
 !
!

 !"#$%&'() *+,-"#!) .$%"/&0') 01) ".$2/) #/!3) 4!22#) &') /-!) 12"/50%3)
 !"#$%&$'(') *+,-!-$) 67) .0$62!) %!,2&4"/&0') 2"6!22&'() "'.) 8$"'/&/"/&9!)
40204"2&:"/&0')"'"27#&#))
)
)
"#$%&'!($#)**)+ ,!-'.%/$!0%11$/2 ,!34$5$!67*4)+ ,!0*8+$#!9*8+7**:) ,!0%/!;$#+ !'4)!0%44*5!9<!
6$!(*2=,>!
!
!
;)6$?'#+/$4+!*:!;%*1*@A,!B7$4+!C4%D$#2%+A,!B7$4+,!;$1@%8/!
=!6$?'#+/$4+!:*#!-*1$E81'#!;%*+$E74*1*@A,!B7$4+!C4%D$#2%+A,!B7$4+,!;$1@%8/!
>!F;G?7*+*4%E2,!B7$4+!C4%D$#2%+A,!B7$4+,!;$1@%8/!
!
!
*-0%/)/&/2!<))
HG?7'2$!I!1'J$1!E*1*E'1%K'+%*4!%4! !"#$%&'&("
!
!
=0%%!#,0'.&'()"$/-0%<)
($#)**)+! "#$%&',! F$/'+*1*@A! 84%+,! 6$?'#+/$4+! *:! ;%*1*@A,! L<M<! M$)$@'4E52+#''+! >N,! OPPP! B$4+,!
;$1@%8/!
Q7*4$R!S>=!TPUO!=VW!XY!WP!
"'.R!S>=!TPUO!=VW!N>!WW!
"#$%&'<($#)**)+Z8@$4+<J$!
"
"
>!750%.#<)
E$11!EAE1$[!E*1*E'1%K'+%*4[!4$*J1'2+[!?1'+A7$1/%4+7$2[!#$@$4$#'+%*4[!HG?7'2$!
!
!
?66%!9&"/&0'#<)
¥4+%G?7*2G9>! '4+%G?7*2?7*#A1'+$)!7%2+*4$!9>!
]1)C! ! E71*#*)$*.A8#%)%4$!
3)C! ! %*)*)$*.A8#%)%4$!
^E! ! E$11!EAE1$!)8#'+%*4!
^2! ! HG?7'2$!)8#'+%*4!
!
!

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Ghent University Academic Bibliography

https://core.ac.uk/display/55890598?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


=!
!

;@)?6#/%"4/)
Q1'+A7$1/%4+7$2!'#$!7%@71A!'++#'E+%D$!/*)$12!:*#!'))#$22%4@!:84)'/$4+'1!'2?$E+2!*:!2+$/!E$11!J%*1*@A!
$&")$)(<"^7$2$!*#@'4%2/2!?*22$22!'!84%_8$!2+$/!E$11!2A2+$/!E*/?#%2$)!*:!4$*J1'2+2,!`7%E7!'#$!+7$!*41A!
?#*1%:$#'+%4@! E$112! )8#%4@! ')81+7**)<! 34! +7%2! 2+8)A,! +7$! HG?7'2$! )8#'+%*4! T^2U! *:! 4$*J1'2+2! `'2!
)$+$#/%4$),! J*+7! )8#%4@! 7*/$*2+'2%2! '4)! #$@$4$#'+%*4! %4! +7$! :1'+`*#/! '*+(,-(./." #$%&'&(<! ¥!
)*8J1$! %//84*7%2+*E7$/%E'1! +$E74%_8$! `'2! 82$),! ?$#:*#/%4@! 2$_8$4+%'1! ?812$2! `%+7! +7$! +7A/%)%4$!
'4'1*@2!E71*#*)$*.A8#%)%4$!T]1)CU!'4)!%*)*)$*.A8#%)%4$!T3)CU,!2$?'#'+$)!JA!D'#%'J1$!E7'2$!+%/$2!%4!
E*1E7%E%4$<!!
68$! +*! +7$! 1*E'1%K$)! 4'+8#$! *:! +7$! :18*#$2E$4+! 2%@4'12! T48E1$%U! '4)! D'#%'J1$! 1$D$12! *:!
'8+*:18*#$2E$4E$,! 2+'4)'#)! %4+$42%+AGJ'2$)! E*1*E'1%K'+%*4! '4'1A2$2! E*81)! 4*+! J$! '??1%$)! +*!
'EE8#'+$1A! )$+$#/%4$! +7$! E*1*E'1%K'+%*4<! ^7$#$:*#$,! '4! *J&$E+GJ'2$)! E*1*E'1%K'+%*4! '??#*'E7! `'2!
)$D%2$)!+*!2E*#$!+7$!#$1'+%D$!48/J$#!*:!)*8J1$G?*2%+%D$!E$112<!C2%4@!+7%2!'??#*'E7!`$!:*84)!+7'+!+7$!HG
?7'2$! )8#'+%*4! %4! +7$! /'%4! ?*?81'+%*4! *:! 4$*J1'2+2! `'2! '??#*.%/'+$1A!  >! 7*8#2<! 68#%4@! $'#1A)
#$@$4$#'+%*4,!4*!2%@4%:%E'4+!E7'4@$!%4!^2!`'2!*J2$#D$)<!

A@)B'/%0.$4/&0')
Q#*1%:$#'+%*4! %2!'! :84)'/$4+'1! +#'%+!*:!2+$/!E$112,!'2! +7$A!7'D$!+7$!'J%1%+A! +*!E*4+%48*821A!2$1:G#$4$`!
'4)! @$4$#'+$! 1'#@$! 48/J$#2! *:! )%::$#$4+%'+$)! ?#*@$4A<! ^7%2! )8'1! :84E+%*4! '22$#+2! +7$%#! E#8E%'1! #*1$!
)8#%4@!)$D$1*?/$4+,! +%228$! 7*/$*2+'2%2,! '4)! #$@$4$#'+%*4,! '4)! +7$#$:*#$! #$_8%#$2!/$+%E81*82! E*4+#*1!
T-*##%2*4! 0-" '#!,!  OOY[-*##%2*4! '4)! H?#')1%4@,! =PPXU<!;*+7! $.+$#4'1! '4)! %4+$#4'1! 2+%/81%! '::$E+! +7$!
)A4'/%E2!*:!2+$/!E$112,!'!:'E+!+7'+!$/?7'2%K$2!+7$! %/?*#+'4E$!*:!2+8)A%4@!+7$2$!E$112!%4!+7$%#!4'+8#'1!
$4D%#*4/$4+!Ta'4)*,!=PPV[b#:*#)!'4)!HE'))$4,!=PPXU<!9*`$D$#,! $&")$)(! 2+$/!E$11! #$2$'#E7!%2! *:+$4!
E7'11$4@%4@!J$E'82$!*:!$.?$#%/$4+'1!)%::%E81+%$2!E'82$)!JA!+%228$!)$?+7!'4)!/*+%*4!'#+$:'E+2)T^2'%!0-"
'#!,! =PP=[^'4'5',! =PP>U<! -'%41A! :*#! +7%2! #$'2*4,! Q1'+A7$1/%4+7$2! 7'D$! J$$4! '/?1A! %4+#*)8E$)! '2!
7%@71A! '++#'E+%D$! /*)$1! *#@'4%2/2! :*#! '))#$22%4@! :84)'/$4+'1! '2?$E+2! *:! 2+$/! E$11! J%*1*@A! $&" )$)("
TF$`/'#5!'4)!Hc4E7$K!¥1D'#')*,!=PP=[Hc4E7$K!¥1D'#')*,!=PPWU<"^7$2$!*#@'4%2/2!?*22$22!'!84%_8$!
2+$/! E$11! 2A2+$/!`%+7%4! +7$! '4%/'1! 5%4@)*/,! E*/?#%2$)! *:! 4$*J1'2+2! +7'+! '#$! +7$! *41A! ?#*1%:$#'+%4@!
E$112!%4!')81+!2?$E%$2!T;'@8de,! OX [H'1f!'4)!;'@8de,!=PP=[Hc4E7$K!¥1D'#')*,!=PPY[M')8#4$#!0-"'#!,!
=PPX[¥@'+'!'4)!C/$2*4*,!=PPXU<!¥1+7*8@7!4$*J1'2+2!'#$!'!?*`$#:81!/*)$1!:*#!2+8)A%4@!?#*1%:$#'+%*4!
)A4'/%E2!*:!'!?*?81'+%*4!*:!')81+!2+$/!E$112!$&")$)(,!:84)'/$4+'1!%4:*#/'+%*4!*4!2?$E%:%E!?'#'/$+$#2!
*:!+7$!E$11!EAE1$!%2!#$1'+%D$1A!1%/%+$)<!^*!*8#!54*`1$)@$,!*+7$#!+7'4!+7$!/$'4!)8#'+%*4!*:!+7$!B=G?7'2$!
%4! 1*2.$3-0'" .03$-0++'&0'! '4)!  '*+(,-(./." #$%&'&(" TF$`/'#5! '4)! Hc4E7$K! ¥1D'#')*,!
=PPP[F%/$+7!0-"'#!,!=PPW[F%/$+7!0-"'#!,!=PPYU,!'4)!+7$!+*+'1!E$11!EAE1$!)8#'+%*4!T^EU!%4!1!".03$-0++'&0'"
TL'4@!'4)!Hc4E7$K!¥1D'#')*,!=PPOU,"4*" 2?$E%:%E!?'#'/$+$#2! *:! *+7$#!?7'2$! )8#'+%*42! '#$! 'D'%1'J1$<!
"8#+7$#/*#$,! #$@$4$#'+%*4!7'2!J$$4!27*`4!+*! +$/?*#'#%1A!'::$E+! +7$!48/J$#2!*:!HG?7'2$!'4)!/%+*+%E!
E$112!%4!:1'+`*#/2,!%4)%E'+%4@!')&82+/$4+!*:!+7$!E$11!EAE1$!5%4$+%E2!TH'1f!'4)!;'@8de,! OXW[F$`/'#5!
'4)! Hc4E7$K! ¥1D'#')*,! =PPP[F%/$+7! 0-" '#!,! =PPY[0$4$/*2$#! '4)! a$))%$4,! =P P[($#)**)+! 0-" '#!,!
=P ='U<!9*`$D$#,! %+! %2! 4*+!E*/?1$+$1A!84)$#2+**)!'+!`7'+!2+'@$! +7$!E$11! EAE1$! %2!')'?+$)!)8#%4@! +7%2!
?#*E$22<!
34!+7$!?'2+,!+7$!E*/J%4$)!82$!*:!+`*!)%::$#$4+!+7A/%)%4$!'4'1*@2!7'2!J$$4!)$/*42+#'+$)!'2!'!D'18'J1$!
+$E74%_8$!:*#!)$+$#/%4%4@!5%4$+%E!?'#'/$+$#2!*:!EAE1%4@!E$112!T0%/J$#!'4)!g8'2+1$#,! OV>[6'D%)!'4)!
]'/?J$11,!  OY=[-%11$#! 0-" '#!,!  OO [h'4%5! 0-" '#!,!  OO=[a'E7$1! 0-" '#!,! =PP=[9'A$2! '4)!F*`'5*`25%,!
=PP=[;8#42!'4)!L8'4,!=PPNU<!Q$#:*#/%4@!2$_8$4+%'1!?812$2!`%+7!28E7!'4'1*@2!'11*`2!:*#!)$+$#/%4%4@!
+7$!)8#'+%*4!*:!+7$!HG?7'2$!T^2U!*:!+7$!E$11!EAE1$<!¥!/$+7*)!:*#!%//84*7%2+*E7$/%E'1!)$+$E+%*4!*:!+`*!
+7A/%)%4$!'4'1*@2,!E71*#*)$*.A8#%)%4$!T]1)CU!'4)! %*)*)$*.A8#%)%4$! T3)CU,!7'2!J$$4!$2+'J1%27$)! :*#!
+7$!:1'+`*#/! '*+(,-(./."#$%&'&("T($#)**)+!0-"'#!,!=P =JU!!34!+7$!2+8)A!?#$2$4+$)!7$#$,!+7%2!/$+7*)!
`'2!')'?+$)!+*!+$2+!+7$!^2!*:!4$*J1'2+2!)8#%4@!7*/$*2+'2%2!'4)!#$@$4$#'+%*4!%4! !"#$%&'&(<!^*!+7%2!$4),!
%4)%D%)8'1! `*#/2! #$E$%D$)! 2$_8$4+%'1! ?812$2! `%+7!]1)C! '4)! 3)C,! `7%E7! `$#$! 2$?'#'+$)! JA! D'#A%4@!
E7'2$! +%/$2! %4!E*1E7%E%4$<!^7$!82$!*:!E*1E7%E%4$,!`7%E7!%47%J%+2!E$11! EAE1$!?#*@#$22%*4!'+!/$+'?7'2$!
TF'@1,! OY=U,!'11*`$)!'4'1A2%2!*:!'!2%4@1$!#*84)!*:!E$11!?#*1%:$#'+%*4!'4)!'D*%)$)!/%2%4+$#?#$+'+%*4!)8$!
+*! E$11! )*8J1%4@2<! ^*! )$+$#/%4$! ^2,! *D$#1'?! J$+`$$4! +7$! +`*! /'#5$#2! `'2! $D'18'+$)<! 68$! +*! +7$!
1*E'1%K$)!4'+8#$!*:!+7$!:18*#$2E$4+!2%@4'12!%4!1%/%+$)!#$@%*42!T48E1$%U!*:!+7$!%/'@$,!2+'4)'#)!%4+$42%+AG

Winnok H. De Vos


Winnok H. De Vos


Winnok H. De Vos
in the presence of colchicine

Winnok H. De Vos


Winnok H. De Vos
cell nuclei

Winnok H. De Vos


Winnok H. De Vos




>!
!

J'2$)! E*1*E'1%K'+%*4! '4'1A2$2! `7%E7! $D'18'+$! +7$! `7*1$! %/'@$,! E*81)! 4*+! J$! '??1%$)<! 342+$'),! '4!
*J&$E+GJ'2$)!E*1*E'1%K'+%*4!'??#*'E7!`'2!)$D%2$)!+*!2E*#$!+7$!#$1'+%D$!48/J$#!*:!)*8J1$G?*2%+%D$!E$112<!
C2%4@! +7%2! '??#*'E7,! +7$! )8#'+%*4! *:! HG?7'2$! %4! +7$! /'%4! ?*?81'+%*4! *:! 4$*J1'2+2! `'2! )$+$#/%4$)!
'??#*.%/'+$1A! >!7*8#2,!J*+7!)8#%4@!7*/$*2+'2%2!'4)!$'#1A!#$@$4$#'+%*4<!

C@  "/!%&"2#)"'.)3!/-0.#)

C@;@)?'&3"2)4$2/$%!)"'.)"3,$/"/&0')01)/-!)%0#/%$3)
]81+8#$2!*:! !" #$%&'&(!`$#$!#$'#$)! %4!:i=G/$)%8/!Tj@@$#!'4)!327%)',!=PPNU!'4)!:$)!'3"#$4$-/.!`%+7!
+7$!)%'+*/!5$-6,*2$'"*/+)$#$&0'-'7!'2!)$2E#%J$)!?#$D%*821A!THE7k#$#!0-"'#!,!=PPY[M')8#4$#!0-"'#!,!=PPXU<!
^*!%4)8E$!#$@$4$#'+%*4,!+7$!#*2+#8/!`'2!'/?8+'+$)!'+!+7$!1$D$1!'4+$#%*#!+*!+7$!J#'%4<!¥/?8+'+%*42!`$#$!
?$#:*#/$)!`%+7!'!:%4$!2+$$1!28#@%E'1!J1')$! TH-V=[!H`'44G-*#+*4U!84)$#!'!2+$#$*!/%E#*2E*?$,!`7%1$!
`*#/2!`$#$! #$1'.$)! %4! '! 2/'11! )#*?1$+! *:! R !-@]1=<V9=b! TY< WlU!'4)!¥H0!T'#+%:%E%'1! 2$'!`'+$#U<!
3//$)%'+$1A!+7$#$':+$#,!2?$E%/$42!`$#$!`'27$)!%4!:i=G/$)%8/!'4)!?812$)!`%+7!]1)C<!

C@A@)?44$3$2"/&0')01)3&/0/&4)4!22#)"1/!%)4024-&4&'!)&'4$6"/&0')
^*!+$2+!+7$!$::%E%$4EA!'4)!+*.%E%+A!*:!E*1E7%E%4$!%4! !"#$%&'&(,!+7$!'EE8/81'+%*4!*:!/%+*+%E!E$112!`'2!
'4'1A2$)! ':+$#! %4E8J'+%*4! `%+7! )%::$#$4+! E*4E$4+#'+%*42! *:! E*1E7%E%4$,! 82%4@! '4+%G?7*2?7*#A1'+$)!
7%2+*4$!9>!T'4+%G?7*2G9>U<!¥)81+2!`$#$!%4E8J'+$)!%4!'!E*1E7%E%4$GE*4+'%4%4@!/$)%8/!TH%@/'G¥1)#%E7U!
*:!P<PP l,!P<PPNl,!*#!P<P Pl!T%4!:i=G/$)%8/U<!¥:+$#!>7,!=W7,!WX7!'4)!V)!*:!%4E8J'+%*4,!/%+*+%E!E$112!
`$#$! D%28'1%K$)! 82%4@! #'JJ%+G'4+%G?7*2?7*#A1'+$)! 7%2+*4$! 9>! TC?2+'+$! ;%*+$E74*1*@AU! '4)! ^a3^]G
E*4&8@'+$)! 2`%4$G'4+%G#'JJ%+! T6¥LbU,! 'EE*#)%4@! +*! +7$! /$+7*)! )$2E#%J$)! $'#1%$#! T($#)**)+! 0-" '#!,!
=P ='U<!"*#!$'E7!E*4)%+%*4,!W!#$?1%E'+$2!`$#$!'4'1AK$)<!

C@C@)=2.D+)"'.)B.D+,$2#!)"'.)&33$'047/04-!3&#/%7))
"*#! +7$!:%#2+!?812$,!84E8+!'4%/'12!*#! #$@$4$#'+$2!`$#$! %4E8J'+$)! %4!]1)C!T P!/-!%4!:i=G/$)%8/,!>P!
/%4,!%4!+7$!)'#5[!H%@/'G¥1)#%E7U<!"#*/!+7%2!/*/$4+!*4,!'4%/'12!`$#$!?#*+$E+$)!:#*/!1%@7+<!H?$E%/$42!
`$#$! +7$4! #%42$)! `%+7! :i=G/$)%8/,! '4)! E7'2$)! %4! E*1E7%E%4$GE*4+'%4%4@! /$)%8/! TP<PPNl! %4! :i=[!
H%@/'G¥1)#%E7U!:*#!P!7,! !7,!=!7,!W!7,!V!7,! =!7,!=W!7,!'4)!WX!7<!H8J2$_8$4+1A,! +7$!2$E*4)!?812$!`'2!
?$#:*#/$)!`%+7! 3)C! T /-! %4! E*1E7%E%4$GE*4+'%4%4@!/$)%8/,! >P!/%4[! H%@/'G¥1)#%E7U,! :*11*`$)! JA!
`'27%4@!`%+7!E*1E7%E%4$G/$)%8/!T=!.!N!/%4U<!a$1'.'+%*4,!:%.'+%*4,!'4)!%4)%#$E+!D%28'1%K'+%*4!*:!J*+7!
]1)C!'4)!3)C!`$#$!?$#:*#/$)!'2!)$2E#%J$)!?#$D%*821A!T($#)**)+!0-"'#!,!=P =JU<!^7$!2$+!*:!'4+%J*)%$2!
82$)! :*#! %4)%#$E+! D%28'1%K'+%*4! *:! ]1)C! `$#$! #'+G'4+%G]1)C! T¥J6! H$#*+$EU! '4)! "3^]GE*4&8@'+$)!
)*45$AG'4+%G#'+!Ta*E51'4)U<!"*#!%4)%#$E+!D%28'1%K'+%*4!*:!3)C,!/*82$G'4+%G3)C!T;$E+*4G6%E5%42*4U!'4)!
¥1$.'!"18*#!NVXGE*4&8@'+$)!@*'+G'4+%G/*82$!T34D%+#*@$4U!`$#$!82$)<!!

C@E@)B3"(!)?48$&#&/&0')
"*#!+7$!D%28'1%K'+%*4!*:!]1)CG!'4)!3)CG1'J$1,!'!F%5*4!] !TF%5*4!342+#8/$4+2,!Q'#%2,!"#'4E$U!E*4:*E'1!
1'2$#!2E'44%4@!/%E#*2E*?A!2A2+$/!`'2!82$)!/*84+$)!*4!'!F%5*4!^j=PPP!TF%5*4!342+#8/$4+2,!Q'#%2,!
"#'4E$U!%4D$#+$)!$?%:18*#$2E$4E$!/%E#*2E*?$,!$_8%??$)!`%+7!'!WXXG4/!-81+%G1%4$!¥#!1'2$#!'4)!NW>4/!
9$F$!1'2$#<!]1)C!'4)!3)C!2%@4'12!`$#$!2$_8$4+%'11A! $.E%+$)!`%+7!J*+7! 1'2$#! 1%4$2! TJA! 1%4$G2E'44%4@U!
'4)!)$+$E+$)! +7#*8@7!'!N Ni>P!4/!J'4)?'22! :%1+$#,!'4)!'!NYP! 1*4@!?'22!E*/J%4$)!`%+7!'!NO>iWP!4/!
J'4)?'22!:%1+$#,!#$2?$E+%D$1A<!¥11!%/'@$2!`$#$!'E_8%#$)!82%4@!%)$4+%E'1!2$++%4@2!*:!1'2$#!?*`$#,!)$+$E+*#!
@'%4!'4)!*::2$+<!>6G%/'@$2!`$#$!'E_8%#$)!`%+7!+7$!?%47*1$!2$+!'+! ¥C,!82%4@!'!Q1'4!"18*#!VP.i <W!*%1!
1$42!'+!'!D*.$1!2%K$!*:!P<W .P<W . <P!m/><!!

C@F@)B3"(!)?'"27#&#)
¥11! %/'@$2! `$#$! 'E_8%#$)! `%+7! F%5*4! jnG] ! 2*:+`'#$! TF%5*4! 342+#8/$4+2,! Q'#%2,! "#'4E$U<!
(%28'1%K'+%*4,!'44*+'+%*4!'4)!_8'4+%:%E'+%*4!*:!%/'@$2!`$#$!?$#:*#/$)!`%+7!"%&%,!'!?'E5'@$)!D$#2%*4!*:!
+7$! *?$4! 2*8#E$! ?#*@#'/! 3/'@$o! T0<! a'2J'4),! F'+%*4'1! 342+%+8+$2! *:! 9$'1+7,! ;$+7$2)',!-'#A1'4),!
CH¥U<!"*#!)$+$#/%4'+%*4!*:! )*8J1$G?*2%+%D$! 48E1$%! %4! $'E7! 2?$E%/$4,! '4!*J&$E+GJ'2$)!E*1*E'1%K'+%*4!
'4'1A2%2!`'2!)$D$1*?$)<!¥228/%4@!+7'+!'!?*2%+%D$!#$?1%E'+%*4!1'J$11%4@!A%$1)2!'!2%@4'1!+7'+!:%112!8?!+7$!

Winnok H. De Vos
to be 

Winnok H. De Vos


Winnok H. De Vos




W!
!

$4+%#$! 48E1$82,! E%#E81'#%+A! '4)! 2%K$! `$#$! 82$)! '2! 1%/%+%4@! ?'#'/$+$#2<! ^7$! :*11*`%4@! 2+$?2! `$#$!
?$#:*#/$)<! "%#2+,! '! 2$1$E+%*4! `'2! /')$! :*#! '4'1A2%2! *:! +7$! #$1$D'4+! >6! #$@%*4! *:! %4+$#$2+<! 34! $'E7!
'4%/'1,! +7$! #$@%*4! '4+$#%*#! +*! +7$! +$2+$2! '4)! +7$! #$@%*4! ?*2+$#%*#! +*! +7$! :$/'1$! @$4%+'1! ?*#$! `$#$!
'4'1AK$)<!"*#!$'E7!E*4)%+%*4,!J$+`$$4!W!'4)!Y!#$?1%E'+$2!`$#$!'4'1AK$)<!¥!28/!?#*&$E+%*4!`'2!/')$!
*:!+7$!nG21%E$2,!'4)!+7$! %4)%D%)8'1!E7'44$12!`$#$!?#$G?#*E$22$)!JA!2$_8$4+%'1!J'E5@#*84)!28J+#'E+%*4!
T#')%82!p!=Pm/U,!B'822%'4!:%1+$#%4@!T2%@/'!p! m/U!'4)!/$)%'4!:%1+$#%4@!T#')%82!p!=m/U<!F$.+,!*J&$E+2!
T48E1$%U!`$#$!2?$E%:%E'11A!$47'4E$)!%4!J*+7!E7'44$12!JA!'??1A%4@!'!M'?1'E$!:%1+$#!`%+7!'8+*/'+%E!2E'1$!
2$1$E+%*4! T'2! )*E8/$4+$)! J$:*#$! JA! 6$! (*2! 0-" '#!,! =P PU! '4)! 2$@/$4+$)! JA! @1*J'1! %2*)'+'!
'8+*+7#$27*1)%4@<!^*!E*/?$42'+$!:*#!E1*2$1AG1*E'+$)!48E1$%,! +7$!#$281+%4@!/'252!`$#$!82$)!+*!$.+#'E+!
*J&$E+2,!`7%E7!`$#$! :8#+7$#! 2$?'#'+$)!JA!/'.%/'! :%4)%4@!'4)! #$@%*4! @#*`%4@<!;A!?'#+%E1$! '4'1A2%2,!
+7*2$!*J&$E+2!+7'+!)%)!4*+!E*/?1A!`%+7!82$#!)$:%4$)!48E1$'#!27'?$!E#%+$#%'!T2%K$!'4)!E%#E81'#%+AU!`$#$!
#$/*D$)<! "%4'11A,! E*1*E'1%K'+%*4! `'2! )$+$#/%4$)! JA! 2E*#%4@,! ?$#! *J&$E+,! +7$! '/*84+! *:! *D$#1'?!
J$+`$$4!+7$!J%4'#%K$)!'4)!E*)$)!D$#2%*42!*:!+7$!+`*!E7'44$12<!bJ&$E+2!%4!+7$!:%#2+!E7'44$1!`$#$!E*)$)!
`%+7!+7$!48/J$#! ,!*J&$E+2!%4!+7$!2$E*4)!E7'44$1!`$#$!E*)$)!`%+7!+7$!48/J$#!=,!'4)!2*!*D$#1'??%4@!
#$@%*42!7'D$!E*)$!><!H%@4'12!`$#$!2'%)!+*!E*1*E'1%K$!:*#!'!@%D$4!ab3,!`7$4!+7$!48/J$#!*:!*D$#1'??%4@!
?%.$12!TE*)$!>U!`'2!1'#@$#!+7'4!NPl!*:!+7$!+*+'1!48/J$#!*:!?%.$12!*:!+7$!*J&$E+!*:!%4+$#$2+<!"%4'11A,!+7$!
#'`! *8+?8+! `'2! D%28'11A! D$#%:%$)! '4),! %:! 4$E$22'#A! T$<@<! %4! 2?'+%'11A! #$2+#%E+$)! K*4$2! *:! 7%@7!
'8+*:18*#$2E$4E$U,! E*##$E+$)! 82%4@! '! )$)%E'+$)! ab3! E*##$E+%*4i)$1$+%*4! +**1<! ^7$! `*#5:1*`! *:! +7$!
*J&$E+GJ'2$)! E*1*E'1%K'+%*4! '4'1A2%2! %2! 28//'#%K$)! %4! "%@8#$!  <! ^7$! E*)$! %2! :#$$1A! 'D'%1'J1$! '+! +7$!
:*11*`%4@! CaMR! 7++?Rii```<1%/%)<8@$4+<J$i2*:+`'#$<7+/<! ¥+! 1$'2+! W! %4)%D%)8'12! `$#$! '4'1A2$)! ?$#!
E*4)%+%*4! T4pWGYU<! "*#! D'1%)'+%*4,! +7$! *J&$E+GJ'2$)! '4'1A2%2! `'2! E*/?'#$)! +*! %4+$42%+AGJ'2$)!
E*1*E'1%K'+%*4!/$+7*)2!82%4@!Q$'#2*4!*#!-'4)$#2!E*$::%E%$4+2! T;*1+$!'4)!]*#)$1%$#$2,!=PPV[-'4)$#2!
0-"'#!,! OO=U<!!

C@G@)*/"/&#/&4"2)?'"27#&#)
^7$! 2+'+%2+%E'1! '4'1A2%2! `'2! )*4$! 82%4@! H+'+%2+%E'! Y! TH+'+H*:+! j8#*?$! B/J9,! 9'/J8#@,! B$#/'4AU<!
F*#/'1%+A! '4)! 7*/*@$4$%+A! *:! D'#%'4E$2! `$#$! +$2+$)! 82%4@! '! L*1/*@*#*DGH/%#4*D! +$2+! '4)! '!
M$D$4$q2! +$2+,! #$2?$E+%D$1A<! ]1)CS! )'+'! T'J2*18+$! 48/J$#2U! `$#$! 2_8'#$! #**+! +#'42:*#/$),! ?#%*#! +*!
'4'1A2%2<!Q#*?*#+%*42!*:!]1)CS!i3)CS!E$112!`$#$!:%#2+!2_8'#$!#**+!'4)!+7$4!'#E2%482!+#'42:*#/$)!TH*5'1!
'4)! a*71:,!  OONU<! ^7$! *J+'%4$)! )'+'! `$#$! '4'1AK$)! JA! /$'42! *:! *4$G`'A! '4'1A2%2! *:! D'#%'4E$!
T¥Fb(¥U,!:*11*`$)!JA!'!?*2+G7*E!;*4:$##*4%!+$2+<!M%4$'#!#$@#$22%*4!'4'1A2%2!`'2!?$#:*#/$)!*4!+7$!
%4)%D%)8'1!2'/?1$2!'22'A$)!'+!P!7,! !7,!=!7,!W!7,!'4)!V!7,!82%4@!+7$!?#*?*#+%*4!*:!)*8J1$!1'J$11$)!E$112!
'4)!+7$!E7'2$!+%/$!)8#'+%*4!'2!%4)$?$4)$4+!'4)!)$?$4)$4+!D'#%'J1$,!#$2?$E+%D$1A<!
6'+'! +7'+! )%)! 4*+! /$$+! +7$! '228/?+%*4! :*#! 7*/*@$4$%+A! *:! D'#%'4E$2! `$#$! '4'1AK$)! 82%4@! '! 4*4G
?'#'/$+#%E!-'44G07%+4$A!C!+$2+!T?'%#!`%2$!E*/?'#%2*4!J$+`$$4!7*/$*2+'2%2!'4)!#$@$4$#'+%*4U<!
!

E@)H!#$2/#)

E@;@)I"2&."/&0')01)/-!)40204"2&:"/&0')"'"27#&#)
"%#2+,!+7$!E*1*E'1%K'+%*4!'4'1A2%2!`'2!D'1%)'+$)!*4!'!48/J$#!*:!E*4+#*1!%/'@$2,!%4E18)%4@!2%4@1$G?812$)!
2'/?1$2!'2!`$11!'2!2%/81+'4$*821A! )*8J1$G?812$)!2'/?1$2<!¥!E*/?'#%2*4!`'2!/')$!`%+7! +7$! +A?%E'1!
E*1*E'1%K'+%*4!/$+#%E2!Q$'#2*4!E*##$1'+%*4!E*$::%E%$4+!'4)!-'4)$#2!E*$::%E%$4+2<!07%1$!*4!'D$#'@$,!+7$!
Q$'#2*4!E*##$1'+%*4!E*$::%E%$4+!`'2!E1*2$!+*!P!%4!2%4@1$!2+'%4$)!2'/?1$2!'4)!#$1'+%D$1A!7%@7!:*#!)*8J1$!
2+'%4$)! 2'/?1$2! TP<XU,! +7$! D'18$2! :*#! +7$!-'4)$#2! E*$::%E%$4+2!`$#$! 4*+! 2+#'%@7+:*#`'#)! T^'J1$!W< U<!
^7%2! %2! ?1'82%J1A! )8$! +*! +7$! ?#$2$4E$! *:! '8+*:18*#$2E$4+! E*/?*4$4+2,! `7%E7! E'44*+! J$! #$/*D$)! %4!
E1'22%E'1!%4+$42%+AGJ'2$)!'4'1A2$2<!-*#$*D$#,!4$%+7$#!+7$!Q$'#2*4!4*#!+7$!-'4)$#2!E*$::%E%$4+2!#$+8#4$)!
+7$!$.'E+!%4:*#/'+%*4!+7'+!`'2!#$_8%#$),!4'/$1A!+7$!48/J$#!*:!)*8J1$!?*2%+%D$!48E1$%,!#$1'+%D$!+*!+7$!
+*+'1!48/J$#!*:!1'J$11$)!48E1$%<!^7$!*J&$E+GJ'2$)!/$+7*)!$::$E+%D$1A!2$@/$4+2!*41A!+7*2$!*J&$E+2!+7'+!
E*/?1A!`%+7!+7$!48E1$'#!27'?$!#$_8%#$/$4+2!'4)!'EE*#)%4@1A!?#*D%)$)!+7$!4$E$22'#A!*8+?8+<!C2%4@!+7%2!
/$+7*),! 'D$#'@$! E*1*E'1%K'+%*4! D'18$2! *:! Pl! %4! 2%4@1$G?812$)! 2'/?1$2! '4)! O=l! %4! )*8J1$G?812$)!
2'/?1$2!`$#$!*J+'%4$)<!]*/?'#%2*4!*:!+7$!#'`!*8+?8+!`%+7!D'18$2!':+$#!/'48'1!E*##$E+%*4!T^'J1$!W< U!
27*`2! +7'+! +7$! )%::$#$4E$2! '#$! 4$@1%@%J1$! '4)! %4)%E'+$2! +7'+! +7$! :'12$G4$@'+%D$! #'+$! %4! )*8J1$! 2+'%4$)!
2'/?1$2!`'2!4*+!)8$!+*!'4'1A+%E'1!$##*#2!J8+!#'+7$#!+*!1'J$11%4@!%4$::%E%$4E%$2<!!

Winnok H. De Vos
individual organisms

Winnok H. De Vos


Winnok H. De Vos


Winnok H. De Vos




N!
!

!

E@A@)*+,-"#!).$%"/&0').$%&'()-03!0#/"#&#)
^7$!^2!*:!4$*J1'2+2!`'2!)$+$#/%4$)!JA!?$#:*#/%4@!2$_8$4+%'1!?812$2!`%+7!+7$!+7A/%)%4$!'4'1*@2!]1)C!
'4)!3)C,!2$?'#'+$)!JA!D'#A%4@!E7'2$!+%/$2!%4!E*1E7%E%4$GE*4+'%4%4@!/$)%8/<!Q#%*#!+*!?$#:*#/%4@!+7$2$!
$.?$#%/$4+2,! +7#$$!E*4E$4+#'+%*42!*:!E*1E7%E%4$!TP<PP l,!P<PPNl,!'4)!P<P PlU!`$#$! +$2+$)!:*#! +7$%#!
$::%E%$4EA! '4)! +*.%E%+A! %4! !" #$%&'&(7" JA! '4'1AK%4@! +7$! 'EE8/81'+%*4! *:! /%+*+%E! E$112<! "*#! $'E7!
E*4E$4+#'+%*4,!+7$!48/J$#!*:!'4+%G?7*2G9>!1'J$1$)!E$112!`'2!_8'4+%:%$),!':+$#!'4!%4E8J'+%*4!?$#%*)!*:!
>7,!=W7,!WX7,!'4)!V)!T28??1$/$4+'#A!"%@8#$!H U<!^7$!/$)%'4!E*4E$4+#'+%*4!TP<PPNlU!)$/*42+#'+$)!'!
:'2+$#! '4)! /*#$! $::%E%$4+! J1*E5%4@! ':+$#! 27*#+! %4E8J'+%*42,! `7%1$! 4*! +*.%E! $::$E+! `'2! *JD%*82! :*#!
%4E8J'+%*42!8?!+*!WX7<!^7$!7%@7$2+!E*4E$4+#'+%*4!*4!+7$!*+7$#!7'4),!)$/*42+#'+$)!+*.%E!$::$E+!':+$#!=W!
7! *:! %4E8J'+%*4<! 34! E*4E182%*4,! +7$! 82$! *:! '! P<PPNl! 2*18+%*4! *:! E*1E7%E%4$! )$/*42+#'+$)! +7$! J$2+!
J'1'4E$!J$+`$$4!$::%E%$4EA!*:!J1*E5%4@!E$112!%4!-G?7'2$!*4!*4$!7'4),!'4)!4*!)#'/'+%E!+*.%E!$::$E+!:*#!
$.?*28#$2!8?!+*!WX!7<!9$4E$,!+7%2!E*4E$4+#'+%*4!`'2!82$)!:*#!:8#+7$#!$.?$#%/$4+2<!
!
^*!$2+%/'+$! +7$!^2!*:!4$*J1'2+2,!')81+2!`$#$!?812$)!:*#!>P!/%48+$2!`%+7!]1)C,!E7'2$)! %4!]1)CG:#$$,!
E*1E7%E%4$GE*4+'%4%4@!/$)%8/,! '4)! 28J2$_8$4+1A! ?812$)! :*#! >P!/%48+$2! `%+7! 3)C<! 34)%D%)8'12! `$#$!
+7$4!:%.$)!'4)!J*+7!'4'1*@2!`$#$!D%28'1%K$)!JA!)*8J1$! %//84*:18*#$2E$4E$!1'J$11%4@<!"%#2+,!'J2*18+$!
48/J$#2! *:! ]1)CSi3)CS,! ]1)CSi3)CG,! '4)! ]1)CGi3)CS! 48E1$%! `$#$! _8'4+%:%$)! T2$$! 28??1$/$4+'#A!
"%@8#$! H='U,! 82%4@! +7$! ':*#$/$4+%*4$)! *J&$E+GJ'2$)! E*1*E'1%K'+%*4! '4'1A2%2<! ^7$! 48/J$#! *:! ]1)CS!
E$112! #$/'%4$)!'+! '! E*42+'4+! 1$D$1! 8?! +*!V! 7! E7'2$! T*4$G`'A!¥Fb(¥,!?rP<PNU<!¥:+$#! =!7! E7'2$,! '!
/'#@%4'11A! 2%@4%:%E'4+! %4E#$'2$! T*4$G`'A! ¥Fb(¥,! ?pP<PWVU! `'2! *J2$#D$)! %4! +7$! +*+'1! '/*84+! *:!
]1)CS! E$112! T2%4@1$! '4)! )*8J1$! 1'J$11$)U<! ¥:+$#! =W! 7! E7'2$,! '! 7%@71A! 2%@4%:%E'4+! %4E#$'2$! T*4$G`'A!
¥Fb(¥!,!?sP<P U!`'2!/$'28#$)! %4!+7$!48/J$#!*:!]1)CS!E$112<!^7%2! %4E#$'2$!E'4!J$!$.?1'%4$)!JA!'!
2/'11!?#*?*#+%*4!*:!E$112!+7'+!`$#$!84'::$E+$)!JA!+7$!E*1E7%E%4$!'4)!`$#$!'J1$!+*!)%D%)$<!
H$E*4),! +7$! ?#*?*#+%*4! *:!]1)CSi3)CS! 4$*J1'2+2!`'2! )$+$#/%4$)! JA! +7$! #'+%*! *:!]1)CSi3)CS! 48E1$%!
*D$#!+7$!+*+'1!'/*84+!*:!]1)CS!48E1$%!TJ*+7!2%4@1$G!'4)!)*8J1$G1'J$11$)U<!34!+7%2!?'#')%@/,!48E1$%!:#*/!
E$112!+7'+!7'D$!$.%+$)!HG?7'2$,!)8#%4@!*#!':+$#!+7$!:%#2+!?812$,!`%11!J$!]1)CSi3)CG!T"%@8#$!='U<!^7$!E7'2$!
+%/$! ':+$#! `7%E7! '11! ]1)CG1'J$11$)! E$112! ]1)CSi3)CG! E*##$2?*4)2! +*! +7$! /'.%/'1! ^2<! ^7$! /$'4!
?#*?*#+%*4!*:!]1)CSi3)CS!4$*J1'2+!48E1$%!`'2!_8'4+%:%$)! %4! %4)%D%)8'1!*#@'4%2/2!T+7$!#$@%*4!'4+$#%*#!
'4)!?*2+$#%*#!*:!+7$!@*4')2U!':+$#!E7'2$!+%/$2!*:!P!7,! !7,!=!7,!W!7,!V!7,! =!7,!=W!7,!'4)!WX!7!T"%@8#$!=JG
EU<!¥4!%4%+%'1!:'2+!)$E#$'2$!%4!+7$!?#*?*#+%*4!*:!)*8J1$G1'J$11$)!48E1$%!`'2!*J2$#D$)<!¥:+$#!P!7!E7'2$,!
OWl!Tt>,!4pNU!]1)CSi3)CS!48E1$%!`$#$!_8'4+%:%$)<!¥:+$#! !7!E7'2$,!XX<=Vl!Tt=< ,!4pWU!)*8J1$!1'J$1$)!
48E1$%!`$#$!?#$2$4+,! '4)!':+$#!=! 7! E7'2$,! +7%2! 48/J$#!7')!)$E#$'2$)! 2%@4%:%E'4+1A! +*!VOl! TtV,! 4pN[!
*4$G`'A!¥Fb(¥,!?pP<PP=U<!^7$!:'2+! #'+$!JA!`7%E7! +7$!?#*?*#+%*4!*:!]1)CSi3)CS!E$112! )%/%4%27$),!
`'2!E*4+%48$)!:*#!E7'2$!+%/$2!8?!+*! =!7R!W!7,!V!7,!'4)! =!7!#$281+$)!%4!?#*?*#+%*42!*:!VWl!Tt>,!4pNU,!
NPl!Tt>,!4pYU,!'4)!= l!TtY,!4pWU,!#$2?$E+%D$1A<!"*#!E7'2$!+%/$2!1*4@$#!+7'4! =!7*8#2,!+7$!48/J$#!*:!
)*8J1$G?*2%+%D$!48E1$%!:8#+7$#!)$E#$'2$),!'1J$%+!'+!'!21*`$#!#'+$<!¥!E7'2$!*:!=W!7!'4)!WX!7!#$281+$)!%4!'!
?#*?*#+%*4!*:! Wl!TtW,!4pNU!'4)!>l!Tt ,!4pNU!]1)CSi3)CS!E$112,! #$2?$E+%D$1A<!^7$!?#$2$4E$!*:! +7%2!
2$E*4)!?7'2$! %4! +7$! @#'?7! %2!/*2+! 1%5$1A! 1%45$)! +*! +7$! %4E#$'2$! %4! +*+'1! 48/J$#!*:!]1)CS! E$112! T2$$!
)%2E822%*4U<! ^7$#$:*#$,! :*#! $2+%/'+%*4! *:! ^2,! *41A! #$281+2! 8?! +*! V! 7! E7'2$! `$#$! +'5$4! %4+*! 'EE*84+<!
^7$2$!+%/$!?*%4+2!TP!7,! !7,!=!7,!W!7,!'4)!V!7U!`$#$!82$)!%4!'!#$@#$22%*4!'4'1A2%2<!^7$!%4+$#2$E+%*4!*:!
+7%2!+#$4)1%4$!TaupP<O>U!`%+7!+7$!vG'.%2!`'2!82$)!'2!'!/$'28#$!:*#!+7$!)8#'+%*4!*:!HG?7'2$!T"%@8#$!=)U<!
9$#$!'!)8#'+%*4!*:! =<Y!7*8#2!`'2!/$'28#$)<!)
)

E@C@)*+,-"#!).$%"/&0').$%&'()%!(!'!%"/&0')
Q#$D%*821A,!'/?8+'+%*4!*:!+7$!#*2+#8/!%4! !"#$%&'&(!7'2!J$$4!27*`4!+*!E'82$!'4!%//$)%'+$!%4E#$'2$!%4!
+7$! 48/J$#! *:! HG?7'2$! E$112! ':+$#! '/?8+'+%*4<! ^7%#+A! /%48+$2! ':+$#! '/?8+'+%*4,! +7%2! 48/J$#! 7')!
'1#$')A!#%2$4!JA!=Xl,!)$/*42+#'+%4@!+7'+!'!2%@4%:%E'4+!'/*84+!*:!E$112!`$#$!%4)8E$)!+*!$4+$#!HG?7'2$!
)8$!+*!'/?8+'+%*4!T($#)**)+!0-"'#!,!=P ='U<!^7$#$:*#$,!%4!+7%2!2+8)A,!E$112!+7'+!`$#$!%4!HG?7'2$!)8#%4@!
+7$! >PG/%48+$! +%/$! %4+$#D'1! ':+$#! '/?8+'+%*4,! `$#$! :*11*`$)! '2! +7$A! ?#*@#$22$)! +7#*8@7! +7$! 6F¥!
2A4+7$2%2!?7'2$<!^*!+7%2!$4),!%4)%D%)8'12!`$#$!'/?8+'+$)!'+!+7$!1$D$1!'4+$#%*#!+*!+7$!J#'%4!T"%@8#$!>',!
8??$#!?'4$1U,!':+$#!`7%E7! +7$!2'/$!$.?$#%/$4+'1!2$+G8?!`'2!82$)!'2!:*#! +7$!7*/$*2+'2%2! $.?$#%/$4+!

Winnok H. De Vos
observed

Winnok H. De Vos
a

Winnok H. De Vos


Winnok H. De Vos


Winnok H. De Vos
may have been

Winnok H. De Vos


Winnok H. De Vos
still

Winnok H. De Vos


Winnok H. De Vos
with

Winnok H. De Vos


Winnok H. De Vos


Winnok H. De Vos


Winnok H. De Vos


Winnok H. De Vos


Winnok H. De Vos
a region

Winnok H. De Vos




V!
!

T"%@8#$!>',!1*`$#!?'4$1U<!H8J2$_8$4+1A,!]1)C!'4)!3)C!`$#$!D%28'1%K$)!T"%@8#$!>EU!'4)!+7$!?#*?*#+%*4!
*:!]1)CSi3)CS!4$*J1'2+2!`'2!)$+$#/%4$)!T"%@8#$!>J,!:*#!'J2*18+$!48/J$#2!2$$!28??1$/$4+'#A!"%@8#$!
H=JU<! H%/%1'#! +*! +7$! #$281+2! *J2$#D$)! )8#%4@! 7*/$*2+'2%2,! +7$! ?#*?*#+%*4! *:! )*8J1$G1'J$1$)! 48E1$%!
)$E#$'2$)!#'?%)1A!:*#!E7'2$2!8?!+*! =!7*8#2<!¥:+$#!P!7,!=!7,!W!7,!'4)! =!7!E7'2$,!'!?#*?*#+%*4!*:!XWl!
TtP<P>,! 4pWU,! Y>l! TtP<PX,! 4pWU,! NYl! TtP<P>,! 4pNU,! '4)! =Wl! TtP<P>,! 4pWU! `'2! _8'4+%:%$),!
#$2?$E+%D$1A<! M*4@$#! E7'2$! +%/$2! )$/*42+#'+$)! '! 21*`$#! )$E#$'2$! *:! +7$! ?#*?*#+%*4! *:! ]1)CSi3)CS!
E$112R! =W! 7! '4)! WX! 7! E7'2$! #$281+$)! %4! Xl! Tt=,! 4pNU! '4)!   l! Tt>,! 4pWU! )*8J1$G1'J$11$)! E$112,!
#$2?$E+%D$1A<!!!
a$281+2! *J+'%4$)! :#*/! #$@$4$#'+%4@! %4)%D%)8'12! `$#$! E*/?'#$)! `%+7! E*##$2?*4)%4@! E7'2$! +%/$!
)8#'+%*42!:#*/!+7$!7*/$*2+'2%2!$.?$#%/$4+<!F*!2%@4%:%E'4+!)%::$#$4E$2!`$#$!:*84)!T-'44G07%+4$A!C,!
?rP<PNU,!$.E$?+!:*#!WX!7!E7'2$!T?pP<P>U<!^7$2$!#$281+2!%4)%E'+$)!+7'+!'/?8+'+%*4!*:!+7$!#*2+#8/!)%)!4*+!
#$281+!%4!'4!'EE$1$#'+%*4!*:!+7$!HG?7'2$!)8#%4@!$'#1A!#$@$4$#'+%*4<!!

F@)J&#4$##&0')
34! +7%2! 2+8)A,! +7$! HG?7'2$! *:! EAE1%4@! 4$*J1'2+2! `'2! 2+8)%$)! %4! !" #$%&'&(! JA! /$'42! *:! '! )*8J1$!
1'J$11%4@! +$E74%_8$!82%4@! +`*! )%::$#$4+! +7A/%)%4$!'4'1*@2! T]1)C!'4)! 3)CU!'4)! +7$!/%+*+%E!J1*E5%4@!
'@$4+!E*1E7%E%4$<!]*1E7%E%4$!`'2!82$)!+*!?#$D$4+!1'J$11$)!E$112!:#*/!)%D%)%4@!'4)!$4+$#%4@!+7$!HG?7'2$!
*:! '! 28J2$_8$4+! EAE1$<! ^7$! 4$E$22%+A! *:! J1*E5%4@! +7$! E$11! EAE1$! *:! 1'J$11$)! E$112! %2! %4)%E'+$)! JA!
?#$D%*82!2+8)%$2,!)$/*42+#'+%4@!+7'+!T U!4$*J1'2+2!EAE1$!'2A4E7#*4*821A,!'4)!+7'+!T=U!28J?*?81'+%*42!*:!
4$*J1'2+2! $.%2+! `%+7! )%::$#$4+! E$11! EAE1$! 5%4$+%E2! TM')8#4$#! 0-" '#!,! =PPXU<! B%D$4! +7'+! EAE1%4@! *:!
4$*J1'2+2!%2!4*+!2A4E7#*4%K$),!E$112!+7'+!%4E*#?*#'+$!]1)C!)8#%4@!+7$!:%#2+!?812$!'#$!'+!)%::$#$4+!2+'@$2!
*:!+7$!HG?7'2$<!H%4E$!^E!%2!8454*`4!%4! !"#$%&'&(,!]1)CS!E$112!@*%4@!+7#*8@7!/%+*2%2!`7%1$!*+7$#2!'#$!
2+%11!%4!HG?7'2$!%2!'!?*22%J%1%+A!+7'+!27*81)!J$!+'5$4!%4+*!'EE*84+<!"8#+7$#/*#$,!)%D$#2$!E$11!5%4$+%E2!%4!
28J?*?81'+%*42!*:!4$*J1'2+2!7'D$!J$$4!27*`4!JA!F%/$+7!$+!'1<!T=PPYU<!34!+7%2!2+8)A!+7$!?#$2$4E$!*:!'!
2/'11!?#*?*#+%*4!*:!:'2+GEAE1%4@!4$*J1'2+2!`'2!*J2$#D$),!`7%E7!E'4!+#'D$#2$!:#*/!+7$!J$@%44%4@!*:!HG
?7'2$,! +7#*8@7! B=G?7'2$,! '4)! %4+*! -G?7'2$! %4! /$#$1A! +`*! 7*8#2<! b4! +7$! *+7$#! 7'4),! +7$! /'%4!
?*?81'+%*4!*:!4$*J1'2+2!`'2!*J2$#D$)!+*!EAE1$!/8E7!21*`$#!'4)!4$$)$)!:*8#!7*8#2!+*!/$#$1A!+#'D$#2$!
+7$!B=G?7'2$<!^7$2$! )%D$#2$! 5%4$+%E2! 28@@$2+! +7'+! :'2+GEAE1%4@!]1)CS!E$112! E*81)! '1#$')A!@*! +7#*8@7!
/%+*2%2!'4)!$D$4!$4+$#!'!4$`!HG?7'2$,!`7%1$!21*`$#!EAE1%4@!]1)CS!E$112!7'D$!4*+!A$+!1$:+!+7$!%4%+%'1!HG
?7'2$<!;*+7!?#*E$22$2!'::$E+!+7$!21*?$!*:!]1)CSi3)CS!E$112!%4!+7'+!E$11!)%D%2%*4!'::$E+2!+7$!+*+'1!48/J$#!
*:!]1)CS!E$112,!'4)!$4+#'4E$!%4+*!'!4$`!#*84)!*:!6F¥G#$?1%E'+%*4!#$281+2!%4!3)CG8?+'5$<!^7$#$:*#$,!%4!
*#)$#!+*!'4'1A2$!+7$!)8#'+%*4!*:!+7$!HG?7'2$,!%+!%2!4$E$22'#A!+*!J1*E5!E$112!%4!/$+'?7'2$<!;A!E*/?'#%4@!
)%::$#$4+! E*4E$4+#'+%*42,! +7$! P<PPNl! E*1E7%E%4$! 2*18+%*4! )$/*42+#'+$)! '! @**)! J'1'4E$! J$+`$$4!
$::%E%$4EA!*:!J1*E5%4@!E$112!%4!/$+'?7'2$!*4!*4$!7'4),!'4)!$.?$#%$4E%4@!4*!)#'/'+%E!+*.%E!$::$E+2!:*#!
$.?*28#$2! 8?! +*! WX7! TH8??1$/$4+'#A! "%@8#$!H U<! ^7%2! E*4E$4+#'+%*4! %2! 'EE$?+'J1$,! '2! %+! 27*81)! 4*+!
%4+$#:$#$!`%+7!#$@81'#!E$11!EAE1$!?#*@#$22%*4<!34)$$),!'+!E*4E$4+#'+%*42!#'4@%4@!:#*/!P<PPP=l!+*!P<=l,!
E*1E7%E%4$!7'2!J$$4!#$?*#+$)! +*!7'D$!4*!/$'28#'J1$! $::$E+!*4! +7$!#'+$!*:!6F¥!2A4+7$2%2,! 4*#!*4! +7$!
#'+$! *:! ?#*@#$22%*4! +*!-G?7'2$! %4! ?1'4+! E$112,! '4)! 78/'4! E$112! %4! E81+8#$! T^'A1*#,!  OVN[;*#%2A! '4)!
^'A1*#,! OVY[(%11$/*4+!0-"'#!,! OOYU<!"8#+7$#/*#$,!%4! !"#$%&'&(!E*1E7%E%4$!TP<PPNlU!7'2!J$$4!27*`4!
+*!7'D$!4*!$::$E+!*4!+7$!?#*@#$22%*4!*:!EAE1%4@!4$*J1'2+2!+7#*8@7!HG?7'2$<!^7%2!`'2!)$/*42+#'+$)!JA!
2%/%1'#! #'+$2! *:! E$112! EAE1%4@! :#*/!HG?7'2$! +*!-G?7'2$! %4! J*+7! E*1E7%E%4$G+#$'+$)! '4%/'12! '4)! 4*4G
+#$'+$)!'4%/'12!TF%/$+7!0-"'#!,!=PPWU<!!
^*! )$+$#/%4$!^2,! +7$! 48/J$#! *:! )*8J1$G1'J$11$)! E$112!`'2! 2E*#$)! %4! '! ?812$! E7'2$! $.?$#%/$4+! `%+7!
%4E#$'2%4@! E7'2$! +%/$2<! 68$! +*! +7$! 1*E'1%K$)! 4'+8#$! *:! +7$! :18*#$2E$4+! 2%@4'12! T48E1$%U! '4)! D'#%'J1$!
1$D$12! *:! '8+*:18*#$2E$4E$,! 2+'4)'#)! %4+$42%+AGJ'2$)! E*1*E'1%K'+%*4! '4'1A2$2! E*81)! 4*+! J$! '??1%$)! +*!
'EE8#'+$1A!)$+$#/%4$! +7$! E*1*E'1%K'+%*4<!-*#$*D$#,!/*2+! E1'22%E'1! '4'1A2$2! :'%1! +*! #$+8#4! +7$! )$2%#$)!
_8'4+%+'+%D$! %4:*#/'+%*4,! %<$<! '! 48/J$#! *:! )*8J1$G?*2%+%D$! 48E1$%<! 9$4E$,! '4! *J&$E+GJ'2$)!
E*1*E'1%K'+%*4! '??#*'E7! `'2! )$D%2$)! +*! 2E*#$! +7$! #$1'+%D$! 48/J$#! *:! )*8J1$G?*2%+%D$! E$112! `%+7%4! '!
2'/?1$<! ^7%2! /$+7*),! `7%E7! %2! J'2$)! *4! 2E*#%4@! +7$! *D$#1'?! J$+`$$4! +7$! 2$@/$4+$)! '4)! J%4'#%K$)!
48E1$'#!ab32!*:!J*+7!E7'44$12,!?#*D$)!#*J82+!'4)!#$1%'J1$,!'2!)$/*42+#'+$)!%4!J*+7!2%4@1$G!'4)!)*8J1$G
1'J$11$)! E*4+#*1! %/'@$2<! 0%+7! /%4*#! /*)%:%E'+%*42,! +7%2! /$+7*)! 27*81)! J$! '??1%E'J1$! +*! D'#%*82!
J%*1*@%E'1!%/'@$!)'+'G2$+2<!^7#*8@7!+7$!/*)%:%E'+%*4!*:!+7$!?'#'/$+$#2,!28E7!'2!+7$!)$@#$$!*:!*D$#1'?,!
+7$!'4'1A2%2!27*81)!'12*!J$!'J1$!+*!)$'1!`%+7!)%::$#$4E$2!%4!1'J$11%4@!$::%E%$4EA<!

Winnok H. De Vos
Maybe you should mention that there is a small risk of incomplete blocking as shown by your results
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