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Petitioner	

The	Center	for	Biological	Diversity	is	a	nonprofit	environmental	organization	
dedicated	to	the	protection	of	imperiled	species	and	their	habitats	through	science,	
education,	policy,	and	environmental	law.	The	Center	has	over	450,000	members	
and	online	activists.	The	Center	submits	this	petition	on	its	own	behalf	and	on	behalf	
of	its	members	and	staff.	

The	Center	for	Biological	Diversity’s	contact	information	is:	

Center	for	Biological	Diversity		
351	California	St.,	Ste.	600	
San	Francisco,	CA	94104	
Tel:	415‐436‐9682	
Fax:	415‐436‐9683	

Respectfully	submitted,	

 
	 ______________________	

	
Emily	Jeffers	
	
Staff	Attorney	
Oceans	Program	
ejeffers@biologicaldiversity.org	
	

Right	to	Petition	

The	right	of	an	interested	party	to	petition	a	federal	agency	is	a	freedom	
guaranteed	by	the	first	amendment:	“Congress	shall	make	no	law	…	abridging	the	…	
right	of	people	…	to	petition	the	Government	for	redress	of	grievances.”	U.S.	Const.,	
Amend	I.	See	also	United	Mine	Workers	v.	Illinois	State	Bar	Ass’n,	389	U.S.	217,	222	
(1967)	(right	to	petition	for	redress	of	grievances	is	among	most	precious	of	
liberties	without	which	the	government	could	erode	rights).	

Under	the	Administrative	Procedures	Act	(APA),	all	citizens	have	the	right	to	
petition	for	the	“issuance,	amendment,	or	repeal”	of	an	agency	rule.	5	U.S.C.	§	553(e).	
A	“rule”	is	the	“whole	or	a	part	of	an	agency	statement	of	general	or	particular	
applicability	and	future	effect	designed	to	implement,	interpret,	or	prescribe	law	or	
policy.”	5	U.S.C.	§	551(4).	Here,	the	Center	for	Biological	Diversity	seeks	issuance	of	a	
new	rule	promulgating	water	quality	standards	for	those	states	and	territories	
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whose	marine	pH	water	quality	standards	are	inadequate	to	protect	marine	life	
from	the	harmful	effects	of	ocean	acidification.	The	Environmental	Protection	
Agency	(EPA)	is	required	to	respond	to	this	petition:	“Prompt	notice	shall	be	given	
of	the	denial	in	whole	or	in	part	of	a	written	application,	petition,	or	other	request	of	
an	interested	person	made	in	connection	with	any	agency	proceeding.”	5	U.S.C.	§	
555(e).	

The	promulgation	of	revised	water	quality	standards	under	section	303	is	a	
non‐discretionary	duty	under	the	Clean	Water	Act.	Section	303(c)(4)	of	the	Clean	
Water	Act,	under	which	the	Center	for	Biological	Diversity	is	seeking	EPA	
rulemaking,	states	that	the	EPA	“shall”	promptly	prepare	and	publish	proposed	
regulations	setting	forth	a	revised	or	new	water	quality	standard	in	any	case	in	
which	a	new	standard	is	necessary	to	meet	the	requirements	of	the	Act.	33	U.S.C.	§	
1313(c)(4).	See	Forest	Guardians	v.	Babbitt,	174	F.3d	1178,	1187	(10th	Cir.	1998)	
(“[W]hen	a	statute	uses	the	word	‘shall,’	Congress	has	imposed	a	mandatory	duty	
upon	the	subject	of	the	command”).	This	petition	is	enforceable	under	the	citizen	
suit	provision	of	the	Clean	Water	Act.	33	U.S.C.	§	1365.	The	federal	district	courts	of	
the	United	States	have	jurisdiction	over	a	claim	that	the	Administrator	of	the	EPA	
has	failed	to	perform	a	non‐discretionary	duty.	33	U.S.C.	§	1365(a)(2).	

The	APA	provides	for	judicial	review	of	a	final	agency	action.	5	U.S.C.	§	704.	
The	scope	of	review	by	the	courts	is	determined	by	section	706	of	the	APA.	5	U.S.C.	§	
706.	The	APA	also	permits	courts	to	compel	agency	action	unlawfully	withheld	or	
unreasonably	delayed.	5	U.S.C.	§	706.	The	provisions	of	this	Petition	are	severable.	If	
any	provision	of	this	Petition	is	found	to	be	invalid	or	unenforceable,	the	invalidity	
or	lack	of	legal	obligation	shall	not	affect	other	provisions	of	the	Petition.	
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The	Center	for	Biological	Diversity	formally	requests	that	the	Environmental	
Protection	Agency	(EPA)	promulgate	marine	pH	water	quality	standards	for	15	
states	and	territories	whose	standards	do	not	adequately	protect	aquatic	life	from	
the	effects	of	ocean	acidification,	as	required	by	Clean	Water	Act.	33	U.S.C.	§	
1313(c)(4).	When	state	water	quality	standards	are	not	scientifically	defensible,	
EPA	must	promulgate	regulations	consistent	with	the	federally	promulgated	water	
quality	criterion	in	order	to	protect	the	designated	uses	of	state	and	territory	
waters.	

I.	 Introduction	

Our	oceans	are	in	grave	danger	due	to	ocean	acidification.	Ocean	acidification	
refers	to	the	decrease	in	the	pH	of	the	Earth’s	oceans	caused	by	the	uptake	of	carbon	
dioxide	from	the	atmosphere.	Oceans	have	absorbed	approximately	one‐third	of	the	
anthropogenic	CO2	emitted	into	the	atmosphere.	As	a	result,	ocean	pH	has	decreased	
more	than	0.1	pH	units	since	the	beginning	of	the	Industrial	Revolution,	which	
corresponds	to	a	30%	increase	in	acidity.	These	changes	present	huge	risks	across	a	
broad	spectrum	of	marine	ecosystems.	

The	Center	for	Biological	diversity	formally	requests	that	EPA,	pursuant	to	its	
authority	under	the	Clean	Water	Act,	33	U.S.C.	§	1313(c)(4):		

Promulgate	water	quality	standards	consistent	with	the	federally	
promulgated	national	water	quality	criterion	for	marine	pH	(“pH	
range	of	6.5	to	8.5	 for	marine	aquatic	 life,	but	not	varying	more	
than	0.2	units	outside	of	 the	normally	occurring	range”)	 for	 the	
15	 states	 and	 territories	 whose	 standards	 are	 inadequate	 to	
protect	marine	life	from	ocean	acidification	and	are	inconsistent	
with	the	federal	marine	pH	criterion.		

Ocean	acidification	is	an	immediate	threat	whose	effects	have	been	
extensively	documented	in	the	scientific	literature.	As	the	nation’s	premier	
mechanism	for	protecting	water	quality,	the	Clean	Water	Act	was	designed	to	
address	water	pollution,	including	water	degradation	from	pH	changes.	On	
November	15,	2010,	EPA	issued	a	decision	memorandum	which	affirms	that	the	
Clean	Water	Act	provides	the	authority	and	duty	for	states	and	the	EPA	to	monitor,	
assess,	and	address	ocean	acidification.		

Under	the	Clean	Water	Act,	state	water	quality	standards	must	conform	to	
the	federally	promulgated	national	water	quality	criteria,	or	have	a	scientifically	
defensible	reason	for	their	deviation.	33	U.S.C.	§	1313;	40	C.F.R.	§	131.11.	When	
state	standards	are	unsupported	by	scientific	evidence,	EPA	has	the	authority,	and	
the	duty,	to	promulgate	standards	consistent	with	the	requirements	of	the	Act.	In	
addition,	EPA	may	review	and	revise	existing	state	standards	whenever	the	Clean	
Water	Act	so	requires.	33	U.S.C.	1313(c)(4)(B).	
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Fifteen	states	and	territories	have	water	quality	standards	for	marine	pH	that	
fall	short	of	the	level	set	by	EPA.	These	standards	are	not	scientifically	defensible	
nor	sufficiently	protective	of	designated	uses,	as	required	under	the	Clean	Water	
Act.	33	U.S.C.	§	1313(c)(3);	40	C.F.R.	131.11.	The	federal	water	quality	criterion	for	
pH	is	itself	minimally	protective	and	standards	which	fail	to	meet	this	low	threshold	
do	not	adequately	protect	aquatic	life	from	the	effects	of	ocean	acidification.	EPA	
must	promulgate	standards	consistent	with	the	federal	water	quality	criteria,	which	
requires	that	marine	pH	standards	“not	be	changed	more	than	.2	units	outside	the	
naturally	occurring	variation	or	in	any	case	outside	the	range	of	6.5	to	8.5.”	(Quality	
Criteria	for	Water	1976,	342‐43).		

II.	 Clean	Water	Act	Background	

The	objective	of	the	Clean	Water	Act	is	“to	restore	and	maintain	the	chemical,	
physical,	and	biological	integrity	of	the	Nation’s	waters.”	33	U.S.C.	§	1251(a).	The	Act	
“does	not	stop	at	controlling	the	‘addition’	of	pollutants,’	but	deals	with	‘pollution’	
generally.	.	.	which	Congress	defined	to	mean	‘the	manmade	or	man‐induced	
alternation	of	the	chemical,	physical,	biological,	and	radiological	integrity	of	water.’”	
S.D.	Warren	v.	Maine	Bd.	of	Envt’l	Protection,	547	U.S.	370	(2006).	The	national	goal	
of	the	Clean	Water	Act	is	to	guarantee	“water	quality	which	provides	for	the	
protection	and	propagation	of	fish,	shellfish,	and	wildlife.”	33	U.S.C.	§	1251(a)(2).		

A.	 State	Water	Quality	Standards	Are	the	Foundation	of	the	Clean	
Water	Act		

Toward	those	goals	of	eliminating	water	pollution	and	maintaining	the	
quality	of	the	nation’s	waters,	the	Clean	Water	Act	provides	a	variety	of	tools	to	
control	water	pollution	from	all	sources.	Most	importantly,	the	Clean	Water	Act	
requires	that	states	adopt	water	quality	standards.	33	U.S.C.	§	1313.	A	water	quality	
standard	defines	the	water	quality	goals	for	a	water	body	by	“designating	the	use	or	
uses	to	be	made	of	the	water	and	by	setting	criteria	necessary	to	protect	the	uses.”	
40	C.F.R.	§	131.2.	Water	quality	standards	must	designate	a	specific	use	for	each	
water	body	and	set	narrative	or	numeric	criteria	for	the	water	that	will	support	the	
designated	uses.	Id.	at	§	131.3(b)	&	(f).	In	specifying	the	uses	and	criteria	for	a	water	
body,	the	standards	must	take	into	account	the	water's	“use	and	value	for	public	
water	supplies,	propagation	of	fish	and	wildlife,	recreational	purposes,	and	
agricultural,	industrial,	and	other	purposes....”	33	U.S.C.	§	1313(c)(2).	States	must	
employ	“scientifically	defensible	methods”	when	formulating	their	water	quality	
standards.	40	C.F.R.	§	131.11(b)	(When	establishing	water	quality	criteria	states	
should	“establish	numerical	values	based	on:	i)	304(a)	guidance;	or	.	.	.	iii)	other	
scientifically	defensible	methods.”).		

Each	state	must	review	and	appropriately	modify	its	water	quality	standards	
at	least	once	every	three	years	and	submit	those	revised	standards	to	the	EPA.	33	
U.S.C.	§	1313(c).	When	submitting	water	quality	standards	to	the	EPA	for	review,	a	
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state	must	also	include	an	antidegradation	policy,	a	certification	that	the	standards	
were	duly	adopted	pursuant	to	state	law,	the	state’s	methods	and	analyses	used	to	
support	any	revisions	to	the	standards,	and	general	information	that	will	aid	the	
EPA	in	determining	the	adequacy	of	the	scientific	bases	of	the	standards.	40	C.F.R.	§	
131.6.	

State	water	quality	standards	are	the	foundation	of	the	Clean	Water	Act	and	
are	at	the	heart	of	each	strategy	of	pollution	control	under	the	Act.	For	example,	
water	quality	standards	are	transformed	into	individual	point	source	obligations	
through	NPDES	discharge	permits,	which	requires	polluters	to	obtain	permits	and	
adhere	to	effluent	limitations	and	technology	controls	necessary	to	meet	water	
quality	standards.	33	U.S.C.	§§	1342,	1311.	Section	303	requires	states	to	identify	
impaired	waterbodies	–	those	failing	to	meet	water	quality	standards	–	and	
establish	limits	on	pollutants	causing	the	impairment.	33	U.S.C.	§	1313(d).	
Moreover,	section	401	requires	applicant	for	any	federal	permit	or	license	to	obtain	
state	certification	that	the	permitted	activity	will	comply	with	state	water	quality	
standards.	33	U.S.C.	§	1341.		

B.	 The	Role	of	EPA	in	Setting	and	Promulgating	Appropriate	Water	
Quality	Standards	

While	implementation	of	the	Act	is	generally	delegated	to	the	states,	
Congress	charged	EPA	with	its	national	implementation.	The	Clean	Water	Act	
requires	the	EPA	to	establish	national	water	quality	criteria,	33	U.S.C.	§	1313(a)(1),	
and	publish	information	on	the	protection	of	water	quality,	33	U.S.C.	§	1313(a)(2),	
to	guide	states	in	their	adoption	and	periodic	review	of	water	quality	standards.		

The	Clean	Water	Act	requires	EPA	to	establish	federal	water	quality	criteria	
“accurately	reflecting	the	latest	scientific	knowledge”	

(A)	 on	 the	 kind	 and	 extent	 of	 all	 identifiable	 effects	 on	 health	 and	
welfare	including,	but	not	limited	to,	plankton,	fish,	shellfish,	wildlife,	
plant	life,	shorelines,	beaches,	esthetics,	and	recreation	which	may	be	
expected	 from	 the	 presence	 of	 pollutants	 in	 any	 body	 of	 water,	
including	ground	water;	

(B)	 on	 the	 concentration	 and	 dispersal	 of	 pollutants,	 or	 their	
byproducts,	through	biological,	physical,	and	chemical	processes;	and	

(C)	 on	 the	 effects	 of	 pollutants	 on	 biological	 community	 diversity,	
productivity,	 and	 stability,	 including	 information	 on	 the	 factors	
affecting	 rates	 of	 eutrophication	 and	 rates	 of	 organic	 and	 inorganic	
sedimentation	for	varying	types	of	receiving	waters.		
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33	U.S.C.	§	1314(a)(1).	EPA	must	also	publish	information	on	the	protection	of	water	
quality	to	guide	states	in	their	adoption	and	periodic	review	of	water	quality	
standards.	33	U.S.C.	§	1314(a)(2).		

The	national	water	quality	criteria	and	information	required	by	section	304	
establish	a	baseline	for	nationwide	implementation	of	the	Clean	Water	Act.	States	
must	either	adopt	the	national	recommended	water	quality	criteria	in	their	water	
quality	standards	or	provide	a	science‐based	explanation	for	their	alternate	
standard.	40	C.F.R.	§	131.11(b)	(“In	establishing	criteria,	States	should:	(1)	Establish	
numerical	values	based	on:	(i)	304(a)	Guidance;	or	(ii)	304(a)	Guidance	modified	to	
reflect	site‐specific	conditions;	or	(iii)	Other	scientifically	defensible	methods”).		

Relevant	here,	EPA	oversees	state	water	quality	standards	and	has	the	duty	
to	promulgate	state	water	quality	standards	where	existing	standards	are	
inadequate	to	meet	the	requirements	of	the	Act.	33	U.S.C.	§1313(b),(c)(4)(B).	
Furthermore,	if	state	water	quality	standards	do	not	conform	to	the	federal	criteria,	
EPA	must	ensure	those	standards	are	within	the	range	of	scientific	defensibility.	Nat.	
Res.	Def.	Council	v.	EPA,	16	F.3d	1395,	1401	(4th	Cir.	1993)	(EPA	must	“review	state	
water	quality	standards	and	determine	whether	the	states’	decision	is	scientifically	
defensible	and	protective	of	designated	uses.”)(emphasis	in	original);	Miccosukee	
Tribe	of	Indians	of	Fla.	v.	United	States,	2008	U.S.	Dist.	LEXIS	57809	(S.D.	Fla.	2008)	
(striking	down	as	arbitrary	and	capricious	EPA’s	approval	of	a	water	quality	
standard	when	that	standard	is	“not	scientifically	defensible,	and	it	is	not	protective	
of	designated	uses”).	If	a	state	standard	is	not	supported	by	scientific	evidence,	EPA	
must	promulgate	standards	which	are	sufficiently	protective	of	the	waters’	
designated	uses.				

In	effect,	the	national	water	quality	criteria	set	the	lower	limit	for	state	water	
quality	standards.	State	standards	must	be	as	protective	of	a	waterbody’s	designated	
uses	as	the	federally	promulgated	criteria.	In	the	case	of	marine	pH,	any	state	
standard	must	either	adhere	to	the	federal	water	quality	criterion,	or	establish	a	
numeric	criterion	that	is	equally	protective	against	the	harmful	effects	of	ocean	
acidification.		

III.	 EPA	Must	Promulgate	Water	Quality	Standards	for	Those	
States	and	Territories	Whose	Standards	Are	Inconsistent	
With	the	Requirements	of	the	Clean	Water	Act	

The	federal	water	quality	criterion	for	marine	waters	states	that	pH	must	not	
deviate	more	than	0.2	units	outside	of	its	normally	occurring	range	in	order	to	
adequately	protect	aquatic	life.	This	criterion	applies	to	ocean	acidification,	and	EPA	
has	extensively	reviewed	ocean	acidification	literature	and	thousands	of	comments	
on	the	topic.	The	ocean	acidification	science	clearly	demonstrates	that	changes	in	
excess	of	0.2	pH,	and	even	changes	within	this	threshold,	are	harmful	to	aquatic	life.		
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Fifteen	states	and	territories,	including	Alabama,	Connecticut,	Delaware,	
Guam,	Hawaii,	Louisiana,	Maine,	Maryland,	Mississippi,	North	Carolina,	Northern	
Mariana	Islands,	Oregon,	Puerto	Rico,	Virginia,	and	Washington	have	water	quality	
standards	that	permit	marine	pH	to	deviate	far	beyond	the	federally	recommended	
criterion	(See	Figure	1,	below).	Because	these	water	quality	standards	do	not	
support	their	designated	uses,	and	because	EPA	acknowledges	that	ocean	
acidification	should	be	addressed	by	the	Clean	Water	Act,	EPA	must	promulgate	a	
marine	water	quality	standard	for	those	states	and	territories	consistent	with	the	
federally	recommended	criterion.		

Figure	1.	List	of	states	and	territories	with	impermissibly	broad	marine	pH	water	
quality	standards.	

	 Source	 Relevant	Uses	 Marine	Water	
Quality	pH	Std.	

Alabama	 ADEM	Admin.	Code	r.	
335‐6‐10‐
.09(5)(e)(2)	

Propagation	of	fish,	
aquatic	life,	and	
wildlife	

For	salt	waters	and	
estuarine	waters	.	.	.	
pH	shall	not	deviate	
“more	than	one	unit	
from	the	normal	or	
natural	pH,	nor	be	
less	than	6.5,	nor	
greater	than	8.5”	

Connecticut	 2011	Connecticut	
Water	Quality	
Standards,	at	14	

Habitat	for	marine	
fish	and	other	aquatic	
life	and	wildlife	

Between	6.5	and	8.5	

Delaware	 2005	Delaware	
Surface	Water	
Quality	Standards,	
4.5.3.1	

The	propagation	and	
protection	of	fish,	
aquatic	life,	and	
wildlife,	including	
shellfish	

Between	6.5	and	8.5;	
maximum	human‐
induced	change	from	
background	shall	be	
0.5	standards	units	

Guam	 2001	Guam	Water	
Quality	Standards,	at	
17	

Protection	and	
propagation	of	fish,	
shellfish	and	other	
aquatic	and	marine	
life	

Within	the	range	of	
6.5	to	8.5	

Hawaii		 HI	Admin.	Rules	§	11‐
54‐6(a)(3),	(b)(3),	
(d)(3);	§	11‐54‐
6(c)(3)	

Protection	and	
propagation	of	fish,	
shellfish,	and	wildlife,	
conservation	of	
corals		

For	embayments,	
open	coastal	waters,	
and	the	Kona	(west)	
coast:	pH	Units	‐	
shall	not	deviate	
more	than	0.5	units	
from	a	value	of	8.1,	
except	at	coastal	
locations	where	and	
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when	freshwater	
from	stream,	storm	
drain	or	
groundwater	
discharge	may	
depress	the	pH	to	a	
minimum	level	of	
7.0.	For	oceanic	
waters:	pH	Units	‐	
shall	not	deviate	
more	than	0.5	units	
from	a	value	of	8.1.	

Louisiana	 La.	Admin.	Code	title	
33	part	IX,	§	
1113(C)(1)	

Preservation	and	
propagation	of	
desirable	species	of	
aquatic	biota	and	
indigenous	species	of	
wildlife	

Within	the	range	of	
6.0	to	9.0	.	.	.	no	
discharge	of	wastes	
shall	cause	the	pH	of	
a	water	body	to	vary	
by	more	than	one	pH	
unit	

Maine	 Maine	Revised	
Statutes,	Title	38,	
Chapter	3,	Section	
464(4)(a)(5);	
Classification	of	
Maine	Waters	

Protection	and	
propagation	of	fish,	
shellfish	and	wildlife		

No	discharge	which	
cases	the	pH	of	
estuarine	and	
marine	waters	to	fall	
outside	of	the	7	to	
8.5	range	

Maryland	 26.08.02.03‐3	 The	growth	and	
propagation	of	fish,	
shellfish,	other	
aquatic	life,	and	
wildlife	

Between	6.5	and	8.5	

Mississippi	 Mississippi	Water	
Quality	Criteria;	
Section	II,	paragraph	
8	

Propagation	and	
harvesting	shellfish	
for	sale	as	a	food	
product;	propagation	
of	fish,	aquatic	life,	
and	wildlife	

Between	6.0	and	9.0	
and	may	not	vary	
more	than	1.0	unit	
within	this	range	

North	Carolina	 15A	NCAC	02B	.0220	
(3)(g);	Tidal	Salt	
Water	Quality	
Standards		

Fish	and	
noncommercial	
shellfish	
consumption;	
commercial	
shellfishing;	aquatic	
life	propagation	and	
survival;	and	wildlife	

pH:	shall	be	normal	
for	the	waters	in	the	
area,	which	
generally	shall	range	
between	6.8	and	8.5	
except	that	swamp	
waters	may	have	a	
pH	as	low	as	4.3	if	it	
is	the	result	of	
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natural	conditions	
Northern	
Mariana	Islands	

	
	
	

Commonwealth	of	
the	Northern	Mariana	
Islands	Water	Quality	
Standards;	Part	8,	§	2	

Support	and	
propagation	of	
shellfish	and	other	
marine	life,	
conservation	of	coral	
reefs	

Shall	not	deviate	
more	than	0.5	units	
from	a	value	of	8.1	

Oregon	 Oregon	Water	Quality	
Standards,	Division	
041,	Chapter	45;	340‐
041‐0021(1)(a)	

Propagation	of	fish,	
shellfish,	and	wildlife	

Between	7.0	and	8.5	

Puerto	Rico	 1303.2(B)(2)(d)	

	

Propagation	and	
preservation	of	
desirable	species,	
including	threatened	
or	endangered	
species	

In	no	case	the	pH	
will	lie	outside	the	
range	of	7.3	to	8.5,	
standard	pH	units,	
except	when	it	is	
altered	by	natural	
causes	

Virginia	 9	VAC	25‐260‐50;	
Virginia	Water	
Quality	Standards	–	
Numerical	criteria	for	
pH		

The	propagation	and	
growth	of	a	balanced,	
indigenous	
population	of	aquatic	
life	

Between	6.0	and	9.0	

Washington	 WAC	173‐201A‐
210(1)(f)	

Class	A	(excellent)	–	
characteristic	uses	–	
fish,	shellfish,	and	
crustacean	rearing,	
spawning,	and	
harvesting	

Within	the	range	of	
7.0	to	8.5	with	a	
human‐caused	
variation	of	less	than	
0.5	units	

 

A.		 Federal	Criterion	Requires	that	Marine	pH	May	Not	Deviate	More	
Than	0.2	Units	In	Order	to	Adequately	Protect	Aquatic	Life	

EPA’s	water	quality	criterion	for	marine	pH	states:	

the	pH	should	not	be	changed	more	than	.2	units	outside	the	naturally	
occurring	variation	or	in	any	case	outside	the	range	of	6.5	to	8.5.	This	
criterion	 applies	 to	 open	 ocean	waters	 within	 3	miles	 of	 a	 State	 or	
Territory’s	shoreline	where	the	depth	is	substantially	greater	than	the	
euphotic	zone.	

(Gold	Book,	Quality	Criteria	for	Water,	1986).	
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The	EPA	recently	reaffirmed	this	federal	water	quality	criterion	for	its	
applicability	to	ocean	acidification.		In	2009,	EPA	published	a	notice	in	the	Federal	
Register	of	its	intent	to	“review	the	current	aquatic	life	criterion	for	marine	pH	to	
determine	if	a	revision	is	warranted.”	EPA	received	over	17,000	comments	
expressing	support	for	EPA	to	take	immediate	action	regarding	ocean	acidification	
and	revise	the	criterion.	EPA	ultimately	decided	not	to	modify	the	marine	pH	water	
quality	criterion.		

	 Federal	water	quality	criteria	are	the	foundation	of	the	water	quality	based	
pollution	control	grogram	mandated	by	the	Clean	Water	Act	(EPA	website,	
http://water.epa.gov/scitech/swguidance/standards/index.cfm).	Federal	criteria	
should	be	based	on	the	latest	scientific	data	on	pollutant	concentrations	and	
environmental	or	human	health	effects,	and	provide	guidance	to	states,	territories,	
and	tribes	in	adopting	their	own	water	quality	standards.	33	U.S.C.	§	1314(a)(1).	
When	state	sets	its	own	criteria	they	must	either	adopt	the	federal	criteria	or	
promulgate	a	standard	that	is	based	on	scientifically	defensible	information.	40	
C.F.R.	§	131.11.	Therefore,	the	federal	criterion	acts	as	a	minimum	threshold;	state	
standards	must	either	adopt	the	federal	limit	or	provide	evidence	that	an	alternative	
standard	ensures	similar	protection	of	aquatic	life	and	designated	uses.			

B.	 pH	Changes	Greater	than	0.2	Units	Are	Harmful	to	Aquatic	Life	

The	scientific	literature	conclusively	demonstrates	that	variances	in	excess	of	
0.2	pH	will	result	in	catastrophic	consequences	throughout	the	food	web.	Due	to	the	
unprecedented	speed	and	scale	of	changes	to	our	oceans’	chemistry	and	its	
occurrence	in	conjunction	with	significant	ocean	temperature	increases,	the	
cumulative	and	interactive	impacts	will	occur	so	rapidly	that	marine	organisms	will	
not	have	time	to	adapt	to	their	changing	environment.	

Present	day	atmospheric	carbon	dioxide	levels	are	increasing	at	a	rate	of	.5%	
per	year,	200	times	faster	than	any	changes	that	occurred	during	the	last	eight	
glacial	cycles,	and	8‐15	times	faster	than	any	changes	in	the	past	60	million	years	
(Albright	2011).	Nearly	one	third	of	the	carbon	dioxide	emissions	emitted	into	the	
atmosphere	since	the	Industrial	Revolution	has	been	absorbed	by	Earth’s	oceans	
(Doney	et	al.	2009).	This	increasing	concentration	of	CO2	in	the	ocean	is	altering	the	
ocean	chemistry,	and	it	has	reduced	the	pH	of	the	ocean’s	surface	waters	by	0.1	
units	relative	to	the	preindustrial	era.	While	a	0.1	reduction	does	not	sound	like	a	
major	shift,	because	pH	is	calculated	on	a	logarithmic	scale,	this	corresponds	to	a	
30%	increase	in	acidity.	Further	reductions	of	0.3‐0.5	pH	units	are	projected	to	
occur	by	the	end	of	this	century	as	the	oceans	continue	to	absorb	anthropogenic	CO2	
(IPCC	2007).	

For	the	past	300	million	years,	the	mean	surface	pH	of	the	ocean	has	
remained	relatively	consistent	(Honisch	et	al.	2012).	Over	the	last	two	million	years,	
surface‐ocean	pH	has	varied	periodically	between	8.1	and	8.3,	and	any	changes	have	
been	relatively	slow,	on	timescales	greater	than	10,000	years	(Honisch	et	al.	2012).	
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The	last	time	our	oceans	experienced	rapid	acidification,	during	the	last	
deglaciation,	the	average	rate	of	pH	decline	was	.002	units	per	100	years.	In	
contrast,	under	business	as	usual	CO2	emissions,	humans	may	cause	a	surface	ocean	
pH	change	of	0.7	units	per	500	years,	or	0.14	units	per	century	on	average	(Gattuso	
and	Hansson	at	28).	Thus,	current	changes	in	surface‐ocean	chemistry	during	are	
expected	to	be	about	three	to	seven	times	larger	and	70	times	faster	than	during	a	
deglaciation	(Id.).	The	closest	analogue	to	the	changes	occurring	in	our	oceans	
chemistry	occurred	56	million	years	ago,	when	pH	declined	an	estimated	0.25‐0.45	
units	over	thousands	of	years	(Honisch	et	al.	2012).	A	mass	extinction	occurred	
during	that	period,	and	included	the	collapse	of	coralgal	reefs	and	benthic	
communities.	However,	both	the	magnitude	and	the	timescale	of	that	acidification	
event	are	orders	of	magnitude	less	severe	than	the	current	changes	(see	Figure	2,	
below).	At	our	current	rate	of	change,	our	oceans	are	acidifying	at	least	10	times	
faster	than	they	did	during	the	extinction	event	of	56	million	years	ago	(Id.).	

Figure	2.		Comparing	current	carbon	emissions	and	ocean	acidification	with	events	
of	55	million	years	ago	(Zeebe	2012).	

	

There	is	clear	evidence	that	the	carbonate	equilibrium	of	our	oceans	is	
shifting	in	response	to	increasing	atmospheric	CO2	concentrations	(Kleypas	et	al.	
2006).	According	to	scientists,	the	carbon	dioxide	emissions	and	ensuing	absorption	
by	our	oceans	“stand	out	as	capable	of	driving	a	combination	and	magnitude	of	
ocean	geological	changes	potentially	unparalleled	in	at	least	the	last	300	million	
years	of	Earth	history”	(Honisch	et	al.	2012).	Studies	of	biological	responses	to	
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ocean	acidification	bear	out	the	prediction	that	we	are	“entering	an	unknown	
territory	of	marine	ecosystem	change”	(Id.).		

i.	 Ecosystem‐wide	effects	

The	leading	ocean	acidification	scientists	warn	that	even	a	0.2	pH	change	–	
the	current	federal	marine	water	quality	criterion	for	pH	–	will	have	significantly	
adverse	impacts	on	marine	life	(Caldeira	and	Archer	2007).	Ocean	acidification	is	
expected	to	have	major	negative	impacts	on	corals	and	other	marine	organisms	that	
build	calcium	carbonate	skeletons,	and	whose	success	is	largely	controlled	by	
carbonate	chemistry.			

In	a	meta‐analysis	of	over	250	experiments	examining	the	impacts	of	ocean	
acidification	on	marine	organism	response,	Kroeker	et	al.	(2010)	found	the	
biological	effects	to	be	generally	large	and	negative.	This	analysis	was	restricted	to	
experiments	with	pH	manipulations	of	less	than	0.5	units,	in	order	to	reflect	the	
predicted	level	of	ocean	acidification	by	the	end	of	the	century	(IPCC	2007).	By	
limiting	the	analysis	to	experiments	with	pH	alterations	less	than	0.5	units,	this	
study	shows	that	even	chemistry	changes	within	the	range	allowed	under	many	
current	state	water	quality	standards,	there	will	be	“profound	repercussions	for	
marine	organisms”	(Kroeker	et	al.	2010).	While	the	negative	effect	of	ocean	
acidification	was	most	pronounced	for	calcification	and	survival,	the	study	also	
revealed	significant	negative	effects	on	growth	and	reproduction.	The	strength	of	
this	analysis	suggests	that	the	patterns	highlighted	in	this	study	are	a	robust	
representation	of	the	current	literature	on	ocean	acidification.	

Over	90	national	academies	of	sciences,	including	the	United	States,	have	
signed	a	statement	that	ocean	acidification	will	“cause	grave	harm	to	important	
marine	ecosystems	as	CO2	concentrations	reach	450ppm	and	above”	(Interacademy	
Panel	2009).	At	550	ppm,	ocean	acidification	will	be	“disastrous	for	sensitive	
oceanic	ecosystems	in	many	parts	of	the	world.”	A	concentration	of	550	ppm	
corresponds	to	an	ocean	pH	of	approximately	7.9.	

Beyond	its	effects	on	individual	species,	elevated	acidity	will	disturb	entire	
communities	and	have	repercussions	throughout	the	food	web.	Many	calcifying	
species	are	located	at	the	bottom	or	middle	of	global	ocean	food	webs,	therefore	loss	
of	shelled	organisms	to	ocean	acidification	will	alter	predator‐prey	relationships	
and	the	effects	will	be	transmitted	throughout	the	ecosystem	and	global	marine	food	
web.		In	addition	to	the	likely	disruptions	through	large	components	of	the	marine	
food	web,	a	loss	or	change	in	biodiversity	could	have	significant	ecological	
consequences	(Convention	on	Biological	Diversity	2009).		

For	example,	calcifying	pteropods	are	a	key	food	component	for	carnivorous	
zooplankton	and	fish.		The	decline	of	pteropod	densities,	as	predicted	for	high	
latitude	regions	in	the	near	future,	will	influence	the	predator‐prey	relationships	of	
many	species,	such	as	cod,	Pollock,	and	mackerel,	and	could	result	in	greater	
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predation	pressure	on	juvenile	fish,	such	as	salmon	(Fabry	et	al.	2008).		Fish	that	
feed	on	pteropods	will	experience	greater	energetic	foraging	costs	as	they	struggle	
to	find	sufficient	prey.		The	commercially	important	pink	salmon,	which	preys	
almost	entirely	on	the	pteropod	L.	helicina	will	experience	drastically	reduced	body	
mass	as	pteropod	populations	in	the	North	Pacific	crash	(Fabry	et	al.	2009).		Gonatus	
fabricii,	among	the	most	abundant	squid	species	in	the	North	Atlantic,	is	the	most	
important	prey	item	to	a	number	of	marine	mammals	and	may	be	responsible	for	
their	seasonal	occurrence	in	some	regions.	Because	squid	metabolic	rates	are	high,	
they	are	predicted	to	be	highly	sensitive	to	increases	in	acidity	(Id.),	and	a	decline	in	
their	abundance	will	impact	marine	mammal	populations	and	migrations.				

Using	a	multi‐year	data	set	from	coastal	benthic	communities	in	the	Pacific	
Northwest,	Wootton,	Pfister,	and	Forester	(2008)	predict	a	substantial	shift	in	the	
species	dominating	the	coastal	habitat	as	a	consequence	of	both	direct	effects	of	
reduced	calcification	and	indirect	effects	arising	from	the	web	of	species	interaction.	
Although	coastal	and	surface	waters	make	up	only	a	small	portion	of	the	world’s	
oceans,	they	are	focal	point	for	ocean	production	and	human	activity;	any	changes	to	
the	dynamics	of	these	communities	will	have	far	reaching	ramifications.		

Not	only	will	ocean	acidification	affect	global	food	webs	and	ecosystems,	it	
will	have	a	direct	effect	on	the	global	economy.	The	U.S.	economy	is	very	dependent	
on	the	health	of	the	ocean.	In	2009,	the	ocean	economy	contributed	over	$223	
billion	annually	to	the	U.S.	gross	domestic	product	(GDP)	and	provided	more	than	
2.6	million	jobs	(NOAA,	http://oceanservice.noaa.gov/facts/oceaneconomy.html).	
Cooley	and	Doney	(2009)	estimate	that	if	just	a	10‐25%	decrease	in	US	mollusc	
harvests	from	2007	were	to	occur	today,	$75‐187	million	in	direct	revenue	would	
be	lost	each	year	henceforth,	with	a	net	loss	of	$1.7‐10	billion	through	mid‐century,	
when	pH	levels	are	approximately	0.3	units	below	pre‐industrial	values.			

Tropical	coral	reefs	provide	ecosystem	services,	such	as	habitat	and	nursery	
functions	for	commercial	and	recreational	fisheries	and	coastal	protection.	As	reefs	
decline	in	acidified	waters,	there	will	be	an	ecological	phase	shift	to	a	new	
ecosystem	state	dominated	by	less	commercially	valuable	species.		The	annual	
economic	damage	of	ocean	acidification	induced	coral	reef	loss	is	estimated	to	
rapidly	escalate	over	time	due	to	economic	growth,	reaching	870	billion	dollars	by	
2100	(Brander	et	al.	2009).	Other	services	provided	by	the	oceans,	for	example	
providing	a	site	for	the	release	of	wastes	and	pollutants,	are	less	well	accounted	for	
by	standard	economic	measures.		Attempts	to	quantify	some	of	these	services	have	
produced	estimates	of	many	billions	of	dollars.	Even	subtle	changes	in	
environmental	conditions	may	have	strong	effects	on	ecosystem	functioning,	with	
yet	unforeseen	consequences	for	the	continued	provision	of	key	services	
(Convention	on	Biological	Diversity	2009)	

Hundreds	of	studies	have	documented	the	impacts	that	will	occur	throughout	
the	marine	environment	as	a	result	of	ocean	acidification.		Many	of	these	scientific	
experiments	have	reported	their	manipulations	of	carbonate	chemistry	as	a	function	
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of	total	alkalinity	(TA),	dissolved	inorganic	carbon	(DIC),	calcium	carbonate	
saturation	state	(Ω),	or	carbon	dioxide	concentration	(pCO2).		In	order	to	
standardize	their	results,	we	have	converted	those	figures,	where	possible,	to	pH,	
using	the	below	table.	This	was	done	in	order	to	demonstrate	that	harmful	
biological	responses	that	will	occur	as	a	result	of	marine	organisms	living	in	ocean	
waters	with	pH	values	allowed	under	current	water	quality	standards,	for	which	we	
seek	revision.	

Figure	3.	Forecasts	of	ocean	carbonate	chemistry	(Abbasi	and	Abbasi	2011)	
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ii.	 Corals	

EPA	must	bring	states	with	coral	reefs	in	line	with	water	quality	standards	
that	will	adequately	protect	corals	from	the	detrimental	impacts	of	acidification.	
Hawaii,	Guam,	Puerto	Rico,	and	Mariana	Islands	all	have	tropical	coral	reefs	
requiring	more	protective	marine	pH	standards	than	they	currently	have.		Coral	
reefs	cannot	exist	below	7.8	pH	units	(Fabricius	et	al.	2011).		

Corals	are	amongst	the	ecosystems	most	threatened	by	ocean	acidification.	
To	date,	most	scientific	investigations	into	the	effects	of	ocean	acidification	on	coral	
reefs	have	been	related	to	the	reefs’	unique	ability	to	produce	voluminous	amounts	
of	calcium	carbonate	(Kleypas	and	Yates	2009).		The	persistence	of	carbonate	
structures	on	coral	reefs	is	essential	in	providing	habitats	for	a	large	number	of	
species	and	maintaining	the	extraordinary	biodiversity	associated	with	these	
ecosystems.		As	a	consequence	of	ocean	acidification,	the	ability	of	marine	calcifiers	
to	produce	calcium	carbonate	will	decrease,	resulting	in	a	transition	from	a	
condition	of	net	accretion	to	one	of	net	erosion,	with	drastic	consequences	for	the	
role	and	function	of	these	ecosystems	(Kleypas	and	Yates	2009).					

Coral	reefs	are	predicted	to	drastically	lower	their	calcification	rates	in	the	
near	future,	and	historical	records	show	that	calcification	rates	have	already	fallen	
relative	to	pre‐industrial	values.	According	to	scientists,	the	main	reef	building	
organisms	will	calcify	up	to	50%	less	relative	to	pre‐industrial	rates	by	the	middle	of	
this	century	(Id.).	A	drop	of	approximately	60%	coral	reef	calcification	is	projected	
for	the	end	of	the	century,	when	pH	is	predicted	to	fall	0.5	units	below	pre‐industrial	
values	(Caldeira	and	Archer	2007).	Many	studies	suggest	calcification	rates	could	be	
reduced	between	20‐60%	at	560ppm,	or	7.9	pH,	and	that	a	reduction	of	this	
magnitude	would	fundamentally	alter	reef	structure	and	function	(Convention	on	
Biological	Diversity	2009).	According	to	the	model	of	Silverman	et	al.	(2009),	
developed	from	field	observations	from	more	than	9,000	reef	locations,	all	coral	
reefs	are	expected	to	reduce	calcification	by	more	than	80%	relative	to	their	pre‐
industrial	rate	at	560	ppm	(0.3	pH	change),	and	at	this	point	“all	coral	reefs	will	
cease	to	grow	and	start	to	dissolve.”	The	Interacademy	Panel	on	International	Issues	
concurs;	“at	current	emission	rates	models	suggest	that	all	coral	reefs	and	polar	
ecosystems	will	be	severely	affected	by	2050	or	potentially	even	earlier.”	

Calcification	rates	at	coral	reef	locations	in	the	western	tropical	Pacific	and	
the	Caribbean	may	have	already	declined	by	15%,	(Caldeira	and	Archer	2007),	and	
data	from	the	Great	Barrier	Reef	indicates	a	14%	decline	in	calcification	rates	
between	1990	and	2005	(De’ath,	Lough,	and	Fabricius	2009).	Other	studies	in	the	
Great	Barrier	reef	indicate	a	decline	of	approximately	21%,	and	analysis	of	coral	
growth	records	confirm	that	this	decline	is	unprecedented	in	recent	centuries	
(Cooper	et	al.	2008).	A	model	based	on	field	samples	shows	that	calcification	of	coral	
reefs	in	French	Polynesia	declined	15%	between	the	pre‐industrial	period	and	1992,	
and	that	rates	will	decline	40%	by	2050,	when	CO2	levels	reach	560	ppm	(pH	
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7.9)(Anthony,	Kleypas,	and	Gattuso	2011).	Near	Bermuda,	historical	records	show	
that	coral	skeletal	density	has	decreased	33%,	and	coral	calcification	rates	have	
declined	by	52%	as	a	result	of	changes	in	seawater	carbonate	chemistry	(Bates,	
Amat,	and	Andersson	2010).	These	observed	changes	have	occurred	even	before	a	
0.2	unit	decline	in	ocean	pH;	as	atmospheric	CO2	continues	to	rise	and	lower	pH	
values,	calcification	rates	will	maintain	their	precipitous	decline.		

Ocean	acidification	acts	in	concert	with	ocean	warming	and	coral	bleaching	
in	furthering	coral	reef	decline.		Studies	projecting	the	combined	impacts	of	ocean	
acidification	and	ocean	warming	on	corals	predict	that	coral	erosion	will	exceed	
calcification	rates	at	atmospheric	CO2	concentrations	of	450	to	500	ppm,	(Hoegh‐
Guldberg	et	al.	2007),	and	all	coral	reefs	will	begin	dissolve	at	CO2	concentrations	of	
560	ppm	(Silverman	et	al.	2009).	These	figures	correspond	to	a	0.2	and	0.3	unit	
drop	in	pH,	respectively,	as	compared	to	pre‐industrial	values.		In	the	Caribbean,	a	
recent	study	concluded	that	“coral	reef	communities	are	likely	to	be	essentially	gone	
from	substantial	parts	of	the	Southeast	Caribbean	by	the	year	2035”	(Buddemeier,	
Lane,	and	Martinich	2011).	The	Great	Barrier	Reef	has	lost	50%	of	its	coral	cover	
since	1985	as	a	result	of	the	combined	effects	of	ocean	acidification,	global	warming,	
coral	bleaching,	coral	predation	by	starfish,	and	cyclone	damage	(De’ath	et	al.	2012).	
In	short,	due	to	the	synergistic	impacts	of	ocean	acidification,	mass	bleaching,	and	
local	impacts,	coral	reefs	are	projected	to	experience	“rapid	and	terminal”	declines	
worldwide	at	atmospheric	CO2	concentrations	450	ppm,	or	pH	8.0,	a	level	that	is	
expected	before	mid‐century	(Veron	et	al.	2009).	

Many	experimental	studies	have	show	declining	calcification	rates	and	other	
ill	effects	when	corals	are	exposed	to	waters	with	lowered	pH.	Decreases	in	
calcification	rates	across	a	suite	of	benthic	species	and	calcifying	systems	range	
from	3	to	60%	for	a	doubling	in	pCO2,	which	corresponds	to	a	0.3	reduction	in	pH	
(Abbasi	and	Abbasi	2011).		The	average	response	of	corals	is	a	30%	decline	in	
calcification	in	response	to	a	doubling	in	pCO2	(Id.).		In	a	study	of	an	assemblage	of	
corals	exposed	to	conditions	designed	to	mimic	the	change	that	may	be	experienced	
in	the	next	50‐100	years	(pH	decline	of	0.22	to	0.28	units),	calcification	rates	
declined	between	44%	and	80%.	Abbasi	and	Abbasi	(2011)	compiled	a	table	of	
calcification	responses	to	increased	CO2,	including	the	responses	of	many	corals,	and	
this	table	is	included	below	as	Figure	4.			

The	coral	Acropora	palmata	(listed	as	threatened	under	the	Endangered	
Species	Act),	once	the	dominant	reef	building	coral	in	the	Caribbean,	experiences	
impaired	fertilization,	settlement,	and	growth	with	increasing	pCO2	(Albright	et	al.	
2010).		The	cumulative	impact	of	ocean	acidification	on	fertilization	and	settlement	
success	is	an	estimated	52%	and	73%	reduction	in	the	number	of	larval	settlers	on	
the	reef	under	pCO2	conditions	projected	for	the	middle	and	end	of	this	century,	
respectively	(0.2	and	0.5	decline	in	pH)	(Id.).	After	only	8	days	of	high	CO2	
conditions	(pH	7.75),	Acropora	experiences	a	statistically	significant	(18%)	
reduction	in	calcification	rate	(Murubini	et	al.	2003).	
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Experimental	studies	evaluating	the	effects	of	ocean	acidification	on	early	life	
history	stages	of	corals	generally	conclude	that	primary	polyp	growth	is	hindered	by	
increasing	acidity	(Albright	et	al.	2010,	Cohen	and	Holcomb	2009).	Renegar	and	
Riegl	(2005)	showed	a	significant	decrease	in	the	growth	rate	of	Acropora	
cervicornis	larvae	at	pH	levels	0.3‐0.5	units	below	control.	Larvae	of	the	common	
Atlantic	golf	ball	coral,	Favia	fragum,	shows	significant	delays	in	both	the	initiation	
of	calcification	and	subsequent	growth	of	the	primary	corallite	in	acidic	waters	(8.17	
–	7.54	pH)	(Cohen	and	Holcomb	2009).	Visible	changes	in	the	skeletal	development	
were	observed	in	all	non‐control	treatments,	and	in	the	most	acidic	waters	skeletal	
development	was	75%	less	than	the	control.		

Acidification	also	affects	cold	water	corals.	Cold	water	corals	have	a	
worldwide	but	patchy	distribution,	and	are	often	found	in	areas	with	highly	
productive	fisheries	including	in	many	of	the	states	that	are	at	issue	in	this	petition	
(Rogers	1999,	De	Mol	et	al.	2002,	Kenyon	et	al.	2003).	Overall,	more	than	two‐thirds	
of	all	known	coral	species	are	cold	water	corals	(Roberts	and	Hirshfield	2012,	,	
Cairns	2007).	Recent	exploration	and	research	that	has	begun	to	search	for,	map,	
and	observe	cold	water	corals	has	found	that	these	organisms	are	fragile,	long‐lived,	
slow‐growing,	very	sensitive	to	physical	or	environmental	disturbance	and	adapted	
for	a	specific	environmental	niche	(McDonough	and	Puglise	2003).	Alaskan	waters	
are	already	showing	widespread	evidence	of	ocean	acidification	as	a	result	of	
greenhouse	gas	emissions	(Mathis,	Cross,	and	Bates	2011).	By	2100,	70%	of	cold‐
water	corals	will	be	exposed	to	corrosive	waters	(Convention	on	Biological	Diversity	
2009).		Conditions	in	waters	typically	inhabited	by	cold‐water	corals	are	even	less	
favorable	for	calcification	than	those	experienced	by	warm	water	corals;	this	may	
cause	cold‐water	corals	to	be	affected	earlier	and	more	strongly	by	CO2‐related	
ocean	acidification	than	their	warm	water	counterparts	(Abbasi	and	Abbasi	2011).		

The	vulnerable	early	developmental	and	reproductive	stages	of	cold	water	
corals	may	be	especially	strongly	impacted	(Kurihara	2008,	Dupont	and	Thorndyke	
2009,	Kroeker	et	al.	2010).	In	an	experiment	on	the	cold‐water	coral	Lophelia	
pertusa,	lowering	the	pH	by	0.3	units	relative	to	the	ambient	level	resulted	in	
calcification	being	reduced	by	56%	(Maier	et	al.	2009).	Lower	pH	reduced	
calcification	more	in	fast	growing,	young	polyps	(59%	reduction)	than	in	older	
polyps	(40%	reduction).	Thus,	corals’	larvae	and	young	corals	are	significantly	more	
susceptible	to	ocean	acidification	than	adults,	and	will	likely	show	a	higher	degree	of	
reduced	calcification	and	growth	with	reduced	pH,	making	young	and	larval	corals	
less	likely	to	survive	to	maturity	as	the	ocean	continues	to	absorb	anthropogenic	
CO2	and	as	climate	change	progresses.	
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Figure	4.	All	of	the	below	species	experienced	a	decrease	in	calcification	at	pCO2	
levels	which	correspond	to	a	decline	in	0.2	pH	(Abbasi	and	Abbasi	2011).			
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Figure	5.	Calcification	decline	at	double	preindustrial	pCO2	levels	(0.2	pH	decline)	
(Abbasi	&	Abbasi	2011).			

	

Acidification	alone	decreases	calcification,	and	acidification	combined	with	
warming	results	in	extremely	drastic	reductions	in	calcification	rates	(Anlauf,	
D’Croz,	and	O’Dea	2011)(observing	a	3%	reduction	in	acidification	with	a	.2	decline	
in	pH,	and	a	30%	decline	when	acidification	is	coupled	with	1°	C	warming).	While	
natural	variability	in	the	annual	cycle	and	interannual	variability	may	account	for	
some	of	the	observed	change	in	coral	growth	rates,	scientists	are	“virtually	certain”	
that	anthropogenic	trends	already	exceed	natural	variability	(Friedrich	et	al.	2012).		

In	addition	to	reduced	calcification	rates,	the	strength	of	cementation	may	
also	be	reduced	in	waters	with	a	lower	pH,	promoting	higher	rates	of	physical	and	
bio‐erosion	(Manzello	et	al.	2008).	Once	coral	reefs	experience	lowered	calcification	
and	poor	cementation,	erosion	and	reef	flattening	can	result,	which	severely	
reduced	the	structural	heterogeneity	of	reefs	and	lowers	its	potential	to	support	
biodiversity.	This	may	result	in	a	loss	of	change	in	fish	assemblages,	lower	densities	
of	commercially	important	species,	and	lower	rates	of	larval	fish	recruitment	(Feary	
et	al.	2007).	Weaker	reef	calcification	and	cementation	also	increases	the	potential	
for	reef	damage	as	storm	frequency	and	intensity	increases	with	continued	global	
warning,	leading	to	further	reef	degradation	(Id.)	

Numerous	biological	responses	independent	of	calcification	are	also	
negatively	impacted	by	ocean	acidification.	Corals	in	acidifying	waters	are	likely	to	
be	in	a	nutritionally	or	energetically	stressed	state	and	thus	less	likely	to	initiate	
reproduction,	or	successfully	reproduce,	due	to	negative	impacts	of	ocean	
acidification	on	all	stages	of	the	reproductive	cycle	(Maier	et	al.	2009,	McCulloch	et	
al.	2012).	Sperm	flagellar	motility	also	declines	in	response	to	decreasing	pH.		If	
sperm	lose	their	ability	to	find	eggs	in	the	vast	extent	of	the	sea,	the	life	of	marine	
organisms	is	potentially	limited.	Sperm	flagellar	motility,	which	is	indispensable	for	
fertilization,	is	regulated	by	an	elevation	of	intracellular	sperm	pH	(Morita	et	al.	
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2010).	While	69%	of	Acropera	sperm	were	motile	at	pH	8.0,	46%	were	motile	at	pH	
7.8,	and	fewer	than	20%	at	pH	7.7	(Id.).	Additionally,	the	physiological	costs	
associated	with	reproduction	are	more	likely	to	result	in	the	demise	of	the	organism	
due	to	the	compounding	stressors	from	ocean	acidification	and	climate	change	
(Wood	et	al.	2008,	Cohen	and	Holcomb	2009).	Significant	reductions	in	metabolism	
have	been	observed	for	coral	larvae	following	exposure	to	waters	with	a	0.2	decline	
in	pH,	levels	projected	to	occur	by	the	middle	of	this	century	(Albright	and	Langdon	
2011).		

Albright	et	al.	(2010)	concluded	that	with	increased	CO2	concentrations	to	
those	projected	to	occur	in	this	century	(560	atm	to	800	atm,	or	a	0.3	to	0.5	decline	
in	pH	from	pre‐industrial	values),	the	fertilization	success	of	the	tropical	reef‐
building	coral	Acropora	palmata	decreased	by	12‐13%,	settlement	success	reduced	
45‐69%,	and	linear	extension	was	significantly	reduced.	The	compounding	effect	of	
these	impacts	translated	to	52‐73%	reduction	in	the	number	of	larval	settlers	on	the	
reef.	Albright	et	al.	(2010)	predicted	that	the	net	impact	on	recruitment	would	
actually	be	greater	than	that	given	that	the	depressed	post‐settlement	growth	is	
likely	to	result	in	elevated	rates	of	post‐settlement	mortality.	This	corroborates	
other	studies	showing	negative	impacts	on	early‐stage	tropical	corals.	

Albright	and	Langdon	(2011)	tested	the	effects	of	ocean	acidification	on	
sexual	recruitment	of	tropical	corals.	Larval	metabolism	was	depressed	by	27%	at	
acidification	levels	expected	by	mid‐century	(0.3	pH	reduction)	and	63%	at	end‐of‐
century	acidification	levels	(0.4‐0.5	pH	reduction).	Settlement	was	also	reduced	42‐
45%	and	55‐60%	at	the	mid	and	end‐of‐century	levels	respectively,	relative	to	
controls	(Albright	and	Langdon	2011).	Another	study	of	larvae	of	tropical	corals	
showed	that	short‐term	or	long	term	exposure	of	larvae	to	ocean	acidification	
decreased	their	metamorphosis	(Suwa	et	al.	2010).	This	means	that	even	when	
larval	survivorship	is	unchanged,	the	success	of	recruiting	new	corals	could	be	
inhibited	by	ocean	acidification	(Id.).	Additionally,	under	conditions	of	acidification	
planktonic	larvae	lose	their	preference	for	settlement	on	the	optimal	crustose	
coralline	algae	communities	(Doropoulos	et	al.	2012).	Crustose	coralline	algae	
(CCA),	in	turn,	will	experience	a	lower	recruitment	rate	as	marine	waters	become	
more	acidic.		CCA,	a	red	calcifying	algae,	is	of	key	importance	in	coral	reef	
ecosystems,	stabilizing	reef	structures	and	providing	an	important	food	source	for	
benthic	organisms	(Convention	on	Biological	Diversity	2009).	CCA	form	a	major	
calcifying	component	of	the	marine	benthos	from	polar	to	tropical	regions	and	are	
considered	to	influence	the	settlement	of	coral	recruits.	With	a	mean	pH	change	of	
0.26	between	control	and	treatment,	Kuffner	et	al.	(2007)	found	that	CCA	growth	
rates	declined	by	40%,	and	recruitment	rate	and	percentage	cover	decreased	by	
78%	and	92%,	respectively.		

In	sum,	reproduction	is	critical	to	maintaining	a	healthy	population,	and	the	
long‐term	impacts	of	ocean	acidification	on	reproduction,	especially	on	larval	
settlement	and	growth,	may	significantly	reduce	the	corals’	ability	to	recover	or	
maintain	a	population	in	the	face	of	human	caused	disturbances	and	anthropogenic	
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CO2	emissions.	This	would	result	in	a	lack	of	reproductive	capacity,	genetic	
bottlenecks,	and	population	collapse	(Dupont	et	al.	2010,	Ross	et	al.	2011).	

As	the	world’s	oceans	become	more	acidic	and	less	saturated	with	carbonate	
minerals,	corals	are	expected	to	build	weaker	skeletons	and	experience	slower	
growth	rates,	which	will	make	it	more	difficult	for	corals	to	retain	competitive	
advantage	over	other	marine	organisms	(Guinotte	et	al.	2006).	As	coral	skeletons	
weaken,	they	will	become	increasingly	at	risk	of	storm	damage	and	bioerosion,	
which	will	reduce	the	structural	complexity	of	the	reef	system,	reducing	habitat	
quality	and	diversity	alongside	the	loss	of	coastal	protection	functions	(Hoegh‐
Guldberg	et	al.	2007).	At	greater	than	550	ppm,	or	0.3	pH	units	from	pre‐industrial	
values,	coral	reef	ecosystems	will	be	reduced	to	“crumbling	frameworks.”	(Id.).	
Extensive	studies	have	demonstrated	that	changes	in	excess	of	0.2	pH	will	cause	a	
suite	of	negative	impacts,	from	reduced	calcification	rates	to	lowered	reproductive	
success.			

iii.	 Molluscs,	Echinoderms,	and	Crustaceans		

Molluscs,	echinoderms,	and	crustaceans	are	also	negatively	impacted	by	pH	
fluxes	of	greater	than	0.2	units.	Ocean	acidification	not	only	impairs	their	ability	to	
calcify,	but	affects	reproduction	and	larval	development	(Pörtner,	Langenbuch,	and	
Reipschlager	2004).	

In	response	to	reported	shellfish	hatchery	problems	in	Oregon,	Barton	et	al.	
reported	the	results	of	their	observations	from	the	Whiskey	Creek	Hatchery	on	
Netarts	Bay	in	the	summer	of	2009	(Barton	et	al.	2012).		Unlike	previous	laboratory	
experiments,	this	study	analyzed	calcifying	organism	responses	in	the	naturally	
fluctuating	ambient‐water	CO2	chemistry	of	Oregon’s	coastal	upwelling	system.		
Larval	production	and	mid‐stage	growth	(~120	um	to	~150	um)	of	the	oyster,	
Crassostrea	gigas,	were	both	significantly	negatively	correlated	with	the	pH	of	
waters	in	which	larval	oysters	were	spawned	and	reared	for	the	first	48	hours	of	
life.	These	waters	ranged	in	pH	from	7.6	to	8.2.		Although	the	impact	of	the	exposure	
was	not	immediate,	the	delayed	reaction	caused	a	significant	decline	in	growth	for	
mid‐sized	oyster	larvae	and	reduced	overall	production.		The	findings	corroborate	
other	laboratory	studies	that	show	that	many	marine	species,	especially	at	the	larval	
stage,	are	adversely	affected	by	ocean	acidification.	

Scientific	studies	have	demonstrated	that	even	modest	pH	declines	affect	the	
sensitive	and	vulnerable	early	developmental	stages	of	organisms	because	these	life	
histories	have	specific	environmental	needs	(Kurihara	2008)(see	Figure	6,	below,	
showing	negative	effects	from	low	pH	treatments).	A	number	of	studies	have	found	
a	delay	in	development	or	less	development,	degraded	shells,	decreased	rate	of	
metamorphosis,	shell	thickness,	and	loss	of	hinge	integrity	(Ross	et	al.	2011).	The	
resulting	reduced	larval	size	can	reduce	the	feeding	efficiency	of	larvae,	and	smaller	
larvae	are	more	susceptible	to	starvation	because	they	encounter	comparatively	
less	food	(Kurihara	and	Shirayama	2004).	Sub‐lethal	effects	of	elevated	acidity	can	
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severely	alter	the	composition	and	fitness	of	larvae,	and	given	the	high	mortality	
rates	of	larvae	in	the	water	column	and	during	the	transition	to	benthic	settler,	
small	perturbations	to	larvae	potentially	may	have	large	alterations	to	settlement	
dynamics,	post‐settlement	mortality,	recruitment,	and	ultimately	adult	populations	
(Ross	et	al.	2011).		

Watson	et	al.	(2009)	exposed	one	day‐old	oyster	larvae	to	a	range	of	pH	
conditions,	from	7.6	to	8.1,	for	10	days	and	showed	significant	decline	in	the	
survival	and	growth	of	young	larvae	at	lower	pH.	Waldbusser	et	al.	(2010),	in	a	
study	on	the	Chesapeake	Bay,	showed	that	even	modest	changes	in	pH	present	
conditions	that	are	corrosive	to	shells	and	have	physiological	impacts	on	adult	and	
larval	oysters.	Biocalcification	declined	significantly	with	a	reduction	of	0.5	pH	units,	
making	juvenile	bivalves	more	susceptible	to	predation	and	other	mortality	factors	
(Id.).	Negative	effects	have	been	seen	on	the	metamorphosis,	size,	and	survival	of	
larval	hard	clams	(Mercenaria	mercenaria),	bay	scallops	(Argopecten	irradians),	and	
Eastern	oysters	(Crassostrea	virginica)	at	levels	of	CO2	predicted	to	occur	in	the	21st	
century	(Talmage	and	Gobler	2011).		At	650	ppm,	or	an	approximate	drop	of	0.3‐0.4	
from	pre‐industrial	values,	both	M.	mercenaria	and	A.	irrandians	larvae	exhibited	
dramatic	declines	(over	50%)	in	survivorship	as	well	as	significantly	delayed	
matamorphosis	and	significantly	smaller	size.	C.	virginica	also	experienced	lowered	
growth	and	delayed	metamorphosis	at	this	level,	an	indicator	that	current	and	
future	increases	in	CO2	populations	may	deplete	or	alter	the	composition	of	shellfish	
populations	in	coastal	ecosystems	(Id.).			

The	Olympia	oyster,	Ostrea	lurida,	a	foundation	species	in	estuaries	along	the	
Pacific	coast,	exhibits	clear	decline	in	larval	growth	and	settlement	as	pH	declines	
(Hettinger,	Sanford,	and	Hill	2012).	Oysters	in	this	experiment	were	raised	at	three	
levels	of	seawater	pH,	including	a	control	(8.0)	and	two	additional	levels	(7.9	and	
7.8).	Larvae	reared	under	pH	7.8	exhibited	a	15%	decrease	in	larval	shell	growth	
rate,	and	a	7%	decrease	in	shell	area	at	settlement,	compared	to	larvae	reared	under	
control	conditions.	Impacts	were	even	more	pronounced	a	week	after	settlement,	
with	juveniles	that	had	been	reared	as	larvae	under	reduced	pH	exhibiting	a	41%	
decrease	in	shell	growth	rate.	Oysters	on	the	Atlantic	coast	also	experience	the	ill	
effects	of	ocean	acidification.	Dickinson	et	al.	(2012)	found	negative	effects	on	
juvenile	eastern	oysters	after	exposure	to	water	with	a	0.2	pH	change.	Exposure	of	
the	oysters	to	elevated	acidity	led	to	a	significant	increase	in	mortality,	reduction	of	
tissue	energy	stores	and	negative	soft	tissue	growth,	indicating	energy	deficiency.	At	
low	pH	levels,	thermal	tolerance	is	impaired	in	oyster	larvae,	leading	to	reduced	
development,	size	and	increased	abnormality	(Ross	et	al.	2011,	Parker	et	al.	2010).	
Similar	results	have	been	found	in	red	abalone,	with	thermal	tolerance	impaired	at	
pH	7.87	compared	to	control	(pH	8.05)	(Zippay	and	Hoffman	2010).	

In	studies	with	edible	mussel	(Mytilus	edulis)	and	Pacific	oyster	(Crassostrea	
gigas)	researchers	found	a	strong	decline	of	calcification	as	pH	decreased	(Gazeau	et	
al.	2007).	Based	upon	these	results,	researchers	concluded	that	mussel	and	oyster	
calcification	may	decrease	by	25%	and	10%,	respectively,	by	the	end	of	the	century,”	
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when	pH	has	fallen	by	0.3	units	(Id.).	Oysters	and	mussels	also	exhibit	development	
abnormalities	when	exposed	to	low	pH	(Kurihara	2008).	When	oyster	eggs	were	
reared	under	pH	7.8,	they	showed	malformations	of	their	shell,	and	when	reared	
under	pH	7.4,	more	than	70%	of	the	larvae	were	either	completely	non‐shelled,	or	
only	partially	shelled,	and	only	4%	of	CO2	treated	embryos	developed	into	normal	
larvae	by	48	hours	after	fertilization,	in	contrast	to	about	70%	successful	
development	in	control	embryos.		

The	shrimp	Palaemon	pacificus	displayed	variable	responses	at	different	
developmental	stages,	pH	and	length	of	exposure	(Kurihara	2008).	Following	long	
term	(30	weeks)	exposure	of	adults	to	pH	7.89	and	7.64,	survival	and	egg	
production	in	early	developmental	stages	decreased	in	both	treatments.	Findlay	et	
al.	(2010)	found	a	slower	rate	of	development	of	embryos	in	the	common	intertidal	
northern	hemisphere	barnacle	Semibalanus	balanoides	with	an	estimated	19	days	
delay	in	reaching	50%	hatching	stage	at	pH	7.7.	Other	ampiphods	have	exhibited	
metabolic	changes	in	response	to	acidification	levels	greater	than	what	is	allowed	
under	the	federal	criterion	(Hauton,	Tyrrell,	and	Williams	2009).		

Echinoderms	exhibit	delayed	and	asymmetrical	development	when	exposed	
to	acidified	conditions.	In	the	absence	of	adequate	adaptation	or	acclimation,	
lowered	pH	levels	will	have	a	range	of	sub‐lethal	effects	on	sea	urchins,	brittlestar	
and	seastar	larvae	from	a	range	of	geographical	regions	(Ross	et	al.	2011).		Larvae	of	
the	ecological	keystone	brittlestar,	Ophiothrix	fragilis,	either	were	abnormal,	had	
altered	skeletal	proportions,	or	asymmetry	during	skeletogenesis,	and	there	was	a	
delay	in	development	at	pH	levels	of	7.9,	or	approximately	0.3	units	below	current	
surface	levels	(Gutowska	et	al.	2009).	Other	experiments	on	brittlestar	in	low	pH	
waters	resulted	in	dramatic	results;	acidification	of	0.2	units	induced	100%	larval	
mortality	within	an	eight	day	period.		Control	larvae	showed	70%	survival	over	the	
same	period.		Because	the	calcite	skeleton	of	the	larval	brittlestar	aids	key	functions	
such	as	feeding	and	vertical	migration,	and	defense	against	predators,	abnormal	
development	of	the	skeleton	will	have	drastic	consequences	for	fitness.	The	
developmental	abnormalities	may	be	exacerbated	by	temperature	increases	
predicted	for	the	end	of	the	century;	some	scientists	suggest	that	this	may	result	in	
the	disappearance	of	echinoderms	from	the	surface	oceans	within	the	next	50‐100	
years	(Ross	et	al.	2011).		

Reproductive	success	is	compromised	by	ocean	acidification.	The	fertilization	
rate	of	sea	urchins	decreases	with	increasing	CO2	concentrations	(8.1	to	6.8	pH)	
(Kurihara	2008).	In	another	sea	urchin	experiment	utilizing	six	CO2	concentrations,	
with	a	pH	between	8.01	(control)	and	6.83,	cleavage	rate,	developmental	speed,	and	
larval	morphology	all	declined	with	increased	CO2	concentration	(Kurihara	and	
Shirayama	2004).	At	a	0.2	change	from	control,	effects	could	be	seen	on	the	
morphology	and	development	of	the	larvae,	and	these	effects	became	more	
pronounced	with	greater	pH	changes	(Id.)(see	Figure	7,	below).	The	authors	
concluded	that	“all	the	effects	of	raised	CO2	concentration	observed	in	this	study	
would	have	a	negative	impact	on	the	survival	of	sea	urchin	embryos	in	their	early	
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life	history.”	A	recent	study	showed	that	sea	urchin	sperm	flagellar	motility	was	
significantly	reduced	when	seawater	pH	decreased	by	.3	units,	from	8.0	to	7.7	(Suwa	
et	al.	2010).		As	discussed	above,	decreased	flagellar	motility	has	severe	
consequences	for	fertilization	and	subsequent	population	dynamics;	if	sperm	lose	
their	ability	to	find	eggs,	the	population	size	will	necessarily	diminish.			

Figure	6.	Declining	development	of	sea	urchin	larvae	exposed	to	acidified	waters.		
(Kurihara	and	Shirayama	2004).	

	

Even	moderate	increases	in	atmospheric	CO2	and	ensuing	acidification	
adversely	affects	the	growth	of	both	gastropods	and	sea	urchins	(Shirayama	and	
Thornton	2005).	Before	the	end	of	this	century,	atmospheric	CO2	is	likely	to	increase	
by	more	than	200	ppm,	decreasing	the	pH	of	the	ocean	by	approximately	0.3	units	
from	pre‐industrial	levels.	Two	species	of	sea	urchin	as	well	as	the	gastropod	
Strombus	luhanus	were	exposed	for	six	months	to	waters	with	this	level	of	elevated	
CO2,	and	all	three	species	exhibited	similar	consequences.	Increased	CO2	negatively	
affected	growth	rate,	calcification,	shell	height	and	body	mass,	and	metabolic	
activity	(Shirayama	and	Thornton	2005).	The	developing	embryos	of	the	gastropod	
and	intertidal	snail	Littorina	obtusata	also	demonstrate	slower	overall	development	
time,	altered	embryonic	movement,	and	modification	of	shell	shape	in	hatchlings	
while	exposed	to	acidified	waters	(pH	7.6)	(Ellis	et	al.	2009).	

Arnold	et	al.	(2009)	investigated	the	effect	of	ocean	acidification	on	lobsters	
and	found	that	indirect	disruption	of	calcification	and	carapace	mass	may	adversely	
affect	the	competitive	fitness	and	recruitment	success	of	larval	lobsters	with	serious	



 23

consequences	for	population	dynamics	and	marine	ecosystem	function.	Even	squid	
are	not	immune	from	acidic	waters.	Reducing	pH	by	0.3	pH	cased	a	31%	decline	in	
metabolic	rate	and	a	45%	decrease	in	activity	level	for	the	jumbo	squid,	an	
important	predator	in	the	Easter	Pacific	(Rosa	and	Seibel	2008).		

Reduced	metabolism	is	expected	to	impair	predator‐prey	interactions,	as	
well	as	have	consequences	for	growth,	reproduction,	and	survival.	Metablic	
suppression	has	previously	been	reported	to	occur	in	a	variety	of	adult	marine	
invertebrates,	including	crabs,	squid,	worms,	bivalves,	pteropods	and	amphipods	
(Albright	2011).	Slowed	metabolism	is	generally	achieved	by	halting	energy‐
expensive	processes,	such	as	protein	synthesis,	and	therefore	may	lead	to	
reductions	in	growth	and	reproductive	potential	(Id.).	The	blue	mussel	Mytilus	edulis	
has	strong	physiological	mechanisms	by	which	it	is	able	to	protect	body	tissues	
against	short‐term	exposure	to	acidified	seawater,	but	these	come	at	an	energetic	
cost,	and	will	result	in	reduced	growth	during	long	term	exposures	(Bibby	et	al.	
2008).	Consequently,	the	predicted	long‐term	changes	to	sea	water	are	likely	to	
have	a	significant	effect	on	the	health	and	survival	of	blue	mussel	populations	(Id.).	
Mussel	beds	are	a	dominant	coastal	habitat	and	provide	food	and	structure	for	a	
diverse	array	of	species	in	an	otherwise	physically	stressful	environment;	any	
decline	in	their	population	structure	will	lead	to	a	reduction	in	appropriate	habitat	
for	a	myriad	of	other	species.		

In	summary,	acidified	waters	impact	the	development,	growth,	and	
reproductive	success	of	a	suite	of	echinoderms,	crustaceans,	and	molluscs.	A	
growing	body	of	information	is	becoming	available	on	the	effecting	of	declining	pH	
on	these	organisms	and	their	ecosystems.	The	results	of	these	studies	are	clear;	as	
pH	falls	more	than	0.2	units	from	pre‐industrial	values,	these	organisms	will	be	live	
to	live	in	their	increasingly	acidic	environment.			
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Figure	7.		Effects	of	low	pH	conditions	on	bivalves.		(Kurihara	2008).	
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Figure	8.		More	effects	of	ocean	acidification	(Fabry	et	al.	2008)	
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	 iv.	 Plankton	
 

Plankton,	which	comprise	the	basis	of	the	marine	food	web,	are	among	the	
calcifying	organisms	adversely	affected	by	ocean	acidification.	Changes	to	calcifying	
zooplankton,	such	as	pteropods	and	foraminfera,	have	the	potential	to	affect	the	
ecological	and	tropic	dynamics	which	govern	the	exchange	of	energy	and	cycling	of	
nutrients	throughout	the	marine	food	web	(Gattuso	and	Hansson	2011).		For	
example,	the	shelled	pteropod,	Limacina	helicina,	an	Arctic	pelagic	mollusc,	is	a	food	
source	for	higher	predators	such	as	fishes,	whales	and	birds	that	are	particularly	
important	in	high	latitude	areas.		
	

Studies	have	shown	that	pteropods	exposed	to	a	pH	value	predicted	for	the	
end	of	this	century,	amounting	to	a	‐0.3	unit	change	from	control	pH,	exhibited	a	
28%	decrease	in	calcification	(Comeau	et	al.	2009).		Experiments	on	Limancina	
helicina	showed	that	changes	from	8.05	pH	to	7.89	pH	(Δ	‐0.16	units)	cased	shell	
dissolution	and	cracks	appeared	at	7.76pH,	and	linear	extension	of	the	shell	
decreased	as	a	function	of	declining	pH	(Comeau,	Alliouane,	and	Gattuso	2012).		
Pteropods	form	integral	components	of	food	webs,	and	are	considered	an	overall	
indicator	of	ecosystem	health	(Orr	et	al.	2005).		The	pteropod	Clio	pyramidata	kept	
in	aragonite	undersaturated	waters	began	to	dissolve	within	two	days	(Orr	et	al.	
2005).	A	decline	of	pteropod	population	would	likely	cause	dramatic	changes	to	
various	pelagic	ecosystems,	and	impact	the	commercially	important	salmon	fishery.			
	

Some	coccolithophorids	are	also	susceptible	to	ocean	acidification.	Studies	
showed	that	carbon	dioxide	related	changes	to	seawater	caused	reduced	
calcification,	resulting	in	malformed	and	incomplete	shells.	Calcification	of	
cocolithophorids	declined	15‐44%,	and	their	shells	were	malformed	as	pH	changed	
up	to	about	0.3	units	(Riebesell	et	al.	2000).	Coccolithophorids	are	globally	
distributed	and	bloom	in	massive	areas	affecting	the	optical	properties	of	the	ocean,	
reflecting	light	from	the	earth,	and	play	a	major	role	in	the	ocean	carbon	cycle.		
	

Elevated	carbon	dioxide	concentrations	also	reduce	the	shell	mass	of	
foraminifera	(Kleypas	et	al.	2006).		Modern	shell	weights	of	foraminifera	in	the	
Southern	Ocean	are	30–35%	lower	than	those	from	preindustrial	sediments,	which	
is	consistent	with	reduced	calcification	induced	by	ocean	acidification	(Moy	et	al.	
2009).	
	

Ocean	acidification	may	already	be	increasing	the	toxicity	of	harmful	algal	
blooms	known	as	“red	tides.”	High	CO2		levels	in	seawater	magnify	the	toxins	of	
harmful	algae.	These	toxic	red	tides	poison	shellfish,	marine	mammals,	fish,	and	
even	cause	paralytic	shellfish	poisoning	in	people.	Some	globally	distributed	
diatoms	produce	a		neurotoxin,	domoic	acid,	which	can	result	in	human	illness	and	
even	death.	Studies	of	this	genus	Pseudo‐nitzscia	show	that	the	toxicity	of	these	
diatoms	increases	significantly	under	ocean	acidification	conditions.	A	‐0.5pH	
change	caused	toxin	production	in	the	diatoms	to	increase	4.2‐fold	and	a	‐0.3pH	unit	



 27

change	increased	the	toxicity	2.5‐fold	(Tatters,	Fu,	and	Hutchins	2012).		Already,	
these	harmful	algal	blooms	have	been	related	to	mass	mortalities	of	fish	and	marine	
mammals	and	these	studies	suggest	that	the	damage	will	become	much	worse.	 

v.	 Fish	

While	lower	pH	values	correspond	to	a	decreased	ability	by	calcifying	
organisms	to	build	shells	or	skeletons	from	calcium	carbonate,	the	negative	
physiological	affects	of	ocean	acidification	are	not	confined	to	invertebrates.		For	
example,	the	gametes,	embryos,	and	larvae	of	vertebrates	such	as	fish	are	vulnerable	
to	changes	in	ocean	chemistry	and	have	shown	impairments	in	their	homing	and	
predator/prey	detection	capabilities.			

Laboratory	experiments	have	shown	that	ocean	acidification	at	levels	
expected	to	occur	within	this	century	impairs	larval	orange	clownfish	and	
damselfish	sensory	abilities	and	behavior,	making	it	more	difficult	for	them	to	locate	
suitable	settlement	sites	on	reef	habitat	and	avoid	predators.	Specifically,	ocean	
acidification	disrupts	smell,	hearing,	and	behavior	of	larval	orange	clownfish,	
(Munday	et	al.	2009,	Nilsson	et	al.	2012),	making	larval	clownfish	attracted	to	odors	
from	predators	and	unfavorable	habitat	(Munday	et	al.	2010,	Dixson	et	al.	2010).	
Olfactory	cues	that	prompted	avoidance	or	neutral	behavior	in	controls	(pH	8.15)	
stimulated	strong	preference	behavior	in	larvae	raised	at	pH	7.8,	in	addition	to	
significant	reduction	in	response	to	usually	positive	preferences.	Ocean	acidification	
also	impairs	the	hearing	capacity	of	larval	clownfish,	which	is	predicted	to	have	
negative	effects	on	settlement	success	and	survival	(Simpson	et	al.	2011).		

Similarly,	research	on	six	damselfish	species	found	that	ocean	acidification	
impairs	larval	damselfish	smell,	vision,	learning,	behavior,	and	brain	function,	
leading	to	higher	risk	of	mortality.	For	example,	in	acidified	waters,	larval	
damselfish	(1)	become	attracted	to	predator	odors	and	display	much	riskier	
behaviors,	making	them	more	prone	to	predation;	two	species	suffered	a	five‐fold	to	
nine‐fold	increase	in	predation	rate	at	CO2	levels	of	700	to	850	ppm,	or	0.3	pH	units	
below	control	(Munday	et	al.	2009,Ferrari	et	al.	2011);	(2)	cannot	discriminate	
between	habitat	olfactory	cues,	making	it	more	difficult	to	locate	appropriate	
settlement	habitat	(Devine,	Munday,	and	Jones	2011);	(3)	settle	on	the	reef	during	
dangerous	times—the	full	moon	rather	than	new	moon—when	they	are	more	
vulnerable	to	predation	(Devine,	Munday,	and	Jones	2011);	(4)	fail	to	visually	
recognize	or	evade	important	predator	species;	(5)	cannot	learn	to	respond	
appropriately	to	a	common	predator	by	watching	other	fish	react	or	by	smelling	
injured	fish,	unlike	fish	under	normal	conditions	(Id.);	and	(6)	suffer	disruption	of	
an	important	neurotransmitter	which	is	thought	to	result	in	the	sensory	and	
behavioral	impairment	observed	in	acidified	conditions	(Nilsson	et	al.	2012).	

As	pH	declines,	changes	in	the	oceans’	acoustic	properties	may	also	affect	
marine	mammals.		Sound	travels	70%	further	with	the	ocean	pH	change	of	0.3	units	
resulting	from	a	doubling	of	preindustrial	CO2,	a	change	which	is	expected	to	occur	
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by	midcentury	(Brewer	and	Hester	2009).	Marine	mammals	in	particular	will	have	
to	adapt	their	communications	to	an	environment	with	higher	background	noise	
levels.		While	the	precise	impacts	of	acoustic	changes	are	yet	to	be	determined,	a	
noisy	ocean	environment	will	undoubtedly	affect	the	interactions	between	marine	
mammals	such	as	whales	and	dolphins,	shipping	channels,	and	military	sonar.	

vi.	 Learning	from	Underwater	CO2	Vents	

By	examining	the	community	structures	of	marine	environments	already	
exhibiting	acidified	conditions,	we	can	glimpse	into	our	oceans	future.	Observations	
from	natural	CO2	venting	sites,	where	benthic	marine	communities	have	
experienced	low	pH	conditions	for	several	centuries	or	millennia	gives	us	valuable	
information	on	the	range	of	responses	at	the	organism,	community,	and	ecosystem	
levels.	

Analysis	of	shallow‐water	benthic	communities	in	the	vicinity	of	volcanic	CO2	
vents	in	the	Mediterranean	Sea	demonstrates	a	dramatic	decrease	in	the	overall	
diversity	as	well	as	a	decrease	in	abundance	or	the	loss	of	benthic	calcifiers	at	low	
pH.	Studies	examining	the	impact	of	ocean	acidification	on	the	settlement	of	
invertebrates	utilizing	the	natural	pH	gradient	of	pH	8.17	to	6.57	produced	by	
volcanic	CO2	vents	off	the	coast	of	Italy	show	pH	dependant	differences	in	species	
composition	(Cigliano	et	al.	2010).	Calcifiers	are	primarily	restricted	to	sites	with	
higher	pH,	and	copepods	are	generally	absent	from	low	pH	zones.	Hall‐Spencer	et	al.	
(2008)	studied	natural	CO2	vents	with	a	similar	pH	gradient,	and	found	that	areas	
with	a	mean	pH	of	7.8‐7.9	had	a	30%	reduction	in	species	numbers,	against	a	control	
area	of	8.14	pH.	Along	the	gradient,	sea	urchin	abundance	was	significantly	reduced	
below	pH	7.5.		Juveniles	of	two	snail	species	were	absent	in	areas	with	a	minimum	
pH	of	7.4,	and	the	shells	of	adult	specimens	were	severely	corroded	and	weakened	
by	the	acidified	sea	water,	an	effect	which	probably	increases	their	risk	of	predation	
(Id.).		

Natural	carbon	dioxide	seeps	in	Papua	New	Guinea	also	provide	insights	into	
the	future	community	structure	of	coral	reefs	under	elevated	CO2	conditions.	
Fabricius	et	al.	(2011)	found	a	40%	reduction	in	coral	biodiversity	as	pH	declined	
from	8.1	to	7.8,	with	massive	Porites	colonies	establishing	dominance	over	
structurally	complex	corals.	The	cover	of	crustose	coralline	algae	was	reduced	seven	
fold	in	the	low	pH	areas,	and	the	cover	and	richness	of	soft	corals	and	sponge	cover	
were	also	significantly	reduced.	Most	strikingly,	reef	development	ceased	below	pH	
level	7.7	(Id.).	The	implications	for	these	observed	changes	are	severe;	the	decline	in	
structurally	complex	corals	at	lowered	pH	is	likely	to	reduce	habitat	availability	and	
quality	for	juvenile	fish	and	many	invertebrates,	and	lower	coral	juvenile	densities	
slows	coral	recover	after	disturbance,	suggesting	reduced	community	resilience.		
The	loss	of	CCA	impedes	larval	recruitment,	and	the	doubling	of	non‐calcareous	
macroalgae	reduces	the	available	space	for	larvae	to	settle.		Susceptibility	to	storm	
damage	will	also	increase	–	high	bioerosion	rates	have	already	been	reported	from	
reefs	where	upwelling	reduces	saturation	state	(Id.).		
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While	the	Papua	New	Guinea	underwater	vents	can	be	used	as	a	proxy	to	
assess	future	changes	to	coral	reefs,	they	fail	to	provide	an	entirely	accurate	picture.		
Because	seeps	are	surrounded	by	areas	with	ambient	pH,	they	are	supplied	with	
larvae	of	sensitive	taxa	for	recolonization,	and	hence	partly	offset	the	negative	
effects	of	ocean	acidification	on	recruitment.	As	a	result	of	wave	mixing,	these	areas	
at	times	experience	a	respite	from	low	pH.	The	seep	areas	also	experience	low	
anthropogenic	pressure,	such	as	fishing	or	terrestrial	runoff,	and	due	to	their	
latitude	are	situated	in	an	ideal	area	for	reef	building.	It	is	very	likely	that	ocean	
acidification	will	affect	reefs	more	severely	if	they	are	located	at	higher	elevation	or	
subject	to	other	environmental	stressors	(Fabricius	et	al.	2011).	

Figure	9.		Photos	displaying	loss	of	coral	diversity	along	underwater	CO2	vent	
(Fabricius	et	al.	2011).	

	

The	scientific	community	has	provided	overwhelming	evidence	that	changes	
in	excess	of	0.2	pH	will	have	serious	negative	consequences	to	marine	aquatic	life.	
Indeed,	these	changes	are	already	occurring;	according	to	one	scientist,	“adverse	
impacts	of	ocean	acidification	have	begun	to	manifest	in	no	uncertain	terms.”	
(Abbasi	and	Abassi	2011).	Meta‐analyses	suggest	that	the	biological	effects	of	ocean	
acidification	are	“generally	large	and	negative.”	(Kroeker	et	al.	2010).	While	there	
are	still	large	unknowns	of	the	biological	consequences	of	ocean	acidification,	the	
science	we	have	is	clear:	from	shellfish	to	corals,	and	from	pteropods	to	fish,	our	
marine	resources	are	threatened	by	the	declining	pH	of	our	ocean	waters.		
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C.	 Current	Standards	Are	Insufficient	to	Protect	Aquatic	Life	from	
Ocean	Acidification	

At	least	fifteen	states	and	territories	have	water	quality	standards	which	do	
not	meet	the	minimum	federal	pH	marine	water	quality	standard	and	inadequately	
protect	marine	aquatic	life	from	the	effects	of	ocean	acidification.		These	states	and	
territories,	including	Alabama,	Connecticut,	Delaware,	Guam,	Hawaii,	Louisiana,	
Maine,	Maryland,	Mississippi,	North	Carolina,	Northern	Mariana	Islands,	Oregon,	
Puerto	Rico,	Virginia,	and	Washington,	have	pH	standards	that	contain	ranges	so	
broad	as	to	be	meaningless	in	protecting	their	designated	uses.		

EPA	recognizes	that	the	Clean	Water	Act	is	an	appropriate	venue	to	address	
ocean	acidification	(Keehner	Memo	2011).	In	light	of	the	very	lenient	national	
marine	pH	criterion,	no	state	standard	should	be	less	restrictive	than	the	baseline	
provided	by	EPA.	Nevertheless,	the	state	and	territory	standards	at	issue	have	
ranges	that	allow	pH	in	marine	waters	to	vary	by	as	much	as	3	pH	units.	(See	Figure	
1).	If	ocean	waters	were	to	achieve	the	pH	levels	allowed	under	these	water	quality	
standards,	coral	reefs,	molluscs,	and	echinoderms	would	already	be	well	on	their	
way	to	collapse.	Only	at	that	point	would	those	waters	be	considered	impaired	
under	section	303(d).	The	science	on	ocean	acidification	clearly	does	not	support	
such	a	standard.		

The	Clean	Water	Act	requires	EPA	to	promulgate	new	or	revised	standards	
whenever	state	standards	are	insufficient	to	protect	their	designated	uses.	33	U.S.C.	
§	1313(c)(4)	(EPA	“shall	promptly	prepare	and	publish	proposed	regulations	setting	
forth	a	revised	or	new	water	quality	standards	.	.	.		B)	in	any	case	where	the	
Administrator	determines	that	a	revised	or	new	standard	is	necessary	to	meet	the	
requirements	of	this	Chapter.”).	The	designated	uses	of	the	15	non‐conforming	state	
and	territories	include	“protection	and	propagation	of	fish,	shellfish	and	other	
aquatic	life.”	As	demonstrated	above,	a	criterion	that	allows	for	more	than	0.2	pH	
variation	from	naturally	occurring	levels	is	inadequate	to	protect	shellfish,	fish,	and	
other	marine	life	from	the	effects	of	ocean	acidification.		

The	science	is	clear	that	“to	prevent	undesirable	or	high‐risk	changes	to	the	
marine	food	web	.	.	.	the	pH	value	of	near	surface	waters	should	not	drop	more	than	
0.2	units	below	the	pre‐industrial	average”	(Schubert	and	Németország.	2006).	
Variation	outside	of	the	0.2	range	leads	to	decreased	rates	of	calcification,	metabolic	
rate,	and	fertilization	success	across	a	spectrum	of	marine	organisms.	Ocean	
acidification	of	this	magnitude	will	significantly	alter	community	structure	and	
reduce	diversity;	an	outcome	clearly	at	odds	with	the	goals	of	the	Clean	Water	Act.	
33	U.S.C.	§	1251(a)(2)	(goal	of	Clean	Water	Act	is	to	guarantee	“water	quality	which	
provides	for	the	protection	and	propagation	of	fish,	shellfish,	and	wildlife”).	

Because	these	water	quality	standards	are	not	scientifically	defensible,	and	
will	result	in	harm	to	their	designated	uses,	EPA	must	fulfill	its	mandate	under	the	
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Clean	Water	Act	to	ensure	adequate	protections	for	the	nation’s	waters	and	must	
promulgate	standards	consistent	with	the	federal	criterion.	33	U.S.C.	§	1313(c)(4).	

IV.	 Conclusion	
 
	 The	scientific	literature	demonstrates	that	ocean	acidification	is	a	threat	to	
our	nation’s	waters,	and	changes	in	excess	of	0.2	pH	will	undermine	the	biological	
integrity	of	our	ocean’s	food	web.	Fifteen	state	and	territories	currently	have	water	
quality	standards	which	allow	pH	to	vary	by	more	than	0.2	units,	and	these	
standards	are	inadequate	to	protect	the	health	of	marine	aquatic	life.	
	

Under	the	Clean	Water	Act,	the	EPA	is	directed	to	protect	all	of	the	nation’s	
waters	from	pollution	and	maintain	water	quality.		As	part	of	this	duty,	EPA	must	
promulgate	new	or	revised	state	water	quality	standards	when	the	existing	
standards	are	insufficient	to	protect	their	designated	uses.	EPA	must	promulgate	the	
federal	water	quality	criterion	for	marine	pH,	which	requires	that	pH	in	marine	
waters	shall	not	be	changed	more	than	.2	units	outside	the	naturally	occurring	
variation,	for	those	states	whose	standards	are	inadequately	protective	of	aquatic	
life.		
 
V.	 Severability	
	 	

The	provisions	of	this	Petition	are	severable.	If	any	provision	of	this	Petition	
is	found	to	be	invalid	or	unenforceable,	the	invalidity	or	lack	of	legal	obligation	shall	
not	affect	other	provisions	of	the	Petition.	
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