ ˪˷ ˶˦˧˪GOFLOˡˬ ˸ˣ˰˴ˬ˞˟ ˥˦˷ˢ ˧ˬ ˸˶ˣ˦˶˲ˬ˦ ˸ˡˡˬˮ ,˱˯ˣˮ˟ .-  ˫ˣ˥

) ˧˵ˑ˯ ˵ˬˣ˰ ˧˲˪ ˫˧ˬˢ ˸ˣ˶˧˩˰ ˸ˡˬ˞ˮˣ ˸˧˲˯˩secchi  ˸ˡ˶ˣˬ ˢ˟ ˢˡ˧ˡˬ :(ˢ˵˯ˡ ˢ˶˧˯ˢˬ   ˶˦ˣ˵ ˸˪˰˟ˣ ˭˟˪˟ ˢ˰ˣ˟˴

.˧˴˥ˣ ˢ˰˷˩ ˪˷ ˭ˬˤ ˵˶˲˟ ˸ˣˬˠˡˮ ˸ˣˮ˥˸ˢ ˪˩ .ˢ˟ ˭˧˥˟ˢ˪ ˭˸˧ˮ ˞˪ ˣ˪ ˶˟˰ˬ ˶˷˞ ˵ˬˣ˰ˢ ˫˷˶ˮˣ ˰ˣ˟˵ 

 

 :˸ˣ˞˟ˢ ˸ˣ˧ˬ˧˩ˢ ˸ˣˡ˧ˡˬˢ ˨˶ˣ˴˪ ˫˧ˬˢ ˫˧˵˪ˣ˥ˬ ˢˬ˧ˠˡˢ ˸ˠ˪˲ˢˬ ˢ˶ˤ˥ˢ ˫˰ ˡ˧ˬ 

˯ˬˣˬ ˭˴ˬ˥:  ˶˵ˮ ˭˴ˬ˥ˢ ˤˣ˩˧ ˞˧ˢ˷ ˶˪˵ˮ˧ˣˣ ˸˦˧˷˟ ˰˟˧˴˵˞˧˶ ˸  ˸ˣˬ˧ˠˡˢ .ˢ˧˴˶˦˧˦˟ ˸˰˴ˣ˟ˬˢ ˢ˶˧˸˯

 ˧ˮ˷ ˸˲˯ˣˢ ˧"˰ ˸ˣ˰˟ˣ˵ˬ˧˦ˮˠ˞˧˶˫ 4MnSO   -xKI+NaOH   ˫˰ ˸ˣ˶˦ˣ˦ˬˣ3O2S2Na   ˤˣ˩˧˶˟N0.1.   ˢ˧˴˶˦˧˦ˢ

 ˸˰˴˟˸ˬ ˸ˣ˰˴ˬ˞˟ˠˣ˯ˬ ˧˦ˬˣ˦ˣ˞ ˶ˣ˦˶˦˧˦Titrino 702 SM  ˸˶˟˥ ˪˷Metrohm  .˳˧ˣˣ˷ , 

 ,ˢ˟ˠˢ ˨˶˰pH : ˸ˮ˷ ˰˴ˬ˞˪ ˡ˰]2022 ˢ ˸ˣˡ˧ˡˬ ˣ˷˰ˮ-pH   ˪˷ ˢ˰ˣ˟˵ ˢ˶ˣ˦˶˲ˬ˦˟ ˫˧ˢ ˧ˬ˟25ęC 

 ˸ˣ˰˴ˬ˞˟ ˸ˡˣ˶˦˵˪˞pH  ) ˸˧˩ˣ˩ˤˬ(combined pH electrode  ˫ˠˡpHC2401-7  ˡˬˣpH    ˫ˠˡ93 PHM  ˫ˢ˧ˮ˷

 ˸˶˟˥ ˪˷Radiometer Copenhagen.   ˸ˣ˶˩ˣˬˣ ˸ˣ˧˶˥˯ˬ ˸ˣ˧˦˶ˡˮ˦˯ ˸ˣ˯˧ˬ˸ ˸˶ˤ˰˟ ˰˴˟˸ˬ ˢˡˣ˶˦˵˪˞ˢ ˪ˣ˧˩

 ˸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˧˟˧˦˵˞ ˸˪˵˯˟NBSpH   ˧˲˪

 ˪˷ ˢ˶ˡˠˢˢMillero et al. 1993    :}+log {H-=  NBSpH 

 ˸˪˵˯ ˭ˬ˧ˬˢ ˧ˮˣ˧ ˪˷ ˪˪ˣ˩ ˤˣ˩˧˶ ˪˷ ˢ˪˵˯˟ ˫ˢ˧˸ˣ˞˴ˣ˸ ˸˞ ˫˧˥ˣˣˡˬ ˫˧ ˧ˬ˟ ˫˧˟˶ ˫˧˶˵˥ˬpHT  :˩ ˸˶ˡˠˣˬˢ

T]
+log [H-pHT =  

 ˶˷˞˩T]
+[H  ˧ˮˣ˧ ˤˣ˩˧˶ ˸˞ ˫ˠ ˪˪ˣ˩-

4HSO  . 

 ˭ˬ˧ˬˢ ˭ˣ˧ ˪˷ ˸ˣ˧˟˧˦˵˞ˢ ˰ˣ˟˵ ˟ˣ˷˧˥ ˸ˣ˰˴ˬ˞˟ ˶˷˲˞˸ˬ ˸ˣ˪˵˯ˢ ˭˧˟ ˶˟˰ˬ)H(f  ˧ˣ˪˸ ˣˮˢ ˢˤ ˰ˣ˟˵ .

 ˧˲˪ ˫˸˧˶ˣˠ˪˞ ˸ˣ˰˴ˬ˞˟ ˟ˣ˷˧˥˪ ˭˸˧ˮˣ ˸ˣ˥˧˪ˬˣ ˢ˶ˣ˦˶˲ˬ˦(Millero et al. 1988)ˢ ˸ˣˡ˧ˡˬ ˪˩ˣ ˶˥˞ˬ .- pH   ˪˷

  ˰ˣ˟˵ ˪˷ ˣ˩˶˰ ,˸˧˶˰ˤˬ ˢˡ˧ˬ˟ ˢˮ˸˷ˬ ˸˪˧˞ ˳˶˲ˬ ˭ˣ˲˴˟ ˫˧ˢ ˧ˬ ˸ˣ˥˧˪ˬˣ ,ˢ˶ˣ˦˶˲ˬ˦ ˢ˸ˣ˞˟ ˸ˣ˰˴˟˸ˬ ˶ˣ˦˧ˮˢ

 ˞ˣˢ ˭ˬ˧ˬˢ ˭ˣ˧ ˪˷ ˸ˣ˧˟˧˦˵˞ˢ0.72 ˢ ˸ˣˡ˧ˡˬ ˪˰ ˢˤ ˰ˣ˟˵ ˸˪˰˲ˢ .˫˧ˬˢ ˸ˡˣˬ˰ ˪˩˟ˣ ˢˮ˷ˢ ˪˩ ˨˷ˬ˟- pH  

 ˸˸˥˲ˢ˪ ˫˶ˣˠ ˶ˣ˦˧ˮ˟ ˸ˣ˥ˣˣˡˬˢ0.14  ˸ˣˡ˧˥˧pHˢ ˸˪˵˯˟ ˶ˣ˦˧ˮˢ ˧ˮˣ˸ˮ˟ ˷ˬ˸˷ˢ˪ ˨˶ˣ˴ ˷˧ˣ ˢˡ˧ˬ˟ ˶ˬˣ˪˩ .- 

TpH ˸˧˥˲ˢ˪ ˷˧ ,0.14 ) ˸ˣˡ˧ˡˬˢ ˪˩ˬShaked 2008[.( 

 (˪"˞˧˥) ˭ˬ˶˟˪˧˯ ˵'ˠ ˶"ˡ ,ˢ˥ˣ˸˲ˢ ˢ˦˧˯˶˟˧ˮˣ˞ˢˣ ˸˧˶˟˰ˢ ˢ˦˧˯˶˟˧ˮˣ˞ˢ) ˦˲ˠ˶ˣˣ ˪˧˧˞ ˶"ˡ ˫˰ ˸˥˞ ˢ˴˰˟

  ˢˡ˧ˡˬ˪ ˧ˡˣ˰˧˧ ˶˦ˬˣ˦ˣ˲ˣ˶˦˵˲˯ ˶˧˷˩ˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˢ˷˩˶ (˟ˠˮ˟ ˭ˣ˧˶ˣˠ ˭˟ ˸˦˧˯˶˟ˮˣ˞) ˶˪˦ˮ˞ ˡ˰˪ˠ ˶"ˡˣ

) ˢ˟ˠˢ ˨˶˰ ˪˷ ˸˧˦˲ˣ˞Contros HydroFIA pH, Jena Engineering  .( 

 ˳˧˵˟ ˣˮ˪˥˸ˢ ˦˲ˠ˶ˣˣ ˪˧˧˞ ˶"ˡ ˪˷ ˢˡˣˬ˴ˢ ˣ˸˩˶ˡˢ˟2022    ˶˦ˬˣ˦ˣ˲ˣ˶˦˵˲˯ ˸ˣ˰˴ˬ˞˟ ˢ˟ˠˢ ˧˩˶˰ ˡˣˡˬ˪

FIA   ˸ˣ˞ˬˠˣˡ ˭˸ˣ˞ ˪˷ ˸ˣ˪˧˟˵ˬ ˸ˣˡ˧ˡˬ ˪˷ ˢ˶ˡ˯ ˢ˸˷˰ˮ ˸ˣˡ˧ˡˬˢ ˭˧˟ ˫˧˞˸ˢ˪ ˸ˮˬ ˪˰ .˫˧ ˧ˬ ˸˪˵˯ ˧˲ ˪˰

 ˢˮ˥˸˟ ˣ˲˯˞ˮ˷ ˫˧ˢ ˧ˬ :˸ˣ˦˧˷ˢ ˧˸˷˟A  ˸ˣ˰˴ˬ˞˟ ˣ˪˲ˣ˦HCl x- NaOH  ˨˶˰ ˸˞ ˡ˧˶ˣˢ˪ ˣ˞ ˸ˣ˪˰ˢ˪ ˸ˮˬ ˪˰

 ˢ˧ˢ ˧ˡˡˢˢ ˪ˣ˧˩ˢ ˨˶ˣ˴˪ ˣ˷ˬ˧˷˷ ˢ˟ˠˢ ˧˩˶˰ ˥ˣˣ˦ .ˢˬ˞˸ˢ˟ ,ˢ˟ˠˢ7.4-8.4  ˭˧˟ ˫˧˰ˮ ˫˧˟ ˫˧˧˰˟˦ ˢ˟ˠ ˧˩˶˰ .

8.05 x- 8.2   ˥ˣˣ˦ˢ ˸˞ ˟˦˧ˢ ˢ˯˩ˬ ˢˤ ˥ˣˣ˦˷ ˨˩ (˸ˣˡˣ˶˦˵˪˞ ˸ˣ˰˴ˬ˞˟ ˸˧˶˦ˬˣ˧˴ˮ˦ˣ˲ˢ ˸ˣˡ˧ˡˬˢ ˸˪˵˯˟)

ˢ˴ˬˣ˥ˢ ˸˲˯ˣ˸ ˶˥˞˪ .˧ˣ˲˴ˢ ˧˰˟˦ˢ\˪ ˯˧˯˟˩ ˫˧ˬˢ ˸ˣ˞ˬˠˣˡ ˨˩ ˶˥˞ ˡ˧ˬˣ ˸ˣˡˣ˶˦˵˪˞ ˸ˣ˰˴ˬ˞˟ ˢˡˡˬˮ ˢˬˠˣˡ ˪

  ˦˦˶ˣ˷ ˸ˣ˧˶˦ˬˣ˧˴ˮ˦ˣ˲ˢ ˸ˣˡ˧ˡˬˢ ˰˴ˣˬˬˣ ˫˧ˬ˰˲ ˷ˣ˪˷ ˢ˟ˠˢ ˨˶˰ ˡˡˬˮ ˢ˦˧˷ ˪˩˟ .˶˦ˬˣ˦ˣ˲ˣ˶˦˵˲˯ˢ ˸ˣ˰˴ˬ˞˟

 ˣ˵ˢ ˸ˬ˞˸ˢ .˧˶˞ˮ˧˪ ˢ˧˧˯˶ˠ˶ ˣ˵ ˶˟˰ˣˢ ˢˤ ˟˥˶ˬ ˪˰ ˸ˣˡ˧ˡˬˢ ˭˧˟ .˶˦ˬˣ˦ˣ˲ˣ˶˦˵˲˯˟ ˸ˣˡ˧ˡˬˢ ˰˴ˣˬˬ ˡˠˮ˩

) ˸ˮ˧˧ˣ˴ˬ ˢ˸˧ˢ ˸ˣˡ˧ˡˬ˪=0.999932R ˣ˵ˢ ˰ˣ˲˧˷ ,(0.971  ˧˩ˮ˞ˢ ˶˧˴ˢ ˫˰ ˣ˩ˣ˸˧˥ˣ0.126 . 

+ 0.126038 electrode= 0.971207 * pH  spectropH  

 ˸˞ ˭ˣ˥˟˪ ˸ˮˬ ˪˰ ˸ˣ˦˧˷ˢ ˧˸˷˟ ˣˡˡˬˮ ˸ˣ˧˰˟˦ˢ ˫˧ˬˢ ˸ˣ˞ˬˠˣˡ ˪˩ ˶ˣ˦˧ˮ ˧˷ˡˣ˥ ˢ˷ˣ˪˷ ˨˷ˬ˟ ,˨˩˪ ˱˯ˣˮ˟

  ˸˶˷˲˞ˬ ˢ˧˯˶ˠ˶ˢ ˣ˵ ˰ˣ˲˧˷ .˸ˣˡ˧ˡˬˢ ˭˧˟ ˶˷˵ˢ ˸˞ ˟˦˧ˢ ˠ˴˧˧ˬ ˢ˧˧˯˶ˠ˶ˢ ˣ˵˷ ˞˴ˬˮ .˸ˣ˦˧˷ˢ ˭˧˟ ˢˬ˞˸ˢˢ ˟˧˦
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 ˣˤ˪ ˣˤ ˸ˣˡ˧ˡˬˢ ˪ˣ˧˩ ˪˰ ˷ˡ˥ˬ ˣ˟˷ˣ˥ ˸ˣˡˣ˶˦˵˪˞ ˸ˣ˰˴ˬ˞˟ ˸˧˶˦ˬˣ˧˴ˮ˦ˣ˲ˢ ˢ˦˧˷˟ ˶˟˰˟ ˣˡˡˬˮ˷ ˫˧˩˶˰ˢ ˪˩ˣ

ˢ˷ˡ˥ˢ ˸ˣˡ˧ˡˬˢ ˸˪˵˯˪ ˣˬ˧˞˸˧˷ ˸ˮˬ . ˫˧˩˶˰ˢ ˫ˢ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˡ˧ ˪˰ ˢ˞˪ˢˣ ˢ˸˰ˬ ˣ˥ˣˣˡ˧ ˶˷˞ ˢ˟ˠˢ ˧˩˶˰

 ˶˦ˬˣ˦ˣ˲ˣ˶˦˵˲˯ ˸ˣ˰˴ˬ˞˟ ˫˧ ˧ˬ ˪˷ ˢˡ˧ˡˬˢ ˸˪˵˯˪ ˫˧ˬ˧˞˸ˬˢContros HydroFIA pH. 

˸ˣ˥˧˪ˬ  : ˫ˠˡˬ ˸ˣ˥˧˪ˬ ˡˬ˟ ˢˡ˧ˡˬ310e-Salinometer MS-Micro ˸˶˟˥ ˪˷ RBR.ˢˡˮ˵ ,  ˢˡ˧ˡˬˢ

 .˦˶ˡˮ˦˯ ˪˷ ˣˤ˪ ˢˬ˧ˠˡˢ ˸ˣ˩˧˪ˣˬ ˪˷ ˢ˞ˣˣ˷ˢ ˨ˣ˸ ˸˧˦ˮˠˬ ˢ˞˶˷ˢ ˪˰ ˸˯˯ˣ˟ˬ 

˧˶˦ˣˮ˧ ˫ ˧˦ˮ: 4, PO4Si(OH), 3, NO2NO  ˶ ˧˷˩ˬ˟ ˫˧ˡˡˬˮQuikChem 8000 flow injection analyzer   

˸˶˟˥ ˪˷Lachat Instruments, Milwaukee .˟"ˢ˶˞ , ˢˡ˧ˡˬˢ  ˡ˥˞ ˪˩ ˶˴ˣ˧˷ ˰˟˴  ˸˟ˣˠ˸ ˪˰ ˸˯˯ˣ˟ˬ

˧˶˦ˣˮˢˬ˧ ˫˰ ˫˧˦ˮ ˮ ˠ˞˧˶ˢ s˦ ˧˰˟˴ ˯˵˪˲ˬˣ˵ ˸˶˧˴˧˪ ˣ˪ ˧ˡˣ˥˧  ˢ˞˶ˮˢ ˶ˣ˞ˢ ˫ˣ˥˸˟ ˪ˠ ˨˶ˣ˞ ˪˰˟  ˦˪˵ˮˢ ,

˶˧˷˩ˬˢ ˪˷ ˶˦ˬˣ˦ˣ˲ˣ˶˦˵˲˯˟. 

˸ˣ˧ˮ˧˪˵˪˞˸˧˴˶˦˧˦ ˧"˰ ˸˰˟˵ˮ : Gran ˫˰HCl   ˤˣ˩˧˶˟N0.05 ˟ ˸˰˴˟˸ˬˢ ˸ˣ˰˴ˬ˞  ˧˦ˬˣ˦ˣ˞ ˶ˣ˦˶˦˧˦

 ˫ˠˡˬDL67  ˸ˡˣ˶˦˵˪˞ˣpH  ˸˧˩ˣ˩ˤˬ (combined pH electrode) ˫ˠˡ DG111  ˸˶˟˥ ˪˷ ˫ˢ˧ˮ˷ ,Mettler 

Toledo .˳˧ˣˣ˷ , 

˧˲ˣ˶ˣ˪˩:˪  ˮ ˮˣ˯ˬ ˫˧ˬˢ˫˧  ˠˣ˯ˬ ˫˧˶˦˪˧˲ ˨˶ˡF/GF ˭ˣ˦˴˞˟ ˫˧˴ˣˬˬ ˫˧˶˦˪˧˲ˢ .90%  ˨˷ˣ˥˟˶˶˵ˬ˟) Co4  (

-˪24  ˤˣ˩˧˶ ,˧ˣ˴˧ˬˢ ˫ˣ˸˟ .˸ˣ˰˷) ˪˧˲ˣ˶ˣ˪˩ˢchlorophyll-a˫ˠˡˬ ˶˦ˬˣ˶ˣ˞ˣ˪˲˟ ˡˡˬˮ (  TD-700  ˸˶˟˥ ˪˷

Turner Designs .˟"ˢ˶˞ ,ˢ˧ˮ˶ˣ˲˧˪˵ , 

ˢ˧ˮˣˬ˞:  ˶˦ˬˣ˶ˣ˞ˣ˪˲ ˸ˣ˰˴ˬ˞˟ ˸ˡˡˬˮ ˢ˧ˮˣˬ˞DyNA QuantTM 2000  ˸˶˟˥ ˪˷Hoefer    ˸˶ˠˡˢ ˶˥˞˪

˸ˣ˞ˬˠˣˡˢ  ˮ ˠ˞˧˶ ˸˲˯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.  
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ˢ˪˟˦ ɣ1ˣ˞˧˸ˣ ˫ˣ˵˧ˬ : ˶ ˪˷ ˧˲ˣ˥ˢ ˫ˣˠ˧ˡˢ ˸ˣˮ˥˸˸˧ˮ˩˸  .˧ˬˣ˞˪ˢ ˶ˣ˦˧ˮˢ 

Table C1: Locations of the coastal-water monitoring stations. 

 

 s ˮ˥˸ ˫˷  ˫ 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 ˢ˲˴ˬˢ ˸˟˶˵˟ ,- ˧ ˬ˧ 29°30.251" 34°55.211" 

T  s ˟˞˦˟ ˪ˣ˟ˠˢ ˶˟˰ˬ ˪ˣˬ 29°29.478" 34°54.316" 

OS  ˥ˣ˸˲ ˫˧˪ ˸˧ˮˣ˲˴ ï IUI 29°30.183" 34°56.148" 

 

 

˸ˣ˞˴ˣ˸ 

 ˫ ˧˧ˬ˧˩ ˫˧ˡˡˬ 

) ˫˧ˬˢ ˸ˣ˧˴ˬˣ˥ ˸ˬ˶pH( 

˸˶ˣ˩ˤ˸ ˪˞ ˣˮ˯˥˧˧˸ˢ ˸ˣ˯˧ˬ˸ ˸ˣˮ˷˧˧˸ˢ ˟˵˰ : ˧˩˶˰ ˪˩pH  ˷ˡˣ˥ ˤ˞ˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟ ˣˡˡˬˮ ˶˷˞

 ˶˟ˣ˦˵ˣ˞2003  ˶˟ˬ˟ˣˮ ˷ˡˣ˥˪ ˡ˰ˣ2006 ˫˧ˡˣ˷˥˩  ˸ˮ˷ ˤ˞ˬ  ˢ˦ˬ˪ ˫˧ˠ˴ˣˬˢ ˫˧˩˶˰ˢ .˫˧˪˧˟˵ ˞˪ˣ2007  ˫ˮ˧ˢ

 ˱ˣ˯ ˤ˞ˬ ˫˧ˡˡˬˮˢ ˫˧˩˶˰ˢ .˫˧ˮ˧ˬ˞2006  ˶˟ˣ˦˵ˣ˞ ˧ˮ˲˪ ˣˡˡˬˮ˷ ˫˧˩˶˰˪ ˫˧ˬˣˡ2003  ˭˸˧ˮ ˞˪ ˧˩ ˨˩ ˪˰ ˫˧ˡ˧˰ˬˣ

 ˧˩˶˰˟ ˧ˣˮ˧˷ ˪˷ ˥ˣˣ˦ ˸˩ˣ˶˞ ˢˬˠˬ ˭˥˟˞˪pH  ˶ˣ˦˧ˮˢ ˥"ˣˡ˟ ˶ˣˬ˞˪ ˡˣˠ˧ˮ˟)2005 .(˸ˣ˧ˣˠ˷ ˸ˣˡ˧ˡˬ ˣˠ˴ˣˢ ˫˷ , 

 

 ˶˟ˣ˦˵ˣ˞ ˷ˡˣ˥ˬ2022 ˢ ˸ˣˡ˧ˡˬ-pH  ˶˥˞˪ .˫˧ ˧ˬ˪ ˢˬ˧˞˸ˬˢ ˢ˪˵˯˟ ˸˧˶˦ˬˣ˦ˣ˲ˣ˶˦˵˲˯ ˢˤ˧˪ˮ˞˟ ˸ˣ˷˰ˮ

 ˭ˢˣ ˪ˣˡˠ ˪ˣ˧˩ ˧˩˶˰ ˥ˣˣ˦ ˸˶˧˴˧˪ ˯˧˯˟ ˸˲˯ˣ˸˟ ˣ˞ ˫˧˴ˬ˥ˣˬ ˫˧ ˧ˬ ˸ˣ˰˴ˬ˞˟ ˭ˢ) ˪ˣ˧˩ˣ ˪ˣ˵ˣ˦ˣ˶˲ˢ ˷ˣ˟˧ˠ ˪˷ ˢ˲ˣ˵˸

  ˭˧˟ ˵ˢ˟ˣˬ ˧˶˞ˮ˧˪ ˶˷˵ ˞˴ˬˮ (˫˧˷ˡˣ˥ ˢ˷ˣ˪˷ ˨˷ˬ˟ ˸ˣ˦˧˷ˢ ˧˸˷˟ ˸ˣ˞ˬˠˣˡˢ ˪˷ ˢ˪˧˟˵ˬ ˢˡ˧ˡˬ ˸ˣ˰˴ˬ˞˟

ˣ˞˴ˣ˸ ,˨˩˧˲˪ .(ˢ˪˰ˬ ˣ˞˶) ˸ˣ˷ˡ˥ˢ ˸ˣˤ˧˪ˮ˞ˢˣ ˸ˣˡˣ˶˦˵˪˞˟ ˢˡ˧ˡˬˢ ˸ ˸˧ˮ˩˸ˢ ˧ˡ˧ ˪˰ ˣˡˡˬˮ ˶˷˞ ˢ˟ˠˢ ˧˩˶˰ ˪˩

ˢ˷ˡ˥ˢ ˢ˪˵˯ˢ ˧˲ ˪˰ ˭˞˩ ˫˧˥ˣˣˡˬˣ ˷ˡ˥ˬ ˣ˟˷ˣ˥ ˸ˣˬˡˣ˵ˢ ˫˧ˮ˷˟. 

 

 

ˢ ˧˩˶˰-pH ,˫˧˩ˣˬˮ ˱˶ˣ˥˟  ˧˩˶˰ ˣ˟ ˧˸ˮˣ˰ ˶ˣˤ˥ˬ ˣˢˤ .˳˧˵˟ ˶˷˞ˬ ,˪˪˩ ˨˶ˡ˟pH   ˧˷ˡˣ˥˟ ˫˧ˡˡˬˮ ˫˧ˢˣ˟ˠ

 ˨ˣˬˮ ˨˶˰ ˫˰ ,˸ˣ˶˥˞ ˫˧ˮ˷ˬ ˢˮˣ˷ ˢ˸˧ˢ ˞˪ ˢˮ˷ˢ .˟˟˶ˣ˰ˬˢ ˱˶ˣ˥˟ ˫˧ˡˡˬˮ ˸˧˯˥˧ ˫˧˩ˣˬˮ ˫˧˩˶˰ˣ ˣ˧˸˯ˢˣ ˳˧˵ˢ

 ˪˷ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟8.037   ,˶˟ˬ˦˲˯ ˷ˡˣ˥˟ ˶˸ˣ˧˟ ˢˣ˟ˠ ˨˶˰ˣ ˶˞ˣ˶˟˲ ˷ˡˣ˥˟8.077 ˠ ˶ˣ˧˞)2  ˧˟˶ˬ ˨˶˰ .(

 ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˨ˣˬˮ ˦˰ˬ ˢˤ8.089˯˟ˣ ,ˢ ˧˩˶˰ ˪˩ˢ ˨-pH   ˶˷˞ˬ ˶˸ˣ˧ ˫˧˩ˣˬˮ ˦˰ˬ ˢˮ˷ˢ ˥ˣ˸˲ˢ ˫˧˟

 ˢ˧ˢ ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˨˶˰ˢ .˸ˬˡˣ˵ˢ ˢˮ˷˟8.036  ˫˧ˮ˷˟ .˪˧˶˲˞ ˷ˡˣ˥˟ ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ ,

˵˧˰˟ ,˫˧˩ˣˬˮ ˫˧˞˧˷ ˣ˧ˢ ˸ˣˡ˧ˡˬˢ ˪˷ ˸ˣˮˣ˷˞˶ˢ) ˵ˣˬ˰ ˟ˣ˟˶˰ ˪˷ ˫˧ˮ˷˟ ˶2007,2008 ,2012  ˣˡˡˬˮ ˢˮ˷ˢˣ (

.ˢ˪ˣˡˠ ˞˪ ˫˧˩˶˰  ˸˰˶˷ˬ ˫˰ ˭ˬˤˢ ˟ˣ˶ ˨˷ˬ˟ ˫˧˩ˣˬˮ ˫˧˩˶˰ 

 ˪˷ ˢ˟ˠˢ ˨˶˰8.010  ˳˶ˬ ˷ˡˣ˥˟ ,˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟ ˡˡˬˮ˷ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˨˶˰ˢ ˞ˣˢ2008   ˭ˬˤ˟)

 .˸˪˧˞ ˪˷ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˣ˧ˢ ˣ˟ ˫ˣ˵ˬ˟ ,(˶˸ˣ˧˟ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ 
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ˠ ˶ˣ˧˞2 ˧˩˶˰ ,ˢ˪˰ˬ˪ :pH  ˧˩˶˰ ,ˢ˦ˬ˪ .˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ ˣˡˡˬˮ˷pH   ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸ˢ ˪˩˟ ˫˧˧˷ˡˣ˥

 ˶˟ˣ˦˵ˣ˞ ˤ˞ˬ2006. 

Figure C2: Top, pH values measured this year at the coastal stations. Bottom, Monthly pH 

values at all coastal water monitoring stations since October 2006.  

 

 ˧˩˶˰pH ˢˬ˧˷ˮ ˧˩˧˪ˢ˸ ˫˧˪˪ˣ˩ ˫ˢ˟˷ ˫˧˟ˣ˷˥ˢ ˶˷˞ ,˫˧˩˧˪ˢ˸ ˪˷ ˭ˣˣˠˬˬ ˫˧˰˲˷ˣˬ ˫˧˟ -  ,ˢˤ˦ˮ˧˯ˣ˦ˣ˲

ˢ ˫ˢ˟ ˵ˬˣ˰ ˧ˬ ˫˰ ˥˦˷ ˧ˬ ˪˷ ˟ˣ˟˶˰ ˧˩˧˪ˢ˸ˣ ,ˢ˶˲˯ˣˬ˦˞ˢ ˫˰ ˫˧ˤˠ ˱ˣ˪˥˧˷ ˧˩˧˪ˢ˸-pH   ˶ˣˤ˥ˬ .˶˸ˣ˧ ˨ˣˬˮ

ˢˬ˧˷ˮ ˯˥˧ ˡˣ˰˟ ,˫˧ˬˢ ˱ˣˠ ˪˩ ˪˰ ˰˧˲˷ˢ˪ ˧ˣ˲˴ ˟ˣ˟˶˰ˢ-  ˶ˣˤ˥ˬˢ .˧ˬˣ˵ˬ ˭˲ˣ˞˟ ˫ˠ ˸ˣˮ˸˷ˢ˪ ˧ˣ˷˰ ˢˤ˦ˮ˧˯ˣ˦ˣ˲

 ˧˩˶˰ ˪˷ ˧˸ˮ˷ˢpH  ˱˶ˣ˥ˢ ˸˲ˣ˵˸˟ .˧˸ˮ˷ˢ ˟ˣ˟˶˰ˢ ˶ˣˤ˥ˬ ˧ˡ˧ ˪˰ ˧˞ˡˣ˪ ˟ˣ˶˵ ˰˲˷ˣˬ ˢˡ˧ˡˬˢ ˸ˣˮ˥˸ ˪˩˟

ˢ ˫ˢ˟ ˫˧˵ˣˬ˰ ˫˧ˬ ˫˰ ˥˦˷ˢ ˧ˬ ˫˧˟˟˶˰˸ˬ-pH  ˳˧˵ˢ ˸ˮˣ˰˟ .ˢˤ˦ˮ˧˯ˣ˦ˣ˲ ˪˰ ˢˬ˧˷ˮ ˱ˡˣ˰ˬ ˢ˞˴ˣ˸˩ ˨ˣˬˮ

˦ˣ˲ ˸ˣ˪˧˰˲ ˫˧ˮˣ˧˪˰ˢ ˫˧ˬ˟ˣ ,˵ˬˣ˰ˢ ˧ˬˣ ˥˦˷ˢ ˧ˬ ˫˧ˡ˶˲ˣˬˢ ˸˧˧˪˰˪ ˸ˬ˶ˣˠ ˸˧˦˦ˮ˧˯ˣ-pH ˧˩˶˰ .pH  ˫˧˩ˣˬˮ

 ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸ˣˮ˷˟ ˣˡˡˬˮ ˶˸ˣ˧˟2007-8˧ˮˣˮ˧˟ ˵ˬˣ˰˪ ˟ˣ˟˶˰ˢ ˢ˧ˢ ˢˮ˷ˢ .˩ ,-400 ,˫˧˶˦ˬ  ˞˪ˣ ˫˧˩˶˰ ˣ˲˴ˮ

 ˪˷ ˫˧˧ˮˣ˴˧˵pH . 

 ˧˩˶˰˪pH ) ˸˧˴ˬˣ˥ ˢ˟˧˟˯˷ ˭ˣˣ˧˩ ,˸˧ˮˣ˷ˢ ˸ˣ˞˧˶˟˪ ˢ˟˶ ˸ˣ˟˧˷˥pH .˧ˮ˶˧ˠ ˡ˪˷ ˸˰˵˷ˢ˟ ˸˰ˠˣ˲ (˨ˣˬˮ 

 ˸ˡ˧˶˧ ˧ˮ˲ˬ ˸ˣ˷˷˥ ˫˧˪ˣ˰ ˢˮˣ˶˥˞˪pH   ˶ˣˡ˩˟ ˫˧˧˪˟ˣ˪ˠˢ ˫˧˧ˣˮ˧˷ˢˬ ˵˪˥˩ ˫˧˯ˣˮ˧˧˵ˣ˞˟ ˸ˣ˧˴ˬˣ˥ˢ ˸˧˧˪˰ˣ

ˢ ˸ˣˡ˧ˡˬ .˫˧ˠˣˬ˪˞ˢ ˸ˣ˧ˮˣ˷ ˪˰ ˣˤ˩ ˢˬˠˬ ˪˷ ˸˧˶˷˲˞ ˢ˰˲˷ˢˣ ,˳˶˞ˢ-pH   ˤ˞ˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟ ˸ˣ˷˰ˮˢ

 ˶˟ˣ˦˵ˣ˞2006 ˟ ˢˡ˧˶˧ ˪˷ ˢ˷˪˥ ˢˬˠˬ ˸ˣ˞˶ˬ-pH  . 

 

 ˸ ˣ˧ˮ˧˪˵˪˞ 

  ˧ˣˡ˧˞ ˧˩˧˪ˢ˸ ˫ˢ ˢ˧˪˰ ˰˧˲˷ˢ˪ ˫˧˧ˣ˷˰ˢ ˫˧˩˧˪ˢ˸ˢˣ ˫˧ˬ˟ ˸ˣ˷˪˥ˢ ˸ˣ˴ˬˣ˥ˢ ˨˯˪ ˡˡˬ ˞˧ˢ ˸ˣ˧ˮ˧˪˵˪˞ˢ

˫ˣ˧˴˪˵ ˪˷ ˢ˯ˬˢ/ˢ˰˵˷ˢ ˧˩˧˪ˢ˸ˣ ,(˸ˣ˥˧˪ˬ) ˪ˣˢ˧ˬˣ- .˦ˮˣ˟˶˵˫˧˧ˣˮ˧˷  ˟ ˸ˣ˥˧˪ˬ˶˸ˣ˧˟ ˫˧ˮ˦˵ ˫ˮ˧ˢ   ˧˩˧˪ˢ˸ˣ

˫ˣ˧˴˪˵ ˸˰˵˷ˢ-˦ˮˣ˟˶˵  ˸ˣ˧ˮ˧˪˵˪˞ ˧˩˶˰˟ ˫˧˧ˮˣ˴˧˵ ˫˧˧ˣˮ˧˷ ˫˧˧ˣ˲˴ ˞˪ ˭˩ ˪˰ .˫˧˥ˣ˸˲ ˫˧ˬ˟ ˫˧ˮ˦˵ ˸ˣ˧ˢ˪ ˫˧˧ˣ˲˴
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˫˧ˢ ˧ˬ˟  .˳˧˵ˢ ˧˷ˡˣ˥˟ ˶˸ˣ˧ ˢˢˣ˟ˠˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˢ˩ˣˬˮ ˦˰ˬ ˸ˣ˧ˮ˧˪˵˪˞ˢ ˣ˟ ˧˸ˮˣ˰ ˶ˣˤ˥ˬ ˶˥˞ ˟ˣ˵˰˪ ˭˸˧ˮˣ 

 ˢˣ˟ˠˢ ˨˶˰ˢˣ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˫˧˩ˣˬˮ ˦˰ˬ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ ˣˡˡˬˮ ˶˷˞ ˸ˣ˧ˮ˧˪˵˪˞ˢ ˧˩˶˰

] ,˧˪ˣ˧ ˷ˡˣ˥˟ "˫˧ ˫ˣˢ˧ˤ ˸˰˧ˮˬ˪ ˢˡ˧˥˧ˢ" ˸ˮ˥˸˟ ˡˡˬˮ ˶˸ˣ˧˟2.521 meq/kg ˨˶˰ˢ "˥ˣ˸˲ˢ ˫˧ˢ" ˸ˮ˥˸˟ .[

] ,˧˪ˣ˧˟ ˭˩ ˫ˠ ˡˡˬˮ ˶˸ˣ˧˟ ˢˣ˟ˠˢ2.521 meq/kg ˸ˮ˥˸˟ ˡ˥ˣ˧ˬ˟ ˢˢˣ˟ˠ ˸ˣ˧ˮ˧˪˵˪˞ ˢˡˡˬˮ ˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷˟ .[

ˣˤ˩ ˢˠ˧˶˥ ˢ˞˴ˬˮ ˞˪ ˢˮ˷ˢ ˨˞ "˫˧ˠˡˢ ˧˟ˣ˪˩" ˠ ˶ˣ˧˞)3  ˡ˥ˣ˧ˬ˟ ˫˧ˢˣ˟ˠ ˸ˣ˧ˮ˧˪˵˪˞ ˧˩˶˰ ˣ˞˴ˬˮ ˞˪ ˢˮ˷ˢ .(

  ˯˥˧˟ ˢˢˣ˟ˠ ˸ˣ˧ˮ˧˪˵˪˞˷ ˨˩ ˪˰ ˫˧˰˧˟˴ˬˢ ,˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˣˡˡˬˮ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˧˩ ˱˞ ,˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟

˱ˣ˥˟ ˳˧˵ˢ ˧˷ˡ˥˟ ˠ˧˶˥ ˰ˣ˶˧˞ ˢˮ˧˞ ˸ˣˮ˥˸ˢ ˶˞˷˪  ."˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˦˶˲˟ˣ ˸˪˧˞ ˪˷ ˧ˮˣ˲˴ˢ 

 ˢ˧ˢ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˨˶˰ˢ]meq/kg[ 2.506   ˸ˡ˧ˡˬ˪ ˢˬˣˡ ,˧ˮˣ˧ ˷ˡˣ˥˟

  .˸ˬˡˣ˵ˢ ˢˮ˷ˢ 

 ˞ˣˢ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟ ˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˸ˣ˧ˮ˧˪˵˪˞ˢ ˨˶˰ ]meq/kg [2.567,    ˧˟ˣ˪˩" ˸ˮ˥˸˟

 ˸ˮ˷˟ "˫˧ˠˡˢ2021 ˪˷ˬ˪ ,ˢˢˣ˟ˠ ˸ˣ˧ˮ˧˪˵˪˞ ˫˰˲ ˧ˡˬ ˸ˡˡˬˮ ˸˪˧˞ ˪˷ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˸ˣ˶˥˞ ˸ˣˮ˥˸˟ ˫ˠ ˨˞ ,

 ˸ˮ˷˟ ˶˟ˣ˦˵ˣ˞ ˷ˡˣ˥˟ "˧ˮˣ˲˴ˢ ˱ˣ˥ˢ" ˸ˮ˥˸˟2015 , ]meq/kg [2.559 ˧˩˶˰˪ ˯˥˧˟ ˢˠ˧˶˥ ˢ˸˧ˢ ˣˤ ˢˡ˧ˡˬ ˫ˠ .

) ˫ˣ˧ ˣ˸ˣ˞˟ ˸ˣ˶˥˞ˢ ˸ˣˮ˥˸ˢ25  ˶˟ˣ˦˵ˣ˞˟2015  ˫ˣ˧˟ .˫˧˪ ˶ˠˮ ˸˯˧ˮ˩˪ ˢˬ˶ˠ˷ ˫˧ˬ˷ˠ ˸˲ˣ˯ ˶˥˞˪ ˫ˣ˧ ˢ˸˷˰ˮˣ (

 .˫˧ˢˣ˟ˠ ˫˧˦ˮ˧˧˶˦ˣˮ ˧ˤˣ˩˧˶ˣ ˢˢˣ˟ˠ ˸ˣ˧ˮ˧˪˵˪˞ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢˬ ˫˧ˬˢ ˸ˬˠˣˡ ˸˞ ˣˮ˧˧˲˞ ˢˤ 

˟ ˸ˣˮ˷ˢ  ˸ˬˠˬ .˸ˣˮ˥˸ˢ ˭˧˟ ˢ˶ˣ˶˟ ˸˧ˮ˟˸ ˣ˞ ,˸ˣ˧ˮ˧˪˵˪˞ˢ ˧˩˶˰˟ ˢ˶˧ˡ˯ ˸ˣ˧˶ˣˤ˥ˬ ˭˥˟˞˪ ˭˸˧ˮ ˞˪ ˶ˣ˦˧ˮ

 ˫˧ˮ˷˟ ˢˮˬ˸˯ˢ ˶˷˞ ˢ˧˧˪˰2004-5  ˸ˮ˷˟ ˢ˩˷ˬˮ ˞˪2006 ˸ˮ˷ ˤ˞ˬˣ ,2007 .˫˧˟˧˴˧ ˧ˡ ˸ˣ˧ˮ˧˪˵˪˞ˢ ˧˩˶˰  

 ˸˰˶˷ˬ .˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸ˢ ˭ˬ ˸˥˞˟ ˟ˣ˶˪ ˣˡˡˬˮ ,ˣ˞˴ˬˮˣ ˢˡ˧ˬ˟ ,ˡ˥ˣ˧ˬ˟ ˸ˣ˩ˣˬˮ ˣ˞ ˡ˥ˣ˧ˬ˟ ˸ˣˢˣ˟ˠ ˸ˣˡ˧ˡˬ

 ˤ˞ˬ ˸ˡˡˬˮˢ ˫˧˩˶˰ˢ2011  .ˢ˪ ˣˬˡ˵˷ ˫˧ˮ˷ˢ ˸ˣˡ˧ˡˬ ˸˞ ˸ˮ˧˧˲˞ˬˢ ˣˤˬ ˢˮ˦˵ ˥ˣ˸˲ˢ ˫˧˟ 

 

 

 
ˠ ˶ˣ˧˞3 :  ˸ˣˮ˥˸ˢ ˪˩˟ ˫˧˧˷ˡˣ˥ ˸ˣ˧ˮ˧˪˵˪˞ ˧˩˶˰ ,ˢ˦ˬ˪ .˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ ˣˡˡˬˮ˷ ˸ˣ˧ˮ˧˪˵˪˞ ˧˩˶˰ ,ˢ˪˰ˬ˪

 ˶˟ˣ˦˵ˣ˞ ˤ˞ˬ ˸ˣ˧˲ˣ˥ˢ2004 . 

Figure C3: Top, alkalinity measured this year at the coastal stations. Bottom, Monthly 

alkalinity at all coastal water monitoring stations since October 2004.  
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) ˭˴ˬˣ˥ˬ ˧ˮ˞ˠ˶ˣ˞ˮ˞ ˭˵ˮ˥2+ NO 3Total Oxidized Nitrogen = NO(  

 ˧ˮ˞ˠ˶ˣ˞ˮ˞ ˭˵ˮ˥ ˤˣ˩˧˶ ˪˷ ˧˸ˮ˷ˢ ˶ˣˤ˥ˬˢ  ˧˷ˡˣ˥ .˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˟ˣ˟˶˰ˢ ˶ˣˤ˥ˬ ˧ˡ˧ ˪˰ ˦˪˷ˮ ˭˴ˬˣ˥ˬ

 ˢˮˣ˧˪˰ˢ ˫˧ˬˢ ˸˟˩˷) ˸˧˦ˣ˲ˢ ˢ˟˩˷ˢ ˢ˟ "˸˧˲ˣ˶˦ˣˠ˧˪ˣ˞" ˢ˲ˣ˵˸˪ ˫˧˟˷˥ˮ ,˸˟˩ˣ˷ˬ ˫˧ˬˢ ˸ˡˣˬ˰ ˫ˢ˟ ,˳˧˵ˢ

  ˫˧˧ˮ˰ˢ) ˥˦˷ˢ ˧ˬ ˭˧˟ ˟ˣ˟˶˰ ˭˧˞ˣ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˧ˡ˧ ˪˰ ˣ˩˶˴ˮ ˣ˪˞˷ ˭ˣˣ˧˩ˬ ,˫˧˦ˮ˧˧˶˦ˣˮ˟ ˢ˧˧ˮ˰ (˶ˣ˞ˢ ˶ˡˣ˥ ˢ˧˪˞

˧˧˶˦ˣˮ˟˫˷) ˵ˬˣ˰ˢ ˧ˬ˪ (˫˧˦ˮ    ˫˧ˬˢ ˸˶˷˰ˢ˪ ˞˧˟ˬ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ .(˫˧˦ˮ˧˧˶˦ˣˮ ˫˧˶˟˦˴ˬ

  ˳˧˵ˢ ˧˷ˡˣ˥˟ ˡ˞ˬ ˫˧˩ˣˬˮ ˭˴ˬˣ˥ˬ ˧ˮ˞ˠ˶ˣ˞ˮ˞ ˭˵ˮ˥ ˧˩˶˰ ,˨˩˧˲˪ .˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˣ˶ˣ˵ˬ˷ ˭˴ˬˣ˥ˬ ˭˵ˮ˥˟ ˫˧ˮˣ˧˪˰ˢ

 ˧˷ˡˣ˥˟ ˶˸ˣ˧ ˫˧ˢˣ˟ˠˣ˱˶ˣ˥ˢ  . 

 ˣ˸˵˲˯˞ˣ ,˸ˣ˴˞ ˪ˣˡ˧ˠ˪ ˪˧˟ˠˬ ˫˶ˣˠ ˢˣˣˢˬ ˭˵ˮ˥ˢ ˸ˣˮ˧ˬˤ ˳˧˵˟ï   ˸˲ˣ˵˸˟ ˵ˬˣ˰ˢ ˧ˬˬ ˫˞ˣ ˧ˮˣ˴˧˥ ˶ˣ˵ˬˬ ˫˞

 ˟ˣ˟˶˰ˢ- ˣ ˸˩˷ˣˬˬ ˸ˣ˴˞ ˸˥˧˶˲ .˭˸˥˧˶˲˪ ˸ˬ˶ˣˠ\   .˸˧ˮˣ˷˟ ˰ˣˠ˲˪ ˢ˧ˣ˷˰ ˸˧˟˧˯ˮ˦ˮ˧˞ ˣ˞ 

 

  ˶˞ˣ˶˟˲ ˷ˡˣ˥˟ ˸ˣˮ˥˸ˢ ˪˩˟ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˫˰ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˫˧˩ˣˬˮ ˣ˧ˢ ˢˮ˷ˢ ˭˵ˮ˥ˢ ˧ˤˣ˩˧˶

 ,"˫˧ˢ ˪˧˥" ˸ˮ˥˸˟ ˧˟˶ˬ ˨˶˰ˣmmol/l 0.664  ˫˧˷ˡˣ˥˟ ˸ˣˮ˥˸ˢ ˶˞˷˪ ˢ˞ˣˣ˷ˢ˟ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˣˡˡˬˮ ˣˤ ˢˮ˥˸˟ .

˧˞ˬ-  ˪˷ ˧˟˶ˬ ˨˶˰ ˫˰ ˡ˥ˣ˧ˬ˟ ˫˧ˢˣ˟ˠ ˭˵ˮ˥ ˧ˤˣ˩˧˶ ˫˷ ˣˡˡˬˮ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˫ˠˣ ,˶˟ˬ˦˲˯mmol/l 1.664,  

 ˪˧˶˲˞ ˷ˡˣ˥˟2022 ˠ ˶ˣ˧˞)4 .( 

 ˧ˮˣ˧ ˷ˡˣ˥˟ ˣˡˡˬˮ ˢ˟˶ˢ˟ ˫˧ˢˣ˟ˠ ˫˧˩˶˰2021 ) "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟mmol/l 5.729   ˣˠ˴˧˧ˣ (˧ˮˣ˧ ˷ˡˣ˥˟

 ˧ˮˣ˴˧˥ ˶ˣ˵ˬˬ ˫˧˦ˮ˧˧˶˦ˣˮ ˸ˬˣ˶˸ ˵˲˯ ˞˪˪ï  ˢˣ˟ˠˢ ˭˵ˮ˥ˢ ˤˣ˩˧˶ ˢ˧ˢ ˢˤ .˦ˮ˧˵ˢ ˸˪˰˸ ˞˴ˣˬ ˨˶ˡ ˢ˞˶ˮˢ ˪˩˩

 ˸ˮ˷ ˪˷ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˤ˞ˬ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸ˢ ˶ˣ˦˧ˮ ˸˶ˠ˯ˬ˟ ˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟2012  ˣ˧ˢ ˢˮ˷ˢ ˭˵ˮ˥ˢ ˧ˤˣ˩˧˶ˣ ,

  .ˢ˟˶ˢ˟ ˫˧˩ˣˬˮ 

 ˸ˮ˷ ˶˟ˣ˦˵ˣ˞˟ ˫ˠ2015 ) ˠ˧˶˥ ˭˵ˮ˥ ˤˣ˩˧˶ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˸ˮ˥˸˟ ˡˡˬˮmmol/l 5.518  ˧ˬ ˸˯˧ˮ˩ ˱˵˧˷ ˶˷˞ (

  ˫˧ˡˡˬˮˢ ˫˧ˢˣ˟ˠˢ ˫˧˩˶˰ˢ ,˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˸ˣˡ˧ˡˬ ˰˵˶ ˪˰ .˫˧ˬ˷ˠ ˸˲ˣ˯ ˸ˣ˟˵˰˟ ˫˧˪ ˶ˠˮ

  ˸˯˧ˮ˩ ˫˧ˠ˴˧˧ˬˣ ˸ˣ˧ˬˣ˶ˡˢ ˸ˣˮ˥˸ˢˣ ˥ˣ˸˲ˢ ˫˧ˢ ˧˩˶˰ˬ ˡ˞ˬ ˢ˟˶ ˢˡ˧ˬ˟ ˫˧ˢˣ˟ˠ ˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸˟ ˫˰˲˪ ˫˰˲ˬ

˴ˣ˸˩ ˸ˣ˧ˢ˪ ˸ˣ˪ˣ˩˧ ˢ˪˞ ˸ˣ˯˧ˮ˩ .ˢ˷˟˧ˢˬ ˫˧ˬ ˨˞ ,˱˶ˣ˥˟ ˫˧ˬ˷ˠ ˧˰ˣ˶˧˞˪ ˶˷˵ˢ˟ ˶ˠˮ ˧ˬˬ ˢ˞ï  ˳˧˵˟ ˶˵˧˰˟ï 

  .ˢ˪˰˸ˢ ˞˴ˣˬ˟ ˫˧ˡˡˬˮ ˶˷˞ ˫˧ˢˣ˟ˠ ˫˧˩˶˰˟ ˱˵˸˷ˬ˷ ˧˲˩ ˦ˮ˧˵ˢ ˸˪˰˸ˬ ˢˬ˶ˤˢ˪ ˢ˞˶ˮ˩ ˫˧˶ˣ˷˵ 

 ,˶˞ˣ˶˟˲ ˷ˡˣ˥˟ ˢˮ˷ˢ ˢ˧ˢ ˥ˣ˸˲ˢ ˫˧˟ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˭˵ˮ˥ˢ ˤˣ˩˧˶mmol/l 0.613  ˧˟˶ˬˢ ˤˣ˩˧˶ˢˬ ˨ˣˬˮ ,

  ˪˷ ˫˧˲˶ˣ˥˟ "˥ˣ˸˲ˢ ˫˧ˢ" ˸ˮ˥˸˟ ˣˡˡˬˮ ˶˸ˣ˧ ˢ˟˶ˢ ˫˧ˢˣ˟ˠ ˭˵ˮ˥ ˧ˤˣ˩˧˶ .˵ˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ˢ˟ ˸ˬˡˣ˵ˢ ˢˮ˷˟

 ˫˧ˮ˷˟ ˵ˣˬ˰ ˟ˣ˟˶˰2012 ,2008 x-2007. 
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˶ˣ˧˞ ɣ4  ,˦˞˶˦˧ˮ + ˦˧˶˦˧ˮ) ˭˴ˬˣ˥ˬ ˭˵ˮ˥ ˧ˤˣ˩˧˶ ,ˢ˪˰ˬ˪ :TON ˭˵ˮ˥ ˧ˤˣ˩˧˶ ,ˢ˦ˬ˪ .˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ ˣˡˡˬˮ˷ (

 ˸ˮ˷ ˤ˞ˬ ˧˲ˣ˥ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˥˸˟ ˫˧˧˷ˡˣ˥ ˭˴ˬˣ˥ˬ2004 . 

Figure C4: Top, concentrations of total oxidized nitrogen (TON, nitrate+nitrite) measured this 

year at the monitoring coastal stations. Bottom, monthly TON concentrations at the coastal 

water sampling stations since 2004. 

 

) ˢ˧ˮˣˬ˞4NH( 

 ˧˧˷˵ˢˬ˧ˠˡ  ˧˵ˣ˟˵˟ ˪˷ ˨˷ˬ˸ˬ ˧˞˪˟˟ ˫˶ˣ˵ˬ ˶˷˞ˢˬ˧ˠˡˢ  ˫˧ˬ ˣ˶˟˰ˣˢ ˸ˬ˧˧ˣ˯ˬ ˢ˲ˣ˵˸˟˷ ˨˩˪ ˣˬ˶ˠ

ˬ˧˵ˣ˟˵˟ˢ ˫˸ˡ˧ˡˬ ˶˷˞ ,ˢ˧ˮˣˬ˞ˢ ˸ˣ˞ˬˠˣˡ ˪˷ "˫ˣˢ˧ˤ˪" ˫˧˸˧˰˪ ˫˶ˠ ˢˤ ˨˧˪ˢ˸ .ˢˠ˪˲ˢˢ ˭ˬˤ˟ ˢˡ˟˰ˬˢ ˧˪˩˪ ˫

  ˸˧ˮ˩˸ .˭˪ˢ˪ ˫˧˞˟ˣˬ ˫ˮ˧˞ˣ ˸ˣ˩˧˞ˢ ˸ˣ˵˧ˡ˟ ˭˥˟ˬ˟ ˣˡˬ˰ ˞˪ ˣˡˡˬˮ ˶˷˞ ˢ˧ˮˣˬ˞ˢ ˧˩˶˰ˬ ˫˧˟˶ ˨˩ ˟˵˰ˣ ,˶˸ˣ˧˟ ˢ˷˧ˠ˶

 ˸ˮ˷˟ ˢ˷˩˶ ˶ˣ˦˧ˮˢ2009  ˧˵ˣ˟˵˟ˢˬ˧ˠˡ )Go-Flo ˸ˣˡ˧ˡˬˢ ˧˩ ˢ˞˶ˮ .˸ˣˡ˧ˡˬˢ ˸ˣ˩˧˞ ˥˧˦˟ˢ˪ ˸ˮˬ ˪˰ ˫˧˲˯ˣˮ (

 .˷ˡ˥ˢ ˡˣ˧˴˟ ˷ˣˬ˧˷ˢ ˸˪˧˥˸ ˤ˞ˬ ˶˸ˣ˧ ˸ˣ˧˵ˮ 

 

  ˫˧˟ ˢˤˣ˩˧˶ ˭˩ ˪˰ˣ ,˫˧˵ˡ˧˧˥ˣ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˧ˡ˧ ˪˰ ˸ˣ˶˧ˢˬ˟ ˸˩˶˴ˮˣ ˡ˞ˬ ˢˮ˧ˬˤ ˭˵ˮ˥ ˸˶ˣ˴ ˞˧ˢ ˢ˧ˮˣˬ˞ˢ

 ˸ˣ˧ˣ˷˰ˢ ˸ˣ˴˞ ˪ˣˡ˧ˠ ˫˧ˡˡˣ˰ˬ ˫˧ˢˣ˟ˠ ˢ˧ˮˣˬ˞ ˧ˤˣ˩˧˶ .˶˸ˣ˧˟ ˨ˣˬˮ ˸ˣ˧ˢ˪ ˧ˣ˲˴ (˫˧˧˲ˣ˶˦ˣˠ˧˪ˣ˞ ˫˧˞ˮ˸˟ ˦˶˲˟ˣ)

˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˧ˡ˧ ˪˰ ˸ˣ˶˧ˢˬ˟ ˸˩˶˴ˮ ˢ˧ˮˣˬ˞ˢ˷ ˭ˣˣ˧˩ˬ .˸˧ˮˣ˷˟ ˰ˣˠ˲˪ ˶ˣ˵ˬ ˪˰ ˢˡ˧˰ˬ ˫˧ˬ˟ ˢ˧ˮˣˬ˞ ˸ˣ˥˩ˣˮ ,

.˧ˬˣ˵ˬ ˢ˶˷˰ˢ 

 ˫˧˩ˣˬˮˣ ˱˶ˣ˥ˢ ˱ˣ˯˟ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˫˰ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸ ˸ˣˡ˧ˡˬ˟ ˢ˪ˠ˸ˬ ˢ˧ˮˣˬ˞ˢ ˧ˤˣ˩˧˶˟ ˧˸ˮˣ˰ˢ ˶ˣˤ˥ˬˢ

  ˣ˞˴ˬˮ ˢˮ˷ˢ .˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˶˷˞ˬ ˫˧ˢˣ˟ˠ ˢ˧ˮˣˬ˞ ˧ˤˣ˩˧˶ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˫˧ˡˡˬˮ ˸ˣ˟˶ ˫˧ˬ˰˲ .˳˧˵ˢ ˱ˣ˯˟

  ,ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ ˧˟˶ˬ ˨˶˰ ˫˰ ,˳˶ˬ ˷ˡˣ˥˟ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ nmol/l244 ˠ ˶ˣ˧˞)5  .( 

 ˸ˮ˷ ˤ˞ˬ ,˪˩ˢ ˨˯˟ˣ ˸ˣˬˡˣ˵ˢ ˫˧ˮ˷ˢ ˸˧˟˶ˬ˪ ˢ˞ˣˣ˷ˢ˟ ,ˢˮ˷ˢ ˫˧˩ˣˬˮ ˣ˧ˢ ˢ˧ˮˣˬ˞ˢ ˧ˤˣ˩˧˶ ˫ˠ2008  ˧˩˶˰

  ˢ˞ˣˣ˷ˢ˟ ˫˧˩ˣˬˮ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˧ˤˣ˩˧˶ ,˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸˟ ˦˶˲˟ .˫˧˩ˣˬˮ ˪˪˩ ˨˶ˡ˟ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢ˧ˮˣˬ˞

 ˧ˮ˲˪ ˣˡˡˬˮ ˶˷˞ ˫˧ˢˣ˟ˠˢ ˫˧˩˶˰˪2008 . 
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˶ˣ˧˞ ɣ5) ˢ˧ˮˣˬ˞ ˧ˤˣ˩˧˶ ,ˢ˪˰ˬ˪ :4NH  ˶ˣ˦˧ˮˢ ˸ˣˮ˥˸˟ ˫˧˧˷ˡˣ˥ ˢ˧ˮˣˬ˞ ˧ˤˣ˩˧˶ ,ˢ˦ˬ˪ .˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ ˣˡˡˬˮ˷ (

 ˸ˮ˷ ˤ˞ˬ ˧˲ˣ˥ˢ2004 . 

Figure C5: Top, ammonia (NH4) concentrations measured this year at the monitoring coastal 

stations. Bottom, monthly ammonia concentrations at the coastal water sampling stations since 

2004. 

 

  ˦˲˯ˣ˲)3-4PO(  

  ˸˧˯˥˧ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˪˷ ˢ˷˪˥ ˸˧˸ˮ˷ ˸ˣ˧˶ˣˤ˥ˬ ,˟ˣ˶˪ ,˫˧˞˶ˬ ˥ˣ˸˲ˢ ˫˧˟ˣ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˦˲˯ˣ˲ ˧ˤˣ˩˧˶

  ˟˵˰ ˨ˣˬˮ ˳˧˵˟ ˫˧ˢ ˧ˮ˲˟ ˣˤˣ˩˧˶ ˭˩ ˪˰ˣ ,˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧˪ ˟ˣ˷˥ ˦ˮ˧˧˶˦ˣˮ ˞ˣˢ ˫ˠ ˦˲˯ˣ˲ˢ .˳˧˵˟ ˫˧˩ˣˬˮˣ ˱˶ˣ˥˟

 ˧ˬ ˟ˣ˟˶˰ ˟˵˰ ˢ˪ˣ˰ ˣˤˣ˩˧˶ ˱˶ˣ˥˟ .˫˧ˮˣ˷˞˶ ˫˧ˮ˶˴˧ ˧ˡ˧ ˪˰ ˢ˩˧˶˴ ˨˞ ˫˧˦ˮ˧˧˶˦ˣˮ˟ ˫˧˶˧˷˰ ˵ˬˣ˰ ˧ˬ ˫˰ ˥˦˷ˢ

  ˫˧˧ˣ˷˰ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˠ˧˶˥ ˭˲ˣ˞˟ ˫˧ˢˣ˟ˠ ˫˧˧ˬˣ˵ˬ ˦˲˯ˣ˲ ˧ˤˣ˩˧˶ .˸˧ˮˣ˷˞˶ˢ ˸ˣˮ˶˴˧ˢ ˧˩˧˪ˢ˸˟ ˨˶˴ˮ ˞ˣˢ

ˠ ˶ˣ˧˞) ˫˧ˠ˧˶˥ ˫˧ˤˣ˩˧˶ ˣˡˡˬˮ ˞˪ ˢˮ˷ˢ ˨˞ ,˫˧˦ˮ˧˧˶˦ˣˮ˟ ˸˧ˬˣ˵ˬ ˢ˶˷˰ˢ ˪˰ ˰˧˟˴ˢ˪6 .( 

 ,˶˟ˣ˦˵ˣ˞ ˷ˡˣ˥˟ ˞˵ˣˣˡ ˢˮ˷ˢ ˡˡˬˮ ˥ˣ˸˲ˢ ˫˧˟ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˤˣ˩˧˶ˢmmol/l 0.060  ˧˟˶ˬˢ ˨˶˰ˢˬ ˨ˣˬˮ ,

  .˵ˣˬ˰ ˟ˣ˟˶˰ ˪˷ ˢˮ˷ ˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˪˷ ˢ˸ˣ˧ˢˬ ˧ˣ˲˴˩ ,˸ˬˡˣ˵ˢ ˢˮ˷˟ 
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˶ˣ˧˞ ɣ6) ˦˲˯ˣ˲ ˧ˤˣ˩˧˶ ,ˢ˪˰ˬ˪ :4PO  ˶ˣ˦˧ˮˢ ˸ˣˮ˥˸˟ ˫˧˧˷ˡˣ˥ ˦˲˯ˣ˲ ˧ˤˣ˩˧˶ ,ˢ˦ˬ˪ .˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ ˣˡˡˬˮ˷ (

 ˸ˮ˷ ˤ˞ˬ ˧˲ˣ˥ˢ2004 . 

Figure C6: Top, phosphate (PO4) concentrations measured this year at the monitoring coastal 

stations. Bottom, monthly phosphate concentrations at the coastal water sampling stations since 

2004. 

 

) ˢ˵˧˪˧˯4Si(OH)( 

ˣ˞ˣˤ/ˣ˦˧˲ ˪˷ ˭ˣˣˠˬ˟ ˧ˮ˶ˣ˴ ˡ˪˷ ˸˰˵˷ˢ˟ ˷ˬ˷ˬˢ ˯ˬˣˬ ˟˧˩˶ ˞˧ˢ ˢ˵˧˪˧˯-  (˸ˣ˞ˬˣ˦˞˧ˡ ˸ˬˠˣˡ) ˭ˣ˦˵ˮ˪˲

  ˦˰ˬ ˢˣ˟ˠˣ ˳˧˵˟ ˡ˥ˣ˧ˬ˟ ˨ˣˬˮ ˢˤˣ˩˧˶ˣ ˢ˪˞ ˫˧˶ˣ˴˧ ˧ˡ˧ ˪˰ ˥˦˷ˢ ˧ˬ˟ ˸˩˶˴ˮ ˢ˵˧˪˧˯ˢ ˨˩˪ ˫˞˸ˢ˟ .˫˧ˬˢ ˸ˡˣˬ˰˟

 ˫˧˰˧˵˷ˬˢ ˫˧˶ˣ˴˧ˢ .˶˸ˣ˧ ˫˧˶˧˷˰ ˵ˬˣ˰ ˧ˬ˟ ˥˦˷ˢ ˧ˬ ˟ˣ˟˶˰ ˫˰ ˱˶ˣ˥˟ ˶˸ˣ˧  ˸˶˧˸˰ ˢ˟˧˟˯˪ ˫˧˵ˣ˵ˤ ˧ˮ˶ˣ˴ ˡ˪˷

  ˪˰ ˤˬ˶ˬ ˫˧ˮˣ˧˪˰ˢ ˫˧ˬˢˬ ˢ˵˧˪˧˯ˢ ˵ˣ˪˧˯ .˧˲ˣ˶˦ˣˠ˧˪ˣ˞ˢ ˟˴ˬˢˬ ˢˠ˧˶˥ ˸ˮˬ˯ˬ ˫˸ˣ˞˧˴ˬ ˭˩ ˪˰ˣ ˫˧˦ˮ˧˧˶˦ˣˮ

.˫˧ˮ˶ˣ˴ ˫˧ˡ˪˷ ˸˰˵˷ˢ 

 ˢ˞˶ˮ˩ ˣ˟ ˳˶ˬ˟ ˡ˥ˣ˧ˬ˟ˣ ,ˢˮ˷ˢ ˪˩ ˨˶ˣ˞˪ ˫˧˩ˣˬˮ ˣ˧ˢ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸ˢ ˟ˣ˶˟ˣ ˥ˣ˸˲ˢ ˫˧˟ ˢ˵˧˪˧˯ˢ ˧ˤˣ˩˧˶

  ˢ˵˧˪˧˯ˢ ˧ˤˣ˩˧˶˟ ˢˡ˧˶˧ ˢˡˡˬˮ ˞˪ "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ,˸˞ˤ ˫˰ .˸ˣ˧ˮ˶ˣ˴ ˸ˣ˴˞ ˪˷ ˟˧˟˞ˢ ˸˥˧˶˲ ˞˧˷ ˢ˧ˢ

ˤˣ˩˧˶ ˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸˟ˣ ˫˷ ˣˡˡˬˮ ˶˟ˬ˟ˣˮˣ ˧˪ˣ˧ ˫˧˷ˡˣ˥˟ ˫ˠˣ ˳˶ˬ ˷ˡˣ˥˟ˠ ˶ˣ˧˞) ˢ˵˧˪˧˯ ˧7  ˶ˣˬ˞ˢ ˱˞ ˪˰ .(

) ˢˮ˷ˢ ˢ˪˞ ˸ˣˮ˥˸˟ ˫˧˧˟˶ˬˢ ˢ˵˧˪˧˯ˢ ˧ˤˣ˩˧˶ ,˪˧˰˪mmol/l 1.14  ˫˧˩ˣˬˮ ("˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˶˟ˬ˟ˣˮ˟ ,

) ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˫˷ ˣˡˡˬˮ˷ ˢ˪˞ˬ ˢ˟˶ˢ˟mmol/l 6.78  .(˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˦˯ˣˠˣ˞˟ 

 ˸ˮ˷ ˤ˞ˬ2018  ˸˶˧˴˰ˬ ,ˢ˞˶ˮ˩ ,˰˟ˣˮ ˶˟ˡˢˣ "˫˧ˢ ˪˧˥" ˸ˮ˥˸˪ ˨ˣˬ˯˟ ˢ˵˧˪˧˯ˢ ˧ˤˣ˩˧˶˟ ˫˧˞˧˷ ˣˡˡˬˮ ˞˪

  ˶˥˞˪ ˫˧˪ ˣˬ˶ˤˣˢ ˶˷˞ ˫˧ˬ ,ˢˮ˥˸˪ ˨ˣˬ˯ˢ ˭ˣ˪ˬ˟ ˸ˣ˩˶˰ˬ ˶ˣ˶˧˵˪ ˫˧˦ˮ˧˧˶˦ˣˮ˟ ˫˧˶˧˷˰ ˫ˣˢ˸ ˧ˬ˟ ˷ˣˬ˧˷ˢ

ˣ ˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸˟˷ ˢˤ˪ ˢˬˣˡ ˢ˵˧˪˧˯ ˤˣ˩˧˶ ˫˷ ˡˡˬˮ ˢˮ˷ˢ ˧˪ˣ˧ ˷ˡˣ˥˟ .˷ˣˬ˧˷ˢ .˭ˢ˪ ˱˸ˣ˷ˬ ˢ˞˶ˮ˩ ˣ˶ˣ˵ˬ 

  ˥ˣ˸˲ˢ ˫˧ˢ ˧˩˶˰˪ ˸˧˯˥˧ ˫˧ˢˣ˟ˠ ˢ˵˧˪˧˯ ˧ˤˣ˩˧˶ ˸ˣ˟ˣ˶˵ ˫˧˸˧˰˪ ˫˧ˡˡˬˮ ˭˧˧ˡ˰ ˸˪˧˞ ˪˷ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶ˣˤ˞˟
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  ˫˧ˤˣ˩˧˶ ˫˧ˡˡˬˮ ˶˷˞˩ .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢ˩ˣˬˮ ˢ˸˧ˢ ˢˮ˷ˢ ˢˠ˧˶˥ˢ ˸ˡ˧ˬ ˧˩ ˱˞ ,˸ˣ˧ˬˣ˶ˡˢ ˸ˣˮ˥˸ˢˣ

 ˢ˞˶ˮ˩ ,˸˧ˬˣ˵ˬ ˢ˶˷˰ˢ ˪˰ ˫˧˰˧˟˴ˬˣ ˫˧˶˥˞ ˫˧˦ˮ˧˧˶˦ˣˮ ˪˷ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ ˫˰ ˟ˣ˶˪ ˫˧ˡˬˣ˴ˬ ˫ˢ ˫˧ˢˣ˟ˠ

.˦ˮ˧˵ˢ ˸˪˰˸ ˨˶ˡ ˫˧˪ ˫˧ˬ ˸ˬ˧˶ˤ 

 

 

 
˶ˣ˧˞ ɣ7) ˢ˵˧˪˧˯ ˧ˤˣ˩˧˶ ,ˢ˪˰ˬ˪ :4Si(OH)  ˸ˣˮ˥˸˟ ˫˧˧˷ˡˣ˥ ˢ˵˧˪˧˯ ˧ˤˣ˩˧˶ ,ˢ˦ˬ˪ .˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ ˣˡˡˬˮ˷ (

 ˸ˮ˷ ˤ˞ˬ ˧˲ˣ˥ˢ ˶ˣ˦˧ˮˢ2004 . 

Figure C7: Top, silicate (Si(OH) 4) concentrations measured this year at the monitoring coastal 

stations. Bottom, monthly silicate concentrations at the coastal water sampling stations since 

2004. 

 

 

 ˯ ˬˣˬ ˭˴ˬ˥ 

  ˭˴ˬ˥ˢ ˤˣ˩˧˶ .˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ˣ ˧ˮˣ˲˴ˢ ˱ˣ˥˟˷ "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ,˸ˣˮ˥˸ ˧˸˷˟ ˡˡˬˮ ˯ˬˣˬ ˭˴ˬ˥

˳˧˵˟ ˡ˶ˣ˧ˣ ,˟˧˟˞ˢ ˧˷ˡˣ˥˟ ˢ˪ˣ˰ ˯ˬˣˬˢ-.ˣ˧˸˯   :˯ˬˣˬˢ ˭˴ˬ˥ˢ ˤˣ˩˧˶ ˪˰ ˰˧˲˷ˢ˪ ˫˧˧ˣ˲˴ ˫˧ˬ˶ˣˠ ˢ˷ˣ˪˷

  ˤˣ˩˧˶ˣ ˭˴ˬ˥ˢ ˸ˣ˯˧˯ˬ ˢ˪ˣ˰ ˢ˩ˣˬˮ ˢ˶ˣ˦˶˲ˬ˦˟ .ˢˤ˦ˮ˧˯ˣ˦ˣ˲/ˢˬ˧˷ˮˢ ˨˧˪ˢ˸ˣ ˧ˮˠ˶ˣ˞ ˶ˬˣ˥ ˭ˣ˴ˬ˥ ,ˢ˶ˣ˦˶˲ˬ˦

  ˢˤ˦ˮ˧˯ˣ˦ˣ˲ ˧˩˧˪ˢ˸ ˣ˪˧˞ˣ ,˭˴ˬ˥ ˫˧˩˶ˣ˴ ˫˧ˬ˟ ˢˬ˧˷ˮ ˧˩˧˪ˢ˸ˣ ˧ˮˠ˶ˣ˞ ˶ˬˣ˥ ˭ˣ˴ˬ˥ .˸ˣ˪˰˪ ˧ˣ˲˴ ˫˧ˬ˟ ˯ˬˣˬ ˭˴ˬ˥

˶˥˷˪ ˫˧˧ˣ˷˰˱˶ˣ˥ˢ ˱ˣ˯˟ ˫˧ˢˣ˟ˠˢ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶ .˫˧ˬ˪ ˭˴ˬ˥ ˶- ˢ˩ˣˬˮˢ ˢ˶ˣ˦˶˲ˬ˦ˢˬ ˭ˢ ˰ˣ˟ˮ˪ ˫˧˧ˣ˷˰ ˟˧˟˞

˧˦˦ˮ˧˯ˣ˦ˣ˲ ˸ˣ˪˧˰˲˟ ˢ˧˪˰ ˟˵˰ ˭ˢˣ ˫˧ˢ ˧ˮ˲˟ ˪˧˲ˣ˶ˣ˪˩ ˸ˣˡ˧ˡˬ ˢ˞˶) ˣˤ ˢ˲ˣ˵˸˟ ˸a .(ˢ˦ˬ˪   ˪˷ ˸ˣ˧ˬ˞ˮ˧ˡ

.˭˸˯˧˶˵ˣ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˸ˣ˥˧˶˲ ˪˷ ˫˧˶ˣˤ˥ˬ ˪˰ ˰˧˟˴ˢ˪ ˢ˧ˣ˷˰ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶˟ ˫˧˧ˣˮ˧˷   ˫˧˪ˡ˟ˢ ˸ˣ˧ˢ˪ ˫˧˧ˣ˲˴ ˞˪

˟˥˶ˬ˟ .˭˴ˬ˥˟ ˢ˧ˣˣ˶ ˸ˣ˧ˢ˪ ˢˮˣ˧˪˰ˢ ˫˧ˬˢ ˸˟˩˷ ˢ˧˧ˣ˲˴ ˢˮ˷ ˪˩˟ˣ .˯ˬˣˬˢ ˭˴ˬ˥ˢ ˤˣ˩˧˶˟ (˸ˣˮˣ˷ˢ ˸ˣˮ˥˸ˢ ˭˧˟) 

ˢ˰ˮ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˯ˬˣˬ ˭˴ˬ˥ ˪˷ ˫˧ˤˣ˩˧˶ˢ ˸˰˶˷ˬ  ˭˧˟ ˢˮ˷ˢmmol/l 225 ˪  ˪˧˶˲˞ ˷ˡˣ˥˟- mmol/l 

200 ˠ ˶ˣ˧˞) ˶˟ˬ˦˲˯˟8  ˯ˬˣˬˢ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶ˣ ,ˢ˟˶ˢ˟ ˫˧ˮˣ˷ ˫ˮ˧˞ "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶ .(
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  ˯ˬˣˬˢ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶˟ ˫˧˪ˣˡˠ ˫˧˪ˡ˟ˢ ˭˧˞ ,˪˩ˢ ˨˯˟ .˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˪˷ ˢ˪˞ˬ ˫˧ˢˣ˟ˠ ˦˰ˬˣ ˫˧ˬˣˡ ˢˮ˷ˢ ˣˡˡˬˮ˷

  ˭˴ˬ˥ˢ ˸˪ˣ˩˸ ˸ˮ˧˥˟ˬ ˢ˧ˣˣ˶˪ ˫˧ˮˣ˧˪˰ˢ ˫˧ˬˢ ˫˧˰˧ˠˬ ˢˮ˷ ˪˩˟˷ ˢ˞˶ˮ ,˶ˣˬ˞˩ .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˫˧ˢ ˧ˮ˲˟

 ˸˰˶˷ˬˬ ˫˧ˠ˶ˣ˥ ˫ˮ˧˞ "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˯ˬˣˬˢ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶ .˯ˬˣˬˢ  ,˥ˣ˸˲ˢ ˫˧˟ ˣˡˡˬˮ ˶˷˞ ˫˧˩˶˰ˢ

 ˧ˮ˲˪ ˣˡˡˬˮ ˶˷˞ ˫˧˪ˣˡˠˢ ˫˧˪ˡ˟ˢ˪ ˡˣˠ˧ˮ˟2009 ï   ˪ˣ˴˧ˮˣ ˫˧˦ˮ˧˧˶˦ˣˮ˟ ˢ˶˷˰ˢˬ ˢ˞˴ˣ˸˩ ˸ˣ˧ˬˣ˵ˬ ˸ˣ˥˧˶˲ ˤ˞

  ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˶˸ˣ˧ ˢ˪ˣˡˠ ˯ˬˣˬ ˭˴ˬ˥ ˧ˤˣ˩˧˶ ˸˰˶˷ˬ˪ ˸ˣ˟ˣ˶˵ ˫˧˸˧˰˪ ˣˬ˶ˠ ˧ˮˠ˶ˣ˞ ˶ˬˣ˥ ˭ˣ˴ˬ˧˥ ˨˶ˣ˴˪ ˭˴ˬ˥ˢ

  ."˫˧ˠˡˢ 

 

 

 
˶ˣ˧˞ ɣ8  ˢ˵˧˪˧˯ ˧ˤˣ˩˧˶ ,ˢ˦ˬ˪ ."˫˧ˠˡˢ ˧˟ˣ˪˩"ˣ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ ˣˡˡˬˮ˷ ˯ˬˣˬ ˭˴ˬ˥ ˧ˤˣ˩˧˶ ,ˢ˪˰ˬ˪ :

 ˸ˮ˷ ˤ˞ˬ ˢ˪˞ ˸ˣˮ˥˸˟ ˫˧˧˷ˡˣ˥2004 . 

Figure C8: Top, dissolved oxygen concentrations measured this year at the ñOpen Seaò and 

ñFish Farmsò monitoring stations. Bottom, monthly oxygen concentrations at these sampling 

stations since 2004. 

 

˪˧˲ˣ˶ˣ˪˩ a  

 ˪˧˲ˣ˶ˣ˪˩ ˤˣ˩˧˶a  ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˸ˣ˥˧˶˲ ˶˴ˣ˧ˣ ˭ˣˤˬ ˧˶ˬˣ˥ ˵˲˯ˬˢ ˧˸ˮ˷ˢ ˟ˣ˟˶˰ˢ ˶ˣˤ˥ˬ˪ ˸ˣ˶˧˷˧ ˶ˣ˷˵

  ˸˧˯˥˧ ˫˧ˢˣ˟ˠˣ ,˸ˣ˧ˬˣ˶ˡˢ ˸ˣˮ˥˸˟ˣ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˶˸ˣ˧ ˫˧˩ˣˬˮ ˫˧ˤˣ˩˧˶ ˫˧ˡˡˬˮ ˪˪˩ ˨˶ˡ˟ .˟˧˟˞ˢ ˧˷ˡˣ˥˟

 .˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸˟ 

 ˪˧˲ˣ˶ˣ˪˩ ˤˣ˩˧˶a   ˧ˤˣ˩˧˶ˬ ˶˸ˣ˧ ˧ˬˣ˵ˬ ˧˲ˣ˞ ˪˰˟ ˭˩ ˪˰ˣ ˥˦˷ˢ ˧ˬ˟ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ˢ ˸ˣ˲˧˲˴˪ ˡˡˬ ˷ˬ˷ˬ

 ˪˰ ˸ˣ˴˞ˢ ˸ˣˬ˩ ˸˪˟ˠˣˬ (˭ˣˤˬ ˧˶ˬˣ˥˟ ˫˧˧ˮ˰=) ˫˧˧˲ˣ˶˦ˣˠ˧˪ˣ˞ ˫˧ˬ˧˟ .(˟˥˶ˬ˟ ˭ˢˣ ˭ˬˤ˟ ˭ˢ) ˸ˣ˯ˬˣˬˢ ˸ˣ˟ˣ˩˶˸ˢ

˪˰ .˸ˣ˴˞ ˪˷ ˸˧ˬˣ˵ˬ ˢ˥˧˶˲˪ ˫ˣ˶ˠ˪ ˢ˧ˣ˷˰ ˫˧˦ˮ˧˧˶˦ˣˮ ˸˵˲˯˞ ˭˩˪ˣ ˫˧˦ˮ˧˧˶˦ˣˮ ˸ˣˮ˧ˬˤ ˧ˡ˧  ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˸˧˧

  ˷˧ .˸ˣ˴˞ ˸˥˧˶˲˪ ˫˧ˬ˶ˣˠˢ ˫˧˦ˮ˧˧˶˦ˣˮ˟ ˫˧˶˧˷˰ ˵ˬˣ˰ ˧ˬ ˫˰ ˥˦˷ˢ ˧ˬ ˟ˣ˟˶˰ˬ ˸˰˟ˣˮ ˟˧˟˞ˢˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟

 ˪˧˲ˣ˶ˣ˪˩ ˧˩ ˶ˣ˩ˤ˪a  ˤˣ˩˧˶˪ ˶˧˷˧ ˡˡˬ ˣˮ˧˞  ˧ˣ˷˰ ˫˧˟ ˸ˣ˴˞ ˤˣ˩˧˶˷ ˭ˣˣ˧˩ ,˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧˪ ˞˪ ˱˞ˣ ˫˧˦ˮ˧˧˶˦ˣˮ

ˣ ,˧ˬ˸˩ ˧˲ˣ˞ ˪˰˟ ˸ˣ˧ˢ˪ˢ˧˧˰˶ ˧˩˧˪ˢ˸ˬ ˫ˠ ˰˲˷ˣˬ˭ˣ˦˵ˮ˪˲ˣ˦˧˲˟ ˫˧˧ˠˣ˪ˣ˧˯˧˲ ˫˧˪ˡ˟ˢˬˣ ,. 
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ˠ ˶ˣ˧˞) ˢˮ˷ˢ ˫ˠ ˢ˧ˢ ˨˩ˣ ˥ˣ˸˲ˢ ˫˧˟ ˫˧ˤˣ˩˧˶ˢˬ ˫˧ˢˣ˟ˠ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˫˧ˡˡˬˮ ˟ˣ˶˪9 .(

  ˤˣ˩˧˶ .˵ˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ˢ˟ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˫˧˩ˣˬˮ ˢˮ˷ˢ ˣ˧ˢ ˸ˣˮ˥˸ˢ ˪˩˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ,˸˞ˤ ˫˰

 ,˪˧˶˲˞ ˷ˡˣ˥˟ ˡˡˬˮ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˢˣ˟ˠˢ ˪˧˲ˣ˶ˣ˪˩ˢmgr/l 0.39  ˸ˬˣ˰˪)mgr/l 0.83  .(˸ˬˡˣ˵ˢ ˢˮ˷˟

  ˫˧ˠ˧˶˥ ˫˧ˤˣ˩˧˶ ˨˞ ,˥ˣ˸˲ˢ ˫˧˪ ˢ˞ˣˣ˷ˢ˟ ˫˧ˢˣ˟ˠ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸ˢ ˪˩˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˣ˧ˢ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟

 ˣˡˡˬˮ ˫˷ "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˦˯ˣˠˣ˞˟ ˦˶˲˟ ,˳˧˵ˢ ˧˷ˡˣ˥˟ ˣ˞˴ˬˮmgr/l 0.49 ˸ˬˣ˰˪ ,mgr/l 0.17   ˫˧˟

  ˫˧˩˶˰ ˶˟ˬ˦˲˯ˣ ˧ˮˣ˧ ˫˧˷ˡˣ˥˟ ˫˧˷ˡˣ˥˟ ˫˷ ˣˡˡˬˮ ˢ˟ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢˮ˦˵ ˣˤ ˢˠ˧˶˥ ˫ˠ .˥ˣ˸˲ˢ

) ˪˧˶˲˞ ˷ˡˣ˥ ˧˩˶˰ˬ ˢ˟˶ˢ˟ ˫˧ˢˣ˟ˠmgr/l 2.39  ˞˧˷ˢ .˦ˮ˧˵ˢ ˸˪˰˸ ˨˶ˡ ˫˧˦ˮ˧˧˶˦ˣˮ ˸ˣˬ˶ˤˢˬ ,ˢ˞˶ˮ˩ ,ˣ˰˟ˮˣ (

  ˦˯ˣˠˣ˞ ˷ˡˣ˥˟ ˶ˣ˦˧ˮˢ ˧ˡ˧ ˪˰ ˡˡˬˮ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶˟ ˫ˡˣ˵ˢ2018   ,"˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟mgr/l 2.06 ˢ˧ˢˣ ,

ˢ ˫ˠ ˶ˣ˷˵ ˢ˞˶ˮ˩.˦ˮ˧˵ˢ ˸˪˰˸˟ ˸ˣˬ˶ˤˢ˪ ˞ˣ 

  ˸ˡˣˬ˰ ˟ˣ˟˶˰ ˭ˢ˟ ˫˧ˮ˷˪ ˸˧˯˥˧ ˨ˣˬˮ ˪˧˲ˣ˶ˣ˪˩ ˤˣ˩˧˶ ˫˧ˢ ˧ˮ˲˟ ˪˪˩ ˨˶ˡ˟ ˞˴ˬˮ ˡˣˡ˶ ˟ˣ˟˶˰ˢ ˭ˢ˟ ˫˧ˮ˷˟

 ˶˞ˣˮ˧˟ ˢ˧ˢ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ .˵ˣˬ˰ ˫˧ˬˢ2016 ,mgr/l 1.11 ˢˣ˟ˠ ,

 ˫˧ˮ˷˟ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˧˰ˣ˶˧˞ ˸ˣ˟˵˰˟ ˣˡˡˬˮ˷ ˫˧˩˶˰ˢˬ2007 ,2008 ,2012 x- 2022 ˪˷ ˱˶ˣ˥ˢ ˸˪˧˥˸˟ .

2016  .˶˞ˣˮ˧ ˷ˡˣ˥˟ ˫˧ˢˣ˟ˠ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶˪ ˣˬ˶ˠ ˫˧ˡˣˡ˶ˢ ˫˧ˬ˪ ˣ˪˰ˣˢ˷ ˫˧˦ˮ˧˧˶˦ˣˮˣ ˸ˣ˶˧ˢˬ˟ ˟ˣ˟˶˰ˢ ˵˧ˬ˰ˢ

˩˧˶˷ ˨˩ ,˶˴˰ˮ ˟ˣ˟˶˰ˢ ˨˧˪ˢ˸ˣ ˨˷ˬˢ˟ ˢ˵˯˲ ˫˧ˢ ˧ˮ˲ ˸ˣ˶˶˵˸ˢ ˧˷ˡˣ˥ ˶˞˷˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ2016  ˣ˧ˢ ˞˪

  .ˡ˥ˣ˧ˬ ˭˲ˣ˞˟ ˫˧ˢˣ˟ˠ 

 ˸ˮ˷˪ ˸ˣˬˡˣ˵ˢ ˸ˣˡ˧ˡˬ˟2008  .˸ˣ˴˞ ˸ˣ˥˧˶˲ ˪˰ ˫˧˰˧˟˴ˬˢ ˫˧ˢˣ˟ˠ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ ˸ˣ˟ˣ˶˵ ˫˧˸˧˰˪ ˣ˞˴ˬˮ

 ˸ˮ˷˟2014   ˫˧ˮ˷˟ˣ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˸ˣ˟˶ ˸ˣˠ˧˶˥ ˫˰ ,˞˧ˢˢ ˢ˲ˣ˵˸˟ ˟˴ˬˢ ˸˞ ˢ˶˧˩ˤˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˸˧ˮ˟˸

˟ ˦˶˲˟ ,˫˧ˢˣ˟ˠ ˫˧˧ˬˣ˵ˬ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ ˫˧˸˧˰˪ ˣˡˡˬˮ ˟ˣ˷ ˸ˣˮˣ˶˥˞ˢ  ˟˵˰ˬ ˷˶ˣˡ ˢˤ ˟˴ˬˣ ,˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸

 ˫ˠˣ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˫˧˩ˣˬˮ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˣ˧ˢ ,˶ˣˬ˞˩ ,ˢˮ˷ˢ .˫˧˪ ˫˧˶ˬˣ˥ ˸˯˧ˮ˩ ˸ˣ˶ˣ˵ˬ ˶˥˞

 .˸˧˯˥˧ ˸ˣ˩ˣˬˮ ˣ˧ˢ "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˸ˣˠ˧˶˥ˢ 

 

 

 
˶ˣ˧˞ ɣ9˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ ,ˢ˪˰ˬ˪ :-a    ˸ˣˮ˥˸˟ ˫˧˧˷ˡˣ˥ˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ,ˢ˦ˬ˪ .˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ ˣˡˡˬˮ˷

 ˸ˮ˷ ˤ˞ˬ ˧˲ˣ˥ˢ ˶ˣ˦˧ˮˢ2004 . 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

[m
g

r/
l]

Chlorophyll a -2023

FF

NB

Navy

PT

WPC

NR

Taba

OS














































































































































































































