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Heeding a call to action for US coral reefs: The untapped potential of the Clean
Water Act
Dramatic declines in both taxonomic diversity and abundances
of reef taxa from bacteria to stony corals to sharks provide ample
evidence that coral reef ecosystems are at risk globally (Knowlton
and Jackson, 2008; Mora, 2008; Sandin et al., 2008). Climate-re-
lated factors such as rising temperatures and ocean acidification
are frequently cited as primary drivers of those declines (Hoegh-
Guldberg et al., 2007; Richardson and Poloczanska, 2008).
Although global effects of climate change are potentially cata-
strophic for reefs, local impacts due to overfishing, physical dam-
age and land-based pollutants (e.g., sediment, sewage) also
contribute to reef degradation (Lough, 2008; Peterson et al.,
2008; Wooldridge, 2009).

Marine protected areas (MPAs) have been the dominant ap-
proach to coral reef protection in recent years. Although biological
measures such as density, diversity, and size of organisms indicate
better biological condition inside some MPAs (Halpern, 2003), their
effectiveness as management tools has come into question due to
the small differences observed outside the protective boundary,
difficulties associated with enforcement, and the relatively small
percentage of reef area that is protected (Kareiva, 2006; Mora,
2008; Sale, 2008).

Creation of MPAs is one of nine actions recommended by Dodge
et al. (2008) to reverse the decline of coral reefs, but the other eight
cannot be addressed within an MPA framework. Dodge et al.’s call
to action echoes an emerging recognition that areas outside of
MPAs must also be monitored, protected and restored (Borja
et al., 2008).

For US waters, the Clean Water Act (CWA; PL 92-500, 33 U.S.C.
1251 et seq.) is designed specifically for this purpose (Adler, 1995).
The CWA provides a mandate to ‘‘restore and maintain the physi-
cal, chemical, and biological integrity of the Nation’s waters”,
which includes all territorial seas within three miles of land (Secs.
101 and 502). Although often perceived and historically inter-
preted as a regulatory tool to address end-of-pipe contaminants
(Richmond et al., 2007), the actual scope of the CWA provides a
regulatory framework that can potentially support most of the ac-
tions listed by Dodge et al. (2008). Furthermore, the CWA provides
an opportunity to incorporate scientific knowledge into the man-
agement of coral reefs and other coastal resources (Keller and Cav-
allaro, 2008).

1. How does the CWA work?

The Clean Water Act requires states and territories to define
goals for each water body by defining or ‘‘designating” uses for
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the water body; examples include protection and propagation of
aquatic life, recreation, drinking water, and navigation. After desig-
nating uses, states or territories must then define narrative or nu-
meric criteria (thresholds) that protect those uses. These two
actions are the essential components of legally adopted water
quality standards. Physical, chemical, and biological criteria are
used to determine whether a water body supports its designated
uses.

A water body that violates narrative or numeric criteria for its
designated use(s) is listed as impaired (Sec. 303(d)). States and ter-
ritories are required to report on the condition of their waters
every two years, but simply listing a site as impaired does not solve
the problem; they are also mandated to use the best available sci-
ence to determine the sources of impairment and to use their reg-
ulatory authorities to restore impaired waters (Houck, 1999; Karr
and Yoder, 2004). Should they fail to do so, the CWA sanctions legal
challenges by citizen groups (Keller and Cavallaro, 2008).

Since the 1980s, a growing recognition that chemical criteria
alone cannot protect biological resources has prompted national,
regional, and local efforts to supplement end-of-pipe chemical
assessments with integrative biological assessment (Davis and Si-
mon, 1995; Karr, 1991; Karr and Dudley, 1981). Most states and
territories now use local and regional biological assessments of
fish, invertebrates, and algae to assess the condition of streams,
lakes, and estuaries. These assessments fulfill regulatory and
reporting requirements under the CWA (US EPA, 2002).

2. Nine actions to protect coral reefs

We endorse the ‘‘bold and urgent steps” outlined by Dodge et al.
(2008) and propose that the CWA can be used to advance all nine
actions (Fore et al., 2008).

(1) Cut CO2 emissions.
The appropriate authority for regulation of CO2 emissions is the

Clean Air Act (CAA). Recognition that CO2 emissions degrade water
bodies is more likely to derive from assessments triggered under
the CWA. If states and territories identify ocean acidification or in-
creased water temperatures as a source of water body impairment,
this finding is reported as required under Sections 303(d) and
305(b) of the CWA. Identification of impairment is the first step to-
ward regulatory action and restoration.

Although the regulation of air and water may be programmati-
cally isolated, both the CAA and CWA were used to control acid rain
from power generating plants in North America. Effects of acid rain
on surface waters and their biota have been a primary driver be-
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hind legislation to reduce air emissions for several decades. The
monitoring and assessment programs for streams and lakes that
informed that legislation continue today (Menz and Seip, 2004).
Reporting the effects of CO2 emissions on coral reefs through the
formal, legal process of the CWA frames the issue to legislators
and citizens in a way that scientific publications cannot.

(2) Eliminate open-access fisheries in coral reef ecosystems and
establish and enforce sustainable fisheries regulations; and (3) ban
the harvest of coral reef herbivores, including parrotfish.

Although the CWA’s broad mandate does not include specific
language on regulation of fisheries, it does provide for the ‘‘protec-
tion and propagation of fish, shellfish, and wildlife” (Sec. 101). This
mandate combined with the CWA’s broad definition of pollution as
‘‘the man-induced alteration of the chemical, physical, biological,
and radiological integrity of water” demonstrates its relevance to
problems associated with overfishing (Sec. 502). To protect biolog-
ical resources, criteria are defined from observations of biological
condition at minimally disturbed or reference locations. The num-
ber or percentage of coral reef herbivores observed at reference
sites, for example, could be used to define thresholds for biological
criteria. If overfishing of herbivores impairs the coral reef, efforts to
modify that source of impairment (e.g., controls on fishing) can be
initiated in the same manner as for non-point source pollutants
from agriculture or any other human activity.

Precedents for use of the CWA to alter fish quotas or restrict
fishing are limited; however, designated uses have been used to
protect fisheries. In Washington State, dam construction in the
Dosewallips River was blocked by a US Supreme Court decision
to support the state’s designated use to protect migration, rearing,
and spawning of salmonids (Ransel, 1995).

(4) Establish and enforce marine protected areas that include
No-Take Areas.

The CWA does not have the authority to establish reserves, but
agencies with that responsibility, e.g., the National Park Service,
could use a state’s biocriteria to define expected levels of biological
condition for fish and invertebrates and to determine whether the
reserves are protective.

(5) Effectively manage the waters between marine protected
areas.

The CWA provides an umbrella of protection that extends be-
yond MPAs to include the biological resources of all coastal waters
within three miles of shore. The CWA requires states to assign des-
ignated uses to all water bodies and ensure that water bodies sup-
port their designated uses. These regulations provide a potent
management tool that can influence management decisions, regu-
latory actions, and incentive programs (e.g., best management
practices, land use allocations, building permits, discharge per-
mits). In this way, the CWA has the potential to integrate manage-
ment efforts across municipalities, industries, and landscapes.

(6) Maintain connectivity between coral reefs and associated
habitats such as mangroves, sea grass beds, and lagoons.

All nearshore environments and aquatic resources are protected
by the CWA; but protection requires designated uses that are spe-
cific to these environments and their biological components. With
these foundations, defensible biocriteria can be defined that will
protect the diverse components of the nearshore environmental
mosaic.

(7) Report regularly and publicly on the health of local coral
reefs.

Reporting the condition for water resources is required under
the CWA (Sec. 305(b)). The biennial National Water Quality Inven-
tory report to Congress provides information about the status of
water resources, type and location of impaired waters, and sources
of impairment for rivers, streams, lakes, bays, and coastal resources
(US EPA, 2009a). Although coral reefs were included as a coastal re-
source in the 2000 report to Congress, they were not mentioned in
the most recent reports (2002 and 2004). National reporting on the
condition of coral reefs would raise the attention of the public and
increase the transparency of coastal and watershed decisions that
affect reefs. Congress uses these reports to allocate funding for pro-
grams that support the restoration goals of the CWA. For example,
Congress has allocated $200 million every year since 1999 to ad-
dress nonpoint source pollution (US EPA, 2009b).

(8) Recognize the links between what we do on land and how it
affects the ocean.

Most sediment and nutrients and a large share of toxic chemi-
cals that affect coral reefs originate on land and are transported
to near shore environments by rivers, streams and stormwater sys-
tems. Moreover, water withdrawal and other activities that alter
the flow of freshwater to coastal environments originate with hu-
man land use. The CWA has authority over freshwater and estua-
rine environments and states and territories are required to
monitor and regulate their condition. Biological criteria in near-
shore environments can potentially be linked to physical, chemical,
and biological criteria in rivers, wetlands and estuaries, providing a
direct connection to land-based sources of pollution.

(9) Bring together industry, civil society, local government, and
the scientific community to develop a vision of healthy reefs and a
plan to get there.

Reporting and public participation are integral to the CWA and
specifically required at many steps throughout the regulatory pro-
cess. A primary goal of the Act is ‘‘public participation in the devel-
opment, revision, and enforcement of any regulation, standard,
effluent limitation, plan, or program” (Sec. 101).

Biological criteria provide the mechanism to translate scientific
understanding into legal instruments to protect biota. Ideally, sci-
entists work with managers to determine indicators of biological
condition that can reliably measure reef condition, respond pre-
dictably to human disturbance, and be monitored for a reasonable
cost (McElfish and Varnell, 2006). Examples of indicators that show
a measurable response to human influence include the size of
stony corals (Fisher et al., 2008), the percentage of algal cover
(HRI, 2008), and taxa richness of benthic invertebrates (Nelson
et al., 2007). Many other biological indicators show promise in the-
ory (Jameson et al., 2001; Sandin et al., 2008) but need to be empir-
ically validated as they have been for freshwater systems (Fore,
2003; Pont et al., 2009; Simon, 2002).

Criteria for water quality standards and particularly the levels
selected to represent impairment are regularly debated as a conse-
quence of legal challenges brought by regulated industries and cit-
izen groups (Rizzardi, 2001). The criteria may be modified or
upheld, but water quality standards cannot be ignored: they are re-
quired by law (Brill, 2003). The CWA authorizes any citizen to file
suit against a governmental agency in violation of water quality
standards (Sec. 505; Ohio Environmental Council, 2009). An inde-
pendent audit by the Government Accountability Office combined
with a spate of judicial decisions driven by citizen challenges has
reinvigorated state and federal activities to use the CWA to protect
water resources (GAO, 1989; Keller and Cavallaro, 2008; NRC,
2001). Recent petitions from the Center for Biological Diversity
provide an example of a citizen group challenging government
agencies for failure to list their waters for impairment of water
quality standards for pH (CBD, 2007; US EPA, 2009c). Although
compelling, many of these legal challenges continue to focus on
chemical endpoints, rather than the plants and animals that are
equally protected under the CWA (Karr and Yoder, 2004).

3. Protecting coral reefs

Protocols to measure biological condition have been vetted
through scientific testing, public comment, and legal challenge
and have been used to protect and restore streams, lakes, wetlands,
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and estuaries in nearly every state and territory (US EPA, 2002).
Although widely applied to freshwater and estuarine systems,
the CWA has not yet been used to its full potential for protection
of coral reefs and other marine environments.

The key to engaging the CWA to protect coastal resources is
to formally document what we know about their condition and
incorporate that knowledge into the regulatory and reporting
process (Bradley et al., 2008). Congress, citizens, and stakehold-
ers cannot act if they do not know. Water quality standards with
a biological focus are essential for effective protection of coral
reefs. If coastal resources are degraded, they must be reported
as impaired and the causes of that impairment determined be-
fore they can be restored. The formal legal process defined by
the CWA provides a broad foundation to protect and restore cor-
al reefs.
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