
0 d5©S5) 0 d5S)D0 C3G9
6 U(J5 l_ITJ 5 Si 6 W  L_ r5 1  SB 6 CD ̂

Annual Report and Accounts

d ) S 8 )  d © d  C 3 0 O S 5  O 5 @ G 5 © 0 !)  C3GD C 3 o 0 5 £ ) S )  S @ G S J 6 S lDC5SD5)G5

( o S ^ l l U  j f  rfl LU6U6U&TT FJITLLJ<9= <#1 (Lp«IT60)LD

NATIONAL AQUATIC RESOURCES RESEARCH & DEVELOPMENT AGENCY



0 j£ 5 @a> ©Dees*)© G3 S) © 0 !)

1 9 9 9

d3©22> d>Qd> £3©£32sf ©bOGjf©-©® £320 £3°0bO255 ^6C3d>§22>3C322>25}C3

255322) £ £ 3 2 2 ,  © 0 O 2 2 ? 2 ^ § C 3 ,

S2S53@® 15.



§g-e£o: ddettf gg-sS jSSeoza ea°e&5o0
oozndO, eagEstea caw 
130 ffl, eaoecooQ o o d , B O ezsJQ sD .

11



} <?•

1

6

14

15

1 8

21

2 5

3 2

3 6

4 0

4 9

51

O g 2 3 )

esgigSa es^assf ^oc&cs

<JC0»ofe>3 e 5 e d  G3®0?2? £03 d><B& 0  OCD3 Cf°C3cS 

QO<5 ?5)3S5^^S3) ôCOC3  
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O*8© 0  ©<0©3025)308  Cf*8 0 0  8 <<5cÔ £o© 25)0®8 8 3 8 ^  ®38© •Cf<8c5©2S)88 WSSV 
025) etsfe-sIGD <0© ©g 2 § 0 8 8  0 8 0 © . ©38© q8c5©2S)88©8 8 0  ® 032^^0e 03<S
@25)00© C?08@8 8025) ©§g 8 0 © 8  < 803 8o3C <Q©38© Cf0Q @©£ 0 * 8 0 ®  ©<©3 
0 0 3 8  ^© 3Q t^e <Q75©©©8 2§<3@® Cp0CS37523)30 <5©® g 8 0 €  0 (B8  ©2̂ 0 0 8 . 0 d  
03©25)©8 @©€ O*80@O5* @03@©d> @©@©8 © <§>8 © 8  WSSV @@©0 ©© <0 © 0 © 
@©8<3© £f©0 8 ©*  ̂ 025)25)3 €< ©3 ©32503 @2S)0*<S£5, 25)2^)008 0©© @@©0©© @©3<0© 
e^ . 00(5 0*80.0® ©8eS®4)6 8^  @25)00® 8  © 08 .

WSSV @0:Jo@8 <©<3©© <0 © 2§3© ©<©3 @0025)80 <§>8©8 0 0 3  2§3©0 <q
€ 0 < i £ j © 3 0 @ © 8  £§8 8 (2  ©®©8 CO3025)030 0 * 8 @ ®  O © 0 ©  < * 0 8 ©  © ©  <g>8© 8  ©^25^ 
0 g ) 0 O 3 0  g © 3 0 ©  8 3 ®  © < © 3  g jd 2S) CfO^C325) 8^  25)025) € ^ .  Cf@ € 0 < S 6 © 3 © @ © 8  g 8  
9 @<fco0 e  §>8© 8  -  ©£38 a ) ^ 0 O 3  8)® ©  © < © 3  © * € 8 ©  O © 0© 8  < q ) ^  ^ O  @©0 § 8
@©8 ^ ®  2 5 )0 8 .

@O30©*d5(5 g8©o880<g£) 25)0^2^ 8©3 0£^ <3*2$® ©O^80325)@8 @8©© € 0 3 0 ©
0©3©*8 0© @82$@©8 @03Jo ®3<^© <^8©3 ©®08<0 ©3@8©-®63 23)0 g 2̂  <§>^3©0 ©025) 
© 8© 0 @©3©*8 0©.

0823)0* ©8©25 0 0 3 0

< 2 ^ ^ ,  £03 0 0 3 (E) © < g 3 8 © €  @©@25)25!? CO3 0 2 5 )0 3 0  0 2 5 ) 3 O * ^ Q  2 $ 0 3  8 €  8 2 5 ) 8 < 0 © 8  g @ 0 3 i 8 ^  
8 3 ©  8 § 0 <  ©25)0*-€^5 0 ® ©  © 3 @ 8 ©<@g5 @ © 8  O 8 2 $ 0 *  © 8 © 2 S  0 0 3 0  0 * 8  © 3 © © ©  8 3 ©  

G3^£03 @©03 © * € 8 ©  £§2$  © ® © © 8  0 2 5 ) 0 0  @ © § 0 © .  g @ © j e 5 © © 0  0 © 3O 8© 3  € <  @ © ©
0 < 2 8 2 5 ) 8 Q © 8  @ 08  @ 03@ £O3© © 25!f © 25)0 2 ^ C  © 25)0025) ® S ^ ©  © 8 © 1 S  © 0 3 0  © ^ 3)3
@ © J o ^ 5  0 0  d e @8 Q ^ 3 8 © 2 5 )  25)25^0 © 0 3 ® « S  © 3  0 * © ® 2 S ©  8 ^ 0 ^ - 25) (g, C f * o 8@©8 
@ © ^ 6 5 .  '@ © 3̂  ©3 8 @ e 0  ©25) ® §§8  @ © 3 ^ 3 , 0 © - @ 6  0 - @ 6 5 8 © ©  1 0 0  / ® 0 0  3  ©3 ©25)
© 0 0  4  g ® 3 ^ 5 @ 8  2̂ Q  © 3 0 2 5 )3  @ 25)30 8 ^  25)025) Cf8© ^3 0 * d < §  0 C ^  @25)325)*8

8©80@(@ g^©25>© 80% 0  <|>©§8 @©©8 8(2825^ 0 ©25} ©©38 Cf38O25)0
g@©Jd^ ^ 2 ®  ©^©3 @©io^< ©825) 8 8 0̂6© 2^5© ©^©3 g 83 ©©©3<S8©
©8@8©^38®25) g@ 0o© ©3025)©0 o q  e*@«̂ .

@0i©<^© 25)0© ‘0 8 8 ’ © 9 8 0 8  0^©© ©3 0 0 d  2̂ ^ , 0 © ©© ©0 @©i825)
cf3©3<© © 8 cp<3025)®© 0©@©8 © *e^©  925 ©O0©25) ff*2§ 0 0  ©8 @8 ©-@s5@8 gjSO e 
0 6 8  @©<sf58. ©0@©J#25)©8 £p2̂ S 8  ‘Tetrahymena’ 8©3 0© 3e © 38 Cf*8 ©0 8 . ©<5
yd<? @0io© @©J 0 0 d  ©3 / @©J ©<̂ © 2̂ <§^0©0 © 0io  25)80© 80 ©©0 Tetrahymena 
0© o©25) ©o 0*8@® 25)80© 8 Cf*8 0 0  @©3©3 0 * ^5 8 . 0@8© @03@©J ©8©23 8© *^0e
<8 © 0  <5*g|^ ‘8825) 8 <2 8 @<2J©’ ©*0 8 @® 25)8 0 ©, <|>©<g Cf©8 25)325) @25)3Q Cf*@©J8©3 ©3
©8 0 g 8 0  ©3^§25) ©© @0^825)0 |>©e 8 .0 0  0 0 e © © 8 0 e @8 8 0 ©  ©3 0 *  ̂ ©0 8 © 
0 0  @ © ^ 0 © .

8



O a o d d  ©25?©:B 3d 233<25)©  © * 0  2 § 3 ©  ©^203 ©32^)©© © td © e  3 o 3 ©  3db3<^52S)3© ©  
© <§£S?© @© S? <S)?S)d>i^ <¥Q25©25) ©625?, ©a23)®© © j £ © e ' ®25?©2S 3 d © 3 ^ 2 5 )©  £25?@(23@33Sd‘’ 
© o © 3 © , ©S?25)3©25)25)3©© £220 2 5 e © d  ©3d®25>?3)3©© © © O  ©233 £220 ©@£25?©©25? <25?©25)
© ©  © O g 3 © .  O©20<325? ©32^)©© 25G 30© (2 33<325)34)e5 GS25)2S?©©25? ^ 3 4 ) 6 ©  2 3 3 ©  £2^203
®@© 2 3 3 3 0 ^ © 6 2 5 ?  d2S)2S? ©20? d © 3 @ d  ©og25?25)©25? @©3^3025) 20^23©. a)gg © 0)3©  £2^203 
©C2^© 20i2§ @©?0:i5 ©23?©:S 3 © d ©  * 3 3 4 )6 ©  £ S 3 ©  203 ©32^)©© © t0 © e  g d 3  ©2003(325?©  
25(20©  © 0 3 ©  £2^203 25)@©?233©©25? ©£© ©<3©25)© £ 3 3 ®  £2^203 22d @ d © 4£) 25)0^2^  d g

© 2 S )@ 3 i§>25? 2 3 © 2 3 .

© ^ 3  ^ 3 (§ 2 3 ) 3 © 3  2S)3 @ 325 ? 25 )©  £ 2 ^ 2 0 3  g o d 2 5 )  < 2 © 3  :S )@ ® ? 2 3 3 © © 2 5 ?  6 ? 3 4 £ 5 ©  2 3 3 ©  0 4 ^ ©  
@ 2 5 )? 3 3 0 2 5 ?  e D ^  © 3 0 0 2 5 )  0 ( 2 3 0  2 3 0 2 2 © 2 S )  @ 25?© :5 S d b 3 ^ » ©  203 3 © 3  Cf3©3©©
© < § £ 2 5 ? 0 @ © 2 5 ?  <§©@25)25? 2 5 ) 0  C fQ 25© 25) © (2 < * © ^ © £ 3 2 5 ?  © { © 2 3 ) 0  £523)25) C f 3 © 3 © © 2 5 ) 0  (2<[©<£25) 

©23?£2)3 ^ d © { 2 5 ? 2 5 ) © £ ( 2 2 3 ©  ^ 2 ^  © e ©  @ © 2 5 ) d  ©25) £ ©  @ 2 3 4 ^ ) © . < § (2o2S>3©0' 2 5 ( 2 3 0

© 0 ( 3 2 5 ) 3 4 ) 6 ©  £ 3 3 ©  £ 2 ^ 2 0 3  ‘ 5 3 0 2 3 3 ^ 2 5 ) © 3 3 2 3 ) 3 © ’ 0 C S ? © 3 © < 3 © 2 5 ) <S>4*§,@25? © ( 2 ©  @ © 3 < 3 0 ? 5 )

0 * 2 $  £ © 2 5 ? , d © 3  2 3 ) ^  3 © 3  2 5 > 0 ® 2 5 )3 2 S )3 4 )6  d 2 S )2 S ) © ( 2 ©  © £ ( 2 2 3 ©  20£23 <£©23? ©25? ©22©25?.

^£(3^(225? £Sd03<25)© O  Cf£S@025) <!3©2S)25?©©25? ^ 2S ?3©  ©^203 i3 G 3 0 © 3  ©^25? Cf£*3 233©<§ 
025)'2325)3©© CftOcS® £2^203 0 g  ©25)©325) 3-©23?©23 © 0 3  Cf25?20<!3 <£^0©  C f t® 6 0 0 © d  2^o?5)© 
g @ < fo © d  © £  ©25)3®25? 23©23. © £ 0  §>0@©25? © © 23)0 23£§ 33(325)34£>©  25)325) e <
6^(230© 3 © © 3 ©  0 3 ) ^ 5 ©  ©(325? <*25) 4 5  25? Cf{2^025) Cf£(3cfe25? « 5 3  © 25)346. ©25)©d @©23)25? 

©23?©23 ^£(3(?<225? £k?©3<25)© Cf©0325)©0 G25?©© ^ 2 ^  23)3©25? 0 £ j @25)3@25)3^-^ Cf2S)3, @©©  

530233^25)© ^ 4 6 ,  ^ 3 © 0  © £ 0 £ j3  ^©23©25)© Cf©023©. 0 © d ® , 2 $ ^ 3 £ © ( 2 0  *3(230© 3
20^25?©3 ^ ©  @@25© 0<23325?©25) © 6 @ £ ? ©  £23e2S)©2^ @<5© ef©25)3 ©3©©2S? CftjS 25)325) £ ©

^ 3 2 5 1 3 4 ) 6 ©  © 2 5 ) 3 4 6 .

© 03025 )3  £5(20©  © 0 3 ©  203 S © 3  25)0©25)32S)34£5©.

g ^ §  © 0 3 ©

25)2^0 ©25? 23)3 £ 3 3 ©  ©©cD25?Q CfO)3©25) ©(2<* d ©  2 ^ © 3 © 6 © 0  ©£© ©25?@25? ©23 3 - 4  
25)3e©SS? a)©23?, d ©  23)2§)0©3@G? Cf33©£025) @^20 ® 3  g © 3 ^ ©  ©25) 3 ^ 3  @25)33©^25) a)©25?, 

© O ^ jS . 23)3 2 § 3 @ ©  2 § © 3 © € ©  ^© © 325)© d^ 25)2^d©25? 4 5 0 - 8 0 0  ©^20 €5)325)0 0 0 3
3 © .  33(325)34)63 ©25)23?©© 7 / 0 0 3  2  <25?©3 ^0 © © 2 5 ? , ^© © 325)© 0 25)2^d©25? 0O3©25) ©^20
£ 3  @20? 23)3 ^ 3 @ #  2 § © 3© 0© O  © i©  ©25) 25)3G©0 tSS^g © ^C tS ©  ^§2^ £ e 3 t @2S)T 

©25)325)3(3.

23)3 ^ 3 ©  ©̂ 203 9 - 0 0 3  3  g©34)63©25? @©3^3 0 ^ @ © 2 5 ?  © © 3 2 5 )0  3 f .  2 5 ,0 0 0 / 0 0  25)
63£0©25? e ^ 4 ^ .  2S)2^0©25?©<2? g © ^ 3  £03©© 203 2^Q©(B g© 34^a©  ©(325? 25)32§3©<@
2 § © 3 © € ©  @23) Cfi2§©25) o )G & ip  ^ 3 ^ 6 ©  ^ 3 ®  ©^203 ©25)©325) ^025©25) ©25)©3<§>25?
3 © ^ .  ©@325, Cp332S) 025)2523)3©© ^ 0 4 ) 6 ©  ^ 3 ®  ©^203 && ©25)@325) g253 © 2003(325?© ©

© 323) 25)2^0©25? 23)3 ^ 3 @ 0  'CfOM©25) ©25)@3025? C © 23.

9



£ 5 © a 3 < 3  ©3 © 3 e ©  ‘Hclothuria scabra' ©3 'H.a t r a ’  c p < § ©  C f < S c 5 © ©
£??5f ©<3 © ) ( € ®  Q , g  © © <3 t Q  C f© C 5 © 3©  (32s f@ 2Sfe5©  G ) © ©  3 c3g S O  < i @ ©  ©3<3<325) a ©  

&)0 @ © 3©3 © £ < 3 ^ 2 3 . © © 3@(®3? ^ 3 © 3a 2S f e c a ) ? s f e ) < 3 ,  © e ( 5  ^ < 3 2 5 ?  ©3 ? S a  < j e c & }3  0 ©
©j©£3© ©000^03025^ £3^65© ©C33 ?SO ^a<S ?5© g d 3  6^25)6 9?3> ©a:J©<@s5 2§©3a€©
£ ? © 3 < 3 a ©  S c S .  0 © d ©  © 3 0 ©  G ) © < S 6 ©  S < 3 2 5 J© < 3 © © 2 2 T ©  ^ ( ! < 3  Cf325)© '© 6© 22f© 03 25^ 0 O g « S ^ ,  « ) a

© i© i^ g  S © . © d B S ©  9 3 © $ $ ©  © O B e d b s© ® ^  S ^ g  ©>e & © 3  0 © ©  cD ^aO  S © ^ 3

cd{2§©o  ©<g £3<30ci©^3 qooe  0© . ©©3£&33, ©02sfes>©3 a ^  ©sgsfecEf 0 a io « 6
0 0 a ? 5f a ©  © i © ? s g ^  2S<3@0 c p a g ^ s S  © 0 © a  9 3 ©<f<3 ©  ® © B c d b 3© @ o d  © 3^ § ©  ©?sJ©23

^ © 0 © ©  0 . q >0 © O 7 5 c d ‘< 3 3 © 0 c d  £3<3© c3^<Ss5 £03 9 ^ < 3 c » ©  © a g ? ^  0 ^  @ © © < 3 0 2 5 ?  © a * 9 .

<§50©25? a 0 3 © < 3 i a 2 3 ^ 0  © a ) :! ©  © 3 3 ^ 0  © ^ © 3  © a © ? s f  0 © d b  0 © c f e © 2 5 ?  0 © 3 © t * S  q >i 0 & ? ,

0 © ©  e s f e ^ s j ©  ^ a a 3© © a  <5© T0 ©  923} © / © ^ ^ © s s f  © e ©  ©^©3 © g o ©  f f j © .  q > g  2̂ < s

®«sfc33S©sf a 033 ?3<3©0 Cf2sf©<3 © ^ 6 ®  a(!2 sJ  @ © 3 © j0  S a 2 s f 0 ©  6 8 %  &Q 0 O ^ , Q  ^© <3,
<g>0© 25?© aj’ a < 3 o ©  ©0 C D ©  0 3 ©  © e  < p » 3c5© a  C a ) S )  <§>0 © 23f  © j ©  ©3 t f£ 3© 2S f © ©  

© 922? ^ © < 3  © j e s S c 3 9233 @ a © © e s /  © © 3© ^  © a  ©©3033 g d ^ S S .

©©£>363© ©3 0 ©?sJ<a)<§ ©0©©3©3-@6©

©©©f 0 0  © $© © 3 ©cS-e^Scd* a^GD?sfe)© ©0©25ib@©sf @03^ S5©©3© <lQa25iJ ^ 5 ® ,
© 3< §0©  © 8© 0© <g£j <^c3?sf 2§<3© ©3 ^ £ 2 5 3 © ^ ©  © 0 ^ 2 ^  © ^ © 3  @©eJ© ^ © © f t p d ^ ^ ©
©^©3 <  q e e & ^ a s f  e a 3^©0 c f 3 § ^  © S © a  © © © 3^ © ^  9 3 © ^ ©  © d @ c d ©-®6
©Q25£d’33©©c3 ©<5<9© 2^e ©0©3C3© £)^253©©©f ^  2§<3®.

9 9 < @ 3  * S < 3 0  © 3  © 2 S 3 d ^  © © 9 ? ?

•  < o @ ? 5 ) 3 g © j C f i © i ^ © © 0 ) 3 © , ^ a 3 ,  ^ ( X X S ^ - e f S © , © < © a © 3 2 a < 3  CfC0233© tJ 3 © 2 5 > © © , © 3 3 3
<?3©©©© © ©  d ’0 3 © a e ^  ©3 Q )ci© 3^a ©^3©25f © 3 0 0 ©  ©oa<3©© q S © 3 0 ©  ©^©3 
QQis^i  © d b 2 s  a c o 3 a  © ©  ^ 6 5 s 5 © © ©  © 0 a ) s ^ ©  © 3 © ® 3 e 3  1 0  t s f  © a ? ^ a ©  e ^ .

•  ^©£325 ©aJ© ©^©30)jJ9© ©0eD23^©©c32?f ©©^cD23 ©<©3<d©©02Sj?^©0 ©C  ̂ @©a^2Sa8iffil
3 0  ssf © a ©  e ^ .

•  © 3  ^ 3 © 3 a © ©  © 9 2 5 ^  a 0 3 3 © /@ ^ 2 S )@ c £ f S S ©  C fo ©  ^ < ^ 8 © © ©  2 ^ 5 ©  © ^ © 3
9 < < 3 © ©  0 5  © o  © © © 3 (3  Sea .

•  ©25̂ ©23 a © 3 © a ta2^ €>&&$ d ,© © ©  a ©  ©2sj’©23 a e  ©aJ©
© < § © 3  0 ) £ 2 3 ® .

•  ©0«)<2, 0 5 ^ ©  <!>£d©25̂  ©^©3 C^?^0 ©O23cd’03©©©^ S65g0© ©^©3 zS<SQQ a© 3
©oa<3a© cfQ©3<3©a ©©©

• S © f© g a  So© ©©3c5© © ©© C2s/a ©©03G3© o^e  Q gS © 0 a ^o  © a© © .

10



•  *̂25 @©d@^ ©od2©<@63© £03 $S3£}©233tS3d<g£j© ©^©3 230©2533£S3d-e£) ©t<5g®.

•  ©gdq © e g ©  ©^©3 ©£®s»Q>d4!6 ©t<sg®.

•  © 0 2 3 ©  £ 3 < 3 © d  C f d 2 3 3 < 3 ©  © © O  d s s f ©  253<3© 3e323 g 2 3 d c 5 3 © 2 3  © £ ©  © £ > £ 0 2 3 .

•  <g <50233 Q o < 5  £03 d e d  ©€>©2 }’ © o o ® ©  £03 d«sf© ®2f©:i5 © d J ©  © ^2330^53®  © # © 2 ?© 

■ g g ^  ©£©<§]0©2J © oS © 323©  23d23 <5^.

© © © 3 (9  ©23 e <  © i© g O  /  /  ®^©23 £03 © g O

•  S33d3 S  S 3 t© l^ S ? 3  ‘@©d<S«)© d e d ©  © 0 3 ©  © ^© 3 23e3© 23d<g£5© ’ © t© g 0 © .

•  @ © d© «)©  $G&32f ©O3<S0I ® d J ©  © l^ ltsJ S ©  ©3 <S©CD©'J3 SS30®<g£)3?53d<g£a© 0 § eD ^  ©3<S23 

© i© g O © .

® <g>ei©2fe©T @©<3©tf 230®23323d<£>6© S § « ) ^  © i© g O © , 2 3 3 0 e2 ? 2 3 © .

•  S d ^ d j  ®2J©2S © 0 3 ©  0§><a)^ d © 2 ?  © g O © , d o © d g d i © .

•  <g>ei©2? © 0 3 ©  © ^© 3 @ ©J©£23® ^ © 3© 3< 3©  ©3(53© d ^ o ) ^  S@ed®CS£ (3©<S^C023©,

2330623^23©.

•  d e d S  ©GD3 ^P©23©23© ©3 d©C23©2^ S<§®)^ 2 3 3 0 © 3 ^ ^ e  S©£^©6^ £©@<^©23©,

2 3 3 0 C 2323©.

•' §  <go233 ©<23<§ Cp©2323<90 O ^ © ^  @ ® © e # 2 3 d ^ 3 ©  ©3 d d  (3©<g<§ d ^ a ) ^  © g O © , (g

<5o233©.

•  233d3 d  ©<©<_!© ‘©-€16 23d23 ©2?©- © © o© 23 @ d i©  © © © 3 © 2 3 © ’ d g es)^

C30©2^^-@63©.

• .  <g3@© d e d ©  ©<2)3@d^ d e d  © ^ ^ © c t f  ©©‘d© ^ ©  d g « ) ^  q 2 fo )d d 3 & ss3  © t© g O © ,  

©oaft®3<&«^©©.

•  (g eo233@ d <§>d©2i' © 0 3 ©  €p(g23© ©£>©2?233 g<©323 @ dJ©  © ? © 3  2>£©233SS3d<g£)

!§@®J03g3g38? Q@a)^ @2J©3§5^<5 d © d ^ © 2 f.

•  ©2f©5S d323 0<7S3© d § « ) ^  g g } ^ © ,  @ © ^2?, ©cd@ QS©3©.

11



£>£3©̂ Coes> ©d©3

•  ©25?©25 © 0 3 © ,  Q 3 £ O 3 0 © & 3  © s f e S B  © 0 3 ©  £03 <g>de325l © 0 3 0  © ^ £ 0 3  C $ ®  

©© :?0252533 © 3 0 2 5 )3  0 4 .

•  <g>dc3S? © 0 3  © 2 5 3 0 3 6 *  C ft0 (S fy©  © ^ £ 0 3  2 S ) G 3 0 ©  © 3 0 2 5 )3  1 2 .

•  ^>d©2sl ©O325)0t©25?© © o  e©2S) gtSojeootf-ssa <©5 5 cs g<̂ <®r ©t© 6*6©  0g© )^
25*<3sS^<«Js5 © 3 0 2 5 )3  1 2 0 .

•  <g>d©2sl © 3®oe © e 0 . 0 . <p0. Sd@d®«6c3 0g© )^ ©3025>3 93.

g25)3025)

• 0 cs0 o £ o , ©d.O<§.0.©25?. £03 0 © © d 2 S )0 , d . d 0 . ,  1999.
(@ eo«5)3@0 0 e 0 ©  © 0 3  ©0©d©<®6 ^©02525)3, ggo)25)3 £03 O3025)3©©25? 4 : §  0025)3 
£5025)<̂  ®<d Cft2S)f©3S>2Sf ©©25?©d.

• ts)d?%3<$?sf®>, ©2sf.d .dd., ©jsJS®3c3«3, ©a).d®.S.U. £03 d ^ S 0 o o , g . 1999.
< § e o S 5 ) 3 © a  © © <E> O 0 3 © 2 5 ?  <§>d©25? © 0 3  « J 0 © e  <?© © £025) £ 5 0 © d  S S O E C I g  2 § 0 0  C 3 ^ £ 0 3

© 0 3  ‘Meretrix casta’ £03 25)3<g£5 Grad llaria edulis C3oO£o-@G5&32^@0 2 sf <&«§©©
« ) < 5 © t ® . 5  ©  253 S<£25325l©25) © j d © 3 0 ©  ,  <3| <®o?S)3 3 © 0  £03 £ 5 ( 5 0  0 3 0 0 2 3 ?  © o O © © .

• 0£O©25? , d 0 . ,  ©25$g©3Q<!?, O d . £03 0 0 © 0 Q 2 5 ) , 0 .0 .0 .d d .d 2 5 ? .  1 9 9 9 .
© O 3 0 © 2 5 ?  9 2 3 ^  t § < 3 ®  £03 © 2 5 3 d 2 § *©  : S d 2 5 3 3 2 5 ) 2 § Q < ^ ©  <§>d©25? © O 3 © 0  ©©<00)25 

2 5 )0 ® 2 5 )3 2 5 3 0 < g £ )© O  © 0 2 5 ?  © 0 © .  * < p Q c 3 3 @ £ )  < ^ 3 0 & 3  2§>©3 © 5 © 3 < @ s5  0 G 0 ©  © 0 3

© o © 0 Q S )© d ^  0 e 0  ©2^25?©©? g 3 0 0 2 5 )  ©©<0 ©2530 25133© 0 § © ^  D F I D  /  F A O  /  N A C A  

<p0G33 25)C 30©  © i© g 0 @ 3 ^  <^<3©25? 2530 253 ©2§2S)3©. ©25)3, «Doffite3©<fo©.

• 00©0©253, 0.0.0.dd.d25?. 1999.
^  <Bo 2 S )3 © 0  <g)cdc325!f © 0 3 ©  : © 3 0 ,  O j O O  e3£0 25)0© 25)325)0-® 65& 3 £03 © o © 0 Q S ) c 3  £03

© 3 © 3 © 2 5 ^  £03 o ^ o d  c f t ® 2 3 ©  c s ^ e o a  g 6 * © 3 0 . 6  99  -  1 1 0 .  d c ^ . d . 0 . 0 © 0
© 3 0  2533 £poe53 5 7 2  ©  £ f 6 * © 0 2 S ) © , 6 * 0 © 3 0  <|>d© 25? © 0 3  25)0® 325?25) g 325? ©^333 ©253

g 6 * © 2 5 ? 6 *  0 0 © ^  ©£o<s>SS)32S? 0  © £ © ^ 6 *  © 0 ? 2 5 ) £ p £ O 3 0  £03 2 5 3 3 0 2 5 3 0 ©  © o 0 © 3 5 5 ) © d  
25>32S?©<2!63 25) (j£ 3 @ < fo 2 5 3 0 3 .

• 0 S © 0 © 2 5 3 , 0 .8 .0 .d d .d 2 5 ? .  1 9 9 9 .

^  0o£5)3©^ §d© 25? © O 3© 0< | £0© 025?25)3 g©3253 © 0 f o  C3^£03 25) $ © 253325)0<g£5 
25)©©j©3©©25?. <|)d©25? © 0 3 © ^  g©3253 @ 0 jo  ©2^£03 2530©25)32530<2J£) *5)©©J©3© © 25?

© c te D Q t^ e ©  0©0O253C3 2 § S ®  0 g © ^  F A O  /  N A C A  /  W W F  £?d25>0£53&25)
§>c^0© 25? 2 5 ) 0  © 2 § 2 S > 3 © .

12



• d<3©dQ©, d .d .d .d d .d d .  1999.
© d e a d  © 0 3 ©  (3@«?e33 © c s i o a © ©  $ § c 3 3 © 3 < 3 o  @ 3 6 3 ©  S g © ^  © © c f e e ^  c p @ ^ c s © @ d ^

C3^S)d © 3 0 © ^©  (j£3©^d. <g>dc3d ©03© £,©<033 ©cddtf©® ^c33©3<5o @303©
8 g a » ^  S @ d © e £  £ p © ^ o © © d ^  $ ^ 3 © d  © < g  o s § © 3 © .  N A C A ,  «s)t o @ © 3 d ,  © 3 d 0 d © c s .

• d d ‘©<3©©, d .d .d .d d .d d .  1999.
a  0 0 0 ) 3 © ©  d e d ©  0 0 3 ©  : d 0 d ©  © 0 3  ^ Q 2 S & 3 © & 3  0 3 ^ 0 3  © 0 0 2 5 ©  0 3  O 3 3 C 0 3 S ©  

0 © < © 3 e 3 0 .  ^ 3 d c 3 3 © ©  d e d ©  © 0 3  ^ Q 2 Sg 3 © C S  0 ^ 0 3  © 0 6 2 3 ( 3 ©  0 3  5 2 3 5 0 3 1 1 ©

O s D < © 3 e 3 ©  S g s D ?  © 3 < 3 c 3 3 § 3 q > 0  6 @ d e e £  © © © ^ 0 2 5 3 © d ^  $ ^ 3 © d  © g  0 ^ 0 5 3 0 .

© I0 © 0 5 3 « a f , © 3 d e d © < 3 .

•  d < 3 © d © © ,  d . S . d . d d . d d .  ,  © © d o g ^ o d o © ,  ’ S . s d . d ® . ,  0 3  ? § d d 5 ,  d © . d © . 6 .

1999. <g>dc3d©d ©£3*30)25 ©<g®©3©d-®65 d©d?5)©<d ©d©d^-s^5 03 G3o©<3o©c3.
©Od^o)© ^ d b s d  0 0 3 0  Cf3(§© © dJo ©i.6id©® 03 ©£3*30)23 ©0®©3©d<2£)C3 d§,«)^ 
©3<3© O iO gdO . ©3d3, 0oes>3O.

r

• ©©d©ed©d, c p d .d .d d ., 1999. <g eo© 3<§© ©dq>dt ©de323 0 0 3  ©d®3d©c5 = 
©d©®3© © d o cs  03 Cf©30© 90-^63 0)3 doOdgd*;©© ©£©£*§ tCPid©3d3®3 99’ ^
§ ^ 3 e d  © d©  e ^ .

•  © d d © 3&3© ,  ©«?.d@.S.S., 1999. <§ 0 o o > 3 © ©  g d © e ®  © e g © ©  ©©3<s ©eaefe Perwa 
Viridis, o d © d @ < @ 6 3 d © © ©  o g d t  © ©  © 0 3  d d ® .  5  o ©  < p d o 3 3 Q  d o d  £ 3 § d © .

•  © d d © 3<3 © ,  £ ) © . © © . © . © . ,  @ d © 3 © © 3 d « 6 ,  © > © .© © ., d c a d o o  © d . d ( § . 6 . © d .  0 3
d ^ d d o o , g . 1999. <§ e o © 3 @ ©  cpdo g o fe©  <g>dc3d 0 0 3  o ^ d d o e  e p o o ©  d e © d  
^ © 0 § S s )  53©  502 s d l e i © ®  0 3  d © e 3 © d 3 S d  e s a d ^ ^ o s  £ 3 3 e © c 2  e 3 ^ 0 3  © d d o d

© s i x ^ e d  ‘ Crassostrea madrasensis ’ 5  o ©  q a d c S D Q  S o d  C 3 § 0 © .

13



3 ©  <3 Q o© c3

1 9 9 9  ® 0 © < 3 ^  g Q 3 2 5 )  023309^  23325325/ ^ 025/  25)0253 e ^ .

2 § 0 2 S / < 0  © ^ © « ) 2 5 /  § g g © ^  0 2 ^ ) © < f  £ )$ d  ®<^iQi^ Q o 0  0 2 5 /2 3 3 0  3&a)% 0<3@ cd® <§Js5 0 3 ( 3 0 2 5 ) 0  

2>£j ^3)^235 O ^ .  2 3 0  - © © je 3 < §  © 3 0 0 0 ! ^  2 5 ) 3 0 0 0 2 5 /  S ^ j  25)0253 <5<*. S53<^3 ^ 3 0 2 3 ) 2 3 3 0 0  £ f0 2 3 /

N W  3 5  0 3 2 5 ) 3 0  £03 2 3 ) 0 C S O  CD 25/2533 <®< 0 0 0  0 3 ^ 5 )3  0 0 0  0 2 5 / 2 5 3 © d  Cf25/£0<3 e ) j 6 ® 0 < 5 O  

© 0 3 < 2 5 3  e ^ .  253303 C p 3 0 2 5 )2 5 3 0 O  ^ 0 2 S /  N W  3 5  0 3 2 5 ) 3 0  £03 2 $ ( ! 0 O  ©25/2533 e <  0 0 0  0 3 ^ ) 3

0 © 0  £325/253©d ^25? £ 0 <3 e s ) ^ ®  0 < 5 O  © 0 3 ^ 2 5 3  < 5 ^ . 0 0 0  g d 3 0 © G /  0 £ O £ O 3 ( S 2 5 / 0 0  0 6 ^ 2 3 ) 0

< 3 0 0  0 2 5 / 2 5 ) © d  0 0 g  Cf25/£0^3 £ > g  ©25)<3<§£3. < § ? 9 <  <g>25)3®25/ 0 2 5 / ^ 2 5 /  j S c / 0 < 5

C f 0 d 0 3 0 s / & ^  0 © < S 6 2 5 /  © © ©  0 0 0  £325/2530 0 3 ( 3 0 2 5 ) 0  2 5 )$  £ 0 ^  <a>0 g 2 S 0 e  © ( 0 2 5 /  © £ 3 ^ ® .

0 ^ © ® , G03<̂ <5 £03 £33253̂ 0 0  ©^©64)25/ §)g3©<& ©g25/ d25)03<& 25)0253 CfcOQ® (FADS) 
25)t25/£32S/ 25)0233 G%. ©©© 25)325^^0 ‘025/2533’ £03 ‘@<̂ 25) 0 0 0 3 ’ ©jgJ q@©0 s / g©0:fe52530O 
G) £@-̂ 5 253 ©00(93023^253 (300  0®£32S/ (3£3©0j£52530 0^£O3 ©03<£3©253 £0*25). 25)0
©£332§3d025/©G/ 03£3<d03253 0 *0  2 § < 3 ©  0^£O3 2§325/@cf 25)3& ®  @23330 ’̂ 0 0 0 S ^
^ 5 3 © 3 ^ 5 0  2 S 3 ©  f l g  25)0253 e ^ .

£ 3 0 © d © < g £ 5  & e 0 0 0 2 S )  © G 0  g 2 5 3 2 S © ^ 0  © £023)3 C f ° © 0 ©  © ) ^ 0 3  GD25^2533 G%. ‘ 2 3 )3 2 5 ^ ^ 2 5 )

© 2 5 ) 3 0 2 3 )0 * 0 & 2 5 )  0 0 0  <f3®£325/253 0 o < g £ O 0 ’ g 2 5 ) 3 3 3 0 0  £323/ 25)0253 e ^ .

N W  3 5  03203© 0  C f02S/0*003 25)0^2^ 0 ^  25)0253 (5<̂  ^23)0, (fo© (9d  0<3©d©-@6 25)0^2^  

©03©£O3©025)0 © ® 0  © 03<3 ©25/2533 <5%. N W  3 5  0 3 5 0 3 0  £3<3©dd<@6 25)0^ 20 © <20 g<3«S5
0 © © 0 2 5 / ©0^©0253 C f0 d 0 3 0 2 5 /S  ^  ££©25323)25/ £ 3 < 3 © d d -@ s 5  0^£O3 © 0<^0® O  {pd0«)(!! 2 5  25)
«)*£0*025/ 0 0  ©25)©0253 025/S© 25/ ® C 0  ©25/2533 e<*.

£ f o © ) 0 £ 3 2 S  3 3 0 3 0 0  0 . 0 d . d 0 © 2 5 ) 3 0  2 5 > 3 a e 2 5 / 2 5 )© d  SEAFDEC © 0 2 3 ) ^253 10 25) S © ^ 3 3
©© 25325) © 0 ^ ^ .

g 25)333253.

d 0 © 2 5 ) 3 0  ,  0 . 0 d . ,  0 3  0 d .  i g  e 3 < ^  ( 1 9 9 9 ) .  2 5 )3 2 S fe  <2^253 © 2 5 ) 3 0 2 3 ) 0 * 0 ^  233 0 0 0  £ p ® £ 3 2 5 /s )
0 o(Q0 0 .

14



C 3 3 C D ( d  ^ f o ( 3 3 c 3

S j©  3©£0Z5) i : Cf€sJ©©3©<ef 33CD3 ©<;i332S?®€5) 3 0 2 5 1 2 ^ 3 .

©2S)oa©C3 1:
©*sf©3© : ‘3 ^ 3 ’ ^3©ofe<@so 33^ )3©  £O3025)©325? <@ OoS5)3©© < 3 2 d  g g }© ^

©GO'dStS), 3 3 3 3 © € S ) , C£ 0<:&3©®€S) £03 d ©  0<:i5325?©€S) CD© C ^ - S q
<63:8325)3 © 3© .

‘3£§3’ 3325)3© ggX (2>®2d ©33 2§0£23€5) ®G8£<̂ , <25)3, @€»3<S®© ®^©eD0 gjg^cf ©(€ 
Sc3j^ 48 eJ died 25)32D e<*. ©o©25̂ 3 Sedd©®6 0 ^  25)325) e< <25)3, 3 0  g © 3 e ‘<g><?©30 
€5)3©325fe)3 3<£03 <25f©©3©<̂  ©(€ ©CD3© <(0©’ 325) ©(©325? Q ©3325)3© 3(€5)0® 3<£03 
Cd2sf.«5 ,^f3<3. <3325)25)3 ©©23) 003 ©<25) <2̂ . o 325̂ -@g5 25)©§§2̂  3<£03 ©®J©33€S? <g>ĉ ©5©
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1 0 . © Q Q 0 i  ® 0C3B ©C93©, <©£5*3)25)0 £03 25)0®23)325)0<@65O 8 (§ « )<  03c5© 3G 3© .

©G30 2^G g § 9 ^ j| © i©  O © £ 0 0  4 «sf O©0©25) G< <25)0, O 6 g )© l0 S ) ^ 6  15 -  
<@(D?023) 16 < 0 © 3  9 0  25)@G? O£OC03C90©@O0 O ©0©25) G^. @<©£025) Go?S>3
© 3 0 9 0  0 0 2 ^ 0 £  © 0025  <©£525)23)O0@O? OoCD®0 0025? 25)025) G< $ d 6 © 0  <Q ©  
®0@25)J«>8 15 <3 O © 0 © 3  6 5  ©<@23)2$ 25)0©25) G^. 2S)0©£025) 23)3<3©2S)
Oo©d©25) ®-®g?©GO («)025)3©0 O0325)) 0025? 23)025) G< ^<?6®2S? <Q ©  5 4
@<©25)2§>@G? O £0e03(S0© @ O 0 ^2^© © < 0£© ® 8 0 6  £03 0 7  ^25)©G © £ © £ 0 0 ^ .  
80©£25?25) 6 9  ̂  ©<@25)2$ @0? O£0O0380©@O2S? ^2$©  @ <©£®«)8 1 6 1 7  0325) <*25)©G

£3© 25?© 25) G ? .

1 1 .  @ 0 3 2 9 5 0 0 2 5 ?  S © 0  2 5 )8  © 3 0 2 5 ) 0  8 § « ) <  © 3 0 2 5  < £ ^ © 0  0 5 @ ®  © £ © § ) 0 © .

@ <© £© ^8 2 8  ^25) @ 032950025?  S © 0  2S>8©3025) 8^ €D <  < £ ^ © 0  295@ ®  © £ © ^ O © 0  

O £© £00-e£3. @©© © £ © § 0 © O  @ 0 3 2 9 5 0 0 3 0  <3<§25) S © 0  2S)8© 3025)@ 0 8©£@G25)
S © 0 © 0 ,  © 8 @ 0 © 2 5 )O 0 , @ 0329500325? <3<§25) 0 0 © 3 < 2 5 ) <©23)O25)25)0£©0, @ 8cg 

0 G 6 3 3 5 0 , @ 0 3 * 9 5 0 0 0  0 © 0  25)8© 3025)O ©  C 3® «)0©  0 * §  @ 23)g© O 0 0323)0 23)025) 
© C D ^© g2^ £p0325)25) ©G 0@O3?025)O30 £03 g§23) C3£0 © Q 0  0 ^ 0  £525)©3©73 23 )0 ^ © 0  
03£0003(9 0C3. ^©)525® d25)03<^©0o33 @©25) ©3<325)3©0 0323)0 ©25)3© ^ 5 0 0  25)025)

G^.

1 2 . CfoGS©0 03025)6 0320^23)© 2 9 5 ® .

<5fo(jS@ 0 @ C 0 CD ^ 2 S )  O 3 0 2 5 ) G  O £ 0 5 § 2 5 )®  © 2 5 ) 5 ^ 3 .

37



13. 0 1 2 3 0  ®cj;isd0323c3.

53023©  9© )S <a^T3 (j £223© <© 6 £3£0 (Da£0 C03<©6TO ©033<3 <90<§£)3(D30g3 O j0  ^ 9 ^  
@235<§£). 0g,G3^(£)(© 23g23TOOo325? C33<23 G<| . ^ O  ©Oc^ < t© ®  G3©90<g£j ©235<§I3.

14 . 9 ^ 0 0 3 2 3  eo3 <tQ©25? 2§5© ©  ©t©G3O£02S?.

(^ ) O d © 0  5  0 2 3  C3oOt5$G2d>C3.
0 O O  £03 d G d  e3©£225? G3oO0O25) ep©323)33oG3©d ^ 0 3 3 2 3 3 0 2 3 ©  0<££O3 <25?©23 
9 ^ 0 0 3 2 3  OO g32S? C323G? ©233© O d © d  5 0 2 3  C3oO25?C30 (^©©GO <g>«|5£325? 

25)023 G ^.

(03) 23325?2325?0OS © © © 0G 3©  0<253Go3 £03 23^323, 0332323 © £300^0325? 0<)53G©cd
0 <©t2§  9 ^ 0 0 3 2 3 .

(eft) 0 O O  £03 d G d  £3©£325? e3o©0©25) Cf®323:iS3oG3c3 0 0 2 5 ?  £300032303 © 2 3 0 *-^ , 
£3gO O  G3^£03 ©9 ©3Q25 <§>^5025? ^ 5 ©  C325)d 25)023 G ^.

15 . 9 9 ^ 0 © .

(<f) 23©0£33 epc32323© d £ 3 ^ 0 ^  ^23 ©<2323 ‘025?^C3 0 0 ’ o 5 C D ^ 2 3  0 ^ 0

£3O£023O 02^233 0*530085 ©o3 £3£0C03CS 0CS.

(cp3) 1 9 9 9  © 233© t© © 0 0 1 - 1 2  <25?©3 2330G 25?23©0 £ 3 * 0 * ^  ‘C33g§23 ^jO dO

£3od3232303’ 8 § © <  9 ^ ^ , 0 2 3 0  ^025? C$)<@s5025?23 @£0233 C3£0£03<3 0C3.

16 . £ 3 5 0 0 2 3 2 3 .

1 9 9 5  £03 1 9 9 6  0 3 0 0 2 3  0 3 0 2 3 3  0oS5G £03 © < © £  C03^3OG© £30O 02323c3 © 2 3 5 ^ .

17 . OC30 © « £ 0 © d  ©<j0G3O <fQ2q>G2330c3 8 0 e ) ^  0 3 0 2 3 3 0 .

23303 ^3c32323©d <ft6J (j£2230<g£) £03 £ 3 5 CD<©6)23 G3<£03 0C 30  © « £ 0 © d  ©<?©CS© 
^Q2^G233O03 8 g © <  O30233O25? 0 O O  £03 d G d  G3©£325? G3oO0©23 Cf©32323o03G3O 
£3*0© ©  0 § © c3 G  ©235<g£3.

1 8 . 23d@e32$ @CD3OCDt0@.

2 3  <3 OjdCD© 23dbO © 233©  © 00<S ©  Cf0 7 8  25? ĉ CD ©C3?Q 23d@>©e325? ©CD3© 
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©-e®Z333zad®® 962325*8 S S g  d©3 e?Z33Z338© <^©@25503 Z3d255 C ^© ^ ^  © ®  

9®3®»©2sf £3 8 ^  @®§<^d0 Z3d255 e ^ ® ^ ^ Q  8©®25503 8 8 ®  ©©•€625503© £ ^ ^ © 8  003. 
©©•€3625500* 0@O3 23003 £3®  9®3-€6o3 8d®6o3 8 8 ®  £3^®3 1971 ^°Z3 3 8  <̂ d255 £3255@8
13 ©©25*S@0* (3 )  © ®  (4 )  ©825* © © -€62333238 S©23 ^ 6 ® S > 3 ^ © 3 8  ® C » C

23j©sb.

2 . & SQ&
2 1  &CD0HG) ®8X9

a®® © 3 b ffia © 0  2.4 ©«5^©03© ^23*©3 £p̂ 8 zsd^-^ ©025* C <f© 23 ©255 ©fC®® ©8*2®0©25* 

£^8© 255 © C ^ @  ® ^ d , 1 9 9 9  0^£3^® Q )b 31 ^255© 8003*6233032325500* § G »  2323#25*©03 £3®

©^025525* ££©£325* © b S 0 3  C3^®3 © S  0 ® 0 ® g @  2 3 © ^ 2 ^ © C  9 ® © G  © ®  §<^G? 9 ^ 3SOt3 ® ® ®  

© 3b 2S 3® 0 ^2S5©3 £f^8  g @ 8 c 3  ® jd  g  (3«Z33 © -€ 6 Z 3 3 S z3 d -€ 6  9 ® 8 © e ®  6385 § 0 5 3  9Z33© 0325*S  

© 0 ® 2 5 * ££°2S3 1 8 ©  1 0  £JZSJ©3 <^8  238? g  © -€ 6 Z 3 3 3 zs d -€ S  g S e s r f S G e ©  £pQ 2^e© » ©OS©®

51



g®o-e&3Z5f©23 23<5^ &ddo6-&o ©0£3 <̂ 2s?©025) £38^ £3Z2g<qcs23 ©0£3 gzsjoeacszrf
8§© C 30 22)8 q^S q)0  ®3©C©Z3C3 ©0.

2.2 § © 2 3  g S S ©

(|)̂ 8£32S? 22)8253 S-^@  qp̂ gG, C3®0©e^S^5 0b©C3 2̂ «S ^©C33,,82553C3255 253©ci 0^022>0£3q)O0
g S O e c s  61 4 9 ,7 6 5 ,3 9 2  255 0<3-€s5>z» d0 c3zs? g  epzac5 8 0  qp£}8^£sO <§z§zsf 0 8 @ © ci 0<o-eS>z»3Oc3 

61. 53,210,36625$ Sea. C3®3©ed>S255 08® ca esao <§>2̂ 2sf ©b@ca eaqeo3 § e »  g S O e  8 § n )q

C3383°0QC325  ̂ £320255 £3^2025^- g2553CS3©C325̂  <^25$©©.

© ^£3^08 31 ^©s^zrf qpOeazri 08@o 

1999 1998

qp^3ca®

'dd©ci <q3C3225C3 

8 8 0  $3^303®

<K

49,500,000

3,522,251

<h- *1-

46,100,000

2,285,734

<h-

0C3^®

£382330255

qp3C3255255

22^03

76,356,052

8,009,545

23,228,650

53,022,251

73,218,705

5,775,219

28,541,544

48,385,734

^§23^3

053323aSO025f qp£32S>8cD25f

Ite e

107,594,247

(4,806,604) (102,787,643)

107,535,468

(5,939,368) (101,596,100)

Ob^C3 £3̂ 203 0̂ -Sro2553Oc3 (49,765,392) (53,210,366)
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