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INTRODUCTION

Fishing activities rank among the most widespread
anthropogenic impacts to the world’s oceans, and there
has been increasing attention to the impacts of fishing
gear on vulnerable benthic habitats, including those in
the deeper ocean. New discoveries of extensive and bi-
ologically rich deep-water coral habitats in the 1990s
galvanized action to protect discrete coral habitats
(Freiwald et al. 2004, Davies et al. 2007). Deep-water
corals, also known as deep-sea or cold-water corals, are
generally slow-growing and fragile, making them and
their associated communities vulnerable to human-
induced impacts, particularly physical disturbance.

Disturbances to deep-water coral communities from
bottom-tending fishing gear, especially bottom-trawl
gear, are well documented and pose the most wide-
spread threat (Rogers 1999, Koslow et al. 2000, Fosså et
al. 2002, Hall-Spencer et al. 2002, Grehan et al. 2005,
Wheeler et al. 2005, Waller et al. 2007). Most protection
efforts to date have focused on these threats. As a result
of new discoveries, a number of countries have pro-
tected known deep-water coral areas within their
exclusive economic zones (EEZ) since 1999, followed
more recently by international action on the part of
Regional Fishery Management Organizations/Agree-
ments (RFMO/As) in areas beyond national jurisdiction
(Davies et al. 2007, Hourigan 2008).
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The USA has the world’s largest EEZ, covering over 11
million km2, and containing rich and varied deep-water
ecosystems as well as diverse demersal fisheries. In 2007,
the first major assessment of US deep-water coral ecosys-
tems (Lumsden et al. 2007) revealed that these habitats
are likely much more extensive and important to ocean
ecosystems than previously known. The full extent of
habitats suitable for deep-water corals in the US EEZ was
not estimated, and only a tiny fraction of areas below
200 m depth has been surveyed for corals. The report re-
viewed the distribution of known deep-water coral habi-
tats and the threats they face. As elsewhere, disturbances
from bottom-contact fishing gears are well documented
and considered among the most widespread and serious
threats to structure-forming deep-water corals in most
US regions where such fishing is allowed. The National
Research Council (NRC 2002) concluded that bottom
trawling and dredging reduce habitat complexity by
removing or damaging the physical structure of the
seafloor and by causing changes in species composition.
The present study reviews US efforts to address fishing
impacts on vulnerable deep-sea habitats, particularly
deep-water corals, and highlights approaches that are
emerging as US best-practices in the context of ecosys-
tem approaches to fisheries management.

MANAGING IMPACTS OF US FISHERIES ON
DEEP-WATER CORALS

Threats to US coral habitats from fishing operations

Hourigan et al. (2007) reviewed major potential fishing
and non-fishing stressors to US deep-water coral com-
munities and summarized perceived levels of current
threats for 7 US regions. The regions were delineated
based on the Regional Fishery Management Council
(RFMC) jurisdictions, but correspond generally to large
marine ecosystems (with the exception of the US Pacific
Islands and Alaska, which encompass several large
marine ecosystems). Each region has different deep-wa-
ter coral communities, different intensities of use, and
different levels of information on the actual impacts of
potential stressors. With the exception of a few areas,
such as the relatively shallow Oculina Banks off the east
coast of Florida, the full extent of habitat degradation re-
sulting from anthropogenic impacts is largely unknown.
Nevertheless, based on the best available data, distur-
bance to deep-water coral communities from bottom-
tending fishing gear, especially bottom-trawl gear, was
identified as the major concern in most regions where
such fishing is allowed. Bottom trawling was the only
threat identified as a high concern in Alaska, the Pacific
West Coast, the US Northeast and the US Southeast.
With the exception of the US Southeast, these regions

have large commercial bottom-trawl fisheries that oper-
ate at depths where deep-water corals occur. Distur-
bances to corals from bottom trawls have been docu-
mented in Alaska (Krieger 2001, Stone 2006). Prior to
recent management actions, the National Marine Fish-
eries Service (NMFS) estimated that, from 1997 to 1999,
Alaska groundfish fisheries (primarily bottom trawling
for fish) removed an extrapolated average of approxi-
mately 5 metric tons (t) of coral annually as bycatch in the
Gulf of Alaska and 40 t in the Bering Sea and Aleutian Is-
lands (NMFS 2004). Along the US Pacific coast, bottom
trawls accounted for over 92% of observed coral bycatch
between August 2001 and 2004 (Whitmire & Clarke
2007). The Gulf of Mexico, where bottom trawling was
ranked by regional experts as a low to medium threat,
and the US Southeast, where it was ranked as a high
threat, primarily have only small rock shrimp Sicyonia
brevirostris or royal red shrimp Pleoticus robustus trawl
fisheries and calico scallop Argopecten gibbus dredge
fisheries that potentially operate in areas that contain
deep-water corals. However, Koenig et al. (2005) esti-
mated that 90% of Oculina banks had been damaged by
trawling by 2001. Fishing with bottom trawls or dredges
is not permitted in the EEZ of the US Pacific Islands or US
Caribbean.

Other bottom-set fishing gears, including gillnets,
longlines, pots and traps have also been identified as
potentially damaging to deep-water corals, and were
ranked as low to medium threats to deep-water coral
communities in all regions except the US Pacific
Islands and US Caribbean, where they were rated as
low (Hourigan et al. 2007). In federal waters of the US
Pacific EEZ, the use of bottom-set gillnets is prohibited.
Fixed gear (e.g. bottom-set gillnets and longlines) may
be easier than trawls to fish with on rougher substrates
where corals occur, which may increase the chances of
interactions with corals.

Among non-fishing threats that can directly impact
deep-water coral communities, only oil and gas devel-
opment (in the Gulf of Mexico), precious coral harvests
and invasive species (both in Hawaii) were considered
medium-level threats (Hourigan et al. 2007). Other
potential activities, such as cable deployment, were
identified as low threats. There is, however, increasing
awareness of the potentially serious consequences of
climate change and ocean acidification to these com-
munities, but there is insufficient information at pre-
sent to ascribe to them a specific threat level.

Fisheries management approaches in the US EEZ

NOAA is the principal federal agency responsible
for management of living marine resources within the
US EEZ where most US deep-water coral communities
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occur. NOAA manages fisheries in the EEZ through
fishery management plans developed by 8 Regional
Fishery Management Councils (RMFCs) and NMFS. A
list of current and proposed fishery management plans
is available at www.nmfs.noaa.gov/sfa/domes_fish/
FMPS2.htm. This system emphasizes local participa-
tion and allows adaptation to biological and social
characteristics of regional fisheries. It also results in
different approaches to protecting deep-water corals
and other vulnerable benthic habitats in different
regions, within the overall framework set out by US
legislation, principally the Magnuson-Stevens Fishery
Conservation and Management Act (MSA; 16 USC
1801 et seq.). While lacking national consistency, the
regional delineation described earlier means that
regions can be viewed as laboratories for exploring dif-
ferent management approaches.

To date, management approaches by NOAA and the
Councils to reduce fishery impacts on deep-water
corals have primarily relied upon either treating the
corals themselves as managed species (e.g. precious
corals), or protecting habitats that include deep-water
corals which have been identified as essential fish
habitat (EFH) for other managed fisheries species
(Hourigan et al. 2007). The Councils have taken a
number of actions to reduce interactions between fish-
ing gears and vulnerable habitats, including reduc-
tions of fishing effort, and gear modifications such as
reducing footrope or roller size on bottom-trawls. In
recent years, however, the main approach to minimize
fishing impacts on EFH has concentrated on prohibit-
ing the use of selected bottom-contact gears in specific
geographic areas. Areas closed year-round to mobile
bottom-tending gear represent a subset of marine pro-
tected areas (MPAs), and have been identified as the
most effective approach to protect biogenic habitats
such as deep-water corals and sponges (NRC 2002).
Table 1 gives areas in federal waters that contain
deep-water corals and have been closed to trawling,
where at least part of the justification was to reduce
impacts on the habitats.

In 2006, Congress reauthorized the MSA, requir-
ing that NOAA establish a ‘Deep Sea Coral
Research and Technology Program’ and providing
new discretionary authorities to the RFMCs to pro-
tect deep-sea corals in their own right (rather than
as EFH for managed fisheries species) from fishing
impacts. This further reflected the growing aware-
ness of the value of such deep-water habitats. The
first report to Congress on implementation of the
program (NOAA 2008) included an initial list of
areas known to contain deep-sea coral habitats for
the Councils to evaluate for potential protection as
allowed under the discretionary provisions of the
amended MSA.

Protection of specific deep-water coral habitats

In the early 1980s, the South Atlantic Fishery Man-
agement Council (FMC) recommended, and NOAA
established, the world’s first area to protect deep-
water azooxanthellate coral habitat, the Oculina
Bank Habitat Area of Particular Concern (HAPC) off
Florida. Over the following 15 yr, there were no
explicit efforts to conserve deep-water coral habitats,
though NOAA received new authorities to identify
and protect EFH in the reauthorization of the MSA in
1996. In 2000, the Oculina Bank HAPC was
expanded and the Sitka Pinnacles Marine Reserve
off Alaska was established. The latter prohibited all
bottom-fishing and anchoring and protects a small
area with high-relief habitat, including red tree
corals Primnoa pacifica and other corals, that is asso-
ciated with aggregations of lingcod Ophiodon elon-
gatus and juvenile and adult rockfish Sebastes spp.
Although primarily established to protect the fish
aggregations, this may be the first area protected
with special consideration for deep-water gorgoni-
ans, rather than reef-building scleractinian corals,
and reflects a broadening of interest by managers in
other structure-forming coral taxa. The presence of
coral resources in the reserve has been documented,
but not fully inventoried.

Deep-water corals and sponges are known to occur
in Oceanographer Canyon and Lydonia Canyon
located on the southern flank of Georges Bank in the
western Atlantic. In 2005, under EFH authority, these
canyons (an area totaling 400 km2) were closed to fish-
ing for monkfish Lophius americanus using bottom-
contact gear. The following year, in the Gulf of Mexico,
several banks and ridges containing zooxanthellate
stony corals, as well as deeper communities of octoco-
rals and black corals, were protected under regulations
developed in cooperation with the Flower Garden
Banks National Marine Sanctuary.

The most coordinated protection efforts directed
specifically at deep-water coral habitats have occurred
in federal waters off Alaska using EFH authority. In
2006, NOAA approved comprehensive measures rec-
ommended by the North Pacific FMC to minimize the
adverse effects of fishing on EFH. These measures
included banning all bottom-contact fishing gear from
6 Aleutian Islands Coral Garden Habitat Protection
Areas and 5 Primnoa Coral Habitat Protection Areas in
the Gulf of Alaska (Table 1). The Gulf of Alaska has
areas of dense stands of red tree corals Primnoa paci-
fica, and gorgonians appear to reach their highest
diversity in US waters in the Aleutian Islands, often
forming structurally complex ‘coral gardens’ with lace
corals, sponges and other sedentary taxa (Stone 2006,
Stone & Shotwell 2007).
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Protection of habitat features and
seamounts associated with deep-water

coral areas

The measures to protect specific, docu-
mented deep-water coral areas outlined
above are important, but the areas are rela-
tively small, ranging from less than 10 km2

(Sitka Pinnacles) to just over 1000 km2

(Oculina Bank HAPC). They have often
been given the highest levels of protection
(e.g. all bottom-contact gear prohibited), but
they represent just a small portion of the
likely extent of deep-water coral habitats—
generally those for which there has been
ground-truthing by submersible or remotely
operated vehicle. Trawl surveys and reports
of coral bycatch indicate much broader coral
distributions (Stone & Shotwell 2007, Whit-
mire & Clarke 2007). In the 2006 compre-
hensive EFH measures in the EEZ off both
the US West Coast and Alaska, additional
areas were closed to bottom trawling based
on less direct evidence or on topographical
or geological features known to be associ-
ated with biogenic habitats, including deep-
water corals. Bowers Ridge in the Bering
Sea and 10 Gulf of Alaska Slope Habitat
Conservation Areas were closed to mobile
bottom-contact gear or bottom trawling,
respectively. Off California, Oregon and
Washington, 34 areas were closed to trawl-
ing, including portions of undersea canyons
(e.g. Monterrey Canyon), banks (e.g. Heceta
Bank) and ridge systems (e.g. Mendocino
Ridge), as well as identified biogenic habi-
tats. In most cases, these topographic fea-
tures were associated with hard substrata
known to be colonized by corals, sponges
and other fauna. Together, these areas offer
a much larger area of protection to known
and potential deep-water coral habitats than
do the areas protecting specific deep-water
coral habitats.

Seamounts are major topographic features
that have been recognized as important con-
servation targets both in the USA and in
ongoing international negotiations to protect
vulnerable marine ecosystems, where they
represent the most common location of
deep-sea fisheries on the high seas. In US
waters, the comprehensive EFH measures
for Alaska recognized that seamounts are
isolated features that may serve as stepping
stones for migratory species or become habi-
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tat for resident species settling on these features far
offshore of slope and shelf habitats. Of 24 named
seamounts in the EEZ off Alaska, 16 rise to fishable
depths (<3000 m). Although only 5 of these have been
sampled, the North Pacific FMC recommended, and
NOAA approved, closing all 16 seamounts to all bot-
tom-contact fishing gear. In a similar manner, 3 large
seamounts off the coasts of Washington (Thompson
Seamount), Oregon (President Jackson Seamounts)
and California (Davidson Seamount) were protected
from all bottom-contact gear. In November 2008,
Davidson Seamount was incorporated into an
expanded Monterey Bay National Marine Sanctuary,
providing further protection from threats other than
fishing.

In the Atlantic, the New England and South Atlantic
FMCs, with technical assistance from NOAA and
regional coral experts, are also working to increase
knowledge of and protection for deep-water corals.
The New England FMC is revising EFH descriptions,
designating 15 deep-sea canyons and portions of 2
seamounts as HAPCs. These contain structure-forming
organisms (e.g. deep-water corals and sponges) recog-
nized by the Council as unique habitats important to
conservation and sustainable fisheries management.
The HAPC designation alone does not necessarily con-
vey protection. In a second phase, the Council will
analyze the impacts of fishing on EFH and recommend
appropriate management measures to be implemented
within the HAPCs or elsewhere. The South Atlantic
FMC has proposed designation of 4 Deepwater Coral
HAPCs off North Carolina, South Carolina, Georgia
and the Atlantic coast of Florida, covering an area
greater than 59 000 km2 and including the greatest
abundance and development of deep-water scleractin-
ian coral reefs in US waters. Within the proposed
HAPCs, use of all bottom-tending fishing gear and
anchoring (by fishing vessels) would be prohibited.

Applying a precautionary approach: ‘freezing the
footprint’ of trawl fisheries

A third conservation approach is to restrict the geo-
graphic expansion into currently unfished areas by the
most potentially destructive fishing techniques, gener-
ally bottom-trawl and dredge fisheries. This approach,
often referred to as ‘freezing the footprint’ of the fish-
ery, takes a precautionary approach to habitat protec-
tion, rather than requiring proof that vulnerable habi-
tats exist before restrictions on trawling are enacted.
This may be especially applicable to protecting deep-
water coral habitats, where the costs of surveying areas
are prohibitive and the potential for long-term damage
to fragile and slow-growing biogenic species is great.

In 2006, this precautionary approach formed the
centerpiece of new habitat protections enacted in the
Aleutian Islands and off the US West Coast. Within the
suite of EFH measures, the Aleutian Islands Habitat
Conservation Area prohibited the use of non-pelagic
trawl fishing gear in designated areas of the Aleutian
Islands where such gear had not yet been heavily used
in order to reduce the effects of fishing on deep-water
corals, sponges and hard-bottom habitats, while allow-
ing historically fished areas to remain open to such
fishing. Covering over 950,000 km2, this conservation
area represents the largest single effort in recent years
to conserve relatively undisturbed bottom habitats in
US waters. In March 2007, the Alaska Board of Fish-
eries adopted regulations, at the request of NOAA and
the North Pacific FMC, to apply these management
measures to state-managed fisheries in both state and
federal waters. Ongoing work will assess the change in
deep-water coral bycatch by commercial fishing ves-
sels as a result of the conservation measures.

In 2008, companion conservation measures went into
force to protect benthic fish habitat in the Bering Sea
from the potential effects of bottom trawling and to pro-
vide the opportunity to further study the effects of such
trawling on bottom habitat. These measures also in-
cluded areas closed to bottom trawling in locations that
have not been previously fished with such gear (e.g.
Bering Sea Habitat Conservation Area) and in
nearshore bottom habitat areas that support subsistence
marine resources. True soft corals are the major species
occurring in these areas (Stone & Shotwell 2007), and al-
though the closures were not designed specifically to
protect deep-water corals, they reflect the enhanced use
of precautionary measures in the US Pacific.

A comparable ‘freeze the footprint’ approach was
also implemented in 2006 as part of the comprehensive
EFH conservation measures proposed by the Pacific
FMC. The plan was developed in collaboration with
non-governmental organizations, the fishing industry
and NOAA’s National Marine Sanctuary Program to fo-
cus largely on pristine or untrawled habitat in conjunc-
tion with the more targeted conservation measures de-
scribed above. Areas between the 1280 to 3500 m depth
contours off the US West Coast were closed to bottom
trawling, and include areas known to harbor deep-wa-
ter corals. The South Atlantic FMC has proposed to
‘freeze the footprint’ of the golden crab Chaceon fen-
neri fishery, representing a similar effort to control the
geographic expansion of impacts, but addressing an-
other type of bottom-contact gear, i.e. traps.

The nation’s largest precautionary gear closures,
however, are also its oldest. In 1983, the Western Pacific
FMC recommended and NOAA implemented a prohi-
bition on the use of bottom-trawl gear and bottom-set
gill nets — identified as threats to deep-water corals —
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within all federal waters around the state of Hawaii, the
territories of American Samoa and Guam, the Com-
monwealth of the Northern Mariana Islands and the US
Pacific Island possessions. These conservation steps
have been further strengthened by the establishment of
Marine National Monuments in the Northwestern
Hawaiian Islands in 2006 (Papaha–naumokua–kea
Marine National Monument), and Rose Atoll, Pacific
Remote Islands and Marianas Trench in 2009.

CONCLUSIONS

The USA has taken far-reaching action to address
impacts of fishing gear on vulnerable deep-water habi-
tats. These domestic actions include many elements
(e.g. identification of vulnerable benthic habitats, envi-
ronmental assessments and observer coverage) that
foreshadowed the International Guidelines for the
Management of Deep-sea Fisheries (FAO 2008)
adopted by the UN Food and Agriculture Organization
in 2008. The efforts in the Pacific also pioneered pre-
cautionary approaches such as ‘freezing the footprint’
of bottom-trawl fisheries, an approach that was subse-
quently implemented as an interim measure in inter-
national negotiations for regional agreements to estab-
lish RFMOs to regulate high seas bottom fisheries in
the Northwest Pacific and South Pacific. In certain
cases, especially with regard to protecting seamounts
from all types of bottom gear, US conservation provi-
sions go well beyond provisions currently envisioned
on the high seas.

Since 2006, the USA has protected nearly 1.8 million
km2 of potentially vulnerable benthic habitats from
bottom trawling in the US Pacific and Bering Sea. The
protections, pursuant to the MSA, are intended to min-
imize adverse effects from fishing on EFH. Included in
those protected areas are major deep-water coral habi-
tats. Together, these protections reflect the following
US best practices to conserve vulnerable marine
ecosystems in the deep sea:

• Area-based management measures addressed
multiple deep-water biogenic habitats (e.g. corals,
sponges and bryozoans) over large geographic
regions.

• Areas known to support luxuriant deep-water
coral resources, e.g. Aleutian Islands ‘coral gardens’
and Primnoa coral areas in the Gulf of Alaska were
protected from all bottom-contact gear.

• Seamounts in both the Gulf of Alaska and off the
US West Coast were recognized as representing
unique ecological characteristics and protected from
all bottom-contact gear. This reflects the growing
awareness of the ecological importance of seamounts
(Clark et al. 2006).

• Recognizing that many unsurveyed areas may
contain important biogenic habitats, the ‘footprint’ of
bottom-trawl fisheries was defined in partnership with
the fishing community, and expansion of these fish-
eries into deeper waters was prohibited until
untrawled areas can be surveyed to identify potentially
vulnerable habitats.

• These area-based measures were complemented
by provisions that enhance successful implementation,
e.g. federally permitted trawl vessels operating in US
waters off Alaska are required to carry a transmitting
vessel monitoring system, and vessels over 125 ft in
length (38 m) are required to have 100% coverage of
fisheries observers in order to provide key information
that can inform management and enforcement.

• These efforts also incorporated streamlined
amendment procedures to aid in adaptive manage-
ment as new information becomes available.

In 2010, NOAA will publish a ‘Strategic Plan for
Deep-sea Coral and Sponge Ecosystems’, designed to
integrate these regional approaches into a comprehen-
sive ecosystem management framework on a national
level. The primary goal of the plan is to improve
research, conservation and management of deep-
water coral and sponge ecosystems. As NOAA, in part-
nership with the RFMCs, is the federal agency respon-
sible for managing fisheries in the EEZ, managing
fishing threats to these communities is one primary
focus of this strategic plan. The strategic plan’s conser-
vation and management objectives specific to fisheries
include:

• Protection areas containing known deep-sea
coral or sponge communities from impacts of bottom-
tending fishing gear.

• Protection areas that may support deep-sea coral
and sponge communities where mobile bottom-tend-
ing fishing gear has not been used recently, as a pre-
cautionary measure.

• Developing regional approaches to further reduce
interactions between fishing gear and deep-sea corals
and sponges.
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