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$+3$M9;J$|.$L:W;@$+,$u':T+[0/8-g:.$Sd:28$S3
$�/vA$�(/5Q/$8$%,9$9;X$4/5:.$>&Q0$�+3
$�+,$D:W;3+&. $DUdA $-_&2/ $S3 $�9808

$>:O, $S3 $980$|. $-@�+3 $-_&2/ $09 $|O2
$09$b+E:X-@$>(/$S3$�;3-.$G�+'.$-o+I
$uX/-&. $SO:T $8 $q9-&'[ $|J08-1 $780
$4+:.$|BC.$Sm3/0$R($MD2/$-(v1+T$$j+C&</
$�+,-_&2/ $09 $D(-&:T $8 $b/-&:T $DUdA
$~�+O&s/$-./$>(/$yLJ$qL,+r.$Z|20-3$90;.
$8 $b/-&:T $S3 $D(-&:T $G(LE@ $G:W9 $S3
$MD2/$4;:2+g:B(-&:T$SI-�$09$Z�g?W+3
$S3$D(-&:T$DUdA$SX$D2/$qLJ$qL(9$-&OX
$LJ+3$qLCrX$+,;i:.$�/-3$SX$L2-3$�Ls
$mg/l N-NO $��+3 $*+,$DUdA $|W8
$�80$-3$;i:.$708-1$�+,-_&2/$09$��#
 Boyd,) $D2/ $|BC. $-:kp@ $�/0/9 $LJ0
$D(-&:T$4/5:.$SX$>(/$S3$S<;@$+3$.(1992
$)/$-&OX$+,-_&2/$SO,$09$qLJ$*-:[$q)/LT/
$>:`($S3${(-x$n+O&s/$+3$Zq9;3$98Ls$>(/
$+,;i:.$LJ0$�,+X$09$|BC.$G.+H$D(-&:T

MD2/$q9;ET$|20-3$Da@$�+,-_&2/$09

GB=A
$u&':2;X/$09$46$uX$DUdA$G:W9$S3$-B'Q
$�/-3 $�08-Y $�+,$DC(-@;T $)/ $Z|J08-1
$�+,9;X $M980$|. $0+OJ $S3 $S:W8/ $b/L:W;@
$�(/5Q/$�H+3$-_&2/$S3$qLJ$q985Q/$q-B'Q
$j6 $09 $n;da. $b+B'Q;@0/ $DUdA $09
$G:Q8-dX$8$-&./0+1$>(/$DUdA$4+:.$M9;J$|.
$>(/$SX$S&J/9$9;<8$DEF.$Sm3/0$R( a
$=2;@ $b+B'Q;@0/ $jv<-3 $G:W9 $9;I
$b+?W+m.$-3$+C3$/-()$q9;3$+,$4;&gTh1;&:Q
$|(+,$DC(-@;T$SdO<$)/$b+B'Q$qLJ$�+�T/
$|,+:[$�+,$4;&gTh1$LJ0${<;.$SX$D2/

M(Boyd, 1992)$99-[$|.

HIE
$>,6 $|20-3 $90;. $�+,0;&X+Q $-i(9 $)/
$q9+.$09$|OK.$�`T$5dQ$>(/ $MD2/$q9;3
$�/0/9 $>,6 $b+E:X-@ $-&r:3 $Z90/9 $qLT)
$0; s$|W8$LC&',$j6$09$|OX$D:Whs
$�0/LKiT$�H+3$ZqLCCX$�gd¥OX$b+E:X-@
$M9;J$|. $j6 $>,6 $)/ $|K<;@ $G3+x $0/L`.
$+,$4;( $��+3 $DUdA $0; s $Z+(09 $j6 $09
$�+,$4;($j;20$�H+3$|(+:dx$�+,$>:.)$8
$>,6 $L:'X/ $GgJ $M99-[$|. $e''c $>,6
$+,$4;&gTh1;&:Q$D2/$n;da.+T$j6$09$5:T
$b8+B&.$*+,$DUdA$+3 $*+,$j6$09$LT09+x
$LCT+O3$qLT)$j+:OX$b/5dQ$-i(9$8$>,6$)/
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$-&r:3$�/-3$e''c$>,6$��+3$�+,$DUdA$|W8
$>,6 $4/5:. $MD2/ $f+T-mI $+,$u':T+[0/
$90;.$�+,-_&2/$j6$09$qLJ$*-:[$q)/LT/
$S3$-./$>(/$~�+O&s/$MD2/$q9;3$uX$S?W+m.
$|(+:dx$8$+,-_&2/$j6$��+3$�0;J$G:W9
$-X¦$SX$0;o$4+O,$/-()$ZD2/$-&'3$49;3
$�+,$4;($9;<8$DdH$S3$-]CH$>(/$ZL(9-[

MLCX$|.$j;20$Z+(09$j6$09$b8+B&.

4BOD5)*<"=(.)J#7-:K:"L)&+M+2N
$DUdA $ZuX/-&. $SO:T $�+,-_&2/ $j6 $09
$4}:'X/ $|g(V;W;:3 $�+Y+`@ $>:iT+:.
$uK. $-:w&. $R( $4/;CH$S3 $eBOD#c
$|[9;W6$n-&CX$*+,$7h@$09$j6$D:B:X
$qLJ$$70/5[$-&:W$09$�-[$|d:.$#$98Ls$09
$09$qLJ$*-:[$q)/LT/$BOD#$4/5:.$MD2/
$|20-3$90;.$�+,-_&2/$708-1$q089$n;o
$|(+�T6$)/$+./$D2/$q9;3$0/L`.$>(/$)/$-&OX
$)/$708-1$q089$|o$09$+,-_&2/$S:dX$SX
$LT/$S&J/LT $|dgr. $n;da. $4}:'X/ $-UT
$L20$|. $-UT $S3 $/vW $Z(Boyd, 2000)
$|[LT+.)+3 $8 $LJ0 $�,+X $09 $0;&X+Q $>(/

MD2/$S&J/LT$|&W+I9$-_&2/$�+,;i:.

4TSS5)O'P1)!1+Q)3.:1)R()H"SD+"1
$Pd?. $L.+< $9/;. $GX $>:iT+:. $DUdA
$S3 $|J08-1 $�+,-_&2/ $j6 $09 $eTSSc
$-&:W$09$�-[$%d:.$���$uX/-&.$SO:T$780
$q089 $n;o $09 $MeBoyd, 2000c $D2/
$qLJ$S&Q-[$q)/LT/$Pd?.$L.+<$9/;.$Z708-1
MD2/$q9;3$0;Xv.${2+C.$q98La.$)/$-&OX

aTR"A/G'()*.U"1)/)JD:6#DVW)@"PXQ
$09 $qLJ $*-:[$q)/LT/  a $G:Q8-dX $4/5:.
$-&:W$09$�-[8-g:.$��� #$–���#$q98La.
$-&OX$0+:'3$4/5:.$>(/$SX$$|W+s$09$q9;3
$708-1$�+,-_&2/$09$G:Q8-dX$4/5:.$)/
$09 $e-&:W $09 $�-[8-g:. $##§���c $;i:.
$Me ��� $zBoydc $D2/ $q9;3 $�/08LC,
$|J08-1$u&':2;X/$09 a$G:Q8-dX$�(/5Q/
$09 $b/-&:T $8 $b+B'Q $�(/5Q/ $n+ET9 $S3
${W+x$09$5:T$b+E:X-@$>(/$SX$D2/$=:a.
$|OX$MLT;J$|.$q9/9$-_&2/$S3$/vA$8$9;X
$D:?O<$49;3$uX$ST+rT$G:Q8-dX$4/5:.
$4+[LCCXL:W;@ $4/;CH$S3c $|T;&gTh1;&:Q
$-3 $qLJ$�+�T/ $b+?W+m. $09 $MD2/ $eS:W8/

$09 $+,$4;&gTh1;&:Q $uX/-@ $�80
$ST;[ $Z;i:. $|J08-1 $�+,-_&2/
$uX/-@ $>(/ $4/5:. $ZP. monodon

$70/5[ $-&:W$%d:. $09 $n;d2 $��#����
$t(+&T$SX$%W+s09$Z(Chein, 1992) qLJ
$-iT+rT$ZP:`a@$>(/$09$+,$4;&gTh1$|(+2+CJ
$MD2/ $|,+:[ $�+,$4;&gTh1 $>:�+1 $uX/-@
$�+,$780 $n+OH/ $S�:&T $~�+O&s/ $-./ $>(/
$MD2/ $+,-_&2/ $09 $%,9 $9;X ${2+C.+T
$>:W8/ $4/;CH$S3 $Zb/9;<;.$>(/ $uX$0; s
$|36$�+,$u&':2;X/$|(/vA$q-:�T)$09$S`ds
${2+C.$*+,$780$)/$q9+B&2/$+3$4/;@$%.$/0

M9;OT$4/-E<$%,9$9;X
$SO:T$780$S3$;i:.$708-1$�+,-_&2/$09
$4;&gTh1;&:Q$D:B:X$4+:.$Sm3/0$ZuX/-&.
$)/ $|W8 $D2/ $qLJ $|20-3 $;i:. $LJ0 $8
$Sd:28$S3 $4;&gTh1;&:Q $LJ0 $SX $|(+�T6
$D2/ $-(v1$4+g./ $%,9 $9;X $�(/5Q/
$9LT;:1$%.$�;x8$S3$+,$nVhQ;C(/9$|(+Q;gJ
$S&29 $>(/ $|(+Q;gJ $b�+s $)/ $|I-3 $09
$D2/ $-mI$|3 $;i:. $�/-3 $+,$4;&gTh1 $)/
$b/-k/ $)/ $.(Delgado et alM$ 1996c
$Z|J08-1$�0/5.$L:W;@$�80$-3$REd<$|BC.
$;i:.$�80$-3$̈ T0$|(/$q;Kx$�+,$SgW$0;K�
$qL,+r.$089/;X/$�0/5.$09$90;.$>(/$ZD2/
$9;<;. $*+,$70/5[ $-3 $+C3 $MD2/ $qLJ
$+3c  Gymnodinium  �C< $9;<8
$09$e-&:W$09$n;d2$�#���$DUdA$-FX/Ls
$$�-. ${<;. $R(5g. $|.+T/8 $�+,-_&2/
$M9;J$%.$|T/;<$8$|d1+T$Gs/-.$09$-:.$8
$�C< $SX $D2/ $qLJ $70/5[ $>:C�O,
$0; s$8$q9;3 $|O2  Gymnodinium
${2+C.+T$780$n+OH/$-k/$09$-_&2/$09$46
$S3$�;3-.$t(+&T$�+2/$-3$yD2/$|,9$9;X
$>(/$09$Z|T;&gTh1;&:Q$�+,$�C<$|(+2+CJ
$4/5:.$S3c$q089$-I/8/$09$�C<$>(/$ZS?W+m.

MD2/$S&J/9$9;<8$euX
$�+,-_&2/$09$9;<;.$*+,$70/5[$�+2/$-3
$S3 $+,$4;&gTh1;&:Q $DE'T $Z�+3 $L:W;@ $+3
$q9;3 $R( $S3 $4;:d:. $R( $+,$4;&gTh1;�)
$SX$%W+s09$M(Delgado et al., 1996)
$8 $|,+:[ $*+,$4;&gTh1 $¤./;< $4+:.
$|&E'T $>:C�$Z+,-_&2/ $>(/ $09 $�0;T+<

MD2/$S&J/LT$9;<8
${<;.$Z+,-&X+3;T+:2$S3$DE'T$+,$S.;@+(9
$LT9-[$|. $LJ0 $09 $�-&r:3 $�(/5Q/

$�0/5. $4/-(L. $-FX/ $M(Boyd, 1989)
$/0 $+,$S.;@+(9 $��+3 $DE'T $;i:. $708-1
$ZLC,9$|.$�:<-@$|T;&gTh1;&:Q$S?.+<$09
$46$09$SX$|,99;X$780$n+OH/$+3$-./$>(/
$-(v1$4+g./$LJ+3$ ���$+3$-3/-3$N: P$DE'T

M9;3$L,/;I

J?>/GW)&+IGY68.)G6=L)@A+L
$-_&2/$0+&I+2$09$qLOH$G.+H$f+I$DQ+3
$4+(536$-(+2$8$;i:.$4+[LC,9$708-1$8$q9;3
$|(�+3$-(9+`.$+3$|X+I$�+,-_&2/$S3$G(+O@
$0/L`. $SX$%(+�T6 $)/ $|W8 $MLT0/9 $Z�0 $)/
$D:Q-�$�(/5Q/$�H+3$f+I$09$�0$��+3
${dA/ $8 $9;J$|. $-B'Q $D:EF@ $09 $f+I
$+3$|X+I$�/0/9$SX$uX/-&.$SO:T$�0/5.$09
$9-30+X$9;<8$+3c$LC&',$�0$��+3$-(9+`.
$Ggr. $e�+3 $b+B'Q $4/5:. $+3 $|(+,9;X

M90/9$9;<8$|T;&gTh1$�;d3$�8-J
$9;<;. $*+,$70/5[ $+3 $P3+m. $>:C�O,
$�+,;i:. $09 $|[LT+.)+3 $8 $LJ0 $>(-&K3
$9;<8$|CJ$�+,-&'3$09$qL:�+C1$q9/;T+I
 Chein et al., 1989; Pruder) 90/9
$��$+@$#$+3$%(+,$f+I$8$(et al., 1992
$�/-3$b/0¦$q)/LT/$|[LCX/-1$8$�0$LN09
$*+,$f+I $S3 $DE'T $+,-_&2/ $0+&I+2
$j+_&T/$>(/-3+C3$M9;J$%.$q9/9$�:<-@$|20
$708-1$�/-3$�0$��+3$-(9+`.$+3$%(+,$f+I
$/L:1$�-&OX$D:O,/$4/0;T+<$-(+2$8$;i:.
$90;.$�+,-_&2/$SO,$-&'3$�C<$MLCX$%.
$SX$q9;3$�0$��+3$-(9+`.$�/0/9$S?W+m.
$8$uK.$0+:'3$G./;H$)/$0;Xv.$¤3+C.$-3$+C3
$|[LT+.)+3$ZLJ0$�,+X$09$0/v[-:kp@$|BC.
$�+,-_&2/$09$|J08-1$�+,;i:.$L:W;@$8

MD2/$-UT$90;.

J?>/GW)&+IGY68.)G6=L)F+L:8>)pH
$f+I $09 $|g(V;W;:38-g:. $�+,$D:W+?Q
$09$|(+:dx $+( $�L:2/$b�+s$)8-3 ${<;.
$-3 $j;20 $pH $MLT9-[$|. $-&'3 $b+3;20
$q}(8$S3 $�-&29 $G3+x $�+,$DC(-@;T $�80
${:@-@ $>(L3 $MD2/ $S&J/9 $-:kp@ $b+B'Q
$Z�;:C:.;W6$�+,$4;($0; s pH$�,+X$SX
$�H+3 $8 $q9;OT $n+?Q $/0 $>,6 $8 $5CiC.
$LCT+.c$n;da.+T$b+B'Q$b+E:X-@$G:gr@
$b+B'Q$P(-o$>(/$)/$8$LT9-[$|.$(FePO4
$�0+I$j6$09$9;<;.$�+,$DC(-@;T$SI-�$)/

!"#$  N 1A&; :45"+ !)E"OP@- Q*R1S17- G@4"2
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$+3 $|(+:dx $�+, $pH $09 $>:C�O, $M9;J$|.
$n+gJ/ $b+B'Q $8 $u:'dX $DUdA $�(/5Q/

$Ca
5

 (PO4)3  (OH) $u:'dX $D:@+16
$8 $>,6 $ML(6$|. $9;<8 $S3 $D2/ $n;da.+T $SX
$>(/$)/$8$q9-X$j;20$|(+:dx pH$09$5:T$5CiC.
$f+I pH$MLT9-[$|.$�0+I$�-&29$)/$P(-o
$8$q9;3$|(+:dx$|J08-1$*+,-_&2/$�+O@$-&'3

MLT/$S&J/LT$-i(Lg($+3$|Qh&I/

J?>/GW)&+IGY68.)G6=L)R()JKE)3.:1
$�(/5Q/ ${<;. $f+I $09 $|W6 $9/;. $9;<8
$|&'(+3$9/;.$>(/$0/L`.$+./$99-[$|.$46$�080+3
$Ls $)/ $+,$46 $4/5:. $-[/ $/-() $ZLJ+3 $n9+?&.
$D:?O<$�(/5Q/ $�H+3 $Z9;J$-&r:3 $n;O?.
$4}:'X/$^-].$�(/5Q/$8$f+I$�+,$u':T+[0/
$f+I$4}:'X/$�,+X$46$S�:&T$SX$99-[$|.
$�+,$�-&X+3$9;<8$9/;.$>(/$S(5�@$�/-3$MD2/
$4+:.$n9+?@$9;<8$�LH$D2/$|./5W/ $|N+I
$D2/$>gO.$l;Q$G:W9$S3$+,$�-&X+3$D:?O<
$SX $9;J $Gg:2 $>(/ $490;I $u, $S3 $�H+3
$8$|O2$9/;.$4L.6$9;<8$S3$4+g./$D(+KT09

$ML(6$|.$�:1$j6$+($f+I$09$+,$46$�J-@
$�/vA$G:W9$S3$-_&2/$f+I$09$|W6$9/;.$¤O�@
$|?Q9 $9/;. $8 $q9-. $4;&gTh1 $ZqLrT $q90;I
$4}:'X/ $�+Y+`@ $4/5:.$�(/5Q/ $�H+3 $;i:.
$Zf+:T;.6 $LCT+. $|O2 $*+,$D:W;3+&. $qLJ
$8$e((c$>,6$4;($ZL:BW;2$4V80L:,$ZD(-&:T
$R($S3$G:T$DK<$M9086$%.$9;<8$S3$/0$4+&.
$09$GX$|W6$9/;.${2+C.$4/5:.$PQ;.$708-1
$70/5[$LN09$ �#$98Ls$|J08-1$�+,-_&2/

MD2/$qL(9-[
$>::?@ $SX $9-X $4+:3 $4/;@$%. $%dX $0;o $S3
$qLT)-:A$8$qLT)$�+,-&./0+1$4+:.$9;<;.$=3/80
$;i:.$LJ0$nL.$>::?@$S3$+,$46$�LC3$nL.$8
$-�C.$LJ0$09$|BC.$8$DEF.$G./;H$DI+CJ$8
$09$qL.6$D29$S3 $t(+&T $�+2/$-3 $M99-[$|.
$Zb+B'Q;@0/$Zb/-&:T$0;&X+Q$tC1$ZP:`a@$>(/
$�/0/9${:@-@$S3$a�G:Q8-dX$8$>,6$Zf+:T;.6
$�;O�.$09$8$LCJ+3$%.$�0/v[-:kp@$>(-&r:3
$L:B2 $�;i:. $|T)8 $b/-::w@ $LN09 $""�"
$-:kp@ $Da@ $708-1 $q089 $n;o $09 $|3-A
$n+OH/ $�/-3 $>(/-3+C3 $MD2/$q9;3$l;Q$G./;H
$|J08-1$�+,-_&2/$=(/-J$09$-&K3$D(-(L.
$�80$-3$|&'(+3$S<;@$>(-&r:3$ZS?W+m.$90;.

M9-:[$b0;N$0;Xv.$�+,-&./0+1

ZL+[1)@8G\A
$DJ/LK3$D(-(L.$e���!c$M̂ $Z{'T$�L�.$��
$8$-:Fg@$DT8+?.$M;i:.$708-1$�+,-_&2/$09

Mt(8-@$8$7);.6$GX$q0/9/$4+(536$708-1
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