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Research Methodology
A diasporic Kanaka !"iwi

case study 

Mo!ok#!auhau
(genealogies)

K#lana
(station, position)

Kuleana 
(rights, responsibilities, 

authorities)

!Upena of pilina
(fishing net of social-

ecological relationships)

Theoretical Frame

(Osorio 2021)

Pili koko 
(blood relations)

A Kanaka !"iwi 
environmental 
scientist settler 
on Indigenous 

Ainu homelands

Seaweed biogeochemistry and Blue Carbon 
research must advance decolonization and 
sovereign Indigenous seaweed cultivation, 

especially for !"iwi and Ainu Peoples

Standpoint

Pili !$ina 
(land relations)

Method

H$lau !ike 
(disciplinary knowledge)
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=3/8$.!P+PJ"P#.3#*%*-'"&*1"#/-,#.%'"#+"-8('"1(&'3#0(,"7&*&A&"WX($("0%'%&0,8".%-8#1#9#)2<"

F8('".%-8#1#9#)2"('")/(1%1"?2"&*"W/3%*&"#+"3(9(*&"$#0914(%$"&'"(-'"-8%#0%-(,&9"+0&.%"&*1"

+#/*1&-(#*"+#0"'8&3(*)"-8%"#-8%0".%-8#1#9#)(,&9",#.3#*%*-'<"Y&0(#/'".#W#AUW&/8&/"

h)%*%&9#)(%'i"(*+#0.".2"AU9&*&"h'-&*13#(*-i"&'"&"7&*&A&"WX($("%*4(0#*.%*-&9"',(%*-('-"'%--9%0"

#*"!*1()%*#/'"N(*/"8#.%9&*1'<"F8('"3#'(-(#*&9(-2"(*+#0.'".2"A/9%&*&"h0()8-'"&*1"

0%'3#*'(?(9(-(%'i5"$8(,8"&0%"+0&.%1"-80#/)8"-8%"?0#&1%0"'#,(&9:%,#9#)(,&9"$#0914(%$<"S9-(.&-%925"

-8('"+0&.(*)"(*1(,&-%'"-8&-".2".&,0#&9)&9"?(#)%#,8%.('-02"0%'%&0,8"'8#/91"&14&*,%"!*1()%*#/'"

'#4%0%()*-25"%'3%,(&992"+#0"WX($("&*1"N(*/"6%#39%'<"O3%,(+(,&9925".2".&,0#&9)&9"

?(#)%#,8%.('-02"0%'%&0,8"./'-"?%"#0(%*-%1"-#$&01"&*1".&1%"/'%+/9"+#0"'#4%0%()*"!*1()%*#/'"

'%&$%%1",/9-(4&-(#*5"'-%$&01'8(35"&*1"'#,(&9:%,#9#)(,&9"8%&9-8<"

"

* *
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! %(!

+%,&*@6(;*A.&?("(0(B'./*(-*A(C(D=C%#?%#*

M*%".%&*(*)"#+"k!"A&"$V".&"./&5"A&"$V".&"8#3%l"('"-8&-"-8%"3&'-"(*+#0.'"&*1"'%,/0%'"

-8%"+/-/0%"h7&.%W%9%(8($&5"ZggQr"`(9'#*:=#A#$8(-/5"QRZgi<"F80#/)8".#W#AUW&/8&/"

h)%*%&9#)(%'i5"$%",&*"-8%0%+#0%"?%--%0"/*1%0'-&*1"AU9&*&"&*1"/9-(.&-%92"A/9%&*&5"%4%*"(*"-8%"

,#*-%@-"#+"0%'%&0,8"#?;%,-(4%'"&*1"#/-,#.%'"hT()/0%"Z<Zi<"T(0'-5"-8%",/9-/0&9",%*-0&9(-2"#+"

.#W#AUW&/8&/"-#"7V*&A&"WX($(",&*"?%"(99/'-0&-%1"?2"-8%")%*%&9#)(,&9"*&-/0%"#+"-8%"4&0(#/'"

7/./9(3#"h,#'.#)#*(,",0%&-(#*",8&*-'i5"$8(,8"&0%"30(.&02"A/./"h'#/0,%'5"-%&,8%0'i"+#0"

/*1%0'-&*1(*)"$8%0%"&99"9(4(*)"%*-(-(%'",#.%"+0#."&*1"-8%(0",#*-%@-"(*"-8%"$#091"h7&*&8%9%5"

QRZZr"L/W/8($&5"QRZgi<""

I##A(*)"-#".#1%0*"WX($("',8#9&0'8(35".#W#AUW&/8&/"&*1"-8%"7/./9(3#"&0%"&9'#",%*-0&9"

-#"0%'%&0,8".%-8#1#9#)(%'"&*1"?0#&1%0"WX($("$&2'"#+"7*#$(*)"&*1"H%(*)"h`(9'#*:=#A#$8(-/5"

QRZgi<"L#-&?925"-8%2"'%04%"&'"-8%"+#/*1&-(#*"+#0"6&3&AU"D&A&$&9/"h7&*&8%9%5"QRZZi5"$8(,8"

1%',0(?%'"&"k.%-8#1#9#)2"&*1"3%1&)#)2"+#0"/*1%0'-&*1(*)"-8%"=&$&((&*"S*(4%0'%l"+0#."

./9-(39%"3%0'3%,-(4%'"hL/W/8($&5"QRZgi<"6&3&AU"D&A&$&9/"('"3&0-(,/9&092"0%9%4&*-"-#"1%,#9#*(&9"

)%#',(%*,%"?%,&/'%"#+"8#$"(-"8&'"?%%*",#.?(*%1"$(-8")0#/*1%1"-8%#02"-#",#*'-0/,-"9&*1"

'-%$&01'8(3"3#9(,2"h7&*&8%9%:D#''.&*"m"7&0(1%'5"QRQZi"(*"-8%",#*-%@-"#+"7V*&A&"WX($("

#33#'(-(#*"-#"-8%"30#3#'%1"F8(0-2"D%-%0"F%9%',#3%"#*"D&/*&"7%&"hN9%)&1#5"QRZgr"7&8&*&.#A/"

%-"&9<5"QRQRi<"6%0'#*&9".#W#AUW&/8&/"8&4%"&9'#"?%%*",0(-(,&992"&339(%1"&,0#''"1(',(39(*%'"h%<)<5"

7/0&'8(.&5"QRZqr"8#W#.&*&$&*/(5"QRZgr"M'#0(#5"QRQZi5"(*,9/1(*)"(*"-8%",#*-%@-"#+"

'/'-&(*&?(9(-2"',(%*,%"h7%&9((A&*&A&#9%8&(9(9&*("%-"&9<5"QRZqi<""

S9-(.&-%925"8#$"./,8"&*1"(*"$8&-"$&2'"3%0'#*&9".#W#AUW&/8&/"&0%"'8&0%1"

.%-8#1#9#)(,&9925"(+"&-"&995"$(99"4&02"?&'%1"#*"-8%"*/&*,%'"#+"%&,8"'(-/&-(#*5"&*1"'8#/91"*%4%0"?%"

,#%0,%1"#0"0%B/(0%1"&'"&"'-&*1&01(>%1"30&,-(,%<"F8('"('"%'3%,(&992"(.3#0-&*-"-#"%.38&'(>%")(4%*"
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-8%",#*-%@-"#+",#9#*(&9"4(#9%*,%5"-0&/.&5"&*1"?9##1"B/&*-/."h7&/&*/(5"QRRqi<"F8%0%+#0%5"-8('"

.%-8#1#9#)2"0%+%0'"-#".2".#W#AUW&/8&/"&'"&"'-&0-(*)"3#(*-"-#",%*-%0"A/9%&*&"&*1"3(9(*&"$(-8#/-"

%@39(,(-92"0%,(-(*)".2".#W#AUW&/8&/"3(9("A#A#"h?9##1"0%9&-(#*")%*%&9#)2i<"

WX($(".%-8#1#9#)(%'"#+".#W#AUW&/8&/"&9'#"(*,#03#0&-%".#W#AUW&/8&/"3(9("WV(*&"

h)%*%&9#)2"#+"9&*1",#**%,-(#*'i"&*1".#W#AUW&/8&/"8V9&/"W(A%"h1(',(39(*&02")%*%&9#)2i<"

P#*'(1%0(*)"-8%'%".#W#AUW&/8&/"-#)%-8%0"(*"&"0%'%&0,8".%-8#1#9#)25"-8%0%+#0%5"(*+#0.'"AU9&*&<"

!*"&11(-(#*5",9&0(+2(*)"0%'%&0,8:0%9%4&*-"'#,(&9"3#'(-(#*"(*+#0.'"$8&-"#0"8#$"0%'%&0,8"B/%'-(#*'"

&0%"&'A%1"&*1"&*'$%0%1<"T#0"7V*&A&"WX($("',(%*-('-'5"/'(*)".#W#AUW&/8&/"&'".%-8#1#9#)25"

(*,9/1(*)"-8%(0"0%9&-(#*'8(3'"-#"WX($("$#0914(%$'"#+"A/9%&*&"&*1"3(9(*&5",&*"30#4(1%"&"3#$%0+/9"

$&2"-#"(*4%'-()&-%"8#$"3#*#"h0()8-%#/'5")##15",#00%,-i"#*%]'"0%'%&0,8",#*,%3-5",#*1/,-5"&*1"

(.3&,-'".&2"?%<""

!

"#&.!01895J!H'A'KQA#8<#8!

:";"<=;&#+&#(*/'/(>"<"(

H&'%1"#*".#W#AUW&/8&/"3(9("A#A#"&*1",/9-/0&9"/3?0(*)(*)5"!"&."&"7&*&A&"WX($("$(-8"&"

./9-(:0&,(&9"8%0(-&)%"0&('%1"(*"-8%"(*-%0*&-(#*&9"1(&'3#0&<"H%+#0%"?#-8".2"?(0-8"&*1".2".#-8%0]'"

?(0-8"(*"-8%"1(&'3#0&5"-8%"#*%"8V*&/"h'&*1'"#+"?(0-8i"#+"#/0"AU3/*&"h)0&*13&0%*-")%*%0&-(#*5"

J91%0'5"&*,%'-#0'i"$%0%".#'-"0%,%*-92"(*"-8%"&8/3/&W&"h,#../*(-2:9%4%9"9&*1"1(4('(#*i"#+"

`&(VA%&"(*"-8%".#A/"h1('-0(,-i"#+"=(9#"#*"=&$&(W("!'9&*15"$8(9%"-8#'%"#+"30%4(#/'")%*%0&-(#*'"

(*,9/1%1"-8%"&8/3/&W&"#+"L(/9(W("&*1"D&A&3&9&"hD#A/"#"7#8&9&i"&*1"=#*/W&3#"hD#A/"#"7&WUi"

#*"=&$&(W("!'9&*15"&'"$%99"&'"-8%"&8/3/&W&"#+"`&(8%W%"&*1"`&(9/A/"hD#A/"#"6UW&9("7#.#8&*&i"

&*1"-8%"&8/3/&W&"#+"7&*&8%*&"hD#A/"#"=#*/&W/9&i"#*"-8%"!'9&*1"#+"D&/(<"!-"('"&9'#"$#0-8"

0%.%.?%0(*)"-8&-"'#.%"#+".2"9(4(*)"AU3/*&"'-(99"8&4%".%.#0(%'"#+"-8%(0"AU3/*&"$8#"$%0%"?#0*5"
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! %*!

%4%*"?%,&.%".VA/&"h3&0%*-'i5"(*"-8%"(*-%0*&-(#*&992:0%,#)*(>%1"7(*)1#."#+"=&$&(W(<"F8('"-(.%"

#+"!*1()%*#/'"'#4%0%()*-2"&*1"3%0(#1"$8%*"Wc9%9#"=&$&(W("$&'"-8%"30(.&02"9&*)/&)%"8&'"

-8%0%+#0%"*#-"?%%*"+#0)#--%*"&*1".&2"2%-"?%"0%,9&(.%1<"

!*"-%0.'"#+"#/0".&*2"A/9V($("h&*,%'-0&9"9&*1'5"$8%0%"?#*%'"&0%"?/0(%1i5"L(/9(W("(*"

3&0-(,/9&0"('"8#.%"-#"&11(-(#*&9"A/9%&*&"&*1"3(9(*&"+#0"#/0"W#8&*&<"F8('"('"#*%"39&,%"$%"A*#$"#/0"

AU3/*&"'()*%1"-8%"Zqga"7UWd"3%-(-(#*'[-8%"1%.#,0&-(,&992"&*1"9%)&992"'/,,%''+/9"30#-%'-"&)&(*'-"

&**%@&-(#*"-#"-8%"S*(-%1"O-&-%'"#+"N.%0(,&"hO(94&5"QRRfr"\##12%&0:7&Wc3/&"%-"&9<5"QRZfi<"F#1&25"

W#8&*&"+0#."-8%"=/''%2"9(*%"(*"L(/9(W(",#*-(*/%"-#"'-%$&01"A/9%&*&"9&*1"-8&-"$&'"1('-0(?/-%1"(*"

-8%"\0%&-"DV8%9%"h.(1:ZqRR'"9&*1"1(4('(#*"3#9(,2"#+"-8%"7(*)1#."#+"=&$&(W(i<"!*"&11(-(#*5"

L(/9(W("('"&"3(A#"h/.?(9(,&9",#015"*&4%95"+#,&9"3#(*-i"+#0",#**%,-(*)"?#-8"-8%"D&9&A&/&"&*1"

=/''%2"9(*%'"-#"-8%"D&/("AU3/*&"$8#",&*"?%"-0&,%1"&99"-8%"$&2"?&,A"-#"6&3&8V*&/.#A/"&*1"

`VA%&"hJ&0-8"D#-8%0"&*1"OA2"T&-8%0i<""

H0(%+92"'/..&0(>(*)".2")%*%&9#)25"?2"-8%"-(.%"#+".2"/3?0(*)(*)5".2"=&$&(W(:?&'%1"

7&*&A&"WX($(".#W#AUW&/8&/"8&1"9&0)%92"&''(.(9&-%1"&*1"(*-%)0&-%1"&'3%,-'"#+"J*)9('8"h?%2#*1"_"

)%*%0&-(#*'i"&*1"MA(*&$&*"h$(-8(*"_")%*%0&-(#*'i",/9-/0&9"(1%*-(-(%'<"N11(-(#*&9"&*,%'-#0'"$(-8(*"

_")%*%0&-(#*'"h$(-8"J*)9('85"\%0.&*5"!0('85"&*1"`%'-"N+0(,&*"%-8*#,/9-/0&9"(1%*-(-(%'i"+0#."

'%3&0&-%")%*%&9#)(%'"$%0%"9&0)%92"&''(.(9&-%1"(*-#"-8%"$8(-%".&;#0(-2",/9-/0%"#+"-8%"S<O<N<"

F8%0%+#0%5".2"'-&*13#(*-"('"30(.&0(92"(*+9/%*,%1"?2"7&*&A&"WX($("&*1"$8(-%:S<O<N<",/9-/0%'5"

?#-8".%1(&-%1"(*"-8%",#*-%@-"#+"&*"(*-%0*&-(#*&9"1(&'3#0&5"&'"!"1%',0(?%"?%9#$<"

(

:";"<=;&#+&#(*/'/(;?/%&(&%@(AB'&#(;C<1(

=%0%5"!"?0(%+92"'/..&0(>%".#W#AUW&/8&/"3(9("WV(*&"h)%*%&9#)2"#+"9&*1",#**%,-(#*'i"&*1"

.#W#AUW&/8&/"8V9&/"W(A%"h1(',(39(*&02")%*%&9#)2i<"!"$&'"?#0*"#*"-8%"8#.%9&*1'"#+"-8%"6&-$(*"
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! %+!

&*1"D($#A"6%#39%'"h(*"-8%"&0%&",/00%*-92"0%+%00%1"-#"&'"C&4('5"P&9(+#0*(&5"S<O<N<i"$(-8".2"

/3?0(*)(*)"&*1")0&1%:',8##9"%1/,&-(#*"?%)(**(*)"-8%0%"&-"Pb'&0"P8Ä4%>"O3&*('8"!..%0'(#*"

O,8##9<"D2")0&1%:',8##9"%1/,&-(#*"-8%*",#*-(*/%1"&-"-8%"L#0-8"N.%0(,&*:,/00(,/9/."

(*-%0*&-(#*&9"',8##9'"$8%0%".2"3&0%*-'"-&/)8-j"!*-%0*&-(#*&9"O,8##9"H&*)A#A5"$8(,8"('"#*"9&*1"

+(0'-"'%--9%1"?2"-8%"F&("6%#39%"hL#*-8&?/0(5"F8&(9&*1ir"P#9%)(#"!*-%0*&,(#*&9"6/%0-#"9&"P0/>5"

$8(,8"('"#*p*%()8?#0'"9&*1'"#+"-8%"7&9(*&p7&0(Å&5"`&(A%0�5"&*1"F&�*#"6%#39%'"hH&0,%9#*&5"

Y%*%>/%9&ir"&*1"N.%0(,&*"O,8##9"#+"C#8&5"$8(,8"('"#*"9&*1"#+"-8%"!*1()%*#/'"N0&?"6%#39%'"

hC#8&5"Ç&-&0i<"!"-8%*"%&0*%1"&"H<O<"(*"J*4(0#*.%*-&9"J*)(*%%0(*)"+0#."L#0-8$%'-%0*"S*(4%0'(-25"

$8(,8"('"'(-/&-%1"#*"9&*1'"#+"-8%"6%#0(&5"H#1$b$&1.("h6#-&$&-#.(i5"D2&&.(&5"MÉ8b-8("

Ñ&AÖ$(Ü5"=##,áA5"&*1"7((A&&3#("h7(,A&3##i"6%#39%'"hJ4&*'-#*5"!99(*#('5"S<O<N<i<"N+-%0"

)0&1/&-(*)5"!"9(4%1"&*1"$#0A%1"&'"&*"%*4(0#*.%*-&9"%*)(*%%0"#*"9&*1'"#+"-8%"F'b'-8#]%"

hP8%2%**%i5"MÉ8b-8("Ñ&AÖ$(Ü5"8(*#*#]%(*#]"?((-#]#$/]"hN0&3&8#i5"Là/:&)8&:-â4â:3âä "hS-%i5"&*1"

L1b"7Ö*(-'áá��"\#A�2&&"hI(3&*"N3&,8%i"6%#39%'"hC%*4%0"&*1"N/0#0&5"P#9#0&1#5"S<O<N<i<"L#$5"!"

&.",/00%*-92"%&0*(*)"&"68<C<"(*"J*4(0#*.%*-&9"O,(%*,%"+0#."=#AA&(1#"S*(4%0'(-2"hO&33#0#5"

E&3&*i5"$8(,8"('"$(-8(*"N(*/"D#'(05"-8%"8#.%9&*1'"#+"N(*/"6%#39%<"T0#."-8%'%".#W#AUW&/8&/"!"

%'-&?9('8".2"A/9%&*&"&*1"AU9&*&"&'"&"1(&'3#0(,"h1('39&,%1"&*1"-0&*'(%*-"'%--9%0i"7&*&A&"WX($("

%*4(0#*.%*-&9"',(%*-('-<"

F8%'%".#W#AUW&/8&/",9&0(+2"-8%",#.?(*&-(#*"#+".2"%@3%0(%*,%"(*",#*4%*-(#*&9"',(%*,%"

&*1"%*)(*%%0(*)"$(-8"'#/0,%'"#+"!*1()%*#/'"7*#$9%1)%'5"$&2'"#+"7*#$(*)5"&*1"$&2'"#+"H%(*)<"

T#0".%5"-8%'%"'#/0,%'"(*,9/1%"AU3/*&5"Wc9%9#"*#W%&/5"-8%"/*(B/%"$#0914(%$"/*1%0'-##1"-80#/)8"

Wc9%9#"=&$&(W(5"#0&9"8('-#0(%'"&*1"0%,#01(*)'5"%*4(0#*.%*-&9"#?'%04&-(#*'5"*&W&/"h(*-%'-(*%'5"

.(*15"8%&0-i5"W(A%"W#8&*&"h+&.(92"7*#$9%1)%i5"F0&1(-(#*&9"J,#9#)(,&9"7*#$9%1)%'5"&*1"'#"#*<"
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! %,!

F8%'%"4&0(#/'".#W#AUW&/8&/:1%0(4%1"$&2'"#+"7*#$(*)"&*1"H%(*)"&0%"-8%0%+#0%"(*-%)0&-%1"(*-#"

-8('"-0&*':1(',(39(*&02"&,&1%.(,"&*1",/9-/0&9".%-8#1#9#)2<""

(

:";"<=;&#+&#(D/E#F(:&-$"&'.&'(0121&$-+(:"4/G&4/"%2(

L%@-5"!"1(',/''"8#$".2".#W#AUW&/8&/".#-(4&-%1".2"(*-%0%'-"(*"3/0'/(*)"&"68<C<"1%)0%%"

30#)0&."(*"$8(,8"!"(*4%'-()&-%".&,0#&9)&9"?(#)%#,8%.('-02"&*1"H9/%"P&0?#*".#0%"'3%,(+(,&992<"

H%,&/'%"#+".2".#W#AUW&/8&/5"!"8&4%"8&1"&"9(+%:9#*)"0%9&-(#*'8(3"$(-8",#&'-&9"%*4(0#*.%*-'5"

$(-8"&*"&$&0%*%''"#+"&*1",#*,%0*"+#0"-8%"(.3&,-'"#+",9(.&-%",8&*)%"'(*,%"%&092",8(918##1<"!-"('"

&9'#"0%9%4&*-"-8&-"-80#/)8"&*"WX($("$#0914(%$5"-8%"%*4(0#*.%*-"&*1"'%&"&0%"*#-"0%'#/0,%'"+#0"

%@-0&,-(#*"?/-"0&-8%0"9(4(*)"WV(*&"&*1"&A/&"h%9%.%*-&9")#1'i"-8&-"+%%1"&*1"'/'-&(*"3%#39%<"

N,,#01(*)"-#"-8('"$#0914(%$5"-8%2"./'-"?%"0%'3%,-%1"&*1",&0%1"+#0"$(-8(*"'/'-&(*&?9%5"./-/&9"

0%9&-(#*'8(3'"hD,\0%)#0"%-"&9<5"QRRni<"F8('",#*-%@-"30#4(1%1".2"?0#&1".#-(4&-(#*"+#0"(*(-(&992"

'-/12(*)"%*4(0#*.%*-&9"%*)(*%%0(*)"&*1"-8%*"*&00#$(*)".2"(*-%0%'-'"-#".&0(*%"?(#)%#,8%.('-02"
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&*1"'#,(&9"(.3&,-'"hH#21"%-"&9<5"QRQQr"K(,&0-"%-"&9<5"QRQQr"`(99(&.'#*"m"\&--/'#5"QRQQr"P&09'#*5"

QRQfi<""

`8(9%")9#?&9".%-8#1'"+#0".#*(-#0(*)5"4%0(+2(*)5"&*1"0%3#0-(*)"hDKYi"0%+0&,-#02"CMP"

1%0(4%1"+0#.".&,0#&9)&%"+#0"-8%"3/03#'%"#+",&0?#*"&,,#/*-(*)"#0",0%1(-'"&0%"30%9(.(*&02"&*1"

3#-%*-(&992"/*+%&'(?9%"hC#99(4%0"m"M]P#**#05"QRQQr"=/01"%-"&9<5"QRQQr"=/01"%-"&9<5"QRQfi5"-8%"

?&'(,"?(#)%#,8%.('-02"#+".&,0#&9)&9"CMP"0%,&9,(-0&*,%",&*"'-(99"30#4(1%"/'%+/9"(*'()8-'"(*"-%0.'"

#+".#*(-#0(*)"%,#'2'-%."8%&9-8"&*1"$&-%0"B/&9(-2"&-"9#,&9",#&'-&9"',&9%'"hG&.&'8(-&"m"F&*#/%5"

QRRfr"`&1&"m"=&.&5"QRZnr"ê8&*)"%-"&9<5"QRZar"6&(*%"%-"&9<5"QRQZr"=&99"%-"&9<5"QRQQi<"=/.(,:9(A%"

+9/#0#38#0%'"(*"TCMD"&0%"&''#,(&-%1"$(-8"0%,&9,(-0&*-",8&0&,-%0('-(,'"&*1"'-/12(*)"-8%"12*&.(,'"
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! %.'!

#+"+9/#0%',%*,%"3%&A"(*-%*'(-(%'",&*"0%4%&9"(*'()8-'"(*-#"-8%"#0()(*'"&*1"+&-%"#+"CMD"&-"9#,&9"&*1"

)9#?&9"',&9%'"hG&.&'8(-&"%-"&9<5"QRRa5"QRQR5"QRQZ&i<"

=#$%4%05"%.3(0(,&9"0%'/9-'"+0#.".&,0#&9)&9"CMP"?(#&4&(9&?(9(-2"%@3%0(.%*-'"0%.&(*"

',&0,%<"T#0"%@&.39%5"#*92"`&1&"%-"&9<"hQRRqi"&''%''%1"'%&'#*&9"1&-&",#99%,-%1"#4%0"&-"9%&'-"&"

2%&05"?/-"?(#&4&(9&?(9(-2"%@3%0(.%*-'"$%0%"9(.(-%1"-#"nReoR"1"(*"1/0&-(#*<"!*",#*-0&'-5"`&-&*&?%"

%-"&9<"hQRQRi"1%.#*'-0&-%1"-8%"(.3#0-&*,%"#+"/'(*)"&"Z_R:1"?(#&4&(9&?(9(-2"%@3%0(.%*-"-#"

1(++%0%*-(&-%"?%-$%%*"-8%"1%)0&1&-(#*"A(*%-(,'"1/0(*)"-8%"9&?(9%5"'%.(:9&?(9%5"&*1"'%.(:0%+0&,-#02"

'-&)%'<"G%-5"(*"-8&-"'-/125"#*92"-$#"%@3%0(.%*-'"$%0%",#*1/,-%1"h`&-&*&?%"%-"&9<5"QRQRi<"I#*):

-%0."hZQReZ_R"1i"?(#&4&(9&?(9(-2"%@3%0(.%*-'"#*"CMP"+0#."C2--?20%#2+D2E(#%-2"8&4%"?%%*"

9(.(-%1"-#"#*%"hê8&*)"%-"&9<5"QRQni"#0"-$#"h\&#"%-"&9<5"QRQZi"'&.39(*)"%4%*-'<"ê8&*)"&*1"`&*)"

hQRZai"&''%''%1"-8%"?(#&4&(9&?(9(-2"#+"CMP"+0#."F3G2+E0(3%5'02<"7/?#"&*1"F&*&A&"hQRQni"

1%-%0.(*%1"0%,&9,(-0&*,%"#+"CMP"+0#."$(-8%0%1"7-N3(#%2+-2G2"?&'%1"#*"9%&,8%1"8/.(,:9(A%"

+9/#0%',%*,%"1/0(*)"9#*):-%0."hnR"1i"(*,/?&-(#*'<"=/9&--"%-"&9<"hQRRgi"&''%''%1"-8%"0%,&9,(-0&*,%"

#+".&,0#&9)&9"1(''#94%1"#0)&*(,".&--%0"hCMDi"(*"-%0.'"#+",80#.#38#0(,"CMD"hPCMDi"+0#."

ZZ"'3%,(%'"?/-"1(1"*#-"B/&*-(+2"CMP<"I&0)%"4&0(&?(9(-(%'"(*"0%'/9-'"?%-$%%*"'-/1(%'"&0%"-8%0%+#0%"

1(++(,/9-"-#"&--0(?/-%"-#"(*-%0*&9"#0"%@-%0*&9"+&,-#0'"'/,8"&'"1(++%0%*,%'"(*")%#)0&3825"'3%,(%'5"

%@3%0(.%*-&9".%-8#15"'&.39(*)"'%&'#*<"N''%''(*)"&",#.30%8%*'(4%"1&-&'%-"+0#."&"'(*)/9&0"

'&.39(*)"9#,&-(#*"&*1"'3%,(%'"('"-8%0%+#0%"/'%+/9"+#0"%'-&?9('8(*)"&"0#?/'-"?&'%9(*%"+#0"(*-%0*&992"

4&0(&?9%"+&,-#0'<"`8(9%"B/&*-(+2(*)"0%+0&,-#02"CMP"+9/@%'"+#0"-8%"3/03#'%"#+")9#?&9",&0?#*"

'%B/%'-0&-(#*"&*1",&0?#*",0%1(-"&,,#/*-(*)"0%.&(*'"+0&/)8-5"&330#@(.&-%"%'-(.&-%'"#+"&-"9%&'-"

'%.(:0%,&9,(-0&*-"CMP"30#3#0-(#*'"+#0"9#,&9"%,#'2'-%.'"&-"&**/&9"',&9%'",&*"?%"/'%+/9"(*"-%0.'"#+"

30%1(,-(*)"3&--%0*'5".#*(-#0(*)5"&*1".&*&)%.%*-"'-0&-%)(%'<"

F8%"#?;%,-(4%"#+"-8('"'-/12"$&'"-#"&''%''"./9-(:2%&05"2%&0:0#/*1"1&-&"#*"A%93"CMP"
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! %.(!

?(#&4&(9&?(9(-2"A(*%-(,'"&*1"+9/#0%',%*,%"'()*&-/0%'"-#")&(*"(*'()8-'"(*-#"'()*(+(,&*-"3&--%0*'"#0"

0%9&-(#*'8(3'"?%-$%%*"+&,-#0'<"F#")/(1%"-8('"#?;%,-(4%5"-8%"+#99#$(*)"-80%%"823#-8%'%'"$%0%"

-%'-%1j"

•! =23#-8%'('"Zj"7%93:1%0(4%1"CMP"0%,&9,(-0&*-"30#3#0-(#*'"&0%"'%&'#*&992"4&0(&?9%"

h?%,&/'%"'%&'#*&992"%*8&*,%1"A%93"CMP"0%9%&'%"('"30(.&0(92"9&?(9%ir"

•! =23#-8%'('"Qj"60#-%(*:9(A%"+9/#0%',%*,%"'()*&-/0%'"$(99"?%"9%''"0%,&9,(-0&*-"-8&*"CMP"h(<%<5"

&"30#@2"+#0"'#9%92"9&?(9%",8&0&,-%0('-(,'ir"

•! =23#-8%'('"nj"=/.(,:9(A%"+9/#0%',%*,%"'()*&-/0%'",&*"?%"1(++%0%*-(&-%1"?2"#0()(*"h%<)<5"

'#9%92"A%93:1%0(4%1"#0".(@%1"A%93:"&*1".(,0#?(&992:1%0(4%1i<"

*

A%&.,'%0/*%)"*A.&?("/*

6%#:.RN#&.9!$.&.#$:<!&1#(9E'3(1!#(9!>.1<'9'%'/5!

F8%"39&,%:?&'%1"0%'%&0,8"'-&*13#(*-"&*1".%-8#1#9#)2"/*1%092(*)"-8('"'-/12"('"1%4%9#3%1"

(*"P8&3-%0"Z"#+"-8('"1(''%0-&-(#*"hP&09'#*5"QRQ_i5"&*1"30%4(#/'92"&339(%1"-#"%.3(0(,&9".&,0#&9)&9"

?(#)%#,8%.('-02"(*"P8&3-%0"Q"#+"-8('"1(''%0-&-(#*"hP&09'#*"%-"&9<5"QRQfi5"&'"$%99"&'"1(',/''(#*'"#+"

-8%"?0#&1%0"'#,(&9:%,#9#)(,&9"(.3&,-'"#+"H9/%"P&0?#*"&'"&",9(.&-%",8&*)%".(-()&-(#*"'-0&-%)2"(*"

P8&3-%0"o"#+"-8('"1(''%0-&-(#*"hP&09'#*5"QRQfi<"F8%"(.3#0-&*,%"&*1"0%9%4&*,%"#+"%@39(,(-"0%'%&0,8"

.%-8#1#9#)(%'"&*1"'-&*13#(*-'"('"$%99:%'-&?9('8%1"h%<)<5"O.(-85"{Zggg|"QRQZr"`(9'#*5"QRRqr"

M9(4%(0&"m"`0()8-5"QRZor"`&9-%0"m"N*1%0'%*5"QRZoi5"(*,9/1(*)"+#0"%.3(0(,&9"%*4(0#*.%*-&9"

',(%*,%"hI(?#(0#*"%-"&9<5"QRZqr"N9%)&1#"%-"&9<5"QRQni<"!*"?0(%+5"-8%"39&,%:?&'%1"h%<)<5"7&$&("%-"&9<5"

QRZQr"7&.(*&)&5"QRZqr"\0/*#$"%-"&9<5"QRZgr"!'8(8&0&5"QRQRr"S>&$&5"QRQRi"'-&*13#(*-"1%+(*(*)"

-8('"0%'%&0,8".%&*'"-8%"0%'/9-'"$(99"?%".#'-"0%9%4&*-"-#"N(*/"6%#39%"&*1"N(*/"D#'(0"h=#AA&(1#i"

&*1"-8&-")9#?&9(>%1"(*'()8-'"$(99"?%"30(.&0(92"&330#30(&-%"(*"-8%",#*-%@-"#+"!*1()%*#/'"',(%*,%"
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! %.)!

&*1"'#,(&9:%,#9#)(,&9"'-%$&01'8(3"h%<)<5"D#0('8()%"%-"&9<5"QRZqr"`(*-%0"%-"&9<5"QRZqr"H%**%--"%-"&9<5"

QRQZr"E&,#?'"%-"&9<5"QRQQi<"

!

0.#@#1.$!&#>E%.!:'%%.:13'()!&1'$#/.)!#(9!T-"!#(#%5&3&!

F8%"?&'(,"30#,%''"#+"'%&$&-%0"'&.39%",#99%,-(#*5"+(9-0&-(#*5"?#--9%"'-#0&)%5"?#--9%",9%&*(*)5"

CMP"&*&92'('5"&*1"&''%''(*)"&*&92-(,&9"0%39(,&?(9(-2"$&'"30%4(#/'92"1%',0(?%1"(*"P8&3-%0"Q"#+"

-8('"1(''%0-&-(#*"hP&09'#*"%-"&9<5"QRQfi"&*1",#*'('-%*-"$(-8"?%'-"30&,-(,%'"%'-&?9('8%1"?2"=&9%$##1"

%-"&9<"hQRQQi<"P8&3-%0"Q"hP&09'#*"%-"&9<5"QRQfi"&9'#"1%',0(?%1"-8%"30#,%''"#+"A%93",#99%,-(#*"&*1"

(*,/?&-(#*"/'%1"-#"%'-&?9('8"-8%"(*(-(&9",#*,%*-0&-(#*'"#+"A%93:1%0(4%1"CMP"/'%1"(*"-8('"'-/12]'"

?(#&4&(9&?(9(-2"%@3%0(.%*-<"H(#&4&(9&?(9(-2"%@3%0(.%*-'"$%0%",#*1/,-%1"+#0"Z_"'&.39(*)"%4%*-'"

+0#."%&092"D&0,8"QRQR"-80#/)8"L#4%.?%0"QRQQ"h'&.39(*)"1%-&(9'"30#4(1%1"(*"P8&3-%0"Qi5"$(-8"

-8%"+(*&9"?(#&4&(9&?(9(-2"%@3%0(.%*-",#*,9/1(*)"(*"N30(9"QRQn<"

!

=%8'$.&:.(:.!#(9!#N&'$N#(:.!#(#%5&3&!

O%&$&-%0"'&.39%'"$%0%"-8&$%1"#4%0*()8-"&-"&?#/-"f"vP"&*1"-8%*"&99#$%1"-#"0%&,8"0##."

-%.3%0&-/0%"(..%1(&-%92"30(#0"-#"-8%"-80%%:1(.%*'(#*&9"%@,(-&-(#*:%.(''(#*".&-0(@"hJJDi"

'3%,-0&".%&'/0%.%*-'<"JJD"'3%,-0&"$%0%".%&'/0%1"/'(*)"&"'3%,-0#+9/#0#.%-%0"h=#0(?&"

T9/#0#D&@:fi"&,,#01(*)"-#"-8%"&*&92-(,&9"30#,%1/0%"1%',0(?%1"?2"G&.&'8(-&"%-"&9<"hQRZai<"

J.(''(#*'"',&*'"+0#."QgR"*."-#"oRR"*."&-"Q:*."(*-%04&9'"$%0%"&,B/(0%1"&-"%@,(-&-(#*"

$&4%9%*)-8'"?%-$%%*"Q_R"*."&*1"f_R"*."&-"_:*."(*-%04&9'<"F8%"?&*13&''"$(1-8'"$%0%"_"*."+#0"

?#-8"%@,(-&-(#*"&*1"%.(''(#*".#*#,80#.&-#0'<"T9/#0%',%*,%"'3%,-0&"$%0%"',&**%1"$(-8"&*"

(*-%)0&-(#*"-(.%"#+"R<Q_"'"&*1"$%0%"&,B/(0%1"(*"OpK".#1%<"O&.39%'"$%0%".%&'/0%1"(*"&"Z:,."

B/&0->",/4%--%"&*1"D(99(:Ç"$&'"/'%1"&'"-8%"?9&*A<"P#00%,-(#*'"&,,#01(*)"-#"D/0382"%-"&9<"hQRZRi"
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! %.*!

$%0%".&1%5"(*,9/1(*)"'/?-0&,-(*)"1&(92"D(99(:Ç"$&-%0"?9&*A"#+"-8%"JJD"'3%,-0/."-#"%9(.(*&-%"

-8%"$&-%0"K&.&*"',&--%0"3%&A'<"F8%"(**%0"+(9-%0"%++%,-"$&'"&9'#",#00%,-%1"+#0"$(-8"-8%"

,#00%'3#*1(*)"&?'#0?&*,%"0%'/9-'<"N?'#0?&*,%"&*&92'('"#+"CMD"$&'",#*1/,-%1"$(-8"&"

'3%,-0#38#-#.%-%0"hO8(.&1>/"SY:ZqRRi"$(-8"&"Z",.",/4%--%"&,,#01(*)"-#"-8%"&*&92-(,&9"

30#,%1/0%"1%',0(?%1"?2"G&.&'8(-&"%-"&9<"hQRQZ?i<"F8%"&?'#0?&*,%"'3%,-0/."$&'"1%-%0.(*%1"+0#."

Q_R"-#"qRR"*."&-"R<_"*."(*-%04&9'"/*1%0"&".%1(/."',&*"'3%%1<"T9/#0%',%*,%"(*-%*'(-(%'"$%0%"

+(*&992",&9(?0&-%1"+#0",0#'':(*'-0/.%*-",#.3&0('#*'"?2"1(4(1(*)"?2"-8%"(*-%)0&9"#+"-8%"K&.&*"

3%&A"&,,#01(*)"-#"I&$&%->"&*1"O-%1.#*"hQRRgi<"F8%'%",#00%,-%1"(*-%*'(-2"4&9/%'"&0%"0%3#0-%1"&'"

K&.&*"S*(-'"hKSi",#*'('-%*-"$(-8"#-8%0"'-/1(%'"#*".&,0#&9)&9"TCMD"h%<)<5"7/?#"m"F&*&A&5"

QRQni<"F8%2",&*"&9'#"?%"'(.392",#*4%0-%1"-#"Ç/(*(*%"O/9+&-%"hÇOi:%B/(4&9%*-'"?2"-8%"%B/&-(#*"

ÇO"y"KSpR<Raoa"hI&$&%->"m"O-%1.#*5"QRRgi"+#0"1(0%,-",#.3&0('#*"-#"&11(-(#*&9"'-/1(%'"#*"

.&,0#&9)&9"TCMD"/'(*)"'/,8"/*(-'"h%<)<5"`&1&"%-"&9<5"QRRqi<"F8%"0%'/9-(*)"+9/#0%',%*,%"(*-%*'(-2"

3%&A"9#,&-(#*'"$%0%",#*'('-%*-"$(-8"A*#$*"3%&A'"&*1"%@,(-&-(#*p%.(''(#*"0&*)%'"1%',0(?%1"?2"

P#?9%"hZggoi"+#0",#.3&0('#*"-#"#-8%0".&,0#&9)&9"CMP"&*1"+9/#0%',%*,%"'-/1(%'"h%<)<5"`&1&"%-"

&9<5"QRRqi<"=#$%4%05"-8('"'-/12"3%0+#0.'"&*"&11(-(#*&9",&9,/9&-(#*"h1%',0(?%1"(*"-8%"+#99#$(*)"

'%,-(#*i"-#"1%-%0.(*%"-8%"+9/#0%',%*,%"(*-%*'(-2"4&9/%'"&--0(?/-&?9%"-#"-8%"A%93"8#9#?(#*-5"

,#*'('-%*-"$(-8"'-&*1&01"30&,-(,%"+#0"A%93:1%0(4%1"CMP",&9,/9&-(#*'<"`%"0%,#..%*1"+/-/0%"

'-/1(%'"#*".&,0#&9)&9"TCMD"&*1"CMP"&1#3-"-8('"30&,-(,%<"

!

,.%ER9.$34.9!T-"!#(9!;%8'$.&:.(:.!:#%:8%#13'(&!

D#1(+(%1"+0#."P8&3-%0"Q"#+"-8('"1(''%0-&-(#*"hP&09'#*"%-"&9<5"QRQfi"&*1"6&(*%"%-"&9<"

hQRQn&i5"A%93:1%0(4%1"CMP"(*4%*-#02"h.)"P"t")!#"C`i"0%+%0'"-#"-8%".&''"#+"CMP"&--0(?/-&?9%"-#"

-8%"A%93"8#9#?(#*-"h(<%<5"0%9&-(4%"-#"-8%",#00%'3#*1(*)",#*-0#9"-&*A"CMP"(*4%*-#02"&*1"(*,9/'(4%"
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! %.+!

#+"A%93".(,0#?(#.%"CMP"12*&.(,'"{H%*)-''#*"%-"&9<5"QRZZ|i"&*1"*#0.&9(>%1"?2"-8%"A%93"102:

$%()8-"?(#.&''"h)"C`i<"!-"('",&9,/9&-%1"&'"+#99#$'j"

7%93:1%0(4%1"CMP"(*4%*-#02! 2
=/"#$%&'!*5 */()*!+)$&'!> 7 8

7%93"?(#.&''
"

$8%0%"/-./01"!"('"-8%",#*,%*-0&-(#*"#+"CMP"h.)"P"t"I!#i"(*"-8%"'%&$&-%0"'&.39%",#99%,-%1"&-"&*"

%9&3'%1"-(.%"1+&+-%0"A%93"0%.#4&9"+0#."-8%"(*,/?&-(#*"-&*A"h(<%<5"-8%"'-&0-"#+"-8%"?(#&4&(9&?(9(-2"

%@3%0(.%*-i5+/234563/1"!+('"-8%",#*,%*-0&-(#*"#+"CMP"h.)"P"t"I!#i"(*"-8%"'%&$&-%0"'&.39%",#99%,-%1"

+0#."-8%",#00%'3#*1(*)",#*-0#9"'%&$&-%0"(*,/?&-(#*"-&*A"&-"&*"%9&3'%1"-(.%"1+&+-%0"-8%"'-&0-"#+"-8%"

?(#&4&(9&?(9(-2"%@3%0(.%*-5"&*1+,"('"-8%"4#9/.%"#+"'%&$&-%0"(*"-8%"A%93:1%0(4%1"CMP"(*,/?&-(#*"

-&*A"&-"-8%"'-&0-"#+"-8%"?(#&4&(9&?(9(-2"%@3%0(.%*-<""

I(A%$('%5"-8%"A%93:1%0(4%1"+9/#0%',%*,%"(*-%*'(-2"(*4%*-#02"hKS"t"I"t")!#"C`i"0%+%0'"-#"

-8%"4#9/.%-0(,"&.#/*-"#+"(*-%*'(-2"&--0(?/-&?9%"-#"-8%"A%93"8#9#?(#*-"&*1"*#0.&9(>%1"?2"-8%"A%93"

102:$%()8-"?(#.&''"h)"C`i<"!-"('",&9,/9&-%1"&'"+#99#$'j"

7%93:1%0(4%1"+9/#0%',%*,%"(*-%*'(-2"(*4%*-#02! 2
=""#$%&'!*5 *"()*!+)$&'!> 7 8

7%93"?(#.&''
"

$8%0%""-./01"!"('"-8%"(*-%*'(-2"#+"+9/#0%',%*,%"hKSi"(*"-8%"'%&$&-%0"'&.39%",#99%,-%1"&-"&*"%9&3'%1"

-(.%"1+&+-%0"-8%"'-&0-"#+"-8%"?(#&4&(9&?(9(-2"%@3%0(.%*-+&*1+"234563/1"!+('"-8%"(*-%*'(-2"#+"+9/#0%',%*,%"

hKSi"(*"-8%"'%&$&-%0"'&.39%",#99%,-%1"+0#."-8%",#00%'3#*1(*)",#*-0#9"'%&$&-%0"(*,/?&-(#*"-&*A"

&-"&*"%9&3'%1"-(.%"1+&+-%0"-8%"'-&0-"#+"-8%"?(#&4&(9&?(9(-2"%@3%0(.%*-<"
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Dissolved organic carbon
S. japonica var. religiosa
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Sampling event

Protein-like "peak T"
S. japonica var. religiosa
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Protein-like "peak T"
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Sampling event

UV humic-like "peak A"
S. japonica var. religiosa

2020Ð2022
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Sampling event

UV humic-like "peak A"
S. japonica var. religiosa

2020Ð2022

UV humic-like
"peak A" (initial)

UV humic-like
"peak A" (recalcitrant)

(b)
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Sampling event

Visible humic-like "peak C"
S. japonica var. religiosa

2020Ð2022
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Visible humic-like "peak C"
S. japonica var. religiosa
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Sampling event

Visible marine humic-like "peak M"
S. japonica var. religiosa
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Sampling event

Visible marine humic-like "peak M"
S. japonica var. religiosa

2020Ð2022

Visible marine humic-like "peak M" (initial)

Visible marine humic-like "peak M" (recalcitrant)
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hnfzi"&*1",#.3&0&?9%"-#"k3%&A"Pl"hfnzi"&*1"k3%&A"Dl"hfZzi<"!*"&/-/.*"QRQZ5"k3%&A"Fl"+0#."

K!+D2E(#%-2"$&'".#0%"0%,&9,(-0&*-"hfQzi"-8&*"k3%&A"Nl"hQazi5"'(.(9&0"-#"k3%&A"Pl"hnqzi5"&*1"



0?@.J3.FG("6(-K-G("6:6".+1"2%1'*1'.C<0.-,2(--.2(-G%$-(-./012'-%$3.!"#$%"&'"&()*+(,%$(-%#."&/0#%&%'14.

! %'*!

9#$%0"-8&*"k3%&A"Dl"h_Zzi<"!*"&/-/.*"QRQn5"30#-%(*:9(A%"k3%&A"Fl"$&'",#*'('-%*-92".#0%"

0%,&9,(-0&*-"-8&*"SY"8/.(,:9(A%"k3%&A"Nl"+#0"&99"'3%,(%'"hC!+-(#5)*):5"C!+1?)#I'0&%%5"&*1"J!+

'3'&2#*i5"&*1"&330#@(.&-%92"0%-&(*%1"ZRRz"#+"(-'"(*(-(&9"4&9/%5"'(.(9&0"-#"8/.(,:9(A%"k3%&A"Pl"
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!

0.#&'(#%!X('(R<.#1@#4.Y!>#:$'#%/#%!T-"!#(9!;%8'$.&:.(:.!E$'98:13'(!$#1.&!

J@,9/1(*)"'/..%0"QRQn"8%&-$&4%"0%'/9-'5"'%&'#*&9"-0%*1'"$%0%"'3%,(%':'3%,(+(,5"

&9-8#/)8"30#1/,-(#*"0&-%'"$%0%")%*%0&992"8()8%0"(*"$(*-%0"hT()/0%"f<n&i"&*1"'30(*)"hT()/0%"f<n?i"
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30#1/,-(#*"0&-%'<"K&-(#"#+"30#1/,-(#*"0&-%'"+0#.",#.3#'(-%"'&.39%'"$(-8"&*1"$(-8#/-"?9%&,8%1"

-(''/%"+#0"K!+D2E(#%-2"(*"$(*-%0"QRQn"h?9%&,8%1j",#.3#'(-%"#"y"Zn5"n<_g")"C`r"*#-"?9%&,8%1j"

,#.3#'(-%"#"y"_5"n<gQ")"C`i"&*1"F!+2)*1023%*"(*"'/..%0"QRQn"h?9%&,8%1j",#.3#'(-%"#"y"_5"n<ga"

)"C`r"*#-"?9%&,8%1j",#.3#'(-%"#"y"n5"f<aQ")"C`i<"K%,&9,(-0&*-"30#1/,-(#*"0&-%'"1%-%0.(*%1"

+0#."?(#&4&(9&?(9(-2"%@3%0(.%*-'"h1"y"Z_R"1"&+-%0".&,0#&9)&9"0%.#4&9i"+#99#$(*)"-8%"(*(-(&9"

.&,0#&9)&9"(*,/?&-(#*"%@3%0(.%*-'"h1"y"f"1i<"
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! %*%!

2?+97@A*O;5@*

;)$'$&.*1'"N1*'(-&4#*8.3(4"1%")%"*'4&%$)/*(8*0&%4(&./&.*4"%&.%$'4&)'*

#$11(.>"#*(4/&)$%*%&46()*&'*<1H(4(*S&I*

( "



0?@.L3.M'5%2(-"($"(.,21"6$*.%:.6$.-6,5.+1"2%1'*1'.C<0./012'-%$3.!"#$%"&'"&()*+(,%$(-%#."&/0#%&%'14.

! %*&!

E7/&,%$&*

O-/1(%'"#*"1(''#94%1"#0)&*(,".&--%0"hCMDi",#*,%*-0&-(#*'"&*1"&''#,(&-%1"+9/#0%',%*,%"

3%&A"(*-%*'(-(%'")%*%0&992"(*1(,&-%"-8&-"-8%2"&0%"1%,#/39%15"1%'3(-%"&--%.3-'"-#"%'-&?9('8"

30#3#0-(#*&9(-2"+#0"-8%"3/03#'%"#+"/'(*)"+9/#0%',%*,%"&'"&",#*4%*(%*-"30#@2"+#0"CMD"$(-8"

0%.#-%"'%*'(*)"3#-%*-(&9<"D#0%"*&00#$925"-8%0%"('"(*-%0%'-"(*"/'(*)".&,0#&9)&9:1%0(4%1"

+9/#0%',%*,%"&'"&"-0&,%0"-#"%'-(.&-%".&,0#&9)&9:1%0(4%1"1(''#94%1"#0)&*(,",&0?#*"hCMPi"

,#*-0(?/-(#*'5"%'3%,(&992"(*"-8%",#*-%@-"#+"H9/%"P&0?#*"&'"&",9(.&-%",8&*)%".(-()&-(#*"'-0&-%)2<"

F8('"'-/12"&*&92>%'"+#/0"2%&0'"hQRQReQRQni"#+"'%&'#*&9"1&-&"+0#."(*"'(-/"'%&$&-%0"'&.39%'5"

.&,0#&9)&9"(*,/?&-(#*"%@3%0(.%*-'5"&*1"'/?'%B/%*-"Z_R:1"?(#&4&(9&?(9(-2"%@3%0(.%*-'"#*"*(*%"

'3%,(%'"#+".&,0#&9)&%"+0#."M'8#0#"H&25"=#AA&(1#5"E&3&*<"K%'/9-'"(*1(,&-%"-8&-"#4%0&99"9(*%&0"

0%)0%''(#*'"?%-$%%*".&,0#&9)&9:1%0(4%1"CMP"hsDi"&*1"+9/#0%',%*,%"3%&A"(*-%*'(-2"hKSi"$%0%"

'()*(+(,&*-"hE+w"R<R_i"+#0"&99"+#/0"+9/#0%',%*,%"3%&A"'()*&-/0%'<"=#$%4%05"1&-&"+0#."(*(-(&9"h3#'-:

(*,/?&-(#*i"'&.39%'"8&1"9#$%0"h4""w"R<aRi",#00%9&-(#*"4&9/%'5"$8(9%"1&-&"+0#."+(*&9"'&.39%'"

h3#'-:?(#&4&(9&?(9(-2i"8&1"8()8%0"h4""ï"R<aRi",#00%9&-(#*"4&9/%'<"P#00%9&-(#*"4&9/%'"&*1"9(*%&0"

'()*(+(,&*,%"&9'#"(.30#4%1"$8%*"&''%''(*)".%&*"1&-&"&,0#''"./9-(39%".&,0#&9)&9"'3%,(%'"(*'-%&1"

#+"&"'(*)9%"'3%,(%'<"F8%0%+#0%5"%()8-"?(:'%&'#*:'3%,(+(,"0&-(#'"?%-$%%*"30#-%(*:9(A%"k3%&A"Fl"

(*-%*'(-(%'"&*1"CMP",#*,%*-0&-(#*'"+0#.".%&*".&,0#&9)&9"3#'-:?(#&4&(9&?(9(-2"'%&$&-%0"'&.39%'"

$%0%"%'-&?9('8%1"hE"w"R<R_5+4""ï"R<aRi<"N3392(*)"-8%'%"0&-(#'"-#"A*#$*"(*"'(-/"k3%&A"Fl"

(*-%*'(-(%'"&,-%1"&'"&"30%9(.(*&02"30%1(,-(4%".#1%9<"T0#."-8('5"-8%"%'-(.&-%1".&,0#&9)&9"

,#*-0(?/-(#*'"-#"(*"'(-/"CMP"$%0%"Qfzeffz"hQnena"sDi"#+"-8%"9#,&9"CMP"3##95",#*'('-%*-"$(-8"

#-8%0"%.3(0(,&9"0%3#0-'<"F8%'%"0%9&-(#*'8(3'"(*1(,&-%"-8&-"4&0(&?9%5"2%-"'()*(+(,&*-"30#3#0-(#*&9(-2"

,&*"?%"%'-&?9('8%1"?%-$%%*"+9/#0%',%*,%"3%&A"(*-%*'(-(%'"&*1"CMP5"%'3%,(&992"+#0"0%,&9,(-0&*-"

,8&0&,-%0('-(,'<( "



0?@.L3.M'5%2(-"($"(.,21"6$*.%:.6$.-6,5.+1"2%1'*1'.C<0./012'-%$3.!"#$%"&'"&()*+(,%$(-%#."&/0#%&%'14.

! %*'!

J)&,("#$&'()*

D&,0#&9)&%"&0%"A*#$*"-#"0%9%&'%"+9/#0%',%*-"30#-%(*:9(A%"&*1"8/.(,:9(A%"1(''#94%1"

#0)&*(,".&--%0"hCMDi"$8(,8"&++#01'"4&0(#/'"(*'()8-'"(*-#"#0)&*(,",#.3#'(-(#*"&*1"

?(#)%#,8%.(,&9"+&-%"h`&1&"%-"&9<5"QRRqr"6#$%0'"%-"&9<5"QRQRr"ê8&*)"%-"&9<5"QRQni<"=#$%4%05"

.#*(-#0(*)5"0%3#0-(*)5"&*1"4%0(+(,&-(#*"hDKYi"#+"0%,&9,(-0&*-".&,0#&9)&9"1(''#94%1"#0)&*(,"

,&0?#*"hCMPi"0%.&(*'",8&99%*)(*)"1%'3(-%"&"0%,%*-"(*,0%&'%"(*"9#*)%0"-%0."h2%&0:0#/*1"#0"./9-(:

2%&0i"%.3(0(,&9"'-/1(%'"#*".&,0#&9)&9"CMP"30#1/,-(#*"h`&1&"%-"&9<5"QRRar"`%()%9"m"6+('-%05"

QRQZr"6&(*%"%-"&9<5"QRQn&r"P&09'#*"%-"&9<5"QRQfi"&*1"?(#&4&(9&?(9(-2"h`&1&"%-"&9<5"QRRqr"P8&3-%0'"n"

&*1"f"#+"-8('"1(''%0-&-(#*i<"T9/#0%',%*,%"8&'"?%%*"30#3#'%1"&'"&"3#-%*-(&992"/'%+/9"30#@2"+#0"

-0&,(*)".&,0#&9)&9"CMP",#*-0(?/-(#*'"-#",&0?#*"'%B/%'-0&-(#*5"?/-"'()*(+(,&*-"/*,%0-&(*-(%'"

0%.&(*<"6&09&*-("%-"&9<"hQRRRi"30%4(#/'92",#.3&0%1"+9/#0%',%*,%",#00%9&-(#*'"?%-$%%*"'%&$&-%0"

'&.39%'",#99%,-%1"(*"'(-/"&,0#''"./9-(39%"2%&0'"&*1"+0#.".&,0#&9)&%"hF3G2+32-1)-2i"(*,/?&-(#*'"

+0#."&"'(*)9%"'&.39(*)"%4%*-<"F8%0%+#0%5"-8%0%"0%.&(*'"'()*(+(,&*-"/*,%0-&(*-2"0%)&01(*)"4&0(&?9%"

30#3#0-(#*&9(-2"?%-$%%*".&,0#&9)&9:1%0(4%1"CMP"&*1"+9/#0%',%*,%"(*"-%0.'"#+"'%&'#*&95"'3%,(%':

'3%,(+(,5"&*1"39&,%:?&'%1"1(++%0%*,%'<"O%4%0&9"'8#0-:-%0."'-/1(%'"h(<%<5"#*%"#0"-$#"'&.39(*)"

%4%*-'i"#*".&,0#&9)&9"CMP"&*1"+9/#0%',%*,%"8&4%"+#,/'%1"#*"-8%"0%,&9,(-0&*-",8&0&,-%0('-(,'5"

#3-(,&9"30#3%0-(%'5"38#-#,8%.(,&9"-0&*'+#0.&-(#*'5"#0"#-8%0"+&,-#0'"0%9&-%1"-#"A(*%-(,'"hê8&*)"m"

`&*)5"QRZar"6#$%0'"%-"&9<5"QRQRr"I("%-"&9<5"QRQQr"ê8&*)"%-"&9<5"QRQQr"7/?#"m"F&*&A&5"QRQnr"

ê8&*)"%-"&9<5"QRQni5"?/-"1(1"*#-"#0",#/91"*#-"%'-&?9('8".%&*(*)+/9"30#3#0-(#*&9(-2"?%-$%%*"CMP"

&*1"+9/#0%',%*,%"+#0"-8%"3/03#'%"#+"(*"'(-/"-0&,(*)<"!-"('"-8%0%+#0%"*#-",9%&0"$8%-8%0"+9/#0%',%*,%"

,&*"?%"/'%1"&'"&"'()*&-/0%"-0&,%0"#0"(+"B/&*-(+(&?9%"30#3#0-(#*&9(-2",&*"?%"%'-&?9('8%1<"

!*"#-8%0",#*-%@-'5"&--%.3-'"-#",#00%9&-%"CMP",#*,%*-0&-(#*'"&*1"+9/#0%',%*,%"3%&A"

(*-%*'(-(%'"?&'%1"#*"(*"'(-/"'&.39%'"&9#*%"8&4%"-23(,&992"*#-"?%%*"'/,,%''+/9"(*"%'-&?9('8(*)"



0?@.L3.M'5%2(-"($"(.,21"6$*.%:.6$.-6,5.+1"2%1'*1'.C<0./012'-%$3.!"#$%"&'"&()*+(,%$(-%#."&/0#%&%'14.

! %*(!

30#3#0-(#*&9(-2"#0"'()*(+(,&*-"30%1(,-(4%"3#$%0<"=#$%4%05"-8('"8&'"'#.%"&14&*-&)%'"&'"1%',0(?%1"

?2"H&A%0"%-"&9<"hQRRqi"&'"(-",&*"%*&?9%",#00%9&-(#*'"?%-$%%*"CMD"+9/#0%',%*,%"&*1"+/*,-(#*&9"

30#3%0-(%'"'/,8"&'"?%*>#{&|320%*%"?(*1(*)5"&9/.(*&"&1'#03-(#*5"8210#38(9(,(-25"&*1"?/++%0(*)"

,&3&,(-2<"CMD"+9/#0%',%*,%"8&'"&9'#"?%%*"/'%1"-#"(*'-%&1"B/&9(-&-(4%92"-0&,A"-8%"#0()(*'"#+"

30#1/,-(#*5"'/,8"&'"(1%*-(+2(*)"-8%"&14%,-(#*"#+"3#0%"$&-%0"CMD"+0#."'/0+&,%"'%1(.%*-'"(*-#"&"

0(4%0:1#.(*&-%1"%'-/&02"hM'?/0*"%-"&9<5"QRZQi<"F8%0%+#0%5"'-/12(*)"CMD"+9/#0%',%*,%",&*"8&4%"

?0#&1"&339(,&-(#*'"*#-"9(.(-%1"-#"30%1(,-(*)"CMP",#*,%*-0&-(#*'<"

F8%"#?;%,-(4%"#+"-8('"'-/12"$&'"-#"&''%''"9(*%&0"0%)0%''(#*'"?%-$%%*"(*"'(-/"'%&$&-%0"

CMD"+9/#0%',%*,%"3%&A"(*-%*'(-(%'"&*1"CMP",#*,%*-0&-(#*'"+0#."M'8#0#"H&25"=#AA&(1#5"E&3&*5"

&'"$%99"&'"+0#."'%&$&-%0"'&.39%'"-&A%*"+0#.".&,0#&9)&9"(*,/?&-(#*"&*1"?(#&4&(9&?(9(-2"

%@3%0(.%*-'"h*(*%"'3%,(%'",#99%,-%1"+0#."M'8#0#"H&2i",#*1/,-%1"2%&0:0#/*1"+0#."QRQReQRQn<"

H&'%1"#*"-8%"%@('-(*)"9(-%0&-/0%5"(-"('",#*;%,-/0%1"-8&-"30#3#0-(#*&9(-2"?%-$%%*".&,0#&9)&9:1%0(4%1"

+9/#0%',%*,%"3%&A"(*-%*'(-(%'"&*1"CMP",#*,%*-0&-(#*'".&2"?%"'()*(+(,&*-92"9(*%&05"?/-"8&'"?%%*"

#?',/0%1"1/%"-#"4&0(&?(9(-2"&-"./9-(39%"',&9%'"'/,8"&'"'%&'#*5"'%&$&-%0"'&.39%"-(.%5"&*1"'3%,(%'"

1(++%0%*,%'<"F#"0%'#94%"-8%'%"/*,%0-&(*-(%'"&*1"?/(91"&"30%9(.(*&02"30%1(,-(4%".#1%9"#+"

.&,0#&9)&9",#*-0(?/-(#*'"-#"(*"'(-/"CMP5"-8%"+#99#$(*)"-80%%"823#-8%'%'"$%0%"-%'-%1j"

•! =23#-8%'('"Zj"60#3#0-(#*&9(-2"?%-$%%*".&,0#&9)&9:1%0(4%1"+9/#0%',%*,%"3%&A"(*-%*'(-(%'"

hKSi"&*1"CMP",#*,%*-0&-(#*'"hsDi"$(99"?%"'%&'#*:'3%,(+(,r"

•! =23#-8%'('"Qj"60#3#0-(#*&9(-2"?%-$%%*".&,0#&9)&9:1%0(4%1"+9/#0%',%*,%"3%&A"(*-%*'(-(%'"

hKSi"&*1"CMP",#*,%*-0&-(#*'"hsDi"$(99"1(++%0"?%-$%%*"3#'-:(*,/?&-(#*"&*1"3#'-:

?(#&4&(9&?(9(-2"%@3%0(.%*-"'&.39%'r"

•! =23#-8%'('"nj"60#3#0-(#*&9(-2"?%-$%%*".&,0#&9)&9:1%0(4%1"+9/#0%',%*,%"3%&A"(*-%*'(-(%'"

hKSi"&*1"CMP",#*,%*-0&-(#*'"hsDi"$(99"4&02"&,,#01(*)"-#"'3%,(%'"&''%.?9&)%<"



0?@.L3.M'5%2(-"($"(.,21"6$*.%:.6$.-6,5.+1"2%1'*1'.C<0./012'-%$3.!"#$%"&'"&()*+(,%$(-%#."&/0#%&%'14.

! %*)!

A%&.,'%0/*%)"*A.&?("/*

6%#:.RN#&.9!$.&.#$:<!&1#(9E'3(1!#(9!>.1<'9'%'/5!

F8%"39&,%:?&'%1"0%'%&0,8"'-&*13#(*-"&*1".%-8#1#9#)2"(*-0(*'(,"-#"-8('"'-/12"$&'"

1%4%9#3%1"(*"P8&3-%0"Z"#+"-8('"1(''%0-&-(#*5"&*1"30%4(#/'92"&339(%1"-#"%.3(0(,&9".&,0#&9)&9"

?(#)%#,8%.('-02"hP8&3-%0'"Q5"n5"&*1"fi<"P8&3-%0"o"1(',/''%'"-8%"?0#&1%0"'#,(&9:%,#9#)(,&9"

(.3&,-'"#+"H9/%"P&0?#*"&'"&",9(.&-%",8&*)%".(-()&-(#*"'-0&-%)2<"F8%"(.3#0-&*,%"&*1"0%9%4&*,%"

#+"%@39(,(-"0%'%&0,8".%-8#1#9#)(%'"&*1"'-&*13#(*-'"('"$%99:%'-&?9('8%1"h%<)<5"O.(-85"{Zggg|"QRQZr"

`(9'#*5"QRRqr"M9(4%(0&"m"`0()8-5"QRZor"`&9-%0"m"N*1%0'%*5"QRZoi5"(*,9/1(*)"+#0"%.3(0(,&9"

%*4(0#*.%*-&9"',(%*,%"hI(?#(0#*"%-"&9<5"QRZqr"N9%)&1#"%-"&9<5"QRQni<"!*"?0(%+5"-8%"39&,%:?&'%1"

h%<)<5"7&$&("%-"&9<5"QRZQr"7&.(*&)&5"QRZqr"\0/*#$"%-"&9<5"QRZgr"!'8(8&0&5"QRQRr"S>&$&5"QRQRi"

'-&*13#(*-"1%+(*(*)"-8('"0%'%&0,8".%&*'"-8%"0%'/9-'"$(99"?%".#'-"0%9%4&*-"-#"N(*/"6%#39%"&*1"

N(*/"D#'(0"h=#AA&(1#i"&*1"-8&-")9#?&9(>%1"(*'()8-'"$(99"?%"30(.&0(92"&330#30(&-%"(*"-8%",#*-%@-"

#+"!*1()%*#/'"',(%*,%"&*1"'#,(&9:%,#9#)(,&9"'-%$&01'8(3"h%<)<5"D#0('8()%"%-"&9<5"QRZqr"`(*-%0"%-"

&9<5"QRZqr"H%**%--"%-"&9<5"QRQZr"E&,#?'"%-"&9<5"QRQQi<"O3%,(+(,"-#"-8('",8&3-%05"%'-&?9('8(*)"39&,%:"

&*1",#*-%@-:'3%,(+(,",#00%9&-(#*'"?%-$%%*".&,0#&9)&9:1%0(4%1"+9/#0%',%*,%"&*1"CMP"

,#*,%*-0&-(#*'".&2"+&,(9(-&-%"(.30#4%1".#*(-#0(*)"#+"CMP"1/%"-#"(-'"'/(-&?(9(-2"-#"+/-/0%"

&339(,&-(#*'"#+"(*"'(-/"#0"0%.#-%"'%*'(*)"#+"+9/#0%',%*,%<"J@39(,(-"(.39(,&-(#*'"#+"-8('"'-/12]'"

+(*1(*)'"$(-8(*"-8%",#*-%@-"#+"!*1()%*#/'"',(%*,%"&*1"'#,(&9e%,#9#)(,&9"'-%$&01'8(3"$(99"?%"

1(',/''%1"(*"-8%"O/..&02"#+"-8('"1(''%0-&-(#*<"

!

H#:$'#%/#%!:'%%.:13'(!#(9!3(:8N#13'(!

D&,0#&9)&9",#99%,-(#*5"(*,/?&-(#*"%@3%0(.%*-'"-#"B/&*-(+2"(*(-(&9"CMP"&*1"+9/#0%',%*,%"

30#1/,-(#*5"&*1"?(#&4&(9&?(9(-2"%@3%0(.%*-'"-#"B/&*-(+2"0%,&9,(-0&*-"CMP"&*1"+9/#0%',%*,%"



0?@.L3.M'5%2(-"($"(.,21"6$*.%:.6$.-6,5.+1"2%1'*1'.C<0./012'-%$3.!"#$%"&'"&()*+(,%$(-%#."&/0#%&%'14.

! %**!

30#1/,-(#*"&0%"30%4(#/'92"1%',0(?%1"(*"P8&3-%0'"Q5"n5"&*1"f"#+"-8('"1(''%0-&-(#*<""

!

0.#@#1.$!&#>E%.!:'%%.:13'()!&1'$#/.)!#(9!T-"!#(#%5&3&!

F8%"?&'(,"30#,%''"#+"'%&$&-%0"'&.39%",#99%,-(#*5"+(9-0&-(#*5"?#--9%"'-#0&)%5"?#--9%",9%&*(*)5"

CMP"&*&92'('5"&*1"&''%''(*)"&*&92-(,&9"0%39(,&?(9(-2"$&'"30%4(#/'92"1%',0(?%1"(*"P8&3-%0"Q"#+"

-8('"1(''%0-&-(#*"hP&09'#*"%-"&9<5"QRQfi"&*1",#*'('-%*-"$(-8"?%'-"30&,-(,%'"%'-&?9('8%1"?2"=&9%$##1"

%-"&9<"hQRQQi<"P8&3-%0"Q"hP&09'#*"%-"&9<5"QRQfi"&9'#"1%',0(?%1"-8%"30#,%''"#+".&,0#&9)&9",#99%,-(#*"

&*1"(*,/?&-(#*"&*1"P8&3-%0"n"1%',0(?%1"-8%"30#,%''"#+".&,0#&9)&9"0%.#4&9"&*1"-8%"%@3%0(.%*-'"

#*".&,0#&9)&9:1%0(4%1"CMP"?(#&4&(9&?(9(-2<"F8%"'&.%",#99%,-(#*"&*1"'-#0&)%"30#,%''"$&'"/'%1"

+#0"(*"'(-/"'%&$&-%0"CMP"'&.39%'5"$8(,8"$%0%",#99%,-%1"+0#."-8%"%()8-"'-&-(#*'"$(-8(*"-8%"

'8&99#$"'/?-(1&9"%,#'2'-%."&*1"#*%"0%+%0%*,%"9#,&-(#*"&-"-8%"M'8#0#"H&2"3(%0"1%',0(?%1"(*"

P8&3-%0'"Q"&*1"n<""
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Visible humic-like "peak C" Visible marine humic-like "peak M"
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t = 0 d after kelp removal 
from incubation 

Protein-like "peak T" UV humic-like "peak A"

Visible humic-like "peak C" Visible marine humic-like "peak M"
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S. japonica var. religiosa (2020Ð2022): 
t = 150 d after kelp removal 

from incubation

Protein-like "peak T" UV humic-like "peak A"

Visible humic-like "peak C" Visible marine humic-like "peak M"
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community estimate (2023): 
t = 0 d after macroalgal removal 

from incubation 

Protein-like "peak T" UV humic-like "peak A"

Visible humic-like "peak C" Visible marine humic-like "peak M"
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community estimate (2023): 
t = 150 d after macroalgal removal 

from incubation 

Protein-like "peak T" UV humic-like "peak A"

Visible humic-like "peak C" Visible marine humic-like "peak M"
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-8%.'%94%'5"-8%(0".(,0#?(#.%5"&*1"-8%"&--&,8%1"%3(+&/*&5"0%9&-(4%"-#"-8%"#++'8#0%"%,#'2'-%.'"
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