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

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

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

 ˥"ˣˡ˟ ˫˧ˬ˩ˣ˯ˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˮˣ˸ˮ˪ ˫˧ˬˡˣ˵ˢ ˫˧ˮˣ˸ˮ2004   ˸˧ˮ˩˸ ˧ˮˣ˸ˮ ˭˧˟ˣ ˫ˮ˧˟ ˢ˞ˣˣ˷ˢ ˸˧˷˰ˮ ˫˷

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

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

 ˪ˣ˰˲˸ˢˣ ˢ˟˴ˢˢ ˭˲ˣ˞ ˸˞ ˸˷˲˥ˬ ˭˧˧ˡ˰ ˸˧ˮ˩˸ˢˣ ˢ˲˧˴˶ ˢˡ˧ˡˬ ˸˶ˠ˷˪ ˣ˯ˮ˩ˮ ˞˪ ˭˧˧ˡ˰ ˢ˪˞ ˸ˣˡ˧ˡˬ .˭ˣ˩ˬˢ

  .˶˸ˣ˧˟ ˫˧ˬ˧˞˸ˬˢ 

˲ˣˢ ˶˷˞ (˸˧˶˟˰ˢ 'ˮˣ˞ˢˬ ˭˧˧˦˷˲˶ˣ˦ .˰ '˲ˣ˶˲ ˱ˣ˸˧˷˟) ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˵˧˵˪˥ˢ ˱˦˷ ˸ˣˡ˧ˡˬ ˣ˷ˡˣ˥ ˣ˵˯

 ˸ˮ˷˟ ˫˧˟ ˢˡ˧ˡˬˢ ˨˶˰ˬ ˭ˡ˟˞ ˟˵˰2019 ˦˯ˣˠˣ˞˟ ˢ˟˴ˣˢ ˢ˷ˡ˥ ˸˧˦ˬˣ˦ˣ˞ ˸ˡˣ˩˪ˬ .2021   ˢ˧˴ˣ˪ˣˤ˶˟ ˸ˡˡˣˬˣ

 ˪˷2-4  ˪˷ ˵ˬˣ˰˟ ˫˧ˬ˧400   ˫˧ˬˢ ˸ˡˣˬ˰˟ ˯ˬˣˬ ˧ˮˠ˶ˣ˞ˮ˞ ˭ˬ˥˲ ˧ˤˣ˩˧˶ ˪˷ ˫˧˪˧˲ˣ˶˲ ˸ˣˡ˧ˡˬ ˣ˲˯ˣˮ .˫˧˶˦ˬ

 ˢˮ˥˸˟A ˸˲ˢ ˢ˦˧˯˶˟˧ˮˣ˞ˢˬ ˭ˣ˯ˡ˶˟ˡ˞ .ˠˣ ˦˲ˠ˶ˣˣ .˞ '˲ˣ˶˲ ˫˰ ˱ˣ˸˧˷˟)  ˢ˪˞ ˸ˣˡ˧ˡˬ .(˸˧˶˟˰ˢ 'ˮˣ˞ˢˣ ˢ˥ˣ

  ˶˵˥ˬ ˨˧˧˶ .˸ˣ ˟ˢ˶ .˞ '˲ˣ˶˲ ˱ˣ˸˧˷˟) ˸˧ˮˣ˷˞˶ˢ ˸ˣˮ˶˴˧ˢ ˸ˣˡ˧ˡˬ ˣ˷ˡˣ˥ .˸ˣ˧˷ˡˣ˥ˢ ˶ˣ˦˧ˮˢ ˸ˣˠ˪˲ˢ ˭ˬˤ˟ ˸ˣ˷˰ˮ

ˣˡ ˢ˧˴ˣ˪ˣˤ˶˟ ˸ˣ˷˰ˮ ˸ˣˡ˧ˡˬˢ (˪˞˶˷˧˪ ˫˧ˬˠ˞ˣ ˫˧ˬ˧- .˸˧˷ˡˣ˥ 

˧ˡ˵ˣ˷ ˣˮ˞ˣ ˢˮ˷ˢ ˢˬ˧˧˵˸ˢ ˞˪ ˸˧ˮˣ˷˟ ˫ˣ˵ˬ ˧˰ˣ˟˵ ˫˧ˬˣ˪˧˴ ˪˷ ˢˤ˧˪ˮ˞ ,˨ˡ˧˞ˬ  ˫˧ˬˣ˪˧˴ ˨˶˰ˬ ˸˧˧ˮ˟ ˪˰ ˫

 ˷ˣˬ˧˷ ˨˶ˣ˴˪ ˢˮ˷ˢ ˫ˠ ˣˬ˪ˣ˴ ˸ˣ˰ˣ˟˵ˢ ˸ˣˡˣ˵ˮˢ ,˸˞ˤ ˫˰ ˡ˥˧ .˫ˣ˧˩ ˫˧˧ˣ˴ˬˢ ˫˧˧˟ˣ˷˧˥ˢ ˫˧˪˩˪ ˫˧˞˸˧˷ ˷ˡ˥

 ˸ˣ˧˦˧˪ˮ˞ˢ ˸ˣ˞˴ˣ˸ˢ˷ ˭ˣˣ˧˩ˬ ˢˮ˷ˢ ˸ˣ˥ˣˣˡˬ ˞˪ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˞˸ ˪˷ ˸ˣ˶˧˲˯ ˫ˠ .˨˶ˣ˴ˢ ˢ˪˰˧ˣ ˢˡ˧ˬ˟ ˧ˡ˧˸˰

ˣ˴˶ ˸ˣ˰˧˟˷ˬ ˣ˧ˢ ˞˪ ˭ˣ˧ˮ˩˦˟ ˸ˣ˶˧˷ˢ ˸ˡ˟˰ˬˬ  ˪˷ ˸˷ˡˣ˥ˬ ˢˤ˧˪ˮ˞ ˶˷˲˞˧˷ ˧˦˧˪ˮ˞ ˭ˣ˶˸˲ ˫˧˷˲˥ˬ ˣˮ˞ .˭

.ˡ˧˸˰˟ ˟˵˰ˬˢ ˨˷ˬˢˣ (˫˧˦˵˧˪˲ˣˡ) ˸ˣ˞ˬˠˣˡˢ 

 

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

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

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

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

 ˢˮ˥˸˸˧˶˩ + ˸˧ˠˣ˪ˣ˶ˣ˞˦ˬ  ˱ ˧˴˶ ˶ˣ˦˧ˮ 

 ˫ ˧ˬ˶ˤˣ ˫˧˪ˠ  ˱ ˧˴˶ ˶ˣ˦˧ˮ 

˱˥˶ˬ ˵˟˞  ˱ ˧˴˶ ˶ˣ˦˧ˮ 
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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˥˞  ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩

 ˫˧ˮ˷˟ ˡ˶˧ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˰˴ˣˬˬˢ2020-2021 ˢ˧˧˪˰ ˢˡˡˬˮ ˞˵ˣˣˡ ˢˮ˷ˢˣ ,ˢ˶˰˯ˢ ˸ˣ˟˵˰˟ ,

˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢ˪˵  ˢ˧ˢ ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ .˰˴ˣˬˬˢ22.6Ñ3.2%   ˢˣ˟ˠ ˦˰ˬ

) ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟21.9Ñ3.0%( , ˳˧˵˟ ˡˡˬˮ˷ ˧ˣ˯˧˩ˢˬ ˨ˣˬˮ ˨˞2019 ˢ˶˰˯ˢ ˧ˮ˲˪ ,

)24.9Ñ4.5%(  ˢˮ˷ˢ ˢˡˡˬˮ ,ˢ˶˰˯ˢ ˤ˞ˬ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ ˢˣˣ˥˷ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˶˸˞˟ ˫ˠ .

) ˢ˧˪˰18.6Ñ2.3%  ,ˢˮ˷ˢ ˸ˬˣ˰˪16.2Ñ1.5% ˸ˬˡˣ˵ˢ ˢˮ˷˟.(  ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧˧˥ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩

 ˤ˞ˬ ˢˡ˧˶˧ˢ ˫˪ˣ˞ ˸ˣˮˣ˷˞˶ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˷˟ ˢ˧ˢ˷ˬ ˢˣ˟ˠ ˭˧˧ˡ˰2019   ˢˡ˧˶˧ˢ ˧˩ ˭˩˸˧ .ˢˠ˞ˡ ˸˶˶ˣ˰ˬ

 ˳˶ˬ˟ ˢ˵ˤ˥ˢ ˢ˶˰˯ˢ ˪˷ ˢ˸˰˧ˠ˲ˬ ˸ˣ˶˧˷˧ ˸˰˟ˣˮ2020  ˪˷ ˣ˸˪˧˥˸˟ ˭˧˥˟ˢ˪ ˭˸˧ˮ ˶˟˩ ˢˮ˷ˢ˷ ˭˩˸˧ˣ ,

ˣ˞ ,˸ˣ˷˷ˣ˞˸ˢ ˨˧˪ˢ˸ .˸ˣ˞ˡˣˣ˟ ˸˞ˤ ˰ˣ˟˵˪ ˫ˡ˵ˣˬ ˫˪ 

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

ˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˣ˪˧˞ˣ ,˶˸ˣ˧˟ ˟˶ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥ ˢˡ˟˰ˬˢ ˶˸˞˟ .˧ˮ˧˧˲ˣ˞ˢ ˵ˣˬ˰ˢˣ 

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

 .˸ˣ˪ˣˡˠˢˣ ˸ˣ˧ˮˣˮ˧˟ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥˟ ˢ˧˪˰ˣ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥˟ ˢˡ˧˶˧ ˸ˮˬ˸˯ˬ  ,ˢˮ˷ˢ

 ˸ˣˮ˦˵ ˸ˣ˟˷ˣˬ˷ ˭ˣˣ˧˩ˬ .˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˢˡ˧˶˧ ˢ˞˴ˬˮ ˟ˣ˷ ,˸ˣ˟˧˴˧ ˪˷ ˫˧ˮ˷ ˰˟˶˞ ˶˥˞˪

˴ ˭˧˟ ˢˬ˞˸ˢ ˢˮ˷˧ ,˸˪˧˞ ˧ˠˣˬ˪˞ ˸˧˧˯ˣ˪˩ˣ˞˟ ˪ˣˡˠ ˟ˣ˶ ˸ˣˣˢˬ  ˪˪˩ ˸ˣ˲˧˲˴ˣ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲

 .˸˪˧˞˟ ˸˧ˮˣ˷ˢ ˧˶˸˞˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ ˢˡ˧˶˧ ˢ˞˴ˬˮ ˢˮ˷ˢ .˸ˣ˟˷ˣˬˢ 

3.  ˫˧ˠˣˬ˪˞ ˧ˮ˧ˬ ˭ˣˣˠˬï  ˡˡˬWiener-Shanon ˭ˣˣˠˬ˪, ˣ˸˶ˤ˰˟ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˭ˣˣˠˬ ˡˬ˞ˮ, 
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 ,˶ˣ˦˧ˮˢ ˢ˞˶ˮˢ ˪˩˩ ˫˧˰˟ˣˮ˷ ˫˧ˮ˷ˢ ˨˪ˢˬ˟ ˫˧˧˞˶˵˞ ˫˧˧ˣˮ˧˷ ˫˰ˬ ˸ˣˮˬˡˤˬ ˸ˣ˵ˢ˪ ˪˷ ˸ˣˡˣˮ˸ˣ ˞˪
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˧˸ˣ˰ˬ˷ˬ ˪ˡ˟ˢˢ ˢ˧ˢ ˢˮ˷ˢ ˨˞ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶ˣˤ˞˟ ˸ˣˣ˶˪ ˶˸ˣ˧ ˸ˣ˞˴ˬˮ ˟ˣ˶˪ .ˢ˷˷ ˧˲ ˦˰ˬ˩ ˶˸ˣ˧ ˡˣ˰  .

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

 .˫˧˶˸˞ˢ ˭˧˟ˣ ˫˧ˮ˷ˢ ˭˧˟ 

12. ˸˧˪ˣ˥ ˸˧˰˵˶˵˟ ˫˧˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ï  ˪ˣˬ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˸ˣ˧˪ˣ˥ˢ ˸ˣˮ˥˸ˢˬ ˵˪˥˟ ˣ˞˴ˬˮ ˢˮ˷ˢ ˫ˠ

ˣ˶ˡˢ ˱ˣ˥ˢ ˸ˮ˥˸˟ ˫ˠ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲ ˣ˞˴ˬˮ ˢˮˣ˷˞˶˪ˣ ˧ˠˣ˪ˣ˲˶ˣˬ ˸ˣˣ˧˰ ˧˪˰˟ ˫˧˦˶˲ ˦ˮ˧˵ˢ ˞˴ˣˬ  .˧ˬ

 ˸ˮ˷˟ ˸ˣ˧˪ˣ˥ˢ ˸ˣˮ˥˸ˢ ˶ˣ˦˧ˮ˟ ˢˮˣ˷˞˶˪ ˣ˞˴ˬˮ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲2020 ˩ ˫˧ˣˣˢˬ ˫ˢˣ-1%  ˪˪˩ˬ

 .˦ˮˬ˧ˡ˯˟ ˫˧˦˶˲ˢ  ˦ˮˬ˧ˡ˯˟ ˫˧˶˟˴ˮˢ ˫ˣˢ˧ˤ ˧ˬ˶ˣˠ ˪˰ ˰˧˟˴ˢ˪ ˢ˧ˣ˷˰ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲ ˪˷ ˫˸˞˧˴ˬ

.ˡ˪˷ˢ ˸ˣ˥˸˲˸ˢ˟ ˫˧˰ˠˣ˲ˣ  ˧˲ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ ˣ˞˴ˬ ˦ˮˬ˧ˡ˯˟ ˸ˣ˩˸ˬ ˧ˤˣ˩˧˶ ˸ˣˡ˧ˡˬ1.5  ˡ˰4  ˮ ˥˸˟ ˸

 ˸ˮ˷˪ ˡ˰ ˫˧ˠˡ ˧˟ˣ˪˩ ˣ˧ˢ ˣ˟ ˫ˣ˵ˬ˟ ˢ˧˧ˣ˴ˬˢ ,˸˧˥˶ˤˬˢ ˢˬ˧ˠˡˢ2008  ,˦ˮ˧˵ˢ ˸˪˰˸ ˞˴ˣˬ˪ ˢ˟ˣ˶˵ˢˣ

.˸˧˟˶˰ˬˢ ˢˬ˧ˠˡˢ ˸ˮ˥˸ ˸ˬˣ˰˪  ˳˶ˬ ˪˷ ˢ˶˰˯ˢ ˸ˣ˟˵˰˟˷ ˸ˣ˶˷˲˞˟ ˫˧˩ˬˣ˸ ˢ˪˞ ˫˧˞˴ˬˬ2020 

ˡ˟ˣ˰ˢ ,˨ˡ˧˞ˬ .˫˧˶˲˧ˮ˧ˬ˶ˣ˲˟ ˡ˪˷ ˧˸ˣˣ˧˰˪ ˸ˣˬ˶ˣˠ ˢ˪˞ˣ ˢˢˣ˟ˠ ˸ˣ˩˸ˬ ˸˪ˣ˩˸ ˧˪˰˟ ˫˧˦ˮˬ˧ˡ˯ ˣ˲˷˥ˮ ˢ

 ˪˰ ˢ˰˧˟˴ˬ ˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˫ˠ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲ ˣ˞˴ˬˮ ˢˮ˷ˢˣ ˣˤ ˢˮ˥˸˟ ˵˶ ˣ˞˴ˬˮ ˞˪ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲˷

˸ˣ˩˸ˬˢ ˸ˣ˦˷˲˸ˢ) ˢ˰˲ˣ˸ˢ ˸ˣ˦˷˲˸ˢ\.˸˪˧˞ ˧˲ˣ˥ˢ ˨˶ˣ˞˪ (?˫ˢˣˤˬˢ ˦ˮˬ˧ˡ˯ˢ 

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

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

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

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

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

 ˵ˬˣ˰˟ˣ10   ˧ˡ˟˶ˬ ˸ˣ˥˸˲˸ˢ˪ ˧˶˰ˤˬˢ ˵ˬˣ˰ˢ ˣˢˤ˷ ˢ˞˶ˮ .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˭˧˦ˣ˪˥˪ ˦˰ˬ˩ ˫˪˰ˮ ˫˧˶˦ˬ

 ˱ˣ˥˟ ˫˧ ˟˷˰  .˧ˬˣ˶ˡˢ 

 

 ˵ ˣˬ˰ˢ ˫˧˟ ˫˧ˬˢ ˸ˡˣˬ˰ 

14.  ˟ˣ˟˶˰ˢ ˵ˬˣ˰ï  ˢˮ˥˸) ˢˡ˧ˡˬˢ ˸ˮ˥˸˟ ˸˧˰˵˶˵ˢ ˵ˬˣ˰˪ ˡ˰ ˫˧ˬˢ ˸ˡˣˬ˰ ˢ˟˟˶ˣ˰ ˢˮ˷ˢA ˵ˬˣ˰ ,

˩ ˪˷ ˸˧˰˵˶˵-730  ˸ˮ˷ ˤ˞ˬ ˢˮˣ˷˞˶˪ ,(˫˧˶˦ˬ2012  ˫˧˟ˣ˟˶˰ ˭˧˟ ˫˧ˮ˷ ˶˷˰ ˪˷ ˢˤˢ ˥ˣˣ˶ˬˢ .

˶˞ˣˮ˧ ˫˧˷ˡˣ˥˟ .ˡ˰ˣ˸ˬˢ ˶˸ˣ˧˟ ˨ˣ˶˞ˢ ˞ˣˢ ˳˶˲ˬ˟ ˫˧˵ˣˬ˰- ˫˧ˬˢ ˳˶ˬ ˪˧˲ˣ˶˲ˣ ˣ˶˶˵˸ˢ ˫˧ˮˣ˧˪˰ˢ

ˬ ,˨˪ˣˢˣ ˪ˡˠ ˵ˬˣ˰˪ ˡ˧˥˞ ˢ˧ˢ ˸ˣ˶ˣ˦˶˲ˬ˦ˢ- 250  ˡ˰ˣ ˶˞ˣˮ˧˟ ˫˧˶˦ˬ550  ,˭˩ˬ ˶˥˞˪ ˷ˡˣ˥ .˳˶ˬ˟

) ˪˧˶˲˞ ˷ˡˣ˥ ˸ˠ˪˲ˢ˟10  ˪˧˶˲˞˟2022 ˪˷ ˵ˬˣ˰ ˡ˰ˣ ˫˧ˢ ˸˧˰˵˶˵ˬ ˢˡ˧˥˞ ˢ˸˧ˢ ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦ (

-˩140  ˮ ˷ˢ ˟ˣ˟˶˰ˢ˷ ˢ˞˶ˮ .ˢˮ˧˪˵ˣˬ˶˸ ˪˷ ˢ˸˪˧˥˸ ˸˶˩˧ˮ ˶˟˩ ˫˷ ˫˧˶˦ˬ  ˞˪ ,˵ˣˬ˰ ˢ˧ˢ˷ ˱˞ ˪˰ ˢ

  ˱ˣˠ ,˸˧˯˥˧ ˢˢˣ˟ˠ ˢ˶ˣ˦˶˲ˬ˦ˣ ˢ˩ˣˬˮ ˸ˣ˥˧˪ˬ ˧˪˰˟ ˫˧ˮˣ˧˪˰ ˫˧ˬ˟ ˢˮ˧˧˲ˣ˞ ˟ˣ˩˧˷ˢ ˸˪˧˥˸ˣ ˟˶ ˭ˬˤ ˨˷ˬˮ

.˫ˣ˶ˡˬ ˢ˞˶ˮˢ ˪˩˩ ˣ˶ˣ˵ˬ˷ ˫˧ˬ 

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

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

 ˶˥˞˪ ˣ˧ˢ˷ ˧˲˩ ˫˧˩ˣˬˮ ˞˪ ˪˪˩ ˨˶ˡ˟ ˨˞ ,ˢ˸˪˧˥˸˟ ˣ˧ˢ˷ˬ ˸˶˩˧ˮ ˢˡ˧ˬ˟ ˫˧˩ˣˬˮ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟

 ˶˸ˣ˧ ˫˧˵ˣˬ˰ˢ ˫ˠ ˧˪ˣ˞ˣ) ˶˸ˣ˧ ˫˧˩ˣ˶˞ˢ ˫˧˟ˣ˟˶˰ˢï  ˢˮ˥˸˪ ˸ˣˠ˪˲ˢˢ ˞˪˪ ˸˰ˡ˪ ˢ˷˵B   ˥˦˷˟ ˢ˧ˣ˴ˬˢ

 ˫˧ˮ˷˟ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟ ˣˡ˰ˣ˸ ˶˷˞ (˭ˡ˶˧2007 ,2008 x-2012 ˱˞ ˪˰ ,˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˪˩˪ ˢ˞ˣˣ˷ˢ˟ .

˧˩ ˢ˞˶ˮ ,˫˧ˮ˷ˢ ˭˧˟ ˟ˣ˟˶˰ˢ ˵ˬˣ˰˟ ˫˧˪ˡ˟ˢˢˣ ˫˧˪ˣˡˠˢ ˫˧˧˸ˮˣ˰ˢ ˫˧˧ˣˮ˧˷ˢ˫˧˦ˮ˧˧˶˦ˣˮˢ ˯ˬˣ˰   ˸ˡˣˬ˰˟

 ˳˶˲ˬˢ ˭ˣ˲˴˟ ˫˧ˬˢ˭˦˵  ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟˶˷˞ˬ .˶ˣ˦˧ˮˢ ˪˷ ˸ˣˮˣ˷˞˶ˢ ˫˧ˮ˷˟ 

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

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

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

 ˭ˣ˲˴˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˪˰ ˢ˰˧˲˷ˬ (˫ˣ˶ˡˬ) ˫˧ˬ ˸˶˧ˡ˥ ˧˩ ˢ˶˰˷ˢ˟ ˫˧˩ˬˣ˸ ˟ˣ˟˶˰ˢ ˸˲ˣ˵˸ ˱ˣ˯˟

.˳˶˲ˬˢ  ˧˞ˡ˩ ˭˩ ˪˰ˣ ˵ˣˬ˰ˢ ˟ˣ˟˶˰˪ ˸ˣ˞ˡˣˣ˟ ˫˧˶ˣ˷˵ ˫˧ˮˣ˧˪˰ˢ ˫˧ˬ˟ ˫˧ˢˣ˟ˠ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ ˢˮ˷ˢ

.˸ˣ˞˟ˢ ˫˧ˮ˷˟ ˣˤ ˢˬˠˬ ˭ˣ˥˟˪ˣ ˱˧˯ˣˢ˪ 

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

˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ. 

18.  ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤï  ˨˞ ,˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˣˡˡˬˮ˷ ˢ˪˞ˬ ˫˧ˢˣ˟ˠ ˣ˧ˢ ˢˮ˷ˢ ˣˡˡˬˮ ˶˷˞ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤˢ ˧ˤˣ˩˧˶

 ˸ˮ˷˟ ˣˡˡˬˮ ˶˷˞ ˫˧ˢˣ˟ˠˢ ˫˧˩˶˰ˢˬ ˫˧˩ˣˬˮ2016  ˧ˤˣ˩˧˶ ˶˥˞ ˶ˣ˦˧ˮ ˰˴ˣ˟ ˭ˢ˟ ˫˧ˮ˷ˢ ˟ˣ˶˟ .

˰˟ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤˢˮ˷ˢ ˸˪˧˥˸ ˪˷ ˫˧˷ˡˣ˥ˢ ˡ˥˞˟ ˢˣ˟ˠ ˞˧˷ ˡˡˬˮ ˢˮˣ˧˪˰ˢ ˫˧ˬˢ ˸ˡˣˬ x  ˢˢˣ˟ˠˢ ˢ˯ˬˣ˧˟ˢ

 ˤ˞ˬ) ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟ ˶˸ˣ˧˟2011( ˢˡˡˬˮ ˟  ˶˞ˣ˶˟˲2016  ˸ˮ˷˟˷ ˸ˣ˶ˬ˪2012  ˢ˧ˢ ˢˮ˷ˢ ˫ˠˣ

 .˶˸ˣ˧ ˵ˣˬ˰ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ,˨˩ ˸ˣˬ˩ ˪˰ ˢ˰˲˷ˢ ˭ˬˤ˟ ˣ˸ˣ˥˸˲˸ˢ ˭˲ˣ˞˪ˣ ˟ˣ˟˶˰ˢ ˨˷ˬ˪ ˧˩ ˢ˞˶ˮ

˪˧˶˲˞ ˫˧˷ˡˣ˥ ˢ˷ˣ˪˷ ˨˷ˬ˟ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ ˣ˞˴ˬˮ ,ˢˮ˷ˢ ˸ˣˡ˧ˡˬ˟ .˫˧ˬˢ ˸ˡˣˬ˰˟ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤˢ- ˧ˮˣ˧

.˧ˮˣ˧ ˷ˡˣ˥˟ ˢ˵ˣˣˡ ˢ˧ˢ ˞˧˷ˢ ˶˷˞˩ 

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

ˣˡ ˸ˣ˶˧ˡ˸˟ ˧˩- .˸˧˷ˡˣ˥  ˭ˮ˧˞ ˸ˣˡ˧ˡˬˢ ˧˩ ˭˩˸˧ˣ ˫˧˶˧ˢˬˣ ˫˧˪ˣˡˠ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˸ˣˮ˶˴˧˟ ˫˧˧ˣˮ˧˷ˢ

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

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

 ˫˧ˮ˷ˢ ˧˩ ˫˷˶˸ˢ˪ ˭˸˧ˮ ˳˧˵ˢ ˧˷ˡˣ˥˟ ˸ˣˮ˶˴˧ˢ ˧˩˶˰˟ ˸ˣˮˮˣ˟˸ˢˬ .ˣˤ ˢˮˣ˰˟ ˞˵ˣˣˡ2010-2022   ˸ˣˬˣˡ

 ˸ˮ˷˟ ˶˸ˣ˧˟ ˢˣ˟ˠ ˨˶˰ ˫˰ ,ˣˤ˪ ˣˤ2016 ˢ˧˧˪˰˟ ˭˧˥˟ˢ˪ ˧˪ˣ˞ ˭˸˧ˮ ,˸˞ˤ ˫˰ˣ , ,˸˵ˢ˟ˣˬ ˢˮ˧˞˷ ,ˢ˪˵

 .˳˶˲ˬ˟ ˳˧˵ˢ ˸ˣˮ˶˴˧˟ 

 

 ˸ 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˥˧
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ˣ˟˵˰˟ .ˣ˧˸˯˟ˣ ˢˮ˷ˢ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸  ˧ˤˣ˩˧˶˟ ˢ˞˦˟˸ˢ ˶˷˞ ˢ˵ˤ˥ ˭ˣ˦˵ˮ˪˲ ˸˥˧˶˲ ˪˧˶˲˞ ˷ˡˣ˥˟ ˢ˪˥ˢ

 ˧˸ˮ˷ ˟˶ˢ ˨˶˰ˢˬ ˢ˟˶ˢ˟ ˫˧ˢˣ˟ˠ ˣ˧ˢˣ ˧˞ˬ ˷ˡˣ˥ ˨ˣ˸˪ ˣ˩˷ˬˮ ˪˧˲ˣ˶ˣ˪˩ˢ ˧˞˧˷ .˫˧ˢˣ˟ˠ ˪˧˲ˣ˶ˣ˪˩

 ˡˡˬˮ ˶˷˞ ˧˟˶ˬˢ ˨˶˰ˢˬ ˢ˷ˣ˪˷ ˧˲ ˦˰ˬ˩ ˢˣ˟ˠ ˢ˧ˢ ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˧˟˶ˬˢ ˨˶˰ˢ .ˢˮˣ˰˪ ˰˴ˣˬˬˢ

 .˸ˬˡˣ˵ˢ ˢˮ˷˟ ˫˧˩ˣˬˮˢ ˫˧˩˶˰˪ ˸˧ˮˣ˷˪ ˨ˣˬ˯˟ ˣˡˡˬˮ˷ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˣ˶ˤ˥ ˧˞ˬ ˷ˡˣ˥ ˱ˣ˯ˬ

  .˫˧ˮ˧˧˲ˣ˞ˢ 

21. ˸˧ˮˣ˷˪ ˨ˣˬ˯˟ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦  (˸˧ˬˣ˧ ˢˡ˧ˡˬ)ï   ˸˶ˣ˦˶˲ˬ˦ ˢ˸˧ˢ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ,ˢˮ˷ˢ ˸˪˧˥˸˟

˟˶ˢ ˰˴ˣˬˬˢ ˧˩˶˰˪ ˢˬˣˡ ˫˧ˬˢ-˳˶ˬ ˫˧˷ˡˣ˥˟ˣ ˧˸ˮ˷- ˰˴ˣˬˬ˪ ˸˥˸ˬ ˢ˶ˣ˦˶˲ˬ˦ˢ ˢˡ˶˧ ˪˧˶˲˞  ˢ˰˧ˮˢˣ

 ˱ˣ˯˪ ˡ˰ˣ ˳˧˵ˢ ˧˷ˡˣ˥ˬˣ ˰˴ˣˬˬˢ ˟˧˟˯ ˣ˰ˮˣ ˸ˣ˪˰˪ ˸ˣ˶ˣ˦˶˲ˬ˦ˢ ˣ˪˥ˢ ˧˞ˬ ˷ˡˣ˥˟ .˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸˞

˟˶ˢ ˰˴ˣˬˬˢ ˨˶˰ˢˬ ˢˢˣ˟ˠ ˪˪˩ ˨˶ˡ˟ ˸˧ˮˣ˷˪ ˨ˣˬ˯˟ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦ ˢ˸˧ˢ ˢˮ˷ˢ-˧˸ˮ˷ ˞˪ ˨˞ ,

ˢ˟˶ ˢˡ˧ˬ˟ ˵ˢ ˸ˣˬ˥ˢ ˸ˣˡ˧ˡˬˢ ˸ˣ˪ˣ˟ˠ˪ ˶˟˰ˬ ˣˠ˶˥ ˟ˣ˶˪˷ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˪ ˡˣˠ˧ˮ˟ ˸˞ˤˣ  .˸ˣˬˡˣ

 ˢˮ˷ ˣˤ ˢ˸˧ˢ ˪˩ˢ ˨˯˟ˣ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˸ˣ˪˰ˬ ˧˸˷˩˟ ˢ˩ˣˬˮ ˢ˸˧ˢ ˢˮ˷ˢ ˸˧˟˶ˬˢ ˢ˶ˣ˦˶˲ˬ˦ˢ

  .˸˩˷ˬˮ ˫˧ˢ ˧ˮ˲ ˪˷ ˫ˣˬ˧˥ˢ ˸ˬˠˬ ˧˩ ˶˩˧ˮ ,˸˞ˤ ˫˰ˣ "ˢ˶˵" 

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

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

.˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˸ˣˡ˧ˡˬ˪ ˢ˞ˣˣ˷ˢ˟ ˸ˣ˪˰ˬ ˧˸˷˩˟ ˸ˣ˩ˣˬˮ ˣ˧ˢ˷ ,˸˧˶˰ˤˬˣ ˸˧˟˶ˬ ,˶˧ˣ˞ ˸ˣ˶ˣ˦˶˲ˬ˦ˣ 

  ˸ˣˡ˧ˡˬ˪ ˢ˞ˣˣ˷ˢ˟ ˫˧ˡˡˬˮˢ ˪ˠˢ ˧˩˶ˣ˞ ˪˩˟ ˢ˵ˤ˥ ˢ˸˧ˢ ,˟˧˟˞˟ ,ˢˮ˷ˢ ˢˡˡˬˮ ˶˷˞ ˸˧˟˶ˬˢ ˢˮ˧˶˵ˢ

.˸ˣˬˡˣ˵ˢ ˫˧ˮ˷ˢ 

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

 ˢ˸˧ˢ ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ°C 21.0  ˸˧˶˰ˤˬˢ ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦˪ ˢ˞ˣˣ˷ˢ˟ ˸˧˸ˣ˰ˬ˷ˬ ˨ˣˬˮ (˳˶ˬ ˷ˡˣ˥˟) ,

 ) ˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˪˷°C 21.8  ˢ˶ˣ˦˶˲ˬ˦ˢ ,˸˞ˤ ˫˰ .˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˵ˣˬ˰ ˟ˣ˟˶˰˪ ˢ˪˧˟ˣˢ ˨˩ˣ (

˟ˣ˟˶˰ ˪˷ ˸ˣˬˡˣ˵ ˫˧ˮ˟ ˢˡˡˬˮ˷ ˸˶ˣ˦˶˲ˬ˦ ˣˤˬ ˢˢˣ˟ˠ ˢ˸˧ˢ ˢˮ˷ˢ ˸˧˶˰ˤˬˢ ) ˵ˣˬ˰2007 ,2008 ,

2012 ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˫ˠˣ (2009 x-2017  ˢ˧˧˪˰ ˢˮ˷˧ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˷ˬ˟ .˵ˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ˞˪ ˭ˢ˟

 ˬ ˢ ˸ˣ˶ˣ˦˶˲ˬ˦ ˪˷ ˸˩˷ˬ˸ˬ ˨˞ ,ˡ˞ˬ ˢˢˣ˟ˠ ˢˮ˷ˢ ˢ˸˧ˢ ˟ˣ˷ ˫ˣˬ˧˯˵ˬˢ ˸˶ˣ˦˶˲ˬ˦ .˳˶˲ˬ˟ ˫ˣˬ˧ˮ˧

) ˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˪˷ ˸˧˟˶ˬˢ ˢ˶ˣ˦˶˲ˬ˦ˢˬ ˦˰ˬ ˢ˩ˣˬˮ°C 31.0 ˢˡˡˬˮ˷ ˶˸ˣ˧˟ ˢˢˣ˟ˠˢ ˢ˸˧ˢ ˶˷˞ (

ˣˤ ˸˶ˠ˯ˬ˟  . 

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

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

˩ 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˧ˬˣ˶ˡ ˸ˣ˶˰˯ ˧˰ˣ˶˧˞ ˶˲˯ˬ ˣˡˡˬˮˣ (˶˦ˬ  ˢ˰˲˷ˢ ˢ˞˴ˬˮ ,ˡ˥ˣ˧ˬ˟ ˫˧˵ˤ˥ ˣ˧ˢ ˞˪˷ ,ˢ˪˞ ˫˧˰ˣ˶˧˞˟

˰ˣ˶˧˞ˢ ˨˷ˬ˪ ˥ˣ˶ˢ ˸ˬ˴ˣ˰˪ ˱˯ˣˮ˟ .˧˟˶ˬˢ ˧˸ˣ˰ˬ˷ˬˢ ˪ˠˢ ˢ˟ˣˠ ˰˧ˠˢ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˪ˬ ˶˸ˣ˧ ˦˰ˬ-0.8  

 ˶˸ˣ˧ ˫˧ˢˣ˟ˠ ˫˧˪ˠ ˣˡˡˬˮ ˢˮ˷ˢˣ ,˶˦ˬï  ˪˷ ˧˟˶ˬ ˧˸ˣ˰ˬ˷ˬ ˪ˠ ˢ˟ˣˠ1.25   ˪˷ ˧˟˶ˬ ˫˧˪ˠ ˢ˟ˣˠˣ ˶˦ˬ

2.25 ˶˦ˬ . 

˸ˣˡ˧ˡˬˢ .˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˪ˣˬ ˫˧ˢ ˧ˮ˲˪ ˨ˣˬ˯˟ ˧˦˯ˣ˵˞ ˫˧ˬ˶ˤ ˡˬ ˣˮ˟˴ˢ ˢˮ˷ˢ ˳˧˵˟  ˢ˰˟˶˞ˬ

  ˧˶ˣˤ˥ˬ˪ ˫˞˸ˢ˟ ˭ˣˣ˧˩ ˫˧ˮ˷ˬˢ ,˱ˣ˥˪ ˪˧˟˵ˬ˟ ˫˧˦ˮˮ˧ˬˣˡ ˫˧ˬ˶ˤ ˸ˣ˪ˠˬ ˢˮ˷ˢ ˪˷ ˫˧ˮˣ˶˥˞ˢ ˫˧˷ˡˣ˥ˢ

˩ ˡ˰) ˫ˣ˶ˡ ˭ˣˣ˧˩˪ ˣˡˡˬˮ ˶˸ˣ˧˟ ˫˧˵ˤ˥ ˫˧ˬ˶ˤ ˶˷˞˩ ,˪˲˷ˣ ˸ˣ˞˧ˠ-0.4 ˶˦ˬ\  ˧ˮˬˤ˪ ˸ˣ˩˧ˬ˯˟ˣ (ˢ˧ˮ˷

 .˸ˣ˞˧ˠ 

 

 ˭ ˬˣ˧ ˧ˬˣ˷˧˶ 

24. ˫˧ˡ˰ˣ˸ˬ ˫ˣˢ˧ˤ ˧˰ˣ˶˧˞ ï  ˧ ˤ ˪˷ ˫˧˰ˣ˶˧˞ ˧ˮ˷ ˪˰ ˥ˣˣˡ ˢˮ˷ˢ  .˳˶˲ˬˢ ˭ˣ˲˴˟ ˫˧ ˫ˣˢ 

-˟14 ˸ˣ˪ˣ˩ˬˢ ˪ˬˮ˟ ˢ˧˧ˮˣ˞ˬ ˢ˲˧˪ˡ ˢ˸˧ˢ  ˦˯ˣˠˣ˞˟ ˵˪ˡ ˧ˬ˸˩ .ˢ˟˵˰˟\  ˣ˞ ˫˧˩ˣˬ˯ˢ ˫˧˲ˣ˥˟ ˣˡ˩˪ˮ ˭ˬ˷

 .˸˪˧˞ ˧˲ˣ˥ ˪˞ ˰˧ˠˢ ˞˪ ˫ˣˢ˧ˤˢ .˫ˣ˧ ˣ˸ˣ˞˟ ˸ˣ˥ˣ˶ˢˣ ˫˧ˬ˶ˤˢ ˸˰˲˷ˢ˟ ˢˬˣ˶ˡ ˣ˲˥˯ˮ 

-˟29  ˬ ˯ˣ˥˟ ˡ˩˪ˮ ˵˪ˡˢ .˞"˞˴˵˟ ˦˲ˮˢ ˱ˣ˯ˬ˟ ˸˧˪˩˧ˬˬ ˵˪ˡ ˸˲˧˪ˡ ˢ˸˧ˢ ˶˟ˬ˟ˣˮ˟  ˟˧˟˯ ˣ˷˶˲ˮ˷ ˫˧

  .˫˧ˢ ˪˞ ˦˷˲˸ˢ ˞˪ˣ ˸˧˪˩˧ˬˢ 

 ˞"˞˴˵˟ ˦˲ˮˢ ˱ˣ˯ˬ˪ ˢˮ˷ˢ ˣ˷ˠ˧ˮ ˩"ˢ˯˟11  .˸ˣ˞˪ˬ ˣ˞˴˧ˣ ˸ˣ˵˧˶ ˣ˰˧ˠˢ ˭˪ˣ˩ ,˸ˣ˧˪˩˧ˬ 
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˸ˣˡˣˮ˸ ˟˶-˧˸ˮ˷˧ˣˮ˧˷ ˸ˣˬˠˬˣ ˸ˣ 

 ˫ ˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷ 

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

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

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

ˣˬˬˢ ˧ˣ˯˧˩ˢ ˫˧˩˶˰ˢ ˥ˣˣ˦˟ ˰ˮˣ ˰˴21.5-23.9% ˸ˮ˷˟ .2013  ,˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟ ˧˟˶ˬˢ ˧ˣ˯˧˩ˢ ˡˡˬˮ

26.4Ñ5.2%, ˭˩ˬ ˶˥˞˪ˣ  ˥ˣˣ˦˟ ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ ˰ˮ24.0-25.3% .˟ ˮ ˷ ˸2020  ˸˪˧˞ ˸ˣ˧ˮˣ˷ ˣ˰ˠ˲ˮ

 .˸˧ˮ˩˸ˢ ˧ˡ˧ ˪˰ ˫˧˶˦ˣˮˬˢ ˫˧˶˸˞ˢ ˭˧˟ ˡ˧˥˞ ˢ˧ˢ ˞˪ ˢ˰˧ˠ˲ˢ ˶ˣ˰˧˷ˣ ˢ˵ˤ˥ ˸˧ˬˣ˶ˡ ˢ˶˰˯˟  ˫˧˧˸ˮ˷˟

˶˰˯ˢ ˧˶˥˞˷ ˤˣ˥˞ ˡ˶˧ ˢ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˩˟-1.5% ˰˴ˣˬˬ˟   ˣ˪˧˞ˣ ,ˢˮ˷ ˪˩˟

˪˰ ˡˬ˰ ˞ˣˢˣ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢ˪˵ ˢ˧˧˪˰ ˢ˞˴ˬˮ ˢˮ˷ˢ  %2.3Ñ6.22 . 

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

ˢˮ˷˪ ˢˮ˷ ˭˧˟ ˫˧˧ˣˮ˧˷ˢ ˨˞ ˫˧ˮ˷ˢ ˭˧˟ ˸ˣˡˣˮ˸ ˪˪˩ ˨˶ˡ˟  ˭˵˪˥˟ ˢˡ˧˶˧ ˸ˮˬ˸˯ˬ ˫˧ˮ˷ˢ ˨˶ˣ˞˪ .˫˧ˮ˦˵

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

  ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ ˫ˠ ˨˩ˣ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˸˧˯˥˧ ˢ˪ˣˡˠ ˢˡ˧˶˧ ˢ˞˴ˬˮ.˪˪˩˟ 

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

  .˟˧˴˧ ˢ˶˟˥ ˟˩˶ˢ˪ ˸ˣˡ˰ ,ˢˮ˷˪ ˢˮ˷ˬ ˦˰ˬ 

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 ˬ ˫˧ˮ˷ˢ ˭˧˟ ˡ˞

 .˪˪˩˟ ˫˧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

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

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

."˸ˣ˧ˮˣ˲˴"  .˫˧ˢ ˪˞ ˫˧˩˲˷ ˢ˪˧˟ˣˬˢ ˦ˮ˧˵ˢ ˸˪˰˸ ˞ˣˢ ˢ˪˞ ˸ˣˠ˧˶˥˪ ˶˧˟˯ˢ ˶ˣ˵ˬˢ ˧˩ ˭ˬ˸˯ˬ 

7. ˵˟ ˫˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮˬ˶ˣ˲˫˧ˠˡˢ ˧˟ˣ˪˩ ˶˸˞˟ ˢ˩˶ˢ ˸˧˰˵˶ 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 ,

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

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

  ˫˧ˢˣ˟ˠ ˸ˣ˩˸ˬ ˧ˤˣ˩˧˶ ˣ˞˴ˬˮ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢˬ ˦ˮˬ˧ˡ˯ ˸ˣ˞ˬˠˣˡ˟ .˧ˬˣ˶ˡˢ ˱ˣ˥˟ˣ ˶˸ˣ˧ ˸ˣ˵ˣ˥˶ ˸ˣˮ˥˸˟

 ˣ˟ ˫ˣ˵ˬ˟ ,˸˧˥˶ˤˬˢ ˢˮ˥˸˟ .˦ˮ˧˵ˢ ˸˪˰˸ ˞˴ˣˬ˪ ˨ˣˬ˯ˢˣ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˶˟˰˟ ˣ˧ˢ 

 ˵ 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˧ ˪˰

˟˶ˢ-˸˧˸ˮ˷ .˵ˬˣ˰ˢ ˧ˬ˟ ˣ˶˟˴ˮ˷ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˸ˣ˧ˣˬ˩ˬˣ ˣ˩˷ˬˣ ˟ˣ˟˶˰ˢ ˵ˬˣ˰ˬ ˸˰˲˷ˣˬ   ˢ˧ˢ ˢˮ˷ˢ

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

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

 ˮ ˢˣ ˸ˮ˷˟) ˫ˡˣ˵ˢ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˤ˞ˬ ,˫˧ˮ˷ ˶˷˰ ˭˟ ,˨ˣ˶˞ ˶ˣˤ˥ˬ ˫˧˧˸˯ˢ ˨˩˟ .˸ˣ˴˞ ˸ˣ˥˧˶˲ ˣ˰˧

2012 .( 

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

 ,˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢˠ ˫˧˧˸ˮ˷ ˫˧ˤˣ˩˧˶ ˶˷˞˩ ,˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶˟ ˢ˧˧˪˰ ˪˷ ˢˬˠˬ ˭ˬ˸˯ˢ˪ ˢ˪˧˥˸ˬ  ˫˧ˢˣ˟
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  ˵˶ ˫˧˧ˣ˪˸ ˫ˮ˧˞ ˫˧ˡˡˬˮˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶˷ ˢ˞˶ˮ ˨˩ .˟˧˟˞˟ ˵˶ ˞˪ˣ ˳˧˵ˢ ˧˷ˡˣ˥˟ ˫˧˸˧˰˪ ˫˧ˡˡˬˮ

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

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 

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

 .˸˩˷ˬˮ ˫˧˵ˣˬ˰ˢ˪˰ ˤ˞ˬ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦˟ ˫ˠ ˸ˡˡˬˮ ˸˩˷ˬ˸ˬ ˢ˧1988 . 
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The Israel National Monitoring Program in the Northern Gulf of Aqaba 

Funded by Israelôs Ministry of Environmental Protection 

 

Scientific report 2022 

 
Dr. Yonathan Shaked, Program Manager 

Prof. Amatzia Genin, Scientific Director 

 (April , 2023) 

 

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 2022. 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 (together with Prof. E. Wurgaft and G. Edvardson of the Open University and the 

Hebrew University), Primary Productivity at the upper 100 meters of the water column 

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

Research), and sediment trap measurements of suspended particle fluxes in the water column 

(together with A. Torfstein of the Hebrew University). DIC measurements are still somewhat 

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

productivity is done at a bi-monthly resolution and the particle fluxes are measured at 400 

meters depth and a resolution of 2-4 days.  

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 this 

year 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. Analyses 

of FACS cell counts are also missing from this yearôs report as analytical issues were 

discovered. Duplicate samples will be analyzed once these issues are solved. 

 

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

Protection: http://www.sviva.gov.il/, and on the NMP page in the IUI  web-site:  http://iui-

eilat.ac.il/ .  

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

http://www.sviva.gov.il/
http://iui-eilat.ac.il/
http://iui-eilat.ac.il/
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download from the NMP website accessible through the IUI .  

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

 

 

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. The average live coral 

cover at Eilatôs forereef sites declined in 2020-2021, as a result of the storm, but this 

year there was a slight increase in average coral cover. Coral cover this year was 

22.6±3.2%, slightly higher than last year ( 3.0%Ñ21.9 ,) but lower to 2019, before the 

storm (24.9±4.5%). Coral cover at the reef-flat site also decreased following the storm 

and here too this year saw a slight increase (18.8Ñ2.3% vs. 1.5%Ñ16.2  last year). Live 

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

sharp decrease after 2019 is worrying. It is probably that this decrease results from the 

2020 storm and perhaps this year sees a beginning of renewal, but it is too early to be 

certain. 

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. This year, after four 

years of relative stability, we find a decrease in the density of small coral colonies. 

Since most of the colonies in Eilat are of the small size class, a marked decrease in 

coral density was measured this year.   

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. These 

findings are corroborated by rarefaction curves and the expected number of coral taxa 

per 1,500 random individuals, though changes in all metrics are small.  

4. Algae blooms ï Deep mixing of the water column produced sustained strong algal 

blooms this year, both phytoplankton and benthic, that lasted through March and 

April into May. Despite the strong bloom that sometimes covered portions of the reef, 

average coral cover increased slightly ï but coral density decreased. It is possible the 

the sustained blooms affected coral recruitment and coral juveniles but had less 

impact on older, established colonies that contribute more to coral cover. 

5. The coral reserve lagoon ïEnvironmental conditions at the lagoon are harsh and so it 

is dominated by a small number of coral 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 previous year the fire coral Millepora was 

the most abundant at the lagoon but it too declined in numbers this year. Since 2017 

coral density at the lagoon is slowly declining and this yearôs coral density (1.37 

colonies/m2) is the lowest recorded by the monitoring program. 

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 

mailto:yonathan.s@mail.hiji.ac.il
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said that, the monitored period, especially at the Katza site 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 urchin 

population. Sea urchin density is declining since 2016 and over the past three years 

urchin density has decreased dramatically. Shallow mixing depths and the 2020 storm 

have brought population size to a minimum and this yearôs deep mixing was not 

enough for it to recover. The low density of urchins in Eilat is very worrying. 

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 the 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. This year, after a decade of 

shallow to intermediate mixing, the water column in Eilat was mixed to a depth 

greater than 700 meters. Nutrients that accumulated in deep waters for a decade were 

brought to the surface and fueled strong and sustained algae blooms. The upper waters 

were ñgreenò until the month of June. And high chlorophyll-a concentrations were 

measured between March and June.  

Local anomalies at coastal sampling stations were noted in the summer, particularly in 

nutrient concentrations (June-August) and ammonium concentrations were also high 

at the ñFish Farmsò station in September. Low salinity was measured in June at the 

ñFFò station implying runoff water from the Kinet Channel where high nutrients and 

low salinity were measured throughout the summer, with 39.60 ă were measured in 

November. It is noteworthy that the upper meter of water next to the Kinet outlet was 

often visibly turbid. 

10. Sea surface temperatures ï This year was ñcolderò than the previous year and low sea 

surface temperatures led to deep mixing of the water column. Summer SST was also 

lower than last year and the annual average temperature at the sea surface was lower 

relative to the past few years and similar to that of 2016. Nevertheless, it is obvious 

that the warming SST trend continues and despite the cold year and deep mixing, the 

average SST was higher than that of all years before 2016, except 2010 that was an 

exceptionally warm year.  

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

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

3 to 6 times more abundant relative to last year at the Nature Reserve and North 

Beach sampling stations, respectively. There are usually more larvae at the northern 

site but this year the difference was more significant. 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, across from the 

Kinet channel outlet, in 2020 and this year for the first time also at the sampling 

station at the southern shore of Eilat. Deformed specimens make about 1% of the 



 

17 

 

specimen counted. The presence of deformed specimen may indicate contaminated 

sediments, and in sediment samples from the eastern-most station (previous location 

of fish cages and across from the Kinet Channel) metal concentrations were found to 

be 1.5-4 times higher than at the station further to the west along the northern shore. 

These findings support the hypothesis that contaminated sediments were exposed by 

the 2020 southern storm causing the deformation to skeletal organisms. On the other 

hand, findings of deformed specimen in other stations and this year also along the 

southern shore, suggest that the contamination (sediments? dissolved metals?) is 

spreading along the shores of Eilat. 

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. Sea grass 

cover in summer was generally denser than in winter.  

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

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

recovered last year. This year seagrass cover was somewhat lower relative to last year 

only at the northern site. 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 all but disappeared at depths 10 

meters and shallower.  

 

The deep water column  

14. Vertical mixing ï Mixing of the water column was deeper than the seafloor at the 

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

longest interval between deep mixing events on record. The upper waters cooled and 

the mixed layer extended from 250 meters in January to 550 meters in March. A 

month later during the April cruise (April 10, 2022) a uniform temperature was 

measured from the seafloor to about 140 meters where the thermocline already began 

to develop. It seems that although deep, mixing this year was rather brief and was 

stopped by low salinity and relatively warm waters, perhaps arriving from the south, 

at the surface.  

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

deeply mixed, and concentrations of nutrients decreased in the deep waters, while 

oxygen concentrations increased. At the end of the year nutrients were lower and 

oxygen higher in the deep waters than at start of the year but not as much as following 

the previous deep mixing years monitored (2007, 2008, 2012). Looking at the entire 

monitoring period and despite large seasonal and annual differences, it seems that the 

nutrient loads in the waters near Eilat are lower now than at the beginning of the 

monitoring program.  

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. It seems that in the past few years 

high chlorophyll concentrations are not driven only by vertical mixing. Changes in 

salinity at the end of the mixing season may indicate that water intrusion (from the 

south) are somehow associated with high chlorophyll concentrations in Eilat. This 

yearôs high chlorophyll values are most likely associated with the deep vertical 

mixing and so this emerging trend should be monitored in the coming years.  

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 
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commonly dropped slightly, but that did not happen following 2012 and this winter. A 

continuing overall trend of rising temperatures at depth is apparent. 

18. Zooplankton ï Zooplankton concentrations were higher this year relative to the past 

few years but lower than the high values of February 2016. The fact that highest 

zooplankton abundance does not correlate with deepest mixing suggests that the 

duration and intensity of mixing may also play a role. High abundances of 

zooplankton are commonly found during the winter and this year zooplankton 

abundances were high for three months, April-June with peak concentrations in June. 

19. Primary productivity ï This year measurements of primary productivity were resumed 

at a bi-monthly resolution (in collaboration with Prof. E. Rahav and T. Reich, of 

IOLR). Variations in productivity are large and rapid during winter and it is likely that 

our measurements are not sufficient to capture the 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 2010-2022 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. Following the deep 

mixing this year a strong phytoplankton bloom, and associated high chlorophyll 

values, began in April. Peaks in Chlorophyll-a concentrations continued well into 

May and were significantly higher than the multi-annual average for the season. The 

maximum Chlorophyll-a concentration measured this year was almost three times 

higher than last year. From May onward Chlorophyll-a concentrations near the reef 

returned to their normal low seasonal values.  

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

of the year SST was similar to the multi-annual values and in Mrch-April 

temperatures dropped and deep mixing followed. In May SST began to increase and 

hovered around the seasonal average and by summer and through to the end of the 

year SST was generally higher than average, but not a lot. That contrasts with most 

recent years that were a lot warmer than the multi-annual average. Maximum SST this 

year was ~2 degrees lower than last year and overall, this was a ñcoldò year. 

Nevertheless, a long-term warming trend of SST is still apparent.  

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

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

not particularly strong. The highest and the lowest ambient air temperatures recorded 

over the sea from the pier at the IUI were ~ 2 degrees lower than those recorded last 

year. Peak solar radiation measured in the spring this year was high relative to 

previous years for all wavelengths measured.  

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

this year was 21.0°C (in March), significantly lower than that of last year (21.8°C) and 

led to deep mixing of the water column. However, this minimal temperature is higher 

than those recorded during previous years of deep mixing (2007, 2008, 2012) and 

higher than the minimal SST in 2009 and 2017 in which mixing was not so deep. 

During the monitored interval there is a gradual rise in the minimal SST recorded. 
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The maximal SST this year was very high but not as high as that of last year that was 

the highest ever recorded (31.0°C). 

Last year 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. The highest 

significant wave measured during these events last year was slightly more than 0.8 

meters and this year storms were stringer, with highest significant waves of 1.25 

meters and highest maximal waves of 2.25 meters.  

This summer we also placed a surface acoustic current meter next to the IUI pier. 

Measurements from the last four months of the year 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 0.4 meters/second in a southerly 

direction parallel to the shore. 

 

Log entries 

24. Pollution events on record ï Two occurrences of oil spills into the northern Gulf were 

recorded this year.  

In August 14, there was an oil spill from a ship at the Aqaba port (to the east, across 

the gulf from Eilat). Oil stains were beached on the docks and shores near the port and 

the remainder was swept southward along the gulf under the prevailing northern 

winds and southern currents of the day. Oil from this event did not affect the shores of 

Eilat.  

In November 29, oil leaked from a tanker docking at the KATZA (EAPC) oil terminal 

in Eilat. The oil was contained within the booms that are routinely deployed around 

docking tankers at the oil terminal and did not spread into the sea or drift to shore. 

Overall, 11 tankers docked this year at the oil terminal, all arrived empty and left full.   
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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 significant metric reflecting the 

state of the reef, and significant 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 2007-12 average cover increased and fluctuated in the range 

21.5-23.9% and in 2013 the highest average cover was recorded: 26.4%. Since then, 

the average coral cover at Eilat ranges between 24.0% and 25.3%. The coral reefs of 

Eilat were hit hard by a severe southern storm in March 2020 and damage to the reef 

varied between the monitored sites. In the two years following the storm average coral 

cover decreased by 1.5% per year while this year a slight increase in the average coral 

cover relative to last year was measured, and it stands at 22.6Ñ3.2%. Live coral cover 

at most monitored sites is still significantly 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. 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 a large decrease in the density of small colonies, and 

therefore of all corals, 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. It is possible that the decrease in the average percentage of 

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

colonies that are thus more exposed to partial mortality.  

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.   

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.  

 

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. 

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. The source of these higher concentrations 

seems to be the outlet of the Kinet Channel into the sea at the eastern part of the 

northern shore of Eilat.  

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 
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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. Recently, several morphologically 

deformed individuals were discovered that may indicate an ongoing contamination of 

the sediments at the site. This year deformed specimens were found at additional sites 

and even at the southern shore sampling site. In sediment samples from the eastern 

north shore, at the former location of fish cages and opposite the Kinet outlet, high 

metal concentrations were found, that could cause skeletal deformations.  

 

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. 

This yearôs mixing depth was greater than the water depth at the sampling station  

(Station A, ~730 meters) and deep waters were mixed with the upper water column. 

Oxygen concentrations at the deep waters rose and nutrient concentrations decreased 

after fueling algal blooms at the photic zone. This ended a decade-long cycle since the 

previous deep mixing in 2012.  

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

even considering the high values attributed to this yearôs 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 this year, 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 corresponding trend of rise in sea surface temperatures in 

Eilat is documented since 1988.  
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.˞5 .˸˪˧˞ ˳˶˲ˬ ˭ˣ˲˴˟ ˸˧ˬ˧ˢ ˸˩˶˰ˬˢ ˟˴ˬ˟ ˸ˣˬˠˬ ˸ˮ˧˥˟  

 

1(  ñÜåÙå äàåÛ ñÚÜåéØ äàßçààïßÜç àÝÜâàïØ 

  ˭˧˟ ˪ˡ˟ˢ ˣˮ˷˧ ˫˞ˢˣ ˶ˣ˦˧ˮˢ ˸˪˧˥˸ ˤ˞ˬ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˧ˤˣ˩˧˶˟ ˸ˣˬˠˬ ˪˷ ˭ˬˣ˧˵ ˭ˣ˥˟˪ ˸ˮˬ ˪˰

 ˪˷ ˵ˬˣ˰˟ ˣˮˡ˵ˬ˸ˢ ,ˢˤ ˭ˬˤ ˵˶˲˟ ˸ˣˮˣ˷ ˸ˣ˲ˣ˵˸700 ˫˧˶˦ˬ .  ˫˧˦ˮ˧˧˶˦ˣˮˢ ˪˷ ˧˸ˮ˷ˢ ˰˴ˣˬˬˢ ˤˣ˩˧˶ˢ ˸˞ ˣˮ˥˟

 ˭˴ˬ˥ˢˣ ,ˢ˵˧˪˧˯ˣ ˦˞˲˯ˣ˲ ,˦˞˶˦˧ˮ ˸ˣ˥˲˪) ˵ˣˬ˰ ˟ˣ˟˶˰ ˶˥˞˪ ˸˧˰˧˟˶ˢ ˢˮ˷ˢˬ ˪˥ˢ ,˯ˬˣˬˢ600  ˡ˰ˣ ('ˬ

˥˞˷ ˵ˣˬ˰ˢ ˟ˣ˟˶˰˪ ˫˧˧˷ˡˣ˥ ˫˧˪˧˲ˣ˶˲ ˧ˮ˷) ˧˶-   ˳˶ˬ2005 x ˳˶ˬ2006 -  ˭ˣˣ˧˩ˬ ˫˧ˮˣ˸ˮˢ ˯˧˯˟ˬ ˣ˞˴ˣˢ

  ˡ˧˶˲ˢ˷ ˷ˡˣ˥ˢ ˨˪ˢˬ˟˷˫ˢ˪ ˫ˡˣ˵ˢ ˷ˡˣ˥˟˷ ˢˤ ˭˧˟˪ ˫ˮ˧˟  ˵ˬˣ˰ ˬ ˪ˣˡˠ ˢ˧ˢ ˟ˣ˟˶˰ˢ- 500 ˣ 'ˬ  ˧ˣˮ˧˷˪ ˞˧˟ˢ

 ˧˩˶˰˟ ˧ˮˬˤ ˵ˬˣ˰˟ ˣˡˡˬˮ˷ ˫˧˶˦ˬ˶˲ˢ700  ˪˷ ˭ˬˤ ˭ˣ˪˥ .([ˡ˟˪˟ ˧˲˧˴˲˯ˢ ˷ˡˣ˥˟] 'ˬ4   ˥ˣ˸˧ˮ ˨˶ˣ˴˪ ˶˥˟ˮ ˫˧ˮ˷

 ˧˩ ˢ˞˶ˮ˷ ˭ˣˣ˧˩ˬ ˫˧˧ˬ˧˩ˢ ˫˧˶˦ˬ˶˲˟ ˸ˣˬˠˬˢ4 ˟ˣ˶˵ ˟˴ˬ˪ ˫˧˰˧ˠˬ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˧ˤˣ˩˧˶ ˵ˣˬ˰ ˟ˣ˟˶˰ ˶˥˞˪ ˫˧ˮ˷  

-˪ state steady˞ ˶ˣ˧˞) ˦˞˶˦˧ˮ ˶ˣ˟˰ ˢ˞˶ˮ˷ ˧˲˩ ,2 .( 

˟˶ˢ ˶ˣˤ˥ˬˢ ˣˬˣ˧˯˪ ˰˧ˠˢ ˢˮ˷ˢ-  .˧ˬˣ˞˪ˢ ˶ˣ˦˧ˮˢ ˸˶ˠ˯ˬ˟ ˡ˰ˣ˸ ˶˷˞ ,˫˧˵ˣˬ˰ ˫˧˟ˣ˟˶˰ ˪˷ ˧˷˧˪˷ˢ ˧˸ˮ˷

 ˸ˮ˷˟ ˵ˣˬ˰ ˟ˣ˟˶˰ ˶˥˞˪ ˫˧ˮ˷ ˰˟˶˞ ˶ˣ˦˧ˮˢ ˸˪˧˥˸2000 ˫˧ˮ˷˟ ˶ˣ˦˧ˮˢ ˧ˡ˧ ˪˰ ˡ˰ˣ˸ ˵ˣˬ˰ ˟ˣ˟˶˰ ,2007 x -

2008  ˸ˮ˷˟ ˟ˣ˷ˣ2012 ˵ ˵ˬˣ˰˪ ˫˧ˬˢ ˸ˡˣˬ˰ ˢ˟˟˶ˣ˰ ˟ˣ˷ ˢˮ˷ˢˣ ˫˧ˮ˷ ˶˷˰ ˣ˲˪˥ ˤ˞ˬ ˢˮ˥˸˟ ˫˧ˢ ˸˧˰˵˶A .

) ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˭˴ˬ˥ˣ ˫˧˦ˮ˧˧˶˦ˣˮ ˧ˤˣ˩˧˶˟ ˧ˣˮ˧˷ˢ ˟˴˵ ˸˞ ˣˮ˥˟ ˸ˣˬˡˣ˵ˢ ˫˧ˮ˷˟700   ˶˥˞˪ ˫˧ˮ˷ ˶˲˯ˬ (˶˦ˬ

 ˫˧ˮ˷) ˭ˣ˷˞˶ˢ ˶ˣˤ˥ˬˢ ˭˧˟ ˦˶˲˟ˣ ˫˧˶ˣˤ˥ˬˢ ˢ˷ˣ˪˷ ˭˧˟ ˵ˣˬ˰ ˟ˣ˟˶˧˰2004-7 ˫˧ˮ˷) ˧˷˧˪˷ˢˣ (2016-2020 .(   

ˬˤˢ ˫˰ ˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˣˮ˸˷ˢ ˫˧˵ˡ˟ˮˢ ˫˧˶˦ˬ˶˲ˢ ˪˩ ˭)0.0001  <P non parametric one-way ANOVA: 

Kruskal-Walis(  .˦˯ˣ˲ ˭˥˟ˬ -˞ ˵ˣˢ-) ˧˶˦ˬ˶˲Dwass-Steel-Chritchlow-Fligner  ˪˩ ˶ˣ˟˰˷ ˨˩ ˪˰ ˰˧˟˴ˢ (

˫˧˶˦ˬ˶˲ˢ ˢ˶ˣ˦˶˲ˬ˦ ˦˰ˬ˪  ˢˮˣ˷˞˶ˢ ˢ˲ˣ˵˸ˢ , ˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˸˪ˡ˟ˮ ˣˤˣ ˢ˧ˮ˷ˢ ˢ˲ˣ˵˸ˢˬ ˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˸˪ˡ˟ˮ

ˬ˦ ˶ˣ˟˰ ˵˶ ˸˧˷˧˪˷ˢ ˢ˲ˣ˵˸ˢˬ  ˧ˤˣ˩˧˶ˣ ˫˧˩ˣˬˮ ˣ˧ˢ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˧ˤˣ˩˧˶ ˢ˲ˣ˵˸ ˪˩ ˪˷ ˢ˲ˣ˯˟ .˦˞˲˯ˣ˲ˣ ˢ˶ˣ˦˶˲

  ˫˧˦ˮ˧˧˶˦ˣˮˢ ˧ˤˣ˩˧˶˪ ˥˵˪ ,ˢˮ˷ˢ ˫˧˧˸˯ˢ ˶˷˞ ,˭ˣ˶˥˞ˢ ˶ˣˤ˥ˬ˟ .ˢ˪ ˢˬˡ˵˷ ˢ˲ˣ˵˸˟ ˶˷˞ˬ ˫˧ˢˣ˟ˠ ˣ˧ˢ ˭˴ˬ˥ˢ

.˭ˣ˷˞˶ˢ ˣˡˡˬˮ˷ ˫˧ˤˣ˩˧˶˪ ˰˧ˠˢ˪ ˶˸ˣ˧ ˟˶ ˭ˬˤ 

 ˧ˤˣ˩˧˶ ˪˩ ˣˡ˶˧ ˢˮ˷ˢ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸ˣ˟˵˰˟˞ ˶ˣ˧˞) ˷ˡ˥ ˶ˣˤ˥ˬ ˥˸˲ˮˣ ˫˧˵ˣˬ˰ˢ ˫˧ˬ˟ ˫˧˦ˮ˧˧˶˦ˣˮˢ2 ,(

  ˫˧ˢˣ˟ˠ ˦˰ˬ ˣ˶˸ˣˮ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˧ˤˣ˩˧˶ ,˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˱˞ ˪˰ .ˢˮ˷ˢ ˣˤ ˢˤ˧˪ˮ˪˞ ˪˰ ˶ˣˤ˥˪ ˸ˣ˶˷˲˞ ˭˧˞ ˭˩ ˪˰ˣ

  ˟˴ˬ ˭˧˰ˬ˪ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˧ˤˣ˩˧˶ ˣ˰˧ˠ˧˷ ˶˥˞˪ ,˸ˣ˞˟ˢ ˫˧ˮ˷˟ .˫˧ˬˡˣ˵ˢ ˫˧˵ˣˬ˰ˢ ˫˧˟ˣ˟˶˰ˢ ˶˥˞˪ ˣ˧ˢ˷ˬ ˶˸ˣ˧

˧ˬ˟ ˟˧˴˧  .ˢˤ˧˪ˮ˞ˢ ˪˰ ˶ˣˤ˥˪ ˢ˧ˢ˧ ˭˸˧ˮ ˵ˬˣ˰ˢ 

 

 
 ˞  ˶ˣ˧˞2:  ˵ˬˣ˰˟ ˦˞˶˦˧ˮ ˧ˤˣ˩˧˶ ˪˷ ˭ˬˤˢ ˸˶ˡ˯700   ˢˮ˥˸˟ ˫˧˶˦ˬA ˫˧˰˦˵ˬˢ ˸˷ˣ˪˷ ˭ˣˬ˧˯ ˫˰   ˫˧˞ˮ˸ ˫˧ˠ˴˧˧ˬˢ

 ˟ˣ˟˶˰ ˶˥˞˪ ˪˵˷ˬ ˧ˣˣ˧˷˪ ˫˧˟ˣ˶˵) ˵ˣˬ˰ ˧˩ˮ˞ ˫˧˰ˣ˟˧˶ .(˫˧ˬˣˡ˞  ˧ˤˣ˩˧˶˟ ˶˧ˢˬ ˧ˣˮ˧˷ ˣˮ˷˧ ˵ˣˬ˰ ˟ˣ˟˶˰ ˶˥˞˪ ˡ˧ˬ

˩ ˶˥˞˪ˣ ,˫˧˦ˮ˧˧˶˦ˣˮˢ -4  ) ˟˧˴˧ ˟˴ˬ ˶˴ˣˮˣ ˫˧˟˴˧˧˸ˬ ˫˧ˤˣ˩˧˶ˢ ,˫˧ˮˬˣ˯ˬˢ ˭ˬˤˢ ˧˵˶˲˟ ,˫˧ˮ˷steady state  .(

 .˵ˣˬ˰ ˟ˣ˟˶˰ ˶˥˞˪ ˡ˟˪˟ ˫˧ˮ˷ ˷ˣ˪˷ ˢ˪˧˥˸ˬ ˸˧˰˴ˬ˞ˢ ˢ˲ˣ˵˸ˢ 

Figure A2: Time series of the Nitrate concentrations at 700 meters depth in Station A showing 

the three tested time intervals of near-steady state following deep vertical mixing (red 

rectangles). Immediately following deep mixing nutrient concentrations change rapidly and 

after approximately 4 years an apparent steady state is achieved. The middle period starts only 

three years after deep mixing. 
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2(  äàçÜàãéÛ äàåØ ãàëÜïÜãâ àÝÜâàïØ ñÜåÙå 

 ,˳˶˲ˬˢ ˭ˣ˲˴˟ ˫˧ˮˣ˧˪˰ˢ ˫˧ˬ˟ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˪˷ ˪˪ˣ˩ˢ ˤˣ˩˧˶˟ ˧ˣˮ˧˷ ˸ˣˬˠˬ ˪˷ ˭ˬˣ˧˵ ˸˞ ˭ˣ˥˟˪ ˸ˮˬ ˪˰

 ˟˷ˣ˥˟ ˪˧˲ˣ˶ˣ˪˩ ˪˷ ˪˶ˠ˦ˮ˧˞ˢ-120  ˪˰ ˢˮ˥˟ˮ ˧ˣˮ˧˷ ˸ˬˠˬ .(˸˧˦ˣ˲ˢ ˢ˟˩˷ˢ) ˫˧ˮˣ˧˪˰ˢ ˫˧˶˦ˬˢ  ˢ˲ˣ˵˸ˢ

 ˸ˮ˷˟ ˢ˪˧˥˸ˬˢ2000 ˢˮ˥˸˪ ˸ˣ˶˧ˡ˸ˣ ˸ˣ˶˧ˡ˯ ˸ˣˠ˪˲ˢ ˣ˧ˢ ˶˟˩ ˢ˟ ˢ˲ˣ˵˸ ˨˞ ˶ˣ˦˧ˮˢ ˸˪˧˥˸ ˧ˮ˲˪ ,A   ˶ˣ˧˞)

˞3.( ) ˸˵ˢ˟ˣˬ ˢˬˠˬ ˪˰ ˰˧˟˴ˬ ˸˧˶˞ˮ˧˪ ˢ˧˯˶ˠ˶ ˥ˣ˸˧ˮP<0.00001 ,˭ˣ˸ˬ ˰ˣ˲˧˷ ˫˰ ˢ˧˧˪˰ ˪˷ (0.7   ˠ"ˬ

"ˬ˪ ˪˧˲ˣ˶ˣ˪˩ˢˮ˷˪ ˶˷ , ˶ˣ˷˰˟˩ ˧ˡ˩˪ ˶˟˦˴ˬ- 20%  ˟˶ˢ ˰˴ˣˬˬˢ ˨˶˰ˢˬ˧˸ˮ˷ . 

 ˸ˮ˷ ˤ˞ˬ ˫ˣ˧ ˧ˡˬ ˫˧ˢ ˧ˮ˲˟ ˫˧ˡˡˬˮˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶˟1988ˢˡ˧˶˧ ˸ˬˠˬ ˸˞˴ˬˮ ,˸˞ˤ ˸ˬˣ˰˪ , ˨˞ ˸˵ˢ˟ˣˬ 

 .ˢ˥˧ˮˤ 

ˢˮ˵˯ˬ : ˢˮ˥˸˟ ˢˮˣ˧˪˰ˢ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧˞˴ˬA   ˟˷ˣ˥ˬˢ ˧˞˴ˬˢ .˭ˬˤˢ ˫˰ ˢ˧˧˪˰ ˪˷ ˢˬˠˬ ˢ˞˶ˬ

 ˫˧˧ˮ˧˟ˢ ˧˵ˬˣ˰˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ˬ ˰˲˷ˣˬï Deep chlorophyll maximum (DCM)  ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ .

  ˟ˣ˟˶˰ˢ ˵ˬˣ˰˪ ˫˧˲˯ˣˮ ˫˧ˬ˶ˣˠ˟ ˧˪ˣ˞ ˫˧˶ˣ˷˵ ˢ˪˞ ˫˧˵ˬˣ˰˟ï  ˣ˞ ˭ˣ˦˵ˮ˪˲ˣ˞ˣˤ ˧ˡ˧ ˪˰ ˢ˧˧˰˶ ,˶ˣ˞ˢ ˸ˣ˶˧ˡ˥ ,˭ˣˠ˩

  .˫ˣ˶ˡˬ ˫˧ˬ ˸˶˧ˡ˥ 

 .˸˧ˮˣ˷˪ ˨ˣˬ˯˟ ˫˧ˢ ˧ˮ˲˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶˟ ˢˮˣ˸ˬ ˢˡ˧˶˧ ˢ˞˴ˬˮ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˫˧˷ˣ˪˷˟ ,˸˞ˤ ˸ˬˣ˰˪

˞ ˣˤ ˢˡ˧˶˧  ˫˷ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˭˧˟ ˢ˟ˣ˦ ˢˬ˞˸ˢ ˢˮ˷˧˷ ˭ˣˣ˧˩ˬ ˫˧˶˵ ˫˧˲˶ˣ˥ ˪˷ ˸ˡ˶ˣ˧ˢ ˸ˣ˶˧ˡ˸˪ ˢ˶ˣ˷˵ ˧˪ˣ

 .˟ˣ˟˶˰ˢ ˵ˬˣ˰ ˭˧˟ˣ 

 

 
 ˶ˣ˧˞ ˞3 :˭ˬˤ ˸˶ˡ˯  ˪˷˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˪˶ˠ˦ˮ˧˞ - 120  ˢˮ˥˸˟ ˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˫˧ˮˣ˧˪˰ˢ ˫˧˶˦ˬˢA ˤ˞ˬ ˸ˮ˷ 2000  . 

Figure A3: Time series of integrated chlorophyll -a inventory in the upper 120 meters of the 

water column in Station A, since 2000. 

 

 

3(  ñïÜßïëåß  äàåÛ 

˫˧ˢ ˧ˮ˲˟ ˫˧ˬˢ ˸˶ˣ˦˶˲ˬ˦  )SST(  ˸˸ˢ ˢ˲˴ˬˢ ˥ˤˬ˟ ˶˵ˣ˟ ˧ˡˬ ˸ˡˡˬˮˢ-  ˤ˞ˬ ˧ˬ˧1988   ˸˵ˢ˟ˣˬ ˢˬˠˬ ˢ˞˶ˬ

  ˪˷ ˟˴˵˟ ˢ˧˪˰ ˪˷°C  0.036    ˪˷ ˸ˣ˵ˢ˟ˣˬ ˨˶˰) ˢˮ˷˪P < 0.00001  ˟ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˪˧˥˸ ˤ˞ˬ .(2004   ˡ˰ˣ

 ˫ˣˬ˧˥ˢ ˟˴˵ ˪ˡˠ ˫ˣ˧ˢ ˧˲1.5  ˪˷ ˨˶˰˪ ˰˧ˠˢˣ 0.051   .ˢˮ˷˪ ˢ˪˰ˬ 

 ˵ˬˣ˰˟700  ,˶˸ˣ˧ ˧˦˧˞ ˫ˣˬ˧˥ˢ ˟˴˵ ˫˧˶˦ˬ°C 0.015 ˵ˢ˟ˣˬˣ ,ˢˮ˷˪ )P < 0.001(. 

 

 

4(  ñãà× ãð äàÙÜåã×Û ñàçÜðØ ñÜåÙå 

 "˸˪˧˞ ˸ˣ˧ˮˣ˷ ˰˴ˣˬˬ" ˫˧˶˵˯ˮˢ ˸˧ˮˣ˷ˢ ˧˶˸˞ ˪˪˩ ˪˷ ˫˧˧˸ˮ˷ ˫˧˰˴ˣˬˬ ˪˰ ˣˮ˥˟ˮ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷˟ ˸ˣˬˠˬ

 ˶˸˞˟ ,˸ˣ˟˧˷˧ ˸ˣ˴˞ ˪ˣˡ˧ˠ ˡ˟˪ˬ)IUI ˞ ˢ˪˟˦˟ ˦˶ˣ˲ˬ˩ ,(ˡ˟˪˟2 . 

˞ ˢ˪˟˦4 ˣ˯˧˩˟ ˸˵ˢ˟ˣˬ ˢ˧˪˰ ˸ˬˠˬ ˪˰ ˢ˰˧˟˴ˬ˫˧˧˥ˢ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˧ ˫˸ˣ˲˧˲˴˟ ˢˡ˧˶˧ ˨˞   ˸˪˧˞ ˸ˣ˧ˮˣ˷˟
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˶ˣ˦˧ˮˢ ˸˪˧˥˸ ˤ˞ˬ.  ˳˶ˬ˟ ˢ˵ˤ˥ˢ ˢ˶˰˯ˢ ˶˥˞˪˷˨˩˪ ˟˪ ˫˧˷˪ ˟ˣ˷˥2020   ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˥ ˢˡ˧˶˧ ˢˡ˰ˣ˸

  ˶ˣ˦˧ˮˢ ˸ˣˮ˷˟ ˢ˧ˢ˷ˬ ˢˣ˟ˠ ˭˧˧ˡ˰ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˷ ˨˩ ˪˰ ˭˰˷ˮ ˸˵ˢ˟ˣˬ ˢˬˠˬ ˪˷ ˢˬˣ˧˵ˣ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟

 .˸ˣˮˣ˷˞˶ˢ 

ˢ˟ˣˬ ˢˡ˧˶˧ˣ ˸ˣ˧ˮˣˮ˧˟ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ ˸˵ˢ˟ˣˬ ˢ˧˪˰ ˢ˞˴ˬˮ ˫˧ˠˣˬ˪˞ˢ ˧˪ˡˠ ˸ˣˠ˪˲˸ˢ˟  ˸ˣ˲˧˲˴˟ ˸˵

  ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˢˡ˧˶˧ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˨˯ ˨ˣ˸ˬ ˪ˣˡˠ ˟ˣ˶ ˸ˣˣˢˬ ˸ˣˮ˦˵ ˸ˣ˟˷ˣˬ˷ ˭ˣˣ˧˩ˬ .˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ

.˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ ˨˯˟ ˢˡ˧˶˧ ˸˶˶ˣˠ ˸ˣˮ˦˵ˢ 

) ˸˧˦˧˞ ˢˡ˧˶˧˟ ˞˴ˬˮ ˫˧ˠˣˬ˪˞˟ ˢ˧˥ˢ ˢˬ˵˶ˢ ˡˡˬ0.3%  .˸˵ˢ˟ˣˬ ˨˞ (˧˸ˮ˷ ˟˶ˢ ˰˴ˣˬˬˢˬ 

ˢ ˸ˣ˲˧˲˴˟˩) ˢˡ˥ ˢˡ˧˶˧ ˸ˡ˰ˣ˸ˬ ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟˷ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞-45%  ˫˧ˮ˷ˢ ˭˧˟ (2009 x-2010 ,

.˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˢˡ˶˧ ˢˮˣˠ˪ˢ ˸ˣ˲˧˲˴ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˶ˣ˞˪ ˪˩ˢ ˨˯˟ .˸˧˯˥˧ ˸ˣ˟˧˴˧ ˢˮ˷˧ ˤ˞ˬˣ 

  ˪˰) ˸ˣ˴˞ ˪˷ ˪ˣˡ˧ˠˢ ˪˞˧˴ˮ˦ˣ˲˟ ˞˪ ˫ˠˣ ˸˧ˮˣ˷˟ ˸ˣ˧ˮˣ˸ˮ˟ˢ ˸ˣ˴˞ˢ ˸ˣˬ˩˟ ˸˵ˢ˟ˣˬ ˧ˣˮ˧˷ ˸ˬˠˬ ˢ˞˴ˬˮ ˞˪

 ˰ˬ˷ˬ ,(ˢ˧˧˰˶ˬ ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˧˟ˠï .˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˷ˬ˟ ˧ˣˮ˧˷˷ ˞˪˪ ˸˧ˮˣ˷˟ ˸ˣ˧ˮˣ˸ˮ˟ˢ ˸ˣ˴˞ˢ ˸˰˲˧˷ 

) ˢˮ˷ˢ ˫˧ˡˣ˲˧˵ˢ ˸ˣ˲˧˲˴ .ˢˠ˧˞ˡˬˣ ˢˡ˥ ˢˡ˧˶˧ ˸ˡ˰ˣ˸ˬ ˫˧ˢ ˧ˡˣ˲˧˵ ˪˷ ˫˸ˣ˲˧˲˴˟2022 ˢ˸˧ˢ (0.13   ˫˧˦˶˲

˩ ˪˷ ˸ˣ˲˧˲˴ ˸ˬˣ˰˪ ,˰˴ˣˬˬ˟ ,˶"ˬ˪- 2 ˶ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˷˟ ,˰˴ˣˬˬ˟ ,˶"ˬ˪ ˫˧˦˶˲ ) ˸ˣˮˣ˷˞2004-5 ˸ˣ˶ˬ˪ .(

  ˪˰ ,˱˧˵˰ ˭˲ˣ˞˟ ,˰˧˟˴ˬ ˶˟ˡˢ .˸˧ˮˣ˷˟ ˸ˣ˧ˮˣ˸ˮ˟ˢ ˸ˣ˴˞ˢ ˧ˤˣ˩˧˶˟ ˧ˣ˦˧˟ ˣˤ ˢˡ˧˶˧˪ ˭˧˞ ,ˢ˪˰ˬ˪ ˶ˣˬ˞˩ ,˸˞ˤ

 .˸˧ˮˣ˷˟ ˫˧˧ˮˣ˥ˬ˴ˢ ˫˧ˠˡˢ ˦˶˲˟ˣ ˫˧˰ˣ˶ˢ ˪˪˩ ˪˷ ˸˧ˡˣ˵˲˧˸ˢ ˫˸ˣ˟˧˷˥ˣ ˫˸ˣ˪˧˰˧ 

 
 ˞  ˢ˪˟˦2 : s  ˧ˬˡ˵ˬ ˢ˧˯˶ˠ˶ˢ ˸˧˶˞ˮ˧˪ ˫˸ˣ˵ˢ˟ˣˬ ˧˩˶˰ˣ ˫˧ˮ˸˷ˬ ˶ˣ˟˰ ˧ ˤ˩˶ˬ ˫˧.˸˪˧˞ ˪˷ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷˟  

  ˪˩ ˪˷ ˧ˣˮ˧˷ˢ ˟˴˵ ˸˞ ˫˧˞˦˟ˬ ˢ˧˯˶ˠ˶ˢ ˧ˬˡ˵ˬ˷ ˨˩ ,(˫˧ˮ˷˟) ˭ˬˤ ˡˠˮ˩ ˫˧˧˸ˮ˷ ˫˧˰˴ˣˬˬ ˪˰ ˢ˟˷ˣ˥ ˢ˧˯˶ˠ˶ˢ

 ˫˧ˮ˧ˣ˴ˬ ˸ˣ˵ˢ˟ˣˬˢ ˧˩˶˰ .˸˧˦˯˧˦˦˯ ˸˵ˢ˟ˣˬ ˢ˧˯˶ˠ˶ˢ ˢ˸˧˧ˢ ˫˶ˣ˟˰ ˫˧ˮ˸˷ˬˢ ˫˧ˮ˧ˣ˴ˬ ˫ˣˡ˞˟ .ˢˮ˷˪ ˶˦ˬ˶˲

 (˸˧˪ˠˮ˞˟ ˦˯˵˦˪ ˸˥˸ˬ) ˢ˵˯˲ˢ ˸˧˸˥˸˟ 

Table A2: Linear regression coefficients and their significance of the main variables measured 

in Eilat's coral reefs. The regression was calculated for annual averages versus time (in years), 

so that regression coefficients represent the rate of annual change for each variable. Variables 

with a statistically significant regression are highlighted in red. 

P values are indicated as follows: *** p<0.001, ** p<0.01, * p<0.05, NS-not significant. 

 

 Reg. coeff. R2 P value 

Live cover [%] 0.22 0.347 ** 
Coral density [m-2] -0.447 0.257 * 

Medium corals [m-2] 0.285 0.821 *** 
Small corals [m-2] -0.775 0.485 *** 

LTI [%] -0.324 0.786 *** 
Urchin density [m-2] -0.101 0.712 *** 
Lagoon corals [m-2] -0.121 0.669 *** 

Algae ς potential [mg Chl/cm2] -0.012 0.04 NS 
Algae ς realized [mg Chl/cm2] -0.005 0.024 NS 

 
  



 

32 

 

5( äÜâàè 

˞ ˢ˪˟˦3  ˸ˡˣ˵ˮˬ .˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˟˵ˣ˰ ˫ˢ˧˶˥˞ ˫˧˧˶˵˧˰ ˫˧ˮ˸˷ˬ ˶ˣ˟˰ ˢˬˠˬˢ ˧ˮ˥˟ˬ ˸ˣ˞˴ˣ˸ ˸˞ ˸ˬ˩˯ˬ

 ˫˰ ˡ˥˧ ˫˧ˬ ˫˸ˣ˞˟ ˭˴ˬ˥˟ ˢ˧˧˪˰ˢˣ ˵ˬˣ˰ˢ ˧ˬ˟ ˫˧˯ˬˣˬˢ ˫˧˦ˮ˧˧˶˦ˣˮ ˧ˤˣ˩˧˶˟ ˢˡ˧˶˧ˢ ,"˸˩˶˰ˬˢ ˟˴ˬ" ˪˷ ˦˟ˬ

˸ˣ˟˧˴˧ˢ   ˢ˟˴ˬ ˫˧ˡ˧˰ˬ ˫˸ˣ˲˧˲˴ˣ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢ˧˧˪˰ˢˣ ˸ˣ˧ˮˣ˸ˮ˟ˢ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ˟ ˸˧˯˥˧ ˟ˣ˦ˢ ˸˩˶˰ˬˢ ˪˷

.˳˶˲ˬˢ ˭ˣ˲˴ ˪˷ ˸˧ˠˣ˪ˣ˵˞ˢ 

 ,˨ˡ˧˞ˬ ˫ˠ ˣˬ˩ ˸ˣˮˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ˢ  ˸ˣ˟˷ˣˬ˟ ˢ˧˥ˢ ˢˬ˵˶ˢ ˤˣ˥˞˟ ˢˡ˧˶˧ˢ

 ,˸ˣˮ˦˵ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ˣ ˫˧ˠˣˬ˪˞ˢˣ  ˫˧ˡ˧˰ˬ ,ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˪˷ˣ ˫˧ˢ ˧ˡˣ˲˧˵ ˪˷ ˫˸ˣ˲˧˲˴˟ ˢˡ˧˶˧ˢ

ˡ˶˪ ˷˧˷ ˸ˣ˧˰˟ ˪˷ ˭ˬˣ˧˵ ˪˰  .˭˵ˬˣ˰˪ ˸ 

 
 ˞  ˢ˪˟˦3  :  .˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˧ˮˣ˸ˮ ˨ˣ˸ˬ ˸ˣˮˬ˸˯ˬˢ ,˸˪˧˞ ˳˶˲ˬ ˭ˣ˲˴˟ ˸˩˶˰ˬˢ ˟˴ˬ˟ ˸ˣˬˠˬ ˧ˮ˥˟ˬ ˸ˣ˞˴ˣ˸ ˫ˣ˩˧˯ ŷ  

 ,˶ˣ˲˧˷ ˪˷ ˢˬˠˬŹ  ,ˢ˰˶˪ ˧ˣˮ˧˷-  .ˢˬˠˬ ˞˪˪ 

Table A3: Summary of trends concerning the state of the system at the northern end of the Gulf 

of Eilatŷ= improvement,  Ź=deterioration, - = no trend. 

 

 ˭ ˥˟ˮˢ ˫˶ˣˠˢ  s ˬˠˬ "˶ˣ˲˧˷ ˸ˬˠˬ" 

˫˧˵ˣˬ˰ ˫˧ˬ˟ ˫˧˧ˬ˧˩ ˫˧ˤˣ˩˧˶ )700  ˸ˣ˲ˣ˵˸ ˧˸˷ ˭˧˟ ˢ˞ˣˣ˷ˢ ,('ˬ  

2O  s ˮ˷ˢ ˧˦ˮˣˣ˪˶ ˞˪  

3NO  s ˮ˷ˢ ˧˦ˮˣˣ˪˶ ˞˪  

4PO  s ˮ˷ˢ ˧˦ˮˣˣ˪˶ ˞˪  

4Si(OH)  s ˮ˷ˢ ˧˦ˮˣˣ˪˶ ˞˪  

 ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶˫˧ˢ ˧ˮ˲˟ 

) ˪˧˲ˣ˶ˣ˪˩ ˧˞˴ˬ120  ('ˬ 

 s ˥˧ˮˤ ˢˡ˧˶˧ 

 s ˧˪˰ 

ŷ 

Ź 

 ˫ ˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦  s ˧˪˰ Ź 

 ˫ ˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷  

 ˫ ˧˧˥ ˫˧ˠˣˬ˪˞ ˧ˣ˯˧˩  s ˧˪˰ (%) ŷ 

˫˧ˠˣˬ˪˞ ˸ˣ˲˧˲˴   (˶"ˬ˪ ˸ˣ˟˷ˣˬ) ˢˡ˧˶˧ Ź 

 ˸ ˣ˧ˮˣˮ˧˟ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴  s ˧˪˰  (˶"ˬ˪ ˸ˣ˟˷ˣˬ) ŷ 

 ˸ ˣˮ˦˵ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ (˶"ˬ˪ ˸ˣ˟˷ˣˬ) ˢˡ˧˶˧ Ź 

 s ˧˥ˢ ˢˬ˵˶ˢ ˡˡˬ ˢˡ˧˶˧  (˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ˟ ˧˥ %) Ź 

 s ˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ ˸ˣ˲˧˲˴ ˢˡ˧˶˧ (˶"ˬ˪ ˸ˣ˟˷ˣˬ) Ź 

 ˫ ˧ˢ ˧ˡˣ˲˧˵ ˸ˣ˲˧˲˴ ˫˧˦˶˲) ˢˡ˧˶˧\ ˤ˞ˬ ˨˸˥2005 ( Ź 

 ˸ ˣ˟˧˷˧ ˸ˣ˴˞ ˸˥˧ˬ˴ ˪˞˧˴ˮ˦ˣ˲  ˧ ˣˮ˧˷ ˸ˬˠˬ ˭˧˞ - 

 ˸ ˣ˟˧˷˧ ˸ˣ˴˞ ˸˥˧ˬ˴  ˪ ˰ˣ˲˟  ˧ ˣˮ˧˷ ˸ˬˠˬ ˭˧˞ - 

 
 

  



 

33 

 

.˞6ˬˢ .  ˸ˣ˴˪ 
 

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 ˯ ˢ˰ˠ˲  ˸˪˧˞ ˧˲ˣ˥˟ ˡ˥ˣ˧ˬ˟ ˢ˵ˤ˥ ˸˧ˬˣ˶ˡ ˢ˶˰

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

  ˫˪ˣ˞ ˰˴ˣˬˬˢ ˧ˣ˯˧˩˟ ˢ˪˵ ˢ˧˧˪˰ ˢˡ˰ˣ˸ ˢˮ˷ˢ .˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢ˪ˣˡˠ ˢˡ˧˶˧ ˢˡ˰ˣ˸

 ˢ˸˪˧˥˸ ˣˤ ˫˞ˢ ˰ˣ˟˵˪ ˫ˡ˵ˣˬ ˭˧˧ˡ˰ .˸ˣ˷˷ˣ˞˸ˢ ˪˷ 

 ˫˧˧˷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˫˧   ˸˶˧ˡ˥ˣ ˸ˣ˴˞ ˸ˣ˥˧˶˲

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

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

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

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

˳˶˲ˬˢ ˭ˣ˲˴˪ ˫˧ˮˠˣ˸˲ ˸ˣ˷˧˪˲˪ ˰ˠˣˮˢ ˪˩˟ ˸ˣ˶˧ˢˤ.   ˧˷ˣˮ˞ ˶ˣ˵ˬˬ ˸ˣ˧ˮˣ˴˧˵ ˣ˞ ˸ˣ˧ˮˣ˶˩ ˸ˣ˵˰˪ ˭ˣ˩˧˯ˢ ˫ˣ˴ˬ˧˴

 .ˡ˧ˬ˸ˬ ˶˸ˣ˧ ˸˰˩ ˟ˣ˷˥ (˦˲ˮ ˸ˣ˲˧˪ˡ ˸ˬˠˣˡ) 

 

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

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

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

˪˧˰˧˟ ˢ˷˰ˮ ˫˧˰ˣ˶ ˧ˡ˧ ˪˰ ˸ˣ˥˧˶˲ˢ .˸ˣ 

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

˫ˠ ˸ˡ˶˪ ˢ˲˧˯ˣˢ ˸˧ˮˣ˷˟ ˫˸ˣ˲˧˲˴ ,˫˧ˠˣˬ˪˞ ˸ˣ˲˧˲˴˟ ˢ˧˧˪˰ ˫˰ ˢ˧˴˪˶ˣ˵˟ ˢˮ˷ˢ  ˸˶˟˥˟ ˸ˣˡˣˮ˸ˢ ˭˸ˮ˧ˢ˟ .

˟ .˫˧˰ˣ˶ˢ ˫˧ˠˡˢˣ ˫˧ˡˣ˲˧˵ˢ ˪˰ ˧˷ˣˮ˞ˢ ˳˥˪ˢ ˸˞ ˸˧˥˲ˢ˪ˣ ˸ˣ˯ˮ˪ ˷˧ ,˫˧˰ˣ˶ˢ  ˠ˧ˡ ˪˧˪˩ ˶ˣ˯˞˪ ˫˧˴˧˪ˬˬ ˣˮ˞ ˦˶˲

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

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

 

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

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

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

ˤˣ˩˧˶ ˫˷ˡ˥ˣ˧ˬ˟ ˫˧ˢˣ˟ˠ ˫˧˦ˮ˧˧˶˦ˣˮ ˧ .  .˫ˢ ˢˬˣ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˫˧˧ˣˮ˧˷ ˫˷ ˣ˷˰ˮ ˫˞ˢ ˶˶˟˪ ˫˧˴˧˪ˬˬ ˣˮ˞

 .˦ˮ˧˵ˢ ˸˪˰˸ ˨˶ˡ ˫˧˪ ˫˧˰˧ˠˬˢ ˫˧˶˥˞ ˫˧˯ˬˣˬ ˫˧˶ˬˣ˥ˣ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˯ˬˣ˰ ˢˮ˸˷ˢ ˫˞ˢ ˭ˣ˥˟˪ ˧˞ˡ˩ ,˦˶˲˟  ˷˧

  ˫˴ˬ˴˪ ˫˧˴ˬ˞ˬˢ ˸˞ ˶˧˟ˠˢ˪˦ˮ˧˵ˢ ˸˪˰˸ ˨˶ˡ ˫˧˶˥˞ ˫˧˯ˬˣˬˣ ˭ˣˤˬ ˧˶ˬˣ˥ ˸˯˧ˮ˩. 

 

 IV .˟ ˮ ˷˸ˣˮˣ˶˥˞ˢ ˫˧ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˶ˣ˦˧ˮˢ ˸ˣˮ˥˸˟ ˣ˞˴ˬˮ ,˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˫ˠ ˢˮ˷ˢˣ ,  ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˪˷ ˫˧˦˶˲

 .˸˧˪ˣ˥ˢ ˸˧˰˵˶˵ˢ ˪˷ ˫ˣˢ˧ˤ ˪˰ ˧˪ˣ˞ ˡ˧˰ˬˢ ,˧ˠˣ˪ˣ˲˶ˣˬ ˸ˣˣ˧˰ ˧˪˰˟ ˫˧ˮˣ˸ˮ˟  ˸ˣˮ˷˟ ˸˪˧˞˟ ˢ˷˰ˮ˷ ˶˵˥ˬ

  ˫˧˸ˣˣ˧˰ˢ˷ ˷˷˥ ˢ˪ˣ˰ ˨˩˧˲˪ˣ ˧˸˟˧˟˯ ˫ˣˢ˧ˤ ˭˧˟ˣ ˶ˣ˰ ˧˴ˣˣ˵˟ ˫˧ˠˣ˪ˣ˲˶ˣˬ ˫˧˸ˣˣ˧˰ ˭˧˟ ˶˷ˣ˵ ˫˧ˮˣˬ˷ˢ

  ˧˸˷˟ ˦ˮˬ˧ˡ˯˟ ˸ˣ˩˸ˬ ˧ˤˣ˩˧˶ ˸˵˧ˡ˟˟ .˳˶˲ˬˢ ˭ˣ˲˴˟ ˧˪ˣ˥ˢ ˪ˣˡ˧ˠˢ ˸˧˟˟ ˢˤ˩˷ ˫ˣˢ˧ˤ ˪˰ ˫˧˰˧˟˴ˬ ˫˧˶˲˧ˮˬ˶ˣ˲˟

ˣ˩˸ˬˢ ˤˣ˩˧˶ ˧˩ ˞˴ˬˮ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˶ˣ˦˧ˮ ˸ˣˡˣ˵ˮ ˸˧˥˶ˤˬˢ ˢˡˣ˵ˮ˟ ˸ï    ˢˣ˟ˠ ,˫˧ˠˡˢ ˧˟ˣ˪˩ ˶˟˰˟ ˣ˧ˢ ˣ˟ ˫ˣ˵ˬ

 ˣ˞˴ˬˮ˷ ˫˧ˤˣ˩˧˶ˢˬ ˢ˟˶ ˢˡ˧ˬ˟80   ˫ˢˣˤˬ ˦ˮˬ˧ˡ˯ ˸˲˧˷˥˟ ˸ˣ˩˸ˬˢ ˶ˣ˵ˬ˷ ˷˷˥ˢ ˢ˪ˣ˰ .ˢ˪ ˸˧˟˶˰ˬ ˫˧˶˦ˬ

 ˪˷ ˢ˶˰˯ˢ ˸ˣ˟˵˰˟2020 .ˢ˩ˣˬ˯ˢ ˦ˮ˧˵ˢ ˸˪˰˸ ˨˶ˡ ˫˧ˬˢˤˬ ˸˯˧ˮ˩˟ ˣ˞ , 

 ˸˪˧˞ ˪˷ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˫˧ˢ ˟˷˰ ˧ˡ˟˶ˬˣ ˸˧˪ˣ˥ˢ ˢ˟˧˟˯ˢ ˫˧ˣˣˢˬï  ˧ˬ˴˰ˢ ˫˩˶˰˪ ˱˯ˣˮ˟ï   ˸ˮ˥˸ˣ ˪ˣˡ˧ˠ ˸˧˟ ˫ˠ

˶ˣˬ˧˷˪ ˪ˣ˰˲˪ ˷˧ .˸˧ˮˣ˷ ˧ˠˡ ˪˷ ˫˧ˬˡ˵ˣˬ ˫˧˟˪˷˪ ˶˟˰ˬ s   ˧˪ˣ˥ˢ ˪ˣˡ˧ˠˢ ˸˧˟˟ ˸ˣ˧˰˟˦ˢ ˸˧˰˵˶˵ˢ ˸ˣ˶˟˥ ˪˷

 ,˫˧˧ˮˣ˲˴ˢ ˫˧˲ˣ˥˟ˣˤ ˢ˟˧˟˯˪ ˫˧ˬˢˤˬ ˸˶˧ˡ˥ ˰ˣˮˬ˪ˣ . 

 

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

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

  ˭ˣˤ˧˞˟ ˢ˧ˣ˴ˬ ˳˶˲ˬˢ ˭ˣ˲˴˟ ˸˧ˠˣ˪ˣ˵˞ˢ ˸˩˶˰ˬˢ ,˸˞ˤ ˫˰ .˭ˬˤ ˨˶ˣ˞˪ ˫˧ˡ˶ˣ˧ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˯ˬˣˬˢ ˫˧˦ˮ˧˧˶˦ˣˮˢ

˩ ˪ˣˡ˧ˠˢ ˧˸˟˟ ˢ˰˧ˠ˲ˢ ˢˡ˧˰ˬ˷ ˧˲˩ ˭˧ˡ˰ˢ˵ˤ˥ˢ ˸˧ˬˣ˶ˡˢ ˢ˶˰˯ˢˬ ˢ˞˴ˣ˸  ˳˶ˬ˟2020   ˫˧ˡˡˬ˟ ˢˡ˧˶˧ˢ ˨˷ˬˢˣ

ˢˮ˷ˢˣ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˫˧ˮˣ˷ ˧˩ ˢ˞˶ˮ ˨˞ ,˸ˣ˶˧˷˧ ˪˲˦˪ ˭˸˧ˮ ˣ˟ ˣˮ˥˦˷˟ ˡ˥˞ ˧˸ˡˣ˵ˮ ˫˶ˣˠ ˪˰ ˰˧˟˴ˢ˪ ˭˸˧ˮ ˞˪ .
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  ˭ˣˠ˩ "˫˧˧˪˟ˣ˪ˠ" ˫˧ˬ˶ˣˠ ˸ˣ˶˟ˠ˸ˢ ˫˰ ˪ˣˡˠ˪ ˱˞ ˧ˣ˲˴ ˧˷ˣ˵ˢ .ˢ˪ˣˡˠ ˢˮ˧˞ ˸ˣ˵˰ ˫˰ ˡˡˣˬ˸ˢ˪ ˸˩˶˰ˬˢ ˪˷ ˢ˸˪ˣ˩˧

˧˥  ˫˧ˮ˸˧ˮˢ ˫˧˧ˬˣ˵ˬ ˢ˵˰ ˧ˬ˶ˣˠ ˸ˣ˶˟˦˴ˢ ˭˸˧ˮ˷ ˢˬ˩ ˡ˰ ˰ˣˮˬ˪ ˧ˣ˞˶ ,˭˩ ˪˰ .˫˸ˣ˧˴ˬˣ˥ ˸ˬ˶ ˧ˣˮ˧˷ˣ ˫˧ˢ ˧ˬ ˫ˣˬ

 .˪˧˟˵ˬ˟ ˸ˣ˪˰ˣ˲ˢ ˸ˣ˵˰ ˭ˣˣˠˬ ˫˰ ˡˡˣˬ˸ˢ˪ ˢ˷˵˸˸ ˸˷˪˥ˣˬ ˸˩˶˰ˬ˷ ˭ˣˣ˧˩ˬ ˢ˰˧ˮˬ˪   
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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 ˸˶˟˥˟ ˢ˪˟˦˟ ˰˧˲ˣˬˢ ˦ˣ˶˧˲ˢ ˧˲˪ ˫˧ˮˣ˷ ˫˧˵ˬˣ˰˟ ,˫˧ˮˣ˷ ˫˧˶˸˞ ˢ˷ˣ˪˷˟ ˸ˬˠˡˮ ˫˧ˠˣˬ1   ˫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˟.    ˢˡ˧ˡˬˢ ˦˶˯ ˸˥˸ ˞˴ˬˮ˷ ˢˬ ˪˩ ˪˷ ˪˦˧ˢˢ ˫˷˶ˮ ˫˧˶˦ˬ ˢ˶˷˰ ˪˷ ˰˦˵ˬ ˪˩˟

˟ ˶ˣ˧˞) ˡ˥˞ ˶˦ˬ˧˦ˮ˯ ˪˷ ˵ˣ˧ˡ˟2ˬ˪˞ .(  ˸ˬ˶˪ ˣˢˣˤ ˫˧˶˥˞ ˸ˣ˧˪ˣ˥ ˧˶˯˥ˣ (˫˧˩˶ ˫˧ˠˣˬ˪˞ˣ ˭˟˞ ˧ˠˣˬ˪˞) ˫˧˧˥ ˫˧ˠˣ

 ˭˧ˬˢ ˸ˬ˶˪ ˱˞ ˶˷˲˞˸ˢˣ ˢˡ˧ˬ˟ˣ ,ˠˣ˯ˢ  ˫˧ˠˣˬ˪˞ˢ ˸ˬ˧˷˶)ˣ˞˴ˬˮ˷ ˫˧˩˸˥ˢ ˪˪˩˟  ˢ˰˧˲ˣˬˤ ˥˲˯ˮ˟2ˤ ˢ˪˟˦ ,1.(  

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

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

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

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

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

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

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

)2004-2007 () "˸ˣ˞˧˶˟ˢ ˡˡˬ"Health Index, HI ˪˩ ˪˷ ˢ˧˥ˢ ˢˬ˵˶ˢ ˤˣ˥˞ ˰˴ˣˬˬ˩ ˶˸˞ ˪˩ ˶ˣ˟˰ ˟˷ˣ˥ˬ ,(

 .ˢˤ ˶˸˞˟ ˣ˶˵˯ˮ˷ ˸ˣ˧˥ˢ ˸ˣ˟˷ˣˬˢ 

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

˞˪ˢ ˸˧ˮ˩˸ˢ) ˢˮˬˬ ˟˷ˣ˥ˬˢ ˡˡˬˢ ˪˷ˣ ˢ˩˶˰ˢˢ ˪˷ ˢˣ˟ˠ ˵ˣ˧ˡ ˪˰ ˧˰ˡˬ ˥"ˣˡ ˸˪˧˞ ˳˶˲ˬ ˶ˣ˦˧ˮ˪ ˸˧ˬˣ2008  ,

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

) :˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˸˞ ˫˧ˠ˴˧˧ˬ1ˢ () ,˸˧ˬ˧ˢ ˢˡ˟˰ˬ2) ,˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷ (3 ˢˮ˵ ˣ˵ .˞"˞˴˵ (

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

Figure B1: An aerial photo of the northwestern shore of the gulf, south of Eilat, 

showing the coral reef sampling sites. The yellow lines represent sampling sites at 

the IUI (1), the Nature Reserve (2) and the oil terminal (3). Black scale line is 100 

m. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

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

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

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

organisms and substrate underneath the line-transect to a resolution of 1 cm. 

Photo: N. Segev. 
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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 

˭ˣˣˠˬ  ˡˡˬ ˧˲˪ ˫˧ˮ˧ˬShannon 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˸ˣ˰˴ˬ˞˟ ˢˮ˷ˢˬ ˪˥ˢˣ (  ˸ˮ˩˸Past )Hammer 

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

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

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

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

˟ ˢ˞ˣˣ˷ˬ1 : )ln('
1

i

n

i PPH Ö-=ä 

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

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

 ˶˸˞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˩2006ˣˠˬ˪ ˱˯ˣˮ ˥ˣ˸˧ˮ .( ˢ˷˰ˮ ˫˧ˮ˧ˬˢ ˭ˣ

) 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˧ˮˣ˷ ˪˪˩ ˨ˣ˸ˬ ˸ˣ˟˷ˣˬ 

 

˪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 ,

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

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

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

˭˵˸ˢ ˸˞˧ˠ˷ ˸˞ ˫˧ˠ˴˧˧ˬ ˢ˞˧ˠ˷ ˧ˣˣ˵˸˶˥˞ ˭˧ˣ˴ˬ ˫˞ ˞˪˞ ,.  
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 ˧ˣ˯˧˩˫˧ˠˣˬ˪˞ ˸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˟ ,(

37.1Ñ2.0% ˞˴ˬˮ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˧ˣ˯˧˩ˢ .) ˫˧˶˦ˬ ˢ˶˷˰ ˵ˬˣ˰˟ ˢ˶ˣˬ˷ˢ ˶˸˞˟NR-10 ˫˰ ,(10.5Ñ1.3%   ˧ˣ˯˧˩

˩) ˶˸ˣ˧˟ ˢ˩ˣˬˮˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˫˰ ˶˸˞ˢ ˫ˠ ˞ˣˢ ˢˤ ˶˸˞ .ˡ˟˪˟- 17   ˶˵˧˰˟ ˱˵˷ˬ ˢˤ ˟˴ˬˣ (˶"ˬ˪ ˸ˣ˟˷ˣˬ

 ˸˧ˮˣ˷ ˢˮ˟ˬ ˪˷ ˶˸˞ ˞ˣˢ ,ˣ˸ˬˣ˰˪ ,ˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢ ˶˸˞ .˧ˬ˸˩ ˧˲ˣ˞ ˸˪˰˟ ˣ˟ ˸˧ˮˣ˷ˢˣ ˣ˟ˣ˶˟ ˧˪ˣ˥ ˶˸˞ ˣ˸ˣ˧ˢ ˸˞

˧˟˧˯ˬ ˩ ,˧˯˥˧ ˭˲ˣ˞˟ ˢ˩ˣˬˮ ˸ˣ˲˧˲˴ ˫˰ ˡ˥˧) ˣ˟ ˢˣ˟ˠˢ ˧ˣ˯˧˩ˢˣ ,˱˧˴˶ˣ-29  ˧ˡ˧ ˪˰ ˯ˣ˪˩˞ ˱˵˷ˬ (˶"ˬ˪ ˸ˣ˟˷ˣˬ

  .˸ˣ˪ˣˡˠ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ 

 ,˫˧˶˸˞ ˧ˮ˷˟ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˨ˣˬˮ ˫˧˧˥ ˫˧ˠˣˬ˪˞ ˧ˣ˯˧˩ ˡˡˬˮ ˢˮ˷ˢKATZA-20 x-IUI-10  ˨˞ ,

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

 ˢˮ˷ˢ ˢ˧ˢˣ ˦˰ˬ ˢ˪˰ ˫˧˶˵˯ˮˢ ˸˧ˮˣ˷ˢ ˧˶˸˞˟ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩22.6Ñ3.2%  ˸ˬˣ˰˪)21.9Ñ3.0% 

ˣ ˸ˬˡˣ˵ˢ ˢˮ˷˟- 24.9Ñ4.5%  ˸ˮ˷˟2019 ˢˡ˧ˬ˟ ˢˮ˷ˢ ˢ˩ˣˬˮ ˢ˸˧ˢ ,˸˞ˤ ˸ˬˣ˰˪ ,˸˰˴ˣˬˬˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ .(

 ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢ˟˶38.2Ñ4.2  ˸ˬˣ˰˪ ,˶"ˬ˪ ˸ˣ˟˷ˣˬ44.4Ñ5.8  .˸ˬˡˣ˵ˢ ˢˮ˷˟ 

 

 
˟ ˶ˣ˧˞3˭˟˞ ˧ˠˣˬ˪˞ ˪˷ (ˢ˦ˬ˪) ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ˣ (ˢ˪˰ˬ˪) ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ ˥˦˷ :  ˫˧˧˥ ˸ˮ˷˟ ˶˸˞ ˪˩˟2022  ˪˩˟ .

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

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

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

2022. 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

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

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

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

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

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

cover does not add up to 100% the balance comprises algae and invertebrates such as sea 

anemones, clams or sponges. The presented percent cover is an average of all transects at each 

site. 

 

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

edconsolidat˟ ˶ˣ˧˞) ˶˸˞ ˣ˸ˣ˞˟ ,˫˧˵ˣ˪˥ˣ ˪ˣ˥ ˪˪ˣ˩ˢ ,(5˪˰ ˡˬˣ˰ ˢˮ˷ˢ ˫˞˸ˬˢ .( 67=0.2R x ˞˴ˬˮ ˨˩ ˵˪˥˷

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

  .˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˫˧˞˸ˬ 

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

 ˳˶ˬ ˪˷ ˢ˵ˤ˥ˢ ˢ˶˰˯ˢ ˧˵ˤˮ˪ ˢ˲˧˵˰2020 .˸˧ˮˣ˷ˢ ˧˶˸˞˟ ˢ˷˵ ˰˴ˬ ˢ˲˷˥ˣ ˸˧ˮˣ˷ˢ ˧ˠˣˬ˪˞˟ ˢ˰ˠ˲ ˶˷˞ , 
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˟ ˶ˣ˧˞5˫˧˧˥ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˧ˣ˯˧˩ˢ ˤˣ˥˞ :  ˡˠˮ˩ˢ ˤˣ˥˞ ˞ ˪ˢ ˰˴ˬ- ˰˵˶˵) ˡ˩ˣ˪ˬ ˸ ˧˪ˣ˥( ˫˧ˮˣ˷ˢ ˫˧˶˸˞˟ . 

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

examined.  

 

  ˠˣ˯ˬ ˫˧˰˟ˣˮ ˫ˮ˧˞˷ ˶˥˞ ˣ˞ ˢˤ ˶˸˞˟ ˫˧ˠˣˬ˪˞ ˸˥˧ˬ˴˟ ˫˧˪ˡ˟ˢ ˶˸˞˪ ˸ˮˬ ˪˰ˣ ˫˧˶˸˞ ˭˧˟ ˢ˞ˣˣ˷ˢ ˨˶ˣ˴˪

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

.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

˟˪˟ (˸˧˰˪˯) ˸ˡ˩ˣ˪ˬ ˰˵˶˵ ˞ˣˢ˟ ˶ˣ˧˞) ˢˤ˩ ˰˴ˬ ˪˰ ˫˧˟˷ˣ˧ ˫˧ˠˣˬ˪˞ˢ ˪˩˷ˣ ˡ6.( 

  ˸˶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˪˞ˢ51.0Ñ1.4% )NR-10  ˨˶˰˪ (

 ˪˷ ˨ˣˬˮ35.6Ñ2.3% )KATZA-20.(   ,ˡˣˡ˶ˢ ˵ˬˣ˰˟ ˶˸ˣ˧˟ ˨ˣˬˮ ˪ˬ˶ˣˮˬ ˧ˣ˯˧˩ ˪˷ ˸˰˶˷ˬ ˢˮ˷˧ ˭ˣ˩ˬˢ ˧˶˸˞˟

26.7Ñ2.4% ˵ˬˣ˰˟ ˶˸ˣ˧ ˢˣ˟ˠˣ ,15  ,˫˧˶˦ˬ43.4Ñ3.5% . 

 ˢˮ˷ˢ ˢ˧ˢ ˸˧ˮˣ˷ˢ ˧˶˸˞˟ ˡ˩ˣ˪ˬ ˰˴ˬ ˧˟ˠ ˪˰ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢ40.0Ñ2.8% ˢˣ˟ˠ ˦˰ˬ ,

) ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˶˷˞ˬ39.5Ñ3.2%  .( 

 ˢˮ˷ˢ ˣ˞˴ˬˮ ˰˴ˣˬˬ˟69.3Ñ6.5   ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˶˷˞˩ ,˸ˡ˩ˣ˪ˬ ˰˵˶˵ ˪˷ ˰ˣ˟˶ ˶˦ˬ˪ ˪ˣˬ˶˧ˮ˟ ˸ˣ˟˷ˣˬ

.ˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˶˸ˣ˧˟ ˨ˣˬˮˣ ˭ˣ˩ˬˢ ˧˶˸˞˟ ˶˸ˣ˧˟ ˢˣ˟ˠ ˪ˬ˶ˣˮˬˢ 

 

 
˟ ˶ˣ˧˞6 : ˶ˣ˦˧ˮˢ ˸ˮ˷˟ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˫˧˞˸ˬˢ ˰˴ˬˢ ˪ˣ˴˧ˮ2022 . ˧ˣ˯˧˩ˢ ˤˣ˥˞ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ˣ  ˧ˠˣˬ˪˞ ˪˷

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

Figure B6: Utilization of available substrate by stony corals in 2022. The percent cover and 

colony density of live stony corals on hard consolidated seafloor at each monitored site. 
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 ,˸ˣˬˡˣ˵ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟˞ ˸ˣ˧ˮˣ˷˟ ˰˴ˣˬˬˢ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˧ˣ˯˧˩ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˸˪˧ ,22.6Ñ3.2% ˢˬˣˡ ,

 ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˡˡˬˮ˷ ˢˤ˪)21.9Ñ3.0% (˩˟ ˨ˣˬˮ ˨˞- 2.5%  ˳˧˵˟ ˡˡˬˮ ˶˷˞ ˰˴ˣˬˬˢ ˧ˣ˯˧˩ˢˬ2019,  ˧ˮ˲˪

 ˱˶ˣ˥ ˪˷ ˢ˵ˤ˥ˢ ˢ˶˰˯ˢ2020 )24.9Ñ4.5% ˶ˣ˧˞ ,(7˟ . 

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

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

 ˸ˮ˷˪ ˡ˰ ˭ˬˤ ˨˶ˣ˞˪ ˢ˧˪˰ ˪˷ ˢˮˣ˸ˬ ˢˬˠˬ ˢ˞˴ˬˮ2019  ˪˷ ˨˶˰˪ ˸˥˸ˬ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˡ˶˧ ˤ˞ˬ ˫˪ˣ˞24%  

 ˸ˮ˷ ˤ˞ˬ ˢˮˣ˷˞˶˪2013˫˧ˮ˷ˢ ˸˞ ˭˧˧˲˞˷ ˢˤ˪ ˢˬˣˡ ˢˮ˷ˢ ˰˴ˣˬˬˢ ˨˶˰ˢˣ , 2008-2009  ˸˧˦˯˧˦˦˯ ˢˮ˧˥˟˟ .

 ˸ˮ˷˪ ˡ˰ ˫˧ˮˣ˸ˮˢ ˸˶ˡ˯ ˪˷ ˸˵ˡ˵ˣˡˬ2017  ˸˧ˮ˩˸) ˸˵ˢ˟ˣˬ ˢ˸˧ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˧ˣˮ˧˷ˢ ˸ˬˠˬ ˧˩ ˞˴ˬˮ

 ˧˰ˡˬ ˥"ˣˡ ,˶ˣ˦˧ˮˢ2017) ˢ˪ˣˡˠˢ ˢ˶˰˯ˢ ˶˥˞˪˷ ˫˧˧˸ˮ˷˟ .(2020-2021  ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˧˶˧ ˸˞˴ˬˮ (

ˢ ˶ˣ˦˧ˮˢ ˸˪˧˥˸ ˤ˞ˬ .˸ˣ˟˴˧˧˸ˢ ˢˮ˷˧ ˢˮ˷ˢ ˣ˪˧˞ˣ˩ ˪˷ ˸˰˴ˣˬˬ ˢ˧˪˰˟ ˫˩˸˯ˬ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˧ˣˮ˧˷- 0.22%  

.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˩ˮ 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 

 

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

.˥˦˷ˢ 

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

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

˟ ˶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˧ˮˣ˷˟ ˰˴ˣˬˬˢ ˨˶˰ˢ ˪˰ ˦˶˲˟ˣ ,˪ˬ˶ˣˮˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˪˰

 ˸ˣ˶˵˯ˮˢ ˸˪˧˞-   .ˢˮ˦˵ 

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

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

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

 ˭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 ,˨˩˷

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

  .˫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˷ ˱˞ ˪˰

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

 ˫˧˪ˡ˟ˢ ˢ˞˶ˮ˩ ˫˧˲˵˷ˬˣ ˭ˬˤ ˨˶ˣ˞˪ ,˪˪˩ ˨˶ˡ˟ ,˫ˢ ˫ˠ ˫˧˶ˬ˷ˮ ˫ˣ˵˧ˬ ˪˩˟ ˫˧˵ˬˣ˰ˢ ˭˧˟ ˫˧˪ˡ˟ˢ ˧˩ ˢ˞˶ˮ

 .˫˧˞ˮ˸˟ 

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

.˶˸ˣ˧ ˨ˣˬˮ ˪˪˩ ˨˶ˡ˟ ˣ˟ ˧ˣ˯˧˩ˢ 
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˟ ˶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. 2008.( ˢ˟  ˢ˶ˣˬ˷ˢ ˧˶˸˞ ˡ˟˪ˬ ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˪˩˟ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷

) ˫˧˵ˣˬ˰ˢNR-10 x- NR-20  ˰ˣ˟˶ ˶˦ˬ˪ ˭˟˞ ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˪˷ ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴˟ ˢˡ˧˶˧ ˢˮ˷ˢ ˢ˞˴ˬˮ (

˟ ˶ˣ˧˞)9 ˢˡ˶˧ˣ ˶ˣ˦˧ˮˢ ˪˷ ˸ˣˮˣ˷˞˶ˢ ˫˧ˮ˷˟ ˢˢˣ˟ˠ ˢ˸˧ˢ ˫˧˶˸˞ˢ ˪˩ ˭˧˟ ˸˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ .(

 ˸ˮ˷˪ ˡ˰2010 ˩ ˪˷ ˧˟˶ˬ ˨˶˰˪ ˡ˰ ˸ˣ˪˰˪ ˢ˪˥ˢ ˤ˞- 52   ˫˧ˮ˷˟ ,˰˴ˣˬˬ˟ ,˶"ˬ˪ ˸ˣ˟˷ˣˬ2016-7 ˸ˣ˲˧˲˴ .

 ˫˧ˮ˷˟ ˸ˣ˟˷ˣˬˢ2018-2021  ˸˲ˣ˵˸˟ ˶˸ˣ˧˟ ˢ˩ˣˬˮˢ ˸ˣ˲˧˲˴ˢ ˢˡˡˬˮ ˢˮ˷ˢˣ ˢ˟˧˴˧ ˨˞ ˶˸ˣ˧ ˢ˩ˣˬˮ ˢ˸˧ˢ

 ,˶ˣ˦˧ˮˢ38.2Ñ4.2   .˰˴ˣˬˬ˟ ,˶"ˬ˪ ˸ˣ˟˷ˣˬ 

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

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

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

  .˫˧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: The 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 .

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

 .˫˧˶˸˞ ˫˸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 ˸ˮ˷ ˪˷ ˢˤ˪ ˢˬˣˡ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˢˮ˷ˢ .2021 ˨˧˪ˢ˸ ˪˥˸ ˸˧ˮˣ˷ˢ˷ ˭˩˸˧ˣ ,

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

 ˸ˮ˷ ˪˷ ˢˣ˟ˠˢ ˨˶˰ˢˬ2017 .˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˢˡ˧˶˧ ˢ˞˴ˬˮ ˢˮ˷ˢ ˨˞ 
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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 ˸˧˧   ˫ˡ˵ˬˣ ˭˵˸ˢ ˸˞˧ˠ˷

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

 .ˢ˷˵ ˰˴ˬ ˶ˣ˟˰ 

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 9 9 8 20 10 11 9 11 87 

Stony coral [%] 26.8 24.7 37.1 10.5 31.4 18.5 16.0 15.6 22.6 

stdev 4.0 3.6 6.1 5.6 6.9 4.4 5.2 4.0 9.0 

SE 1.3 1.2 2.0 1.3 2.2 1.3 1.7 1.2 3.2 

CV 0.1 0.1 0.2 0.5 0.2 0.2 0.3 0.3 2.5 

Octocoral [%] 9.1 16.2 2.0 2.8 9.7 0.0 0.2 1.3 5.2 

stdev 8.2 13.0 4.1 2.9 5.6 0.2 0.2 1.2 5.9 

SE 2.7 4.3 1.4 0.6 1.8 0.0 0.1 0.4 2.1 

CV 0.9 0.8 2.0 1.0 0.6 3.3 1.0 0.9 0.9 

GRV+Sand [%] 28.6 29.5 20.4 69.4 37.4 28.7 51.1 59.1 40.5 

stdev 12.3 8.1 12.4 17.4 13.1 12.8 12.4 9.4 17.3 

SE 4.1 2.7 4.1 3.9 4.1 3.9 4.1 2.8 6.1 

CV 0.4 0.3 0.6 0.3 0.3 0.4 0.2 0.2 2.3 

Rock [%] 27.3 22.5 14.5 8.1 14.9 46.7 28.9 18.7 22.7 

stdev 11.7 10.9 13.2 6.6 6.3 14.3 12.6 9.2 11.9 

SE 3.9 3.6 4.4 1.5 2.0 4.3 4.2 2.8 4.2 

CV 0.4 0.5 0.9 0.8 0.4 0.3 0.4 0.5 1.9 

Dead Coral [%] 136.4 119.1 175.1 43.0 39.5 204.6 158.6 85.1 141.7 

stdev 9.0 8.4 10.2 3.1 4.5 9.6 9.7 6.2 10.0 

SE 1.7 1.7 4.5 0.9 1.4 1.5 1.3 0.5 2.6 

CV 0.7 0.8 0.5 1.0 0.8 0.8 1.2 0.8 1.0 

Norm. cover [%] 26.0 27.2 184.9 17.0 20.6 24.3 16.2 2.6 54.4 

stdev 3.9 4.0 10.5 1.9 3.2 3.3 3.1 1.1 6.2 

SE 38.7 35.6 47.8 43.2 51.0 26.7 33.9 43.4 40.0 

CV 6.4 6.8 9.5 18.1 4.3 8.0 10.5 11.7 7.9 

Density [m-2] 44.7 43.9 28.8 16.8 39.2 54.9 45.3 32.1 38.2 

stdev 12.9 13.1 17.5 10.3 7.6 16.9 11.6 11.1 11.9 

SE 4.3 4.4 6.2 2.3 2.4 5.1 3.9 3.3 4.2 

CV 3.5 3.3 1.6 1.6 5.2 3.3 3.9 2.9 3.2 

Norm. Density [m-2] 62.7 63.5 35.1 65.6 65.9 78.3 96.7 86.4 69.3 

Stdev 11.8 22.3 18.8 28.3 17.3 26.9 26.7 18.9 18.5 

SE 3.9 7.4 6.7 6.3 5.5 8.1 8.9 5.7 6.5 

CV 5.3 2.8 1.9 2.3 3.8 2.9 3.6 4.6 3.7 
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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 ˸ˣ˟˷ˣˬ ˧˪ˡˠ ˸ˣˠ˪˲˸ˢ ˠ˧˴ˢ˪ ˸ˮˬ ˪˰ ,ˢ˶ˣ˞˩˪ .ˬ"˯   ,˫˧ˠˣˬ˪˞

˸˸˪ 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

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

  ˧˟˧˦˵˲˞ˢ ˥˦˷ˢ ˟˷ˣ˥ˬ ˣ˟ ˧˦ˬ˸ˬ ˭ˣ˵˧˸ ˢ˷˰ˮ ,˨˩˧˲˪ .ˢ˧˯ˣ˪˩ˣ˞˟ ˧˯˥˧ˢ ˭˵˪˥ˬ ˭˦˵ ˞ˣˢ ˢˤ ˶˵˯˟ ˪˰ˣ˲˟

  ˸˪ˬ˶ˣˮˬ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ˣ ,˸ˮ˥˟ˮˢ ˪ˡˣˠˢ ˸˴ˣ˟˵ ˪˷ ˰˴ˣˬˬˢ ˯ˣ˧ˡ˶˟ ˟˷˥˸ˢ˟ ,˪ˡˣˠ ˸˴ˣ˟˵ ˪˩ ˶ˣ˟˰ ˫ˠˡˮˢ

 ˶ˣ˧˞) ˥˦˷˪˟10  .( 

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

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

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

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

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

 ˶˸˞˟IUI-5  ˪˷ ˸˰˴ˣˬˬ ˸ˣ˲˧˲˴ ˢ˞˴ˬˮ41.1Ñ4.9 ˩ ˸ˣˣˢˬ ˸ˣˮ˦˵ ˸ˣ˟˷ˣˬˣ ˶"ˬ˪ ˸ˣˮ˦˵ ˸ˣ˟˷ˣˬ-72%  ˪˪˩ˬ

 ˢ˶ˣˬ˷ˢ ˶˸˞˟ ,˸˞ˤ ˸ˬˣ˰˪ .ˢˤ ˶˸˞˟ ˸ˣ˟˷ˣˬˢNR-10  ˢ˩ˣˬˮˢ ˞˧ˢ ˸ˣˮ˦˵ ˸ˣ˟˷ˣˬ ˪˷ ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ

 ,˶˸ˣ˧˟10.8Ñ1.8  ˩ ˸ˣˣˢˬ ˭ˢˣ ,ˡ˟˪˟ ˶"ˬ˪ ˸ˣ˟˷ˣˬ-56%  ˪˪˩ˬ ˸ˣˮ˦˵ˢ ˸ˣ˟˷ˣˬˢ ˪˷ ˭˵˪˥ .˸ˣ˟˷ˣˬˢ ˪˪˩ˬ

˸˞˟ ˶˸ˣ˧˟ ˨ˣˬˮ ˸ˣ˟˷ˣˬˢ ,ˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢ ˶NR-5˩ ˸ˣˣˢˬ ˭ˢ ˣ˟ ,- 46%   .˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˪˪˩ˬ 
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 ˞˟ ˶ˣ˧10 :˥˸˲ˬˢ ˧˲˪ ˫˧˪ˡˠˢ ˸˵ˣ˪˥ .˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˪ˡˣˠ ˸ˣˠ˪˲˸ˢ  ˞ ˟ˢ: Small>5  ;ˬ"˯5  

> ˬ"˯Medium>15    ;ˬ"˯15 > ˬ"˯Large>30   ;ˬ"˯Huge<30 .ˬ"˯   ˸ˣ˟˷ˣˬˢ ˨˯ˬ ˫˧ˤˣ˥˞ ˫˧ˠ˴ˣˬ ˢ˪˰ˬ˪

 ˢ˵ˣ˪˥ˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˸ˠ˴ˣˬ ˢ˦ˬ˪ .˶˸˞˟ ˢ˴ˣ˟˵ ˢ˸ˣ˞ˬ  .˫˧˶˸˞ˢ ˪˪˩˪ ˰˴ˣˬˬˢˣ ˶˸˞ ˪˩˟ ˪ˡˣˠ ˸ˣ˴ˣ˟˵˪

 ˧˲ ˪˰) ˣ˵ˢ ˧˩˸˥ ˸˦˧˷˟ ˪ˡˣˠ ˸ˣ˶˧˲˯˪ ˸˧ˮ˟ˣˬˢ ˢ˧˦ˢˢ ˭ˣ˵˧˸ ˶˥˞˪ ˫˧ˠ˴ˣˬ ˫˧˩˶˰ˢZvuloni 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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  ˫˧˷ˡ˥ ˫˧ˠˣˬ˪˞ ˯ˣ˧ˠˣ ˫˧ˮ˦˵ˢ ˫˧ˠˣˬ˪˞ˢ ˸˧˯ˣ˪˩ˣ˞ ˢ˰ˠ˲ˮ ˣ˪˞ ˫˧ˮ˷˟˷ ˢ˞˶ˮ .˦˰ˬ ˨˞ ˢ˸˪˰ ˸ˣ˧ˮˣˮ˧˟ˢ ˸ˣ˟˷ˣˬˢ
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ˣ˧˞˟ ˶11:  :ˢ˪˰ˬ˪ ˧ ˣˮ˧˷˫˧ ˟˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˸ˣˮˣ˷ˢ ˪ˡˣˠˢ ˸ˣ˴ˣ˟˵ˬ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˪˷ ˰˴ˣˬˬˢ ˧˯˥˧ˢ ˭˵˪˥  

 ˸˧˧˦ˢ˪ ˭˵ˣ˸ˬ)(ˣ˵ ˧˩˸˥˟ ˢ˶˧˲˯ˢ.   ,˪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 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˩ ,- 90%   ˶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: The Live Tissue Index (LTI) for corals in the surveyed sites. The LTI is the site 

average of the percent area of live/healthy coral tissue for each living colony. 
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˟ ˶ˣ˧˞13 x ˬ˪˞ˢ ˟˴ˬ˟ ˧ˣˮ˧˷ˢ :˵˶ ˪˷ ˰˴ˣˬˬˢ ˤˣ˥˞ˢ ˧˲ ˪˰ ˫˧ˠ ˢˬ˫˧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˧˞14 : ˢˬ˵˶ ˪˷ ˰˴ˣˬˬˢ ˤˣ˥˞ˢ ,ˢ˪˰ˬ˪˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ˟ ˢ˧˥ )LTI(  ˸˪˧˞˟ ˸ˮ˷˟2220  ˸ˣ˴ˣ˟˵ ˧˲˪ ˢ˵ˣ˪˥˟

˸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 2022, 

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

classes. 
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 ˞"˞˴˵ ˧˶˸˞˟ ˫˧˶˸˞ ˢ˰˟˶˞˟10ˢ , ˢˡ˟˰ˬ10 x-15 ˢ˶ˣˬ˷ˢˣ ,10   ˸ˣ˧ˮˣ˷ ˰˴ˣˬˬ"ˬ ˢˣ˟ˠ ˭ˣˣˠˬ ˞˴ˬˮ

 ˰˴ˣˬˬˢ ˨˶˰ˢˬ ˨ˣˬˮ ˭ˣˣˠˬ˪ ˭ˣˮ˞˷ ˡˡˬ ˫˧˶˥˞ˢ ˫˧˶˸˞ˢ ˢ˰˟˶˞˟ˣ ˫˧˶˸˞ˢ ˪˩˪ ˰˴ˣˬˬˢ ˨˶˰˩ ˟˷ˣ˥ˬˢ "˸˪˧˞

.˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˧ˣˮ˧˷ ˞˪˪ ˣˤ ˸˧ˮ˟˸ .˸˪˧˞ ˸ˣ˧ˮˣ˷˪ ˟˷ˣ˥ˬˢ 

 

 
˟ ˶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 Shanon-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. 
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˟ ˶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) .  ˰˴ˣˬˬˢ ˨˶˰ˢ

.˫˧˶˸˞ˢ ˰˴ˣˬˬ˩ ˟˷ˣ˥ˬ ˸˪˧˞˪ 

Figure B16: The Shanon-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). The Eilat average is the average of all monitored sites. 
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  .ˢ˶˧˟˴ˢ ˸ˣˬˣ˵˰ ˨ˣ˸ˬ ˭˧ˬ˞ ˰ˡ˧ˬ ˸˪˟˵˪ ˵˲˯ˬ ˣˮ˧˞ 

  ,˶˸ˣ˧˟ ˪ˣˡˠˢ ˫˧ˠˣˬ˪˞ˢ ˶˷ˣ˰34  ˶˸˞˟ ˢˮ˷ˢ ˞˴ˬˮ ˫˧ˠˣˬ˪˞ ˧ˠˣ˯NR-20 ,˶˸ˣ˧˟ ˨ˣˬˮˢˣ ,22 ˶˸˞˟ ˞˴ˬˮ ,
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 ˞˟ ˶ˣ˧17 ˶˲˯ˬ ˪˷ ˢ˶˧˟˴ ˸ˣˬˣ˵˰ : ˫ ˧ˠˣˬ˪˞ˢ ˧ˠˣ˯  ˣ˟˷ˣ˥˷ ˧˲˩ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ ˪ˣˬ ˶˸˞ ˪˩ ˶ˣ˟˰   ˸ˮ˩˸ ˧ˡ˧ ˪˰

Past  )Hammer et al., 2001(.   

Figure B17: Rarefaction curves of taxa richness based on colony counts, calculated for each site 

with the Past software (Hammer et al., 2001).  
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 ˪˰ ˡˬ˰ ˧ˣ˲˴ˢ40 x-42˟ ˶ˣ˧˞) ˢˬ˞˸ˢ˟ ,19 ˪˷ ˸˧˞˶˵˞ ˢ˶˧˲˯ ˧˩ ˢ˞˶ˮ ,ˢˬ˧ˠˡˢ ˳ˬ˞ˬ ˸ˮ˧˥˟ˬ .(500   ˫˧˦˶˲
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˟ ˶ˣ˧˞18˸ˣˬˣ˵˰ :   ˸ˮ˩˸ ˧ˡ˧ ˪˰ ˣ˟˷ˣ˥˷ ˧˲˩ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ ˪ˣˬ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˶˲˯ˬ ˪˷ ˢ˶˧˟˴Past  

)Hammer et al., 2001(   ˤ˞ˬ ˢˮ˷ ˪˩˟ "˸˪˧˞ ˸ˣ˧ˮˣ˷" ˶ˣ˟˰2004 . 
Figure B18: 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˧19 : ˪˷ ˸˧˞˶˵˞ ˢ˶˧˲˯˟ ˪˟˵˸ˢ˪ ˧ˣ˲˴ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˶˲˯ˬ1000 x- 1500  ˤ˞ˬ "˸˪˧˞ ˸ˣ˧ˮˣ˷"˟ ˸ˣ˟˷ˣˬ

 ˸ˮ˷2004 .ˢ˶˧˟˴ˢ ˸ˣˬˣ˵˰ ˪˰ ˯˯ˣ˟ˬ , 

Figure B19: 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  ˢˮ˷ˢ .˸˧˷˧ˬ˥˪ ˫˵˪˥ ˡ˶˧ ˫˵˪˥ ˢ˧ˢ

 ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˪˪˩ˬ19% ˠˣˬ˪˞ˢ .Stylophora ˩) ˶˸ˣ˧˟ ˳ˣ˲ˮ ˧ˮ˷ˢ ˞ˣˢ-13%   ˶˸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˪˞ˢ20 ˧ˠˣˬ˪˞˷ ˱˞ ˪˰  .(Acropora   ,˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ ˫ˮ˧ˢ  ˸˪˧˞˟ ˫˧ˠˣˬ˪˞ˢ ˸˶˟˥

˸ˣˮˣˣˠˬ   ˢ˷˧ˬ˥ ,˫˧˪ˣˡˠ ˫ˮ˧˞ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˨˶ˣ˞˪ ˸˪˧˞˟ ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˟˩˶ˢ˟ ˫˧˧ˣˮ˧˷ˢ .ˢ˟˧˴˧ˣ

 ˢˮ˷ˢ ˫˧ˣˣˢˬ ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ56% ˪ ˪˰ˬ ˡ˧ˬ˸ ˣˣ˧ˢ ˫˧ˮ˷ˢ ˨˶ˣ˞˪ˣ ,˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˨˯ˬ-50% .  ˫˧˶˷˰

ˣˢˬ ˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ ˫˧ˠˣˬ˪˞ˢ˫˧ˣ ˩ ˢˮ˷ˢ- 92%   ˸˪˧˞˟ ˫˧ˠˣˬ˪˞ˢ ˪˪˩ˬ (ˢˡ˧ˡˬˢ ˦˶˯ ˪˰ ˡˡˬˮ ˨˶ˣ˞ ˧˲˪)

ˢˬˣˡ˟  .˸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˧ ˨˩ .
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ˣ˧˞˟ ˶20: ˧ˠˣ˯ ˢ˷˧ˬ˥   ˫˧ˠˣˬ˪˞ˢ ˢˮ˷˟ ˢ˴ˣ˲˸ˢ ˶ˡ˯ ˧˲˪ ˫˧˶ˡˣ˯ˬ ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ

  ˸ˣ˧ˮˣ˷˟ ˣ˵ˢ ˧˶˵˯˟ ˡˡˬˮˢ ˫˧ˠˣˬ˪˞ˢ ˨˶ˣ˞ ˨˯ ˨ˣ˸ˬ ˶˟˦˴ˬˢ ˫˩˶ˣ˞ ˰˴ˣˬˬ˩ ˟˷ˣ˥ˬ ˫˧ˠˣˬ˪˞ˢ ˪˷ ˫˵˪˥ .ˢˮˣ˶˥˞ˢ

 .˸˪˧˞ 

Figure B20: 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.  

 
 

          Average 

 

Katza 
10 

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

Acropora 7.02 5.18 3.78 1.66 9.86 1.51 2.93 3.14 6.10 4.26 2.50 4.38 

Stylophora 2.46 3.99 3.35 0.815 1.22 4.03 3.19 2.19 3.22 1.46 3.13 2.65 

Echinopora 2.77 2.36 9.01 0.27 2.70 0.24 0.41 0.90 2.56 2.75 0.52 2.33 

Montipora 3.23 3.32 1.31 0.54 7.42 0.44 1.19 0.41 3.28 2.51 0.65 2.23 

Goniastrea 1.71 0.36 6.66 1.05 0.62 3.64 0.66 0.16 1.03 2.12 1.54 1.86 

Dipsastraea 0.43 0.57 0.66 0.85 0.80 2.11 1.39 0.65 0.50 0.80 1.38 0.93 

Cyphastrea 0.79 1.12 0.76 0.61 1.14 1.85 0.71 0.31 0.96 0.78 0.97 0.91 

Porites 0.78 1.51 0.59 0.32 1.81 0.07 0.63 0.95 1.14 0.77 0.55 0.83 

Lobophyllia 0.14 0.18 5.19 0.01 0.33 0 0.11 0 0.16 1.18 0.03 0.75 

Platygyra 0.78 0.00 2.50 0.3 0.20 1.43 0.27 0.35 0.39 0.74 0.71 0.73 

Paramontastraea 1.18 1.33 0.02 0.15 0.65 0.05 1.31 0.97 1.26 0.26 0.74 0.71 

Turbinaria 0.31 0 2.19 0.26 0.19 0 0 0.55 0.16 0.64 0.19 0.44 

Leptastrea 0.76 1.10 0.35 0.06 0.24 0.33 0.41 0.08 0.93 0.17 0.26 0.42 

Pocillopora 0.06 0.59 0.24 0.76 0.39 0.28 0.19 0.46 0.32 0.55 0.32 0.37 

Favites 0.24 0.13 0.41 0.26 0.81 0.74 0.10 0.24 0.19 0.44 0.37 0.37 

Millepora 0.07 0.06 0.09 0.19 0.17 0.62 0.46 0.70 0.06 0.16 0.60 0.29 

Plesiastrea 0.50 0.18 0.14 0.02 0.68 0.10 0.16 0.26 0.34 0.22 0.17 0.25 

Gyrosmilia 0 0.06 0 0.10 0.08 0 0.19 1.56 0.03 0.07 0.61 0.25 

Astreopora 0.07 0.23 0 0.52 0 0 0.62 0.18 0.15 0.27 0.25 0.20 

Leptoseris 0.54 0.33 0.10 0 0.45 0.07 0 0.07 0.44 0.14 0.05 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 

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

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

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

 ˸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 ˶˷˞ ˩-  

51%, x ˸ˡ˩ˣ˪ˬ ˞˪ ˰˵˶˵ .˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˧˟ˠ ˪˰ ˪˪˩ ˢˮ˷ˢ ˢ˞˴ˬˮ ˞˪ ˢ˲ˣ˷˥  ˤˣ˥˞ ˭˧˟ ˪ˡ˟ˢˢ ˨˩ˬ ˢ˞˴ˣ˸˩

 .˪ˣˡˠ ˣˮ˧˞ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ (ˢ˷˵ˢ ˰˴ˬˢ ˨˯ ˨ˣ˸ˬ) ˪ˬ˶ˣˮˬˢ ˧ˣ˯˧˩ˢ ˤˣ˥˞˪ ˧˥ˢ ˧ˣ˯˧˩ˢ  ˸ˣ˲˴ˮ ˫˧ˮ˷ˢ ˨˷ˬ˟

 ˞ ˪ˢ ˰˵˶˵ˢ ˵˪˥˟ ˸ˣˡˣˮ˸-  ˸ˣˡˣˮ˸˟ ˢˬˠˬ ˸˶˩˧ˮ ˞˪ ˫˪ˣ˞ ,˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˸˧˰˪˯ˢ ˸˧˸˷˸ˢ ˥˦˷˟ˣ ,˸ˡ˩ˣ˪ˬ

˟ ˶ˣ˧˞) ˢ˪˞21.( 

 

 
˟ ˶ˣ˧˞21ˬˢ ˧ˣ˯˧˩ˢ ˧ˤˣ˥˞ :˫˧˸ˬ ˫˧ˠˣˬ˪˞ˣ ,˰˪˯ ,˪ˣ˥ ,˫˧ˠˣˬ˪˞ ˪˷ ˫˧˶˟˦˴  ˸ ˧ˮˣ˷ˢ ˭˥˪ˣ˷˟.   ˫˧˰˴ˣˬˬ ˫ˢ ˫˧ˤˣ˥˞ˢ

 .˶˸˞˟ ˣ˷˰ˮ˷ ˣ˵ˢ ˧˩˸˥ ˪˩ ˨ˣ˸ˬ 

Figure B21: Cumulative percent cover of live corals, sand, rock and dead corals at the reef 

table. Values are averages of line transect values. 

 

˧ˣ˯˧˩  ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˫˧˧˥ˢ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˦˰ˬ ˢ˪˰ˢˮ˷ˢ ˩  ,- 18.6Ñ2.3% ˸ˬˣ˰˪ 16.2Ñ1.5%  ˢˮ˷˟

 ˳˶ˬ˟ ˢ˶˰˯ˢ ˧ˮ˲˪˷ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˨ˣˬˮ ˶˸ˣˮ ˨˞ ,˸ˬˡˣ˵ˢ2020 )22.5Ñ2.9%   ˸ˮ˷˟2019 ˪˷ ˢˡ˧˶˧ˢ .(

˟ ˶ˣ˧˞) ˢ˵ˤ˥ ˸˧ˬˣ˶ˡ ˢ˶˰˯ ˢ˸ˣ˞ ˸˰˧ˠ˲˪ ,˧˪ˣ˞ ,ˢ˶ˣ˷˵ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ22  .( 

˧˟ ˢˣ˟ˠˢ ˧ˣ˯˧˩ˢ ˢ˧ˢ ˶ˣ˦˧ˮˢ ˸˶ˠ˯ˬ˟ ˡˡˬˮ˷ ˶˸ˣ33.7Ñ3.5% ˸ˮ˷˟ ,2010 . 

) ˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˪˷ ˣˤ˪ ˢ˞ˣˣ˷ˢ˟ ˢ˩ˣˬˮ ˢˮ˷ˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴11.5 x-13.7   ,˶"ˬ˪ ˸ˣ˟˷ˣˬ

 ˸ˮ˷ ˤ˞ˬ ˧˩ ˱˞ .(ˢˬ˞˸ˢ˟2014  ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˪˰ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴˟ ˫˧˧ˣˮ˧˷ˢï .˫˧ˮ˦˵ 
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˟ ˶ˣ˧˞22ˤˣ˥˞ :  ˧ˣ˯˧˩ˢ˫˧ˠˣˬ˪˞  ˸ˮ˷ ˤ˞ˬ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ˣ2007 . 

Figure B22: Percent cover of live corals and density of coral colonies on the reef table since 

2007. 

 

 ˪˩ˢ ˨˯˟ ˢˮ˷ˢ ˣ˞˴ˬˮ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟15   ˫˧ˠˣ˯ ˶˷ˣ˰ ˡˡˬˮ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˟ˣ˶˟ .˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˫˧ˠˣ˯
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˟ ˶ˣ˧˞23:  .˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˶ˣ˞˪ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˧˶˵˯˟ ˣ˞˴ˬˮ˷ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˶˲˯ˬ 

Figure B23: The number of coral genera encountered at the Reef Flat monitoring surveys. 

 

 
˟ ˶ˣ˧˞24 : ˢ˪˰ˬ˪ï   ˡˡˬShanon-Wiener  ˸ˮ˷ ˤ˞ˬ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ˪2007  ˢ˦ˬ˪ .

ï   ˤ˞ˬ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˶˲˯ˬ˪ ˢ˶˧˟˴ ˸ˣˬˣ˵˰2007 . 

Figure B24: Top ïShanon-Wienr diversity of stony corals in the years since 2007, bottom ï 

rarefaction curves for coral genus diversity on the reef table since 2007. 
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˟ ˢ˪˟˦4˲˪) ˫˧˴ˣ˲ˮˢ ˭˟˞ˢ ˧ˠˣˬ˪˞ :  .˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ˣ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˟ (˧ˣ˯˧˩ ˧ˤˣ˥˞ ˧ 

Table B4: The most abundant stony corals (by cover percentage) at the reef table and the reef 

front sites.  

 

 
Fore-Reef Reef Table Rank 

Acropora Platygyra 1 

Stylophora Dipsastraea 2 

Montipora Stylophora 3 

Echinopora Millepora 4 

Goniastrea Acropora 5 

Dipsastraea Echinopora 6 

Cyphastrea Favites 7 

Porites Hydnophora 8 

Paramontastraea Leptastrea 9 

Platygyra Goniastrea 10 

Pocillopora Pocillopora 11 

Lobophyllia Acanthastrea 12 

Leptastrea Porites 13 

Millepora Lobophyllia 14 

Favites Montipora 15 

Turbinaria  16 

Gyrosmilia  17 

Astreopora  18 

Hydnophora  19 

Plesiastrea  20 
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 ˨˪ˢˬ˟ˣ (ˢ˪˰ˬ˪ ˣ˞˶) ˫˧˪ˣˡˠ ˫ˮ˧˞ ˫˧ˮ˷ ˭˧˟ ˫˧˪ˡ˟ˢˢ ,˟ˣ˶˪ .˳˧˵ ˧ˡ˧ˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˩˶ˣ˰ ˫˸ˣ˞ ˫˧˧˸ˮ˷ˢ15 

˧˶˥ ˭˲ˣ˞˟ ˢ˪ˣˡˠ ˢ˰˧ˠ˲ ,˨˩˧˲˪ .˨˷ˬ˸ˬˣ ˧˦˧˞ ˶ˣ˲˧˷ ˶˵˧˰˟ ˸˧ˮ˩˸ˢ ˢˡˡˬ ˢ˸ˣ˪˧˰˲˪ ˸ˣˮˣ˷˞˶ˢ ˫˧ˮ˷ˢ  ˠ

 ˳˧˵ ˶˵˯ ˶˥˞˪ ˢ˪ˠ˸ˬˢ2019  ˸ˣˬˡˣ˵ˢ ˫˧˧˸ˮ˷ˢ ˪˷ ˫˧˶˵˯˟ .ˢ˶˰˯ˢ ˸˰˲˷ˢ ˪˰ ˰˧˟˴ˢ˪ ˢ˧ˣ˷˰ï  ˳˧˵2020 

 ˳˧˵ˣ2021 ï  ˳˧˵ ˶˵˯) ˸˞ˤ ˸ˬˣ˰˪ ,ˢˮ˷ˢ .˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢˡ˥ ˢˡ˧˶˧ ˢ˞˴ˬˮ ˭˩˞

2022 .ˢ˶˰˯ˢ ˸ˣ˟˵˰˟ ˸ˣ˷˷ˣ˞˸ˢ ˪˷ ˢ˸˪˧˥˸ ˸ˮˬ˯ˬ ˣˤ˷ ˭˩˸˧ˣ ,˰˴ˣˬˬˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟ ˢ˪˵ ˢ˧˪˰ ˢ˞˴ˬˮ ,(

ˢˡ˶˧ ˸ˣˮ˦˵ˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˪˷ ˭˸ˣ˲˧˲˴ ˦˶˲˟ˣ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ ,˸˞ˤ ˫˰   ˢ˞ˣˣ˷ˢ˟ ˢˮ˷ˢ

  .˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟ ˢ˩ ˡ˰ ˢˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˢ˩ˣˬˮˢ ˢ˸˧ˢ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˪ 

  ,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%) ˸ˬˡˣ˵ˢ ˢˮ˷˟ ,2021˷ ˧ˣ˯˧˩ ˡˡˬˮ (  ˪

34.5Ñ3.1%  ˢˤ ˶˸˞˟ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ˦˰ˬ ˢ˪˰ ˢˮ˷ˢ ˣ˪˧˞ˣ ,ˡ˟˪˟ï37.1Ñ2.01%   ˢˤ ˶˸˞˟˷ ˭ˣˣ˧˩ˬ .ˡ˟˪˟

  ˧˶˸˞˟ ˢˡˡˬˮ˷ ˶˸ˣ˧˟ ˢ˪ˣˡˠˢ ˞˧ˢ ˢ˶˰˯ˢ ˶˥˞˪ ˣ˟ ˢ˞˴ˬˮ˷ ˢˡ˧˶˧ˢˣ ,˶˸ˣ˧˟ ˪ˣˡˠˢ ˞ˣˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩

.˸˧˯˥˧ ˢ˪ˣˡˠ "˸˪˧˞ ˸ˣ˧ˮˣ˷" ˞˶˵ˮˢ ˰˴ˣˬˬˢ ˨˶˰ˢ ˪˰ ˣ˸˰˲˷ˢ ,˸˧ˮˣ˷ˢ   

 

ˢ ˤˣ˥˞ ˪˰ ˡˬ˰ˣ ˢˮ˷ˢ ˦˰ˬ ˢ˪˰ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˫˧˧˥ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˰˴ˣˬˬˢ ˧ˣ˯˧˩22.6Ñ3.2% ,

 ˸ˬˣ˰˪21.9Ñ3.0% ˣ ˸ˬˡˣ˵ˢ ˢˮ˷˟- 24.9Ñ4.5%  ˳˧˵˟2019  ˢ˧˪˰ ˢˮ˷ˢ ˢˡˡˬˮ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˶˸˞˟ ˫ˠ .

 ˪˷ ˨˶˰ˬ ˭˟˞ˢ ˧ˠˣˬ˪˞ ˧ˣ˯˧˩˟ ˢ˪˵16.2Ñ1.5% ˪ ˸ˬˡˣ˵ˢ ˢˮ˷˟- 18.6Ñ2.3%   .ˢˮ˷ˢ 
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 ˢˡ˥ˢ ˢˡ˧˶˧ˢ ˫˧ˮ˷˟ ˢ˞˴ˬˮ˷ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˟2020-2021   ˶ˣ˞˪ˣ ,˸ˣ˟˧˴˧ ˪˷ ˫˧ˮ˷ ˶˲˯ˬ ˶˥˞˪ ˢ˞˟

  ˸˧ˬˣ˶ˡˢ ˢ˶˰˯ˢ ˪˷ ˢ˸˰˧ˠ˲ˬ ˫˧˰˟ˣˮ ˫˧ˡˡˬˮˢ ˫˧˧ˣˮ˧˷ˢ˷ ˢ˶˰˷ˢˢ ˸˵ˤ˥˸ˬ ˢˮ˷ˢ ˢˡˡˬˮ˷ ˢ˪˵ˢ ˢ˧˪˰ˢ

 ˳˶ˬ ˷ˡˣ˥˟2020 ˫˪ˣ˞ ˸ˣˮˣ˷˞˶ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˷˟ ˢ˧ˢ˷ˬ ˢˣ˟ˠ ˭˧˧ˡ˰ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧˧˥ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ .
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 .˸ˣ˞ˡˣˣ˟ ˸˞ˤ ˰ˣ˟˵˪ ˫ˡ˵ˣˬ ˫˪ˣ˞ ,˸ˣ˷˷ˣ˞˸ˢ ˨˧˪ˢ˸ ˪˷ ˣ˸˪˧˥˸˟ ˭˧˥˟ˢ˪ ˭˸˧ˮ ˶˟˩ ˢˮ˷ˢ˷ 

 

  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 

˞ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˧ˣ˯˧˩˟ ˢ˪˵ ˢ˧˪˰ ˢˮ˷ˢ ˢ˞˴ˬˮ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ˣ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ,˫˧˶ˣˤ˞ˢ ˧ˮ˷˟  ˨

 ˸ˮ˷ ˪˷ ˨˶˰˪ ˢ˞ˣˣ˷ˢ˟ ˢ˟˶ ˢˡ˧ˬ˟ ˨ˣˬˮ ˭˧˧ˡ˰ ˧ˣ˯˧˩ˢ ˫ˢ˧ˮ˷˟2019 ˶ˣ˧˞) ˢ˶˰˯ˢ ˸˰˧ˠ˲ ˧ˮ˲˪ ,5˟2.(  

 

 
˟ ˶ˣ˧˞25 : ,(˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞ ˢˮˣˬ˷ ˰˴ˣˬˬ) "˸˪˧˞ ˸ˣ˧ˮˣ˷"˟ ˫˧˧˥ ˭˟˞ ˧ˠˣˬ˪˞ ˢ˯ˣ˩ˬˢ ˥˦˷ˢ ˤˣ˥˞˶ˣ˥˷˟  ,

 ,˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˶˸˞˟ˣ˪ˣ˥˩˟ ˭˧˟ ˸ˣ˪ˣˡˠ ˸ˣˡˣˮ˸ ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷ ˶˸˞˟ . ˪ˣˡ˧ˠ ˸˧˟ ˪˷ ˣ˸ˣ˷˧ˠ˶ ˸˞ ˸ˣ˲˵˷ˬˢ ˫˧ˮ˷ˢ

.ˢˤ 

Figure B25: 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˧˷

˟ ˶ˣ˧˞) ˸˰˴ˣˬˬˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˸˶˩˧ˮ ˢˡ˧˶˧ ˢ˞˴ˬˮ ˢˮ˷ˢ ˨˞ ,˫˧ˠˣˬ˪˞ˢ26˟˷ˣˬˢ ˸ˣ˲˧˲˴ .(  ˸˰˴ˣˬˬˢ ˸ˣ

 ˪˷ ˨˶˰ ˟˧˟˯ ˢ˰ˮˣ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˰˟˶˞˟ ˧ˡˬ˪ ˢ˟˧˴˧ ˢ˸˧ˢ ˫˧˶˸˞ˢˣ ˪ˡˣˠˢ ˸ˣ˧˶ˣˠ˦˵ ˪˩˪43   .˶"ˬ˪ ˸ˣ˟˷ˣˬ

 ˪˷ ˸˰˴ˣˬˬ ˸ˣ˲˧˲˴ ˢˡˡˬˮ ˢˮ˷ˢ38.2Ñ4.2   ˸ˣˮ˦˵ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ .˸˧ˮˣ˷ ˪˷ ˶"ˬ˪ ˭˟˞ ˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ

˩) ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˪˷ ˧˶˞ˢ ˵˪˥ ˸˞ ˸ˣˣˢˬ- 63%   ˪ˡˣˠˢ ˸˴ˣ˟˵ ˫ˠ ˧ˢˣˤˣ (˸ˣ˟˷ˣˬˢ ˪˪˩ˬ

 ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˢ˸˧ˢ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˸ˣˮ˦˵ ˸ˣ˟˷ˣˬ ˪˷ ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ .˶˸ˣ˧˟ ˢ˰ˠ˲ˮ ˶˷˞28.6Ñ4.8 

 ˪˰ ˢˡˬ˰ ˢˮ˷ˢˣ24.1Ñ3.3 ˫˪ˣ˞ ,˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ,˸˧˶˲˯ˬ ,˶˸ˣ˧˟ ˸ˣ˴ˣ˲ˮ ˫ˮˬ˞ ˸ˣˮ˦˵ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ .

˞ˣ ˸˧˯˥˧ ˢˮ˦˵ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˪ ˫˸ˬˣ˶˸ ˸ˣ˲˧˲˴˷ ˱˞ ˪˰ ˢˮ˷ˢ ˦˰ˬ ˢ˪˰ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˷ ˢ˟˧˯ˢ ˣˤ ˧˪ˣ

 .ˢˡ˶˧ ˸ˣ˟˷ˣˬˢ 

  ˸ˣˡ˧˶˷˟ ˶ˣ˲˧˷ ˪˰ ˢ˰˧˟˴ˬˣ ˶ˣ˦˧ˮˢ ˸˪˧˥˸ ˤ˞ˬ ˨˷ˬ˸ˬˣ ˭ˣ˸ˬ ˭˲ˣ˞˟ ˢ˪ˣ˰ "˸ˣ˧ˮˣˮ˧˟ˢ" ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴

 ˢˬ˞˸ˢ .˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢ˪˵ ˢˡ˧˶˧ ˢˮ˷ˢ ˢ˞˴ˬˮ ˣˤ ˢ˴ˣ˟˵ ˶ˣ˟˰ ˫ˠ ˨˞ ,ˣˤ ˢ˲ˣ˵˸ ˨˶ˣ˞˪ ˫˧ˠˣˬ˪˞ˢ ˭˧˟

  ˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˟ˣ˶ ˨˷ˬ˟ ˢ˞˴ˬˮ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˧˥ˢ ˧ˣ˯˧˩ˢ ˤˣ˥˞ˣ ,˸ˣ˪ˣˡˠˢ ˶˵˧˰˟ˣ ,˸ˣ˧ˮˣˮ˧˟ˢ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴

  .˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩˪ ˢ˪ˣˡˠ ˢˬˣ˶˸ ˢ˪˞ ˪ˡˣˠ ˸ˣ˴ˣ˟˵˪˷ ˨˩ ˪˰ ˢ˰˧˟˴ˬˣ 

 

0

5

10

15

20

25

30

35

40
Stony Coral cover [%]

Forereef Reef Table



 

64 

 

 
˟ ˶ˣ˧˞26 :ˣˬ ˸ˣ˲˧˲˴ ,ˢ˦ˬ˪ .˶ˣ˦˧ˮˢ ˸˲ˣ˵˸˟ ˪ˡˣˠ ˸ˣ˴ˣ˟˵ ˧˲ ˪˰ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ ,ˢ˪˰ˬ˪  ˫˧ˠˣˬ˪˞ ˸ˣ˟˷

  .˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ ˨˯ ˪ˣˬ ˸ˣˮ˦˵ 

Figure B26: 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.  

 

˷ˢ ˸ˣ˧ˮˣ˸ˮ˟ˣ ˸ˣ˧ˮˣ˦˵ˮ˪˲ ˸ˣ˴˞ ˪˷ ˢ˵ˤ˥ ˢ˥˧˶˲ ˸˞ˤ ˸ˣ˟˵˰˟ˣ ˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˵ˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ˢˮ

˳˶ˬ ˫˧˷ˡˣ˥˟ ˫˧˩ˣ˶˞ ˸ˣ˰ˣ˟˷ ˢ˩˷ˬˮ˷-  ˸˧ˮˣ˷˟ ˫˧˵˪˥ ˢ˸˯˧˩ ˫ˠ ˫˧˸˧˰˪˷ ,ˢ˵ˤ˥ˢ ˢ˥˧˶˲ˢ ˱˞ ˪˰ .˪˧˶˲˞

 ˶ˣ˧˞)˟27ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˸˞ˤ ˫˰ .˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˦˰ˬ ˢˣ˟ˠ ˢˮ˷ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˣ˯˧˩ ,( ˢˮ˷ˢ ˢˡˡˬˮ˷ ˸

  ˨˞ (˸ˣˮ˦˵) ˸ˣ˶˧˰˴ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ˟ˣ ˫˧˟˷˧˧˸ˬ ˫˧ˠˣˬ˪˞˟ ˢ˰ˠ˲ ˢ˵ˤ˥ˢ ˸˧˸ˮˣ˰ˢ ˢ˥˧˶˲ˢ˷ ˭˩˸˧ .˶˸ˣ˧ ˢ˩ˣˬˮ

 .˸ˣ˯˯ˣ˟ˬˣ ˸ˣ˪ˣˡˠ ˸ˣ˟˷ˣˬ˟ ˞˪ 

 

R² = 0.9085

15

20

25

30

35

40

45

30 35 40 45 50 55 60

S
m

a
ll 

co
ra

ls
 [

m-2
]

All Corals [m-2]

0

10

20

30

40

50

60

[m
-2
]

"Eilat" coral size fractions

H L M S



 

65 

 

 
˟ ˶ˣ˧˞27:  ˟˧˟˞˟ ˳˶˲ˬˢ ˸ˣˮˣ˶ˡˬ ˸˞ ˧ˣ˯˧˩˷ ˸ˣ˟˧˷˧ ˸ˣ˴˞ ˫˧˯ˣ˩ˬ ˫˧˧˥ ˭˟˞ ˧ˠˣˬ˪˞ˣ ˸˧ˮˣ˷ ˧˥˦˷2022  ˸ˣ˟˵˰˟ ,

  .˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ 

Figure B27: Coral reefs at Eilat covered by macro-algae during strong algal blooms that 

followed deep mixing of the water column in spring 2022. 

 

  

Photos: O. Omessi, March 2022
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.˟2˟ ˫˧ˠˣˬ˪˞ˢ ˸˶˟˥ .˸ˮˣˠ˪ ˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷   
 

 s ˶˦ˬ 

  (˫˧˶˵˟ˬ˪ ˶ˣˠ˯ˢ) ˧ˬˣ˶ˡˢ ˢ˵˪˥˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˧ˮˣ˷ ˪˷ ˢˮˣˠ˪˟ ˰˴ˬˢ ˧ˠˣ˯ˣ ˢ˶˟˥ˢ ˢˮ˟ˬ ,ˢ˰˲˧˷ˢ ˭ˡˬ˞

  .ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷ ˪˷ 

 

 ˸ ˣ˦˧˷ 
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 ˪˷ ˵˥˶ˬ˟ ˶ˣˡ˯ ˭˲ˣ˞˟ ˣ˥ˮˣˢ (˫ˣˡ˞˟)5 ˬ ˪˧˥˸ˢˣ ˱ˣ˥˪ ˟˴˧ˮ˟ ˥ˮˣˢ˷ ˢˡ˧ˡˬ ˦˶˯ ˨˶ˣ˞˪ ˢˤˬ ˢˤ ˫˧˶˦ˬ ˵˥˶ˬ9  

 ˭˧˟ ˪˪ˣ˩ ˫ˣˠ˧ˡ ˣ˵ ˪˩ .(˫ˣˠ˧ˡ ˣ˵) ˸˧ˮˣ˷ˢ ˭˥˪ˣ˷˪ ˡ˰ˣ "˱ˣ˥ˢ ˣ˵"ˬ ˫˧˶˦ˬ5  ˪- 6    ˶ˣ˧˞˟˷ ˱˞ ˪˰) ,˫˧˰ˣ˟˧˶

 ˵˶ ˫˧˦˦˶ˣ˷ˬ4  ˣ˰˴ˣ˟ ˩"ˢ˯ .(˨˸˥ ˪˩˪17  .ˢˮˣˠ˪ˢ ˥˦˷˟ ˫ˣˠ˧ˡ ˧ˣˣ˵ 

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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˟ ˶ˣ˧˞29ˢˮˣˠ˪˟ ˫˧˧˶˵˧˰ˢ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˢ˶˷˰ ˪˷ (˸ˣ˟˷ˣˬˢ ˶˲˯ˬ ˧˲ ˪˰ ,˫˧ˤˣ˥˞˟) ˸˧˯˥˧ˢ ˸ˣ˥˧˩˷ˢ :.   

Figure B29: Relative abundance (by colony number) of the 10 most abundant coral genera in 

the lagoon.  

 

 ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˢˡˡˬ˷ ˶˸ˣ˧˟ ˢ˩ˣˬˮˢ ˢˮ˷ˢ ˢ˸˧ˢ ˢˮˣˠ˪˟ ˠˣ˯ ˪˩ˬ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˪˷ ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ

 ,ˢ˩ ˡ˰1.37  , ˸ˣ˲˧˲˴ˢ ˢ˸˧ˢ ˸ˬˡˣ˵ˢ ˢˮ˷˟) ˶"ˬ˪ ˸ˣ˟˷ˣˬ1.74 ˟˷ˣˬ ˸ˮ˷˟ , ˶"ˬ˪ ˸ˣ2019 1.89  ˸ˮ˷˟ˣ

2017 2.32 ˢˮ˷ˢ ˢ˸˧ˢ ˭˟˞ ˧ˠˣˬ˪˞ ˪˷ ˸˰˴ˣˬˬˢ ˫˸ˣ˲˧˲˴ .(1.15 ˟ ˢ˪˟˦) ˶"ˬ˪ ˸ˣ˟˷ˣˬ5 .( 

 
˪˟˦˟ 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 

Stylophora 51 36.4 0.50 

Millepora 34 24.3 0.33 

Rhytisma 22 15.7 0.22 

Porites 12 8.6 0.12 

Dipsastrea 5 3.6 0.05 

Favites 5 3.6 0.05 

Acropora 3 2.1 0.03 

Platygera 2 1.4 0.02 

Seriatopora 2 1.4 0.02 

Acanthastrea 1 0.7 0.01 

Lobophytum 1 0.7 0.01 

Montastrea 1 0.7 0.01 

Paramontastrea 1 0.7 0.01 

 

 ˫˧ˮ˷ˢ ˭˧˟ ,˦˶˲˟ .˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˭˧˟ ˸ˣ˪ˣˡˠ ˸ˣˡˣˮ˸ ˢ˰ˡ˧ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˲˧˲˴2009-2010  ˢ˞˴ˬˮ

 ˳ˣ˲ˮˢ ˠˣˬ˪˞ˢ ˸ˣ˲˧˲˴˟ ˦˶˲˟ˣ ,ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˲˧˲˴˟ ˸˧˦ˬ˶ˡ ˢˡ˧˶˧Stylophora pistillata  ˸ˮ˷ ˤ˞ˬˣ ,

2012 ˞˴ˬˮ s˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴˟ ˸˧˦˧˞ ˢ˧˪˰ ˸ˮ˷˟ .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˢ˶˴˰ˮ ˶˷˞ 2020  ˸˧ˬˣ˶ˡ ˢ˶˰˯ ˸˰˧ˠ˲ ˸ˣ˟˵˰˟ ,

 ˟  ˶ˣ˧˞) ˢˮ˷ˢ ˫ˠ ˢ˩˷ˬˮ ˣˤˣ ˢˮˣˠ˪˟ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˢˡ˶˧ ˟ˣ˷ ,ˢ˵ˤ˥30(.   
 ˫˧ˮ˷ˢ ˨˶ˣ˞˪ ˢˮˣˠ˪˟ ˧˶˵˧˰ˢ ˠˣˬ˪˞ˢ ˪˷ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ˟ ˶˵˧˰˟ ˸ˣ˶˩˧ˮ ˸ˣ˪ˣˡˠˢ ˸ˣˡˣˮ˸ˢ- Stylophora 

pistillata -  ˫˧ˮ˷˟ ˣ˶˲˯ˮ ˣˮˬˬ ˶˷˞2012-2017 ˬ ˶˸ˣ˧-  90 ˢˣ ,˫˧˦˶˲ ˵˶ ˢˮ˷51  ˸˞ ˫˧˟˧˸˩ˬ ˢ˪˞ ˫˧˧ˣˮ˧˷ .

ˢˮˣˠ˪˟ ˫˧˶˲˯ˮˢ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ ˸ˣ˲˧˲˴ ˨˯ ˧˟ˠ˪ ˸ˣ˲˴ˮˢ ˸ˣˡˣˮ˸ˢ.  ˸ˣ˲˧˲˴ ˢ˸˧ˢ ˸ˣˮˣ˷˞˶ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˷˟

 ˫˧ˮ˷˟ ˢˡˡˬˮ˷ ˸ˣ˲˧˲˴ˢˬ ˢ˪ˣ˲˩ ˨˶˰˟ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ2010-2012 ˫˧ˮ˷˟ ,2012-2017  ˸ˣ˷˷ˣ˞˸ˢ ˢˡˡˬˮ

˟˶ˢ˟ ˢ˩ˣˬˮ ˢ˶˸ˣˮ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˲˧˲˴ ˨˞  ˫˧ˮ˷ˢ ˭˧˟ ˢˡ˥ˢ ˢˡ˧˶˧˪ ˢ˟˧˯ˢ .˶ˣ˦˧ˮˢ ˪˷ ˸ˣˮˣ˷˞˶ˢ ˫˧ˮ˷˟ ˶˷˞ˬ ˢ
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2009 x-2010  ˱˶ˣ˥˟ ˣ˰˶˧˞˷ ˸ˣ˵ˤ˥ ˸ˣ˧ˬˣ˶ˡ ˸ˣ˶˰˯ ˸˶ˡ˯˟ ˢ˞˶ˮˢ ˪˩˩ ,ˢ˴ˣ˰ˮ2009-10  ˸ˮ˷˟ˣ2020   ˟ˣ˷

 .ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷ˣˬ˟ ˸ˣ˷˵ ˢ˰ˠ˲˷ ˢ˵ˤ˥ ˸˧ˬˣ˶ˡ ˢ˶˰˯ ˸˪˧˞ ˧˲ˣ˥ ˸˞ ˢ˸˩ˢ 

˟˷ˣˬˢ ˶˲˯ˬ˟ ˸˩˷ˬ˸ˬˢ ˢˡ˧˶˧˪ ˱˯ˣˮ˟  ˧ˠˣ˯ ˶˲˯ˬ) ˫˧ˮ˧ˬˢ ˶˷ˣ˰˟ ˫ˠ ˢˡ˧˶˧ ˸˞˴ˬˮ ,ˢˮˣˠ˪˟ ˸ˣ˶˲˯ˮˢ ˸ˣ

 .˫˷ (˫˧ˠˣˬ˪˞ˢ 

 

 

 
˟ ˶ˣ˧˞30 : s ˪˰ˬ˪- ˫˧ˠˣˬ˪˞ ˪˷ (˰ˣ˟˶ ˶˦ˬ˪ ˸ˣ˟˷ˣˬ) ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ ˢˮˣˠ˪˟  ˧˶˵˧˰ˢ ˠˣˬ˪˞ˢ ˦˶˲˟ˣ ,

Stylophora pistillata ˶ˣ˦˧ˮˢ ˸˪˧˥˸ ˤ˞ˬ.  s ˦ˬ˪-   ˸˪˧˥˸ ˤ˞ˬ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯ ˶˲˯ˬˣ ˪˪ˣ˩ˢ ˸ˣ˟˷ˣˬˢ ˶˲˯ˬ

 .˶ˣ˦˧ˮˢ 

Figure B30: Top- the average density (colonies/square meter) of all coral genera and the 

dominant coral Stylophora pistillata found in the lagoon during the monitored period. Bottom- 

the total number of colonies and of coral taxa surveyed in the lagoon during the monitored 

period. 

 

  ˪˷ ˭ˣˣˠˬˢ ˡˡˬ ,˦˶˲˟) ˭ˣˣˠˬˢ ˧ˡˡˬ ˸˞ ˟˷˥˪ ˣˮ˶˟˰ ˢˮ˷ˢShannon-Wiener ˸ˮ˩˸ ˸ˣ˰˴ˬ˞˟ (Past 

)Hammer et al. (2001)ˢˮ˩˸ ˸ˣ˰˴ˬ˞˟ ˷ˡ˥ˬ ˣ˟˷ˣ˥ ˫˧ˮ˷ˢ ˪˩ ˪˷ ˭ˣˣˠˬˢ ˧˩˶˰ˣ ( .ˣˤ 

 ˡˡˬ ˪˷ ˣ˩˶˰Shannon-Wiener  ˭ˣˣˠˬ˪ ˢˮ˷ˢ ˢ˪˰ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˧ˠˣ˯˪ ˢ˞ˣˣ˷ˢ˟  ˞˪ ˨˞ ,˸ˬˡˣ˵ˢ ˢˮ˷

) ˧˦ˬ˶ˡ ˭˲ˣ˞˟1.84 x-1.63˟ ˶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 
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˧˞˟ ˶ˣ31 ˪˷ ˭ˣˣˠˬˢ ˡˡˬ ˧˲ ˪˰) ˫˧ˠˣˬ˪˞ˢ ˧ˮ˧ˬ ˭ˣˣˠˬ˟ ˫˧˧ˣˮ˧˷ˢ :Shanon-Wiener ˤ˞ˬ ˢˮˣˠ˪˟ (2004   ˧˲˩

˩˶˰ˣˢ˷ ˸ˮ˩˸ ˸˶ˤ˰˟ ˣPast.   

Figure B31: Changes in coral diversity in the lagoon since 2004, according to the Shanon-

Wiener index, estimated using the Past software. 

 

˸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 ˶˸ˣ˧˟ ˢ˩ˣˬˮˢ ˸ˣ˲˧˲˴ˢ .˶"ˬ˪ ˫˧ˠˣˬ˪˞2012 ,1.50 ˤ˞ˬˣ ,˶"ˬ˪ ˸ˣ˟˷ˣˬ  ˡ˰ ˸˧˦˧˞ ˢ˧˪˰ ˢ˸˲˴ˮ

 ˳˶ˬ ˪˷ ˢ˵ˤ˥ˢ ˢ˶˰˯ˢ ˸ˣ˟˵˰˟ .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˪2020˪ ˢˮˣˠ˪˟ ˸ˣ˟˷ˣˬˢ ˸ˣ˲˧˲˴ ˢˡ˶˧ ,- 1.63  ˢ˞˴ˬˮ ˢˮ˷ˢˣ

 ˪˷ ˸ˣ˲˧˲˴1.37    .˶ˣ˦˧ˮˢ ˸ˣˮ˷˟ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˨˶˰ˢ ,ˡ˟˪˟ ˶"ˬ˪ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ 

 ˧˦ˮˮ˧ˬˣˡˢ ˠˣˬ˪˞˟ ˢˮ˧ˢ ˸˧˶˵˧˰ˢ ˢ˰˧ˠ˲ˢStylophora pistillata x˸ˣˡˣˮ˸    ˸˞ ˣ˟˧˸˩ˢ ˢˤ ˠˣˬ˪˞ ˸˧˧˯ˣ˪˩ˣ˞˟

  ˶˧ˢˬ ˢˤ ˧ˮ˥˧˷ ˠˣˬ˪˞ .˫˧ˮ˧ˬˢ ˭ˣˣˠˬ˪ ˡˡˬˢ ˨˶˰ ˸˞ ˫ˠ ˢ˟˶ ˢˡ˧ˬ˟ˣ ,˪˪˩˟ ˢˮˣˠ˪ˢ ˸˶˟˥˟ ˫˧˲˴ˮˢ ˫˧˧ˣˮ˧˷ˢ

  ˷˞ˢ ˠˣˬ˪˞ .˫˧˪ˠˢ ˳˲ˬ ˸˥˸ ˸ˣ˪˵˟ ˶˟˷ˮ ˶˵˧˰˟ˣ ˸ˣ˵˰ ˭ˣˣˠˬ˪ ˰˧ˠ˲ ˫ˠ ˨˞ ,˥ˣˬ˴˪Millepora   ˫˧ˮ˷˟ ˳ˣ˲ˮ

ˣ˶˥˞ˢ ˫˧˧˸ˮ˷˟ˣ ,ˢˬˣˡ ˢˡ˧ˬ˟ ˸ˣˮˣ˶˥˞ˢ  ˞˴ˬˮˣ ˢˤ ˠˣˬ˪˞ ˱˞ ˪˟˯ ˢˮ˷ˢ ˧˩ ˢ˞˶ˮ ˨˞ ˧˦ˮˮ˧ˬˣˡ ˸ˣ˧ˢ˪ ˨˲ˢ ˸ˣˮ

 ˫˧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 

˸˪˰ˣ˲ ˣ˟ ˭ˬˤˢ ˨˷ˬ ˯ˬ ˣˮ˧˞ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˵˧˲ ˭˧˧ˡ˰ˣ˞ ˣ˪˞ ˸ˣˡˣˮ˸ ˪˰ ˡˣˬ˰˪ ˸ˮˬ ˪˰ ˪˰  ˭ˬˤˢ  ˶ˣˤ˥ˬ

ˢ˧ˮ˧˧˲ˣ˞ .˭ˢ˪ ˪ ˪˷ ˣ˪˞ ˸ˬˠˣˡ ˸ˣ˧ˬˣ˶ˡ ˸ˣ˶˰˯2020  ˱˶ˣ˥ ˪˷ˣ2009-2010   ,ˢ˞˶ˮ˩ ,˭ˢˣ ˢˮˣˠ˪˟ ˸˶˩˧ˮ ˢ˰˲˷ˢ

ˣ˞˧˟ˢ˷   ˸ˣˬ˩ ˫˧˰˧˯ˬˢ ,˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˶ˣˤ˞˟ ˸ˣˮˣ˲˦˷ ˫ˠ˷ ˢ˞˶ˮ .ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˲˧˲˴˟ ˢ˪ˣˡˠˢ ˢˡ˧˶˧˪

 ˶˥˞ ˟ˣ˵˰˪ˣ ˨˧˷ˬˢ˪ ˣˮ˧˪˰ .ˢˮˣˠ˪ˢ ˧ˠˣˬ˪˞˟ ˫˧˰ˠˣ˲ ,˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˰˶˧˞˷ ˧˲˩ ˫˧˲ˣ˥ˢ ˪˞ ˢ˪ˣˡˠ ˦ˮˬ˧ˡ˯

.ˢ˪˞ ˫˧˧ˣˮ˧˷˪ ˫˧ˬ˶ˣˠˢ ˸˞ ˡˡˣ˟ ˸ˣ˯ˮ˪ˣ ˢˮˣˠ˪˟ ˫˧ˠˣˬ˪˞ˢ ˸˶˟˥˟ ˫˧˧ˣˮ˧˷ 
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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˦˧˷ 

˸˷˶ ˧˩˶˰ˬ ˢ˷ˣ˪˷ ˣ˟˴ˣˢ ,ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷ˣ ˸˧ˬ˧ˢ ˢˡ˟˰ˬˢ ,˫˧˶˸˞ ˧ˮ˷˟  ˸ˮ˷˟2017  ˫ˢˬ ˡ˥˞ ˪˩˪ˣ

 ˣˡˬ˴ˣˢ12  ˭˪ˡˣˠ˷ ˠˣˠ˧ˤ ˞˪˪ ˸ˣ˧ˬ˶˵ ˸ˣ˧˥ˣ˪25X25    ˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˪˧˰˧ ˰˴ˬ˩ ˞˴ˬˮ ˢˤ ˶ˬˣ˥ .ˬ"˯

 ˸ˣ˧˥ˣ˪ˢ ˧˩˶˰ˬ .˫˧˪ ˭˸˯ˮ˩ˢ˪ ˡ˰ ˸ˣ˰ˣ˟˷ ˶˲˯ˬ ˨˷ˬ˟ ˫˧ˬ˶ˣˤ ˫˧ ˧ˬ ˪˩˧ˬ˟ ˸ˣ˶ˬ˷ˮ ˸ˣ˧˥ˣ˪ˢˣ˫˧˯ˮ˩ˣˬ   ˫˧˪

 (˳˶ˬ) ˟˧˟˞˟˫˧ˡˬ˴ˣˬˣ ˨ˣˬ˯˟ ˧˸ˣ˶˧˶˷ ˭˲ˣ˞˟ ˣ˥ˮˣˢ˷ ˫˧˩˶˰ˬ˪  ˵ˬˣ˰˟ ˸˧ˮˣ˷ ˰˪˯˪7-10  ˶ˣ˧˞) ˫˧˶˦ˬ˟32.(   

 ˸ˮ˷˟2019  .˞"˞˴˵ ˶˸˞˟ ˫ˠ ˫˧ˢˤ ˫˧˩˶˰ˬ ˣ˲˯ˣˣ˸ˢ 

 

 
˧˞ ˶ˣ˟32 .˸˧ˮˣ˷˟ ˸ˣ˟˷˧˧˸ˢ ˸ˣ˧˥ˣ˪ ˧˩˶˰ˬ : 

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

 ˭˧˥˟ˢ˪ ,˟ˣˢ˴ ˶˦˪˧˲ ˸˶ˤ˰˟ ,˶˷˲˞ˬˢ ˪ˣ˥˩ ˶ˣ˞ ˯ˮ˲ˣ (˶˪ˣ˵ˣˮ˧˟) ˶ˤ˥ˣˬ  ˫˧˵ˣ˶˧ ˫˧ˮ˧˞˦ˣ˶˲ ˪˷ ˢ˧˴ˮ˯˶ˣ˞ˣ˪˲˟

)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. 

 

˪˧˶˲˞ ˱ˣ˯˟ ˸˧ˮˣ˷˟ ˢˮˣ˷˞˶˪ ˣ˟˴ˣˢ ˸ˣ˟˷˧˧˸ˢ ˸ˣ˧˥ˣ˪- ˧˞ˬ ˸˪˧˥˸2015  ,ˠˣˬ˪˞ ˱ˣ˥ˣ ˸˧ˬ˧ ˢˡ˟˰ˬ)

˪˩ ˫˧˧˸ˮ˷ ˨˷ˬ˟ˣ .(ˢˬ˞˸ˢ˟ ˸ˣ˧ˣ˷˰ ˣ˧ˢ˷) ˸ˣ˧˥ˣ˪ ˠˣˤ ˸˲˪˥ˢ ˶ˣ˦˧ˮˢ ˪PVC   ˠˣˤ ˪˩˷ ˨˩ ˫˧˧˷ˡˣ˥ ˧ˡˬ (˶ˤ˥ˣˬˬ

 ˸ˮ˷) ˢˮˣ˷˞˶ˢ ˢˮˣ˰˟ .˫˧˷ˡˣ˥ ˢ˷˷ ˨˷ˬ˟ ˫˧˟ ˢˢ˷2015 ˢ˧ˢ ˫˧˟˷˧˧˸ˬˢ ˶˲˯ˬ ˨˞ ˸ˣˮ˧˧ˮ˰ˬ ˸ˣ˞˴ˣ˸ ˣ˪˟˵˸ˢ (

˧ ˭˦˵ ˫˧˟˷˧˧˸ˬˢ ˶˲˯ˬ ˢ˧ˢ ˢ˧˧ˮ˷ˢ ˢˮˣ˰˟ .˸ˣ˟˷˧˧˸ˢˢ ˸˧ˮ˟˸ ˧˟ˠ˪ ˣˮˬˬ ˵˧˯ˢ˪ ˢ˧ˢ ˭˸˧ˮ ˞˪ˣ ˭˦˵  ˣ˪˟˵˸ˢ ˞˪ˣ ˶˸ˣ

 ˸ˮ˷˪ ˶ˣ˦˧ˮˢ ˥"ˣˡ) ˸ˣ˧˸ˣ˰ˬ˷ˬ ˸ˣ˞˴ˣ˸2016  ˶˸ˣ˧ ˸˥˪˴ˣˬ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˟˷˧˧˸ˢ ˪˰ ˣ˰˧˟˴ˢ ˸ˣ˧˲˴˸ˢ ,˸˞ˤ ˪˩˟ .(

 ˸ˮ˷˟2015  ˸ˮ˷˪ ˢ˞ˣˣ˷ˢ˟2016  ˶ˢˬ ˫˧˪ˡˠˢ ,˫˧˟˷˧˧˸ˬ ˪˷ ˶˸ˣ˧ ˪ˣˡˠ ˶˲˯ˬ ˣˮ˷˧ ˢ˶ˣˬ˷ˢ ˶˸˞˟˷ ˨˩ ˪˰ˣ ,

  .˸˧ˬ˧ˢ ˢˡ˟˰ˬˢ ˶˸˞˟ ˶˷˞ˬ ,˶˸ˣ˧ 

˸˶˩ˣˬˢ ˢ˧˧˟˶ˢ ˸ˮˣ˰ ˤ ˥˲˯ˮ ˣ˞˶) ˳˧˵ˢ ˸ˮˣ˰ ˞˧ˢ ˳˶˲ˬ˟ ˫˧ˠˣˬ˪˞ ˪˷3  ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˥"ˣˡ˟2015  ˶˧˴˵˸ ,

 ˷ˡˣ˥˟ ˷˥˶˸ˬ ˸˧ˮˣ˷˪ ˯ˣ˧ˠˢ ˶˵˧˰ ˧˩ ,˸ˣˬˡˣ˵ ˸ˣˡˣ˟˰˪ ˢˬ˞˸ˢ˟ ,˞˴ˬ ˶˷˞ ˶ˠˮ˧ˤ˪˷ ˫ˣ˸ ˪˷ ˨ˬ˯ˣˬˢ ˸ˡˣ˟˰

˷ ˭˦˵ˢ ˭˪ˡˣˠ .˫˧˟˷˧˧˸ˬ ˡ˞ˬ ˦˰ˬ ˣ˞˴ˬˮ ˣˤ ˢˮˣ˰˪ ˳ˣ˥ˬ ˫˧˟ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˭˩˞ˣ ,(˦˯ˣˠˣ˞ ˸ˣ˟˷ˣˬˢ ˪

 ˫˧ˮ˷˟ ˶ˣ˦˧ˮˢ ˸˶ˠ˯ˬ˟ ˣˮ˥˟ˮ˷ ˸ˣ˟˷˧˧˸ˢˢ ˸ˣ˧˥ˣ˪ ˪˰ ˣ˞˴ˬˮ˷2015-6   ˪˰ .˫˧ˠˣˬ˪˞ˢ ˠˣ˯ ˸˞ ˰ˣ˟˵˪ ˶˷˲˞ˬ ˣˮ˧˞

 ˸˥˲˷ˬˬ ˫˵˪˥ ˸ˣ˥˲˪˷ ˢ˞˶ˮ ,ˡ˟˪˟ ˢ˞˶ˬˢ ˨ˬ˯Pocilloporidae )Babcock et al., 2003  ˫˧˩˧˧˸˷ˬ˷ ˶˧˟˯ˣ (

 ˭˧ˬ˪Stylophora pistillata  .˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˳ˣ˲ˮˢ 

 ˸ˮ˷˟2017   ˧˟ˠ˪ ˶˸ˣ˧ ˢ˟˶ˢ ˢ˪ˣˡˠ ˸ˣ˧˲˴˸ ˸ˣˬ˩ ˢ˪˟˵˸ˢ ˭˩˞ˣ ˢ˪˰ˬ˪ ˶˞ˣ˸ˬˢ ˢˤ˪ ˢˬ˧ˠˡˢ ˪ˣ˵ˣ˦ˣ˶˲ ˢˮˣ˷

  ˸ˣ˧˥ˣ˪ .˶˸˞ ˣ˸ˣ˞ˬ ˫˧˩˶˰ˬˢ ˭˧˟ ˫ˠ ˨˩ˣ ˢ˪ˣˡˠ ˸ˣˮˣ˷ ˢˮ˷˧ ˨˶˰ˬ ˣ˸ˣ˞ˬ ˸ˣ˧˥ˣ˪ ˭˧˟ .˸˧ˮˣ˷˟ ˫˧ˠˣˬ˪˞ ˯ˣ˧ˠ ˸˧ˮ˟˸
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Figure B34: Top ï the average density of coral spats (per meter-square) at different time 

intervals this year. Bottom ï the average number of polyps per spat (size). 
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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. 
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 ˸˶˩˧ˮ ˢˡ˧˶˧ ˢ˸˧ˢ ˢˮ˷ˢ .ˢ˶ˣˬ˷ˢˣ ˞"˞˴˵ ˧˶˸˞˟ ˦˶˲˟ ,˸ˣˮˣ˷˞˶ˢ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˶˸ˣ˧ ˟ˣ˦ ˫˧˪ˡˠ ˫˧˟˷˧˧˸ˬ

 ˧ ˟˷˧˧˸ˬˢ ˶˲˯ˬ˟  ˪˰ ˶ˬˣ˪ ˭˸˧ˮ ˞˪ ˫˧ˮ˷ˢ ˭˧˟ ˫˧˪ˡ˟ˢ˟ ˟˷˥˸ˢ˟ ˨˞ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ,ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˫

 ˸ˮ˷ ˪˷ ˢˤˬ ˪ˣˡˠ ˢ˧ ˢ˶ˣˬ˷˟ ˢˮ˷ˢ ˫˧˟˷˧˧˸ˬˢ ˶˲˯ˬ .˶˟ˡ ˨˩2020  . 

 

 

 
˧˞ ˶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˦˧˷ 

  ˡ˵ˬ˸ˬ ˶˵˯ˢ .˫˧˶˸˸˯ˬ ˫˸˧˟˶ˬ ˫ˣ˧ˢ ˸ˣ˰˷˟˷ ˭ˣˣ˧˩ˬ ,ˢ˪˧˪ˢ ˸ˣ˰˷˟ ˨˶˰ˮ ˫˧ˡ˧˧ˮˢ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˶˵˯

 ˶ˣˤ˞˟) ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ˣ ˸˧ˬ˧ˢ ˢˡ˟˰ˬ˟ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˧ˮˣ˷˟  ˫˧˵ˬˣ˰˟ (˫˧˶˵˟ˬ˪ ˶ˣˠ˯ˢ5 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,ˢ˟˶ ˸ˣ˪˧˰˧˟ ˪ˣˡˠ ˥˦˷ ˸ˣ˯˩˪ ˭˸˧ˮ ˣˤ ˢ˦˧˷˟ .(   ˪˩ ˪˷ ˣ˥˦˷ ˸˧˟˶ˬ ˸˞ ˢˤ ˢ˶˵ˬ˟ˣ

˰ˢ ˣ˵ ˨˶ˣ˞˪ ˶˸˞  .˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˪˷ ˭˦˵ˢ ˫˶˲˯ˬ ˟˵˰ ˸ˣ˟˧˷˥ ˸˪˰˟ ˢˡ˟ˣ˰ ,˶˥˟ˮˢ ˵ˬˣ˶˸˞˟ ˥˦˷ˢ ˟˶˧ˬ 

˶˵˯ˮ   ˫˧˶˦ˬ˶˲ ˪˷ ˢ˩˶˰ˢˢ ˸˪ˣ˩˧ ˢˡ˟˞ ˫˪ˣ˞ ,˶˷˲˞ˢ ˪˩˩ ˸˵˧ˣˡˬ ˢ˶˧˲˯ ˸˪˟˵˪ ˷˵ˣ˟ˬˢ ˵ˬˣ˰ˢ ˣ˵ ˨˶ˣ˞˪

ˡ˧ˡˬ ˸ˣˡ˧˥˧ ˪˷ ˸ˣ˟˶ ˸ˣ˶ˤ˥˟ ˫˧˧ˣ˪˸ˢ ˫˧˦˯˧˦˦˯ .˶˸˞ˢ ˸˞ ˸ˣˬˠˣˡˢ ˸ˣˮ˦˵ 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 ˟˴˧ˮˢ ˦ˣˬˢ ˸˥˸ ˫˧˞˴ˬˮˢ ˫˧˦˶˲ˢ ˸˞ ˶˲ˣ˯ˣ  ˪˰ ˰˟˵ˮ ˢ˩˶ˣ˞ ˶˷˞ ˢ˰ˣ˴˶ ˸˶˵˯ˮ .ˡ˥˞ ˶˦ˬ 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˷ˢ1600 ˟ ˢ˪˟˦˟ ˦ˣ˶˧˲ˢ ˧˲˪ ,˫˧˰ˣ˟˶ ˫˧˶˦ˬ6 . 

 
˪˟˦˟ 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 0.265 53 0.025 5 0.08 32 0.015 6 0.03 12 

Other Urchins 0.04 8 0.005 1 0.093 37 0.01 4 0.048 19 

Total Urchins 0.305 61 0.03 6 0.173 69 0.025 10 0.078 31 

Starfish 0.005 1 0.01 2 0.015 6 0.03 12 0.000 0 

Feather star 0.425 85 0.58 116 0.533 213 0.285 114 0.013 5 

Sea Cucumber 0.09 18 0.03 6 0.07 28 0.15 60 0.08 32 

Basket Star 0.005 1 0.01 2 0.08 32 0.015 6 0.03 12 

m2 surveyed 200 200 400 400 400 

 

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

 ˸ˣˮ˷ ˟ˣ˶˟ .˸ˣ˴˞ˬ ˸˧ˮˣ˷ˢ ˢ˴ˣ˟˵ˢ ˶˷˞˩ ˶ˣ˦˧ˮˢ ˧˶˵˯˟ ˶˸ˣ˧˟ ˢ˴ˣ˲ˮˢ ˢ˴ˣ˟˵ˢ ˢ˸˧ˢ ˫˧ˢ ˧ˡˣ˲˧˵ ˸˴ˣ˟˵ ˶ˣ˦˧ˮˢ

  ˶˸ˣ˧ ˸ˣ˴ˣ˲ˮ ˫˧ˢ ˸ˣ˪˴˟˥ ˢˮ˷ˢ ˫ˠˣ ˸ˣ˶˴ˣ˧ˢ ˣ˩˲ˢ˸ˢ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˫˪ˣ˞ ,˫˧ˢ ˸ˣ˪˴˟˥ ˞˧ˢ ˢ˴ˣ˲ˮˢ ˢ˧ˮ˷ˢ

˟ ˶ˣ˧˞) ˫˧ˢ ˧ˡˣ˲˧˵ ˶˷˞ˬ ˶ˣ˦˧ˮˢ ˧˶˸˞˟38˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˢˢˣ˟ˠ ˫˧ˢ ˸ˣ˪˴˟˥ ˪˷ ˭˸ˣ˲˧˲˴ .(   ˞˪ ˨˞

 .˸ˣ˪˴˟˥˪ ˧ˮ˧˧˲ˣ˞ ˪ˣˡ˧ˠ ˸˧˟ ˢˤ ˭˧˞ ˭˩ ˪˰ .˫˧˦˰ˬ ˢ˟ ˫˧˰˪˯ˢˣ ˶˵˧˰˟ ˧˪ˣ˥ ˶˸˞ ˞˧ˢ ˢˮˣˠ˪ˢ .ˢˮˣˠ˪ˢ ˶˸˞˟ 

 ˶˸ˣ˧˟ ˳ˣ˲ˮˢ ˭˧ˬˢ ˢ˧ˢ ˫˧ˮ˷ˢ ˟ˣ˶˟ ,˫˧ˢ ˧ˡˣ˲˧˵ ˭˧˟Diadema setosum  ˢ˧˪˰ ˢ˸˲˴ˮ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ .

˷˟ˣ ˢˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢˣ ˢˮˣˠ˪ˢ ˧˶˸˞˟ ˫˧˶˥˞ ˫˧ˠˣ˯ˬ ˫˧ ˧ˡˣ˲˧˵ ˸˰˲˧˷˟ ˫˧ˢ ˡˣ˲˧˵ ˸ˬˡˣ˵ˢ ˢˮEchinometra 

mathaei ˷ ˞˴ˬˮ ˢˮ˷ˢ .˶˸ˣ˧ ˳ˣ˲ˮ ˢ˧ˢ- D. setosum   ˶˸˞˟ ˢ˸˪˰ ˣ˸ˣ˲˧˲˴˷ ˫ˣ˷˧ˬ ˶˵˧˰˟ ,˶˸ˣ˧˟ ˳ˣ˲ˮˢ ˸ˣ˧ˢ˪ ˶ˤ˥

ˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˡ˥ˣ˧ˬ˟ˣ) ˫˧ˡˣˡ˶ˢ ˫˧˶˸˞˟ ˶˸ˣ˧˟ ˢ˪ˣˡˠ ˫˧ ˧ˡˣ˲˧˵ ˸ˣ˲˧˲˴ .IUI-5  ˫˧˶˸˞˟ ˸ˣ˥˲ˣ (

.˫˧˵ˣˬ˰ˢ 

 ˸ˮ˷˟2014 ˢˮˣ˷˞˶˪ ˢ˲˴ˮ ) ˵ˮˣ˷˥ˮ ˶ˣ˦˧ˮˢ ˧˶˵˯˟Basket Star, Astroboa nuda  ˸ˣ˧˲˴˸ˢ ˸ˣ˟˶˸ˬ ˤ˞ˬˣ (

 ˣ˶˲˯ˮ ,˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢˬˣˡ˟ ,ˢˮ˷ˢ .ˢˤ ˶ˣ˴˧ ˪˷23  ˨˪ˣˢ ˢˤ ˶ˣ˴˧˷ ˢ˞˶ˮˣ ˫˧˶˸˞ˢ ˪˩˟ ˪˩ˢ ˨˯˟ ˫˧˦˶˲

 .˸˪˧˞˟ ˯˯˟˸ˬˣ 
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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.  

 

 ˢ˞˶ˮ ˭ˬˤ ˨˶ˣ˞˪ ˦˟ˬ˟ ˨˞ ˫˧ ˧ˡˣ˲˧˵ ˸ˣ˲˧˲˴˟ ˸ˣ˪ˣˡˠ ˸ˣˡˣˮ˸ ˣˡˡˬˮ ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˨˷ˬ˟  ˸˧˧˯ˣ˪˩ˣ˞˷

 ˸ˮ˷ ˤ˞ˬ ˦˶˲˟ˣ ,˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˷ˬ˟ ˢˮ˦˵ ˸˪˧˞ ˧˶˸˞˟ ˫˧ˡˣ˲˧˵ˢ2016 ˟ ˶ˣ˧˞)39 ˸ˣ˲˧˲˴ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟.(

 ˫˧˶˵˯˧ˮˢ ˫˧˶˸˞ˢ ˪˩˟ ˣ˶˲˯ˮ ˢˮ˷ˢ .˸ˣ˧˸ˮ˷ ˸ˣˡˣˮ˸ ˪˰ ˡˣˬ˰˪ ˢ˷˵˷ ˢˮ˦˵ ˨˩ ˪˩ ˫˧ˢ ˧ˡˣ˲˧˵177  ˪˩ˬ ˫˧˦˶˲

 ˸ˬˣ˰˪ ,˫˧ˮ˧ˬˢ202 ˠ ˸ˣ˲˧˲˴ .ˢˢˤ ˶˵˯ˮ ˥˦˷˟ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˸ˣˮˣ˷˞˶ˢ ˫˧ˮ˷˟ ˢˡˡˬˮ ˫˧ ˧ˡˣ˲˧˵ ˪˷ ˢˢˣ˟

) ˶ˣ˦˧ˮ˪2004-5  ˫˧ˮ˷˟ ˭˩ˣ (2007-8  ˸ˮ˷˟ˣ2012  ˢ˧˯ˣ˪˩ˣ˞ˢ ˸ˣ˲˧˲˴ ˭ˢ˟ ˫˧ˮ˷ ˸ˣˡ˧˶˲ˬ ˢ˪˞ ˫˧˞˧˷ ˭˧˟ .

˩˟ ˢˮ˦˵- 50% .˫˧˶ˣˤ˥ˬ ,ˢ˞˶ˮ˩ ,˫˧˲˵˷ˬ ˫˧ˢ ˧ˡˣ˲˧˵ ˸ˣ˲˧˲˴˟ ˫˧˧ˣˮ˧˷ˢ   ˣ˞ ,ˢ˧˧˯ˣ˪˩ˣ˞ˢ ˪ˡˣˠ˟ ˫˧˧˰˟˦

˰ ˭ˣˠ˩ ˸ˣ˧˶ˣˤ˥ˬ ˸ˣ˧˸˟˧˟˯ ˸ˣ˰˲˷ˢ ˸˲˯ˣ˸˟ˣ ˭˦˵ ˢ˧ˢ ˟ˣ˟˶˰ˢ ˵ˬˣ˰ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ .˭ˣˤˬ ˸˵˲˯˞ˣ ˟ˣ˟˶˰ˢ ˵ˬˣ

 ˳˶ˬ˟ ˢ˵ˤ˥ˢ ˢ˶˰˯ˢ ˦˶˲˟ˣ ˸ˣ˵ˤ˥ ˸ˣ˧ˬˣ˶ˡ ˸ˣ˶˰˯ ˪˷ ˭˸˰˧ˠ˲2020  ˢˬ˴ˬ˦˴ˢ ˫˧ˡˣ˲˧˵ˢ ˸˧˧˯ˣ˪˩ˣ˞ ˧˩ ˢ˞˶ˮ ,

 ˸ˮ˷˟ ˢˡˡˬˮ˷ ˸ˣ˲˧˲˴ˢˬ ˸˧˴˥ˬ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˢ˸˧ˢ ˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞˟ ˫˧ˢ ˧ˡˣ˲˧˵ ˸ˣ˲˧˲˴ .˶˩˧ˮ ˭˲ˣ˞˟
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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 

 ˳ˣ˲ˮˢ ˡˣ˲˧˵ˢ ˸˧˧˯ˣ˪˩ˣ˞˟ ˸ˣˡˣˮ˸ˢD. setosum  ˶˸˞˟ ˡ˥ˣ˧ˬ˟ ˸ˣ˪ˣˡˠIUI-5   ˨˞ ,˶˸ˣ˧˟ ˢ˪ˣˡˠ ˣ˸ˣ˲˧˲˴ ˣ˟

 ˫˧ˢ ˡˣ˲˧˵ ˸ˣ˲˧˲˴˟ ˢ˧˧˪˰ ˢ˞˴ˬˮ ˢˮ˷ˢ .˸˧ˮˣ˷ˢ ˸ˬˡ˵ ˧˶˸˞ ˪˩˟ ˢˬˣˡ ˧ˣˮ˧˷ˢ ˸˧ˮ˟˸D. setosum    ˸ˬˡ˵ ˧˶˸˞˟

 ˢˮ˷ˢ ˣ˞˴ˬˮ ˢˬˣˡ ˶˵˯ˮ ˥˦˷˟ .˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ,˫˧ˡˣˡ˶ˢ ˸˧ˮˣ˷ˢ85  ˸ˬˣ˰˪ ˫˧˦˶˲65  ˸ˬˡˣ˵ˢ ˢˮ˷˟

 ˸ˮ˷˟)2016  ˢ˪˞ ˫˧˶˸˞˟ ˣ˶˲˯ˮ532  ˫˧ˢ ˡˣ˲˧˵ˣ ˪˪˩˟ ˫˧ˢ ˧ˡˣ˲˧˵ ˸ˣ˲˧˲˴ .(ˢˢˤ ˥˦˷˟ ,˫˧˦˶˲D. setosum  

 ˦˶˲˟ˠ˧˞ˡˢ˪ ˢ˩ˣˬˮ ˭˧˧ˡ˰ . 
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˧˞ ˶ˣ0˟4  ˫˧ˢ ˧ˡˣ˲˧˵ ˪˷ (˶"ˬ˪ ˫˧˦˶˲) ˸˰˴ˣˬˬˢ ˸ˣ˲˧˲˴ˢ :Diadema setosum    ˫˧˶˥˞ ˫˧ ˧ˡˣ˲˧˵ ˪˷ (ˢ˪˰ˬ˪)

˟ (ˢ˦ˬ˪)  .˶ˣ˦˧ˮˢ ˧˶˸˞ 

Figure B40: The average density (individuals per m2) of Diadema setosum (top) and other 

urchins (bottom) at the sampling 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 

˪˷ ˫˸ˣ˲˧˲˴   ˫˧˧ˣˮ˧˷ ˣ˞ ˸ˣ˧˶ˣˤ˥ˬ ˸ˣˡˣˮ˸ ˧˟ˠ˪ ˵˧˯ˢ˪ ˢ˷˵ ˭˩ ˪˰ˣ ˡ˞ˬ ˢ˩ˣˬˮ ˫˧ ˧˟˩ˣ˩ˣ ˫˧ ˧ˮˣ˲˲˪ˬ

 .˸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˟˷˧˧˸ˢ˪ ˪ˡˣˬ ˸ˣˣˢˬˣ ,˰˴ˬ ˸ˣˡˣˬ˴ ˸ˣ˴˞ ˸ˣ˟˷˧˧˸ˢ˪ ˸ˣ˷ˬ˷ˬ ˸ˣ˧˥ˣ˪ˢ  ˫˧˲ˣ˷˥ ˫˧˥˦˷˟ ˸ˣ˴

 ˱˪˥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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[ ] ( )100/)08.054.185.11(30
6306476642

EEEChl
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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˧˧˰˶

 ˭ˣˤˬˢ ˧˶ˬˣ˥ ˸ˣˮ˧ˬˤ ˧ˡ˧ ˪˰ ˢ˟˶ ˢˡ˧ˬ˟ ˦˪˷ˮ  ˸ˣ˴˞ˢ ˸ˣˬ˩˪ ˡˡˬ ˸ˣˣˢˬ ˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪ˢ .˫˧ˬ˟ (˫˧˦ˮ˧˧˶˦ˣˮ)

 .˸ˣ˴˞ ˪˰ ˢ˧˧˰˶ˢ ˸ˡ˧ˬ˪ ˨˩ˣ ,˪˰ˣ˲˟ 

 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 (˞ :

 (˟) ˟ˠ˷ ˭˴˧ˮ ˱ ˧˶ ˧˸ˣ˶ :˫ˣ˪˧˴ .˫˧˟ ˫˧˧˷ˡˣ˥ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ˢ ˸ˣ˲˪˥ˣˬ ˷ˡˣ˥ ˧ˡˬ ,ˢ˪˧˪˴˟ ˸ˣ˧˥ˣ˪ ˸˲˪˥ˢ 

Figure B42: (A) Algae settlement plates. Two plates in the array are exposed to grazing by 

herbivores, and two are protected by a wire cage. Photo: Nitzan Segev (B) Every month divers 

replace the two settlement plates that have been in the sea for two months. Photo: Ruti Reef. 
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˟43ˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲ =) ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ ˪˷ ˧˟˶ˬˢ ˤˣ˩˧˶ˢ .( ˢˮ˷ˢ ˢ˧ˢ (˸˧ˮˣ˷˟ ˸ˣ˴˞ˢ ˪ˣ2mg/cm  

5.33   ˸ˬˣ˰˪ ,˶˞ˣ˶˟˲ ˷ˡˣ˥˟2mg/cm 2.90  ˣ˶˵˞ˬ ˸˥˧˶˲ .˸ˬˡˣ˵ˢ ˢˮ˷˟ ˧˪ˣ˧ ˷ˡˣ˥˟-  ˢ˸˧ˢ ˸˧ˮˣ˷˟ ˸ˣ˴˞
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  ˶˥˞ ˟ˣ˶˪ ˸˟˵ˣ˰ (ˢ˧˧˰˶˪ ˸ˣ˲ˣ˷˥ ˸ˣ˟˷˧˧˸ˢ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ =) ˪˰ˣ˲˟ ˸ˣ˴˞ ˸˥˧ˬ˴
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 ˪˷ ˞˧˷ ˡˡˬˮ ,ˢˮ˷ˢ ˶˞ˣ˶˟˲ ˷ˡˣ˥˟ .˪˰ˣ˲˟ ˢ˥˧ˬ˴ˢ ˭˧˟ˣ2mg/cm 2.74 ˧˟ˠ ˪˰   ˧˴˥˩ ,˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪ˢ

 ˢ˟˧ˠˬ ˢˮ˧˞ ˢ˧˧˰˶ˢ ˢ˪˞ ˫˧˷ˡˣ˥˟ ˧˩ ˢ˞˶ˮ .˸ˬˡˣ˵ˢ ˢˮ˷˟ ˪˞˧˴ˮ˦ˣ˲ˢ ˞˧˷˪ ˟ˣ˶˵ˣ ˷ˡˣ˥ ˣ˸ˣ˞˟ ˪˞˧˴ˮ˦ˣ˲ˢˬ

 .˪˰ˣ˲˟ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ˟ ˭ˢˣ ˸ˣ˴˞ˢ ˸˥˧ˬ˴ ˪˞˧˴ˮ˦ˣ˲˟ ˭ˢ ˸˶˩˧ˮ ˸˧˸ˮˣ˰ˢ ˸˧ˮ˟˸ˢˣ ˸ˣ˴˞ˢ ˸˥˧ˬ˴˪ ˵˧˲˯ˬ ˶ˢˬ 

˦ˣ˲˟ ˫˧˞˧˷ ˧ˮ˷ ˣ˞˴ˬˮ ˫˧ˮ˷ˢˬ ˢ˟˶ˢ˟˸˥˧˶˲ ˪˞˧˴ˮ   ˟ˣ˟˶˰ ˪˷ ˫˧ˮ˷˟ ˶˷˞˩ ,˳˧˵ˣ ˱˶ˣ˥ ,˸ˣ˟˧˷˧ˢ ˸ˣ˴˞ˢ

.˳˧˵ˢ ˪˷ ˢˤˬ ˢˣ˟ˠ ˱˶ˣ˥ˢ ˪˷ ˞˧˷ˢ ˨˶˰ ˵ˣˬ˰   ˢ˷˪˥ ˢ˸˧ˢ ˱˶ˣ˥˟ ˸ˣ˟˧˷˧ˢ ˸ˣ˴˞ˢ ˸˥˧˶˲ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟

.˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˷ˣ˪˷˟ ˶˷˞ˬ ˫˧˩ˣˬˮ ˣ˧ˢ ˳˧˵ˢ ˧˩˶˰ˣ ˢ˵ˤ˥ ˱˶ˣ˥ ˸˥˧˶˲ ˢ˸˧ˢ ˢˮ˷ˢ ˨˞ ˸˧˯˥˧ 

 

 
 ˶ˣ˧˞˟43 ˸ˣˬ˩ ˰˴ˣˬˬ :chlorophyll a  ˫˧˟ˣ˪˩˟ ˸ˣˮˠˣˬˣ ˸ˣ˲ˣ˷˥ ˸˧˥ˣ˪ ˠ"˰ ˸ˮ˷˟2022 ˪˩ .ˢˡˣˬ˰   ˷ˡˣ˥ ˸ˠ˴˧˧ˬ

˪˰ ˸˟˷ˣ˥ˬ) ˡ˥˞ -  .(˫˧˧˷ˡˣ˥ ˫˧˟ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ ˷ˣ˪˷ ˧˲ 

Figure B43: Average chlorophyll a on exposed and caged settlement plates  in 2022. Each bar 

represents one month (calculated as an average of three plates submerged in the sea for two 

months). 

 

 ˶˟ˬ˦˲˯˟2014   ,ˡˣˡ˶ ˟ˣ˟˶˰ ˪˷ ˢˮ˷ ˶ˣ˟˰ ˣ˸ˬ˴˰˟ ˠ˧˶˥ ˢ˧ˢ˷ ˸ˣ˟˧˷˧ ˸ˣ˴˞ ˸˥˧˶˲ ˪˞˧˴ˮ˦ˣ˲˟ ˞˧˷ ˡˡˬˮ
2mg/cm 6.95 ˪˷ ˢ˞˴ˣ˸ ˣˮ˧˞˷ ˶ˣ˶˟ ˧˩ ˫˞ ,˵˲˯ˬ ˶˟˯ˢ ˣ˪ ˞˴ˬˮ ˞˪ˣ ,  ˣ˞˧˷˪ ˰˧ˠˬˢ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰

 ˫˧ˮ˷˟ .ˤ˞ ˢ˥˧˶˲ ˞˧˷˪ ˫˶ˣˠˣ ˱˶ˣ˥˟2015-2020   ˫˧˞˧˷ˢ ˧˩ ˫˞ ,˶˸ˣ˧ ˨ˣˬˮ ˶˸ˣˮ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲

 ˶˥˞˪˷ ˢ˲ˣ˵˸˟ ˡˣˡ˶ ˟ˣ˟˶˰ ˸ˣˮ˷ ˪˷ ˣ˪˞ˬ ˫˧ˢˣ˟ˠ ˟ˣ˶˪ ˫˧ˡˡˬˮˢ2007. 

ˢ ˪ˣˬ ˢ˧˰˶ˬ ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˡˡˬˮ˷ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲  ˸˶ˠ˯ˬ˟ ˸˧ˬ˧ˢ ˢˡ˟˰ˬ

ˢ˧ˢ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ 2mg/cm 7.99 ˶˞ˣˮ˧˟ ,2008ˡ˥ˣ˧ˬ˟ ˵ˣˬ˰ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ ˢ˟ ˢˮ˷ ,.    ˫˧ˮ˷˟ ˫ˠ

2007 x- 2012  ˸ˣ˴˞ ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲˟ ˫˧˞˧˷ ˣˡˡˬˮˣ ,ˢˮˣ˶˥˞ˢ ˢˮ˷˪ ˢˬˣˡ˟ ,˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˵ˣˬ˰ ˟ˣ˟˶˰ ˢ˧ˢ

 ˶ˣ˧˞) ˸˧ˬ˧ˢ ˢˡ˟˰ˬˢ ˶˸˞˟ ˸ˣ˟˧˷˧˟44.( 

 ˳˥˪ ,˟ˣ˶˪  ˪˞˧˴ˮ˦ˣ˲ ˢ˪ˣ˰˷ ˪˩˩ .˸˧˸ˣ˰ˬ˷ˬ ˢˡˬ˟ ˢ˪˞ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˸˞ ˡ˧˶ˣˬ ˢ˧˰˶ˢ

  ˢ˞˶ˮˢ ˪˩˩ ,˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪˟ ˸ˣ˶˯˥ (˪˧˲ˣ˶ˣ˪˩) ˸ˣ˴˞ ˶˸ˣ˧˷ ˞˴ˬˮˣ ˫˧˰ˣ˶ˢ ˸˟ˣˠ˸ ˢ˪ˣ˰ ˭˩ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ

˟ ˶ˣ˧˞) ˸˧ˮˣ˷ˢ ˧˰ˣ˶ ˧ˡ˧ ˪˰ ˣ˵˪ˣ˯44 .(ˢ˦ˬ˪ , 

˟˷˥ˢ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˸ˣ˴˞ˢ ˸ˣˬ˩ ˢˮ˷ ˪˩  ˟ˣ˶˟ .˸ˣˮˠˣˬˢ ˸ˣ˧˥ˣ˪˟ ˫˪ˣˠˬˢ ˪˞˧˴ˮ˦ˣ˲ˢˬ ˢˮ˦˵ ˢ˧˧˰˶˪ ˸ˣ˲ˣ

 ˢˮ˦˵ ˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˧˩˶˰ ˸˰˶˷ˬ ˫˧˶˵ˬˢ˸ˣ˪˧˰˧˪ ˸ˣˡ˰ ,˪˞˧˴ˮ˦ˣ˲ˢ ˪˷ ˣˤˬ ˢ˟˶ˢ˟  ˢ˧˧˰˶ˢ

  .ˡ˞ˬ ˫˧ˮ˦˵ ˸ˣˮˠˣˬˢˣ ˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪ˢ ˭˧˟ ˫˧˪ˡ˟ˢˢ ˨ˣˬˮ ˸ˣ˴˞ˢ ˪˞˧˴ˮ˦ˣ˲ ˭ˢ˟ ˫˧ˮ˷˟ .˸ˣ˴˞ˢ ˸ˣˬ˩ ˸ˣ˯˧ˣ˟

˭ˢ˟ ˫˧ˮ˷˟ ) ˭ˬˤ ˥ˣˣ˶ˬ ˶˴ˣˣ˧ˢ˪ ˧ˣ˷˰ ˢˣ˟ˠ ˪˞˧˴ˮ˦ˣ˲ˢtime lag ˪ˣˡ˧ˠˢ ˸ˣ˯˧ˣ ˭˧˟ˣ ˸ˣ˴˞ˢ ˪˷ ˶˧ˢˬˢ ˪ˣˡ˧ˠˢ ˭˧˟ (

 ˪˷ ˣˬˣ˩˧˯˟ .˸ˣ˶˧ˢˬ˟ ˸ˣ˪ˡˠ ˸ˣ˴˞ˢ ˣ˟ ˟˪˷˟ ˢ˴˞ ˫˶ˠ˪ ˢ˧˧˰˶ˢ ˧˴˥˪˟ ˢˡ˧˶˧ˬ ˫˶ˠˮ ˢˤ ˥ˣˣ˶ˬ .ˢ˧˧˰˶ ˸ˣ˰˴ˬ˞˟

˶˟ˡ ˧˩ ˢ˞˶ˮ , ˫˧˰ˣ˶ˢ ˸˧˧˯ˣ˪˩ˣ˞˭˲ˣ˞˟ ˸˧ˮˣ˷˟ ˸ˣ˴˞ˢ ˪ˣˡ˧ˠ ˸˞ ˸˸˯ˣˣˬ  ˫˧˸˧˰˪ ˧˩ ˫˞ ,˪˧˰˧˷˶ˡˮ   ˶˟ˠ˸ˢ˪ ˭ˬˤ

0

1

2

3

4

5

6

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

C
h

l-a
 [

m
g

/c
m

2 ]

IUI Benthic Algae Settlement - 2022

Exposed plates

Caged plates



 

83 

 

 ˢ˧˧˪˰ ˪˰ ˢ˶˧ˢˬˢˣ˟ˠ ˪ˣˡ˧ˠˢ ˪˞˧˴ˮ˦ˣ˲ ˭ˢ˟ ˫˧ˮ˷˟ ˸ˣ˴˞ˢ ˸˰˲˧˷˟˸ˣ˴˞ˢ ˪˩ ˸˞ ˸˪˴ˮˬ ˢˮ˧˞ ˫˪ˣ˰˪ˣ , . 

 

 

 
 ˶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˸˷ ˱˞ ˪˰

˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶/˸ˣ˴˞ˢ    ˪˰ ˢ˞ˣˣ˷ˢ ˢ˪˞ ˫˧ˮˣ˸ˮ ˫˧˶˷˲˞ˬ ,ˢˮ˷˪ ˢˮ˷ˬ ˢˮ˸˷ˬ (ˢ˧˰˶ˬ ˸ˣˮˠˣˬ

˷ˣ˪˷ ˪˩ ˸˷˥˶˸ˬ ˟˧˟˞˟ ˸ˣ˟˧˷˧ ˸ˣ˴˞ ˪˷ ˢ˵ˤ˥ ˢ˥˧˶˲ ˧˩ ˢ˞˶ˮ ˣˤ ˭ˬˤ ˸˶ˡ˯˟ .˶˸ˣ˧ ˨ˣ˶˞ ˭ˬˤ ˧ˮ˲- ,˫˧ˮ˷ ˷ˬ˥

  ˸ˮ˷ ˪˷ ˭ˣ˶˥˞ˢ ˞˧˷ˢ ˭˧˟ ˨˞2012 ï  ˵ˣˬ˰ ˟ˣ˟˶˰ ˪˷ ˢˮ˷ï  .˶˸ˣ˧ ˢ˩ˣ˶˞ ˢ˲ˣ˵˸ ˢ˶˟˰ ˢˮ˷ˢ ˪˷ ˞˧˷ˢˣ

˞ˢ ˫˧ˮ˷˟  ˫˪ˣ˞ ,˶ˣ˷˰ ˧ˮ˲˪˷ ˢ˲ˣ˵˸˪ ˢ˞ˣˣ˷ˢ˟ ˢ˷˪˥ ˢ˸˧ˢ ˸ˣ˟˧˷˧ ˸ˣ˴˞ ˪˷ ˟˧˟˞ˢ ˸˥˧˶˲ ,ˢˮ˷ˢ ˡ˰ ,˸ˣˮˣ˶˥

  ,˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸ˣ˟˵˰˟ ,ˢˮ˷ˢ .˳˧˵ˢ ˧˷ˡˣ˥˟ ˞˵ˣˣˡ ˢ˷˥˶˸ˢ ˢ˪˞ ˫˧ˮ˷˟ ˸ˣ˟˧˷˧ˢ ˸ˣ˴˞ˢ ˸˥˧˶˲ ˶˵˧˰ ˧˩ ˭˩˸˧

 .˟˧˟˞ˢ ˧˷ˡˣ˥˟ ˸ˣ˟˧˷˧ˢ ˸ˣ˴˞ˢ ˸˥˧˶˲˟ ˞˧˷ ˞˴ˬˮ ˟ˣ˷ 
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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.  

 

˸ˣˡˣˬ˴ ˸ˣ˴˞ ˸ˣ˟˷˧˧˸ˢ-ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷ ˪˷ ˧ˬˣ˶ˡˢ ˢ˵˪˥˟ ˰˴ˬ ("˫˧ˮ˲˧ˢ ˫˧ˮˠˢ")  ˸ˮ˷ ˤ˞ˬ ˸ˡˡˬˮ

2007 ˸ˣˮˣ˷ ˸ˣ˟˧˟˯ ˷ˣ˪˷ ˫˧ˠ˴˧˧ˬˢ ˫˧˵ˬˣ˰ ˢ˷ˣ˪˷˟ ˸ˣ˴˞ˢ ˸˥˧˶˲ ˸˧ˮ˟˸ ˫ˠ ˨˩˪ ˫˞˸ˢ˟ˣ ,  ˫˧˶˸˞˟ ˸ˣ˟˧˷˧ˢ

) ˢˢˤ ˢˮ˧˞ ˢ˪˞ ˶ˣ˧˞˟46( ˟˧˟˯ ˰ˮ ˫˧ˬˢ ˵ˬˣ˰ ˢˮˣˠ˪˟ .1.5    ˶ˣ˞ˢ ˸ˬ˴ˣ˰ ˭˩˪ˣ ,(˫˧ˢ ˧ˮ˲ ˢ˟ˣˠ˟ ˸ˣ˪˸˩) ˫˧˶˦ˬ

 .˸ˣ˟˷˧˧˸ˢ ˸ˣ˥ˣ˪ ˣ˟˴ˣˢ ˫ˢ˟ ˫˧˶˥˞ˢ ˫˧˶˸˞˟˷ ˣˤˬ ˶˸ˣ˧ ˢˢˣ˟ˠ ˢˤ ˶˸˞˟  ˫˧˩˧˪ˢ˸˪ ˸ˣ˶˧˷˧ ˶ˣ˷˵ ˫ˠ ˢˤ ˶˸˞

 x  ˫˧˧˲ˣ˥ ,˨ˡ˧˞ˬ˫ˠ ˵ˢˣ ˢ˶˰˯ ˸˰˟ ˫˧˪ˠ ˸˪ˣ˰˲˪ ˱ˣ˷˥ ˸˧˪ˣ˥ˢ ˰˵˶ ˣ˟  ˸ˣ˧˥ˣ˪ ˸˞ ˸ˣ˯˩˪ ˢ˧ˣ˷˰ˣ ˢ˟˧˴˧ ˢˮ˧˞

 ˢˮˠˢˢ ˧˟ˣ˪˩ ˪˩ ˸˞ ˣ˞˪˧ˬ ˫˧˸˧˰˪ ˶˷˞ ˸ˣ˴˞ ˸˥˧ˬ˴ ˭˧˟ˣ ˪ˣ˥˟ ˫˧˸˧˰˪ ˣ˯ˣ˩˷ ˸ˣ˧˥ˣ˪ ˭˧˟ ˟ˣ˪˧˷ˢ .˸ˣ˟˷˧˧˸ˢˢ

 ˧˩˶˰ˬ ˸˷ˣ˪˷ ˭˧˟ ˫˧˪ˣˡˠ ˫˧˪ˡ˟ˢ˪ ˫˧˸˧˰˪ ˫˶ˣˠ ˸ˣ˥ˣ˪ˢ ˟˧˟˯ˢˬ˧ˠˡˢ   ˢˮˣˠ˪˟˸ˣ˪ˣˡˠ ˭˵˸ ˸ˣ˞˧ˠ˷)(   ˪˰ ˢ˷˵ˬˣ

ˣ˞˴ˣ˸ˢ ˥ˣ˸˧ˮ.˸ ˨˞ ,˸˶ˡˣ˯ˬ ˢˮ˧˞ ˢˮˣˠ˪˟ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ ˪˷ ˸˧˸ˮˣ˰ˢ ˸˧ˮ˟˸ˢ ˸˞ˤ ˸ˣ˶ˬ˪,  ˭˧˞

˦ˣ˲ ˧˩ ˵˲˯ ˪˞˧˴ˮ˪ˣˡ˧ˠ ˸ˣ˟˧˷˧ ˸ˣ˴˞  ˢˣ˟ˠ ˸ˣ˧ˢ˪ ˧ˣ˷˰ ˢˮˣˠ˪˟ˢ˟˶ˢ˟ .˶˸ˣ˧ ˫˧˪ˣˡˠ ˫˧˵ˬˣ˰˟˷ ˢˤˬ   

 ,˟ˣ˶˪ ,˪˪ˣ˩ ˢˮˣˠ˪˟ (ˢ˧˧˰˶ˬ ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪) ˸ˣ˟˧˷˧ˢ ˸ˣ˴˞ˢ ˸˥˧˶˲ ˪˞˧˴ˮ˦ˣ˲ ˸˧ˮ˟˸  ˫˧ˢˣ˟ˠ ˫˧˩˶˰

 ,ˢˮ˷ˢ ˪˩˟ ˦˰ˬ˩ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˣˡˡˬˮ ˢˮ˷ˢ .˳˧˵ˢˣ ˟˧˟˞ˢ ˧˷ˡˣ˥˟ ˸˧˯˥˧ ˫˧˩ˣˬˮˣ ˳˧˵ˢ ˱ˣ˯ˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟

˶˟ˬ˟ˣˮ ˫˧˷ˡˣ˥˟ ,ˢ˲ˣ˯˟ ˞˧˷ ˧˩˶˰ ˫˰- ˟˧˟˯ ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˰ˮ ˶˟ˬ˴ˡ2mg/cm 5  .

 ˷ ˧˧˸ˢ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˢˮ˷ˢ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˢ˧ˢ ˢˮˣˠ˪˟ ˸ˣ˟2mg/cm 2.33  .˧˞ˬ ˷ˡˣ˥˟ , 

  ,˸˧˯˥˧ ˭˦˵ ˢˮˣˠ˪˟ ˸ˣ˲ˣ˷˥ ˸ˣ˧˥ˣ˪ˣ ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˭˧˟ ˫˧˪ˡ˟ˢˢ ˟˧˟˞ˢˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟

 (˱˶ˣ˥ˢ ˪˷ ˟ˣ˟˶˰ˢ ˧˷ˡˣ˥) ˧˯˥˧ ˰˲˷˟ ˫˧˧ˣ˴ˬ ˭ˣˤˬ ˧˶ˬˣ˥ ˣ˟ ˭ˬˤ˟˷ ˨˩˪ ˸ˣˡ˰ ˧ˢˣˤ .ˣ˧˸˯ˢˣ ˳˧˵ˢ ˧˷ˡˣ˥˟ ˪ˡˠˣ

˸ˣ˴˞ ˪˰ ˢ˧˧˰˶ˢ ˳˥˪  .˸˟˩ˣ˷ˬˢ ˢˮˣ˰ˢ ˸˩˷ˬ˸ˬ˷ ˪˩˩ ˪ˡˠ ˞ˣˢˣ ,˸˧˯˥˧ ˭˦˵ ˢˮˣˠ˪˟ ˸ˣ˟˧˷˧ 

 ˵ˬˣ˰˟ ˸ˣ˧˥ˣ˪ˢ ˧˩˶˰ˬ5   ˫˧˟˴ˣˬ 'ˬ˪˷ ˶ˣˤ˞˟  ˸˧ˮˣ˷ ˰˪˯ ˫˧˯˩˸ˬ ˫ˮ˧˞ ˟ˣ˶˪ ˭˩ ˪˰ˣ ˟ ˦ˮˬ˧ˡ˯˪ˣ˥.˧   ˧ˤˣ˩˧˶

  ˢˡ˟˰ˬˢ ˶˸˞˟ ˫˧ˡˡˬˮˢ ˫˧˩˶˰˪ ˫˧ˬˣˡˣ ,ˢˮˣˠ˪˟ ˫˧ˡˡˬˮˢ ˢ˪˞ˬ ˟ˣ˶˪ ˫˧˩ˣˬˮ ˢˤ ˶˸˞˟ ˫˧˧˟˶ˬˢ ˪˧˲ˣ˶ˣ˪˩ˢ

˧ˬ˧ˢ ˨˶˰ˢ .˵ˣˬ˰ˢ ˟ˣ˟˶˰˪ ˫˞˸ˢ˟ ,˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˧˟˶ˬ ˢ˪˧ˡˠ ˪˞˧˴ˮ˦ˣ˲ ˢˮ˷ˢ ˞˴ˬˮ ˢˤ ˵ˬˣ˰˟ .ˢˬˣˡ ˵ˬˣ˰˟ ˸

 ˢ˧ˢ ˢˮ˷ˢ ˫˷ ˡˡˬˮ˷ ˶˸ˣ˧˟ ˢˣ˟ˠˢ2mg/cm 3.58    ˣˡˡˬˮ ˫˧ˬˣˡ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ .˶˞ˣ˶˟˲ ˷ˡˣ˥˟

 ˪˩ ˨˷ˬ˟ ˪ˣˡˠ ˸ˣ˲ˣ˷˥ ˸ˣ˧˥ˣ˪ˣ ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ˭˧˟ ˷˶˲ˢˢ ˢˤ ˵ˬˣ˰˟ .˳˧˵ˢ ˧˷ˡˣ˥˟ ˞˵ˣˣˡ

.˳˧˵ˢ ˧˷ˡˣ˥˟ ˪ˡˠ ˷˶˲ˢˢ ˭˞˩ ˫ˠ ˨˞ ,˸ˣˮˣ˰ˢ ˪˩˟ ˫˧˰ˣ˶ ˪˷ ˶˸ˣ˧ ˸˴˶ˬˮ ˸ˣ˪˧˰˲˪ ˸ˣˡ˰ ,ˢˮ˷ˢ 

ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˵ˬˣ˰˟ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲20  'ˬ ˪˪˩ ˨˶ˡ˟˫˧ˡˣˡ˶ˢ ˫˧˶˸˞˟ ˶˷˞ˬ ˶˸ˣ˧ ˫˧˩ˣˬˮ  ˶ˣ˞ˢ ˸ˬ˴˰ .

  ˸˰˶˷ˬ .˶˸ˣ˧ ˢˮ˦˵ (˸ˣ˧ˬˣ˧ ˸ˣˮ˧˪˵ˣˬ˶˸ˣ ,˸ˣ˶˰˯ ,˫˧˪ˠ) ˫˧ˢ ˧ˮ˲˟ ˫˧˧ˣˮ˧˷ ˸˰˲˷ˢˣ ,˶˸ˣ˧ ˢ˩ˣˬˮ ˢˤ ˵ˬˣ˰˟

˶˰ˢ ˟˵˰ ˢˮ˷ˢ ˨˞ ,˪˪˩ ˨˶ˡ˟ ˶˸ˣ˧ ˢˮ˦˵ ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ ˪˰ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ ˪˷ ˫˧˩˶˰ˢ ˣˡˡˬˮ ˵ˣˬ˰ˢ ˟ˣ˟

 ˵ˬˣ˰˟˷ ˢ˪˞ˬ ˫˧ˢˣ˟ˠ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟5  ˵ˬˣ˰˟ ˢˮ˷ˢ ˸˧˸ˮˣ˰ˢ ˸˧ˮ˟˸ˢ .˶˦ˬ20  ˢ˪˪˩ ˫˧˶˦ˬ

) ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˞˧˷ ˧˩˶˰2mg/cm 4.11  ˭˧˟ ˫˧˪ˡ˟ˢˢ .˳˧˵ˢ ˫ˡ˵˸ˢ˷ ˪˩˩ ˸ˣ˥˲ ˢ˟˶ˢˣ (˶˞ˣ˶˟˲ ˷ˡˣ˥˟ ,

.ˢˮ˷ˢ ˪˩ ˨˷ˬ˟ ˫˧˪ˣˡˠ ˣ˧ˢ ˸ˣ˲ˣ˷˥ ˸ˣ˧˥ˣ˪ˣ ˸ˣˮˠˣˬ ˸ˣ˧˥ˣ˪ 

˟ ˪˰ˣ˲˟ ˸ˣ˴˞ˢ ˸˪˧ˡˠ ˸˞ ˸ˣ˪˧˰˧˟ ˸˯ˣˣ˪ ˸˪ˠˣ˯ˬ ˢ˧˧˰˶ˢ ˧˩ ˢ˞˶ˮ ˫˧˶˸˞ˢ ˪˩ï   ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶
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  ˸˥˧ˬ˴ ˪˞˧˴ˮ˦ˣ˲ ˫ˢ˟ ˫˧˷ˡˣ˥˟ ,˸˞ˤ ˫˰ .˸ˣˮˠˣˬˢ ˸ˣ˧˥ˣ˪ˢ ˪˷ ˣ˪˞ˬ ˸˧˸ˣ˰ˬ˷ˬ ˫˧˩ˣˬˮ ˢ˧˰˶˪ ˸ˣ˲ˣ˷˥ ˸ˣ˧˥ˣ˪

˥˟ ˶˷˞ˬ ˫˧ˢˣ˟ˠ ˸ˣ˲ˣ˷˥ˢ ˸ˣ˧˥ˣ˪ˢ ˪˰ (˫˧˧˸˶˞˷ˢ) ˫˧ˤˣ˩˧˶ˢ ˫ˠ ,˪ˣˡˠ ˸ˣ˴˞ˢ  ˢ˪˧ˡˠˢ ˪˞˧˴ˮ˦ˣ˲ ˫ˢ˟ ˫˧˷ˡˣ

  ˫˧˵ˬˣ˰˟ ˫˧ˡˡˬˮ˷ ˣ˪˞ˬ ˟ˣ˶˪ ˫˧ˢˣ˟ˠ ˢˮˣˠ˪˟ ˸ˣ˲ˣ˷˥ ˸ˣ˧˥ˣ˪ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ ˫ˠ ,˨˩˪ ˫˞˸ˢ˟ .˨ˣˬˮ

.ˢˡ˟˰ˬˢ ˶˸˞˟ ˶˷˞ˬ ˶˸ˣ˧ ˢ˪˧˰˧ ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˢ˧˰˶ˢ ˧˩ ˢ˞˶ˮ ˧˪˪˩ ˭˲ˣ˞˟ .˶˸ˣ˧ ˫˧˪ˣˡˠˢ 

 

 
 ˶ˣ˧˞˟46 ˸ˣˬ˩ ˰˴ˣˬˬ :Chlorophyll a  x  ˸ˣ˲ˣ˷˥ ˸˧˥ˣ˪ ˠ"˰ ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ ˫˧˟ˣ˪˩˟ ˸ˣˮˠˣˬ˟ ˸ˮ˷2022  ˪˩ .

˪˰ ˸˟˷ˣ˥ˬ) ˡ˥˞ ˷ˡˣ˥ ˸ˠ˴˧˧ˬ ˢˡˣ˵ˮ - ˢ˪˰ˬ˪ .(˫˧˧˷ˡˣ˥ ˫˧˟ ˣˢ˷˷ ˸ˣ˧˥ˣ˪ ˷ˣ˪˷ ˧˲ï  ,ˢˮˣˠ˪˟ ˣ˟˴ˣˢ˷ ˸ˣ˧˥ˣ˪

 ˰˴ˬ˞˟ï  ˵ˬˣ˰ˬ ˸ˣ˧˥ˣ˪5  ˢ˦ˬ˪ ,˫˧˶˦ˬï  ˵ˬˣ˰ˬ ˸ˣ˧˥ˣ˪20   .˫˧˶˦ˬ 

Figure B46: Average chlorophyll a on exposed (blue) and caged (red) settlement plates at the 

Nature Reserve in 2022. 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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 ˵ˬˣ˰˟ ˡ˟˪ˬ20  ,˫˧˶˦ˬ ˸ˣ˟˷˧˧˸ˢ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶ ,˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˪˷ ˢ˪˞˪ ˫˧ˬˣˡ ˣ˧ˢ

 ˧˩ ˱˞ï  ˢ˪˰ˬ˪ ˶ˣˬ˞˩ï  ˵ˬˣ˰˟ ˵˶ .ˢˮˣ˷ ˢ˸˧ˢ ˸˧˸ˮˣ˰ˢ ˸˧ˮ˟˸ˢ20   ˢˬˣˡ˟ ˧˸ˣ˰ˬ˷ˬ ˢ˥˧˶˲ ˞˧˷ ˢ˲˴ˮ ˫˧˶˦ˬ

˟ ˶ˣ˧˞) ˵ˣˬ˰ ˟ˣ˟˶˰ ˪˷ ˸ˣˬˡˣ˵ ˫˧ˮ˷˪47ˣˬ˰ ˟ˣ˟˶˰ ˪˷ ˫˧ˮ˷˟ .( ˵˪ˡˣˠ ˶ˡ˯˟ ˫˧ˢˣ˟ˠ ˫˧˞˧˷ ˫˧˸˧˰˪ ˣˬ˷˶ˮ  

ˢ˶ˣˬ˷˟ ˫˧ˡˣˡ˶ˢ ˫˧˵ˬˣ˰˟ ˶˩˧ˮ ˞˪ ˢˤ ˢˮ˷ˢ ˨˞ ˡˣˡ˶ ˟ˣ˟˶˰ ˪˷ ˫˧ˮ˷˟ ˶˷˞ˬ .  ˫˧˶˸˞ˢˬ ˣ˞˴ˣˢ˷ ˸ˣ˧˥ˣ˪ˢ

 ˦ˮˬ˧ˡ˯ˣ ˸ˣ˧˦ˣ˥ ˸ˣ˴˞ ˸ˣ˯ˣ˩ˬ ˣ˧ˢ ˢ˶ˣˬ˷˟ ˫˧ˡˣˡ˶ˢï   ˸˪ˣ˩˸ ˧˩ ˭˩˸˧ .˸ˣˬˡˣ˵ ˫˧ˮ˷˟ ˣˬ˩ ˸ˣ˧ˮ˶˷˟ ˸ˣ˴˞ ˞˪ˣ

ˢ ˪˷ ˪˧˲ˣ˶ˣ˪˩ˢ- turf ˢ˩ˣˬˮ ˢˤˢ   ˰ˡ˧ˬ ˣˮ˧ˡ˧˟ ˭˧˞ .˸ˣˬˡˣ˵ ˫˧ˮ˷ˬˣ ˫˧˶˥˞ ˫˧˶˸˞ˬ ˸ˣ˧ˮ˶˷˟ˢ ˸ˣ˴˞ˢ ˪˷ˬ ˶˸ˣ˧

 .˫˧˶˸˞ˢ ˭˧˟ ˫˧˪ˡ˟ˢ˪ ˫˶ˣˠ ˢˬˣ ˸ˣ˴˞ˢ ˠˣ˯ ˪˰ ˵˧˧ˣˡˬ 

  ˵ˬˣ˰˟ ˢ˶ˣˬ˷ ,˵ˣˬ˰ˢ ˶˸˞˟20  ˱˶ˣ˥˟ ˫ˠ ˢ˥˧˶˲ ˞˧˷ ˡˡˬˮ ,˫˧˶˦ˬ2017  ˧˶˸˞˟ ˞˴ˬˮ ˞˪ ˢˤ ˫ˠˣ ,

 .˶˸ˣ˧ ˫˧ˡˣˡ˶ˢ ˢ˶ˣˬ˷ˢ 

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

.ˢ˧˧˰˶ ˧ˡ˧ ˪˰ ˟ ˶ˣ˧˞) ˢˮˣˠ˪˟ ˦˶˲˟ ,˸ˣ˴˞ˢ ˸˥˧ˬ˴ ˸˞ ˸ˣ˪˧˰˧˟ ˸˸˯ˣˣˬ ˢ˧˧˰˶ˢ ˸ˣ˪˧˰˲48 ˭˧˟ ˫˧˪ˡ˟ˢˢ˷ ˨˩ ,(

.˫˧˪ˣˡˠ ˫ˮ˧˞ ˸ˣ˲ˣ˷˥ ˸ˣ˧˥ˣ˪ ˧˟ˠ ˪˰ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶˟ ˫˧ˮ˷ˢ 

 



 

87 

 

 
 ˶ˣ˧˞˟47 ˸ˣˬ˩ ˰˴ˣˬˬ :Chlorophyll a  ˸ˮ˷ ˤ˞ˬ ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ ˫˧˟ˣ˪˩˟ ˸ˣˮˠˣˬˣ ˸ˣ˲ˣ˷˥ ˸˧˥ˣ˪ ˠ"˰2007  .

 ˢ˪˰ˬ˪ï  ˰˴ˬ˞˟ ,ˢˮˣˠ˪˟ ˣ˟˴ˣˢ˷ ˸ˣ˧˥ˣ˪ï  ˵ˬˣ˰ˬ ˸ˣ˧˥ˣ˪5  ˢ˦ˬ˪ ,˫˧˶˦ˬï  ˵ˬˣ˰ˬ ˸ˣ˧˥ˣ˪20  .˫˧˶˦ˬ 

Figure B47: Average chlorophyll  a on exposed and caged settlement plates at the Nature 

Reserve 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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 ˶ˣ˧˞˟48 :ˢˮˣˠ˪ˢ ˶˸˞˟ ˢ˧˧˰˶˪ ˢ˲ˣ˷˥ ˢ˸˧ˢ˷ ˸ˣ˴˞ ˸ˣ˟˷˧˧˸ˢ ˸˧˥ˣ˪  . 

Figure B48: An exposed algae settlement plate from the lagoon.  

 

  ˢˡ˟˰ˬˢ ˶˸˞˟ ˸ˣ˟˧˷˧ ˸ˣ˴˞ ˪ˣˡ˧ˠ ˪˞˧˴ˮ˦ˣ˲ ˪˷ ˧˸ˮ˷ˢ ˰˴ˣˬˬ˟ ˫˧ˮ˷ˢ ˭˧˟ ˫˧˪ˡ˟ˢˢ ˶˷˵ˢ ˪˰ ˫˧˰˧˟˴ˬ

 ˭˧˟ ˵ˣˡˢˢ ˰˧ˠˢ ˣ˧˪˞ ˵ˬˣ˰ˢ ˶ˣ˧˞) ˸˧ˮˣ˷ˢ ˸ˣˮˣ˶ˡˬ ˧˟ˠ ˪˰ ˸ˣ˟˧˷˧ ˸ˣ˴˞ ˸˥˧˶˲ˣ ˫˧ˬˢ ˸ˡˣˬ˰ ˟ˣ˟˶˰˟49.(  

 

 
 ˶ˣ˧˞˟49 :  ˪˷ ˧˸ˮ˷ˢ ˰˴ˣˬˬˢ  ˸ˣˡˣˬ˴ ˸ˣ˴˞ ˸˥˧˶˲ ˪˞˧˴ˮ˦ˣ˲  ˧˞˦˧˯˶˟˧ˮˣ˞ˮ˧˟ˢ ˭ˣ˩ˬˢ ˪ˣˬ ˸˧ˮˣ˷ˢ ˭ˣ˶ˡˬ˟ ˰˴ˬ

ˡˠˮ˩  ˟ˣ˟˶˰ˢ ˵ˬˣ˰ ˸ˮ˷ ˤ˞ˬ ,2004 ..˸ˣˮˬˣ˯ˬ ˵ˣˬ˰ ˟ˣ˟˶˰ ˪˷ ˫˧ˮ˷ 

Figure B49: The annual average potential benthic algae growth on the reef slopes across the IUI 

versus the mixing depth, since 2004. Years of deep mixing are marked. 
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Solitary/Pair (sol/Pair), Small Group (3-20), M Group (20-50), L Group (>50) 
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Herbivorous-Detritivorous: turf or filamentous algae, and/or undefined organic material (HD) 

Herbivorous: macroalgae/seagrass (H) 

Invertivorous - Sessiles: sessile invertebrates (corals, sponges, ascidians) (IS) 
Invertivorous - Mobiles: crustaceans etc (IM) 

Planktorivorous: feeding on small particles in the water column (PK) 

Piscivorous: fish and cephalopods (PC) 

Omnivorous: both animal and vegetal material (OM) 
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 ˭˧ˬˢˬAtherinomorus lacunostus  ,˫ˠˡˬˢ ˸ˣˮˣ˷ ˸˞ ˡˣ˞ˬ ˢ˪˧ˡˠˬ ˢˤ ˭˧ˬˬ ˸ˣ˵ˢ˪ ˪˷ ˭˶ˡ˰˧ˢ ˣ˞ ˭˸˰˲ˣˢ .

ˬ ˡˬ˞ˮ ˢˮ˷ˢ .˧˪˪˩ˢ ˭ˤ˞ˬ˪ ˯ˮ˩ˣˢ ˞˪ ˨˞ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˶˲˯ˮ ˞ˣˢ ˭˩˪ˣ˩˟ ˶˵˯ˢ ˨˪ˢˬ˟ ˫˶˲˯-3000  .˫˧ˠˡ 

 ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˸˷ˣ˪˷˟ ˫ˢ˧ˮ˧˧˲˞ˬˣ ˫˧ˮ˧ˬˢ ˸ˬ˧˷˶.ˤ ˥˲˯ˮ˟ ˢˮˣ˸ˮ3ˤ ˸ˣ˞˪˟˦˟ ,2 x- ʕ3. 
 

˟ ˢ˪˟˦7˪ˡˣˠ :  .˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ ˢˬ˧ˠˡ ˸ˡ˧˥˧˪ ˫˧ˠˡˢ ˶˲˯ˬˣ ˣ˶˲˯ˮ˷ ˫˧ˠˡˢ ˶˲˯ˬ ,˫ˠˡˬˢ 

Table B7: Sample size, the number of fish (individuals) and the number of fish per sampling 

unit  at the Eilat reef sites surveyed this year. 

 

 

 

 

Site IUI 5 m IUI 15 m NR 7 

Number of sampling units 19 6 20 

Total number of fish observed  

(without Atherinidae family) 

544 746 2147 

Number of fish per sampling unit 28.6 124.3 107.3 
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˶˸ˣ˧˟ ˸ˣ˴ˣ˲ˮˢ ˸ˣ˥˲˷ˬˢ ˸˷ˬ˥ ˸˪˧˞ ˸ˣ˧ˮˣ˷˟ ˪˷ ˭ˢ ˫˧˧˸˵ˢ˪ ˫˧ˮ˧ˬ ˶ˣ˧˞) ˟50(.  ˨˧˧˷ ˶˸ˣ˧˟ ˳ˣ˲ˮˢ ˠˡˢ

ˢ ˸˥˲˷ˬ˪- Atherinidae )Atherinomorus lacunostus ( ˢ˲˴ˮ ˢˤ ˠˡ .˫˧ˬˢ ˱ˣˠ˟ ˸ˣ˪ˣˡˠ ˸ˣ˵ˢ˪˟ ˢ˧˥ ˶˷˞

-˟13  ˨ˣ˸ˬ46   ˢˬ˧ˠˡ ˸ˣˡ˧˥˧˩˟ ˣ˩˶˰ˣˢ˷ ˸ˣ˵ˢ˪˟-100-300 .ˢ˵ˢ˪˪ ˫˧ˠˡ   ˫˧ˡˣˡ˶ˢ ˫˧˶˸˞˟ ˵˶ ˣ˲˴ˮ ˸ˣ˵ˢ˪ˢ

NR-7 x-  IUI-5 ˶˸ˣ˧ ˵ˣˬ˰ˢ ˶˸˞˟ ˣ˞˴ˬˮ ˞˪ ˨˞ ,IUI-15.   ˱ˣ˯ ˫˧ ˸˧ˤ˲ ˢ˧ˢ ˶˸ˣ˧˟ ˳ˣ˲ˮˢ ˧ˮ˷ˢ ˠˡˢ

)Pseudanthias squamipinnisˬ ,(  ˸˥˲˷ˬSerranidae  ˫˧ ˸˧ˤ˲ ˪˟˞ ,˫˧˧˸˵ˢ˪ ˣˤ ˢ˥˲˷ˬ˟ ˫˧ˮ˧ˬˢ ˪˩ ˞˪ .

˩˟ ˶˲˯ˮ ˢˤ ˠˡ .˸ˣ˧ˮˣˮ˧˟ ˡ˰ ˸ˣˮ˦˵ ˸ˣ˵ˢ˪˟ ˪˪˩ ˨˶ˡ˟ ˢ˧˥ ˱ˣ˯-4-200 ˢ ˸˥˲˷ˬ .˨˸˥˪ ˫˧˦˶˲- 

Pomacentridae ) ˧˶˧ˬ ˸˧˸˧ˮˣ˷ ˪˷˟ ˶˵˧˰˟ ˶˸ˣ˧˟ ˸ˣ˴ˣ˲ˮˢˬ ˢ˸˧˧ˢNeopomacentrus miryae  ˭˸˧ˮˣ˷ˣ (

) ˟ˮˤ ˭˟˪Pomacentrus trichourus .˸˧˰˵˶˵˪ ˨ˣˬ˯ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˧˥ˢ ˫˧˧˸˵ˢ˪ ˫˧ˮ˧ˬ ˫ˢ˧ˮ˷ ,( ˫˧ˮ˧ˬ ˧ˮ˷

˫˧˲˯ˣˮ  ˶ ˸˷ ˣˤ ˢ˥˲˷ˬˬˣˬ ˢ ˢˢˣ˟ˠˢ ˢ˸ˣ˥˧˩˷˪ ˫) ˫˧˧˪ˣ˷ˢ ˸˧ˠˣˬ˪˞Dascyllus marginatus  ˸˧ˬˣ˶˩ˣ (

) ˸˵˶˵˶˧Chromis viridis  ˢ˸ˣ˥˧˩˷˪ ˫˶˸˷ ˠˣ˯ˢ .˫˧ˠˣˬ˪˞˪ ˨ˣˬ˯ ˸ˣ˧ˮˣˮ˧˟ ˡ˰ ˸ˣˮ˦˵ ˸ˣ˵ˢ˪˟ ˫˧˧˥ˢ ,(

ˢ ˸˥˲˷ˬ ˪˷ ˢˢˣ˟ˠˢ- Labridae ) ˭ˣ˯ˣˣ˦ˢ ˢ˧ˢThalassoma sp. .( 

ˢ ,˸ˣ˴ˣ˲ˮ ˸ˣ˥˲ˢ ˸ˣ˥˲˷ˬˢ ˭˧˟ˬ-Acanthuridae  ˵ˬˣ˰˟ˣ ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˫˧˴ˣ˲ˮ ˧˩ˢ ˣ˧ˢ5   ˶˸˞˟ ˫˧˶˦ˬ

˭ˣ˩ˬˢ x) ˫ˣ˥˷ˢ ˭˶˸˟ ˶˵˧˰˟Acanthurus nigrofuscus .˸ˣˮ˦˵ ˸ˣ˵ˢ˪˟ ˧˥˷ ( 

 ˧ˠˡ ˞˪˪-s Atherinidae ˡˠ ˸ˣ˵ˢ˪˟ ˫˧ˡˡˣˮˢ  ˶˸ˣ˧˟ ˢˮ˦˵ ˢ˸˧ˢ ˫˧˶˵˯ˮˢ ˫˧ˠˡˢ ˶˞˷ ˸ˣ˲˧˲˴˷ ˞˴ˬˮ ,˸ˣ˪ˣ

 ˶˸˞˟IUI-5  ˫˧˶˸˞˟ .˸˧˯˥˧ ˭˦˵ ˫˧˴ˣ˲ˮˢ ˫˧ˠˡˢ ˶˞˷ ˪˷ ˫˵˪˥ ˫ˠ ˣ˟ˣNR-7 x- IUI-15  ˸ˣ˲˧˲˴ ˢ˞˴ˬˮ

  .ˢˬˣˡ 

 

 
˟ ˶ˣ˧˞50  :˸ˣ˥˲˷ˬ ˧˲ ˪˰ ,˫˧ˠˡˢ ˸˶˟˥,  ˧˶˸˞˟˫˧˶˵˯ˮˢ ˫  .,ˢ˪˰ˬ˪  ˶˲˯ˬ  ˫˧˦˶˲   ˸ˣ˥˲˷ˬˢ ˸˷ˬ˥ ˪˷ ˢˬ˧ˠˡ ˸ˡ˧˥˧˪

  .˶˸ˣ˧˟ ˸ˣ˴ˣ˲ˮˢ˫˧˦˶˲ ˶˲˯ˬ ,ˢ˦ˬ˪    ˠˡ ˸ˣ˥˲˪ ˫ˢ˟ ˢ˲˴ˮ ˞˪˷ ˸ˣ˥˲˷ˬ .ˣ˲˴ˮ˷ ˸ˣ˥˲˷ˬˢ ˶˞˷ ˪˷ ˢˬ˧ˠˡ ˸ˡ˧˥˧˪

˪ ˡ˥˞ s ˬ˧ˠˡ ˸ˡ˧˥˧  .˧˪˪˩ˢ ˫ˣ˩˧˯ˢˬ ˣ˞˴ˣˢ 

Figure B50: Fish community, by families, in the surveyed sites. Top, number of fish per 
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sampling unit of five most common families. Bottom, number per sampling unit of all other 

observed families. Families with <1 fish per sampling unit are not shown. 

 

 ˭˧˟ ˰ˮ ˫˧ˮ˧ˬˢ ˶˷ˣ˰4 ˪- 19 ˟ˢˬ˧ˠˡ ˸ˡ˧˥˧  ˪˰ ˡˬˣ˰ ˫˧˶˸˞ˢ ˸˷ˣ˪˷ ˪˷ ˰˴ˣˬˬˢ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˶˷˞˩

11.9Ñ2.4 ˢˬ˧ˠˡ ˸ˡ˧˥˧˟ ˫˧ˮ˧ˬ. ) ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ(Shannon Diversity  ˪˰ ˡˬˣ˰ ˫˧˶˸˞ˢ ˸˷ˣ˪˷ ˪˷ ˰˴ˣˬˬˢ

1.5Ñ0.5  ˪˪˩˟ ˞˪ˣ (ˢ˪˰ˬ˪ ˣ˞˶) ˷˞˶ˬ ˣ˰˟˵ˮ ˶˷˞ ˸ˣˬ˧˧ˣ˯ˬ ˫˧ˠˡ ˸ˣ˴ˣ˟˵˟ ˤ˩˶˸ˬ ˶ˣ˦˧ˮˢ ˶˵˯˷ ˶ˣ˩ˤ˪ ˟ˣ˷˥ .

 .˸˩˶˰ˬ˟ ˫˧ˠˡˢ 

˸˞˟ ˶ IUI-15 ˣ˞˴ˬˮ ) ˢˬ˧ˠˡ ˸ˡ˧˥˧˟ ˫˧ˠˡ ˢ˟˶ˢ ˧˩ˢ125  ˢˤ ˶˸˞˟ ˞˵ˣˣˡ ,˸˞ˤ ˫˰ .˫˧˶˸˞ˢ ˸˷ˣ˪˷ ˭˧˟ˬ (

 ˸ˬˣ˰˪ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬˣ ˶˷ˣ˰˟ ˢˡ˧˶˧ ˢ˸˧˧ˢˢ ˢˮ˷˸ˬˡˣ˵ˢ  ˶ˣ˧˞)˟51˞˪˪ .( ˢ ˸˥˲˷ˬ- Atherinidae   ˣ˞˴ˬˮ

 ˶˸˞˟IUI-5 ˭˲ˣ˞˟  ˵ˢ˟ˣˬ˶˷˞ˬ ˫˧ˠˡ ˸ˣ˥˲ ˟˫˧˶˥˞ˢ ˫˧˶˸˞ˢ ˧ˮ˷. ˢ˧ˢ ˞˪ ,˸˞ˤ ˫˰   ˶˷ˣ˰˟ ˵ˢ˟ˣˬ ˪ˡ˟ˢ

  .˫˧˶˸˞ˢ ˭˧˟ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬˣˢˤ ˟˴ˬ  ˢˬˣˡ˫˧˶˵˯ˢ ˸ˣ˞˴ˣ˸˪  .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˷ˣ˪˷˟ 

 

 
 ˶ˣ˧˞˟51  : ˫˧ˮ˷˟ ˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ ˫˧ˠˡˢ ˸˶˟˥˟ ˭ˣˣˠˬˣ ˶˷ˣ˰2020-2022 . 

Figure B51: Species richness and Shannon diversity of fish communities at the surveyed sites 

since 2020. 

 

 ˳ˬ˞ˬ˪ ˡ˥ˣ˧ˬ˟ ˷˧ˠ˶ ˡˡˬ ˞ˣˢ ˫˧ˮ˧ˬ ˶˷ˣ˰  ˪ˣˡˠ ˫˧ˮ˧ˬ ˶˷ˣ˰ ˞˴ˬ˧˷ ˶˧˟˯ ˶˸ˣ˧ ˪ˣˡˠ ˢˬ˧ˠˡ ˳ˬ˞ˬ˟ ,ˢˬ˧ˠˡˢ

.˶˸ˣ˧ ˢ˶˧˟˴ ˸ˣˬˣ˵˰ )Rarefaction˶˷˲˞ˬ (ˣ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ ˸˞ ˭ˣ˥˟˪ ˸ˢ˧˧˦ˢˢ ˞˪˪ ˷ ˪ ˳ˬ˞ˬ  ˥ˣ˸˧ˮ˟ .ˢˬ˧ˠˡˢ

 ,ˢˤ ˪˷ ˢˬˣ˵˰ ˸˶˟˴ˮ ˨˩ˣ ˶˸˞˟ ˸ˣˬ˧ˠˡˢ ˨˯ ˨ˣ˸ˬ ˧˞˶˵˞ ˭˲ˣ˞˟ ˸ˣˡ˧˥˧ ˸ˣˬˠˡˮ˶˲˯ˬ s˫˧ˮ˧ˬ ˢ˧˴˵ˮˣ˲˩ ˪˷  

˶˲˯ˬ s˸ˣˬ˧ˠˡ )samples) ˫˧˦˶˲ˢ ˶˲˯ˬ ˣ˞ (individuals˶˸˞˟ ( .  ˸ˬ˶˪ ˣˢˣˤ˷ ˫˧ˠˡˢ ˶ˣ˟˰ ˰˴ˣ˟ ˢˤ ˥ˣ˸˧ˮ

˟ ˶ˣ˧˞) ˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ ˭˧ˬˢ52.( 

˴ˢ ˸ˬˣ˵˰˷ ˞˴ˬˮ ˫˧˦˶˲ˢ ˸ˣˬ˩ ˧˲ ˪˰ ˸ˣˬˣ˵˰˟ ˪˷ ˢ˶˧˟ ˶˸˞IUI-5 ˞˧ˢ  ˟˩˶ˢˢ ˸˪˰˟ ˞"ˤ ,˶˸ˣ˧˟ ˢ˪ˣ˪˸ˢ
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 ˶˸˞˟ ˶˸ˣ˧˟ ˭˦˵ ˫˧ˮ˧ˬ ˶˲˯ˬ ˞˴ˬˮ ˫˧˦˶˲ ˶˲˯ˬ ˣ˸ˣ˞ ˶ˣ˟˰ .˶˸ˣ˧˟ ˡ˧˥˞ˢIUI-15  ˶˸˞˟ ˶˸ˣ˧˟ ˪ˣˡˠˣIUI-5  ,

 ˶˸˞˟ ˞˴ˬˮ˷ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ .ˢˤ ˶˸˞˟ "˫˧˴ˣ˲ˮˢ" ˫˧ˠˡˢ ˪˷ ˧˯˥˧ˢ ˫˦ˣ˰˧ˬ ˸˞ ˸˲˵˷ˬˢ ˢˡ˟ˣ˰IUI-5   ˢˤ˪ ˢˬˣˡ

 ˶˸˞˟˷NR-7 ,˶˸ˣ˧ ˵ˣˬ˰ˢ ˶˸˞˟ ˞˴ˬˮ˷ ˢˤˬ ˢˣ˟ˠˣ ,IUI -15. 

  ,ˢˢˤ ˢˬˠˬ ˫˧ˠ˧˴ˬ ˫˧˶˸˞ˢ ˧ˮ˷˟ ˫˧ˡˣˡ˶ˢ ˫˧˵ˬˣ˰ˢ˷ ˸ˣ˞˶˪ ˭˸˧ˮ ˢˬ˧ˠˡ ˸ˣˡ˧˥˧ ˧˲ ˪˰ ˢ˶˧˟˴ˢ ˸ˣˬˣ˵˰˟

ˢˬ˧ˠˡˢ ˳ˬ˞ˬˮˣ    ˢ˧ˢ ˭˸˧ˮ˷ ˶˧˟˯ˣ ˵˲˯ˬ ˢ˧ˢ ˞˪ ˢˬ˧ˠˡˢ ˳ˬ˞ˬ ,˶˸ˣ˧ ˵ˣˬ˰ˢ ˶˸˞˟ .˫˧ˮ˧ˬˢ ˶˷ˣ˰  ˭ˣ˧˲˧˞˪ ˵˲˯ˬ

ï  ˢˬ˧ˠˡˢ ˳ˬ˞ˬ ˸˪ˡˠˢ˟ï   .˫˧ˮ˧ˬ ˶˸ˣ˧ ˫˷ ˞ˣ˴ˬ˪ 

 

 
˟ ˶ˣ˧˞52  ˸ˣˡ˧˥˧ ˧˲ ˪˰ ˢ˶˧˟˴ ,ˢ˦ˬ˪ .˫˧˦˶˲ ˧˲ ˪˰ ˢ˶˧˟˴ ,ˢ˪˰ˬ˪ .˫˧ˮˣ˷ˢ ˫˧˶˸˞˟ ˫˧ˠˡ ˶˷ˣ˰˪ ˢ˶˧˟˴ ˸ˣˬˣ˵˰ :

 .ˢˬ˧ˠˡ 

Figure B52: Rarefaction curves for species richness at the surveyed sites. Top, accumulation 

according to individuals. Bottom, accumulation according to sampling units. 

 

 ˧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˧˪˰ˢ ˫˰q ˢ ˶˧˴)-x ˶ˣ˧˞ ,˟53.( ˩ˢ ˶˧˴ ˨˶ˣ˞˪ ˶˸ˣ˧ ˢˢˣ˟ˠ ˢˬˣ˵˰˷ ˪˩- y   ˢ˶˟˥ ˸ˠ˴˧˧ˬ ˞˧ˢ ˨˩

 ˫ˣ˵˧ˬ˟ ˠ˴ˣ˧ˬ ˫˧ˮ˧ˬˢ ˶˷ˣ˰ .˶˸ˣ˧ "˸ˮˣˣˠˬ"q=0 ,q=1 ˭ˣˮ˞˷ ˡˡˬ ˸˞ ˠ˴˧˧ˬ-) ˶ˮ˧˧ˣShanon-Weiner ˡˡˬˣ (

) ˭ˣ˯˲ˬ˧˯Simpson ˧ˡ˧ ˪˰ ˠ˴ˣ˧ˬ (q=2 .ˢ ˨˶˰- q˱ˣ˯ˮ˧˞) ˧˪ˬ˧˯˵ˬˢ-  Inf ˫˧ˮ˧ˬˢ ˪˷ ˪˵˷ˬˢ ˸˞ ˠ˴˧˧ˬ ,(

 ˪˩ ˶ˣ˟˰ ˢˣ˟ˠ ˶˞˷ˮ ˫˧ˮ˧ˬˢ ˭ˣˣˠˬ ˶˷˞˩ ˵˶ ˶˥˞ ˶˸˞ˬ ˶˸ˣ˧ ˭ˣˣˠˬ ˞ˣˢ˷ ˶˸˞ ˪˰ ˶ˬˣ˪ ˭˸˧ˮ .˸˩˶˰ˬ˟ ˫˧˧˶˵˧˰ˢ

ˢ ˧˩˶˰ˬ ˡ˥˞- q .ˣˮ˥˟ˮ˷  

 ,ˢ˶ˣˬ˷ˢ ˶˸˞˷ ˞˴ˬˮ ˢ˪˞ ˸ˣˬˣ˵˰ ˧˲ ˪˰NR-7  ˭ˣˣˠˬ ˧ˡˡˬ ˧˪˰˟ ˭ˣ˩ˬˢ ˧˶˸˞ ˧ˮ˷ˣ ˶˸ˣ˧˟ ˭ˣˣˠˬˢ ˞ˣˢ ,

 ˵ˣˬ˰ˢ ˶˸˞ˢ ˧˩ ˱˞ ˫˧ˬˣˡIUI-15   ˫˧˶˧ˡˮ ˫˧ˮ˧ˬ ˪˷ ˫˸ˣ˞˧˴ˬ ˸˞ ˸˲˵˷ˬ ˣˤ ˢ˞˴ˣ˸ .˶˸ˣ˧ ˨ˣˬˮ ˫˧ˮ˧ˬ ˶˷ˣ˰ ˪˰˟

 ˶˸˞˟IUI-5  ˶˸˞˟ ˶˸ˣ˧ ˨ˣˬˮˢ ˢˬ˧ˠˡˢ ˳ˬ˞ˬ ˸˞ ˫ˠ ˢ˞˶ˮ˩ˣIUI-15 . 
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˟ ˶ˣ˧˞53) ˧ˮ˧˧˶ ˯˵ˡˮ˧˞ ˧˲ ˪˰ ˭ˣˣˠˬ ˸ˣˬˣ˵˰ :Rényi diversity profiles .˫˧ˮˣ˷ˢ ˫˧˶˸˞˟ ˸˧ˮˣ˷ˢ ˧ˠˡ ˸˶˟˥ ˟˩˶ˢ˪ ( 

Figure B53: Rényi diversity curves 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˪˥NR-7 

˶˸˞˟ˣ IUI-15  ˪˰ˬ :˶˸ˣ˧˟ ˪ˣˡˠˢ ˞ˣˢ ˭ˣ˦˵ˮ˪˲ˢ ˧˪˩ˣ˞ ˫˧ˠˡˢ ˪˷ ˫˵˪˥75%  ˶ˣ˧˞) ˫˧ˠˡˢˬ˟54  ˫˧ˠˡ ˣ˪˞ .(

 ˣ˞ ˸˥˞ ˢ˵ˢ˪ ˸ˣ˥˩ˣˮˣ ˫˧˦˧˶˲ ˪˷ ˪ˣˡˠ ˶˲˯ˬ ˭ˢ˟ ˸ˣ˵ˢ˪˟ ˫˧˰ˮˢ ˸˧˯˥˧ ˫˧ˮ˦˵  ˸ˣˮ˷˪ ˢ˧ˣ˷˰ ˢ˪˞ ˫˧ˠˡ ˪˷ ˶˸ˣ˧

  ˸˧ˮˣ˧˥ ˢ˧˪ˣ˥ ˫˧ˣˣˢˬ ˫˧˶ˣ˟˧˦˵ˮ˪˲ ˫˧ˠˡ .˸˧ˮˣ˷˟ ˢ˪˞ ˫˧ˠˡ ˪˷ ˪ˣˡˠ ˶˲˯ˬ ˞˴ˬˮ ˡ˧ˬ˸ ˨˞ ,˧ˠˣ˴˧˧ˢ ˫˪˵˷ˬ ˸˞

˸˞˟ .˫˧ˬˢ ˱ˣˠ˟ ˸ˣ˩ˣˬˮˢ ˸ˣˬ˶ˢˬ ˭ˣˤˬ ˧˶ˬˣ˥ ˫ˤ˩˶˟ ˭ˣˤˬˢ ˠ˶˞ˬ˟ ˶IUI-5   ˸ˣ˧˲ˣ˶˦ ˸ˣˬ˶ ˸ˮ˧˥˟ˬ ˢ˶˟˥ˢ ˟˩˶ˢ

˶˥˞ˢ ˫˧˶˸˞ˢ ˧ˮ˷ˬ ˵ˢ˟ˣˬ˟ ˢˮˣ˷ ˢ˧ˢ  ˫˰ ,˸ˣ˧˲ˣ˶˦ ˸ˣˬ˶ ˸ˮ˧˥˟ˬ ˶˸ˣ˧ ˸˧ˮˠˣˬˣˢ ˢ˸˧˧ˢ ˢˤ ˶˸˞˟ ˢ˶˟˥ˢ .˫˧

) ˸ˣ˧˪ˣ˥ ˧˶˯˥ ˧˲˶ˣ˦ ˫˧ˮ˧ˬ ˪˷ ˶˸ˣ˧ ˪ˣˡˠ ˠˣ˴˧˧29% ) ˫˧˶ˣ˟˧˟˶ˢ ˫˧ˮ˧ˬˣ (ˢ˶˟˥ˢˬ25%   ˧ˮ˷˟ ˶˷˞ˬ (ˢ˶˟˥ˢˬ

) ˫˧˶˥˞ˢ ˫˧˶˸˞ˢ10%   .(< 

˟ ˫˧ˮ˷2020-2022  ˫˧ˠˡˢ ˸˶˟˥ ˪˷ ˧˲ˣ˶˦ˢ ˢ˟˩˶ˢ˟) ˟˧˴˧ ˶˸ˣˮ ˫ˣˠ˧ˡˢ ˧˶˸˞ ˸˷ˣ˪˷ ˶ˣ˧˞˟55  ˶˸˞˟ .(

IUI_15 ˸ˣ˥˧˩˷ ˪˷˟ ˢ˞˶ˮˢ ˪˩˩ ,˸ˣˬˡˣ˵ ˫˧ˮ˷ ˸ˬˣ˰˪ ˫˧˶ˣ˟˧˦˵ˮ˪˲ˢ ˫˧ˠˡˢ ˪˷ ˫˸ˣ˥˧˩˷˟ ˢ˧˧˪˰ ˢ˸˲˴ˮ ,

) ˱ˣ˯ ˫˧ ˸˧ˤ˲ ˧ˮˣ˦˵ˮ˪˲ˢ ˭˧ˬˢ ˸ˣ˵ˢ˪ ˪˷ ˢˢˣ˟ˠPseudanthias squamipinnisˢ ˸˥˲˷ˬˬ ,(- Serranidae  

 ˸ˮ˷˟ ˢˤ ˶˸˞˟2022  . 
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 ˶ˣ˧˞˟54 ˪˰ ˸˧ˮˣ˷ˢ ˧ˠˡ ˸ˣˠ˪˲˸ˢ :˸˧˲ˣ˶˦ˢ ˢˬ˶ˢ ˧˲ .˫˧ˤˣ˥˞˟ ˢ˦ˬ˪ ,˸ˣ˧ˣ˲˧˲˴ ˢ˪˰ˬ˪ .˫˧˶˵˯ˮˢ ˫˧˶˸˞˟ 

Figure B54: Distribution of reef fish according to trophic levels at the surveyed sites. Top 

densities, bottom fractions.  
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  ˶ˣ˧˞˟55 ˸ ˧˲ˣ˶˦ˢ ˢˬ˶ˢ ˧˲ ˪˰ ˸˧ˮˣ˷ˢ ˧ˠˡ ˸ˣˠ˪˲˸ˢ :  ˫˧ˮ˷˟ ˫˧˶˵˯ˮˢ ˫˧˶˸˞˟  2020-2022  ˢ˦ˬ˪ ,˸ˣ˧ˣ˲˧˲˴ ˢ˪˰ˬ˪ .

.˫˧ˤˣ˥˞˟ 

Figure B55: Distribution of reef fish according to trophic levels at the surveyed sites in 2020-

2022. Top densities, bottom fractions.  

 

 ˶˸˞˟NR_7 ˶˟˩ ˸˶˵˯ˮ ˫˧ˠˡˢ ˸˶˟˥ ˣ˟˷ ,15 ˢ˪˞ ˫˧˧˸ˣˬ˩ ˫˧˯˥˧ ,ˢˮ˷ ˧ˠˡˢ ˸ˣ˥˲˷ˬ ˭˧˟  ˸ˣ˴ˣ˲ˮˢ ˫

 ˶ˣ˧˞) ˸˧ˮˣ˷˟ ˫˧ˠˡˢ ˸˧˧˯ˣ˪˩ˣ˞ ˢˮ˟ˬ˟ ˸ˣ˟˧˴˧ ˪˰ ˫˧ˡ˧˰ˬˣ ˫˧˶ˬ˷ˮ ˸ˣˮˣ˷ˢ ˸ˣ˧˲ˣ˶˦ˢ ˸ˣˬ˶ˢˣ˟56  ˟˩˶ˢ .(

ˢ ˸˥˲˷ˬ .˸ˣˬˡˣ˵ ˫˧ˮ˷ˬ ˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˢˮ˸˷ˢ ˞˪ ˫˧ˠˡˢ ˸˶˟˥ ˪˷ ˧˲ˣ˶˦ˢ ˟˩˶ˢˢˣ ˸ˣ˥˲˷ˬˢ- Serranidae  

  ˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˨˶ˣ˞˪ ˶˸ˣ˧˟ ˢ˴ˣ˲ˮˢ ˢ˧˧ˮ˷ˢ ˢ˥˲˷ˬˢ ˢ˸˧˧ˢ ˨˞ ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˢ˸˲˴ˮ ˞˪ˣ ˦˰ˬ˩˟ ˢˮ˷.˸ˬˡˣ˵ˢ  

 ˢ˞˴ˬˮ ˟ˣ˷ ˢˮ˷ˢ-s Serranidae ˢ˴ˣ˟˵˩  ˢ˪ˡˣˠ˟ ˢ˧˧ˮ˷ˢ ˸˧˞˶˵˞ ˢ˞˴ˣ˸ ˢ˧ˢ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˢ˶ˡ˰ˢ ˧˩ ˢ˞˶ˮˣ

  .ˢˬˠˬ ˞˪ˣ ˫ˠˡˬˢ ˪˷ 

 ˫˧ˮ˷˟ ˸ˣ˞˶˪ ˭˸˧ˮ˷ ˸ˣˡ˥ˢ ˸ˣˡˣˮ˸ˢ2009 x-2018 ˟ ˫ˢ ˪ ˷  ˫˧˧ˮˣ˦˵ˮ˪˲ ˫˧ˠˡ ˪˷ ˸ˣ˪ˣˡˠ ˸ˣ˵ˢ˪ ˸ˣ˥˩ˣˮ

 ˸˥˲˷ˬˬPomacentridae  ˸˲ˣ˵˸ ˪˩ ˨˶ˣ˞˪ ˢ˶ˣˬ˷ˢ ˶˸˞˟ ˫˧ˠˡˢ ˸˶˟˥˟ ˧˶˞ˢ ˵˪˥ˢ ˸˞ ˢˣˣˢˬ ˣˤ ˢ˥˲˷ˬ .

 .˫˧˶ˣ˟˧˦˵ˮ˪˲ ˫ˮ˧ˢ ˢ˟ ˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ ˫˧ˮ˧ˬˢ ˶˷˞˩ ,˶ˣ˦˧ˮˢ 

˥ ˫˧˲˶ˣ˦ ˫˧ˮ˧ˬˬ ˸˟˩˶ˣˬ ˢ˪ˡˣˠ˟ ˢ˧˧ˮ˷ˢ ˸˧˲ˣ˶˦ˢ ˢ˴ˣ˟˵ˢ ,˸ˣˬˡˣ˵ ˫˧ˮ˷˟ ˣˬ˩  ˫˧˥˧˧ˮˣ ˫˧ˡ˧˧ˮ ˸ˣ˧˪ˣ˥ ˧˶˯

) ˸˧ˮˣ˷˟(IM/IS  ˫˧ˮ˧ˬ ˪˷ ˸ˣ˧ˣ˴˶˲˸ˢ ˫˧˰ˮˣˬ ˨˩ˣ ˸˧ˮˣ˷˟ ˸ˣ˧˪ˣ˥ˢ ˧˶˯˥ ˸˧˧˯ˣ˪˩ˣ˞ ˸˞ ˫˧˸˯ˣˣˬ ˣ˪˞ ˫˧ˠˡ .

 .˸˧ˮˣ˷˪ ˸ˣ˧ˮ˯˶ˢ ˸ˣ˧ˢ˪ ˸ˣ˧ˣ˷˰ˢ ,ˣ˪˞ ˸ˣ˴ˣ˟˵ˬ 

) ˫˧˰ˣ˶ˢ ˫˧ˠˡ˪H/HD˸˧ˮˣ˷˟ ˢˮ˸˷ˬ ˠˣ˴˧˧ (˰˴ˬ ˸ˣˡˣˬ˴ ˸ˣ˴˞ ˧˪˩ˣ˞ , ˫˧ˮ˷ˢ ˨˶ˣ˞˪ ˭˧˟ ,2-10% ˸˶˟˥ˬ  

  ˧˥˦˷ ˫˧˶˷˲˞ˬˣ ˸˧ˮˣ˷˟ ˸ˣ˴˞ˢ ˸˥˧ˬ˴ ˸˞ ˫˧˸˯ˣˣˬ ˢ˪˞ ˫˧ˠˡ ,˸ˣ˧˪ˣ˥ ˧˶˯˥ˬ ˫˧ˮˣˤ˧ˮˢ ˫˧ˠˡˢ ˫˰ ˡ˥˧˟ .˫˧ˠˡˢ

  .˫˧ˠˣˬ˪˞ ˸ˣ˟˷˧˧˸ˢ˪ ˫˧˧˵ˮ ˸˧ˮˣ˷ 

 ˸ˣ˥˧˩˷˟ ˣ˶˲˯ˮ ˫˧˲˶ˣ˦ˢ ˫˧ˠˡˢˢ ˫˸ˣ˲˧˲˴ ˨˞ ,˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˪˩ ˨˶ˣ˞˪ ˶˸ˣ˧˟ ˢ˩ˣˬˮ˞˪ ˢ˸ˮ˸˷ˢ ˭ˬˤˢ ˫˰  

ˢ˶˸ˣˮˣ  .ˢ˰ˣ˟˵ ˸˧˯˥˧ 

˲˪ ˫˧ˠˡˢ ˸˵ˣ˪˥  ˪˰ ˫˧ˮ˷ˢ ˭˧˟ ˢ˞ˣˣ˷ˢˣ ˢ˶˟˥ˢ ˢˮ˟ˬ˪ ˸ˣ˯˥˧˧˸ˢ ˸˶˷˲˞ˬ (˭ˣˤˬ ˸˲ˡ˰ˢ) ˸˧˲ˣ˶˦ˢ ˢˬ˶ˢ ˧

 ˭˧˟ ˢ˪˞ ˫˧˧˸ˣˬ˩ ˫˧˯˥˧ .˸˧ˮˣ˷ˢ ˧ˠˡ ˪˷ ˧ˠˣ˪ˣ˵˞ˢ ˡˣ˵˲˸ˢ ˪˰ ˫ˠ ˸ˡˬ˪ˬˣ ,˫ˠˡˬˢ ˪ˡˣˠ˟ ˫˧˶˩˧ˮ ˫˧˪ˡ˟ˢ ˱˞

˟ ˫˧ˠˡˢ ˸˧˧˯ˣ˪˩ˣ˞ ˢˮ˟ˬ˟ ˸ˣ˟˧˴˧ ˪˰ ˫˧ˡ˧˰ˬˣ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˫˧˶ˬ˷ˮ ˸ˣˮˣ˷ˢ ˫˧ˠˡˢ ˸ˣ˴ˣ˟˵.˸˧ˮˣ˷  

 

 
 ˶ˣ˧˞˟56 ˸ˣ˥˲˷ˬ ˧˲ ˪˰ˣ (˪˞ˬ˷ˬ) ˸˧˲ˣ˶˦ˢ ˢˬ˶ˢ ˧˲ ˪˰ ˸˧ˮˣ˷ˢ ˧ˠˡ ˸ˣˠ˪˲˸ˢ : ˸ˣ˧˶˵˧˰ ˸ˮ˷ ˤ˞ˬ (˭˧ˬ˧ˬ)2007 . 

Figure B56: Distribution of reef fish according to trophic level (left) and major families (right) 

since 2007. 
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 .˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˭˧˟ ˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˪ˡ˟ˮ ˞˪ ˪ˣˡ˧ˠ ˧˸˟˪ ˢ˵ˣ˪˥ ˧˲˪ ˸˧ˮˣ˷ˢ ˧ˠˡ ˸˶˟˥ ˟˩˶ˢ  ˧˶˸˞ ˸˷ˣ˪˷˟

) ˫˧ˠˡˢ ˸˧˟˶ˬ ˫ˣˠ˧ˡˢ70-90%ˢ ( ˫) ˸˧˰˵˶˵˪ ˢ˵˧ˤ ˫˰ ˫˧ˬˢ ˸ˡˣˬ˰˟ ˫˧˧˥˷ ˫˧ˮ˧ˬBentho-pelagic ˶ˣ˧˞) (

˟57ˣ˶˯ˮˬ˟ ˫˧˷˰ˮ ˫˧˩˸˥ˢ) ˸˧ˮˣ˷ˢ ˧ˠˡ˟ ˫˧ˤ˩˶˸ˬˢ ˫˧˶˵˯˟ ˶˟ˣˡˬ˷ ˭ˣˣ˧˩ˬ .(  ˢˤ ˭˧˞ ,(ˢˬ˴˰ ˸˧ˮˣ˷ˢ ˪˰ˬ ˸

 ˱˞ ˪˰ ,ˣ˪˞ ˫˧ˮ˧ˬ .˸˧ˮˣ˷˪ ˢ˵˧ˤ˟ ˫˧˧˥ ˫˧ˠˡˢ ˸˧˟˶ˬ˷ ˰˧˸˲ˬ˫˟ˣ˶˷  ˶ ˣ˟˧˦˵ˮ˪˲˫˧ ˶ˬˣ˪˩) ,  ˪˰ ˫˧˩ˬ˸˯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˧˞ 

˪˷ ˫˵˪˥ ˬ ˭˦˵ ˢ˧ˢ ,˸˧ˮˣ˷ˢ ˨ˣ˸˟ ˫˧˧˥ˢ ,˫˧˧˦ˮ˟ˢ ˫˧ˠˡˢ-5%   .˫ˣˠ˧ˡˢ ˧˶˸˞ ˸˷ˣ˪˷˟,˨˩˪ ˫˞˸ˢ˟  ˪˩˟

 .˫˧ˠˡ ˧ˡ˧ ˪˰ ˫˧˟˷ˣ˧ˬ ˣ˧ˢ ˣ˶˲˯ˮ˷ ˫˧ˠˣˬ˪˞ˢˬ ˸˧˴˥ˬˬ ˸ˣ˥˲ ˫˧˶˸˞ˢˢ˞˴ˬˮ   ˧˪˪˩ˢ ˫˧ˠˡˢ ˶˲˯ˬ ˭˧˟ ˢ˧˴˪˶ˣ˵

˶˸˞˟ ,˪˷ˬ˪ .˫˧˟˷ˣ˧ˬˢ ˫˧ˠˣˬ˪˞ˢ ˤˣ˥˞ˣ ˶˸˞˟ ˫˧ˠˣˬ˪˞ˢ ˶˲˯ˬ ˭˧˟˪ ˫˧˧˦ˮ˟ˢ ˫˧ˠˡˢ ˶˲˯ˬˣ IUI-5 ˣ˧ˢ ˣ˟˷ ,

 ˣ˧ˢ ˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˫˧ˠˡ ˸ˣ˥˲ ˫ˠ  ˵˶ˣ ,˫˧˶˥˞ˢ ˫˧˶˸˞ˢ ˧ˮ˷˟ ˶˷˞ˬ ˫˧ˠˣˬ˪˞ ˸ˣ˟˷ˣˬ ˸ˣ˥˲22%  ˣ˧ˢ ˭˩ˣ˸ˬ

  ˸ˬˣ˰˪ ) ˫˧ˠˡ ˧ˡ˧ ˪˰ ˸ˣ˟˷ˣ˧ˬ47% x-41%  ˫˧˶˸˞˟IUI-15 x- NR-7 ,.(ˢˬ˞˸ˢ˟ 

 

 
 ˶ˣ˧˞˟57 ˸˧ˮˣ˷ˢ ˧ˠˡ ˸ˣˠ˪˲˸ˢ : ˪ ˣˡ˧ˠˢ ˧˸˟ ˧˲˪ 

Figure B57: Distribution of reef fi sh according to habitats 

 

 ˸ ˣˮ˵˯ˬ 

 ˫˧ˮˣ˸ˮ ˭˧˟ˣ ˭˞˩ ˫˧ˠ˴ˣˬˢ ˫˧ˮˣ˸ˮˢ ˭˧˟ ˢ˞ˣˣ˷ˢ ˭˩ ˪˰ˣ ˫˪ˣ˰˟ ˸ˣˠˣˢˮˢ ˫˧ˠˡ ˧˶˵˯˪ ˸ˣ˟˶ ˸ˣ˦˧˷ ˭ˮ˷˧

  ˸˶˷˲˞˸ˬ ˨˩ˣ ˸ˣ˦˧˷ ˭˸ˣ˞˟ˣ ˫˧˶˸˞ ˫˸ˣ˞ ˶˥˞ ˸˟˵ˣ˰ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ,˸˞ˤ ˫˰ .˸ˣ˥˪˴ˣˬ ˭ˮ˧˞ ˫˧˶˥˞ ˸ˣˬˣ˵ˬˬ

 ˲ ˬ˟ ˫˧˶˵˯ˮˢ ˫˧˶˸˞ˢ ˭˧˟ ˭ˬˤ ˨˶ˣ˞˪ ˢ˞ˣˣ˷ˢ  ˧˶˸˞˟ ˸˧ˮˣ˷ˢ ˧ˠˡ ˸˶˟˥˷ ˢ˞˶ˮ ,ˣˤ ˢ˞ˣˣ˷ˢ ˯˧˯˟ ˪˰ .˸˪˧˞ ˳˶

 ,˶ˣ˦˧ˮˢ ˸˲ˣ˵˸ ˨˷ˬ˟ ˢ˟˧˴˧ ˸˪˧˞˟ ˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷˟ˣ ˭ˣ˩ˬˢ  ˪˩˩ ˫˧˰˟ˣˮ˷ ˫˧ˮ˷ˢ ˨˪ˢˬ˟ ˫˧˧˞˶˵˞ ˫˧˧ˣˮ˧˷ ˫˰

˸ˣˮˬˡˤˬ ˸ˣ˵ˢ˪ ˪˷ ˸ˣˡˣˮ˸˟ ˞˪˞ ,˫˧ˠˡˢ ˸ˣ˥˧˩˷ˣ ˟˩˶ˢ˟ ˧˸ˣˢˬ ˧ˣˮ˧˷ˬ ˞˪ ˢ˞˶ˮˢ ˫˧˶˸˞ˢ ˢ˷ˣ˪˷ ˭˧˟ .

  ˫˧ˬ˵ˣˬˬˣ ,ˠ˧˧ˡ˪ ˫˧˶ˣ˯˞ ˫˧˶˸˞ ˫ˢ ˣˬˠˡˮ˷ ˫˧˶˸˞ˢ ˪˩ .˫˧ˠˡˢ ˟˩˶ˢˣ ˸˰˲˷˟ ˵ˢ˟ˣˬ ˪ˡ˟ˢ ˞˴ˬˮ ˞˪ ˫˧˶˵˯ˮˢ

  .˫˧ˬˣˡ ˫˧˞ˮ˸˪ ˫˧˲˷˥ˮ ˸˧ˮˠˣ˲ˣ˶˸ˮ˞ˢ ˢ˰˲˷ˢˢ ˸ˮ˧˥˟ˬˣ ˧ˮˣ˶˧˰ˢ ˶ˣˤ˞˪ ˳ˣ˥ˬ 

 ˵ˬˣ˰˟ ˭ˣ˩ˬˢ ˶˸˞5  ˨˞ ,˫˧˶˥˞ˢ ˫˧˶˸˞ˢ ˧ˮ˷˪ ˸˧˯˥˧ ˫˧ˠˡ ˦ˣ˰˧ˬ˟ ˭˧˧˲ˣ˞ˬ ˫˧˶˦ˬ  ˶˸ˣ˧ ˪ˣˡˠ ˫˧ˮ˧ˬ ˶˷ˣ˰˟

  .ˢˤ ˶˸˞˟ ˫˧˶˧ˡˮ ˫˧ˮ˧ˬ ˧ˣ˟˧˶ˬ ˰˟ˣˮ ˶˟ˡˢ ˧˩ ˢ˞˶ˮ .ˢˬˣˡ ˫˧ˮ˧ˬ ˭ˣˣˠˬˣ 

 ˵ˬˣ˰ ˭˧˟ ˫˧˪ˡ˟ˢ5 ˪-15   ˫˧ˮ˧˧˲˞˸ˬ ˫˧ˮˣ˷ ˫˧˵ˬˣ˰ .˫˧ˬ˶ˣˠ ˶˲˯ˬˬ ˰ˣ˟ˮ˪ ˫˧˧ˣ˷˰ ˭ˣ˩ˬˢ ˶˸˞˟ ˫˧˶˦ˬ

 x ˯˧˩ˣ ˶ˣ˞ ˸ˣˬ˴ˣ˰ ,˫˧ˬ˟ (˫˧˦ˮ˧˧˶˦ˣˮ) ˫˧ˮ˧ˤˬ ˫˧˶ˬˣ˥ ˤˣ˩˧˶ ˭ˣˠ˩ ˫˧ˮˣ˷ ˢ˧˥ˬ ˧˞ˮ˸˟  ˪˰ ˫˧˰˧˲˷ˬˢ ,˫˧ˠˣˬ˪˞ ˧

  ˸ˣˢˤ˟ˣ ˸ˣˬ˩˟ ˫˧˧ˣˮ˧˷˪ ˫ˣ˶ˠ˪ ˧ˣ˷˰ ˫˧ˮˣ˷ ˫˧˵ˬˣ˰ ˭˧˟ ˢˬ˧˶ˤˢ ˶˦˷ˬ˟ ˫˧˧ˣˮ˧˷ .˶˸˞ˢ ˪˷ ˢ˰ˣ˟˵ˢ ˫˧ˠˡˢ ˸˶˟˥

   .˫˧˶ˠˣ˟ˢ ˫˧ˠˡˢ ˸˶˟˥˟ ˧ˣˮ˧˷˪ ˭˩˪ˣ ,˫˧ˬ˟ ˫˧˰˯ˣˬˢ (˸ˣˣ˶˞˪ˢ) ˫˧˶˧˰˴ˢ ˥"˰˟ 
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˟ ˢ˪˟˦8 :ˢˣ ˫˧ˠˡˢ ˶˲˯ˬ ˸ˣ˥˧˩˷ˢ˥˲˷ˬ ˪˷ (ˢˬ˧ˠˡ ˸ˡ˧˥˧˪) ˸˰˴ˣˬˬ ˫˧ˠˡ ˸ˣ˸ˣ˟˷ˣˬˣ   ˸˧ˮˣ˷ ˧˶˸˞˟ ˫˧ˠˣˬ˪˞

.ˢˮ˷ˢ ˣ˶˵˯ˮ˷ 

Table B8: Average occurrence (per sampling unit) of fish families and corals at the Eilat reef 

sites surveyed this year. 

 

Family Habitat 

Fish abundance at each site 

(Total number of fish observed) 

Mean fish number  

per sampling unit  

(±95% confidence interval of the mean) 

IUI 5 m IUI 15 m NR 7 m IUI 5 m IUI 15 m NR 7 m 
Blenniidae/Gobiidae 

B
e

n
th

ic
 

10 2 36 0.53 (±0.4) 0.3 (±0.9) 1.8 (±1.0) 

Mullidae 34 6 32 1.8 (±1.2) 1.0 (±0.9) 1.6 (±0.7) 

Pinguipedidae 2 0 4 0.1 (±0.2) 0 0.2 (±0.2) 

Pseudochromidae 3 14 11 0.2 (±0.2) 2.3 (±1.3) 0.6 (±0.3) 

Synodontidae 4 1 3 0.2 (±0.2) 0.2 (±0.4) 0.2 (±0.2) 

Tetraodonitidae/Diodonitidae 7 1 1 0.4 (±0.5) 0.2 (±0.4) 0.1 (±0.1) 

Acanthuridae 

B
e

n
th

o-
p

e
la

g
ic

 

88 11 87 4.6 (±1.7) 1.8 (±1.8) 4.4 (±1.7) 

Apogonidae 0 0 0 0 0 0.1 (±0.1) 

Balistidae 19 7 8 1.0 (±0.5) 1.2 (±1.2) 0.4 (±0.4) 

Chaetodontidae 34 8 43 1.8 (±0.9) 1.3 (±0.7) 2.2 (±0.8) 

Labridae 50 35 115 2.6 (±1.6) 5.8 (±8.5) 5.8 (±3.4) 

Lethrinidae 24 2 57 1.3 (±0.9) 0.3 (±0.5) 2.9 (±2.7) 

Ostraciidae 6 1 1 0.3 (±0.1) 0.2 (±0.4) 0.1 (±0.1) 

Pomacanthidae 12 0 2 0.6 (±0.7) 0 0.1 (±0.2) 

Pomacentridae 91 133 1137 4.8 (±2.1) 22.2 (±7.3) 56.9 (±37.3) 

Scaridae 19 1 40 1.0 (±0.5) 0.2 (±0.4) 2.0 (±0.8) 

Serranidae 11 483 529 0.6 (±0.5) 80.5 (±103.1) 26.5 (±23.4) 

Siganidae 33 0 2 1.7 (±1.4) 0 0.1 (±0.1) 

Atherinidae Pelagic 1500 0 1500 78.9 (±65.4) 0 75.0 (±60.5) 

Caesionidae 97 34 58 5.1 (±4.1) 5.7 (±8.8) 2.9 (±2.8) 

Coral inhabited by fish   22 24 45 1.2 (±2.1) 4.0 (±0.7) 2.3 (±1.6) 

Coral without fish   70 27 63 3.7 (±1.3) 4.5 (±3.8) 3.2 (±3.1) 
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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˩˧˶˪˵ˮ˧ˣˣ ˸˦˧˷˟ ˰˟  ˞˧ˢ˷˧˴˵˞˧˶ ˸  ˸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 :ˢ ˸ˣˡ˧ˡˬ-pH   ˪˷ ˢ˰ˣ˟˵ ˢ˶ˣ˦˶˲ˬ˦˟ ˸ˣ˰˴ˣ˟ˬ ˫˧ˢ ˧ˬ˟25ęC  ˸ˣ˰˴ˬ˞˟ ˸ˡˣ˶˦˵˪˞pH  

) ˸˧˩ˣ˩ˤˬ(combined pH electrode  ˫ˠˡpHC2401-7   ˡˬˣpH   ˫ˠˡ93 PHM  ˸˶˟˥ ˪˷ ˫ˢ˧ˮ˷Radiometer 

Copenhagen.   ˸ˣ˧˦˶ˡˮ˦˯ ˸ˣ˯˧ˬ˸ ˸˶ˤ˰˟ ˰˴˟˸ˬ ˢˡˣ˶˦˵˪˞ˢ ˪ˣ˧˩˸ˣ˧˶˥˯ˬ   ˸ˣ˧ˬˣ˞˪ˮ˧˟ ˪ˣ˧˩ ˸ˣ˯˧ˬ˸˩ ˸ˣ˶˩ˣˬˣ

(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˶ˡˠˢˢ ˧˲˪Millero 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˟˵ .

˸ˣ˥˧˪ˬˣ ˢ˶ˣ˦˶˲ˬ˦   ˧˲˪ ˫˸˧˶ˣˠ˪˞ ˸ˣ˰˴ˬ˞˟ ˟ˣ˷˧˥˪ ˭˸˧ˮˣ(Millero et al. 1988)ˢ ˸ˣˡ˧ˡˬ ˪˩ˣ ˶˥˞ˬ .- pH  ˪˷

ˢ˶ˣ˦˶˲ˬ˦ ˢ˸ˣ˞˟ ˸ˣ˰˴˟˸ˬ ˶ˣ˦˧ˮˢ,   ˰ˣ˟˵ ˪˷ ˣ˩˶˰ ,˸˧˶˰ˤˬ ˢˡ˧ˬ˟ ˢˮ˸˷ˬ ˸˪˧˞ ˳˶˲ˬ ˭ˣ˲˴˟ ˫˧ˢ ˧ˬ ˸ˣ˥˧˪ˬˣ

 ˞ˣˢ ˭ˬ˧ˬˢ ˭ˣ˧ ˪˷ ˸ˣ˧˟˧˦˵˞ˢ0.72 ˨˷ˬ˟  ˪˩˪˰ ˢˤ ˰ˣ˟˵ ˸˪˰˲ˢ .˫˧ˬˢ ˸ˡˣˬ˰ ˪˩˟ˣ ˢˮ˷ˢ ˢ ˸ˣˡ˧ˡˬ- 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 ˪˩ˬ )Shaked 2008(. 

 (˪"˞˧˥) ˭ˬ˶˟˪˧˯ ˵'ˠ ˶"ˡ ,ˢ˥ˣ˸˲ˢ ˢ˦˧˯˶˟˧ˮˣ˞ˢˣ ˸˧˶˟˰ˢ ˢ˦˧˯˶˟˧ˮˣ˞ˢ) ˦˲ˠ˶ˣˣ ˪˧˧˞ ˶"ˡ ˫˰ ˸˥˞ ˢ˴˰˟

˪ˠ ˶"ˡˣ  ˢˡ˧ˡˬ˪ ˧ˡˣ˰˧˧ ˶˦ˬˣ˦ˣ˲ˣ˶˦˵˲˯ ˶˧˷˩ˬ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˢ˷˩˶ (˟ˠˮ˟ ˭ˣ˧˶ˣˠ ˭˟ ˸˦˧˯˶˟ˮˣ˞) ˶˪˦ˮ˞ ˡ˰

) 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  ˸ ˣ˪˰ˢ˪ ˸ˮˬ ˪˰  ˨˶˰ ˸˞ ˡ˧˶ˣˢ˪ ˣ˞

 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˪0.99993=2R 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˟

 ˶˷˵ˢ ˸˞ ˟˦˧ˢ ˠ˴˧˧ˬ ˢ˧˧˯˶ˠ˶ˢ ˣ˵˷ ˞˴ˬˮ .˸ˣ˦˧˷ˢ ˭˧˟ ˢˬ˞˸ˢˢ ˟˧˦  ˸˶˷˲˞ˬ ˢ˧˯˶ˠ˶ˢ ˣ˵ ˰ˣ˲˧˷ .˸ˣˡ˧ˡˬˢ ˭˧˟
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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 ˧˩˶˰

˧ ˧ˬ ˪˷ ˢˡ˧ˡˬˢ ˸˪˵˯˪ ˫˧ˬ˧˞˸ˬˢ ˶˦ˬˣ˦ˣ˲ˣ˶˦˵˲˯ ˸ˣ˰˴ˬ˞˟ ˫Contros 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 ) ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶ ,˧ˣ˴˧ˬˢ ˫ˣ˸˟ .˸ˣ˰˷chlorophyll-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˪˟˦ ɣ1 :ˣ˞˧˸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

˷ ˥ˣˣ˦ ˸˩ˣ˶˞ ˢˬˠˬ ˭˥˟˞˪ ˧˩˶˰˟ ˧ˣˮ˧˷ ˪pH  ˶ˣ˦˧ˮˢ ˥"ˣˡ˟ ˶ˣˬ˞˪ ˡˣˠ˧ˮ˟)2005 .(˸ˣ˧ˣˠ˷ ˸ˣˡ˧ˡˬ ˣˠ˴ˣˢ ˫˷ , 

 

) ˢˮ˷ˢ ˶˟ˣ˦˵ˣ˞ ˷ˡˣ˥ˬ2022ˢ ˸ˣˡ˧ˡˬ (-pH   .˫˧ ˧ˬ˪ ˢˬ˧˞˸ˬˢ ˢ˪˵˯˟ ˸˧˶˦ˬˣ˦ˣ˲ˣ˶˦˵˲˯ ˢˤ˧˪ˮ˞˟ ˸ˣ˷˰ˮ

˰ ˥ˣˣ˦ ˸˶˧˴˧˪ ˯˧˯˟ ˸˲˯ˣ˸˟ ˣ˞ ˫˧˴ˬ˥ˣˬ ˫˧ ˧ˬ ˸ˣ˰˴ˬ˞˟ ˭ˢ) ˪ˣ˧˩ˣ ˪ˣ˵ˣ˦ˣ˶˲ˢ ˷ˣ˟˧ˠ ˪˷ ˢ˲ˣ˵˸ ˶˥˞˪  ˪ˣ˧˩ ˧˩˶

 ˵ˢ˟ˣˬ ˧˶˞ˮ˧˪ ˶˷˵ ˞˴ˬˮ (˫˧˷ˡˣ˥ ˢ˷ˣ˪˷ ˨˷ˬ˟ ˸ˣ˦˧˷ˢ ˧˸˷˟ ˸ˣ˞ˬˠˣˡˢ ˪˷ ˢ˪˧˟˵ˬ ˢˡ˧ˡˬ ˸ˣ˰˴ˬ˞˟ ˭ˢˣ ˪ˣˡˠ

 ,˨˩˧˲˪ .(ˢ˪˰ˬ ˣ˞˶) ˸ˣ˷ˡ˥ˢ ˸ˣˤ˧˪ˮ˞ˢˣ ˸ˣˡˣ˶˦˵˪˞˟ ˢˡ˧ˡˬˢ ˸ˣ˞˴ˣ˸ ˭˧˟ ˸˧ˮ˩˸ˢ ˧ˡ˧ ˪˰ ˣˡˡˬˮ ˶˷˞ ˢ˟ˠˢ ˧˩˶˰ ˪˩

 ˢ˪˵˯ˢ ˧˲ ˪˰ ˭˞˩ ˫˧˥ˣˣˡˬˣ ˷ˡ˥ˬ ˣ˟˷ˣ˥ ˸ˣˬˡˣ˵ˢ ˫˧ˮ˷˟ˢ˷ˡ˥ˢ. 

 

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˥˸˟8.05  ,˶˸ˣ˧ ˨ˣˬˮˣ ˳˶ˬ ˷ˡˣ˥˟8.047 ɣ  ˶ˣ˧˞) ˶˟ˬ˴ˡ˟ ˢˮ˷ˢ ˱ˣ˯˟ ,2ˢ ˧˩˶˰ .(-pH  

ˣˡˡˬˮ ˶˸ˣ˧˟ ˫˧ˢˣ˟ˠˢ ˰˧ˠˢˣ ˶˟ˬ˦˲˯ ˷ˡˣ˥˟ ˢˮ˷ˢ ˫ˠ˪ ˥ˣ˸˲ˢ ˫˧˟ ˣ- 8.089 .ˢˮ˷ˢ ˡˡˬˮ˷ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˨˶˰ˢ ,

ˢ ˧˩˶˰-pH   ˫˧ˮ˷˟ .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˡˡˬˮˢ ˥ˣˣ˦ˢˬ ˫˧ˠ˶ˣ˥ ˫ˮ˧˞ˣ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˣˡˡˬˮ ˶˷˞ ˣ˪˞˪ ˫˧ˬˣˡ ˢˮ˷ˢ

) ˵ˣˬ˰ ˟ˣ˟˶˰ ˪˷ ˫˧ˮ˷˟ ˶˵˧˰˟ ,˫˧˩ˣˬˮ ˫˧˞˧˷ ˣ˧ˢ ˸ˣˡ˧ˡˬˢ ˪˷ ˸ˣˮˣ˷˞˶ˢ2007,2008 ,2012  ˞˪ ˢˮ˷ˢ ˨˞ (

˩ ˪˩ ˫˧˩˶˰ ˣˡˡˬˮ.ˢ˪ˣˡˠ ˢ˸˧ˢ ˞˪ ˸˧˪˪˩ˢ ˫˧˩˶˰ˢ ˸˰˶˷ˬˣ ˫˧˩ˣˬˮ ˨ 

 ˪˷ ˢ˟ˠˢ ˨˶˰8.010  ˳˶ˬ ˷ˡˣ˥˟ ,˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟ ˡˡˬˮ˷ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˨˶˰ˢ ˞ˣˢ2008   ˭ˬˤ˟)

 ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˨˶˰ˢ .˸˪˧˞ ˪˷ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˣ˧ˢ ˣ˟ ˫ˣ˵ˬ˟ ,(˶˸ˣ˧˟ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ

 ˢ˧ˢ8.036  ˮ ˬ˪ ˢˡ˧˥˧ˢ ˸ˮ˥˸˟ .˶˟ˬ˟ˣˮ ˷ˡˣ˥˟ ,˫˧ ˫ˣˢ˧ˤ ˸˰˧ 
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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-˲ˣ˞˟ ˫ˠ ˸ˣˮ˸˷ˢ˪ ˧ˣ˷˰ ˢˤ˦ˮ˧˯ˣ˦ˣ˲  ˶ˣˤ˥ˬˢ .˧ˬˣ˵ˬ ˭

 ˧˩˶˰ ˪˷ ˧˸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

˧˦˦ˮ˧˯ˣ˦ˣ˲ ˸ˣ˪˧˰˲ ˫˧ˮˣ˧˪˰ˢ ˫˧ˬ˟ˣ ,˵ˬˣ˰ˢ ˧ˬˣ ˥˦˷ˢ ˧ˬ ˫˧ˡ˶˲ˣˬˢ ˸˧˧˪˰˪ ˸ˬ˶ˣˠ ˸-pH ˧˩˶˰ .pH  ˫˧˩ˣˬˮ

 ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸ˣˮ˷˟ ˣˡˡˬˮ ˶˸ˣ˧˟2007-8  ˪˷ ˫˧˧ˮˣ˴˧˵ ˫˧˩˶˰ ˣ˲˴ˮ ˞˪ˣ ˧ˮˣˮ˧˟ ˵ˬˣ˰˪ ˟ˣ˟˶˰ˢ ˢ˧ˢ ˢˮ˷ˢ .

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˧ˡˬˬ .˫˧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
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˫ˣ˧˴˪˵ ˸˰˵˷ˢ-˦ˮˣ˟˶˵ ˣˮ˧˷ ˫˧˧ˣ˲˴ ˞˪ ˭˩ ˪˰ .˫˧˥ˣ˸˲ ˫˧ˬ˟ ˫˧ˮ˦˵ ˸ˣ˧ˢ˪ ˫˧˧ˣ˲˴ ˸ˣ˧ˮ˧˪˵˪˞ ˧˩˶˰˟ ˫˧˧ˮˣ˴˧˵ ˫˧˧

.˫˧ˢ ˧ˬ˟  .˳˧˵ˢ ˧˷ˡˣ˥˟ ˶˸ˣ˧ ˢˢˣ˟ˠˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˢ˩ˣˬˮ ˸ˣ˧ˮ˧˪˵˪˞ˢ ˣ˟ ˧˸ˮˣ˰ ˶ˣˤ˥ˬ ˶˥˞ ˟ˣ˵˰˪ ˭˸˧ˮ ,˨˩ 

] ˦˯ˣˠˣ˞ ˷ˡˣ˥˟ "˫˧ˠˡˢ ˧˟ˣ˪" ˸ˮ˥˸˟ ˸ˣ˧ˮ˧˪˵˪˞ ˪˷ ˡ˥ˣ˧ˬ˟ ˢˣ˟ˠ ˨˶˰ ˞˴ˬˮ ˢˮ˷ˢ2.535 meq/kg ˦˰ˬˣ [

ˡˣ˥˟ ˢˮ˥˸ ˢ˸ˣ˞˟ ˢˣ˟ˠ ˭˧˧ˡ˰ ˨˞ ˢˤˬ ˸ˣ˥˲] ˧ˮˣ˧ ˷2.522 meq/kg,[ ˠ ˶ˣ˧˞)3 ˢˡˡˬˮ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˫ˠ .(

  ˶˞˷˪ ˯˥˧˟ ˢˢˣ˟ˠ ˸ˣ˧ˮ˧˪˵˪˞˷ ˨˩ ˪˰ ˫˧˰˧˟˴ˬ ˨˞ ˶˸ˣ˧ ˫˧˩ˣˬˮ ˢˮ˷ˢ ˧˩˶˰ˣ ,ˢˢˣ˟ˠ ˸ˣ˧ˮ˧˪˵˪˞ ˣˤ ˢˮ˥˸˟

."˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˦˶˲˟ˣ ˸˪˧˞ ˪˷ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˳˧˵ˢ ˧˷ˡ˥˟ ˠ˧˶˥ ˰ˣ˶˧˞ ˢˮ˧˞ ˸ˣˮ˥˸ˢ 

ˢ ˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˨ˣˬˮˢ ˨˶˰ˢ ˢ˧ˢ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˢˮ˷]meq/kg[ 2.504  ˢˣ˟ˠˢ ˨˶˰ˢ .˧˪ˣ˧ ˷ˡˣ˥˟

 ˢ˧ˢ ˥ˣ˸˲ˢ ˫˧˟ ˶˸ˣ˧˟ ]meq/kg[ 2.518   .˶˟ˬ˴ˡˣ ˶˟ˬ˟ˣˮ ,˳˶ˬ ˫˧˷ˡˣ˥˟ 

 ˞ˣˢ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˶ˠ˯ˬ˟ ˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˸ˣ˧ˮ˧˪˵˪˞ˢ ˨˶˰ ]meq/kg [2.567,    ˧˟ˣ˪˩" ˸ˮ˥˸˟

) ˸ˬˡˣ˵ˢ ˢˮ˷˟ "˫˧ˠˡˢ2021˞ ˸ˣˮ˥˸˟ ˫ˠ ˨˞ ,( ,ˢˢˣ˟ˠ ˸ˣ˧ˮ˧˪˵˪˞ ˫˰˲ ˧ˡˬ ˸ˡˡˬˮ ˸˪˧˞ ˪˷ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˸ˣ˶˥

 ˸ˮ˷˟ ˶˟ˣ˦˵ˣ˞ ˷ˡˣ˥˟ "˧ˮˣ˲˴ˢ ˱ˣ˥ˢ" ˸ˮ˥˸˟ ˪˷ˬ˪2015 ,]meq/kg [2.559  ˯˥˧˟ ˢˠ˧˶˥ ˢ˸˧ˢ ˣˤ ˢˡ˧ˡˬ ˫ˠ .

) ˫ˣ˧ ˣ˸ˣ˞˟ ˸ˣ˶˥˞ˢ ˸ˣˮ˥˸ˢ ˧˩˶˰˪25  ˶˟ˣ˦˵ˣ˞˟2015  ˶ˠˮ ˸˯˧ˮ˩˪ ˢˬ˶ˠ˷ ˫˧ˬ˷ˠ ˸˲ˣ˯ ˶˥˞˪ ˫ˣ˧ ˢ˸˷˰ˮˣ (

ˣ˧ˮ˧˪˵˪˞ .˫˧˪ ˢˮ˷˟ ˫ˠ .ˢˤ ˫ˣ˧˟ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢˬ ˫˧ˬˢ ˸ˬˠˣˡ ˸˞ ˣˮ˧˧˲˞ ˫˧ˢˣ˟ˠ ˫˧˦ˮ˧˧˶˦ˣˮ ˧ˤˣ˩˧˶ˣ ˢˢˣ˟ˠ ˸

) ˸ˬˡˣ˵ˢ2022  ˶ˣ˦˧ˮˢ .ˡ˥ˣ˧ˬ˟ ˫˧ˢˣ˟ˠ ˣ˧ˢ ˧ˮˣ˧ ˷ˡˣ˥˟ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˸ˮ˥˸˟ ˱ˣ˥ˢ ˧ˬ˟ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˧ˤˣ˩˧˶ ,(

ˬ ˣ˞˴ˬˮ ˫˷ ˫ˠˣ ˦ˮ˧˵ˢ ˞˴ˣˬ˪ ˨ˣˬ˯˟ ,˶˸ˣ˧ ˫˧ˡˣˡ˶ ˫˧ˬ˟ ˸ˣˡ˧ˡˬ ˫ˠ ˢˮˣ˶˥˞˪ ˰˴˟ˬ ˢ˞˶ˮ .ˢˤ ˭ˬˤ˟ ˸ˣˠ˧˶˥ ˸ˣˡ˧ˡ

.˦ˮ˧˵ˢ ˸˪˰˸ ˨˲˷ˬ ˞ˣˢ ˠ˧˶˥ˢ ˨˶˰˪ ˸ˣˡ˧ˡˬ˪ ˶ˣ˵ˬˢ ˧˩ 

˟ ˸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 : ˧˩˶˰ ,ˢ˦ˬ˪ .˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ ˣˡˡˬˮ˷ ˸ˣ˧ˮ˧˪˵˪˞ ˧˩˶˰ ,ˢ˪˰ˬ˪  ˸ˣˮ˥˸ˢ ˪˩˟ ˫˧˧˷ˡˣ˥ ˸ˣ˧ˮ˧˪˵˪˞

 ˶˟ˣ˦˵ˣ˞ ˤ˞ˬ ˸ˣ˧˲ˣ˥ˢ2004 . 
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Figure C3: Top, alkalinity measured this year at the coastal stations. Bottom, Monthly 

alkalinity at all coastal water monitoring stations since October 2004.  

  

) ˭˴ˬˣ˥ˬ ˧ˮ˞ˠ˶ˣ˞ˮ˞ ˭˵ˮ˥2+ NO 3itrogen = NOTotal Oxidized N(  

  ˧˷ˡˣ˥ .˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˟ˣ˟˶˰ˢ ˶ˣˤ˥ˬ ˧ˡ˧ ˪˰ ˦˪˷ˮ ˭˴ˬˣ˥ˬ ˧ˮ˞ˠ˶ˣ˞ˮ˞ ˭˵ˮ˥ ˤˣ˩˧˶ ˪˷ ˧˸ˮ˷ˢ ˶ˣˤ˥ˬˢ

 ˢˮˣ˧˪˰ˢ ˫˧ˬˢ ˸˟˩˷) ˸˧˦ˣ˲ˢ ˢ˟˩˷ˢ ˢ˟ "˸˧˲ˣ˶˦ˣˠ˧˪ˣ˞" ˢ˲ˣ˵˸˪ ˫˧˟˷˥ˮ ,˸˟˩ˣ˷ˬ ˫˧ˬˢ ˸ˡˣˬ˰ ˫ˢ˟ ,˳˧˵ˢ

˩˶˴ˮ ˣ˪˞˷ ˭ˣˣ˧˩ˬ ,˫˧˦ˮ˧˧˶˦ˣˮ˟ ˢ˧˧ˮ˰ (˶ˣ˞ˢ ˶ˡˣ˥ ˢ˧˪˞  ˫˧˧ˮ˰ˢ) ˥˦˷ˢ ˧ˬ ˭˧˟ ˟ˣ˟˶˰ ˭˧˞ˣ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˧ˡ˧ ˪˰ ˣ

˫˷) ˵ˬˣ˰ˢ ˧ˬ˪ (˫˧˦ˮ˧˧˶˦ˣˮ˟    ˫˧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

˧ ˫˧ˢˣ˟ˠˣ ˧˷ˡˣ˥˟ ˶˸ˣ˱˶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˞ 

 

˞ ˷ˡˣ˥˟ "˫˧ˢ ˪˧˥" ˸ˮ˥˸˟ ˶˸ˣ˧˟ ˫˧ˢˣ˟ˠˢ ˭˵ˮ˥ˢ ˧ˤˣ˩˧˶ ˣ˞˴ˬˮ ˢˮ˷ˢ) ˪˧˶˲mmol/l 1.664 ˸ˮ˥˸˟ ˪˟˞ (

˧˞ˬ ˫˧˷ˡˣ˥˟ ˢˡ˧ˬ ˢ˸ˣ˞˟ ˦˰ˬ˩ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ ˣˡˡˬˮ "˫˧ˠˡˢ ˧˟ˣ˪˩"-  ˶ˣ˧˞) ˟ˣ˟˶˰ˢ ˫ˣ˸ ˶˥˞˪ ,˦˯ˣˠˣ˞ˣ ˧ˮˣ˧

4ɣ) "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˣˡˡˬˮ˷ ˢ˪˞ˬ ˢ˟˶ ˢˡ˧ˬ˟ ˫˧˩ˣˬˮ ,ˢ˪˞ ˫˧ˤˣ˩˧˶ .(mmol/l 5.729  

 ˮ  ˸ˬˣ˶˸ ˵˲˯ ˞˪˪ ˣˠ˴˧˧ˣ (˧ˮˣ˧ ˷ˡˣ˥˟ ˧ˮˣ˴˧˥ ˶ˣ˵ˬˬ ˫˧˦ˮ˧˧˶˦ˣï   ˭˵ˮ˥ˢ ˤˣ˩˧˶ .˦ˮ˧˵ˢ ˸˪˰˸ ˞˴ˣˬ ˨˶ˡ ˢ˞˶ˮˢ ˪˩˩

 ˧ˮˣ˧ ˷ˡˣ˥˟ ˡˡˬˮ ˶˷˞2021   ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˤ˞ˬ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸ˢ ˶ˣ˦˧ˮ ˸˶ˠ˯ˬ˟ ˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˢ˧ˢ

 ˸ˮ˷ ˪˷2012  .ˢ˟˶ˢ˟ ˫˧˩ˣˬˮ ˣ˧ˢ ,˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˱˞ ˪˰ ,ˢˮ˷ˢ ˭˵ˮ˥ˢ ˧˧ˤˣ˩˧˶ˣ , 

 ˸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

˧˧ˬˣ ˸ˣ˧ˬˣ˶ˡˢ ˸ˣˮ˥˸ˢˣ ˥ˣ˸˲ˢ ˫˧ˢ ˧˩˶˰ˬ ˡ˞ˬ ˢ˟˶ ˢˡ˧ˬ˟ ˫˧ˢˣ˟ˠ ˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸˟ ˫˰˲˪ ˫˰˲ˬ  ˸˯˧ˮ˩ ˫˧ˠ˴

  ˢ˞˶ˮ˩ ˳˧˵˟ ˶˵˧˰˟ ˨˞ ,˱˶ˣ˥˟ ˫˧ˬ˷ˠ ˧˰ˣ˶˧˞˪ ˶˷˵ˢ˟ ˶ˠˮ ˧ˬˬ ˢ˞˴ˣ˸˩ ˸ˣ˧ˢ˪ ˸ˣ˪ˣ˩˧ ˢ˪˞ ˸ˣ˯˧ˮ˩ .˸˧ˮˣ˴˧˥ ˫˧ˬ

 .ˢ˪˰˸ˢ ˞˴ˣˬ˟ ˣˡˡˬˮ ˶˷˞ ˫˧ˢˣ˟ˠ ˫˧˩˶˰˟ ˱˵˸˷ˬ˷ ˧˲˩ ˦ˮ˧˵ˢ ˸˪˰˸ˬ ˢˬ˶ˤˢ˪ ˫˧˶ˣ˷˵ 

˳˶ˬ ˫˧˷ˡˣ˥˟ ,˸ˣ˶˥˞ ˸ˣ˧˲ˣ˥ ˸ˣˮ˥˸˟ ˫ˠ ˢˮ˷ˢ ˣˡˡˬˮ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶-˲˞ˣ ˪˧˶˲˞ ˫˧˩ˣˬˮ ˢ˪˞ ˨˞ ,˧˞ˬ ˣ˪˧

  .˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸ˣ˰˲˷ˢ ˸˞ ˢ˞˶ˮ˩ ˫˧ˠ˴˧˧ˬˣ ˸ˣ˧ˬˣ˶ˡˢ ˸ˣˮ˥˸˟ ˫˧˩˰ˣˡˣ 

 ,˶˞ˣ˶˟˲ ˷ˡˣ˥˟ ˢˮ˷ˢ ˢ˧ˢ ˥ˣ˸˲ˢ ˫˧˟ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˭˵ˮ˥ˢ ˤˣ˩˧˶mmol/l 1.060  ˤˣ˩˧˶ˢˬ ˢ˟˶ˢ˟ ˢˢˣ˟ˠ ,

 ˵ˣˬ˰ ˟ˣ˟˶˰ ˪˷ ˢˮ˷˟ ˧ˣ˲˴˩ ˸ˬˡˣ˵ˢ ˢˮ˷˟ ˧˟˶ˬˢï   ˫˧˟ˣ˟˶˰ˢ ˸ˣ˟˵˰˟ ˣˡˡˬˮ˷ ˫˧ˤˣ˩˧˶ˢˬ ˢ˟˶ˢ˟ ˫˧˩ˣˬˮ ˨˞

 ˫˧ˮ˷˟ ˫˧˵ˣˬ˰ˢ2007 ,2008 x- 2012 . 
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˶ˣ˧˞ ɣ4  ,˦˞˶˦˧ˮ + ˦˧˶˦˧ˮ) ˭˴ˬˣ˥ˬ ˭˵ˮ˥ ˧ˤˣ˩˧˶ ,ˢ˪˰ˬ˪ :TON˧˶ ,ˢ˦ˬ˪ .˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ ˣˡˡˬˮ˷ ( ˭˵ˮ˥ ˧ˤˣ˩

 ˸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 ˧˪˩˪ ˫

ˣˬ˞ˢ ˧˩˶˰ˬ ˫˧˟˶ ˨˩ ˟˵˰ˣ ,˶˸ˣ˧˟ ˢ˷˧ˠ˶  ˸˧ˮ˩˸ .˭˪ˢ˪ ˫˧˞˟ˣˬ ˫ˮ˧˞ˣ ˸ˣ˩˧˞ˢ ˸ˣ˵˧ˡ˟ ˭˥˟ˬ˟ ˣˡˬ˰ ˞˪ ˣˡˡˬˮ ˶˷˞ ˢ˧ˮ

 ˸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 

 

 ˸˩˶˴ˮˣ ˡ˞ˬ ˢˮ˧ˬˤ ˭˵ˮ˥ ˸˶ˣ˴ ˞˧ˢ ˢ˧ˮˣˬ˞ˢ  ˫˧˟ ˢˤˣ˩˧˶ ˭˩ ˪˰ˣ ,˫˧˵ˡ˧˧˥ˣ ˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˧ˡ˧ ˪˰ ˸ˣ˶˧ˢˬ˟

 ˸ˣ˧ˣ˷˰ˢ ˸ˣ˴˞ ˪ˣˡ˧ˠ ˫˧ˡˡˣ˰ˬ ˫˧ˢˣ˟ˠ ˢ˧ˮˣˬ˞ ˧ˤˣ˩˧˶ .˶˸ˣ˧˟ ˨ˣˬˮ ˸ˣ˧ˢ˪ ˧ˣ˲˴ (˫˧˧˲ˣ˶˦ˣˠ˧˪ˣ˞ ˫˧˞ˮ˸˟ ˦˶˲˟ˣ)

 ˶ˣ˵ˬ ˪˰ ˢˡ˧˰ˬ ˫˧ˬ˟ ˢ˧ˮˣˬ˞ ˸ˣ˥˩ˣˮ ,˭ˣ˦˵ˮ˪˲ˣ˦˧˲ ˧ˡ˧ ˪˰ ˸ˣ˶˧ˢˬ˟ ˸˩˶˴ˮ ˢ˧ˮˣˬ˞ˢ˷ ˭ˣˣ˧˩ˬ .˸˧ˮˣ˷˟ ˰ˣˠ˲˪

˶˷˰ˢ.˧ˬˣ˵ˬ ˢ 

  ˧ˮˣ˧ˣ ˪˧˶˲˞ ˫˧˷ˡˣ˥˟ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˫˰ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸ ˸ˣˡ˧ˡˬ˟ ˢ˪ˠ˸ˬ ˢ˧ˮˣˬ˞ˢ ˧ˤˣ˩˧˶˟ ˧˸ˮˣ˰ˢ ˶ˣˤ˥ˬˢ

˦˯ˣˠˣ˞ ˫˧˷ˡˣ˥˟ ,˳˧˵ˢ ˱ˣ˯˟ ˫˧˩ˣˬˮˣ-  ˫˧ˢˣ˟ˠ ˢ˧ˮˣˬ˞ ˧ˤˣ˩˧˶ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˫˧ˡˡˬˮ ˸ˣ˟˶ ˫˧ˬ˰˲ .˶˟ˣ˦˵ˣ˞

˞ ˷ˡˣ˥˟ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ ˣ˞˴ˬˮ ˢˮ˷ˢ .˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˶˷˞ˬ ˟ˣ˟˶˰ˢ ˸˰˲˷ˢ˪ ˢ˞˶ˮ˩ ˫˧˩˧˧ˣ˷ˬˣ ˪˧˶˲

 ˷ˡˣ˥˟ "˫˧ˢ ˪˧˥"ˣ "˫˧ˠˡˢ ˧˟ˣ˪˩"˟ ˶˵˧˰˟ˣ ,˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸˟ ˫˧ˢˣ˟ˠ ˢ˧ˮˣˬ˞ ˧ˤˣ˩˧˶ ˣˡˡˬˮ ˨˩˪ ˱˯ˣˮ˟ .˵ˣˬ˰ˢ

ˠ ˶ˣ˧˞) ˥ˣ˸˲ˢ ˫˧˟ˣ ˸ˣ˧ˬˣ˶ˡˢ ˸ˣˮ˥˸˟ ˫˧ˤˣ˩˧˶ˢˬ ˢ˟˶ˢ˟ ˫˧ˢˣ˟ˠ ,˶˟ˬ˦˲˯5  .( 

ˢ ˫˧ˢ ˸ˮ˥˸˟ ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˢ˧ˮˣˬ˞ˢ ˤˣ˩˧˶ ˢ˧ˢ ˥ˣ˸˲ nmol/l155  ˢˣ˟ˠ ,˳˶ˬ ˷ˡˣ˥˟ ,

 .˵ˣˬ˰ˢ ˟ˣ˟˶˰˪ ˶ˣ˷˵ ˢ˞˶ˮ˩ˣ ˸ˬˡˣ˵ˢ ˢˮ˷ˢˬ ˢ˟˶ˢ˟ 

 ˸ˮ˷ ˤ˞ˬ ,˪˩ˢ ˨˯˟ ,˸˞ˤ ˫˰2008  ˸ˣˮ˥˸˟ ˦˶˲˟ˣ ,˫˧˩ˣˬˮ ˪˪˩ ˨˶ˡ˟ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢ˧ˮˣˬ˞ ˧˩˶˰

 ˧ˮ˲˪ ˣˡˡˬˮ ˶˷˞ ˫˧ˢˣ˟ˠˢ ˫˧˩˶˰˪ ˢ˞ˣˣ˷ˢ˟ ˫˧˩ˣˬˮ ˫˧ˤˣ˩˧˶ˢ ˸ˣ˧ˮˣ˲˴ˢ2008 . 
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˶ˣ˧˞ ɣ5ˬ˪ :) ˢ˧ˮˣˬ˞ ˧ˤˣ˩˧˶ ,ˢ˪˰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(  

 ˱˶ˣ˥˟ ˸˧˯˥˧ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˪˷ ˢ˷˪˥ ˸˧˸ˮ˷ ˸ˣ˧˶ˣˤ˥ˬ ˫˧˞˶ˬ ˥ˣ˸˲ˢ ˫˧˟ˣ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˦˲˯ˣ˲ ˧ˤˣ˩˧˶

˧ˢ ˧ˮ˲˟ ˣˤˣ˩˧˶ ˭˩ ˪˰ˣ ,˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧˪ ˟ˣ˷˥ ˦ˮ˧˧˶˦ˣˮ ˞ˣˢ ˫ˠ ˦˲˯ˣ˲ˢ .˳˧˵˟ ˫˧˩ˣˬˮˣ  ˢ˩˧˶˴ ˟˵˰ ˨ˣˬˮ ˳˧˵˟ ˫

  ˧ˤˣ˩˧˶ .˫˧˦ˮ˧˧˶˦ˣˮ˟ ˫˧˶˧˷˰ ˵ˬˣ˰ ˧ˬ ˫˰ ˥˦˷ˢ ˧ˬ ˟ˣ˟˶˰ ˟˵˰ ˢ˪ˣ˰ ˣˤˣ˩˧˶ ˱˶ˣ˥˟ .˫˧ˮˣ˷˞˶ ˫˧ˮ˶˴˧ ˧ˡ˧ ˪˰

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

 ˣ˞˴ˬˮ ,˭˵ˮ˥˪ ˢˬˣˡ˟ ,˦˲˯ˣ˲ˢ ˧ˤˣ˩˧˶˟ ˫ˠ  ˧˞ˬ ˫˧˷ˡˣ˥˟ "˫˧ˢ ˪˧˥"ˣ "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˣˮ˥˸˟ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶

) ˦˯ˣˠˣ˞ ˷ˡˣ˥˟ "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˡˡˬˮ ˢˮ˷ˢ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˨˶˰ˢ ˧˩ ˱˞ ,˧ˮˣ˧ˣmmol/l 0.135ˠ ˶ˣ˧˞ ,6 .( 

 ,˳˶ˬ ˷ˡˣ˥˟ ˡˡˬˮ ˥ˣ˸˲ˢ ˫˧˟ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˤˣ˩˧˶ˢmmol/l  0.097 ,˸ˬˡˣ˵ˢ ˢˮ˷˟ ˧˟˶ˬˢ ˨˶˰ˢˬ ˢˣ˟ˠ ,

˟˵˰˟ ˧ˣ˲˴˩ .˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸ˣ 

  ˸˧ˬˣ˵ˬ ˢ˶˷˰ˢ ˪˰ ˰˧˟˴ˬˣ ˫˷ ˢˣ˟ˠˢ ˭˵ˮ˥ˢ ˤˣ˩˧˶˪ ˫˧˞˸ˬ ˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸˟ ˢˣ˟ˠˢ ˦˲˯ˣ˲ˢ ˤˣ˩˧˶

  .˫˧˦ˮ˧˧˶˦ˣˮ˟ 
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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)( 

˷ ˭ˣˣˠˬ˟ ˧ˮ˶ˣ˴ ˡ˪˷ ˸˰˵˷ˢ˟ ˷ˬ˷ˬˢ ˯ˬˣˬ ˟˧˩˶ ˞˧ˢ ˢ˵˧˪˧˯ˣ˞ˣˤ/ˣ˦˧˲ ˪-  (˸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˰˟

  ˸˶˧˸˰ ˢ˟˧˟˯˪ ˫˧˵ˣ˵ˤ ˧ˮ˶ˣ˴ ˡ˪˷ ˫˧˰˧˵˷ˬˢ ˫˧˶ˣ˴˧ˢ .˶˸ˣ˧ ˫˧˶˧˷˰ ˵ˬˣ˰ ˧ˬ˟ ˥˦˷ˢ ˧ˬ ˟ˣ˟˶˰ ˫˰ ˱˶ˣ˥˟ ˶˸ˣ˧

˞˧˴ˬ ˭˩ ˪˰ˣ ˫˧˦ˮ˧˧˶˦ˣˮ  ˪˰ ˤˬ˶ˬ ˫˧ˮˣ˧˪˰ˢ ˫˧ˬˢˬ ˢ˵˧˪˧˯ˢ ˵ˣ˪˧˯ .˧˲ˣ˶˦ˣˠ˧˪ˣ˞ˢ ˟˴ˬˢˬ ˢˠ˧˶˥ ˸ˮˬ˯ˬ ˫˸ˣ

.˫˧ˮ˶ˣ˴ ˫˧ˡ˪˷ ˸˰˵˷ˢ 

 ˪˷ ˢ˥˧˶˲ˢ ˞˧˷ ˢ˸˧ˢ ˢ˞˶ˮ˩ ˣ˟ ˪˧˶˲˞˟ ˡ˥ˣ˧ˬ˟ˣ ,ˢˮ˷ˢ ˪˩ ˨˶ˣ˞˪ ˫˧˩ˣˬˮ ˣ˧ˢ ˥ˣ˸˲ˢ ˫˧˟ ˢ˵˧˪˧˯ˢ ˧ˤˣ˩˧˶

 ɣ  ˫˧ˤˣ˩˧˶ ˶˟ˬ˦˲˯ˣ ˧ˮˣ˧ ˫˧˷ˡˣ˥˟ ˣ˞˴ˬˮ ˢˤ ˦ˮ˧˧˶˦ˣˮ˟ ˫ˠ ˨˞ .˸ˣ˧ˮ˶ˣ˴ ˸ˣ˴˞  ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˠ˧˶˥ ˭˲ˣ˞˟ ˫˧ˢˣ˟

ˠ ˶ˣ˧˞) "˫˧ˠˡˢ7 ˱ˣ˥˟ "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˠ˧˶˥ ˭˲ˣ˞˟ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˦˯ˣˠˣ˞ˣ ˧ˮˣ˧ ˷ˡˣ˥˟ ˢ˵˧˪˧˯ˢ ˤˣ˩˧˶ .(

 ˢ˧ˢ ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˧˟˶ˬˢ ˨˶˰ˢ .˸˪˧˞ ˪˷ ˧ˮˣ˲˴ˢmmol/l 6.78   ˠ˧˶˥ˢ ˨˶˰ˢ ˸˧˴˥ˬˬ ˸ˣ˥˲ ,˦˯ˠˣ˞ ˷ˡˣ˥˟

  .˸ˬˡˣ˵ˢ ˢˮ˷˟ ˣˤ ˢˮ˥˸˟ 

 ˢ˞ˣˣ˷ˢ˟ ˶˵˧˰˟ ,˸ˣˮ˥˸ˢ ˟ˣ˶˟ ˢ˵˧˪˧˯ˢ ˧ˤˣ˩˧˶˟ ˡ˞ˬ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˣ˞˴ˬˮ ˞˪ ˢˮ˷ˢ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˱˞ ˪˰

 ˸ˮ˷ ˤ˞ˬ .˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸˟ ˫˰˲ ˧ˡˬ ˫˧ˡˡˬˮˢ ˫˧ˠ˧˶˥ˢ ˫˧˧ˬˣ˵ˬˢ ˫˧˩˶˰ˢˬ2018   ˧ˤˣ˩˧˶˟ ˫˧˞˧˷ ˣˡˡˬˮ ˞˪

˪˧˯ˢ  ˶ˣ˶˧˵˪ ˫˧˦ˮ˧˧˶˦ˣˮ˟ ˫˧˶˧˷˰ ˫ˣˢ˸ ˧ˬ˟ ˷ˣˬ˧˷ˢ ˸˶˧˴˰ˬ ,ˢ˞˶ˮ˩ ,˰˟ˣˮ ˶˟ˡˢˣ "˫˧ˢ ˪˧˥" ˸ˮ˥˸˪ ˨ˣˬ˯˟ ˢ˵˧
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  .˷ˣˬ˧˷ˢ ˶˥˞˪ ˫˧˪ ˣˬ˶ˤˣˢ ˶˷˞ ˫˧ˬ ,ˢˮ˥˸˪ ˨ˣˬ˯ˢ ˭ˣ˪ˬ˟ ˸ˣ˩˶˰ˬ 

  ˥ˣ˸˲ˢ ˫˧ˢ ˧˩˶˰˪ ˸˧˯˥˧ ˫˧ˢˣ˟ˠ ˢ˵˧˪˧˯ ˧ˤˣ˩˧˶ ˸ˣ˟ˣ˶˵ ˫˧˸˧˰˪ ˫˧ˡˡˬˮ ˭˧˧ˡ˰ ˸˪˧˞ ˪˷ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶ˣˤ˞˟

˸ˣˮ˥˸ˢˣ   ˫˧˰˧˟˴ˬˣ ˫˧˶˥˞ ˫˧˦ˮ˧˧˶˦ˣˮ ˪˷ ˫˧ˢˣ˟ˠ ˫˧ˤˣ˩˧˶ ˫˰ ˡ˥˧˟ ˟ˣ˶˪ ˫˧ˡˡˬˮ ˫˧ˢˣ˟ˠˢ ˫˧ˤˣ˩˧˶ˢˣ .˸ˣ˧ˬˣ˶ˡˢ

.˦ˮ˧˵ˢ ˸˪˰˸ ˨˶ˡ ˫˧˪ ˫˧ˬ ˸ˬ˧˶ˤ ˢ˞˶ˮ˩ ,˸˧ˬˣ˵ˬ ˢ˶˷˰ˢ ˪˰ 

 

 

 
˶ˣ˧˞ ɣ7) ˢ˵˧˪˧˯ ˧ˤˣ˩˧˶ ,ˢ˪˰ˬ˪ :4Si(OH)  ˫˧˧˷ˡˣ˥ ˢ˵˧˪˧˯ ˧ˤˣ˩˧˶ ,ˢ˦ˬ˪ .˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ ˣˡˡˬˮ˷ (  ˸ˣˮ˥˸˟

 ˸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˥ 

ˡˡˬˮ ˯ˬˣˬ ˭˴ˬ˥    ˭˴ˬ˥ˢ ˤˣ˩˧˶ .˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ˣ ˧ˮˣ˲˴ˢ ˱ˣ˥˟˷ "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ,˸ˣˮ˥˸ ˧˸˷˟

˳˧˵˟ ˡ˶ˣ˧ˣ ,˟˧˟˞ˢ ˧˷ˡˣ˥˟ ˢ˪ˣ˰ ˯ˬˣˬˢ-.ˣ˧˸˯   :˯ˬˣˬˢ ˭˴ˬ˥ˢ ˤˣ˩˧˶ ˪˰ ˰˧˲˷ˢ˪ ˫˧˧ˣ˲˴ ˫˧ˬ˶ˣˠ ˢ˷ˣ˪˷

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˦  ˤˣ˩˧˶

  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˥ˢ ˱ˣ˯˟ ˫˧ˢˣ˟ˠˢ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶ .˫˧ˬ˪ ˭˴ˬ˥ ˶˶˥˷˪ ˫˧˧ˣ˷˰- ˢ˩ˣˬˮˢ ˢ˶ˣ˦˶˲ˬ˦ˢˬ ˭ˢ ˰ˣ˟ˮ˪ ˫˧˧ˣ˷˰ ˟˧˟˞

 ˶ ) ˣˤ ˢ˲ˣ˵˸˟ ˸˧˦˦ˮ˧˯ˣ˦ˣ˲ ˸ˣ˪˧˰˲˟ ˢ˧˪˰ ˟˵˰ ˭ˢˣ ˫˧ˢ ˧ˮ˲˟ ˪˧˲ˣ˶ˣ˪˩ ˸ˣˡ˧ˡˬ ˢ˞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 ˭˧˟) 

 ˸˰˶˷ˬˢ˰ˮ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˯ˬˣˬ ˭˴ˬ˥ ˪˷ ˫˧ˤˣ˩˧˶ˢ  ˭˧˟ ˢˮ˷ˢmmol/l 220 ˪  ˪˧˶˲˞ ˷ˡˣ˥˟- mmol/l 

194 ˠ ˶ˣ˧˞) ˦˯ˣˠˣ˞˟8 ˟ˣ˟˶˰ˢ ˱˞ ˪˰ ,˪˩ˢ ˨˯˟ˣ ,ˢ˟˶ˢ˟ ˫˧ˮˣ˷ ˫ˮ˧˞ "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶ .(
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.˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˫˧ˢ ˧ˮ˲˟ ˯ˬˣˬˢ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶˟ ˫˧˪ˣˡˠ ˫˧˪ˡ˟ˢ ˭˧˞ ,ˢˮ˷ˢ ˵ˣˬ˰ˢ   ˟ˣ˟˶˰ ˪˷ ˸ˣˬˡˣ˵ ˫˧ˮ˷˟

  ˢˮ˷ ˪˩˟˷ ˢ˞˶ˮ ,˶ˣˬ˞˩ .˸˧˸ˣ˰ˬ˷ˬ ˢˡ˧ˬ˟ ˞˪ ˫˪ˣ˞ ,˶˸ˣ˧ ˢˣ˟ˠ ˦˰ˬ ˫˧ˮˣ˧˪˰ˢ ˫˧ˬ˟ ˭˴ˬ˥ˢ ˤˣ˩˧˶ ˢ˧ˢ ˵ˣˬ˰

  ˫ˮ˧˞ "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˯ˬˣˬˢ ˭˴ˬ˥ˢ ˧ˤˣ˩˧˶ .˯ˬˣˬˢ ˭˴ˬ˥ˢ ˸˪ˣ˩˸ ˸ˮ˧˥˟ˬ ˢ˧ˣˣ˶˪ ˫˧ˮˣ˧˪˰ˢ ˫˧ˬˢ ˫˧˰˧ˠˬ

˥ˣ˸˲ˢ ˫˧˟ ˣˡˡˬˮ ˶˷˞ ˫˧˩˶˰ˢ ˸˰˶˷ˬˬ ˫˧ˠ˶ˣ˥ ˧ˮ˲˪ ˣˡˡˬˮ ˶˷˞ ˫˧˪ˣˡˠˢ ˫˧˪ˡ˟ˢ˪ ˡˣˠ˧ˮ˟ ,2009 ï   ˸ˣ˥˧˶˲ ˤ˞

  ˸˰˶˷ˬ˪ ˸ˣ˟ˣ˶˵ ˫˧˸˧˰˪ ˣˬ˶ˠ ˧ˮˠ˶ˣ˞ ˶ˬˣ˥ ˭ˣ˴ˬ˧˥ ˨˶ˣ˴˪ ˭˴ˬ˥ˢ ˪ˣ˴˧ˮˣ ˫˧˦ˮ˧˧˶˦ˣˮ˟ ˢ˶˷˰ˢˬ ˢ˞˴ˣ˸˩ ˸ˣ˧ˬˣ˵ˬ

  ."˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˢˮ˥˸˟ ˶˸ˣ˧ ˢ˪ˣˡˠ ˯ˬˣˬ ˭˴ˬ˥ ˧ˤˣ˩˧˶ 

 

 

 
˶ˣ˧˞ ɣ8  ˢˮ˷ˢ ˣˡˡˬˮ˷ ˯ˬˣˬ ˭˴ˬ˥ ˧ˤˣ˩˧˶ ,ˢ˪˰ˬ˪ :  ˢ˵˧˪˧˯ ˧ˤˣ˩˧˶ ,ˢ˦ˬ˪ ."˫˧ˠˡˢ ˧˟ˣ˪˩"ˣ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˣˮ˥˸˟

 ˸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˩˧˶ ˸˧˧

 ˨˩ˬ ˢ˞˴ˣ˸˩ˣ ˫˧˦ˮ˧˧˶˦ˣˮ˟ ˫˧˶˧˷˰ ˵ˬˣ˰ ˧ˬ ˫˰ ˥˦˷ˢ ˧ˬ ˟ˣ˟˶˰ˬ ˸˰˟ˣˮ ˟˧˟˞ˢˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ï  ˸˥˧˶˲˪

 ˪˧˲ˣ˶ˣ˪˩ ˧˩ ˶ˣ˩ˤ˪ ˷˧ .˸ˣ˴˞a  ˤˣ˩˧˶˪ ˶˧˷˧ ˡˡˬ ˣˮ˧˞ ˸ˣ˴˞ ˤˣ˩˧˶˷ ˭ˣˣ˧˩ ,˸˧ˮˣ˷˞˶ ˸ˣˮ˶˴˧˪ ˞˪ ˱˞ˣ ˫˧˦ˮ˧˧˶˦ˣˮ

ˬ ˫ˠ ˰˲˷ˣˬˣ ,˧ˬ˸˩ ˧˲ˣ˞ ˪˰˟ ˸ˣ˧ˢ˪ ˧ˣ˷˰ ˫˧˟ s ˧˧˰˶ ˧˩˧˪ˢ˸˭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 .(

) ˪˧˶˲˞ ˷ˡˣ˥˟ ˡˡˬˮ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˢˣ˟ˠˢ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶mgr/l 0.83  ˟ˣ˶˟ ˫ˠˣ ,˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸ˣ˟˵˰˟ (

˧˲ˣ˥ˢ ˸ˣˮ˥˸ˢ  ˧˟ˣ˪˩" ˸ˮ˥˸˟ ˣˡˡˬˮ ˶˟ˬ˦˲˯ˣ ˧ˮˣ˧ ˫˧˷ˡˣ˥˟ ,˸˞ˤ ˫˰ .˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶˟ ˞˧˷ ˢˤ ˷ˡˣ˥˟ ˡˡˬˮ ˸ˣ

) ˪˧˶˲˞ ˷ˡˣ˥ ˧˩˶˰ˬ ˢ˟˶ˢ˟ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ "˫˧ˠˡˢmgr/l 2.39  ˣˤ ˢˮ˥˸˟ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶˟ ˢ˪˞ ˫˧˞˧˷ .(

˧ˮˣ˧ ˫˧˷ˡˣ˥˟ ˫˧˶˥˞ˢ ˫˧˦ˮ˧˧˶˦ˣˮˢ ˧ˤˣ˩˧˶˟ ˫˷ ˣˡˡˬˮ˷ ˫˧˞˧˷˪ ˫˧ˬ˧˞˸ˬ-ˠˣ ,˶˟ˬ˦˲˯ ˪˷ ˫˧ˢˣ˟ˠ ˫˧˩˶˰˪ ˫

  ˸ˮ˥˸˟ ˢˮ˷ˢ ˳˧˵˟ ˣˡˡˬˮ ˶˷˞ ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶ .(ˢ˪˰ˬ˪ ˣ˞˶) ˸ˣ˴˞ ˸ˣ˥˧˶˲ ˪˰ ˰˧˟˴ˬˢ ˯ˬˣˬ ˭˴ˬ˥ ˧ˤˣ˩˧˶

  ˧ˡ˧ ˪˰ ˡˡˬˮ ˪˧˲ˣ˶ˣ˪˩ˢ ˤˣ˩˧˶˟ ˫ˡˣ˵ˢ ˞˧˷ˢ .˧˲ˣ˥ˢ ˶ˣ˦˧ˮˢ ˸˶ˠ˯ˬ˟ ˣˡˡˬˮ˷ ˶˸ˣ˧˟ ˫˧ˢˣ˟ˠˢ ˫ˢ "˫˧ˠˡˢ ˧˟ˣ˪˩"

 ˦˯ˣˠˣ˞ ˷ˡˣ˥˟ ˶ˣ˦˧ˮˢ2018  ˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸˟ ,"mgr/l  2.06  ˸˪˰˸˟ ˸ˣˬ˶ˤˢ˪ ˞ˣˢ ˫ˠ ˶ˣ˷˵ ˢ˞˶ˮ˩ ˢ˧ˢˣ ,

.˦ˮ˧˵ˢ 

  ˸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 ,

˧˩˶˰ˢˬ ˫˧ˮ˷˟ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˧˰ˣ˶˧˞ ˸ˣ˟˵˰˟ ˣˡˡˬˮ˷ ˫2007 ,2008 ,2012  ,ˢˮ˷ˢˣ2022  ˱˶ˣ˥ˢ ˸˪˧˥˸˟ .

 ˪˷2016   ˷ˡˣ˥˟ ˫˧ˢˣ˟ˠ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶˪ ˣˬ˶ˠ ˫˧ˡˣˡ˶ˢ ˫˧ˬ˪ ˣ˪˰ˣˢ˷ ˫˧˦ˮ˧˧˶˦ˣˮˣ ˸ˣ˶˧ˢˬ˟ ˟ˣ˟˶˰ˢ ˵˧ˬ˰ˢ

 ˪˧˲ˣ˶ˣ˪˩ˢ ˧ˤˣ˩˧˶˷ ˨˩ ,˶˴˰ˮ ˟ˣ˟˶˰ˢ ˨˧˪ˢ˸ˣ ˨˷ˬˢ˟ ˢ˵˯˲ ˫˧ˢ ˧ˮ˲ ˸ˣ˶˶˵˸ˢ .˶˞ˣˮ˧ ˧˷ˡˣ˥ ˶˞˷˟2016  ˞˪

  .ˡ˥ˣ˧ˬ ˭˲ˣ˞˟ ˫˧ˢˣ˟ˠ ˣ˧ˢ 

 ˸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˟˸

 ˫˧ˡˡˬˮ ˟ˣ˷ ˸ˣˮˣ˶˥˞ˢ  ˶˥˞ ˟˵˰ˬ ˷˶ˣˡ ˢˤ ˟˴ˬˣ ,˸ˣ˧ˮˣ˲˴ˢ ˸ˣˮ˥˸˟ ˦˶˲˟ ,˫˧ˢˣ˟ˠ ˫˧˧ˬˣ˵ˬ ˪˧˲ˣ˶ˣ˪˩ ˧ˤˣ˩˧˶

 .˫˧˪ ˫˧˶ˬˣ˥ ˸˯˧ˮ˩ ˸ˣ˶ˣ˵ˬ 

 

 

 
˶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 . 

Figure C9: Top, chlorophyll -a concentrations measured this year at the monitoring coastal 
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stations. Bottom, monthly chlorophyll-a concentrations at the coastal water sampling stations 

since 2004. 

˧˧˪˵˧˯˧˲ ˫˧ˡˡˬ ˫ 

 ˸ ˣ˥˧˪ˬ 

] ˶˞ˣ˶˟˲˟2010 .ˢˡ˟˰ˬ˟ ˸ˣ˥˧˪ˬˢ ˡˬ˟ ˸ˣ˥˧˪ˬˢ ˸ˣˡ˧ˡˬ ˸ˣ˞˴ˣ˸ ˪˷ ˢ˵ˤ˥ ˢˡ˧ˡˮ ˢˮ˥˟ˣ˞   ˸ˣˡˣ˷˥ˢ ˸ˣ˞˴ˣ˸ˢ

  ˧˪ˣ˧ ˷ˡˣ˥ˬ ˪˥ˢˣ ,˸ˣˠ˴ˣˬ ˭ˮ˧˞2011   ˫˰ ˱ˣ˸˧˷˟ ˸˧ˮ˩˸ˢ ˢ˷˩˶˷ ˷ˡ˥ ˸ˣ˥˧˪ˬ ˡˬ˟ ˸ˣ˷˰ˮ ˶˷˞ ˸ˣˡ˧ˡˬ ˸ˣˠ˴ˣˬ

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

 .˸ˣ˧˦˧˪ˮ˞ ˸ˣ˪˵˸ˬ ˫˧˰˟ˣˮ ˫˧ˮˣ˸ˮ˟ ˫˧˶˯ˣ˥.˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸˰˴˟ˬ ˶˷˞ ˥ˣˣ˦ˢ [ 

 

  ˧˷ˡˣ˥˟ ˶˸ˣ˧ ˫˧ˢˣ˟ˠˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˸˧˯˥˧ ˫˧˩ˣˬˮ ˫˧˩˶˰ ˪˷ ˸ˣ˧˶ˣˤ˥ˬ ˟ˣ˶˪ ˢ˞˶ˬ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˣ˥˧˪ˬ

˧ˬˣ˵ˬ ˫˧˧ˣˮ˧˷ˬ ˰˟ˣˮˢ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˪ˣˡˠ "˷˰˶" ˣˮ˷˧ ˢ˪˞ ˸ˣˡ˧ˡˬ ˟˧˟˯ .˳˧˵ˢ  ˫˧˶ˣˤ˞˟ ˸˪˟ˠˣˬ ˢ˲ˣ˪˥˸ˣ ˫˧

  .˫˧ˡˣˡ˶ˢ 

  ˫˧ˠˡˢ ˧˟ˣ˪˩ ˸ˮ˥˸˟ ˡˡˬˮ˷ ˨ˣˬˮˢ ˨˶˰ˢ ˞ˣˢ ˢˮ˷ˢ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˸ˣ˥˧˪ˬˢ ˸ˣˡ˧ˡˬ˟ ˶˸ˣ˧˟ ˦˪ˣ˟ˢ ˦˶˲ˢ

) ˧ˮˣ˧ ˷ˡˣ˥˟ă 40.396) ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˪ ˦˶˲˟ˣ ˸ˣ˶˥˞ˢ ˸ˣˮ˥˸˟ ˸ˣ˥˧˪ˬ˪ ˢ˞ˣˣ˷ˢ˟ (ă 40.723 ˶ˣ˧˞ ,

ˠ10˟ ˡ˟˪ˬ ,˸ˣ˶˥˞ˢ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˫ˠ .( ˸ˣ˧ˬˣ˶ˡï  ˢ˟˞˦ˣ ˢ˶ˣˬ˷ˢï   ˢ˩ˣˬˮ ˧ˮˣ˧ ˷ˡˣ˥˟ ˸ˣ˥˧˪ˬˢ ˢ˸˧ˢ

 (˦ˮ˧˵ˢ ˸˪˰˸) "˫˧ˠˡˢ ˧˟ˣ˪˩" ˸ˮ˥˸ ˶ˣˤ˞˟ ˢ˩ˣˬˮ ˸ˣ˥˧˪ˬ ˧˪˰˟ ˫˧ˬ ˸˶˧ˡ˥˪ ˸ˣˡ˰ ,˧˪ˣ˞ ,˧ˢˣˤ .˥ˣ˸˲ˢ ˫˧˟ ˶˷˞ˬ

 .˱ˣ˥ˢ ˨˶ˣ˞˪ ˢˬˣ˶ˡ ˫˩˶ˡ˟ ˫˧˪ˢˬˮˣ ˫˧ˬˡ˵˸ˬ ˶˷˞ 

 

 

 
ˠ ˶ˣ˧˞10 :  ˸ˣˮ˥˸ˢ ˪˩˟ ˫˧˧˷ˡˣ˥ ˸ˣ˥˧˪ˬ ˧˩˶˰ ,ˢ˦ˬ˪ .˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ ˣˡˡˬˮ˷ ˸ˣ˥˧˪ˬ ˧˩˶˰ ,ˢ˪˰ˬ˪

 ˶˟ˣ˦˵ˣ˞ ˤ˞ˬ ˸ˣ˧˲ˣ˥ˢ2004 . .ˢˡ˧ˡˬˢ ˶˧˷˩ˬ˟ ˸ˣ˪˵˸ˬ ˫˧˰˟ˣˮ ˫˧ˮˣ˸ˮ˟ ˫˧˥ˣˣ˶ˬ 

Figure C10: Top, salinity measured this year at the coastal stations. Bottom, Monthly salinity at 
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all coastal water monitoring stations since October 2004. Gaps in the data reflect failure of the 

analytical instrument. 

 

 s ˶ˣ˦˶˲ˬ˦ 

] ˱˶ˣ˥˟ ˢ˶ˣ˦˶˲ˬ˦ˢ ˸ˣˡ˧ˡˬ2004  ˧˪ˡ˟ˢ˷ ˸ˣ˶ˬ˪ .˶˵ˣ˟ ˣ˸ˣ˞˟ ˸ˣ˪˰ˬ ˧˸˷ˬ ˢ˪˰ˬ˪ ˪˷ ˥ˣˣ˦ ˪˰ ˸ˣ˰˶˸˷ˬ

˲ˣˠ˪ ˸ˣˡ˰ ˷ˬ˷˪ ˫˧˧ˣ˷˰ ˫˧˧ˬˣ˵ˬ ˢ˶ˣ˦˶˲ˬ˦ ˷ˡˣ˥ ˢ˪ˣˡˠˢ ˸˰˶˷ˬˢ ,˫˧ˢ ˪˞ ˱ˣ˥ˢˬ ˫˧ˬ ˸ˬ˶ˤˢ ˣ˞ ,˫˧ˮˣ˷ ˫˧ˬ ˧

 ˸˪˧˥˸˟ ˸ˣˡ˧ˡˬˢ ˸ˣˮ˧ˬ˞ ˸˞ ˵˲˯˟ ˢˡ˧ˬ˰ˬ ˸˧˟˥˶ˬ ˸˧ˮ˟˸ ˶ˡ˰ˢˣ ˷ˡˣ˥ ˶˥˞2004    ˷ˣˬ˧˷ ˢ˷˰ˮ ˢ˲ˣ˵˸ ˢ˸ˣ˞˟)

˪˞˦˧ˠ˧ˡ ˢ˶ˣ˦˶˲ˬ˦ ˡˬ˟ ˧ .(˵˧ˣˡˬ ˸˧˲˯˩ ˫ˣ˥ ˡˬ˟ ˱˪˥ˣˢ ˶˷˞[ 

 

 ˪˷ ˵ˢ˟ˣˬ ˧˸ˮˣ˰ ˶ˣˤ˥ˬ ˢ˞˶ˬ ˥˦˷ˢ ˧ˬ ˸˶ˣ˦˶˲ˬ˦  .˳˧˵˟ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˫˧˩ˣˬˮ ˫˧˩˶˰

˫˧ˮ˦˵ ˢˬ˧ˠˡ ˰˯ˬ ˣ˸ˣ˞˟ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸ˢ ˭˧˟ ˢ˶ˣ˦˶˲ˬ˦ˢ ˧˪ˡ˟ˢ ˢˮ˥˸˟ˣ ˥ˣ˸˲ˢ ˫˧˟ ˡˡˬˮˢ ˨˶˰˪ ˸ˣˬˣˡ ˭˪ˣ˩ˣ ,

A  ˶˷˞ˬ ˶˸ˣ˧ ˫˧˧ˮˣ˴˧˵ ˫˧˩˶˰ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸ˢ ˸ˣ˞˶ˬ ˸ˣ˟˶ ˫˧ˬ˰˲ ˭ˣ˴˧˵ ˧˩˶˰ ˫˧ˡˡˬˮ ˫ˢ˟ ˫˧˷ˡˣ˥˟ ,˸˞ˤ ˫˰ .

˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸ ˸ˮ˷˟ .2020   ˸˶ˠ˯ˬ˟ ˢ˩ ˡ˰ ˢˡˡˬˮ˷ ˸˧˟˶ˬˢ ˢ˶ˣ˦˶˲ˬ˦ˢ "˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷"˟ ˢˡˡˬˮ

) ˧˲ˣ˥ˢ ˶ˣ˦˧ˮˢ29.1°C ˫ˡˣ˵ˢ ˧˟˶ˬˢ ˨˶˰ˢˣ ( ˢ˧ˢ°C 28.4 ˳˧˵˟ ,2012. 

 ˢ˸˧ˢ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˢˮ˷ˢ ˡˡˬˮ ˶˷˞ ˢˢˣ˟ˠˢ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦27.7°C   ˶˸ˣ˧ ,˦˯ˣˠˣ˞ ˷ˡˣ˥˟

˦ˢ .˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˨ˣˬˮ ˢ˪˰ˬˬ ˢ˸˧ˢ ˸˧˶˰ˤˬˢ ˢ˶ˣ˦˶˲ˬ21.04°C ˱˶ˣ˥ˢ ˸˞ ˸˲˵˷ˬˣ ,˳˶ˬ ˷ˡˣ˥˟ ,

ˠ ˶ˣ˧˞) ˢˮ˷ˢ ˵ˣˬ˰ˢ ˟ˣ˟˶˰˪ ˪˧˟ˣˢ˷ ˶˵ˢ11  .( 

 

 

 
ˠ ˶ˣ˧˞11 :  ˪˩˟ ˸ˣ˧˷ˡˣ˥ˢ ˫˧ˢ ˧ˮ˲ ˸ˣ˶ˣ˦˶˲ˬ˦ ,ˢ˦ˬ˪ .˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ ˣˡˡˬˮ˷ ˫˧ˢ ˧ˮ˲ ˸ˣ˶ˣ˦˶˲ˬ˦ ,ˢ˪˰ˬ˪

 ˶˟ˣ˦˵ˣ˞ ˤ˞ˬ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸ˢ2004 . 

Figure C11: Top, sea surface temperatures measured this year at the coastal stations. Bottom, 

Monthly SSTs at all coastal water monitoring stations since October 2004. 
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 ˢˮ˷ˢ ˢ˧ˢ ˥ˣ˸˲ˢ ˫˧ˢ ˸ˮ˥˸˟ ˡˣˡˬˢ ˧˸ˮ˷ˢ ˸ˣ˶ˣ˦˶˲ˬ˦ˢ ˰˴ˣˬˬ24.2°C  ˢˮ˷ˢ ˪˷ ˢˤˬ ˨ˣˬˮ ˦˰ˬ ˵˶ ,

) ˸ˬˡˣ˵ˢ24.4°C˪˰ ,(  ˶ˣ˧˞) ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢˣ ˶˵ˢ ˱˶ˣ˥ˢ ˱˞ˠ12  ˫˧ˢ ˸ˮ˥˸˟ ˶˸ˣ˧˟ ˢˣ˟ˠˢ ˧˸ˮ˷ˢ ˰˴ˣˬˬˢ .(

 ˸ˮ˷˟ ˢ˧ˢ ˥ˣ˸˲ˢ2020  ˪˷ ˸ˣˡ˧ˡˬ ˰˴ˣˬˬ ˫˰ ,ˢ˩ ˡ˰ ˶˸ˣ˧˟ "ˢˬ˥ˢ" ˢ˸˧ˢ ˶˷˞24.8°C  ˶˸ˣ˧˟ ˢˬ˥ˢ ˢˮ˷ˢ .

 ˢ˸˧ˢ ˸ˬˡˣ˵ˢ2010 )24.7°C˥ ˸˶ˣ˦˶˲ˬ˦ ˸ˣ˟˵˰˟ ˢˣ˟ˠ ˢ˧ˢ ˰˴ˣˬˬˢˣ ˢˮ˦˵ ˸ˣ˶ˣ˦˶˲ˬ˦ ˸˰˶˷ˬ ˢ˸˧ˢ ˤ˞ (  ˱˶ˣ

.ˢˢˣ˟ˠ    "˥ˣ˸˲ ˫˧" ˸ˮ˥˸˟ ˸ˡˡˬˮˢ ˸˰˴ˣˬˬˢ ˸˧˸ˮ˷ˢ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦˟ ˸˩˷ˬ˸ˬ ˢ˧˪˰ ˸ˡ˰ˣ˸ˬ ˭ˬˤˢ ˨˷ˬ˟

) ˶ˣ˷˰˟ ˢ˪˰ˬ ˧˴˥ˬ ˢˣ˟ˠ ˶ˣ˰˧˷˟ ˞˧ˢ ˢ˧˪˰ˢ ˸ˬˠˬ .˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸ˢ ˶ˣ˦˧ˮ ˸˶ˠ˯ˬ˟>1/2°C /10 years .( 

 

 
˶ˣ˧˞ ɣ12  : ˫˧" ˸ˮ˥˸˟ ˸ˡˡˬˮˢ ˸˰˴ˣˬˬˢ ˸˧˸ˮ˷ˢ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦ ˸ ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸ˢ ˶ˣ˦˧ˮ ˸˶ˠ˯ˬ˟ "˥ˣ˸˲   ˸˞˴ˬˮ

˶ˣ˷˰˟ ˢ˪˰ˬ ˧˴˥ˬ ˪ˣˡˠ ˶ˣ˰˧˷˟ ˢ˧˪˰ ˸ˬˠˬ˟  . 

Figure C12: Annual average SST at the ñOpen Seaò sampling station displays a rising trend 

greater than 1/2°C per decade.  

 

˸ˣ˶˧˩˰ 

 "˧˵˯ ˵ˬˣ˰" ˸ˡ˧ˡˬ ˧˲˪ ˸˧˷˰ˮ ˫˧ˬˢ ˸ˣ˶˧˩˰ ˸˩˶˰ˢ)Secchi  ˸˰˲˷ˣˬ ˢ˸ˣ˧ˢ˟ ˢˣ˟ˠ ˣˮ˧˞ ˵ˣ˧ˡˢ ˢ˟ ˢ˦˧˷ ,(

  ˪˷ ˸˧˟˧˦˵˧˧˟ˣ˯ ˢ˩˶˰ˢˣ ,˷ˬ˷ˢ ˸˧ˣˣˤ ,(˧˪ˠ ˫˧˟ ˫˧ˬˢ ˧ˮ˲ ˪˰ ˶ˣ˞ ˸˶˧˟˷ ,ˣˮ˧˧ˢ) ˫˧ˢ ˟˴ˬ ˭ˣˠ˩ ˫˧ˬ˶ˣˠˬ ˫ˠ

  ,ˢ˦ˣ˷˲ ˢˡ˧ˡˬˢ ˸˞ˤ ˫˰ ˡ˥˧ .˸ˣˮ˥˸ ˭˧˟ ˫˧˩˶˰ ˪˷ ˸˧˯˥˧ ˫˧˪ˣˡˠ ˫˧˷˶˲ˢ ˶ˣ˴˧˪ ˫˧˧ˣ˷˰ ˫ˠ ˢ˪˞ ˫˧ˬ˶ˣˠ .ˡˡˣˬˢ

˷˰ˮˣ ,ˢˮ˧ˬˤ .˫˪ˣ˰ˢ ˪˩˟ ˸ˣ˟˶ ˫˧ˮ˷ ˢˤˬ ˸˧ 

 ˵ˬˣ˰˟ ˫˧˧ˣˮ˧˷ ˪˷ ˧˸ˮ˷ˢ ˶ˣˤ˥ˬˢ .˟˧˟˞˟ ˶˸ˣ˧ ˨ˣˬˮˣ (˸˧˯˥˧ ˫˧˪ˣ˪˴ ˫˧ˬ =)  ˳˧˵ˢ ˱ˣ˯˟ ˪ˣˡˠ ˧˵˯ˢ ˵ˬˣ˰

 ,˫˪ˣ˞ .˸ˣ˶˧˩˰˟ ˢ˧˪˰ˣ ˸ˣ˴˞ ˸˥˧˶˲˪ ˫˶ˣˠ ˶˷˞ ˟ˣ˟˶˰ˢ ˶ˣˤ˥ˬˬ ˶˵˧˰˟ ˰˟ˣˮ (˫˧ˬˢ ˸ˣ˪˧˪˴˪ ˡˡˬ ˢˣˣˢˬˢ) ˧˵˯

ˠˬ ˫ˠ ˸˰˲˷ˣˬ ˱ˣ˥ˢ ˸˟˶˵˟ ˫˧ˬˢ ˸ˣ˶˧˩˰  ˫˧˧ˣ˷˰ˢ ˫˧˪ˠˣ ˫˧ˬ˶ˤ ˶˦˷ˬˣ ˫˧ˢ ˸˧˰˵˶˵ ˠˣ˯ ˭ˣˠ˩ ˫˧˲˯ˣˮ ˫˧ˬ˶ˣ

  ˸ˣ˴˞ ˸˥˧˶˲ ˣ˞ ,˫˧˪ ˧˵˧˵˪˥ ˶ˬˣ˥ ˸˲˯ˣ˸ ,˱ˣ˥ˢˬ ˢˢˣ˟ˠ ˸ˣ˶˧˩˰ ˧˪˰˟ ˫˧ˬ ˸˲˯ˣ˸ ,˦ˮˬ˧ˡ˯ ˸˲˥˶ˢ˪ ˫ˣ˶ˠ˪
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  ˶ˣ˧˞ˠ13 :  (˧˵˯ ˵ˬˣ˰) ˸ˣ˶˧˩˰ ˸ˣˡ˧ˡˬ ,ˢ˦ˬ˪ .˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸˟ ˢˮ˷ˢ (˧˵˯ ˵ˬˣ˰) ˸ˣ˶˧˩˰ ˸ˣˡ˧ˡˬ ,ˢ˪˰ˬ˪

 ˶˟ˣ˦˵ˣ˞ ˤ˞ˬ ˸ˣ˧˲ˣ˥ˢ ˸ˣˮ˥˸ˢ ˪˩˟ ˸ˣ˧˷ˡˣ˥ˢ2004 . 

Figure C13: Top, Secchi depths measured this year at the coastal stations. Bottom, Monthly 

Secchi depths at all coastal water monitoring stations since October 2004. 
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  ˢ˶ˣ˩˰ ˦ˮ˧˵ˢ ˸˪˰˸ ˸˟˶˵˟ ,˫˧ˢ ˧ˮ˲˪ ˨ˣˬ˯ ,˶˸ˣ˧˟ ˢˮˣ˧˪˰ˢ ˫˧ˬˢ ˸˟˩˷ ˸ˣ˟ˣ˶˵ ˫˧˸˧˰˪˷ ˭˧˧˴˪ ˧ˣ˞˶ ˡˣ˰

 ˶ˣ˧˞) ˦˪ˣ˟ ˭˲ˣ˞˟ˠ14 .( 
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 ˶ˣ˧˞ˠ14 :  ˫˧˪ ˫˧˩˲˷ˣ ˶ˠˮ ˧ˬ ˢˬ˧˶ˤˬ ˶˷˞ ˦ˮ˧˵ˢ ˸˪˰˸ ˸˟˶˵˟ ˫˧ˢ ˧ˮ˲˟ ˸ˣ˟ˣ˶˵ ˫˧˸˧˰˪ ˢ˸˲˴ˮ ˢ˶ˣ˩˰ ˢ˟˩˷

ˣ˲˴ˢ ˱ˣ˥ˢ ˶ˣˤ˞˟.˸˪˧˞ ˪˷ ˧ˮ 

Figure C14: A turbid upper layer was often observed near the Kinet channel that collects runoff 

and effluents and runs to the sea at Eilatôs northern beach. 

 

ˣ˪˧˟ˣˢˣ ˱˶ˣ˥ˢ ˧˷ˡˣ˥˟ ˸ˣ˩ˣˬˮ ˣ˧ˢ ˫˧ˢ ˧ˮ˲˟ ˸ˣ˶ˣ˦˶˲ˬ˦ˢ ,˸ˬˡˣ˵ˢ ˢˮ˷ˢˬ ˶˸ˣ˧ "ˢ˶˵" ˢ˸˧ˢ ˢˮ˷ˢ  

  ˨˯˟ˣ ,˸ˬˡˣ˵ˢ ˢˮ˷ˢ ˪˷ ˣˤˬ ˢ˩ˣˬˮ ˫˧ˢ ˧ˮ˲ ˸˶ˣ˦˶˲ˬ˦ ˢ˸˧ˢ ˢˮ˷ˢ ˳˧˵˟ ˫ˠ .˫˧ˬˢ ˸ˡˣˬ˰ ˪˷ ˵ˣˬ˰ ˟ˣ˟˶˰˪

 ˸ˮ˷ ˪˷ ˣˤ˪ ˢˬˣˡˣ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷ˢ ˪˷ ˣˤˬ ˢ˩ˣˬˮ ˢ˸˧ˢ ˸˧˸ˮ˷ˢ ˸˰˴ˣˬˬˢ ˢ˶ˣ˦˶˲ˬ˦ˢ ˪˩ˢ2016 ˸˞ˤ ˫˰ .

ˬ˦ˢ ,˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢˣ ˢ˶˵ˢ ˢˮ˷ˢ ˱˞ ˪˰ˣ ˸˩˷ˬˮ ˫˧ˢ ˧ˮ˲ ˪˷ ˫ˣˬ˧˥ˢ ˸ˬˠˬ˷ ˶˩˧ˮ  ˢ˸˧ˢ ˸˰˴ˣˬˬˢ ˢ˶ˣ˦˶˲

 ˸ˮ˷˪ ˸ˣˬˡˣ˵ˢ ˫˧ˮ˷ˢ ˪˩ ˪˷ ˣˤˬ ˢˢˣ˟ˠ ˣ˞ ˢˬˣˡ2016  ˸ˮ˷ ˡ˟˪ˬ)2010   .(ˠ˧˶˥ ˭˲ˣ˞˟ ˢˬ˥ ˢ˸˧ˢ˷ 

 

  

Photos: G. Koplovitz, August 2022
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.ˠ2  .˸ˣˣ˶˪  ˫˧ˠˡ˨ˣˬ˯˟   ˧ˮˣ˲˴ˢ ˱ˣ˥˟ˣ ˸˧ˮˣ˷˪ 
 

 s ˶˦ˬ 

  .˸˪˧˞ ˪˷ ˫˧ˠˣˬ˪˞ˢ ˸ˣ˧ˮˣ˷˪ ˫˧ˠˡ ˪˷ ˸ˣˣ˶˪ ˸˵˲˯˞˟ ˫˧˧ˣˮ˧˷ ˶˥˞ ˧˸ˣˬ˩ ˟˵˰ˬ 

 

 ˸ ˣ˦˧˷ 

 ˫˧˶ˣˤ˞ ˧ˮ˷˟ ˸˪˧˞ ˧˲ˣ˥˪ ˨ˣˬ˯˟ ˸ˣ˧ˣ˴ˬˢ ˫˧ˠˡˢ ˸ˣˣ˶˪ ˸ˣˬ˩ ˪˷ ˧˸ˣˬ˩ ˭ˡˬ˞ï   ˧ˬˣ˶ˡˢ ˱ˣ˥ˢˣ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ

ˠ ˶ˣ˧˞) ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˪ ˨ˣˬ˯˟15˟ ˭ˣ˦˵ˮ˪˲ ˸˷˶ ˪˷ ˸˶˵ˣ˟ˬ ˢ˶˧˶ˠ ˸˧˷˰ˮ ˫˧˶ˣˤ˞ˢ ˧ˮ˷˟ .(  ˫˧˷ˣ˪˷

˩ ˵ˬˣ˰˟ ˸˧˰˵˶˵ ˪˰ˬ ˸˧˦˧˞ˣ ˸˶˵ˣ˟ˬ ˸ˣ˶˧ˢˬ˟ ˦ˣ˧˷ ˧ˡ˩ ˨ˣ˸ .˱ˣ˥ˢ ˧ˬ ˸ˡˣˬ˰ ˪˷ ˫˧ˮˣ˧˪˰ˢ ˫˧˶˦ˬˢ-60   ˫˧˶˦ˬ

 ˪˷ ˵ˬˣ˰˪ ˡ˰ ˭ˣ˦˵ˮ˪˲ ˸˷˶ ˸ˡ˶ˣˬ30 ) ˢ˪ˣ˲˩ ˸˷˶ .ˢ˶˧˯˪ ˢ˶ˤ˥ ˸˩˷ˬˮˣ ˫˧˶˦ˬbongo ˪˷ (300 ˣ˶˵˧ˬ-  ˶˦ˬ

 ˪˷ ˶˦ˣ˵˟0.7  ˡ˰ ˪˷ ˸ˣ˶˧ˢˬ˟ ˸˶˶ˠˮ ˶˦ˬ2 ˪ .˸ˣ˵ˡ ˷ˬ˥ ˨˷ˬ˪ ˶˷˵ .˸ˣ˶ˤ˥ ˷ˣ˪˷ ˸ˣ˷˰ˮ ˢ˶˧˶ˠ ˪˩ 

) ˱˦˷ ˡˬ ˸ˣ˰˴ˬ˞˟ ˡˡˬˮ ˸˷˶˟ ˶˟ˣ˰ˢ ˫˧ˬˢ ˥˲ˮTSK .˫˧ˬ ˥˲ˮ˪ ˸ˣ˪ˬ˶ˣˮˬ ˸ˣ˞˴ˣ˸ˢˣ ( 

 ˭˧˪ˬ˶ˣ˲˟ ˸ˣ˰˟ˣ˵ˬ ˸ˣ˞ˬˠˣˡˢ ˢˡ˟˰ˬ˟ .ˢˡ˟˰ˬ˪ ˢ˰ˠˢ˪ ˡ˰ ˥˶˵ ˪˰ ˸ˣ˶ˬ˷ˮ ˸ˣ˞ˬˠˣˡˢ4%   ˢ˪ˣ˩ ˢˬˠˣˡˢˣ

.˶˪ˣ˵ˣˮ˧˟ ˸˥˸ ˭ˣ˧ˬˣ ˢ˶˧˲˯ ˸˶˟ˣ˰ 

 

 
 ˶ˣ˧˞ˠ15˧˞˪ ˸˷˶ˢ ˸ˣ˶˧˶ˠ ˫ˣ˵˧ˬ : .ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˪ˣ ˧ˮˣ˲˴ˢ ˱ˣ˥˪ ˨ˣˬ˯˟ ,˸ˣˣ˶˪ˣ ˸ˣ˪ˣˮ˪˲ ˱ˣ˯ 

Figure C15: Locations of plankton net tows adjacent to the North Beach and the Coral Nature 

Reserve of Eilat. 

 

˸ˣ˞˴ˣ˸ 

˶˰ˮ˷ ˫˧˧ˣˮ˧˷ˢ .ˡ˧˥˞ ˢ˶˧˶ˠ ˪ˣ˵ˣ˦ˣ˶˲˟ ˸ˣˣ˶˪ ˱ˣ˯˧˞˪ ˸ˣ˶˧˶ˠ ˸ˣ˷˰ˮ ˢ˟ ˸˧˰˧˟˶ˢ ˢˮ˷ˢ ˣˤ ˢ˞ˣˣ˷ˢ˟ ˣ˩

) ˢˮˣ˷˞˶ˢ ˢˮ˷˪2018  ˸˶˷˲˞ˬˢ ,˶˵˥ˬˢ ˸ˮ˧˲˯ˬ ˱˴˶˟ ˢˡˣ˟˰ ,˸ˣˣ˶˪ ˱ˣ˯˧˞ ˨˶ˣ˴˪ ˢ˪ˣ˲˩ ˸˷˶˟ ˷ˣˬ˧˷ ˫ˢ (

˟  ˸ˣ˶˧˶ˠˢ ˣ˷˰ˮ ˢˮ˷ˢ .˳˧˵ ˸ˮˣ˰˪ ˢˮˣ˷ ˸ˣ˶˧˶ˠˢ ˡ˰ˣˬˣ ,ˢˠ˪˲ˢˢ ˟˴˵ˣ ˫ˣ˵˧ˬ˟ ˶˸ˣ˧ ˢ˟ˣ˦ ˢ˦˧˪˷- 5.9.2022 ,

.˶˵ˣ˟ˢ ˸ˣ˰˷˟ 

 ˠˣ˯ˬ ˢ˪ˣ˲˩ ˸˷˶ ˢˮ˧ˢ ˸ˣˣ˶˪ ˸ˬ˧ˠˡ˪ ˸˷˶ˢbongo ˩ ˢ˧ˢ ˭ˮˣ˯ ˶˷˞ ˟˷ˣ˥ˬˢ ˫˧ˬˢ ˥˲ˮˣ - 200 ˵"ˬ  ˪˩˟

  ˢ˟ ˢˮˣ˷˞˶ˢ ˢˮ˷˟ ˢˡ˩˪ˮ ˶˷˞ ˸ˣˬ˩ˢˬ ˸˧˸ˣ˰ˬ˷ˬ ˢˢˣ˟ˠ ˣˤ ˢ˶ˣ˴˟ ˸ˣˡ˩˪ˮˢ ˸ˣˣ˶˪ˢ ˸ˣˬ˩ .˰˴ˣˬˬ˟ ,ˢ˶˧˶ˠ

) ˶˵˯ˢ ˢ˷˰ˮ˶ˣ˧˞ ɣ16  .( 

 ˢˮ˷ˢï   ˸ˣ˶˥˞ ˸ˣ˟˧˯ˬ ˧˪ˣ˞ˣ ˵ˣˬ˰ˢ ˟ˣ˟˶˰ˢ ˸ˣ˟˵˰˟ ˧˪ˣ˞ï   ˸ˣ˪ˣˡˠ ˢ˶ˣˬ˷˟ ˣ˶˲˯ˮ˷ ˸ˣˣ˶˪ˢ ˸ˣ˧ˣˬ˩ ˣ˧ˢ

˰˟  ˱ˣ˥ˢ ˶ˣˤ˞˟ ˸ˣˣ˶˪ ˶˸ˣ˧ ˸ˣ˞˴ˬˮ ˟ˣ˶˪ .ˢ˷˷ ˧˲ ˦˰ˬ˩ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ˣ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢ˷ˣ˪˷ ˧˲ ˨˶

 ˪˩ˢ ˨˯˟ ˢˮ˷ˢ ˣ˶˲˯ˮ ˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷ ˪ˣˬ .˶˸ˣ˧ ˡˣ˰ ˧˸ˣ˰ˬ˷ˬ ˪ˡ˟ˢˢ ˢ˧ˢ ˢˮ˷ˢ ˨˞ ˧ˮˣ˲˴ˢ856   ˫˧ˠˡ ˸ˣˣ˶˪

 ˸ˬˣ˰˪)286  ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˪ˣˬˣ ,(˸ˬˡˣ˵ˢ ˢˮ˷˟1822 )312˩ ˢ˸˧ˢ (˵"ˬ˪ ˫˧˦˶˲ ˶˲˯ˬ) ˸ˣ˲˧˲˴ .(- 1.3  ˪ˣˬ

˩ˣ ˫˧ˠˣˬ˪˞ˢ ˸˶ˣˬ˷- 3.3 ˠ ˶ˣ˧˞) ˧ˮˣ˲˴ˢ ˱ˣ˥˟17 .( 

 ˭˧˟ ˫˧˪ˡ˟ˢ˪ ˰ˠˣˮ˟ ˸ˣˮ˵˯ˬ ˸˵˯ˢ ˶˷˲˞˪ ˧ˡ˩ˬ ˢ˶˴˵ ˭˧˧ˡ˰ ˸˧˥˩ˣˮˢ ˣ˸ˮˣ˩˸ˬ˟ ˢˤ ˶˵˯ ˫˧˧˵˸ˬ ˢ˟ ˢ˲ˣ˵˸ˢ

 .˫˧˶˸˞ˢ ˭˧˟ˣ ˫˧ˮ˷ˢ 
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˶ˣ˧˞ ɣ16   ˫˧ˠˡ ˸ˣˣ˶˪ : ˣ˲˯˞ˮ˷ ˶˸˞˟ ˱ˣ˥ˢ ˸˟˶˵˟) ˧ˮˣ˲˴ˢ ˱ˣ˥ˢNB˟ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷ ˸˟˶˵˟ˣ ( ˶˸˞ ˱ˣ˥ ˸˶ˣˬ˷

) ˠˣˬ˪˞NR.(   

Figure C16: Fish larvae collected close to shore at the northern beach of Eilat (NB) and close to 

the reefs of the Coral Beach nature reserve (NR).  

 

 
 ˶ˣ˧˞ˠ17  ˥ˢ ˸˟˶˵˟ ˫˧ˠˡ ˸ˣˣ˶˪ ˸ˣ˲˧˲˴ :) ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶˸˞˟ ˱ˣNB ˠˣˬ˪˞ ˱ˣ˥ ˸˶ˣˬ˷˟ ˫˧ˠˣˬ˪˞ˢ ˸˧ˮˣ˷ ˸˟˶˵˟ˣ (

)NR .( 

Figure C17: Densities of fish larvae close to shore at the northern beach of Eilat (NB) and close 

to the reefs of the Coral Beach nature reserve (NR). 
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.ɣ3 . ˫˧ˡˣˡ˶ ˫˧ˬ˟ ˸˧˪ˣ˥ ˸˧˰˵˶˵ï  ˦ ˮˬ˧ˡ˯˟ ˧˥ˢ ˭ˣ˧˲˞ 
 

  ˢ˶˦ˬ 

 ˧˞ˮ˸˟ ˧ˣˮ˧˷ ˪˰ ˰˧˟˴ˢ˪ ˫˧˧ˣ˷˰ˢ ˫˧˧ˣˮ˧˷ ˸ˣˢˤ˪ ˡ˰ˣˮ ˣ˟ ˧˥ˢ ˸˶˟˥ˣ ˰˴ˬˢ ˭ˣ˧˲˞ ,˸˧˪ˣ˥ˢ ˸˧˰˵˶˵ˢ ˶˵˯

 .ˢ˟˧˟˯ˢ 

 

 ˸ ˣ˦˧˷ 

  ˦ˮˬ˧ˡ˯ ˸ˣ˞ˬˠˣˡ .˸˧˰ˣ˴˵ˬˢ ˸ˣ˶˲˯˟ ˫˧˪˟ˣ˵ˬˢ ˫˧˧˰ˡˬ ˫˧˦˶ˡˮ˦˯ ˧˲˪ ˫˧˷˰ˮ ˣ˟ ˪ˣ˲˧˦ˢˣ ˦ˮˬ˧ˡ˯ˢ ˸ˬ˧ˠˡ

˩ ˪˷ ˵ˬˣ˰˟ ˫˧˶˸˞ ˧ˮ˷˟ ˸ˣ˥˵˪ˮ ˢ˩˶ ˸˧˰˵˶˵ˬ-20   ,˫˧˧˸ˡˢ ˱ˣ˥ ˪ˣˬ ˢˡˣ˵ˮ ˸ˬˠˡˮ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ .˫˧˶˦ˬ

 :˟˶ˣ˵ˬ ˴"ˮ) ˦ˮ˧˵ˢ ˸˪˰˸ ˞˴ˣˬ˪ ˸˧˥˶ˤˬ29° 32.491´N ,34° 58.362´E˶ˡˢ ˱ˣ˥˟ˣ (  ˴"ˮ) ˫˧˪˪ˣ˴ˢ ˶˲˩ ˪ˣˬ ˧ˬˣ

 :˫˧ˬ˪ ˢ˯˧ˮ˩˟29° 29.966´N ,34° 54.866́ E  .( 

  ˣ˧ˢ ˣ˟ ˫ˣ˵ˬ˟ ˢˬ˧ˠˡ ˸ˣˡˣ˵ˮ ˷ˣ˪˷˟ ˫˧ˮˣ˸ˮ˟ˢ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ˢ ˱˯˞ˬ ˭ˣ˧˲˞ ˨˶ˣ˴˪ ˦ˮˬ˧ˡ˯ ˫ˠˡˮ ,ˢ˪˞˪ ˱˯ˣˮ˟

 ˸ˮ˷˪ ˡ˰2008  .˧˶˥˯ˬ ˫˧ˠˡ ˪ˣˡ˧ˠ˪ ˫˧˟ˣ˪˩ 

 ˸ˣ˰˴ˬ˞˟ ˣ˥˵˪ˮ ˢˮˣ˞˲ˣ˞˧ˬ ˸ˣ˶˧˲˯˪ ˦ˮˬ˧ˡ˯ ˸ˣ˞ˬˠˣˡ3  ˶˦ˣ˵˟ ˸ˣ˧ˡˣ˰˧˧ ˸ˣ˧˯ˣ˩10   ˨˶ˣ˞ˣ ˬ"˯8   ˬ"˯

 ˪ˡˣˠ˟ ˸˷˶ ˧ˣ˲˧˥ ˫˰ ,˰ˣ˟˵ ˥˲ˮ ˸˪˟˵˪100 ˣ˶˵˧ˬ-  ˸˶˧ˠ˯ ˫˧˶˷˲˞ˬˢ ˫˧ˡˡ˴ˢ ˧ˮ˷ˬ ˫˧˯˩ˬˣ ˡ˥˞ ˡ˴˟ ˶˦ˬ

˵ˣ˪˥ ˨˶ˣ˴˪ ˦ˮˬ˧ˡ˯ .˭ˣ˧ˬˣ ˪ˣ˲˧˦˪ ˡ˰ ˶ˣ˶˵˟ ˸ˣ˞ˬˠˣˡˢ ˣ˶ˬ˷ˮ ˱ˣ˯˧˞ˢ ˶˥˞˪ .ˢˬˠˣˡˢ  ˫ˠˡˮ ˶ˠ˶ˠ ˧˪ˡˠ˪ ˢ

 ˪˷ ˶˦ˣ˵ ˧˪˰˟ ˫˧ˮ˧˰˪ˠ ˢ˷ˣ˪˷ ˸ˣ˰˴ˬ˞˟3.7  ˨˶ˣ˞˟ˣ ˬ"˯10  .ˬ"˯ 

) ˭˧˪ˬ˶ˣ˲˟ ˰ˣ˟˧˵ ˪˪ˣ˩ ˥"˰˟ ˭ˣ˧ˬ ˨˶ˣ˴˪ ˸ˣ˞ˬˠˣˡ˟ ˪ˣ˲˧˦ˢ4% ˪˷ ˶˲ˣ˟ ˫˰ (Sodium-tetraborat  ˟pH  

 ˪˷8.2 ) ˸ˣ˲ˮ ˨˶ˡ ˤ˶˟ ˧ˬ˟ ˢ˲˧˦˷ ,ˢˬˬ˧ ˨˷ˬ˟250 x-500 ˞˟ ˪ˡˣˠˢ ˸ˣ˧˴˵˶˲ ˪˷ ˢ˶ˠˡˢˣ ,(˶˦ˬˣ˶˵˧ˬ  ˪ˣˮ˸

)70%) ˪ˠˮ˟ˤˣ˶ ˫˰ (rose bengal ,1   ˸˯˧ˬ˸˪ ˫˧˟˧˷ˬˣ ˫˧ˬ˟ ˫˧˲˦ˣ˷ ˢˬˠˣˡˢ ˸˞ .˰ˣ˟˷ ˨˷ˬ˪ (˶˦˧˪˪/˫˶ˠ

) ˪ˣˮ˸˞70% ˪ˣˮ˸˞˟ ˫˧˶ˬ˷ˮ ˫˧ˮ˧ˣˬˬˢ ˫˧˦˶˲ˢˣ ˶˪ˣ˵ˣˮ˧˟ ˸˥˸ ˢ˷˰ˮ ˢˮˣ˞˲ˢ ˭ˣ˧ˬ .(70%  ˫˧˦˶˲ˢ ˶˲˯ˬ .

 ˪˷ ˫˧ˮ˲ ˥˦˷˪ ˪ˬ˶ˣˮˬ ˢˬˠˣˡ˟10  ˬ "˯2 . 

˥˵˪ˮ ˢ˶˲˧ˮ˧ˬ˶ˣ˲ ˸˶˧˲˯ˣ ˭ˣ˧ˬ ˶ˣ˟˰ ˸ˣˮ˥˟ˬ ˸˶ˤ˰˟ ˸ˣ˞ˬˠˣˡ ˣ50   ˵ˣ˵˲˪ ˭˸˧ˮ ˫˸ˣ˞ ˸ˣ˶ˣˮ˧˴˪ ˣ˩˸˥ˮ˷ ˪"ˬ

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

˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˸˶˧˲˯ˣ ˭ˣ˧ˬ˪ ˡ˰ˣ˧ˬˢ ˦ˮˬ˧ˡ˯ˢ .˫˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˭ˣ˧˲˞ˣ ˢ˶˧˲˯ ˨˶ˣ˴˪ (˰˵˶˵ˢ ˧ˮ˲) ˭ˣ˧˪˰ˢ  

) ˪ˠˮ˟ˤˣ˶ˣ ˪ˣˮ˸˞˟ ˶ˬ˷ˮ ˫˧˧ˮˣ˸ˮ˟2 ˫˶ˠ\ ˨˷ˬ˪ (˶˦˧˪˪14   ˭˩ˬ ˶˥˞˪ .˸ˣ˪˵˷ˮˣ ˸ˣ˷˟ˣ˧ˬ ˸ˣ˞ˬˠˣˡˢ ˤ˞ˣ ˫ˣ˧

) ˢ˲ˮ ˨˶ˡ ˸ˣ˲˦˷ˮ ˸ˣ˞ˬˠˣˡˢ125   ˢˬˠˣˡˢ ˸˸ˣ ˶˦˧˪˲˯ ˸ˣ˰˴ˬ˞˟ ˸˵˪ˣ˥ˬ ˢ˷˟˧ ˢˬˠˣˡ ˪˩ .˸ˣ˷˟ˣ˧ˬˣ (˶˦ˬˣ˶˵˧ˬ

.˸˶˲˯ˮˣ ˸ˮ˧˧ˣˬˬ 

 ˟  ˷˟ˣ˧ˬ ˶ˠ˶ˠ ˧˪ˡˠ ˸ˣˠ˪˲˸ˢ ˸ˡ˧ˡˬ˪ ˫˧ˮ˧˰˪ˠˬ ˦ˮˬ˧ˡ˯ ˪˷ ˢ˶ˣ˦˶˲ˬ˦100  ˨˷ˬ˟ ˸ˣ˪˰ˬ24  .˸ˣ˰˷

 ˪˷ ˢ˲ˮ ˨˶ˡ ˸ˣ˲˦˷ˮ ˤ˞ˣ ˸ˣ˪˵˷ˮ ˸ˣ˷˟˧ˢ ˸ˣ˞ˬˠˣˡˢ63  .(˸˧˯˶˥) ˢ˵ˡˢ ˢ˧˴˵˶˲ˢ ˸˞ ˵˪˯˪ ˸ˮˬ ˪˰ ˶˦ˬˣ˶˵˧ˬ

 ˪˷ ˫˧˪ˡˠ˟ ˸ˣ˲ˮ ˦˯ ˫˰ ˶˵˧˧˷˪ ˸ˣ˶˟˰ˣˬ ˤ˞ˣ ˟ˣ˷ ˸ˣ˪˵˷ˮ ˸ˣ˞ˬˠˣˡˢ ˱˯ˣˮ ˷ˣ˟˧˧ ˶˥˞˪2000 ,1000 ,500 ,

250 ,125 ,63  ˨˷ˬ˪ ˶˦ˬˣ˶˵˧ˬ10 ˣ˵ˡ  ˟˷ˣ˥ˬ ˢ˪˷ ˧˯˥˧ˢ ˪˵˷ˬˢ ˤˣ˥˞ˣ ˡ˶˲ˮ˟ ˸˪˵˷ˮ ˪ˡˣˠ ˸˧˧˴˵˶˲ ˪˩ .˸

˨˯ˢ ˨ˣ˸ˬ-.˪˩ˢ 

 

˸ˣ˞˴ˣ˸ : 

 ˧ˮ˷˟ ˢ˩˶ ˸˧˰˵˶˵˟ ˧˥ˢ ˭ˣ˧˲˞˶˸˞˫˧ ˟) ˧ˮˣ˲˴ˢ ˱ˣ˥ ˟ ˣ˧ˬˣ˶ˡˢ ˱ˣ˥ ( 

 ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶˸˞ .˫˧ˮˣ˷ ˫˧˲˶ˠˣ˧˯˧˲ ˫˧ˮ˧˧˲˞ˬ ˧˪˰˟ ,˧ˬˣ˶ˡˢ ˱ˣ˥˟ˣ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ,˫˧ˮ˥˟ˮˢ ˫˧˶˸˞ˢ ˧ˮ˷

˸ˬ ˸˧˰˵˶˵ ˰ˣ˲˧˷ ˪˰˟  .˦ˮ˧˵ˢ ˸˪˰˸ ˨˶ˡ ˣ˞ ˸ˣˮˣ˲˦˧˷ ˧˰ˣ˶˧˞˟ ˫˞ ,˱ˣ˥ˢ ˭ˬ ˶ˠˮ ˸˯˧ˮ˩˪ ˢ˪ˣˡˠ ˢ˲˧˷˥ˣ ˭ˣ

  ˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˶˸˞ .˶ˣˤ˞˟ ˫˧˴ˣ˲ˮ ˫˧ ˟˷˰ ˪˷ ˫˧ˡ˟˶ˬˣ ,˧˸˷˟˧ ˞˴ˣˬˬ ˶ˬˣ˥ ˢ˟˶ˢ˟ ˸ˮ˧˧˲ˣ˞ˬ ˸˧˪ˣ˥ˢ ˸˧˰˵˶˵ˢ

˧˟˯˟ˣ ˟ˣ˶˵ ˤˣ˵˧ˮ ˞˴ˣˬ ˞˪˪ ,˪ˣ˪˸ ˸˧˰˵˶˵ ˰ˣ˲˧˷ ˪˰˟ ˶ˣˤ˞˟ ˳˶˲ˬˢ ˪˷ ˧˟˶˰ˬˢ ˭ˣ˶ˡˬˢ ˪˰ ˞˴ˬˮ  ˸˧ˮˣ˷ ˸˟

.˦ˮˬ˧ˡ˯˟ ˧ˮˠˣ˧˟ˢ ˟˧˩˶ˬˢ ˶˸ˣ˧ ˪ˣˡˠ ˢˤ ˶ˣˤ˞˟ .˫˧ˠˣˬ˪˞ˢ   

) ˶˵˯ˢ ˰˴ˣ˟ ˭ˢ˟ ˫˧ˮ˷˟ :˶˵˯ˢ ˧˶ˣˤ˞ ˭˧˟ ˰˴ˬˢ ˧˪ˡ˟ˢ ˸˞ ˢ˞˶ˬ ˫˧˶˸˞ˢ ˧ˮ˷˟ ˶ˠ˶ˠˢ ˧˪ˡˠ ˸˵ˣ˪˥2015-

2022ˬ ˶˸ˣ˧ ,˟ˣ˶˪) ˪ˣˡˠ ˟˧˩˶ˬ˟ ˭˧˧˲ˣ˞ˬ ˧ˮˣ˲˴ˢ  ˱ˣ˥ˢ ˶˸˞ (- 60%ˬ ˭˦˵ ˶ˠ˶ˠ ˪ˡˣˠ ˪˰˟ ,˵ˡ ˦ˮˬ˧ˡ˯ ˪˷ (- 

µm 125ˬ ˭˦˵ ˢˤ ˟˧˩˶ˬ ˧ˬˣ˶ˡˢ ˱ˣ˥˟ˣ ,- 30% ˬ ˭˦˵ ˞˴ˬˮ ˫ˠ ˫˧ˮ˷ˢ ˟ˣ˶˟ˣ- 20% ˠ ˶ˣ˧˞)18  .( 

  ˶ˤˠˮ ˣ˟ˣ˶ˣ ˢ˩ˣˬˮ ˢ˧ˠ˶ˮ˞˟ ˫˧ˬˢ ˸ˡˣˬ˰ˬ ˢ˰˧˵˷ ˭˧˧˲˞ˬ ,˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶˸˞˟ ˳ˣ˲ˮˢ ,˵ˡˢ ˦ˮˬ˧ˡ˯ˢ

ˬ ˭˦˵ ˶ˠ˶ˠ ˪ˡˣˠ ˧˪˰˟ ˦˪˧˯ˣ ˸˧˯˶˥) ˫˧˧˸˷˟˧ ˫˧˟˧˩˶ˬˬ-  -ˬ µm 63 ˪ˡˣˠ˪ ˡ˰ ˶ˡˠˣˬ ˡ˞ˬ ˵ˡ ˪ˣ˥ ,  ˪˷ ˶ˠ˶ˠ

µm 125 .( 

 ˶˸˞˟ ˣ˪˧˞ˣ ,˦ˮˬ˧ˡ˯˟ ˶ˠ˶ˠˢ ˧˪ˡˠ ˸ˣˠ˪˲˸ˢ˟ ˡ˟˪˟ ˫˧˪˵ ˫˧˧ˣˮ˧˷ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˣ˲˴ˮ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶˸˞˟

ˬ ˢˮ˦˵ˢ ˢ˧˴˵˶˲ˢ :˦ˮˬ˧ˡ˯ˢ ˧˪ˡˠ ˸ˣˠ˪˲˸ˢ˟ ˶˸ˣ˧ ˸ˣ˪ˣˡˠ ˸ˣˡˣˮ˸ ˸ˣˡ˰ˣ˸ˬ ˧ˬˣ˶ˡˢ ˱ˣ˥ˢ - µm 250   ˡ˞ˬ ˢ˪ˡˠ

 ˫˧ˮ˷ˢ ˭˧˟2015-7 ˮ ˷ˢ .˷ˡ˥ˬ ˢˡ˶˧ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ˣ ,  ˢˣˣˢˬˣ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢˤ ˟˧˩˶ˬ ˪ˡˠ ˟ˣ˷ ˢ
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) ˦ˮˬ˧ˡ˯ˢ ˪˵˷ˬ ˸˧˴˥ˬˬ ˶˸ˣ˧56% ˢˮ˷˟ .˶ˣ˦˧ˮˢ ˸ˣˮ˷ ˨˪ˢˬ˟ ˫˧˧ˣˮ˧˷ ˸ˣ˞˶ˬ ˪ˡˣˠˢ ˸ˣ˧˴˵˶˲ ˶˞˷ ˫ˠ .(

ˬ ˪ˣˡˠ ,˯ˠˢ ˟˧˩˶ˬˢ ˸ˬˡˣ˵ˢ - µm 2000˩ ˢˣˣ˧ˢˣ ˡ˥ˣ˧ˬ˟ ˪ˡˠ ˢ˧ˢ ,-35%   ˶ˣ˦˧ˮˢ ˸ˮ˥˸˟ ˦ˮˬ˧ˡ˯ˢ ˪˵˷ˬ ˪˪˩ˬ

ˣˢˬ ˞ˣˢ ˢˮ˷ˢˣ ˸˧ˬˣ˶ˡˢ˩ ˢˣ- 6% .ˡ˟˪˟   

 

 
˶ˣ˧˞ ɣ18: ) ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ,˫˧˶˸˞ ˧ˮ˷˟ (˧˪˵˷ˬ ˤˣ˥˞˟) ˶ˠ˶ˠ ˧˪ˡˠ˪ ˦ˮˬ˧ˡ˯ ˸˵ˣ˪˥NB) ˧ˬˣ˶ˡˢ ˱ˣ˥˟ˣ (SB( . 

Figure C18: Grain size distribution (weight percent) for soft sediment at two sites, at the north 

beach (NB) and south beach (SB) of Eilat.  

 

 ˸ˮ˷˟2015  .˸ˣ˪ˣˡˠ ˣ˧ˢ ˢ˶˧˲˯ˢ ˸ˣ˞˧ˠ˷ˣ ,˫˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮˬ˶ˣ˲ ˶ˣ˟˰ ˢˮˣ˷ ˢ˶˧˲˯ ˪ˣ˵ˣ˦ˣ˶˲˟ ˷ˣˬ˧˷ ˢ˷˰ˮ

 ˨ˣ˸ˬ ˧˩ ˶ˬˣ˪ ˢ˧ˢ ˭˸˧ˮ ,˸˞ˤ ˫˰ ˡ˥˧20  ˫˧ˮ˧ˬˢ ,ˣˢˣˤ ˶˷˞ ˫˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˧ˮ˧ˬAssilina ,Amphisorus  ,

Amphistegina ,Nonion ,Peneroplis   ˸˷ˬ˥ ,˧ˮˣ˲˴ˢ ˱ˣ˥˟ˣ ,˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˶˸ˣ˧˟ ˫˧˴ˣ˲ˮˢ ˫˧ˮ˧ˬˢ ˢ˷˧ˬ˥ ˸˞ ˣˣ˧ˢ

 :ˣ˧ˢ ˫˧˴ˣ˲ˮˢ ˫˧ˮ˧ˬˢAmphisorus ,Amphistegina, Hauerina ,Borelis ,Sorites  . 

.ˢ˶˲˸˷ˢ ˧ˣˢ˧ˤˢ ˸˪ˣ˩˧ˣ ˶˸ˣ˧ ˪˧˰˧ ˢ˶˧˲˯ ˪ˣ˵ˣ˦ˣ˶˲˟ ˷ˣˬ˧˷ ˢ˷˰ˮ ˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ 

 

ˢˮ˷ˢ  ˢˮ˷ˢ ˣˢˣˤ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶˸˞˟˩ˢ ˨˯˟ ˪58 ˧ˮ˧ˬ ˢ˶˲˧ˮ˧ˬ˶ˣ˲  ˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˶˸˞˟ˣ54.  ˢ˧˧˪˰ ˣˤ

.˸ˣˬˡˣ˵ˢ ˫˧ˮ˷˟ ˫˧ˢˣˤˬˢ ˫˧ˮ˧ˬˢ ˶˲˯ˬ˪ ˢ˞ˣˣ˷ˢ˟    ˫˰ˣ ˟˩˶ˣˬ ˞ˣˢ ˭˧ˬˢ ˸ˬ˶˪ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˧ˣˢ˧ˤ˷ ˭ˣˣ˧˩ˬ

 .˫˧ˠˣ˯˪ ˫˧ˮ˧ˬˢ ˣ˴˟ˣ˵ ,˫˧˥ˣˣˡˬˢ ˫˧˶˲˯ˬ˟ ˫˧˧ˣˮ˧˷ ˫˧˧ˣ˲˴ ˧ˣˢ˧ˤˢ ˸ˣ˪ˣ˩˧˟ ˢ˧˪˰ˢ˫˧˶˸˞ˢ ˧ˮ˷˟  ˢˮ˷ˢ ˣ˞˴ˬˮ34 

ˣ˯ ˫˧ˠ˟˦)ˠ ˢ˪2 ˮ ˷˟ .(˫˧ ˬˡˣ˵ˢˣ ˣˢˣˤ ˞˪ ˶˷˞ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˧ˠˣ˯ˣ ˧ˮ˧ˬ ˣˢˣˤ ˢˮ˷ˢ ˫ˠˣ ˸  ˫˪ˣ˞ ,˫˧ˬˡˣ˵ ˫˧˶˵˯˟

˸ˣˬˡˣ˵ˢ ˫˧ˮ˷˟ ˣ˞˴ˬˮ ˞˪˷ ˫˧ˮ˧ˬ ˢ˷ˣ˪˷ ˵˶ ˣˢˣˤ ˢˮ˷ˢ  . 

 ˢˮ˷ˢ ˢ˸˧ˢ ˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˦ˮˬ˧ˡ˯ ˫˶ˠ˟ ˸˰˴ˣˬˬˢ ˫˧˦˶˲ˢ ˸ˣ˲˧˲˴95  ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˣ˪˧˞ˣ ˰˴ˣˬˬ˟ ,˫˶ˠ˪

˰˴ˣˬˬ ˫˧˦˶˲ ˸ˣ˲˧˲˴ ˢ˞˴ˬˮ ˪˷ ˸187  .˦ˮˬ˧ˡ˯ ˫˶ˠ˪ ˫˧˦˶˲  ˫˧ˮ˷ˢ ˭˧˟ ˫˪ˣ˞ ˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˢ˧˧˪˰ ˣˤ

 .˫˧˦˶˲ˢ ˸ˣ˲˧˲˴˟ ˸ˣˡˣˮ˸ ˭ˮ˷˧ 

˧ˬˣ˶ˡˢ ˱ˣ˥˟˷ ˣˤˬ ˟ˣ˶˪ ˢˢˣ˟ˠ ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˫˧˦˶˲ˢ ˸ˣ˲˧˲˴ˢˮ˷ ˪˩˟ ˞˪ ˫˪ˣ˞ , ˠ ˶ˣ˧˞)19(  ˧˩ ˢ˞˶ˮ .

 ˪˰ ˢ˰˧˲˷ˬ ˸ˣˮˣ˲˦˷ ˫ˠ ˧˪ˣ˞ˣ ,˸ˣ˵ˤ˥ ˸ˣ˧ˬˣ˶ˡ ˸ˣ˶˰˯ ˪˷ ˭˸˰˧ˠ˲.˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˶˵˧˰˟ ,˫˧˦˶˲ˢ ˸ˣ˲˧˲˴  
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˶ˣ˧˞ ɣ19: ) ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ,˫˧˶˸˞ ˧ˮ˷˟ (˦ˮˬ˧ˡ˯ ˫˶ˠ˪ ˶˲˯ˬ) ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˪˷ ˫˧˦˶˲ˢ ˸ˣ˲˧˲˴NB  ˧ˬˣ˶ˡˢ ˱ˣ˥˟ˣ (

)SB( . 

Figure C19: The density of foraminifera individuals (number/gram sediment) at two soft 

sediment sites, at the north beach (NB) and south beach (SB) of Eilat. 
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ˠ ˢ˪˟˦2 : ˧ ˠˣ˯ ˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˶˸˞˟ˣ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶˸˞˟ ˣˢˣˤ˷ ˨˶ˢ ˦ˮˬ˧ˡ˯ˢ ˧ˮ˩ˣ˷ ˫˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ . 

Table C2: Benthic foraminifera identified at the North and south beach sites. 

 

 
 2016 2017 2018 2019 2020 2021 2022 

Affinetrina cf. A. quadrilateralis  NB SB NB 
Agglutinella   NB SB+NB SB NB NB 
Ammonia SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB 
Amphisorus hemprichii SB+NB SB+NB SB+NB SB+NB SB+NB SB SB+NB 
Amphistegina  SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB 
Articulina  SB NB SB+NB SB+NB SB+NB NB SB+NB 
Assilina amonoides SB+NB SB+NB SB+NB SB+NB NB SB+NB SB+NB 
Bolivina  SB    SB+NB   
Borelis schlumbergeri SB+NB SB+NB SB+NB SB+NB NB NB SB+NB 
Brizalina  SB+NB SB+NB NB SB+NB SB+NB SB+NB SB+NB 
Challengerella bradyi  SB    
Cibicides  NB NB NB SB+NB NB NB SB+NB 
Clavulina angularis  SB+NB SB    
Coscinospira hemprichii    SB  
Cycloforina  SB+NB SB SB+NB SB+NB SB+NB SB+NB SB+NB 
Cymbaloporetta  SB SB+NB NB  SB+NB   
Discorbinella rhodiensis SB SB+NB SB SB SB SB  
Elphidium  SB+NB SB+NB NB NB NB NB SB+NB 
Epistomoroides punctatus NB SB+NB  NB   SB+NB 
Epoindes repandus NB SB+NB  NB    
Fursenkoina NB NB    SB  
Globigirinoides ruber    SB+NB SB 
Globofissurella    SB  NB  
Hauerina  SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB 
Heterocyclina tuberculata   SB   
Labrospira jeffreysii NB SB+NB NB  SB SB SB+NB 
Lachlanella  SB SB+NB SB NB SB+NB SB SB+NB 
Lagenammina SB+NB NB   SB+NB  
Miliolides  SB+NB       
Miliolinella  SB+NB SB+NB SB+NB SB+NB SB SB SB 
Nonion  SB+NB SB+NB NB NB SB+NB SB+NB NB 
Paratrochammina madeirae SB     
Peneroplis planatus SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB 
Planogypsina SB  SB+NB SB   NB 
Planorbulinella larvata  

 SB  NB  
Planorbulinoides retinaculata    NB  
Pseudoaurinella dissidens SB SB     
Pseudocibicides  SB+NB SB+NB SB+NB NB NB SB SB 
Pseudomassilina  NB SB+NB SB+NB NB SB+NB SB+NB 
Pseudoschlumbergerina ovata SB SB SB SB SB 
Pseudotriloculina  SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB 
Pyrgo  NB  NB SB NB NB NB 
Quinqueloculina  SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB 
Reusela  NB SB SB NB NB NB SB+NB 
Rosalina  SB+NB SB+NB SB+NB SB SB+NB SB+NB SB+NB 
Schlumbergerina 
alveoliniformis 

NB 
      

Siphonaperta  SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB 
Sorites SB+NB SB SB SB NB NB NB 
Spirillina   NB   SB+NB SB SB 
Spiroculina SB+NB SB+NB  SB+NB SB+NB SB+NB SB+NB 
Textularia  SB SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB 
Triloculina SB SB+NB SB+NB SB+NB SB+NB SB+NB SB+NB 
Trochulina sp. A NB SB+NB SB+NB SB+NB SB+NB SB+NB 
Varidentella cf. V. neostriatula SB+NB SB NB SB+NB  SB+NB 
Vertebralina striata  SB  SB+NB NB SB+NB 
Wiesnerella auriculata  

   SB  
others SB+NB SB SB+NB SB SB SB+NB SB+NB 
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 ˮ ˷˟ ˸2020  ˸ˣˮ˥˸) ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˢˮˣ˷˞˶˪ ˣ˞˴ˬˮw40 x- w80  ˪˷ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲ (ˢ˦ˬ˪ ˸ˣ˶˞ˣ˸ˬˢ ,

ˠ ˶ˣ˧˞) ˫˧˶˲˧ˮ˧ˬ˶ˣ˲20 ˢˮˣ˷ ˫ˢˬ ˡ˥˞ ˪˩ˣ ˧ˣ˲˴ˢˬ ˸ˣˮˣ˷ ˸ˣ˶ˣ˴˟ ˠ˶ˣ˥ ˢ˪˞ ˫˧˦˶˲ ˪˷ ˧˦ˮˣ˟˶˵ˢ ˢˮ˟ˬˢ .(

 .ˣ˶˟˥ˬ˟ˢˮ˷  ˣ˞˴ˬˮ ˟ˣ˷ ˢ˶˟˰˷˫˧˸ˣˣ˰ˬ ˫˧˦˶˲ ˸ˣˮ˥˸˟ ˫˰˲ˢ ,w0 x- w80   ˫ˠ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲ ˣ˞˴ˬˮ ˢˮ˷ˢˣ

˩ ˫˧ˣˣˢˬ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲ .˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˸ˮ˥˸˟ ˣ˪˧˲˞ˣ ˸ˣ˶˥˞ˢ ˶ˣ˦˧ˮˢ ˸ˣˮ˥˸˟-1%  ˧ ˡ˯˟ ˫˧˦˶˲ˢ ˪˪˩ˬ  ˦ˮˬ

.˫ˠˡˮˢ  ˫˸˞˧˴ˬ ˶ ˸ˣ˧ ˸ˣ˵ˣ˥˶ ˸ˣˮ˥˸˟ ˫ˠ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲ ˪˷  ˪˰ ˰˧˟˴ˢ˪ ˢ˧ˣ˷˰ ˸ˣ˦˷˲˸ˢ  ˫˧˰ˠˣ˲ˢ ˫ˣˢ˧ˤ ˧ˬ˶ˣˠ

 ˥˩ˣˮ˪ ˨˞ ,˫ˣˢ˧ˤˢ ˸ˡ˧ˬˣ ˠˣ˯ ,˫˶ˣˠˢ ˪˰ ˰ˡ˧ˬ ˣˮ˪ ˭˧˞ .ˡ˪˷ˢ ˸ˣ˥˸˲˸ˢ˟  ˧˟ˣ˪˩ ˣ˧ˢ ˣ˟ ˶ˣˤ˞ˢˬ ˢ˰˲ˣ˸ˢ ˸ˣ˦˷˲˸ˢ

˸ˣ˶˥˞ˢ ˸ˣˮ˥˸˪ ˫˧ˠˡˢ ˡ ˫˧ˬˢˤˬ ˸˯˧ˮ˩ ˪˷ ˸ˣ˶˷˲˞ ˵ˣˡ˟˪ ˧˞ˡ˩ ˶˷˞ ˸˧˸˷˸ ˸ˣˡˣ˟˰˪ ˨˷ˬˢ˟ ,˦ˮ˧˵ˢ ˸˪˰˸ ˨˶

 .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˢ˪˰˸ˢ ˢ˪˰ˬ˟ ˫˧˵ˣ˸ˬ ˫˧ˬ ˧ˠˡ ˸˸ˣˬ˸ ˪˷ ˫˧˰ˣ˶˧˞ˣ ,˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˢ˪˰˸ˢ ˧˞ˣˣ˸˟ ˣ˷˰ˮ 

 ˸ˣˮ˥˸ˢˬ ˦ˮˬ˧ˡ˯ ˸ˣ˞ˬˠˣˡw0 x- w80   ˢ˧˞ˬˣ ˶ˣ˷ ˡ˪˲ˮˣ˶˵ ˢˠˮ '˲ˣ˶˲) ˸ˣ˩˸ˬ ˧ˤˣ˩˧˶ ˪˷ ˢˡ˧ˡˬ˪ ˣ˶˯ˬˮ

˪ˮ˞ˢ ,˟˧˟˞ ˪˸ ˸˦˧˯˶˟˧ˮˣ˞ˬ ˶ˡ˪˞˟ ˣ˷˰ˮ ˸ˣˤ˧- Arizona laboratory for emerging contaminants, U. of 

Arizona, Tucson AZ ˧˲ ˫˧ˢˣ˟ˠ ˣ˧ˢ ˸ˣ˩˸ˬˢ ˪˩ ˧ˤˣ˩˧˶˷ ˞˴ˬˮ .(1.5-4   ,˸˧˥˶ˤˬˢ ˢˮ˥˸˟w0   ˣ˧ˢ ˣ˟ ˫ˣ˵˧ˬ˟

 ˢˮ˥˸˟ ˶˷˞ˬ ,˫˧ˠˡˢ ˧˟ˣ˪˩ ˶˟˰˟w80  ˸˵˥ˣ˶ˬˢ80 ˢ˪ ˸˧˟˶˰ˬ ˫˧˶˦ˬ  .ˤ ˥˲˯ˮ)4(  ˫˧˩ˬˣ˸ ˢ˪˞ ˫˧˞˴ˬˬ .

˷˲˞˟ ˳˶ˬ ˪˷ ˢ˶˰˯ˢ ˸ˣ˟˵˰˟˷ ˸ˣ˶2020   ˧˸ˣˣ˧˰˪ ˸ˣˬ˶ˣˠ ˢ˪˞ˣ ˢˢˣ˟ˠ ˸ˣ˩˸ˬ ˸˪ˣ˩˸ ˧˪˰˟ ˫˧˦ˮˬ˧ˡ˯ ˣ˲˷˥ˮ

  ˫ˠ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲ ˣ˞˴ˬˮ ˢˮ˷ˢˣ ˣˤ ˢˮ˥˸˟ ˵˶ ˣ˞˴ˬˮ ˞˪ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲˷ ˢˡ˟ˣ˰ˢ ,˨ˡ˧˞ˬ .˫˧˶˲˧ˮ˧ˬ˶ˣ˲˟ ˡ˪˷

˸ˣ˩˸ˬˢ ˸ˣ˦˷˲˸ˢ) ˢ˰˲ˣ˸ˢ ˸ˣ˦˷˲˸ˢ ˪˰ ˢ˰˧˟˴ˬ ˧ˬˣ˶ˡˢ ˱ˣ˥˟\˪ (?˫ˢˣˤˬˢ ˦ˮˬ˧ˡ˯ˢ .˸˪˧˞ ˧˲ˣ˥ˢ ˨˶ˣ˞ 

 

 
˶ˣ˧˞ ɣ20: ˫˧ˠˡˢ ˧˟ˣ˪˩ ˸ˣˮ˥˸˟ ˫˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˪˷ ˫˧˸ˣˣ˰ˬ ˫˧˦˶˲ . 

Figure C20: Deformed benthic foraminifera found this year at FF sampling locations offshore 

from the Kinet channel outlet. 

 

ˢ ˸ˣ˴ˣ˟˵ ˧˩ ˞˴ˬˮ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˫ˮ˧˞˷ ˦ˮˬ˧ˡ˯ ˧ˮ˩ˣ˷ ˥"˰˟ ˸ˣ˶˧˲˯˟- Polychaeta ,Copepoda  ,

Nematoda  ˮ ˷˟ ˦ˮˬ˧ˡ˯˟ ˶˸ˣ˧˟ ˸ˣ˴ˣ˲ˮˢ ˭ˢˣ˟ˬ ˭ˢ˟ ˫˧ˮ˷˟ ˫˧˶˸˞ˢ ˧ ˶ˣ˦˧ˮˢ ˰˴)˶ˣ˧˞  ˠ21( ,˫˧˶˸˞ˢ ˧ˮ˷˟ .

 ˢˮ˷ˢ ˣˢˣˤ ,˧ˮˣ˲˴ˢ ˱ˣ˥ˢˣ ˧ˬˣ˶ˡˢ ˱ˣ˥ˢ16  ˢ˪˟˦) ˸ˣ˴ˣ˟˵3ɣ .( 

 ,˶˸ˣ˧˟ ˢ˪ˣˡˠˢ ˢˮ˷ˢ ˢ˸˧ˢ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˦ˮˬ˧ˡ˯˟ ˫˧˦˶˲ˢ ˸ˣ˲˧˲˴92 ˪ ˫˧˦˶˲- 10   ˸ˬˣ˰˪ ,˦ˮˬ˧ˡ˯ ˶"ˬ˯

38  ˸ˮ˷˟ ˢˡˡˬˮ ˶˸ˣ˧˟ ˢ˪ˣˡˠˢ ˸ˣ˲˧˲˴ˢ ˧ˬˣ˶ˡˢ ˱ˣ˥˟ .˸ˬˡˣ˵ˢ ˢˮ˷˟2019 ,182 ˲  ,˦ˮˬ˧ˡ˯ ˶"ˬ˯˪ ˫˧˦˶

 ˸ˬˣ˰˪132   .ˢˮ˷ˢ 

  .˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˶˷˞ˬ ˢˢˣ˟ˠ ˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˫˧˦˶˲ˢ ˸ˣ˲˧˲˴ ˫˧ˮ˷ˢ ˪˩˟ 
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˶ˣ˧˞ ɣ21: ) ˧ˮˣ˲˴ˢ ˱ˣ˥˟ ,˫˧˶˸˞ ˧ˮ˷˟ ˫˧ˢ ˸˧˰˵˶˵˟ ˨˶ ˰˴ˬ ˧ˮ˩ˣ˷ ˥"˰˟ ˸ˣ˥˲˷ˬNB) ˧ˬˣ˶ˡˢ ˱ˣ˥˟ˣ (SB( . 

Figure C21: Abundance of meiofauna genera dwelling in the upper layer of two soft sediment 

sites, at the north beach (NB) and south beach (SB) of Eilat.  
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ˠ ˢ˪˟˦3˩ˣ˷ ˸ˣ˴ˣ˟˵ : ˲ ˧ˮ˧ˬ˶ˣ˲ ˪˪ˣ˩ ˞˪) ˨˶ˢ ˦ˮˬ˧ˡ˯ˢ ˧ˮ˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˶˸˞˟ˣ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶˸˞˟ ˣˢˣˤ˷ (˫˧˶   ˧˲˪)

 .(˟"˞ ˶ˡ˯ 

Table C3: Meiofauna groups identified at the North and South beach sites (listed 

alphabetically). 
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Amphioxus                  * * * * * * * * 

Amphipoda * * * * * * * *  * * * * * * * * 

Anomura   * * *  *  *    * * * *  *   

Bivalvia * * * * * * * *  * * * * * * * * 

Chaetognatha     *          *       
Cnidaria 
(Actinaria)     *  

* 
 *     * * * 

* 
 * 

Copepoda * * * * * * * *  * * * * * * * * 

Crustacea sp               *   *    

Cumacea * * * * * * * *  * * * * * * * * 

Decapoda * *  *  * * *  * * * * * * *   

Echinoidae     *   *        *    * 

Echiura     * * * * *     * * *  *   

Gastropoda * * * * * * * *  * * * * * * * * 

Holoturioidea                * *  * * 

Isopoda *   * * * * *  * * * * * * * * 

Mysidae     *  * *        *      

Nematoda * * * * * * * *  * * * * * * * * 

Nemertea     *  *        * * * * *   

Ophiuroidea * * * * *  * *  * * * * *  * * 

Ostracoda * * * * * * * *  * * * * * * * * 

Platyhelminthes     *           *   *   

Polychaeta * * * * * * * *  * * * * * * * * 

Sipunculidae     * * * * *  * * * * * * * * 

Tanaidacea * * * * *   * *  * * * * * * * * 
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 ˟  ˫˧˧ˣˮ˧˷˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˧˲˯˞ˬ ˧˫  ˶˥˞˪ ˳˶˲ˬˢ ˭ˣ˲˴˟ ˫ ˧ˠˡˢ ˧˟ˣ˪˩ ˧ˣˮ˧˲ 

 

 ˵ˬˣ˰˟ ,˧ˮˣ˲˴ˢ ˱ˣ˥˟ˣ ˧ˬˣ˶ˡˢ ˱ˣ˥˟ ˫˧˷ˡ˥ˢ ˫˧˶˸˞ˢ ˧ˮ˷˪ ˱˯ˣˮ˟20  ˸˧ˮ˩˸ˢ ˢ˪˥ˢ ˭ˢ˟ ,(ˢ˪˰ˬ˪ ˣ˞˶) ˫˧˶˦ˬ

 ˶˟˰˷˪ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˶˸˞˟ ˫˧˧˵˸ˬ ,˨˶ ˦ˮˬ˧ˡ˯˟ ˧˥ˢ ˧˲˯˞ˬ ˶˥˞ ˟ˣ˵˰˪ï  ˪˷ ˫˧ˬ ˵ˬˣ˰˟ ˧ˮˣ˲˴ˢ ˱ˣ˥˟27   ˫˧˶˦ˬ

ï  ˸ˮ˷˟ ˪˥ˢ ˶˷˞ ˫˧˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˧˲˯˞ˬ ˶˥˞ ˟˵˰ˬ2008 ˨ˣˬ˯˟ , ˪˥ˢ ˟˵˰ˬˢ .˫˧ˢˬ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˸˞˴ˣˢ˪

) ˭ˣ˶ˣ˞ ˧˷ ˪˷ ˶˵˥ˬ ˸ˡˣ˟˰ ˸˶ˠ˯ˬ˟M.Sc. ˭˟ ˸˦˧˯˶˟˧ˮˣ˞˟- .ˬ '˲ˣ˶˲ˣ ˳˧˟ˣˬ˶˟˞ .˯ '˲ˣ˶˲ ˸˧˧˥ˮˢ˟ ,˟ˠˮ˟ ˭ˣ˧˶ˣˠ

.(ˢ˲˧˥ 'ˮˣ˞) ˟ˣˮ˶'˴ ˭ˬˡˣˠ .˟ ˶"ˡ ˫˰ ˱ˣ˸˧˷˟ˣ ˪'ˠˮ˞ .ˡ ˶"ˡ ˪˷ ˣ˸ˬˤˣ˧˟ ,(˧ˣˣ˞˪˲˧˩ 

˸˷˸ˢ ˡ˶˷ˬ˪ ˷ˠˣˢ ˶˷˞ ,˶˵˥ˬˢ ˸˞ ˫˩˯ˬˢ ˥"ˣˡˢ  ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˪˷ ˧˰ˡˬˢ ˥"ˣˡ˟ ˥˲˯ˮ˩ ˣˮˣ˷˪˩ ˰˧˲ˣˢ ,˸ˣ˧

 ˸ˮ˷˟2010 ˳˧˵˪ ˡ˰ ˣ˞˴ˬˮ ˣ˟ ˶ˣˤ˞˟ ˫˧ˢ ˸˧˰˵˶˵ ˫ˣ˵˧˷ ˧˩˧˪ˢ˸ ˡˣ˰˧˸ ˣ˟ˣ ,2008   ˸˧ˬ˧ ˸ˣ˞˪˵˥ ˪˷ ˫˧ˠˡ ˧˟ˣ˪˩

 ˸ˮ˷˟ .˳˶˲ˬ˟2014 ) ˫˧˞˴ˬˬˢ ˸˞ ˶˞˸ˬˢ ˧˰ˡˬˢ ˫ˣ˯˶˲ˢ ˰˧˲ˣˢOron et al. 2014 ˪˰ ˢ˥˵˪ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ .(

 ˸ˮ˷˟ ˢˬ˴˰2010   .˫ˣ˵ˬ˟ ˢ˩ˣ˶˞ ˭ˬˤ ˸˶ˡ˯ ˶ˬ˷˪ ˸ˮˬ ˪˰ ,˸˧˸ˮ˷ ˢˬ˧ˠˡ ˸ˣ˶˧ˡ˸˟ ,ˢˤ ˶˸˞˟ ˟˵˰ˬˢ ˸˞ ˨˧˷ˬˢ˪

.˭ˣ˶ˣ˞ ˧˷ ˶"ˡ ˸˩˶ˡˢ˟ ˢ˷˰ˮ ˢˤ ˶ˣ˦˧ˮ 

 

) ˫˧ˠˡˢ ˧˟ˣ˪˩ ˫ˣ˵˧ˬˬ ˢ˟˶˰ˬ ˵˥˶˸ˬˢ ˣ˵ ˨˶ˣ˞˪ ˸ˣ˯ˣ˶˲ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˸ˬˠˣˡ ˭˸ˣ˞ ˸ˣˡˣ˵ˮˢW0  ,(

 ˫˧˵˥˶ˬ˟40 x-80 ˣˡˣ˵ˮ˟ ˦ˮˬ˧ˡ˯ˢ ˪ˡˣˠ ˸ˣˠ˪˲˸ˢ .˫˧˶˦ˬ ˢˮ˥˸˟ .˸ˣˮˣ˶˥˞ˢ ˫˧ˮ˷˟ ˢ˟˧˴˧ ˢ˪˞ ˸W80 

 ˵ˬˣ˰˟ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˶˸˞ ˪˷ ˣˤ˪ ˢˬˣˡ ˸ˣˠ˪˲˸ˢˢ20 ˬ ˶˸ˣ˧ ˦˰ˬ ˫˷ ˞˴ˬˮ ˟ˣ˶˪ˣ ,(ˢ˪˰ˬ˪ ˣ˞˶) ˶˦ˬ- 60% 

ˬ ˢ˵ˡ ˢ˧˴˵˶˲- µm 125  ˢˮ˦˵ ˦˰ˬ ˢ˵ˡ ˢ˧˴˵˶˲ ˪˪˩ ˨˶ˡ˟ ˢ˞˴ˬˮ ˫˧˟ˣ˪˩ˢ ˶˸˞˪ ˶˸ˣ˧ ˸ˣ˟ˣ˶˵ˢ ˸ˣˮ˥˸˟ .

 ˢˮ˥˸˟ ˢ˞˴ˬˮ ˢˮ˷ˢ .˶˸ˣ˧W80 ˡ ˢ˧˴˵˶˲ˬ ˸ˣ˥˲ ,˸ˣˬˡˣ˵ˢ ˫˧ˮ˷˟ ˶˷˞ˬ ˢˮ˦˵ ˢ˵- 40% ˠ ˶ˣ˧˞)22 ˢ˵˪˥ .(

 ˱ˣ˥ˢ" ˸ˮ˥˸˟ ˫ˠ .˫˧ˮ˷ˢ ˭˧˟ ˫˧˪ˣˡˠ ˫˧˧ˣˮ˧˷ ˫˧˶˩ˮ ˞˪ ˭ˢ˟ ,˸ˣ˶˥˞ˢ ˸ˣˮ˥˸˟ ˶˷˞ˬ ˭˦˵ ˢˮ˷ˢ ˣˤˢ ˢ˧˴˵˶˲ˢ ˪˷

  ˶ˠ˶ˠˢ ˧˪ˡˠ ˸ˣˠ˪˲˸ˢ˟ ˫˧˪ˡ˟ˢˢ ˣ˧ˢ ˢ˩ ˡ˰ .(ˢ˪˰ˬ˪ ˣ˞˶) ˶ˠ˶ˠˢ ˧˪˪ˡˠ ˟˩˶ˢ˟ ˫˧˧ˣˮ˧˷ ˢˮ˷ˢ ˣ˞˴ˬˮ ˞˪ "˧ˮˣ˲˴ˢ

˧˟ .˫˧˟˧˴˧ ˸ˣˮ˥˸ˢ ˭ 

 

 
˶ˣ˧˞ ɣ22: ˫˧ˠˡˢ ˧˟ˣ˪˩ ˣ˧ˢ ˣ˟ ˶˸˞˟ ˢˬ˧ˠˡˢ ˸ˣˡˣ˵ˮ˟ (˧˪˵˷ˬ ˤˣ˥˞˟) ˶ˠ˶ˠ ˧˪ˡˠ˪ ˦ˮˬ˧ˡ˯ ˸˵ˣ˪˥ . 

Figure C22: Grain size distribution (weight percent) for soft sediment at the sampling locations 

near the former fish cages site. 

 

  ˫˧ˠˡˢ ˧˟ˣ˪˩ˬ ˸˧ˮˠ˶ˣ˞ˢ ˢ˶˷˰ˢˢ ˫˸ˣ˪˧˰˲ ˭ˬˤ˟˴˧ˢ˶  ˡ˰ ,˸˧ˡ˧˧ˬˢ ˫˸˟˧˟˯˟ (˫˧˧˥ ˶˯˥) ˧˞ˣˤ˞ ˶ˣˤ˧˞

 ˶˞ˣˮ˧ ˷ˡˣ˥˟ .˫˧˟ˣ˪˩ˢ ˧ˣˮ˧˲ ˶˥˞˪ ˫˧˷ˡˣ˥ ˢ˷˧˷˩ ˪˷ ˢ˲ˣ˵˸˪2009   ˪˷ ˫˧˧˥ ˫˧˦˶˲ ˢˮˣ˷˞˶˪ ˰˧˲ˣˢ˪ ˣ˪˥ˢ

 ˭˧ˬ˪ ˶˵˧˰˟ ˫˧˩˧˧˷ˢ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲Operculina ammonoides  ˸ˮ˷˪ ˡ˰ ˸ˣ˥"ˣˡ˟)2016 ˢˤ ˭˧ˬ ˞˶˵ˮ ,

Assiluna ammonoides ˣ˸ˣˮ˩˪ ˠˣˢˮ ˸ˮ˩ˡˣ˰ˬˢ ˸ˣ˶˲˯˟ˣ ˭˧ˬˢ ˣ˸ˣ˞˟ ˶˟ˣˡˬ ˧˩ ˣ˞˶ˢ ˸ˣ˧˶˞˪ˣ˵˪ˣˬ ˸ˣ˵˧ˡ˟ .

Operculina ammonoides( ˫ˣ˧˯˪ ˡ˰ ˣ˪ˡˠˣ ˣ˩˪ˢ ˫˧˧˥ˢ ˫˧˦˶˲ˢ ˧˶˲˯ˬ , ˸˲ˣ˵˸ˡˢ˸ˣˬ˧ˠ  ˧˷ˡˣ˥ˢ˸ˣ   ˶˟ˬ˴ˡ˟

2009 ˸˵˥ˣ˶ˬˢ ˢˮ˥˸˟ ˫˧˧˥ˢ ˫˧˦˶˲ˢ ˧˶˲˯ˬ ˶˷˞˩ ,40   ˣ80 ˬ ˵ˢ˟ˣˬ ˭˲ˣ˞˟ ˫˧˪ˣˡˠ ˫˧˟ˣ˪˩ˢ ˫ˣ˵˧ˬˬ ˫˧˶˦

˸ˣ˞˴ˬˮˢ ˸ˣˮ˥˸˟ ˢ˪˞ˬ ˵˥˶ˬ˟ 0  ˣ20 ˫˧˟ˣ˪˩ˢ ˫ˣ˵˧ˬˬ ˫˧˶˦ˬ ˠ ˶ˣ˧˞)22(. 

˟ˣ˥˵˪ˮ˷ ˸ˣˬ˧ˠˡ  ˧˪ˣ˧˟2010-2012 ˞˴ˬˮ  ˧ˡ˧ ˪˰ ˦˪˷ˮ ˭˧˧ˡ˰ ˦ˮˬ˧ˡ˯˟ ˫˧ˮ˧ˬˢ ˟˩˶ˢ ˧˩ammonoides.O  

˸ˣˬ˩ˣ  ˮ ˬ˧ˡ˯ ˫˶ˠ˪ ˫˧˦˶˲ˢ ˦˞˴ˬˮ ˸˸ˣˮ˥˸˟ ˢ˧˪˰ ˸ˬˠˬ˟ 0 ,20W  ˣ40W . 
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 ˱˶ˣ˥˟2012-2013 ˣˣ˥˸ˢ ˢ˸˶ˡ˯ ˟˵˰ˬˢ ˶ˣˤ˞˟ ˸˧ˠˣ˪ˣ˵˞ˢ ˸˩˶˰ˬ ˷ ˧ ˸ˣˮˣ˲˦˫˧˵ˤ˥  ˧ˣ˯˧˩˪ ˣˬ˶ˠ ˶˷˞ ,

 ˮ ˟ˢ ˢ˟˧˟˯ˢ ˪˷ ˫˧˟˥˶ˮ ˫˧˵˪˥ ˮ ˣ˸.˧˸˷˟˧ ˶ˣ˵ˬˬ ˶ˠ˶ˠ ˵ˡ ˶ˬˣ˥˟ ˸˧    ˫˧˦˶˲ ˣ˞˴ˬˮ ˞˪ ˸ˣˮˣ˲˦˧˷ˢ ˶˥˞˪ ˡ˧ˬ

 ˶ˬˣ˥ˬ ˢ˟˩˶ˣˢ ˢˮˣ˧˪˰ˢ ˢ˟˩˷ˢˣ ,˦ˮˬ˧ˡ˯˟ ˫˧˧˥.˧˸˷˟˧ ˣ˶ˣ˵ˬ˷ ˵ˡ  ˧˪ˣ˧˟ 2013  ˶˥˞˪ ˫˧˷ˡˣ˥ ˢ˷˧ˬ˥ ,

˧˧˥ˢ ˫˧˦˶˲ˢ ˶˲˯ˬ ,˸ˣˮˣ˲˦˧˷ˢ˦ˮˬ˧ˡ˯ ˫˶ˠ˪ ˫,  ˫ˠ ˣˬ˩˫˧ˮ˧ˬˢ ˭ˣˣˠˬ,  ˟ ˶˷˞ˬ ˶˸ˣ˧ ˫˧˩ˣˬˮ ˣ˧ˢ2012 . 

 ˸ˮ˷˟ˣ ˸˧˯˥˧ ˢ˶˧ˢˬ ˢ˸˧ˢ ˸ˣˮˣ˲˦˧˷ˢ ˶˥˞˪ ˫˧ˮˣ˸ˮ˟ˢ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ˢ ˸˶˟˥ ˸ˣ˷˷ˣ˞˸ˢ2015   ˶˲˯ˬ ˢ˧ˢ

ˬ) ˸ˣˮ˥˸ˢ ˟ˣ˶˟ ˦ˮˬ˧ˡ˯˟ ˫˧˦˶˲ˢ ˢˮ˥˸ ˡ˟˪w20 ˸ˮ˷˟ ˢ˧ˢ˷ˬ ˪ˣˡˠ (2012 ˪ˣˡˠˢ ˫˧˦˶˲ˢ ˶˲˯ˬ ,˨˩˪ ˶˟˰ˬ .

 ˸ˣˮ˥˸˟ ˞˴ˬˮ ˶˸ˣ˧˟w40 x-w0 ï   ˥˶ˤˬ˪ ˟˶˰ˬˬ ˫ˡ˵˸ˢ ˶˷˞ ˫˧˟ˣ˪˩ˢ ˸˞˴ˣˢ ˶˥˞˪˷ ˢ˶ˤ˥ˢ ˨˧˪ˢ˸ˬ ˪˧ˡ˟ˢ˪

 ˢˮ˥˸ˬ)w80  ˢˮ˥˸ ˭ˣˣ˧˩˪w0.( 

 ˸ˮ˷˟2016  ˮ ˥˸ ˡ˟˪ˬ ˸ˣˮ˥˸ˢ ˪˩˟ ˦ˮˬ˧ˡ˯ ˫˶ˠ˟ ˫˧˧˥ˢ ˫˧˦˶˲ˢ ˶˲˯ˬ˟ ˢˡ˧˶˧ ˸ˡ˰ˣ˸ˬ ˢw20  ˢ˟˧˯ˢ .

 ˣ˧˸˯˟ ˧ˮˣ˲˴ˢ ˱ˣ˥ˢ ˪˞ ˭ˡ˶˧ˬ ˦˷˲˸ˢ˷ ˭ˣ˲˦˧˷ ˨˞ ,ˢ˰ˣˡ˧ ˢˮ˧˞ ˣˤ ˢˡ˧˶˧˪2015  ˶ˣ˦˧ˮˢ ˥"ˣˡ)2015 ,ˢ˧ˢ ˧ˣ˷˰ (

  ˦ˮˬ˧ˡ˯ˢ ˸˶˟˥˟ ˰ˣˠ˲˪ ,˧˪ˣ˞.˫˷  ˸ˮ˷ ˤ˞ˬ2016  ˢˮ˥˸˟ ˶ˣ˦˧ˮˢ ˨˷ˬˮ ˞˪w20  ˶ˣ˦˧ˮ ˸ˣˮ˥˸ ˭˧˟ ˥ˣˣ˶ˬˢˣ ,

 ˪˰ ˰˟˵ˮ40  .˫˧˶˦ˬ 

 ˤ˞ˬ2016  ˸ˮ˷˟ ˞˧˷˪ ˢ˰˧ˠˢ˷ ,˸ˣˮ˥˸ˢ ˪˩˟ ˫˧˦˶˲ˢ ˸ˣ˲˧˲˴˟ ˢ˧˪˰ ˢ˞˴ˬˮ2018  ˢˮ˥˸˟)w0 ˣ˞ (2019  

 ˸ˣˮ˥˸˟)w40 x-w80) ˸ˬˡˣ˵ˢ ˢˮ˷˟ .(2020 ˢ˶˰˯ˢ ˸˰˧ˠ˲ˬ ˢ˞˴ˣ˸˩ ˧˪ˣ˞ ,˫˧˦˶˲ˢ ˸ˣ˲˧˲˴˟ ˢˡ˧˶˧ ˢ˞˴ˬˮ (

ˢ˸ˣ˞˟ ˳˶ˬ ˷ˡˣ˥ ˪˷ ˢ˵ˤ˥ˢ ˸˧ˬˣ˶ˡˢ .˧ˮˣ˲˴ˢ ˱ˣ˥˟ ˧˪ˣ˥ˢ ˪ˣˡ˧ˠˢ ˸˧˟˟ ,˧˪ˣ˞ ,ˢ˰ˠ˲ˣ ˟˶ ˦ˮˬ˧ˡ˯ ˢ˲˧˥˶ˢ˷ ˢˮ˷  

 ˸ˮ˷˪ ˯˥˧˟ ˫˧˦˶˲ˢ ˸ˣ˲˧˲˴˟ ˢ˧˪˰ ˢ˞˴ˬˮ ˸ˬˡˣ˵ˢ ˢˮ˷˟2020  ˸ˣˮ˥˸˟w0 x- w80  ˪˩˟ ˢ˞˴ˬˮ ˢˮ˷ˢˣ ,

 .ˢ˶˟˰˷ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˫˧˦˶˲ˢ ˸ˣ˲˧˲˴˟ ˢˡ˧˶˧ ˸ˣˮ˥˸ˢ 

˶ˡ˰˧ˢ ˫  ˦ˮˬ˧ˡ˯˟ ˫˧˧˥ ˫˧˦˶˲ ˪˷ ˦˪˥ˣˬˢˢˬ˧ˠˡˢ ˸ˣˮ˥˸˟ ˞˶ˢ ˫˧˷ˡˣ˥˟  ˫˧˟ˣ˪˩ˢ ˧ˣˮ˧˲ ˶˥˞˪˷ ˫˧ˮˣ˷

˰˧˟˴ˬ ˨˩ˬ ˢ˶˸˧ .˫˧˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˪˷ ˫ˣ˧˵ ˢ˶˷˲˞ ˞˪ ˣˤ ˢ˟˧˟˯˷ ˨˩ ˪˰,  ˫˧ˢ ˟˷˰ ˶ˡ˰ˢstipulacea  

Halophila  ˶ˣˤ˞˟ ˧˰˟˦ ˭˲ˣ˞˟ ˳ˣ˲ˮˢˢˢ˰˲ˣˢ .˸ˣ˶ˣˬ˥ ˸ˣ˧˸˟˧˟˯ ˸ˣ˪˟ˠˬ ˪˰ ˡ˧˰ ˸˷ˡˣ˥ˬ  ˪˷   ˶ˣˤ˞˟ ˫˧ˢ ˟˷˰

 ˫˧ˠˡˢ ˧˟ˣ˪˩ ˫˧ˬ˵ˣˬˬ ˣ˧ˢ ˣ˟˷ˢˡ˰ˣ˸  ˢˮˣ˷˞˶˪ ˦˯ˣˠˣ˞ ˷ˡˣ˥˟2009   ˟ˣ˷˥ ˧ˠˣ˪ˣ˵˞ ˟˧˩˶ˬ ˪˷ ˢ˯˧ˮ˩ ˸˪ˬ˯ˬˣ

˰˧˧˯ˬˢ .˶ˣˤ˞˟ ˫˧˦˧˲˧˲˞ ˫˧ˮ˧ˬ ˪˷ ˸ˣ˯˯˟˸ˢ˪   ˸ˣˮˣ˲˦˷ˣ ˸ˣ˶˰˯ ˪˷ ˸ˣ˰˶˲ˢ ˱˞ ˪˰ ,˭˩ˬ ˶˥˞˪˷ ˫˧ˮ˷˟

 .˶ˢˬ ˸˷˷ˣ˞˸ˬ ˫˧ˮˣ˸ˮ˟ˢ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ˢ ˸˧˧˯ˣ˪˩ˣ˞ 

 

˶˥˞˪˷ ˫˧ˮ˷˟  ˶˥˞ ˟ˣ˵˰˪ ˢ˧ˢ ˭˸˧ˮ ˫˧ˠˡˢ ˧˟ˣ˪˩ ˸˞˴ˣˢ ˯ˣ˲ˡ ˫ˣ˵˧˷˷ˢ˧˴˯˵ˣ˯ ˪˷ ˧˦˧˞ ˨˧˪ˢ˸ ˢ˞˶ˢ  

,˫˧˷ˡ˥ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˧ˮ˧ˬ ˸˯˧ˮ˩ˣ   ˫˧˧˦˧˞ ˣ˧ˢˣ ˸ˣˮˣ˷ˢ ˫ˣˠ˧ˡˢ ˸ˣˮ˥˸˟ ˢˮˣ˷ ˟˴˵˟ ˣ˷˥˶˸ˢ ˫˧˩˧˪ˢ˸ˢ ˶˷˞˩

˫˧ˠˡˢ ˧˟ˣ˪˩ ˣ˧ˢ ˣ˟ ˫ˣ˵˧ˬ˪ ˸ˣ˟ˣ˶˵ˢ ˸ˣˮ˥˸˟ ˶˸ˣ˧ )˶ˣ˧˞ ɣ24(.  

 ˱˶ˣ˥ ˪˷ ˸ˣˮˣ˲˦˷ˢ ˶˥˞˪2013   ˫˧ˠˣ˯ˢ ˶˲˯ˬˣ ,˶ˣˤ˞˪ ˫˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˧ˮ˧ˬ ˪˷ ˢ˶˧ˢˬ ˢ˶ˤ˥ ˸ˡ˰ˣ˸ˬ

.˫˧ˠˡˢ ˧˟ˣ˪˩ ˧ˣˮ˧˲ ˶˥˞˪ ˶˷˞ˬ ˶˸ˣ˧ ˶ˢˬ ˢ˪˰ ˫˧ˢˣˤˬˢ   

 ˸ˮ˷˟ ,˦ˮˬ˧ˡ˯ˢ ˡˣ˟˧˰˪ ˶ˣ˦˧ˮˢ ˸˧ˮ˩˸ ˪˷ ˢ˸˯˧ˮ˩ ˫˰2015  ˧ˣˢ˧ˤˢ ˸ˣ˪ˣ˩˧ ˶ˣ˲˧˷˟ ˪ˣˡˠ ˳ˬ˞ˬ ˰˵˷ˣˢ ,

˧ˮ˧ˬˢ ˭ˣˣˠˬˣ ˫˧˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮˬ˶ˣ˲ ˧ˮ˧ˬ ˪˷ ˭ˣ˧ˬˢˣ  ˢˬ˩ ˶ˣ˶˟ ˞˪ .˸ˣˬˡˣ˵ ˫˧ˮ˷˟ ˶˷˞ˬ ˢ˟˶ˢ˟ ˪ˣˡˠ ˣˢˣˤ˷ ˫

 ˤ˞ˬ ˫˧ˮ˷˟ ˨˞ ,ˢ˶˟˥ˢ ˪˷ ˧˸˧ˬ˞ ˧ˣˮ˧˷ ˠ˴˧˧ˬ ˢˬ˩ˣ ˢ˶˲˸˷ˢ˷ ˧ˣˢ˧ˤˢ ˸˪ˣ˩˧˟ ˶ˣ˷˵ ˧ˣˮ˧˷ˢˬ2015   ˟˴˧˧˸ˬ

 ˸ˮ˷ ˤ˞ˬ .˸ˣˬˡˣ˵ˢ ˫˧ˮ˷˟ ˶˷˞ˬ ˫˧ˢˣ˟ˠ ˫˧˩˶˰ ˪˰ ˸ˣˮ˥˸˟ ˫˧ˢˣˤˬˢ ˫˧ˮ˧ˬˢ ˶˲˯ˬ2017   ˶˸ˣˮ ˫˧ˮ˧ˬˢ ˶˲˯ˬ

˸ˣˡˣˮ˸ ˫˰ ,˟˧˴˧ ˦˰ˬ˩  ˸ˮ˷˟ ˢ˪ˣˡˠˢ ˢ˶˰˯ˢ ˧˩ ˢ˞˶ˮˣ ˸ˣ˪˵2020   ˸ˣ˲˧˲˴˟ ˣˬ˩ .˫˧ˮ˧ˬˢ ˟˩˶ˢ ˪˰ ˢ˰˧˲˷ˢ ˞˪

 ˫˧˰ˡˣ˧ ˣˮˮ˧˞ .˸ˬˡˣ˵ˢ ˢˮ˷˪ ˢ˞ˣˣ˷ˢ˟ ˦ˮˬ˧ˡ˯ ˫˶ˠ˪ ˫˧ˮ˧ˬ ˪˷ ˶˸ˣ˧ ˭˦˵ ˶˲˯ˬ ˸ˣˮ˥˸ˢ ˪˩˟ ˢˢˣˤ ˢˮ˷ˢ ,˫˧˦˶˲ˢ

.ˢ˪˞ ˫˧˧ˣˮ˧˷˪ ˫˧ˬ˶ˣˠˢ ˢˬ 
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˶ˣ˧˞ ɣ23:  ˧ˮˣ˶˥˞ ˣ˞˴ˣˢ ˣ˟ ˷ˡˣ˥ˢˬ ˪˥ˢ "˫˧ˠˡˢ ˧˟ˣ˪˩" ˶˸˞ˬ ˫˧˧˥ ˫˧˧ˮˣ˸ˮ˟ ˫˧˶˲˧ˮ˧ˬ˶ˣ˲ ˪˷ ˫˧˦˶˲ˢ ˸ˣ˲˧˲˴

 ˸ˮ˷˪ ˡ˰ ˫˧ˮˣ˸ˮ) ˫˧˟ˣ˪˩ˢ2010 ,˭ˣ˶ˣ˞ ˧˷ ˶"ˡ :Oron et al., 2014  .( 

Figure C23: The density of live benthic foraminifera individuals at the "Fish Farm" site 

following the removal of the last fish cages (2008-2010 data from Dr. Shay Oron, Oron et al., 

2014).  
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˧˞ ˶ˣˠ24˶˲˯ˬ : ˫˧˶˲˧ˮˬ˶ˣ˲ˢ ˧ˮ˧ˬ  ˸ˣˮˣ˷ˢ ˸ˣˮ˥˸˟ ˷˟˧ ˦ˮˬ˧ˡ˯ ˫˶ˠ˪ ˫˧˧˥ˢ  ˧˪ˣ˧ˬ2008  ˧˟ˣ˪˩ ˸˞˴ˣˢ ˶˥˞˪ ˡ˧ˬ ,

˫˧ˠˡˢ  . 

Figure C24: The number of live foraminifera species per gram dry sediment at sampled 

locations since summer 2008, immediately after fish cages were removed from the area. 
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.ɣ4 . ˸ ˧˪ˣ˥ ˸˧˰˵˶˵˟ ˫˧ ˟˷˰ ˧ˣ˯˧˩ 
 

  ˢ˶˦ˬ 

 .ˢˤ ˟ˣ˷˥ ˪ˣˡ˧ˠ ˸˧˟ ˪˷ ˣˮ˯ˣ˥ ˸˞ ˡˣˬ˞˪ ˢˡ˰ˣˮ ˫˧ ˟˷˰˟ ˸˧˪ˣ˥ˢ ˸˧˰˵˶˵ˢ ˧ˣ˯˧˩ ˸˩˶˰ˢ 

 

 ˸ ˣ˦˧˷ 

ˡˬ˞ˮ ˸˧˪ˣ˥ ˸˧˰˵˶˵ ˪˰ ˫˧ˢ ˟˷˰ ˧ˣ˯˧˩  ˸ˮ˷ˬ ˪˥ˢ ˳˧˵ˢ ˸ˮˣ˰˟2015  ˸ˮ˷ˬ ˪˥ˢ ˱˶ˣ˥ˢ ˸ˮˣ˰˟ˣ2020 ,

 ,˫˧˵ˬˣ˰ ˢ˰˟˶˞˟10 ,15 ,20 x-30  ,"˫ˣ˪˷ˢ ˸ˮˣˠ˪" ˞˴ˣˬ ˪ˣˬ) ˧ˮˣ˲˴ˢ ˱ˣ˥˟ :˫˧˶˸˞ ˧ˮ˷˟ ˢ˷˰ˮ ˶˵˯ˢ .˫˧˶˦ˬ

 :(˫˧˶˦ˬ ˢ˶˷˰˟) ˴"ˮ29° 32.655́ N ,34° 57.997́ E˴ˢ ˶˲˩ ˪ˣˬ) ˧ˬˣ˶ˡˢ ˱ˣ˥˟ˣ (  :˫˧ˬ˪ ˢ˯˧ˮ˩˟ ˴"ˮ ,˫˧˪˪ˣ

29° 29.966´N ,34° 54.866́ E .( 

) "ˢˡˣ˵ˮ ˸ˬ˧ˠˡ" ˸˦˧˷˟ ˸˧˷˰ˮ ˧ˣ˯˧˩ˢ ˸˩˶˰ˢpoint sampling˞) ˫˧ˢ ˸˧˰˵˶˵ ˪˷ ˫˧ˬˣ˪˧˴ ˨ˣ˸ˬ (  ˶ˣ˧

ˠ25( ˨˶ˣ˞˟ ˢˡ˧ˡˬ ˦˶˯ ˯˶˲ˮ ˵ˬˣ˰ ˪˩˟ .60 ) ˰ˣ˟˶ ˶˦ˬ ˢ˥˦˷˷ ˢˮˣˬ˸ˣ ˱ˣ˥˪ ˪˧˟˵ˬ˟ ˫˧˶˦ˬ21m ˪˩ ˢˬ˪ˣ˴ (

 ˸ˣˡˣ˵ˮ ˢ˞ˬ ˣˬˠˡˮ ˢˡ˟˰ˬ˟ .˦˶˯ˢ ˨˶ˣ˞˪ ˫˧˶˦ˬ ˢ˷˧ˬ˥˸ˣ˶ˣˡ˯  ˸ˮ˩˸ ˸˶ˤ˰˟ ˢˮˣˬ˸ ˪˩˟ CPCe )Kohler & 

Gill, 2006  ˪˩ ˶ˣ˟˰ ˫˧ˢ ˟˷˰ ˧ˣ˯˧˩˪ ˣˡ˟ˣ˰ ˸ˣ˞˴ˣ˸ˢ .˫˧ ˟˷˰ ˢ˧˸˥˸ ˭˧˞ ˣ˞ ˷˧ ˫˞ ˰˟˵ˮ ˢˡˣ˵ˮ ˪˩ ˶ˣ˟˰ˣ (

.˶˸˞˟ ˸ˣˮˣˬ˸ˢ ˨˯ ˨ˣ˸ˬ ˣ˟˷ˣ˥ ˶˸˞˪ ˭˵˸ ˸˧˧˦˯ˣ ˰˴ˣˬˬˣ ˢˮˣˬ˸ 

 

 
˧˞ ˶ˣˠ25 :˫ˣ˪˧˴) ˧ˬˣ˶ˡˢ ˱ˣ˥ˢ ˶˸˞˟ ˫˧˶˦ˬ ˫˧˶˷˰ ˵ˬˣ˰˟ ˶˵˯ˢ ˧˩˸˥ˬ ˫˧ ˟˷˰ ˪˷ ˫ˣ˪˧˴ :˧ˣ˪ .˪  .( 

Figure C25: A photo of seagrass cover along the 20m depth transect on the southern coast of 

Eilat (photo: L. Levy).  

 

˸ˣ˞˴ˣ˸ 
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