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The ocean is not acidic, and model projections say the oceans won’t ever become acidic. 
So why call it ocean acidification?$$
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Would dissolving all the CO2 
released by burning all the 
world’s fossil fuel reserves ever 
make the seas acidic? 
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Is ocean acidification just another name for climate change? 
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Will CO2 really decrease ocean 
pH all that much? 

')2#+62565$#5624*6#$6"*6$5;-D*)#$
/)#*+$>[$"*5$D*JJ#+$.7$*./;6$
`&S$>[$;+26$D-/4$>-#2+0;56-2*J$
624#5$6/$6/0*7&$1#)*;5#$>[$25$*$
4#*5;-#$/D$"70-/3#+$2/+$
)/+)#+6-*62/+$*+0$6"#$>[$5)*J#$
25$J/3*-26"42)$c$D/-$#O#-7$0-/>$
/D$S$>[$;+26?$"70-/3#+$2/+$
J#O#J5$2+)-#*5#$.7$*$D*)6/-$/D$S`$
c$*$`&S<;+26$>[$0-/>$25$
#K;2O*J#+6$6/$*./;6$*$Qef$
2+)-#*5#$2+$6"#$/)#*+$"70-/3#+$
2/+$)/+)#+6-*62/+&$$$$PD$:#$
)/+62+;#$/+$6"#$#\>#)6#0$
6-*B#)6/-7$D/-$D/552J<D;#J$;5#$*+0$
-252+3$*64/5>"#-2)$,(Q?$>[$25$
J2I#J7$6/$0-/>$.7$`&g<`&a$;+265$
.7$6"#$#+0$/D$6"#$QS56$)#+6;-7$
*+0$2+)-#*5#$/)#*+$"70-/3#+$
2/+$)/+)#+6-*62/+$8/-$*)20267=$.7$
S``<SU`f$*./O#$:"*6$26$:*5$2+$
>-#2+0;56-2*J$624#5&$c$S. Doney

$

3*#&%$*&45)%$*"#'+6.47$&%,$89&
The equations showing CO2 reacting with water look like they 
generate more, not less carbonate. How does ocean 
acidification decrease the amount of carbonate ions in 
seawater?$$
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“Is ocean 
acidification just 
another name for 
climate change?” 

C$>#&D&

It seems impossible to acidify the oceans, given how salty they are. How could CO2 overcome all 
that salt? 
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If the ice caps melt and freshwater is added to 
the ocean, won’t this simply dilute the acidity?$
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Won’t the CO2 outgas as the oceans begin to 
warm up, therefore cancelling out the problem?$
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How do we know what ocean pH was in the past 
even though the pH scale was not introduced 
until 1909?$$
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.;..J#5$.#)/4#$6-*>>#0$2+$6"#$D-##N2+3$2)#&$
')2#+62565$"*O#$*+*J7N#0$6"#$,(Q$)/+)#+6-*62/+$
/D$*2-$2+$6"#5#$.;..J#5$*+0$"*O#$0#O#J/>#0$*$
-#)/-0$/D$6"#$*64/5>"#-2)$,(Q$)/+)#+6-*62/+$2+$
6"#$-#)#+6$>*56&$1#)*;5#$J*-3#$>*-65$/D$6"#$5;-D*)#$
/)#*+$,(Q$)/+)#+6-*62/+$-#4*2+5$-/;3"J7$2+$
#K;2J2.-2;4$:26"$6"#$*64/5>"#-2)$,(Q$
)/+)#+6-*62/+?$6"#$/)#*+$,(Q$)/+6#+6$)*+$.#$
)*J);J*6#0$D-/4$6"#5#$*2-$.;..J#5?$*+0$/)#*+$>[$
)*+$*J5/$.#$)*J);J*6#0&$P+$D*)6?$6"#$2)#$)/-#$-#)/-0$
5"/:5$6"*6$6"#$*64/5>"#-2)$,(Q$)/+)#+6-*62/+$
"*5$+#O#-$.##+$"23"#-$6"*+$*./;6$Qj`$>>4$
0;-2+3$6"#$J*56$j``?```$7#*-5?$)-#*62+3$)/+0262/+5$
J#*02+3$6/$*+$*O#-*3#$>-#2+0;56-2*J$5;-D*)#$/)#*+$
>[$/D$)*&$j&Q&$c$J. Bijma$

How do we know what ocean pH was tens of 
millions of years ago? 

!/$#5624*6#$>"752)*J$/-$)"#42)*J$>*-*4#6#-5$
5;)"$*5$6#4>#-*6;-#$/-$>[$D/-$>#-2/05$.#D/-#$
2+56-;4#+65$:#-#$*O*2J*.J#?$5)2#+62565$;5#$5/<
)*JJ#0$>-/\7$>*-*4#6#-5$/-$]>-/\2#5?^$:"2)"$*-#$
4#*5;-*.J#$>*-*4#6#-5$6"*6$)*+$.#$-#J*6#0$6/$
0#52-#0$.;6$;+/.5#-O*.J#$>*-*4#6#-5&$L/-$
2+56*+)#?$4*-2+#$)*J)2D72+3$/-3*+2545$
2+)/->/-*6#$4*+7$/6"#-$#J#4#+65$2+6/$6"#2-$"*-0$
5"#JJ5$*+0$5I#J#6/+5$.#520#5$6"#$)*J)2;4?$)*-./+?$
*+0$/\73#+$2+$)*J)2;4$)*-./+*6#&$V"#+$6"#$"*-0$
>*-65$/D$6"#5#$/-3*+2545$6"*6$*-#$>-#5#-O#0$2+$
5#024#+6$*-#$*+*J7N#0?$6"#$*00262/+*J$#J#4#+65$
>-/O20#$2+D/-4*62/+$*./;6$#+O2-/+4#+6*J$
)/+0262/+5$0;-2+3$6"#$*+24*J_5$J2D#624#&$
[256/-2)*J$/)#*+$>[$O*J;#5$*+0$)"*+3#5$)*+$.#$
56;02#0$;52+3$6"#$)/+)#+6-*62/+$/D$6"#$#J#4#+6$
./-/+$*+0$6"#$-*62/$/D$265$56*.J#$25/6/>#5$8 S`1$
*+0$ $SS1=$2+$4*-2+#$)*-./+*6#5&$C00262/+*J$
3#/)"#42)*J$#O20#+)#$*+0$4/0#J2+3$>-/O20#$
56-/+3$#O20#+)#$6"*6$6"#$*O#-*3#$5;-D*)#$/)#*+$
>[$"*5$+/6$.##+$4;)"$J/:#-$6"*+$*./;6$j&Q$D/-$
42JJ2/+5$/D$7#*-5&$c$J. Bijma 

F#&614#'#%.6$&%,$356#4G&.+)%6$
How do OA's effects relate to those of other 
human activities? 

(6"#-$";4*+$*)62O262#5$)#-6*2+J7$*-#$*DD#)62+3$
5#*:*6#-$)"#4256-7$*+0$6"#$/)#*+Z5$*)20<.*5#$
.*J*+)#?$.;6$+/6$+#*-J7$6/$6"#$#\6#+6$/D$
*64/5>"#-2)$,(Q<0-2O#+$*)202D2)*62/+&$C)20$-*2+?$
:"2)"$)/+6*2+5$5;JD;-2)$*+0$+26-2)$*)205$
/-232+*JJ7$0#-2O#0$D-/4$D/552J$D;#J$)/4.;562/+?$
D*JJ5$/+$6"#$)/*56*J$/)#*+5&$!"#$24>*)6$/D$*)20$
-*2+$/+$5;-D*)#$/)#*+$)"#4256-7$4*7$.#$
24>/-6*+6$J/)*JJ7$*+0$-#32/+*JJ7?$.;6$26$25$54*JJ$
3J/.*JJ7$*+0$265$6/6*J$#DD#)65$#K;*J$/+J7$*$D#:$
>#-)#+6$/D$6"#$)"*+3#5$0-2O#+$.7$-252+3$
*64/5>"#-2)$,(Q&$,/*56*J$:*6#-5$*-#$*J5/$
*DD#)6#0$.7$#\)#55$+;6-2#+6$2+>;65?$4/56J7$
+26-/3#+?$D-/4$*3-2);J6;-#?$D#-62J2N#-5$*+0$
5#:*3#&$!"#$-#5;J62+3$)"#42)*J$)"*+3#5$J#*0$6/$
J*-3#$>J*+I6/+$.J//45?$*+0$:"#+$6"#5#$.J//45$
)/JJ*>5#$*+0$52+I$.#J/:$6"#$5;-D*)#$J*7#-$6"#$
-#5;J62+3$-#5>2-*62/+$D-/4$.*)6#-2*$J#*05$6/$*$
0-*:0/:+$2+$5#*:*6#-$/\73#+$*+0$*+$2+)-#*5#$2+$
,(Q?$:"2)"$0#)-#*5#5$>[$#O#+$4/-#$2+$
5;.5;-D*)#$)/*56*J$:*6#-5&$$

(+#$/D$6"#$4*B/-$02DD#-#+)#5$.#6:##+$(C$*+0$
6"#5#$67>#5$/D$";4*+$#DD#)65$25$6"*6$(CZ5$
2+DJ;#+)#$25$6-;J7$3J/.*J$2+$5)*J#?$*DD#)62+3$>[<
5#+5262O#$*+0$)*J)2D72+3$/-3*+2545$2+$#O#-7$
/)#*+$.*52+$D-/4$6"#$#K;*6/-$6/$6"#$>/J#5&$$C6$
>-#5#+6?$6"#$#DD#)65$*-#$-#56-2)6#0$>-24*-2J7$6/$6"#$
;>>#-$Q``<U``4$/D$6"#$/)#*+?$.;6$#O#-7$7#*-$6"#$
#DD#)65$>#+#6-*6#$6/$0##>#-$0#>6"5&$$l*+7$/D$6"#$
/6"#-$24>*)65$/D$";4*+$*)62O262#5$*-#$4/-#$J/)*J$
2+$+*6;-#&c$S. Doney, C. Langdon$

What evidence suggests that ocean acidification 
is happening and that it results from human 
activity? 

')2#+62565$"*O#$)/JJ#)6#0$5#42<)/+62+;/;5$
-#)/-05$/D$5#*:*6#-$>,(Q$*+0$>[$/O#-$6"#$J*56$
Q`<g`$7#*-5$2+$6"#$A*)2D2)$*+0$C6J*+62)$()#*+5&$
!"#5#$624#<5#-2#5$-#)/-05$D-/4$+#*-$[*:*22?$
1#-4;0*?$*+0$6"#$,*+*-7$P5J*+05$5"/:$6"*6$
5#*:*6#-$>,(Q$25$42--/-2+3$6"#$2+)-#*5#$2+$
*64/5>"#-2)$,(Q$*+0$6"*6$/)#*+$>[$25$
0#)-#*52+3&$$(6"#-$4#*5;-#4#+65$/D$6"#$,(Q$
)/+6#+6$2+$6"#$d/-6"$A*)2D2)$()#*+?$)/+0;)6#0$2+$
STTS$*+0$*3*2+$2+$Q``e?$5"/:$6"*6$6"#$,(Q$
)/+6#+6$2+$6"#$d/-6"$A*)2D2)$()#*+$"*5$2+)-#*5#0$
2+$*))/-0*+)#$:26"$-252+3$*64/5>"#-2)$,(Q$
)/+)#+6-*62/+5&$c$C. Turley, J. Kleypas$

 

“How do we know 
what ocean pH 
was millions of 
years ago?” 

A@B6$&5)1.$)*#&%$&*+,+-+*&.+)%C$>#&F&
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“Shellfish can survive 
in fresh water… so 
what’s the problem?” 

A@B6$&5)1.$)*#&%$&*+,+-+*&.+)%$ C$>#&G

H#)E)I+*&E$>1--#4+%I$
If glacial runoff increases and rock flour is 
carried to the oceans, will this provide alkalinity 
to the oceans and offset OA somewhat? 

!"#$:#*6"#-2+3$/D$)/+62+#+6*J$-/)I5$0/#5$
2+)-#*5#$6"#$*JI*J2+267$/D$5#*:*6#-$*+0$2+)-#*5#5$
265$*.2J267$6/$)/;+6#-*)6$>[$0#)-#*5#5?$.;6$
+#;6-*J2N2+3$*JJ$/D$6"#$,(Q$D-/4$";4*+$*)62O267$
6"*6$25$#+6#-2+3$6"#$/)#*+5$:26"$6"25$>-/)#55$*J/+#$
:/;J0$6*I#$";+0-#05$/D$6"/;5*+05$/D$7#*-5&$
!"#-#D/-#?$/+$6"#$624#$5)*J#5$/D$24>/-6*+)#$6/$
";4*+I2+0$80#)*0#5$6/$)#+6;-2#5=?$6"#5#$
>-/)#55#5$*-#$+/6$D*56$#+/;3"$6/$523+2D2)*+6J7$
.;DD#-$/)#*+$*)202D2)*62/+&$c$R.A. Feely, J. 
Bijma 

As the oceans become more acidic, more calcium 
carbonate minerals underwater will dissolve. 
Will that offset ocean acidification? 

!"#$0255/J;62/+$/D$)*J)2;4$)*-./+*6#$42+#-*J5$2+$
6"#$:*6#-$)/J;4+$*+0$2+$6"#$5#024#+65$0/#5$
2+)-#*5#$6"#$*JI*J2+267$/D$5#*:*6#-?$:"2)"$/DD5#65$
6"#$0#)-#*5#0$>[$*+0$)*-./+*6#$2/+$
)/+)#+6-*62/+5$*55/)2*6#0$:26"$/)#*+$
*)202D2)*62/+&$[/:#O#-?$*5$:26"$-/)I$:#*6"#-2+3?$
6"25$>-/)#55$25$5J/:$*+0$:/;J0$6*I#$6"/;5*+05$6/$
6#+5$/D$6"/;5*+05$/D$7#*-5$6/$+#;6-*J2N#$*JJ$/D$6"#$
,(Q$D-/4$";4*+$*)62O267$6"*6$25$#+6#-2+3$6"#$
/)#*+5&$(O#-$6"#$0#)*0#5$6/$)#+6;-2#5$6"*6$*DD#)6$
";4*+$)/44;+262#5?$6"#5#$>-/)#55#5$*-#$+/6$D*56$
#+/;3"$6/$)/;+6#-*)6$,(Q$2+O*52/+$2+6/$6"#$
/)#*+?$*+0$5/$6"#$)"#42)*J$)"*+3#5$*55/)2*6#0$
:26"$/)#*+$*)202D2)*62/+$:2JJ$J*56$D/-$5#O#-*J$
)#+6;-2#5&$c$R.A. Feely 

!

3@$J$=&E*+-+*&.+)%$

Why does adding CO2 to home aquaria benefit 
animals, but in the ocean, adding CO2 leads to 
harmful acidification?$

L-#5":*6#-$D25"$*+0$>J*+65$6#+0$6/$.#$4/-#$
6/J#-*+6$/D$J/:#-$>[$*+0$:20#-$>[$)"*+3#5$
/O#-*JJ$.#)*;5#$D-#5"$:*6#-$)/+6*2+5$J/:$
*JI*J2+267?$:"2)"$4#*+5$6"*6$6"#$:*6#-$)"#4256-7$
0/#5$+/6$42+242N#$>[$)"*+3#5$82&#&?$26$0/#5$+/6$
"*O#$6"#$].;DD#-2+3$)*>*)267^=$6"#$:*7$6"*6$
5#*:*6#-$)"#4256-7$0/#5&$!"#$+*6;-*J$O*-2*.2J267$
/D$>[$2+$J*I#5$*+0$-2O#-5$25$*J5/$"23"#-$6"*+$2+$
6"#$/)#*+&$L-#5":*6#-$/-3*+2545$"*O#$#O/JO#0$
5>#)2*J$4#)"*+2545$6"*6$*JJ/:$6"#4$6/$6"-2O#$2+$
6"#5#$4/-#$*)202)$*+0$O*-2*.J#$)/+0262/+59$D/-$
#\*4>J#?$D-#5":*6#-$>J*+65$4*7$.#+#D26$D-/4$
"23"#-$,(Q&$$

P+$5*J6:*6#-$*K;*-2*?$)/-*J5$*+0$D25"$-#K;2-#$*$
4/-#$+*--/:J7$.*J*+)#0$>[$*+0$/:+#-5$/D6#+$
*00$)*-./+*6#$]"*-0#+#-5^$6/$2+)-#*5#$6"#$:*6#-_5$
*JI*J2+267$*+0$4*2+6*2+$6"#$>[$.#6:##+$j&`$*+0$
j&a&$m#O2)#5$)*JJ#0$])*J)2;4$-#*)6/-5^$.;..J#$
,(Q$3*5$6"-/;3"$)-;5"#0$)*J)2;4$)*-./+*6#$
8;5;*JJ7$)-;5"#0$)/-*J=?$:"2)"$-#J#*5#5$)*J)2;4$
*+0$)*-./+*6#$2/+5$2+6/$6"#$5*J6$:*6#-?$>-/O202+3$
6"#$"23"<*JI*J2+267?$)*J)2;4<-2)"$:*6#-5$6"*6$
*K;*-2;4$)/-*J5$*+0$/6"#-$)*J)2D72+3$/-3*+2545$
+##0$6/$)/+62+;#$"#*J6"7$3-/:6"&$%+D/-6;+*6#J7?$

6"#5#$67>#5$/D$0#O2)#5$)*++/6$.#$;5#0$6/$5/JO#$
/)#*+$*)202D2)*62/+$/+$*$3J/.*J$5)*J#?$.#)*;5#$/D$
6"#$O*56$*4/;+65$/D$)-;5"#0$)*J)2;4$)*-./+*6#$
6"*6$*-#$-#K;2-#0$6/$)*--7$/;6$6"#$>-/)#55$2+$6"#$
:/-J0Z5$/)#*+5&$c$H. Findlay, J. Kleypas, M. 
Holcomb 

$

Shellfish can survive in fresh water where pH 
can drop as low as 5, so what’s the problem?$

(-3*+2545$6"*6$J2O#$2+$D-#5"$:*6#-$/-$2+$5*J6$:*6#-
:26"$J/:#-$>[$"*O#$0#O#J/>#0$*0*>62O#$
4#)"*+2545$6"*6$*JJ/:$6"#4$6/$5;-O2O#$;+0#-$
6"/5#$)/+0262/+5&$P+$)/+6-*56?$4*-2+#$5"#JJD25"$
6"*6$"*O#$#O/JO#0$2+$5#*:*6#-$:26"$*$"23"#-$*+0$
J#55$O*-2*.J#$>[$*-#$4/-#$5;5)#>62.J#$6/$)"*+3#5$
2+$>[&$C$3//0$#\*4>J#$/D$6"25$25$6"#$+*6;-*J$5"2D6$
2+$4*-2+#$/-3*+2545$6/$D-#5":*6#-$/-3*+2545$
J2O2+3$*J/+3$#56;*-2#5&$C$4*-2+#$5"#JJD25"?$Thais 
gradata?$6"*6$25$D/;+0$*J/+3$#56;*-2#5$6#+05$6/$
"*O#$"23"#-$-*6#5$/D$0255/J;62/+$*6$6"#$D-#5":*6#-$
#+0$/D$6"#$#56;*-7?$:"#-#$>[$25$J/:#-$*+0$O*-2#5$
:20#J7?$6"*+$26$0/#5$*6$6"#$5#*:*6#-$#+0$/D$6"#$
#56;*-7$:"#-#$>[$25$"23"#-$*+0$O*-2#5$J#55&$c$H. 
Findlay 
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Why does increasing the dissolved CO2 
concentration in seawater affect shell building in 
marine organisms? 

m255/JO2+3$,(Q$2+$5#*:*6#-$)*;5#5$*$5;26#$/D$
)"*+3#5$2+$6"#$)*-./+*6#$5756#4$2+$5#*:*6#-E$$6"#$
)/+)#+6-*62/+5$/D$0255/JO#0$,(Q?$6/6*J$0255/JO#0$
2+/-3*+2)$)*-./+?$*+0$6"#$.2)*-./+*6#$2/+$
2+)-#*5#?$:"2J#$>[?$)*-./+*6#$2/+$)/+)#+6-*62/+?$
*+0$)*J)2;4$)*-./+*6#$5*6;-*62/+$56*6#$0#)-#*5#&$
$(+#$/-$5#O#-*J$/D$6"#5#$)"*+3#5$4*7$*DD#)6$5"#JJ$
.;2J02+3$2+$4*-2+#$/-3*+2545&$$!"#$D/-4*62/+$/D$
5I#J#6/+5$/-$5"#JJ5$2+$4/56$4*-2+#$/-3*+2545$25$
*+$2+6#-+*J$>-/)#55$:"#-#$4/56$/-3*+2545$*>>#*-$
6/$)/+O#-6$.2)*-./+*6#$6/$)*-./+*6#$6/$D/-4$
)*J)2;4$)*-./+*6#&$$1;6$.#)*;5#$6"25$)/+O#-52/+$
)-#*6#5$>-/6/+5$8"70-/3#+$2/+5=?$6"#$/-3*+2545$
4;56$#\#-6$#+#-37$6/$#\>#J$6"#$"70-/3#+$2/+5$
2+6/$6"#$#\6#-+*J$#+O2-/+4#+6$85#*:*6#-=&$$(+#$
"7>/6"#525$*5$6/$:"7$/)#*+$*)202D2)*62/+$)*+$
)*;5#$5J/:#-$)*J)2D2)*62/+$-*6#5$8*+0$6"#-#$*-#$
5#O#-*J=$25$6"*6$*5$5#*:*6#-$>[$0#)-#*5#5?$6"#$
/-3*+2545$4;56$#\#-6$4/-#$#+#-37$6/$-20$
6"#45#JO#5$/D$6"#$>-/6/+5$>-/0;)#0$.7$
)*J)2D2)*62/+$<<<$6"#7$*-#$524>J7$:/-I2+3$*3*2+56$
*$56##>#-$3-*02#+6&$$!"25$#\>J*2+5$:"7$4*+7$
)*J)2D72+3$/-3*+2545$"*O#$J/:#-$)*J)2D2)*62/+$
-*6#5$:"#+$6"#7$*-#$>"752/J/32)*JJ7$6*\#0$.7$
/6"#-$56-#55#5$8#&3&$J*)I$/D$D//0=9$6"*6$25?$6"#$
*00#0$56-#55$J#*O#5$6"#$/-3*+2545$:26"$J#55$
#+#-37$D/-$)*J)2D2)*62/+&$$()#*+$*)202D2)*62/+$)*+$
*J5/$2+02-#)6J7$*DD#)6$5"#JJ$D/-4*62/+$6"-/;3"$
>"752/J/32)*J$24>*)65?$5;)"$*5$)"*+3#5$2+$*+$
/-3*+254_5$-#5>2-*62/+$-*6#?$:"2)"$)*+$24>*)6$
#+#-37$.;03#65$*+0$6";5$*J6#-$6"#$*+24*J_5$*.2J267$
6/$>-/0;)#$5"#JJ$4*6#-2*J&$V"2J#$5/4#$/-3*+2545$
4*7$3-/:$6"#2-$5"#JJ5$*6$+/-4*J$-*6#5$;+0#-$
/)#*+$*)202D2)*62/+?$6"#$#\>/5#0$>*-65$/D$6"#$5"#JJ$
4*7$0255/JO#$4/-#$K;2)IJ7?$5/$6"*6$6"#$/-3*+254$
4*7$+##0$6/$5>#+0$4/-#$#+#-37$2+$5"#JJ$
4*2+6#+*+)#?$*+0$J#55$2+$-#>-/0;)62/+$/-$/6"#-$
J2D#$*)62O262#5&$c$ H. Findlay, A. Cohen, J. 
Kleypas$

Scientists have shown that lobster shells (and 
shells of other food-providing animals) get 
thicker when living in water with higher CO2, so 
why should we be worried about OA? 

C6$J#*56$/+#$#\>#-24#+6*J$56;07$5"/:#0$6"*6$6"#$
5"#JJ$4*55$/D$5#O#-*J$)-;56*)#*+5?$2+)J;02+3$
J/.56#-5?$-#*-#0$2+$);J6;-#$D/-$e`$0*75$*)6;*JJ7$
2+)-#*5#0$:26"$2+)-#*5#0$,(Q&$'"#JJ<4*I2+3$
-#K;2-#5$#+#-37?$5/$2+)-#*5#0$5"#JJ$4*55$*J4/56$
)#-6*2+J7$/));--#0$"*+0<2+<"*+0$:26"$-#0;)#0$
#+#-37$D/-$/6"#-$D;+)62/+5$J2I#$3-/:6"$*+0$
-#>-/0;)62/+&$CJ5/?$J/.56#-5$*+0$/6"#-$
)-;56*)#*+5$4*I#$5"#JJ5$;52+3$./6"$)*J)2;4$
)*-./+*6#$*+0$)"262+$2+$*$02DD#-#+6$4#)"*+254$
6"*+$/6"#-$4*-2+#$/-3*+2545&$!"#7$5"#0$6"#2-$
5"#JJ$>#-2/02)*JJ7?$-*6"#-$6"*+$3-/:2+3$)/+56*+6J7$
6"-/;3"/;6$J2D#?$*+0$6"#7$*-#$6"/;3"6$6/$-#6*2+$
4*+7$/D$6"#$42+#-*J5$D-/4$6"#2-$/J0$5I#J#6/+$6/$
>;6$2+6/$6"#$+#:$5I#J#6/+&$@+#-37$*+0$42+#-*J$
.;03#65$:#-#$+/6$4/+26/-#0$2+$6"#$*./O#$56;07?$
5/$"/:$(C$*DD#)65$6"#$/O#-*JJ$"#*J6"$*+0$
J/+3#O267$/D$6"#5#$/-3*+2545$25$562JJ$+/6$I+/:+&$
c$A. Cohen, H. Findlay!

3@$J$=&E*+-+*&.+)%$0*)%.+%1#,2$

A@B6$&5)1.$)*#&%$&*+,+-+*&.+)%C$>#&H&

F E B R U A R Y  2 2 ,  2 0 1 0  •  ::: ; : " ) + ; # , 1 <3=> ?3@ < A @B 6 $ •  ::: ; # 8 ) * & 8 4 ) C # * . ; # 1 < + % , # D ; 8 " 8 < A @B ; " . ' E



!

3@$J$K").)67%."#6+6$
Photosynthesis is expected to rise with ocean 
CO2 levels, and corals contain photosynthesizing 
algae, so won't corals benefit from rising CO2? 

!"#$>"/6/57+6"#525$/D$5/4#?$.;6$+/6$*JJ?$*J3*#$
2+)-#*5#5$:"#+$,(Q$-25#5$6/$J#O#J5$>-/B#)6#0$D/-$
6"#$#+0$/D$6"25$)#+6;-7$8R``<j``$>>4=&$!"#$
52+3J#<)#JJ#0$*J3*#$)*JJ#0$N//\*+6"#JJ*#$6"*6$J2O#$
:26"2+$)/-*J$*+24*J5Z$)#JJ5$*-#$5/4#$/D$6"#$*J3*#$
:"/5#$>"/6/57+6"#525$0/#5$+/6$523+2D2)*+6J7$
2+)-#*5#$*6$>-/B#)6#0$D;6;-#$,(Q$J#O#J5&$$
d/-4*JJ7?$N//\*+6"#JJ*#$*+0$)/-*J5$4*2+6*2+$*$
0#J2)*6#J7$.*J*+)#0$574.2/525?$2+$:"2)"$6"#$
N//\*+6"#JJ*#$6-*+5D#-$>"/6/57+6"#62)*JJ7$D/-4#0$
)*-./+<.*5#0$+;6-262/+$6/$6"#$)/-*J$"/56$*+0$
>-/O20#$*+$24>/-6*+6$5/;-)#$/D$)*-./+$D/-$6"#$
)/-*J$*+0$D/-$)/-*J$)*J)2D2)*62/+$85I#J#6/+$
.;2J02+3=&$$PD$6"#$*J3*#$:26"2+$6"#$)/-*J5Z$)#JJ5$0/$
6//$:#JJ$*+0$6"#2-$+;4.#-5$3-#*6J7$2+)-#*5#?$6"#$
6-*+5D#-$/D$+;6-262/+$6/$6"#$)/-*J$"/56$)*+$.#$
025-;>6#0&$'/$#O#+$2D$N//\*+6"#JJ*#$
>"/6/57+6"#525$:#-#$6/$2+)-#*5#$;+0#-$"23"$,(Q?$
6"25$0/#5$+/6$+#)#55*-2J7$.#+#D26$6"#$)/-*J5&$$P+$
6"#$3-#*6$4*B/-267$/D$#\>#-24#+65?$)/-*J$
)*J)2D2)*62/+$-*6#$0#)-#*5#5$:"#+$6"#$,(Q$J#O#J$
2+)-#*5#5?$5/$26$25$)J#*-$6"*6$6"#$-25#$2+$,(Q$25$
0#)-#*52+3$6"#$)/-*J5Z$*.2J267$6/$.;2J0$6"#2-$
5I#J#6/+5$-*6"#-$6"*+$>-/6#)62+3$6"#4$.7$*J6#-2+3$
N//\*+6"#JJ*#$>"/6/57+6"#525&$c$C. Langdon, A. 
Cohen$

If photosynthesis increases with ocean CO2 
levels, won’t phytoplankton and seagrasses do 
better? 

,/44;+262#5$/D$/-3*+2545$D/;+0$+#*-$5"*JJ/:$
+#*-<5"/-#$O/J)*+2)$,(Q$O#+65$0#4/+56-*6#$6"*6$
)#-6*2+$42)-/*J3*#?$5#*:##05$*+0$5#*3-*55#5$
3-/:$O#-7$:#JJ$2+$*-#*5$6"*6$#\>#-2#+)#$J/+3<
6#-4$#\>/5;-#$6/$#J#O*6#0$,(Q&$[/:#O#-?$6"25$
:/-I$*J5/$5"/:5$6"*6$)/*56*J$#)/5756#45$*-#$
0#3-*0#0$0;#$6/$6"#$J/+3<6#-4$#DD#)65$/D$/)#*+$
*)202D2)*62/+&$12/02O#-5267$25$J/56E$3-/;>5$/D$
/-3*+2545$5;)"$*5$)/-*JJ2+#$*J3*#$3-*0;*JJ7$
025*>>#*-$*5$>[$D*JJ5?$*+0$6"#7$*-#$-#>J*)#0$.7$
6"-2O2+3$56*+05$/D$2+O*52O#$*J3*#&$!"25$-*25#5$
)/+)#-+5$6"*6$/)#*+$*)202D2)*62/+$:2JJ$*JJ/:$*J2#+$
*J3*#$6/$>-/J2D#-*6#$*+0$025-;>6$)/*56*J$"*.26*65&$
— J. Hall-Spencer 

An increase of CO2 in seawater increases growth 
of photosynthetic algae – isn’t that a good thing? 

!"#$3-/:6"$*+0$>"/6/57+6"#525$/D$)#-6*2+$4*-2+#$
>"76/>J*+I6/+$*+0$>J*+6$5>#)2#5$4*7$2+)-#*5#$
:26"$"23"#-$,(Q$J#O#J5?$.;6$6"25$25$.7$+/$4#*+5$*$
3#+#-*J$-;J#&$L/-$/6"#-$5>#)2#5?$"23"#-$,(Q$*+0$
-252+3$*)20267$:2JJ$"*O#$#26"#-$+#3*62O#$/-$+#;6-*J$
#DD#)65$/+$6"#2-$>"752/J/37&$!"#-#D/-#$5/4#$
4*-2+#$>"76/>J*+I6/+$*+0$>J*+65$:2JJ$.#$
]:2++#-5?^$:"2J#$/6"#-5$:2JJ$.#$]J/5#-5&^$!"25$
4#*+5$6"*6$2+56#*0$/D$.#+#D262+3$*JJ$24>*-62*JJ7?$
D;6;-#$*)202D2)*62/+$:2JJ$2+56#*0$>-/.*.J7$)*;5#$
4*B/-$5"2D65$2+$6"#$5>#)2#5$)/4>/5262/+$/D$/)#*+$
>"76/>J*+I6/+$)/44;+262#5&$'/4#$/D$6"#$
#\>#-24#+65$6"*6$"*O#$.##+$0/+#$5/$D*-$5;33#56$
6"*6$6"#$J2I#J7$+#:$0/42+*+6$>"76/>J*+I6/+$
5>#)2#5$2+$6"#$D;6;-#$*)202D2#0$/)#*+$4*7$.#$J#55$
*.J#$6/$5;>>/-6$6"#$>-/0;)62O#$D//0$)"*2+5$6"*6$
:#$>-#5#+6J7$-#J7$/+$6/$5;>>/-6$"#*J6"7$/)#*+$
#)/5756#45$*+0$D25"#-2#5$-#5/;-)#5&$c$D. 
Hutchins 

A@B6$&5)1.$)*#&%$&*+,+-+*&.+)%$ C$>#&I

L%,+G+,1&E6$J$M*)676.#'6$
CO2 is a normal product of respiration. Animals 
breathe it in and out all the time. How can it 
possibly be toxic? 

X;56$*5$2+$5#*:*6#-?$-#5>2-*6/-7$,(Q$-#0;)#5$6"#$
>[$:26"2+$)#JJ5&$(-3*+2545$"*O#$#O/JO#0$
4#)"*+2545$6/$.;DD#-?$6-*+5>/-6?$*+0$-#4/O#$
,(Q$D-/4$6"#2-$)#JJ5$*6$6"#$-*6#$*6$:"2)"$26$25$
>-/0;)#0&$()#*+$*)202D2)*62/+$-#0;)#5$6"#$,(Q$
02DD#-#+)#$.#6:##+$6"#$2+520#$*+0$/;6520#$*+$
*+24*J_5$./07?$6"#-#.7$"2+0#-2+3$,(Q$-#4/O*J$
*+0$)*;52+3$]-#5>2-*6/-7$*)20/525&^$8!"25$6#-4$25$
*+*J/3/;5$6/$]/)#*+$*)202D2)*62/+^$.#)*;5#$
+/-4*J$./02J7$DJ;205$*-#$5J23"6J7$.*52)&=$
H#5>2-*6/-7$*)20/525$4*7$J#*0$6/?$*4/+3$/6"#-$
6"2+35?$-#0;)#0$4#6*./J254$*+0$-#0;)#0$
/-3*+254$*)62O267&$C00262/+*JJ7?$4*+7$)#JJ;J*-$
D;+)62/+5$*-#$>[$5#+5262O#$*+0$4*7$-#5>/+0$
+#3*62O#J7$6/$-#5>2-*6/-7$*)20/525&$L/-$#\*4>J#?$
-#5>2-*6/-7$>-/6#2+5$8#&3&$"#4/3J/.2+=$2+$6"#$
.J//0$.2+0$/\73#+$*6$"23"$>[$*+0$-#J#*5#$26$*6$
J/:$>[?$*JJ/:2+3$/\73#+$;>6*I#$*6$6"#$32JJ5$*+0$
-#J#*5#$*6$6"#$)#JJ5?$:"#-#$4#6*./J2)*JJ7$
>-/0;)#0$,(Q$"*5$0#)-#*5#0$J/)*J$>[&$l*+7$
/-3*+2545$)*+$)/4>#+5*6#$D/-$-#5>2-*6/-7$
*)20/525$.7$5"2D62+3$6"#$.*J*+)#$/D$2/+5$2+$6"#$
./07&$[/:#O#-?$26$25$;+I+/:+$:"#6"#-$6"#7$)*+$
4*2+6*2+$5;)"$*+$2/+2)$24.*J*+)#$2+$6"#$J/+3$
6#-4&$c$B. Seibel$
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“…Won’t seagrasses 
do better?” 
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Won’t organisms and ecosystems adapt if some 
calcifying species leave an area? 

!"#$-*6#$/D$";4*+<0-2O#+$/)#*+$*)202D2)*62/+$25$
*./;6$S``$624#5$D*56#-$2+$6"#$5;-D*)#$/)#*+$6"*+$
6"*6$#\>#-2#+)#0$.7$4*-2+#$#)/5756#45$3J/.*JJ7$
D/-$6#+5$/D$42JJ2/+5$/D$7#*-5&$m2DD#-#+6$
#)/5756#45$:2JJ$-#5>/+0$02DD#-#+6J7&$P+$5/4#$
#)/5756#45?$5;)"$*5$)/-*J$-##D5?$6"#$)*J)2D72+3$
/-3*+2545$D/-4$6"#$D;+0*4#+6*J$*-)"26#)6;-#$/D$
6"#$#)/5756#4$5/$2D$6"#7$025*>>#*-?$6"#$
#)/5756#4$)/;J0$025*>>#*-&$P+$/6"#-$#)/5756#45$
:"#-#$)*J)2D2#-5$>J*7$*$J#55$24>/-6*+6$-/J#?$26$25$
J#55$)J#*-$:"*6$24>*)6$6"#$J/55$/D$)*J)2D72+3$
5>#)2#5$423"6$"*O#$/+$6"#$#)/5756#4&$m;-2+3$
>-/D/;+0$-*>20$)"*+3#5$2+$/)#*+$)"#4256-7$J2I#$
>-#5#+6<0*7$/)#*+$*)202D2)*62/+?$/-3*+2545$
-#5>/+0$2+$/+#$/D$g$:*75E$*))J24*62/+?$
*0*>6*62/+?$/-$#\62+)62/+&$PD$4/56$5>#)2#5$
*))J24*6#$-*>20J7?$6"#$.2/02O#-5267$*+0$D;+)62/+$
/D$4*-2+#$#)/5756#45$4*7$.#$-#J*62O#J7$
;+)"*+3#0&$@O/J;62/+*-7$*0*>6*62/+?$"/:#O#-?$25$
J2+I#0$6/$3#+#-*62/+$624#?$4#*+2+3$6"*6$J/+3<
J2O#0$5>#)2#5$6"*6$4*6;-#$5J/:J7$:2JJ$"*O#$D#:#-$
/>>/-6;+262#5$6/$>-/0;)#$/DD5>-2+3$4/-#$-#5256*+6$
6/$6"#$-*>20J7$)"*+32+3$#+O2-/+4#+6*J$
)/+0262/+5&$@O#+$5>#)2#5$6"*6$-#>-/0;)#$4/-#$
K;2)IJ7$4*7$+/6$.#$*.J#$6/$*0*>69$D/-$#\*4>J#?$*6$
6"#$#03#5$/D$-#32/+5$:26"$D*O/-*.J#$6#4>#-*6;-#5$
*+0$:*6#-$)"#4256-7?$)/-*J5$"*O#$.##+$6-72+3$6/$
*0*>6$6/$J/:#-$)*-./+*6#$2/+$)/+)#+6-*62/+5$D/-$
4*+7$42JJ2/+5$/D$7#*-5?$.;6$6"#7$"*O#$+/6$.##+$
*.J#$6/$5;))##0$2+$/;6)/4>#62+3$*J3*#$*+0$/6"#-$
+/+<)*J)2D72+3$5>#)2#5$6"#-#&$P6$5##45$;+J2I#J7?$
6"#-#D/-#?$6"*6$)/-*J5$)/;J0$5;))##0$2+$*0*>62+3$
6/$+#:$6#4>#-*6;-#5$*+0$:*6#-$)"#4256-7$2+$*$
D#:$0#)*0#5$6/$-#5>/+0$6/$(C&$PD$(C$0-2O#5$
J*-3#$5"2D65$2+$6"#$*.;+0*+)#$/D$I#7$/-3*+2545$2+$
D//0$:#.5?$/-$523+2D2)*+6$-*6#5$/D$#\62+)62/+?$:#$
)*+$#\>#)6$24>/-6*+6$)"*+3#5$2+$6"#$D;+)62/+$/D$
#)/5756#45<<<$"/:$#+#-37$*+0$4*6#-2*J$DJ/:$
D-/4$>-24*-7$>-/0;)#-5$J2I#$>J*+I6/+$6/$6/>$
>-#0*6/-5$J2I#$D25"$*+0$4*44*J5&$$

@)/5756#45$*-#$)/4>J#\$+#6:/-I5$/D$2+6#-*)62/+5
*4/+3$.2/J/32)*J$/-3*+2545$*+0$6"#$
#+O2-/+4#+6?$*+0$26$25$02DD2);J6$6/$>-#02)6$6"#$D;JJ$
#)/J/32)*J$24>*)65$/D$)"*+32+3$*+7$/D$6"/5#$
J2+I5&$V#$I+/:$D-/4$,(Q$O#+6$56;02#5$6"*6$(C$
*DD#)65$.2/J/32)*J$5>#)2#5$02DD#-#+6J7$*+0$6"#$42\$
/D$4*-2+#$5>#)2#5$5"2D65?$J#*02+3$6/$J/:#-#0$
.2/02O#-5267$*+0$*$)"*+3#$2+$6"#$/O#-*JJ$
D;+)62/+2+3$/D$#)/5756#45&$V#$0#>#+0$/+$*$
:"/J#$-*+3#$/D$4*-2+#$#)/5756#4$5#-O2)#5?$
2+)J;02+3$D//0$D-/4$D25"#-2#5?$2+)/4#$D-/4$
6/;-254$*+0$-#)-#*62/+?$*+0$/\73#+$*+0$+;6-2#+6$
-#)7)J2+3$D-/4$.2/3#/)"#42)*J$>-/)#55#59$*JJ$/D$
6"#5#$5#-O2)#5$)/;J0$.#$*J6#-#0?$*+0$2+$4*+7$
)*5#5$0#3-*0#0?$.7$/)#*+$*)202D2)*62/+&$P4*32+#?$
D/-$#\*4>J#?$6"#$#)/+/42)$#DD#)65$/D$6"#$
025*>>#*-*+)#$/D$5#*$;-)"2+5$D-/4$X*>*+#5#$
D25"#-2#5$/-$6"#$0#)J2+#$2+$D25"$J*-O*#$/D$
)/44#-)2*JJ7$24>/-6*+6$5>#)2#5&$L;-6"#-4/-#?$
0#)-#*52+3$/-$025*>>#*-2+3$)*J)2D72+3$/-3*+2545$
:2JJ$*DD#)6$8S=$6"#$)"#42)*J$#+O2-/+4#+6?$8Q=$
/6"#-$)*J)2D72+3$*+0$+/+<)*J)2D72+3$/-3*+2545$
6"*6$4*7$0#>#+0$/+$6"#4$8#&3&?$4*+7$/-3*+2545$
*+0$";+0-#05$/D$42JJ2/+5$/D$>#/>J#$0#>#+0$/+$
)/-*J$-##D5=?$*+0$8g=$6"#$-#5#-O/2-$/D$)*-./+$/+$
@*-6"$86"#$]-/)I^$>-/0;)#0$.7$)*J)2D72+3$
/-3*+2545$D*JJ5$/+$6"#$/)#*+$DJ//-$6/$D/-4$
4*552O#$])"*JI7^$0#>/5265$6"*6$J/)I$*:*7$5/4#$
)*-./+$2+6/$3#/J/32)*J$56-;)6;-#5=&$X;56$J2I#$*$
+#3J#)6#0$*K;*-2;4$6"*6$32O#5$:*7$D-/4$D25"$*+0$
5"#JJD25"$6/$*J3*#?$4*-2+#$#)/5756#45$4*7$*0B;56?$
.;6$6"#7$423"6$6"#+$.#$>/>;J*6#0$.7$5>#)2#5$6"*6$
*-#$J#55$;5#D;J$/-$0#52-*.J#$6/$";4*+5?$4*I2+3$
6"#$6-*0262/+*J$-#5/;-)#5$*+0$5#-O2)#5$>-/O20#0$
.7$6"#$)"*+3#0$#)/5756#45$;+*O*2J*.J#?$02DD#-#+6$
D-/4$.#D/-#?$/-$;+>-#02)6*.J#&c$D. Iglesias-
Rodriguez, S. Doney, S. Widdicombe, J. Barry, 
K. Caldeira, J. Hall-Spencer$

A@B6$&5)1.$)*#&%$&*+,+-+*&.+)%C$>#&J&

L%,+G+,1&E6$J$M*)676.#'6$0*)%.+%1#,2$

F E B R U A R Y  2 2 ,  2 0 1 0  •  ::: ; : " ) + ; # , 1 <3=> ?3@ < A @B 6 $ •  ::: ; # 8 ) * & 8 4 ) C # * . ; # 1 < + % , # D ; 8 " 8 < A @B ; " . ' E

!During rapid changes 
like ocean acidifica-
tion, organisms 
respond in one of 3 
ways: acclimation, 
adaptation, or 
extinction.”"
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A@B6$&5)1.$)*#&%$&*+,+-+*&.+)%$ C$>#&K

Will ocean acidification kill all ocean life? 

d/&$[/:#O#-?$4*+7$5)2#+62565$6"2+I$6"*6$/)#*+$
*)202D2)*62/+$:2JJ$J#*0$6/$24>/-6*+6$)"*+3#5$2+$
4*-2+#$#)/5756#45&$$!"25$>-#02)62/+$25$J*-3#J7$
.*5#0$/+$3#/J/32)$"256/-7E$$42JJ2/+5$/D$7#*-5$*3/?$
4*-2+#$#)/5756#45$#\>#-2#+)#0$-*>20$)"*+3#5$
0;-2+3$/)#*+$*)202D2)*62/+$#O#+65?$2+)J;02+3$
5/4#$5>#)2#5$#\62+)62/+5$85##$](C$2+$Y#/J/32)$
[256/-7^$.#J/:=&$$!/0*7?$5/4#$5>#)2#5$*+0$6"#$
#)/5756#45$6"#7$5;56*2+$*-#$6"-#*6#+#0$.7$/)#*+$
*)202D2)*62/+?$>*-62);J*-J7$2+$)/4.2+*62/+$:26"$
/6"#-$)J24*6#$)"*+3#5$5;)"$*5$/)#*+$:*-42+3&$$
@\*4>J#5$2+)J;0#$6-/>2)*J$)/-*J5?$0##><5#*$
)/-*J5?$*+0$5:2442+3$5+*2J5&$!"#5#$5>#)2#5$>J*7$
I#7$-/J#5$2+$6"#$/)#*+5$#26"#-$.#)*;5#$6"#7$.;2J0$
6"-##<024#+52/+*J$56-;)6;-#5?$:"2)"$"/56$*$
)/+520#-*.J#$.2/02O#-5267?$/-$.#)*;5#$6"#7$*-#$
I#7$)/4>/+#+65$/D$6"#$D//0$)"*2+&$'/4#$5>#)2#5$
6"*6$.;2J0$)*J)2;4$)*-./+*6#$56-;)6;-#5?$5;)"$*5$
)/-*J$-##D5?$*J5/$>-/O20#$I#7$5#-O2)#5$6/$";4*+5$
.7$>-/O202+3$D//0?$>-/6#)62+3$5"/-#J2+#5?$*+0$
5;>>/-62+3$6/;-254&$$@O20#+)#$D/-$6"#$#)/J/32)*J$
#DD#)65$/D$/)#*+$*)202D2)*62/+$6/0*7$)*+$.#$D/;+0$
*6$])"*4>*3+#$526#5?^$J/)*62/+5$:"#-#$O/J)*+2)$
,(Q$O#+65$+*6;-*JJ7$*)202D7$6"#$:*6#-$*+0$54*JJ$
,(Q$.;..J#5$-25#$6"-/;3"$6"#$:*6#-$)/J;4+&$$C6$
/+#$/D$6"#5#$526#5$*-/;+0$6"#$P5J*+0$/D$P5)"2*$
8P6*J7=?$D/-$#\*4>J#?$.2/02O#-5267$25$-#0;)#0$.7$
g`f$*6$6"#$*)20267$J#O#J$6"*6$4*6)"#5$6"#$J#O#J$
#\>#)6#0$3J/.*JJ7$2+$QS``&$c$J.-P. Gattuso, J. 
Hall-Spencer 

Will warming and acidification balance out 
responses from organisms? 

P+$>-2+)2>J#?$6"#-#$4*7$.#$5/4#$.#+#D26$D-/4$
:*-42+3$D/-$6"#$)*J)2D2)*62/+$>-/)#55?$.#)*;5#$
>-#)2>26*62/+$/D$)*J)2;4$)*-./+*6#$25$#+"*+)#0$
.7$6#4>#-*6;-#$;>$6/$*$)#-6*2+$6"-#5"/J0&$
[/:#O#-?$/-3*+2545$*-#$*));56/4#0$6/$J2O2+3$2+$
*$J2426#0$6"#-4*J$-*+3#$*+0$*-#$>#-D/-42+3$J#55$
:#JJ$2+$6#4>#-*6;-#5$/;6520#$/D$6"25$-*+3#&$P+$
4*+7$4*-2+#$*-#*5?$/-3*+2545$8)*J)2D2#-5$*+0$
+/+<)*J)2D2#-5$*J2I#=$*-#$*J-#*07$#\>/5#0$6/$
6#4>#-*6;-#5$-#*)"2+3$6"#$;>>#-$#+0$/D$6"#2-$
6"#-4*J$:2+0/:5&$A2J/6$56;02#5$/+$)-*.$*+0$D25"$
"*O#$0#4/+56-*6#0$6"*6$#\>/5;-#$6/$,(Q$J#O#J5$

#\>#)6#0$2D$,(Q$#42552/+5$)/+62+;#$6/$2+)-#*5#$
-#0;)#5$6"#$*+24*J5Z$)*>*)267$6/$6/J#-*6#$#\6-#4#$
6#4>#-*6;-#5&$'6;02#5$/+$)/-*J5$"*O#$*J5/$5"/:+$
6"*6$,(Q$#+"*+)#5$6"#-4*J$5#+5262O267&$P+$6"25$
)*5#$26$#+)/;-*3#5$6"#$J2I#J2"//0$/D$.J#*)"2+3$
#O#+65$6-233#-#0$.7$:*-42+3&$(O#-*JJ?$26$*>>#*-5$
6"*6$/)#*+$*)202D2)*62/+$4*7$#+"*+)#$6"#$
5#+5262O267$/D$/-3*+2545$6/$)J24*6#$:*-42+3&$c$
H.-O. Pörtner  

Will adult organisms be safe if they are able to 
survive the effects of ocean acidification when 
they are very young and susceptible?$
L/-$)/44/+$4*-2+#$/-3*+2545?$6"#$3*4#6#5?$
#335?$O*-2/;5$J*-O*J$56*3#5?$B;O#+2J#5?$*+0$*0;J65$
4*7$.#$*DD#)6#0$02DD#-#+6J7$.7$/)#*+$
*)202D2)*62/+$.#)*;5#$6"#7$"*O#$02DD#-#+6$
6/J#-*+)#5$*+0$)/>2+3$56-*6#32#5$6/$#+O2-/+4#+6*J
56-#55&$P+$5/4#$)*5#5?$6"#$#*-J7$J2D#$56*3#5$4*7$.#$
4/-#$5;5)#>62.J#$6/$56-#55?$:"2J#$2+$/6"#-$)*5#5?$
6"#$*0;J65$4*7$.#&$@\>#-24#+65$*-#$+#)#55*-7$/+$
*JJ$J2D#$56*3#5$6/$;+0#-56*+0$6"#$D;JJ$#DD#)65$/+$*+$
/-3*+254$*+0$6/$"23"J23"6$56*3#5$6"*6$-#>-#5#+6$
:#*I$J2+I5&$P6$25$*J5/$24>/-6*+6$6/$)/+520#-$/)#*+$
*)202D2)*62/+_5$J2D#J/+3$24>*)65$/+$5;-O2O*J$*+0$
-#>-/0;)62/+&$P+$3#+#-*J?$#*-J7$J2D#$"256/-7$>"*5#5$
83*4#6#5?$J*-O*#?$B;O#+2J#5=$*-#$#\>#)6#0$6/$.#$
4/-#$5#+5262O#$6/$/)#*+$*)202D2)*62/+$6"*+$*0;J65&$
PD$D#:#-$7/;+3$/-3*+2545$5;-O2O#$6/$*0;J6"//0?$
>/>;J*62/+$52N#$:2JJ$)J#*-J7$.#$-#0;)#0&$(+3/2+3$
56-#55$;5;*JJ7$J24265$6"#$5;))#55$/D$/-3*+2545$n$
D/-$#\*4>J#?$56-#55#0$/-3*+2545$3-/:$5J/:#-$*+0$
54*JJ#-?$56-#55#0$>-#0*6/-5$:2JJ$.#$J#55$#DD#)62O#?$
*+0$56-#55#0$>-#7$4*7$.#$J#55$*.J#$6/$*O/20$
)*>6;-#$n$*+0$;J624*6#J7$6"25$56-#55$:2JJ$0#)-#*5#$
5;-O2O*J?$)*;52+3$>/>;J*62/+$52N#$6/$5;DD#-&$L/-$
*0;J65?$56-#55$)*;5#0$.7$/)#*+$*)202D2)*62/+$4*7$
+/6$*DD#)6$#O#-70*7$*)62O262#5?$.;6$26$:2JJ$
;J624*6#J7$-#0;)#$/-3*+2545_$3-/:6"$*+0$
-#>-/0;)62/+$-*6#5&$m#)-#*5#0$-#>-/0;)62/+$)*+$
*J5/$*J6#-$6"#$#+62-#$>/>;J*62/+_5$52N#&$P4>*)65$*6$
*+7$J2D#$56*3#$)*+$-#0;)#$6"#$>/6#+62*J$D/-$*$
>/>;J*62/+$6/$3-/:$/-$6/$-#)/O#-$D-/4$J/55#5$0;#$
6/$0256;-.*+)#$/-$56-#55&$—  J. Barry, H. Findlay$
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“Will ocean 
acidification kill all 
ocean life?” 
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A@B6$&5)1.$)*#&%$&*+,+-+*&.+)%C$>#&67&

3@$+%$H#)E)I+*$9+6.)47$

Why would coral become extinct because of 
ocean acidification, when coral species have 
already survived other ocean chemistry changes 
over geological history? 

!"#$0*+3#-$D-/4$/)#*+$*)202D2)*62/+$25$-#J*6#0$6/$
6"#$);--#+6$-*6#$/D$)"*+3#?$6"#$)/+)#+6-*62/+$/D$
*64/5>"#-2)$,(Q$#\>#)6#0?$*+0$6"#$4*3+26;0#$/D$
)"*+3#$/D$*64/5>"#-2)$,(Q$D/-#)*56$2D$:#$I##>$
#42662+3$,(Q$*6$6"#$5*4#$-*6#&$!"#$>-#5#+6$-25#$2+$
*64/5>"#-2)$,(Q$25$oQ$>>4$>#-$7#*-?$*+0$
*64/5>"#-2)$,(Q$"*5$2+)-#*5#0$4/-#$6"*+$S``$
>>4$52+)#$6"#$.#32++2+3$/D$6"#$P+0;56-2*J$
H#O/J;62/+&$P+$6"#$6-*+5262/+$.#6:##+$6"#$#+0$/D$
6"#$J*56$2)#$*3#$6/$6"#$);--#+6$:*-4$>#-2/0?$,(Q$
)/+)#+6-*62/+5$2+)-#*5#0$j`$>>4$/));--#0$/O#-$
4/-#$6"*+$S`?```$7#*-5&$!/0*7Z5$-*6#5$/D$,(Q$
2+)-#*5#$2+$6"#$*64/5>"#-#$*-#$6"#-#D/-#$
*>>-/\24*6#J7$S``$624#5$3-#*6#-$6"*+$4/56$
)"*+3#5$5;56*2+#0$/O#-$3#/J/32)$624#&$(6"#-$6"*+$
*6$624#5$/D$6"#$3-#*6$4*55$#\62+)62/+5?$6"#-#$25$+/$
#O20#+)#$2+$6"#$3#/J/32)$-#)/-0$D/-$5;56*2+#0$
-*6#5$/D$)"*+3#$2+$*64/5>"#-2)$,(Q$6"*6$"*O#$
.##+$*5$3-#*6$/-$3-#*6#-$6"*+$6/0*7Z5&$@O#+$
0;-2+3$#\6-#4#$/)#*+$)"#4256-7$)"*+3#5$2+$
3#/J/32)*J$"256/-7c<$D/-$#\*4>J#?$0;-2+3$6"#$
A*J#/)#+#F@/)#+#$6"#-4*J$4*\24;4$UU$42JJ2/+$
7#*-5$*3/$8l*=$:"#+$)*-./+*6#$42+#-*J5$
0255/JO#0$2+$4/56$/D$6"#$0##>$*+0$2+6#-4#02*6#$
/)#*+c<6"#5#$)"*+3#5$>-/.*.J7$"*>>#+#0$/O#-$
5#O#-*J$6"/;5*+05$/D$7#*-5&$$,/-*J5$"*O#$2+0##0$
5;-O2O#0$4;J62>J#$#\62+)62/+$#O#+65$2+$@*-6"$
"256/-7?$.;6$#*)"$624#$6"#2-$]-#./;+0^$6//I$
42JJ2/+5$/D$7#*-5?$*+0$6"#2-$*.2J267$6/$D/-4$-##D5$
6//I$#O#+$J/+3#-&$$!"#$#*-J2#56$)/-*J5$*-/5#$
0;-2+3$6"#$(-0/O2)2*+$4/-#$6"*+$a``$42JJ2/+$
7#*-5$*3/&$$G+/:+$*5$!*.;J*6#$*+0$H;3/5#$
)/-*J5?$6"#5#$:#-#$O#-7$02DD#-#+6$D-/4$6"#$)/-*J5$
J2O2+3$6/0*7$84/0#-+$)/-*J5$.#J/+3$6/$6"#$
')J#-*)62+2*$*+0$J2I#J7$#O/JO#0$2+0#>#+0#+6J7$
D-/4$6"#5#$#*-J2#-$D/-45=?$*+0$6"#$(-0/O2)2*+$
-##D$5756#45$:#-#$0/42+*6#0$.7$5>/+3#5$-*6"#-$
6"*+$)/-*J5&$!"#5#$3-/;>5$:#+6$#\62+)6$0;-2+3$6"#$
A#-4/<!-2*552)$#\62+)62/+$#O#+6$QUS$42JJ2/+$
7#*-5$*3/?$*+0$02DD#-#+6$)/-*J$J2+#5$#O#+6;*JJ7$
#O/JO#0$*+0$DJ/;-25"#0$*3*2+?$*J/+3$:26"$-##D<
.;2J02+3$.2O*JO#5$6"*6$.;2J6$6-#4#+0/;5$-##D5$
0;-2+3$6"-/;3"$6"#$,-#6*)#/;5$>#-2/0?$4/56$/D$
:"2)"$:#+6$#\62+)6$8*J/+3$:26"$6"#$02+/5*;-5=$2+$
6"#$,-#6*)#/;5$#\62+)62/+$#O#+6$eU$l*$*3/&$

V"2J#$)/-*J$-##D5$025*>>#*-#0$*6$6"25$624#?$*./;6$
"*JD$/D$*JJ$)/-*J$5>#)2#5$020$5;-O2O#?$.;6$26$6//I$
42JJ2/+5$/D$7#*-5$.#D/-#$-##D5$-#)/O#-#0$6/$
.#)/4#$:20#5>-#*0$/+)#$*3*2+&$$P+$3#+#-*J?$
/)#*+$J2D#$-#)/O#-5$D-/4$#\62+)62/+$#>25/0#5$.7$
*0*>6*62/+$*+0$#O/J;62/+$/D$+#:$5>#)2#5?$.;6$6"25$
6*I#5$-/;3"J7$S`$42JJ2/+$7#*-5$6/$*)"2#O#$>-#<
#\62+)62/+$J#O#J5$/D$.2/02O#-5267&$c J. Barry, D. 
Schmidt, K. Caldeira$

How is today’s change in ocean chemistry 
different from those of previous geological 
periods?$
A-#5#+6$)/+0262/+5$02DD#-$D-/4$6"#$>*56$J*-3#J7$
.#)*;5#$6"#$-*6#$/D$)"*+3#$/D$*64/5>"#-2)$,(Q$
0/#5$+/6$4*6)"$6"#$-*6#$/D$42623*62+3$3#/J/32)*J$
>-/)#55#5&$PD$,(Q$25$*00#0$5J/:J7$/O#-$";+0-#05$
/D$6"/;5*+05$/D$7#*-5?$*5$26$:*5$0;-2+3$6"#$
(-0/O2)2*+$.7$O/J)*+2)$*+0$>J*6#$6#)6/+2)$
*)62O267?$6"#$,(Q$6"*6$#+6#-5$6"#$/)#*+$"*5$624#$6/$
42\$6"-/;3"/;6$6"#$/)#*+$D-/4$6/>$6/$./66/4&$C5$
*$-#5;J6?$#O#+$6"/;3"$6"#$*4/;+6$/D$,(Q$6"*6$25$
6*I#+$;>$.7$6"#$/)#*+$25$J*-3#?$26$25$5>-#*0$/;6$
/O#-$*$O#-7$3-#*6$O/J;4#$/D$:*6#-$*+0$6"#$
-#5;J62+3$0#)-#*5#$2+$>[$25$54*JJ&$C6$6"#$5*4#$
624#?$*5$6"#$,(Q$J#O#J$2+$0##>$/)#*+5$2+)-#*5#5$
/O#-$42JJ#++2*?$)*-./+*6#$5#024#+65$J72+3$/+$6"#$
5#*DJ//-$.#32+$6/$0255/JO#$*+0$-#J#*5#$)*-./+*6#$
2/+5$6"*6$+#;6-*J2N#$5/4#$/D$6"#$*)20267?$D;-6"#-$
42+242N2+3$6"#$0#)-#*5#$2+$>[&$A*56$/)#*+5$*J5/$
)/+6*2+#0$"23"#-$)*J)2;4$*+0$4*3+#52;4$2/+$
)/+)#+6-*62/+5?$:"2)"$"#J>#0$56*.2J2N#$)*J)2;4$
)*-./+*6#$42+#-*J5$2+$4*-2+#$*+24*J5Z$5I#J#6/+5&

!/0*7?$6"#$,(Q$2+$6"#$*64/5>"#-#$25$2+)-#*52+3$
4;)"$D*56#-$6"*+$6"#$/)#*+$42\#5&$m;-2+3$,(Q$
-#J#*5#5$J2I#$6"25$/O#-$]5"/-6^$8pS`?```$7#*-=$
624#5)*J#5?$6"#$*.2J267$/D$5#024#+65$6/$-#3;J*6#$
/)#*+$)"#4256-7$25$/O#-:"#J4#0$*+0$./6"$>[$
*+0$5*6;-*62/+$56*6#$0#)J2+#&$@O#+$6"/;3"$6"#$
*4/;+6$/D$,(Q$6"*6$"*5$#+6#-#0$6"#$/)#*+$2+$6"#$
J*56$Q``$7#*-5$25$54*JJ#-$6"*+$6"*6$*00#0$0;-2+3$
6"#$(-0/O2)2*+?$6"#$,(Q$"*5$.;2J6$;>$6/$*$4;)"$
"23"#-$)/+)#+6-*62/+$2+$6"#$5;-D*)#$/)#*+&$C5$*$
-#5;J6?$;>>#-$/)#*+$>[$"*5$0#)-#*5#0$4/-#$
-*>20J7$*+0$.7$*$3-#*6#-$*4/;+6$6"*+$2+$6"#$
3#/J/32)*J$>*56&$1/6"$6"#$-*6#$/D$)"*+3#$/D$>[$
*+0$6"#$4*3+26;0#$/D$6"#$)"*+3#$>-#5#+6$
>-/.J#45$D/-$/-3*+2545$6"*6$#O/JO#0$2+$*+$/)#*+$
6"*6$#\>#-2#+)#0$54*JJ#-?$5J/:#-$>[$)"*+3#5$2+$
6"#$>*56&$c$ C. Langdon, A. Ridgwell,  R. Zeebe, 
D. Schmidt$
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A@B6$&5)1.$)*#&%$&*+,+-+*&.+)%$ C$>#&66

N*+#%.+-+*$F#."),6$

Experiments on organisms are often unrealistic, 
because scientists sometimes add mineral acids 
and not CO2 to lower the pH to predicted levels. 

V"#+$5#*:*6#-$25$4*+2>;J*6#0$6"-/;3"$*00262/+$
/D$42+#-*J$*)20?$*+0$6"25$25$*))/4>*+2#0$.7$6"#$
*00262/+$/D$#K;*J$8#K;24/J*-=$*4/;+65$/D$5/02;4$
.2)*-./+*6#?$6"25$*>>-/*)"$>#-D#)6J7$524;J*6#5$
6"#$)"*+3#5$2+$5#*:*6#-$)*-./+*6#$)"#4256-7$
2+0;)#0$.7$,(Q$;>6*I#&$@O#+$:"#+$/)#*+$
*)202D2)*62/+$25$524;J*6#0$.7$4*+2>;J*62+3$
5#*:*6#-$:26"$42+#-*J$*)205$:26"/;6$*002+3$
.2)*-./+*6#$8/-$)*-./+*6#=?$26$25$*J4/56$
2+02562+3;25"*.J#$2+$6#-45$/D$>[?$>,(Q?$
)*-./+*6#$2/+$)/+)#+6-*62/+?$*+0$5*6;-*62/+$56*6#$
D-/4$5#*:*6#-$4*+2>;J*6#0$6"-/;3"$,(Q$
*#-*62/+&$!"#$02DD#-#+6$6-#*64#+65$0/$-#5;J6$2+$
5J23"6J7$"23"#-$.2)*-./+*6#$)/+)#+6-*62/+5$2+$
,(Q<*#-*6#0$4*+2>;J*62/+5&$[/:#O#-?$
.2)*-./+*6#$2+)-#*5#5$2+$./6"$*>>-/*)"#5&$P+$D*)6?$
+/$5756#4*62)$02DD#-#+)#$25$D/;+0$2+$6"#$
-#5>/+5#5$/D$)*J)2D72+3$/-3*+2545$#\>/5#0$6/$
5#*:*6#-$*)202D2#0$.7$42+#-*J$*)20$/-$6"-/;3"$
,(Q$*#-*62/+&$c$Ulf Riebesell, Professor of 
Biological Oceanography, Leibniz Institute of 
Marine Sciences IFM-GEOMAR, Germany$

Even scientists admit there are uncertainties 
about climate change. How certain is ocean 
acidification?$
!"#-#$25$+/$*-3;4#+6$6"*6$5#*:*6#-$)"#4256-7$25$
)"*+32+3$0;#$6/$-252+3$*64/5>"#-2)$,(Q?$*+0$6"*6$
";4*+$)/4.;562/+$/D$D/552J$D;#J5$*+0$
0#D/-#56*62/+$*-#$6"#$-//6$)*;5#&$!"#-#$25$J#55$
)#-6*2+67$*./;6$6"#$>/552.J#$.2/J/32)*J$24>*)65$/D$
/)#*+$*)202D2)*62/+?$.;6$6"25$>-24*-2J7$-#DJ#)65$6"#$
D*)6$6"*6$02DD#-#+6$3-/;>5$/D$4*-2+#$/-3*+2545$
#\>-#55$*$:20#$-*+3#$/D$5#+5262O267$6/$)"*+32+3$
5#*:*6#-$)"#4256-7&$!"#-#$25$.-/*0$*3-##4#+6$
*4/+3$6"#$5)2#+62D2)$)/44;+267$6"*6$/)#*+$
*)202D2)*62/+$25$/));--2+3$*+0$6"*6$26$J2I#J7$:2JJ$
"*O#$523+2D2)*+6$#DD#)65?$5/4#$>/5262O#$*+0$5/4#$
+#3*62O#?$/+$*$J*-3#$+;4.#-$/D$4*-2+#$
/-3*+2545&$c$S. Doney 

The ‘evidence’ about ocean acidification is 
conflicting, so even the scientists cannot agree. 

!"#-#$25$+/$025*3-##4#+6$2+$6"#$)"#42)*J$0*6*?$
:"2)"$5"/:$6"*6$/)#*+$*)202D2)*62/+$25$
"*>>#+2+3&$$[/:#O#-?$.2/J/32)*J$0*6*$5"/:$
O*-2#0$-#5>/+5#5$*4/+3$/-3*+2545$6/$(C&$P6$)*+$
5/4#624#5$5##4$/00$6"*6$#\>#-24#+65$)/+0;)6#0$
/+$6"#$5*4#$5>#)2#5$)*+$>-/0;)#$*>>*-#+6J7$
)/+6-*562+3$-#5;J65&$[/:#O#-?$26$25$)J#*-$6"*6$6"#$
-#5>/+5#$/D$4*-2+#$/-3*+2545$6/$#J#O*6#0$J#O#J5$
/D$,(Q$25$2+DJ;#+)#0$+/6$/+J7$.7$6"#$/-3*+254_5$
20#+6267$.;6$*J5/$.7$6"#$#+O2-/+4#+6*J$)/+0262/+5$
26$"*5$#\>#-2#+)#0$0;-2+3$265$J2D#&$,/+5#K;#+6J7?$
4#4.#-5$/D$6"#$5*4#$5>#)2#5$)/JJ#)6#0$D-/4$
02DD#-#+6$*-#*5?$>/>;J*62/+5?$/-$56-*2+5$)*+$#\"2.26$
02DD#-#+6$-#5>/+5#5&$!"25$#O20#+)#$5"/;J0$+/6$.#$
)/+520#-#0$*5$)/+DJ2)62+3?$.;6$-*6"#-$*+$2+523"6$
2+6/$6"#$+*6;-*J$O*-2*.2J267$6"*6$#\2565$*4/+3$
>/>;J*62/+5&$(+J7$.7$4#*5;-2+3$*+0$
;+0#-56*+02+3$6"25$O*-2*.2J267$:2JJ$:#$.#$.#66#-$
*.J#$6/$>-#02)6$:"2)"$5>#)2#5?$)/44;+262#5?$*+0$
#)/5756#45$*-#$*6$3-#*6#56$-25I$D-/4$/)#*+$
*)202D2)*62/+&$c$S. Widdicombe 

Could the observed impacts of ocean 
acidification result from experiments that have 
simply placed them straight into water with CO2 
levels that will take decades or centuries to 
reach, which amount to little more than a shock 
treatment? 

P+$/)#*+$*)202D2)*62/+$-#5>/+5#$#\>#-24#+65?$
*+24*J5$*-#$;5;*JJ7$+/6$>J*)#0$244#02*6#J7$2+$
,(Q<#+-2)"#0$:*6#-5?$.;6$2+56#*0$6"#7$*-#$I#>6$2+$
:*6#-$6"*6$25$6"#+$#K;2J2.-*6#0$:26"$)*-#D;JJ7$
)/+6-/JJ#0$3*5$42\6;-#5&$CJ6"/;3"$26$25$
24>/552.J#$6/$>#-D/-4$#\>#-24#+65$6"*6$524;J*6#$
6"#$-*6#$/D$*+6"-/>/3#+2)$,(Q$*));4;J*62/+$2+$
6"#$*64/5>"#-#$*+0$6"#$/)#*+5?$6"#$,(Q$J#O#J5$
;5#0$*-#$D*-$.#J/:$6"/5#$6"*6$"*O#$.##+$5"/:+$6/$
)*;5#$5"/)I&$d/+#6"#J#55?$6"#5#$,(Q$J#O#J5$4*7$
0256;-.$>"752/J/32)*J$>-/)#55#5$8*)20<.*5#$
-#3;J*62/+?$0#O#J/>4#+6$/D$J*-O*#?$3-/:6"=$2+$
:*75$6"*6$*>>#*-$-#J*62O#J7$42J0$/+$5"/-6$624#$
5)*J#5&$!"#-#D/-#?$J/+3<6#-4$#\>/5;-#5$*-#$
;5;*JJ7$+##0#0$6/$D2+0$/;6$:"#6"#-$6"#5#$J#O#J5$
*-#$0#6-24#+6*J$*+0$)*;5#$D*6*J262#5&$(+$J/+3$624#$
5)*J#5?$#O#+$54*JJ$0#)-#*5#5$2+$2+02O20;*J$
*+24*J5_$"#*J6"$4*7$"*-4$*$5>#)2#5?$D/-$#\*4>J#?$
2+$)*5#5$:"#-#$5>#)2#5$)/4>#6#$:26"$/6"#-5$2+$
#)/5756#45$/-$:"#+$6"#7$*-#$#\>/5#0$6/$*+/6"#-$
56-#55/-$J2I#$#\6-#4#$6#4>#-*6;-#&$c$H.-O. 
Pörtner 
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A@B6$&5)1.$)*#&%$&*+,+-+*&.+)%C$>#&6D&

H#)#%I+%##4+%I$J$F+.+I&.+)%$

If we increase aquaculture and grow more 
shellfish, won’t the shells help lock up carbon 
dioxide (like trees)? 

!"#$)*J)2D2)*62/+$>-/)#55$0/#5$6*I#$;>$)*-./+?$
.;6$26$)*;5#5$5"2D65$2+$6"#$)*-./+$5756#4$2+$
5#*:*6#-$6"*6$-#5;J6$2+$*$J/:#-$>[$*+0$*+$
increase$2+$,(Q$-*6"#-$6"*+$265$-#4/O*J&$$l*+7$
/-3*+2545$)/+O#-6$.2)*-./+*6#$6/$6"#$)*-./+*6#$
6"#7$;5#$6/$.;2J0$6"#2-$5"#JJ5?$*+0$6"25$>-/0;)#5$
"70-/3#+$2/+5?$6";5$2+)-#*52+3$*)202D2)*62/+&$$
l/56$)/-*J$-##D5?$D/-$#\*4>J#?$/+$6"#$624#$5)*J#5$
:#$*-#$2+6#-#56#0$2+?$*-#$54*JJ$5/;-)#5$/D$,(Q$6/$
6"#$*64/5>"#-#$-*6"#-$6"*+$52+I5&$$L-/4$*+$
#)/5756#45$>/2+6$/D$O2#:?$#O#+$:#JJ<2+6#+0#0$
*K;*);J6;-#$)/;J0$)*;5#$;+2+6#+62/+*J$"*-4$.7$
*J6#-2+3$)/*56*J$J*+05)*>#5?$2+)-#*52+3$>/JJ;62/+$
*+0$025#*5#?$/-$-#J#*52+3$3#+#62)*JJ7$*J6#-#0$/-$
D/-#23+$5>#)2#5$2+6/$6"#$#+O2-/+4#+6&$C+7$
*)62O267$*24#0$*6$-#0;)2+3$/)#*+$*)202D2)*62/+$
5"/;J0$.#$)/+520#-#0$2+$*$:20#-$)/+6#\6$6/$*O/20$
-#>J*)2+3$/+#$#+O2-/+4#+6*J$24>*)6$:26"$
*+/6"#-&$c$A. Cohen, S. Widdicombe$

Can geoengineering solutions for climate change 
also help OA?$
l/56$>-/>/5#0$3#/#+32+##-2+3$*>>-/*)"#5$6/$
J2426$)J24*6#$)"*+3#$*66#4>6$6/$>-/O20#$
574>6/4*62)$-#J2#D$D-/4$)J24*6#$)"*+3#$:26"/;6$
*00-#552+3$6"#$-//6$)*;5#$/D$6"#$>-/.J#4$c$
#\)#55$)*-./+$02/\20#$2+$6"#$#+O2-/+4#+6&$l/56$
3#/#+32+##-2+3$>-/>/5*J5$*00-#55$6"#$)J24*6#$
)/+5#K;#+)#5$/D$/;-$)*-./+$02/\20#$#42552/+5$
.;6$0/$+/6$*00-#55$6"#$)"#42)*J$)/+5#K;#+)#5$/D$
6"#5#$#42552/+5&$L/-$#\*4>J#?$56-*6#32#5$6"*6$
5##I$6/$)//J$6"#$@*-6"$.7$-#DJ#)62+3$*00262/+*J$
5;+J23"6$6/$5>*)#$:/;J0$"*O#$J266J#$02-#)6$#DD#)6$
/+$/)#*+$)"#4256-7$*+0$6"#-#D/-#$:/;J0$+/6$
523+2D2)*+6J7$0242+25"$/)#*+$*)202D2)*62/+&$

'/4#$>-/>/5*J5$"*O#$5/;3"6$6/$0242+25"$)"*+3#5$
2+$/)#*+$)"#4256-7$.7$*002+3$)/4>/;+05$6/$6"#$
/)#*+$6"*6$:/;J0$)"#42)*JJ7$+#;6-*J2N#$*)205&$
[/:#O#-?$-#O#-52+3$/)#*+$*)202D2)*62/+$6"25$:*7$
:/;J0$-#K;2-#$*002+3$*+$*4/;+6$/D$4*6#-2*J$
4;)"$J*-3#-$6"*+$6"#$*4/;+6$/D$)*-./+$02/\20#$

:#$*-#$#42662+3$6/$6"#$*64/5>"#-#&$!"#-#D/-#?$
6"#5#$>-/>/5#0$5/J;62/+5$:/;J0$-#K;2-#$*$+#:$
42+2+3$*+0$)"#42)*J$>-/)#552+3$2+D-*56-;)6;-#$*5$
J*-3#$*5$/;-$);--#+6$#+#-37$5756#4&$P6$5##45$
-#*5/+*.J#$6/$5;33#56$6"*6$6"25$J#O#J$/D$#DD/-6$*+0$
5>#+02+3$:/;J0$.#$.#66#-$*>>J2#0$6/$6-*+5D/-42+3$
/;-$#+#-37$5756#4$*:*7$D-/4$0#>#+0#+)#$/+$*$
D2+26#$>//J$/D$D/552J$D;#J$-#5/;-)#5$6/$;5#$/D$
-#+#:*.J#?$2+D2+26#$-#5/;-)#5c$:"2)"$:/;J0$
*J5/$>-#O#+6$)*-./+$02/\20#$D-/4$#+6#-2+3$6"#$
#+O2-/+4#+6$2+$6"#$D2-56$>J*)#$2+56#*0$/D$
-#K;2-2+3$;5$6/$)/+520#-$+#;6-*J2N2+3$265$#DD#)65$
*D6#-$26$25$*J-#*07$5>-#*02+3$6"-/;3"$6"#$
*64/5>"#-#$*+0$/)#*+5&$c$K. Caldeira$

Will capping atmospheric CO2 at 350 or 400 
ppm stop OA?$
C64/5>"#-2)$,(Q$25$*J-#*07$*6$gT`$>>4$*+0$25$
2+)-#*52+3$*6$*./;6$Q$>>4$>#-$7#*-&$V26"/;6$
0-*4*62)$-#0;)62/+5$2+$,(Q$#42552/+5?$
*64/5>"#-2)$,(Q$:2JJ$)/+62+;#$6/$-25#?$*+0$4/56$
#42552/+$D/-#)*565$D/-$6"#$+#*-$D;6;-#$2+02)*6#$*$
J2I#J7$2+)-#*5#$8-*6"#-$6"*+$0#)-#*5#=$2+$
*64/5>"#-2)$,(Q$3-/:6"$-*6#&$!"#$D2-56$56#>$2+$
*00-#552+3$/)#*+$*)202D2)*62/+?$6"#-#D/-#?$25$6/$
56*.2J2N#$*+0$#O#+6;*JJ7$-#0;)#$,(Q$#42552/+5&$
C64/5>"#-2)$,(Q$*J4/56$)#-6*2+J7$:2JJ$>#*I$:#JJ$
*./O#$a``$>>4?$.#)*;5#$:#$:2JJ$+/6$56/>$
2+)-#*52+3$#42552/+5$2+$6"#$+#\6$U$7#*-5&$$!"#$
24>*)65$/+$4*-2+#$J2D#$*6$6"#$>#*I$,(Q$J#O#J$4*7$
.#$5;.56*+62*J&$P+$6"#$J/+3$-;+?$26$4*7$.#$>/552.J#$
6/$-#0;)#$*64/5>"#-2)$,(Q$6"-/;3"$+*6;-*J$*+0$
*-62D2)2*J$;>6*I#$4#)"*+2545&$!"#$)"#4256-7$/D$
5#*:*6#-$25$-#O#-52.J#?$*+0$-#6;-+2+3$6/$gU`<a``$
>>4$:/;J0$-#6;-+$>[$*+0$)*-./+*6#$5*6;-*62/+$
J#O#J5$6/$*>>-/\24*6#J7$6"#2-$);--#+6$)/+0262/+5&$
[/:#O#-?$5/4#$-#5#*-)"$"*5$5;33#56#0$6"*6$#O#+$
);--#+6<0*7$)/+0262/+5$4*7$.#$0#J#6#-2/;5$D/-$
5/4#$/-3*+2545?$*+0$26$25$#O#+$J#55$)J#*-$2D$D;6;-#$
.2/J/32)*J$24>*)65$0;#$6/$>#*I$,(Q$:2JJ$.#$
-#O#-52.J#&$@O#+$2D$:#$56*.2J2N#0$,(Q$#42552/+5?$
*64/5>"#-2)$D/552J$D;#J$,(Q$:2JJ$)/+62+;#$6/$
>#+#6-*6#$2+6/$6"#$0##>$/)#*+$D/-$6"#$+#\6$5#O#-*J$
)#+6;-2#5?$:"2)"$4*7$24>*)6$0##>$:*6#-$
/-3*+2545$5;)"$*5$)/J0<:*6#-$)/-*J5&$c$S. Doney
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A@B6$&5)1.$)*#&%$&*+,+-+*&.+)% C$>#&6E

K)E+*7$O#G#E)8'#%.$J$O#*+6+)%'&P+%I$

Isn’t it better that we sacrifice the oceans and let 
them keep on taking up CO2 and buffering 
climate? 

()#*+$*)202D2)*62/+$*+0$)J24*6#$)"*+3#$*-#$6:/$
520#5$/D$6"#$5*4#$)/2+&$1/6"$*-#$02-#)6$
)/+5#K;#+)#5$/D$*+6"-/>/3#+2)$,(Q$#42552/+5$
*+0$)*++/6$.#$5#>*-*6#0$D-/4$#*)"$/6"#-&$!"#$
>-#5#+6$;>6*I#$/D$*./;6$/+#$K;*-6#-$/D$
*+6"-/>/3#+2)$,(Q$#42552/+5$.7$6"#$/)#*+$
2+0##0$5#-O#5$*5$*$.;DD#-$*3*2+56$-252+3$
*64/5>"#-2)$,(Q?$*+0$5/$6"25$]5#-O2)#^$)/;J0$.#$
)/+520#-#0$6/$0242+25"?$.;6$+/6$>-#O#+6?$)J24*6#$
)"*+3#&$$P+$6"#$J/+3$6#-4?$/+$624#$5)*J#5$/D$6#+5$
/D$6"/;5*+05$/D$7#*-5?$6"#$4*B/-267$/D$
*+6"-/>/3#+2)$,(Q$#42552/+5$8j`<T`f=$:2JJ$#+0$
;>$2+$6"#$/)#*+&$!"25?$"/:#O#-?$:2JJ$+/6$>-/6#)6$
6"#$)J24*6#$5756#4$D-/4$3J/.*J$:*-42+3$0;-2+3$
6"#$2+6#-O#+2+3$>#-2/0&$$P6$25$*J5/$24>/-6*+6$6/$
>/2+6$/;6$6"*6$6"#$24>*)65$/D$,(Q$;>6*I#$.7$6"#$
/)#*+5$:2JJ$"*O#$>-/D/;+0$#DD#)65$/+$6"#$
D;+)62/+2+3$/D$@*-6"Z5$#)/5756#45&$$!"#$/)#*+5$
>-/O20#$O26*J$-/J#5$2+$.2/3#/)"#42)*J$)7)J#5<<<
+/6$/+J7$2+$6"#$-#3;J*62/+$/D$,(Q?$.;6$2+$6"#$
>-/0;)62/+$/D$/\73#+?$6"#$)7)J2+3$/D$+26-/3#+$
*+0$/6"#-$24>/-6*+6$+;6-2#+65?$*5$:#JJ$*5$6"#$
>-/0;)62/+$/D$3*5#5$6"*6$*DD#)6$5;)"$6"2+35$*5$
)J/;0$D/-4*62/+&$$l*+7$5>#)2#5$;5#$./6"$J*+0$
*+0$/)#*+$"*.26*65?$*+0$4*+7$";4*+5$-#J7$/+$
"#*J6"7$/)#*+5$D/-$6"#2-$J2O#J2"//05&$$!"#$/)#*+5$
*-#$*+$2+6#3-*J?$2+6#-)/++#)6#0$>*-6$/D$6"#$@*-6"$
5756#4?$*+0$)*++/6$.#$-#*J2562)*JJ7$)/+520#-#0$*5$
*$5#>*-*6#$#+6267&$c$Ulf Riebesell, Professor, 
Leibniz Institute of Marine Sciences IFM-
GEOMAR, Germany; Joan Kleypas, Scientist III, 
National Center for Atmospheric Research, USA$

Is it too late to do anything?$
P6$25$:26"2+$/;-$6#)"+2)*J$*+0$#)/+/42)$4#*+5$6/$
4/02D7$/;-$#+#-37$*+0$6-*+5>/-6*62/+$5756#45$
*+0$J*+0<;5#$>-*)62)#5$6/$J*-3#J7$#J242+*6#$
)*-./+$02/\20#$#42552/+5$D-/4$/;-$#)/+/42#5$.7$
420<)#+6;-7&$P6$25$6"/;3"6$6"*6$6"#$)/56$/D$0/2+3$
6"25$c$>#-"*>5$Qf$/D$6"#$:/-J0:20#$#)/+/42)$
>-/0;)62/+$c$:/;J0$.#$54*JJ?$7#6$*6$>-#5#+6$26$
"*5$>-/O#+$02DD2);J6$D/-$5/)2#62#5$6/$0#)20#$6/$
;+0#-6*I#$6"25$)/+O#-52/+&$c$K. Caldeira  

 

If ocean acidification is so potentially serious 
why isn’t it included in the United Nations 
Framework Convention on Climate Change 
(UNFCCC) Conference of the Parties (COP) 
climate mitigation negotiations?  
CJ6"/;3"$5)2#+62565$"*O#$I+/:+$D/-$0#)*0#5$6"*6$
/)#*+$*)202D2)*62/+$:/;J0$/));-$*5$,(Q$
2+)-#*5#0$2+$6"#$*64/5>"#-#?$6"#$)/+5#K;#+)#5$6/$
4*-2+#$J2D#$:#-#$+/6$-#*J2N#0$;+62J$*./;6$S`$7#*-5$
*3/&$C6$6"*6$624#?$.2/J/32565$025)/O#-#0$6"*6$
/)#*+$*)202D2)*62/+$*DD#)6#0$6"#$*.2J267$/D$4*+7$
4*-2+#$/-3*+2545$6/$D/-4$6"#2-$5"#JJ5$/-$
5I#J#6/+5&$'2+)#$6"#+?$4*+7$4/-#$#DD#)65$/D$
/)#*+$*)202D2)*62/+$"*O#$.##+$D/;+0$6/$2+DJ;#+)#$
*$:20#$*--*7$/D$/-3*+2545$*+0$4*-2+#$>-/)#55#5&$
1#)*;5#$6"#$5)2#+62D2)$>-/)#55$-#J2#5$/+$D/-4*J$
-#5#*-)"$>-/6/)/J5?$>##-<-#O2#:?$*+0$>;.J25"2+3?$
26$6*I#5$5/4#$624#$D/-$*$+#:$D2+02+3$6/$.#$
O#-2D2#0$*+0$*))#>6#0$.7$6"#$5)2#+62D2)$
)/44;+267&$[/:#O#-?$5;DD2)2#+6$#O20#+)#$*./;6$
/)#*+$*)202D2)*62/+$#\256#0$.7$Q``R$6"*6$6"#$
PA,,$L/;-6"$C55#554#+6$H#>/-6$/+$,J24*6#$
,"*+3#$8Q``R=$56*6#0$2+$6"#$';44*-7$D/-$A/J2)7$
l*I#-5?$]!"#$>-/3-#552O#$*)202D2)*62/+$/D$6"#$
/)#*+5$0;#$6/$2+)-#*52+3$*64/5>"#-2)$)*-./+$
02/\20#$25$#\>#)6#0$6/$"*O#$+#3*62O#$24>*)65$/+$
4*-2+#$5"#JJ<D/-42+3$/-3*+2545$8#&3&$)/-*J5=$*+0$
6"#2-$0#>#+0#+6$5>#)2#5&^$()#*+$*)202D2)*62/+$*+0$
265$#DD#)65$"*O#$+/:$.##+$0/);4#+6#0$6/$6"#$
>/2+6$6"*6$6"#7$*-#$:20#J7$*))#>6#0$.7$6"#$
5)2#+62D2)$)/44;+267$*+0$26$:2JJ$.#$5#-2/;5J7$
*00-#55#0$.7$6"#$L2D6"$C55#554#+6$H#>/-6$/D$6"#$
PA,,&$P+$D*)6?$/)#*+$*)202D2)*62/+$:*5$*$4*B/-$
6/>2)$/D$025);552/+$*6$520#$#O#+65$5;)"$*5$()#*+5$
m*7$*6$6"#$m#)#4.#-$Q``T$,(ASU$)J24*6#$
)"*+3#$+#3/62*62/+5$2+$,/>#+"*3#+$#O#+$6"/;3"$
5>#)2D2)$)/+520#-*62/+5$*./;6$/)#*+5$"*0$J266J#$/-$
+/$4#+62/+$2+$6"#$6#\6$/D$6"#$>-/>/5#0$
*3-##4#+6&$c$J. Kleypas, C. Turley 
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X24$1*--7?$'#+2/-$')2#+6256&$l/+6#-#7$1*7$CK;*-2;4$H#5#*-)"$P+5626;6#?$%'C$
X#JJ#$12B4*?$12/3#/)"#4256?$CJD-#0$V#3#+#-$P+5626;6#$D/-$A/J*-$*+0$l*-2+#$H#5#*-)"?$Y#-4*+7$
G#+$,*J0#2-*?$'#+2/-$')2#+6256?$,*-+#32#$P+5626;62/+$D/-$')2#+)#?$%'C$
C++#$,/"#+?$H#5#*-)"$'>#)2*J256?$V//05$[/J#$()#*+/3-*>"2)$P+5626;62/+?$%'C$
'*-*"$,//J#7?$A/560/)6/-*J$P+O#5623*6/-?$V//05$[/J#$()#*+/3-*>"2)$P+5626;62/+?$%'C$
')/66$m/+#7?$'#+2/-$')2#+6256?$V//05$[/J#$()#*+/3-*>"2)$P+5626;62/+?$%'C$
H2)"*-0$C&$L##J7?$'#+2/-$')2#+6256?$d(CC$A*)2D2)$l*-2+#$@+O2-/+4#+6*J$r*./-*6/-7?$%'C$
[#J#+$L2+0J*7?$r/-0$G2+35J*+0$L#JJ/:?$AJ74/;6"$l*-2+#$r*./-*6/-7?$%G$
X#*+<A2#--#$Y*66;5/?$'#+2/-$')2#+6256?$,#+6-#$d*62/+*J$0#$J*$H#)"#-)"#$')2#+62D2K;#$ *+0$%+2O#-526s$A2#--#$#6$
l*-2#$,;-2#<A*-25$e?$L-*+)#$

X*5/+$[*JJ<'>#+)#-?$l*-2+#$12/J/37$r#)6;-#-?$%+2O#-5267$/D$AJ74/;6"?$%G$
l2)"*#J$[/J)/4.?$A/560/)6/-*J$H#5#*-)"$C55/)2*6#?$,#+6-#$')2#+62D2K;#$0#$l/+*)/?$l/+*)/$
m*O20$[;6)"2+5?$A-/D#55/-$/D$l*-2+#$@+O2-/+4#+6*J$12/J/37?$%+2O#-5267$/D$'/;6"#-+$
,*J2D/-+2*?$%'C$
m#./-*$P3J#52*5<H/0-23;#N?$r#)6;-#-?$d*62/+*J$()#*+/3-*>"7$,#+6-#$/D$6"#$%+2O#-5267$/D$'/;6"*4>6/+?$%G$
H/.#-6$G#7?$H#5#*-)"$()#*+/3-*>"#-?$A-2+)#6/+$%+2O#-5267?$%'C$
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Why is it important to conduct research on OA? And what can scientists do? 
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