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It’s a Bug’s Life beneath Bermuda Triangle:

Diverse Sea ‘Bugs,” Other Life Revealed
on Landmark Atlantic Cruise to Census
Zooplankton and Animals at Depths to 5 km

Zooplankton DNA Sequenced on Rolling Sea;
Multiple Net System Captures Minute, Drifting Animals
at Unprecedented Depths; Marine Life Scientists Census
Tiny Species with Starring Role in Food Chain, World Climate

Census of Marine Life scientists trawled rarely explored tropical ocean
depths between the southeast US coast and the Mid-Atlantic Ridge to
inventory and photograph the variety and abundance of zooplankton —
small sea “bugs” that form a vital link in the ocean food chain — and other

life forms.
Conchoecilla daphnoides
(Ostracod). Bioluminesces at tip
. . . of rostrum and tail, probably to
Though relatively few in number compared with the uppermost ocean appear larger as a defense against

L . . . dators.
layer, scientists were amazed by the variety of tiny animals found at preceen

depths of 1 to 5 km (0.6 to 3 miles). Among thousands captured, 500 species have been
catalogued, 220 of them DNA sequenced at sea, revealing a number of new species.
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The 20-day cruise, completed April 30, is part of an ambitious global inventory of
zooplankton by 2010 (dubbed the Census of Marine Zooplankton, CMarZ), a Census of
Marine Life initiative that sheds life on some important global ecosystem processes,
including the ocean’s function as Earth’s largest carbon sink and the impact ocean
acidification may have on life in the seas.

While helping moderate climate, zooplankton species also provide a fundamental link in
the food chain between ocean plant life and predators from fish to whales.

Scientists are puzzling out the types, abundances, ranges and roles within nature of these
thousands of tiny animal species. Sequencing DNA at sea, they telescoped into just three
weeks what would normally represent years of laboratory work, an experience that may
revolutionize the way biological research at sea is conducted.

The expedition took extraordinary samples in the ocean’s deepest waters — down to about
the sea bottom at 5,000 meters. Biological oceanographers to now have focused almost
exclusively on the oceans’ uppermost kilometer, which includes only one quarter of their
volume. CMarZ is designed to illuminate these important little life forms in the
remaining three quarters, below 1,000 m, the point at which the deep sea (bathypelagic
zone) is generally agreed to begin.

The expedition was funded by the National Oceanic and Atmospheric Administration
(NOAA), as part of its Ocean Exploration program, and employed their largest vessel,

NOAA ship Ronald H. Brown (www.moc.noaa.gov/rb/index.html).

In addition to the nets and trawls to capture zooplankton and fishes,
SCUBA divers made collections during day and night open ocean
dives.

“Among more than 1,000 individual organisms identified at sea, our

team of 28 leading marine experts on board found what appear to be Conchoecissa imbricata: One of

the strongest vertical migrants of

several undescribed species that may well prove new to science,” o1l st SO o e

says the cruise’s scientific leader Peter Wiebe, senior scientist at the surface. About 2 mm long
Woods Hole Oceanographic Institution, USA.

The team of 28 experts from 14 nations, who have spent decades learning to distinguish
species within a particular group, sorted through samples in a kind of assembly line “that
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would have made Henry Ford proud,” according to University of Connecticut post-
doctoral investigator Rob Jennings, leader of the on-board “Team DNA.”

Scientific highlights from the cruise

The plankton captured includes tail-kicking shrimp-like creatures (copepods and
ostracods), swimming worms, flying snails (pteropods), and pulsing jellyfish.

With experts glued to their microscopes for three weeks, the cruise captured and

identified an astonishing fraction of the species diversity known in the Atlantic Ocean.

All of these specimens are in the cue for DNA barcoding:

* hundreds of species of the tiny shrimp-like animals, called copepods, that sustain

commercial fish stocks throughout the world ocean;

* nearly half (65 of 140 species) of all Atlantic species of ostracods — another
shrimp relative — plus six species thought to be new to science;

* half (24 of 48 species) of all known shelled pteropods (swimming snails)

Most of all, the expedition yielded new understanding of the diversity of gelatinous

plankton — the gooiest, stickiest, and most transparently fragile animals of the sea — which

are usually destroyed by net sampling. Special sampling brought up comb jellies,
jellyfish, and their meters-long chain-forming relatives in good enough shape to be
identified and DNA sequenced.

Also captured were over 120 fish species, including:

* A possible new species of black dragonfish from a genus that has not had a new

species discovered since the 1950s;

* A juvenile oarfish, which as an adult can reach 11 m (listed in Guinness Book of

Records as the world's longest bony fish);

* A possible new species of fish known as the great swallower (genus

Pseudoscopelus). The specimen, extremely large and in near perfect condition, is
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easily distinguished from its sister species by a unique combination of jaw teeth,
lateral line pores a light-producing organ; and

* Rare male anglerfishes, which use their jaws and teeth to attach themselves like
parasites to the much larger females. A “grossly overdeveloped nasal rosette”
takes up much of the male’s head and scientists theorize it is used to find females
in the deep sea by smell, and that females may produce pheromones to attract
them. Males from five families were captured, to be matched with females via
genetic databanks, research that may one day help reveal the evolution and life
history of this amazing group.

The ship departed Charleston, South Carolina April 10 with scientists from 14 countries —
US, UK, Canada, Spain, Germany, Switzerland, Norway, India, Japan, China, Turkey,
Mexico, Australia, and Argentina — and visited five stations in the Northern Sargasso Sea,
Southern Sargasso Sea, and North Equatorial Region east of the Windward Islands.

“By 2010, the research conducted by this project will provide a baseline against which
future generations can measure changes to the zooplankton and their provinces, caused
by pollution, over-fishing, climate change, and other shifting environmental conditions,”
says Ann Bucklin, lead scientist for CMarZ and head of the University of Connecticut
Marine Sciences Department.

“We are just starting to realize how little we know about species variety,” she adds. “We
used to think we knew many species well, but the advent of DNA barcoding has radically
altered that perception. Genetically distinctive species of zooplankton are being found
with increasing frequency.”

“This research is fundamental to our knowledge of the oceans and the basic processes
sustaining life on Earth,” says Ron O’Dor, chief scientist for the Census of Marine Life
(www.CoML.org), a 10-year, independent and unprecedented global scientific

collaboration, started in 2000, to inventory biodiversity throughout the seas. “CMarZ is
helping to explain: what species are present? What are the main patterns of their
distribution and abundance? And what maintains the shape of these patterns?”

Ocean’s tiniest creatures have huge importance
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Buildup of excess carbon in the atmosphere could cause global warming. The oceans
soak up a lot of carbon through air/sea interaction. Many zooplankton migrate up and
down the water column daily, eating their own weight in tiny carbon-absorbing plant
plankton species (phytoplankton), which drift with currents in near-surface ocean layers.

Like many land animals, lots of zooplankton prefer to work at night. Some of those that
like to feed near the surface commute in about an hour each night more than 500 meters,
farther than the elevators of the world's tallest buildings.

Through this grazing and migration, huge volumes of carbon are transported to the ocean
depths. The biological redistribution of carbon down to depths and away from the
surface is important for rates of CO2 accumulation and pH change — both conditions
threaten ocean ecosystems. Thus, it is very important to know the current biodiversity of
the oceans as a ‘baseline,’ so that the effects of climate change can be evaluated.

By one rough estimate, 10,000 pounds of phytoplankton is needed to feed 1,000 pounds
of small zooplankton, which in turn support 100 pounds of larger zooplankton, which
supports 10 pounds of small fish species (like herring or anchovies), which support 1
pounds of a larger fish species such as those harvested for human consumption. Several
bird and whale species depend directly on zooplankton; others rely on zooplankton-eating
fish higher in the food chain.

Nearly 7,000 zooplankton species in 15 phyla (the major groups of animals) are described
now. With taxonomic analysis of new and existing samples — including molecular

analysis — coordinated worldwide through CMarZ, the number of known species is likely
to double.

Dr. Wiebe explains the goal of CMarZ: “We are charting the
plankton in the sea like astronomers chart the stars in the sky. With
the zooplankton chart, we can assess what changes — man-made and

natural - are taking place in the largest habitat on earth. Without it, )
Abylopsis tetragona.

no assessment is really possible.” Siphonophore

CMarZ will also consolidate data from sources worldwide, for inclusion in the Census’
fast-growing meta-database, OBIS.
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“The growing number of snapshots from different parts of the world ocean have rarely
been merged together, in part because the complicated and time-consuming task of
compiling information from numerous individual publications is undervalued,” says Dr.
Bucklin.

“The zooplankton Census is enlarging human understanding of the pattern, flow, and
development of life in the sea,” she adds. “We are exploring and sampling unique marine
environments and those likely to be inhabited by unknown and undescribed species,
including the seabed, the waters around hydrothermal vents and seeps, and deep-sea coral
beds.

“The work of CMarZ will contribute to the improved management of fisheries and
oceans, guided by comprehensive understanding of the ecosystem, accurate estimates of
species biodiversity, recognition of introduced and invasive species, and rapid assessment

of ecosystem health,” she says.
MOCNESS, the Zooplankton’s Monster

The zooplankton specimens were captured with a novel device
designed by Dr. Wiebe and dubbed MOCNESS (for Multiple
Opening/Closing Net and Environmental Sampling System),
which deploys separate nets at each 1,000 m depth interval
throughout the water column. The sampling emphasizes the
under-sampled, deeper depths, where zooplankton species

survive on organic material sinking from above, or by eating Paraeucalanus attenuatus

each other a copepod, and

The device also captures corresponding information about the
water temperature and salinity at each depth.

The molecular analysis on board uses an automated DNA

Clio pyramidata, a pteropod

sequencer to determine a DNA ‘barcode’ (i.e., a short DNA (swimming snail): two
X . X zooplankton species in the
sequence used for species recognition and discovery). DNA first group ever to have their

. .. . . . . genes sequenced at sea
barcodes are revealing unanticipated species diversity, in

many cases by uncovering hidden variation within an existing species.
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"We believe this is the first team ever to sequence DNA of zooplankton on a rocking,
rolling ship,” says Dr. Wiebe. “What was really surprising was how well the sequencer
performed without any modification. It never got seasick."

The researchers are also able to use DNA technology to determine the gut contents of
fish, thus revealing important clues about what each species eat.

Montana teacher

Aboard the ship was teacher Joe Catron of Billings West High School, bringing the
oceans to land-locked students of Montana through the ARMADA Project, an NSF-
funded program coordinated by the University of Rhode Island's Office of Marine
Programs.

Through the program, Kindergarten to Grade 12 master teachers from across the country
are provided with opportunities to participate in ocean, polar, and environmental research
experiences under the guidance of host researchers. Master teachers develop ways to
bring their research experiences, including scientific data, methodologies and technology,
into their classrooms. They share their experience by mentoring new teachers in their
school district and presenting their results at national education and science meetings.

Census of Marine Life sponsors:

Support for the Census of Marine Life comes from government agencies concerned with
science, environment, and fisheries in a growing list of nations as well as from private
foundations and companies. The Census is associated or affiliated with several
intergovernmental international organizations including the Intergovernmental
Oceanographic Commission of the UN, the Food and Agriculture Organization of the
UN, the UN Environment Programme and its World Conservation Monitoring Centre, the
Global Biodiversity Information Facility, the International Council for the Exploration of
the Seas, and the North Pacific Marine Science Organization. It is also affiliated with
international nongovernmental organizations including the Scientific Committee on
Oceanic Research and the International Association of Biological Oceanography of the
International Council for Science. The Census is led by an independently constituted
international Scientific Steering Committee whose members serve in their individual
capacities and a growing set of national and regional implementation committees.
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Cruise Participants

CMarZ Steering Group Members

Peter Wiebe - Chief Scientist. Sr. Scientist, Woods Hole Oceanographic Inst. (WHOI), USA

Ann Bucklin - Professor and Head, Department of Marine Sciences; Director, Marine Sciences and Technology Center,
Univ. of Connecticut - Avery Point, USA

Russ Hopcroft - Associate Professor, Institute of Marine Science, University of Alaska Fairbanks, USA

Larry Madin - Sr. Scientist, Woods Hole Oceanographic Inst. (WHOI), USA

Francesc Pages - Research Scientist, Institut de Ciincies del Mar (CSIC), Spain

Colomban de Vargas - Researcher 1 - CNRS, Roscoff Marine Station, France

CMarZ Participants

Dicky Allison - Research Assistant, Woods Hole Oceanographic Inst. (WHOI), USA

Martin Angel - National Oceanography Centre, Southampton, UK

Nancy Copley- Research Associate, Woods Hole Oceanographic Inst. (WHOI), USA

Astrid Cornils - Alfred Wegener Institute for Polar and Marine Research (AWI1), Bremerhaven, Germany
Lalithambika Devi - Consultant, National Institute of Oceanography, Kochi, India

Erich Horgan- Research Associate, Woods Hole Oceanographic Inst. (WHOI), USA

Rob Jennings - Univ. of Connecticut - Avery Point, USA

Mikko Kuriyama - Plankton Laboratory,Ocean Research Institute, University of Tokyo, Japan

Chaolun Li - Institute of Oceanology, Chinese Academy of Sciences, Qingdao, China

Dhugal Lindsay - Research Scientist, Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Yokosuka,
JAPAN

Hiroyuki Matsuura - Plankton Laboratory,Ocean Research Institute, University of Tokyo, Japan

Saramma Panampunnayil - Sr. Scientist, National Institute of Oceanography, Kochi, India

Tracey Sutton - Director, Fish and Plankton Ecology Dept., Harbor Branch Oceanographic Institution, USA
Yurika Ujie - University of Geneva, Switzerland

Silvia Watanabe - Museo Argentino de Ciencias Naturales, Buenos Aires, Argentina

Students

Leo Blanco Bercial - Dpto. Biologia de Organismos y Sistemas-Zoologia Universidad de Oviedo, Spain
Barbara Costas - Univ. of Connecticut - Avery Point, USA

Hege @verbg Hansen - Inst. of Marine Research, Norway

Brian Ortman - Univ. of Connecticut - Avery Point, USA

Hui Liu - Institute of Marine and Coastal Science, Rutgers Univ., USA

Paola Batta Lona - Univ. of Connecticut - Avery Point, USA

Ebru Unal - Univ. of Connecticut - Avery Point, USA

ARMADA Teacher: Joe Catron, Billings West High School in Billings, Montana
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