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ExprLORING DEEP-SEA CORAL HABITAT ON THE EDGE

—ALASKA'S ALEUTIAN ISLANDS

By RoBerT P. STONE

INSPIRED BY DIVERSE CORAL BYCATCH SPECIMENS collected during commercial fisheries in the
Aleutian Islands of Alaska, fisheries researchers launched a three-year quest to see firsthand the seafloor that was
yielding such a bounty of corals. Scientists knew that working in one of the most remote places on Earth would be
challenging, but armed with a durable manned submersible and a deep diving remotely operated vehicle (ROV),
they discovered some of the most spectacular cold-water coral habitat ever seen. Although findings from this
research are only now coming to light, fisheries managers recently took a major step to protect coral habitat by
planning to close more than 75,000 km? of the area’s fishing grounds to bottom trawling.

The first biological expeditions to the Aleutian Islands more than
a century ago returned with a diverse collection of coral fauna.
Benthic ecologists, however, paid little attention to this region of
Alaska until they became intrigued by more recent collections of
deep-sea corals. Corals are widespread on the continental shelf
and slope throughout Alaska, but there is strong evidence that a
significant shift in coral abundance and species diversity occurs
west of the Alaska Peninsula (Heifetz et al,, in press). When
scientists examined collected coral specimens, they realized the
Aleutian Islands might harbor the highest diversity of cold-water
corals in the world and that at least 25 species or subspecies
of hydrocorals and gorgonians were endemic (Heifetz et al,, in
press).

The National Marine Fisheries Service (NMFS, also known as
NOAA Fisheries) estimates that more than 81 metric tons of
coral is removed from the seafloor each year by commercial
fishing activities in Alaska (NMFS, 2004). More than 90 percent
of this coral bycatch occurs in the Aleutian Islands and Bering
Sea. Studies of coral specimens collected as bycatch during the
golden king crab fishery in the Aleutian Islands have prompted
major taxonomic revisions and the publication of a field guide
to assist fishery observers with onboard coral identifications
(Wing and Barnard, 2004). The bycatch data clearly indicated

Figure 1. Map of the North Pacific Ocean and the Aleutian Island
Archipelago. The coral study area is located in the central Aleutian Islands
(see red box in map).

to scientists that there is a significant interaction between coral
habitat and fisheries using bottom-contact gear.

Until recently, scientists’ limited knowledge about deep-sea
corals in the Aleutian Islands was based almost entirely on
fisheries bycatch data. Bycatch data provide useful information
at the large scale of existing fisheries, but don't answer
questions about how corals are integrated into the overall
seafloor landscape. How are corals distributed relative to depth
and existing fisheries? Are there reserves of deep-sea corals in
areas and at depths where fisheries do not presently occur? Are
commercially targeted species of fish and crab associated with
coral habitat? Scientists seek answers to these basic questions
so as to develop effective measures for minimizing adverse
effects of fishing activities on this fragile habitat—actions that
are required under the essential fish habitat provision of the
Magnuson-Stevens Fishery Conservation and Management Act.

THE ALEUTIAN ISLANDS—A REFUGE FOR
DEEP-SEA CORALS?

The Aleutian Archipelago spans more than 1,900 km and
extends from the Alaska Peninsula to the Kamchatka Peninsula
in Russia (Figure 1). The archipelago is supported by the
Aleutian Ridge that forms the boundary between the deep
North Pacific Ocean and the shallower Bering Sea. Strong tidal
currents through island passes exchange water and nutrients
between the two water bodies. The Aleutian Ridge is a volcanic
arc that was formed along zones of convergence between the
North American Plate and other oceanic plates, and is the site of
more than 20 active volcanoes and frequent earthquake activity.
This combination of unique geological and oceanographic
features provides three ingredients essential for deep-sea
corals: exposed rock substrate, plankton- and nutrient-rich
waters, and strong currents.

The geographical remoteness of the Aleutian Islands provided
a de facto haven for deep-sea corals until fisheries fully
developed there in the 1960s. The Aleutian Islands and the
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Figure 2. Deep-sea gorgonians and demosponges are two common groups found in coral gardens in the Aleutian Islands.

neighboring Bering Sea now support some of the largest
groundfish fisheries in the world. Major fisheries using four types
of bottom-contact gear currently exist and continue to proliferate
to deeper waters and more remote areas—a trend that is
worldwide. Non-pelagic trawl fisheries target many species
such as walleye pollock (Theragra chalcogramma), Pacific
cod (Gadus macrocephalus), Atka mackerel (Pleurogrammus
monopterygius), and rockfish (Sebastes spp.). Longline fisheries
target Pacific cod, sablefish (Anoplopoma fimbria), Pacific
halibut (Hippoglossus stenolepis), and other species of flatfish.
Pot fisheries target Pacific cod, sablefish, and golden king crabs
(Lithodes aequispinus). These fisheries are distributed at depths
from 27 m to about 1,000 m, but most effort occurs at depths
shallower than 200 m.

ALEUTIAN CORALS —FIRST GLIMPSES IN 2002

NMFS scientists first visited the Aleutian Islands specifically to
study coral habitat in 2002. They chose the central Aleutian
Islands as the study site because they believed that coral
distribution, coral diversity, and fishing effort there were most
representative of the entire archipelago. But also important was
the fact that the Port of Adak, a major U.S. naval port until the
mid-1990s, offers one of the few protected areas from which to
mobilize submersible operations and to retreat when rough seas
and strong tidal currents preclude safe operations.

Scientists used the submersible Delta to collect video footage of
the seafloor along 25 transects throughout the Andreanof Islands
and on Petrel Bank in the Bering Sea (Figure 1). The Delta is
capable of diving to depths of 367 m. During the first expedition,
scientists confirmed that corals are widespread, diverse, and
abundant in some areas (Stone, in preparation). Corals were
present on all transects and at depths between 27 and 363 m,
but were most abundant at depths between 100 and 200 m.
Coral abundance (1.23 colonies per m?) far exceeded that
reported for other high-latitude ecosystems. Six major taxonomic
groups of corals were present, but gorgonians and hydrocorals
were the most abundant and diverse coral groups.

Scientists observed high-density coral gardens (3.85 colonies
per m?), a previously undocumented habitat feature in the North
Pacific Ocean, at seven locations in the study area (Figure 2).
Although not true coral reefs and comprising only azooxanthellate
(ie, not containing symbiotic algae) corals, the gardens are
similar in structural complexity to tropical reefs, sharing several
important characteristics, including underlying support by a
rigid framework, positive topographic relief, and high taxonomic
diversity. Hydrocorals are a major structural component of the
gardens and are often encrusted with sponges and stoloniferans.
The platform they form provides an elevated feeding station
for many species of sedentary and sessile invertebrates.
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Figure 3. The submersible Delta was used to examine coral habitat at depths
less than 367 meters.

Altogether, the vertical relief provided by the dense aggregation
of invertebrates may exceed several meters.

The first submersible observations also provided important
insights into habitat requirements of corals, fish and invertebrate
associations with corals, and into fishery interactions with deep-
sea corals. Slope and offshore pinnacle habitats characterized
by exposed bedrock, boulders, and cobbles generally supported
the highest abundances of coral and fish. Overall, 84 percent
of the commercially important fish and crabs were associated
with corals and other sedentary structure-providing invertebrates.
Disturbance to the seafloor from bottom-contact fishing gear
was widespread—about 39 percent of the seafloor on transects
had been disturbed. In total, 8.5 percent of the corals, mostly
hydrocorals and gorgonians, were damaged.

DEEPER EXPLORATION IN 2003 TO 2004

Scientists from NMFS, Alaska Department of Fish and Game, the
University of Alaska, and several other institutions returned to the
central Aleutian Islands in 2003 and 2004 with the Delta (Figure
3), the deep diving remotely operated vehicle Jason /I (Figure
4), and a rigorous study design that allowed for extrapolating
findings on coral distribution to other areas of the Aleutians.
The objective was to document coral habitat at 17 sites, chosen
systematically, between Sequam Pass (174°W longitude) and
Petrel Bank (180° longitude). Geologists mapped the seafloor
at each site using multi-beam bathymetry and backscatter data,
and then constructed habitat maps detailing substrate types
and geological features. Video transects were selected to cover
a broad depth range (between 30 and 3,000 m) and multiple
habitat types at each site. The Delta was used to document
coral habitat in areas less than 365 m deep, while the Jason /I
was used to document coral habitat in deeper waters—to
almost 3,000 m and well below the depth of current fishing
activities. The Jason Il, owned and operated by the Woods

Hole Oceanographic Institution (WHOI), is capable of diving to
a depth of 6,500 m.

Scientists are currently analyzing hundreds of hours of video
footage collected during the 2003 to 2004 cruises. First, corals
are identified and enumerated, and then for each coral, the
depth, substrate type, seafloor roughness, seafloor slope, and
percent coverage and vertical relief of other invertebrates are
recorded. Researchers will model coral density using these
variables—the models will ultimately be used to predict where
corals are located throughout the Aleutian Islands based on
known geographic features, depth, and substrate types.

Observations made during the deepwater Jason /I cruise
confirmed the presence of corals to depths of at least 3,000 m
and showed that corals were most abundant and diverse
in areas of exposed bedrock (Figure 5). Gradual changes in
coral density, diversity, and species composition were evident
at approximately 1,400 m, 800 m, and 400 m, with density
and diversity increasing in magnitude from deep to shallow
water. All seven major groups of corals found in Alaskan waters
(hydrocorals, black corals, stony corals, gorgonians, true soft
corals, pennatulaceans, and stoloniferans) were observed in
deepwater areas. Contrary to expectations, scientists discovered
that soft-bottom areas were not devoid of corals, but rather were
colonized in some areas by extensive groves of sea pens and
the gorgonian (Radicipes), which resembles “pigtails.”

CONSERVATION AND MANAGEMENT

Recent emphasis on managing fisheries with an ecosystem
approach, and protecting essential fish habitat, has sparked
worldwide interest in the conservation of deep-sea corals.
There is clear evidence worldwide, and now including the
Aleutian Islands, that deep-sea corals are an important
component of benthic ecosystems, but are also fragile and
easily damaged by contact with fishing gear. Many species of

.

Figure 4. The remotely operated vehicle, Jason Il was used to examine coral
habitat at depths between 367 and 3000 meters.
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Figure 5. Most deep-sea corals in the Aleutian Islands are located in areas of exposed bedrock. In this photo, a shortspine thornyhead
(Sebastolobus alascanus) and a golden king crab (Lithodes aequispina) rest on a bedrock ledge colonized by hydrocorals and gorgonians at a

depth of 727 meters.

fish and invertebrates, especially juveniles, use coral habitat
as refuge and focal areas for other important life processes.
The North Pacific Fisheries Management Council took a major
precautionary step in 2005 when they closed more than
75,000 km? of the fishing grounds in the Aleutian Islands to
bottom trawling. Six additional areas totaling 377 km?, where
coral gardens were discovered during the first Delta survey,
were closed to all bottom-contact fishing gear. These closures
are the result of several years of pioneering research in a
remote part of the globe, compromise between stakeholders
who share the area's benthic resources, and the foresight of
fisheries managers in preserving a unique ocean habitat (see
Frame and Gillelan, this issue, for more).
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to study deep-sea corals.
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FOR MORE RESOURCES:
Alaska Fisheries Science Center:
http://www.afsc.noaa.gov/abl/MarFish/geareffects.htm

Exploring Corals of the Aleutian Seas:
http://www.alaskascienceoutreach.com/coralsite/
index.html

Voyage to the Aleutian Islands: Understanding Alaska's Deep
Sea Frontiers:
http://www.oar.noaa.gov/spotlite/spot_aleutian.html
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