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What follows is an updated version of a letter originally submitted to the PFMC on September 2,
2015 with the addition of 36 signatories, making a total of 137 as of September 14, 2015.

September 14, 2015

Dorothy Lowman, Chair

Pacific Fishery Management Council
1100 NE Ambassador Place, #101
Portland, OR 97220

RE: Scientists statement on habitat protection for waters beyond 3,500 meters (public comment for
agenda item H.8)

Dear Chair Lowman and Council Members,

We the undersigned 137 marine scientists write to request that you include an alternative for closing
federally managed waters deeper than 3,500 meters to bottom trawl fishing gear in your upcoming
habitat amendment to the Groundfish Fishery Management Plan (FMP). We appreciate the previous
steps taken by the Pacific Fishery Management Council (Council) to protect unfished deepwater
areas, including the existing bottom trawl closure of seabed between 1,280 meters and 3,500 meters
water depth.! We also appreciate your past attempt to include waters deeper than 3,500 meters in
this protective closure. > While that previous attempt was ultimately unsuccessful, new information
on the area, a bolstered legal authority for habitat protection, and the current FMP amendment now
provide another opportunity to protect this area.

Our scientific understanding of the area in question is still quite limited and yet we know that it has
the paired attributes of value and vulnerability that justify protection. The deep sea is of critical
importance to the global ecosystem and human society, providing a variety of services that support,
provision and regulate everything from shallower-water productivity to the global climate.®> An
ecosystem-based approach to fisheries management (EBFM), which this Council has increasingly
used in its decision-making, calls for recognizing the intrinsic value and vulnerability of these
pristine deep-sea habitats and protecting them until the potential impacts of any human activity that
might be authorized in the future are fully understood and addressed.

Deep-sea areas and their characteristics:

The deep sea, including the abyssal plain areas now under consideration for protection by the
Council, is crucial to our lives and to the health of global oceans. The deep sea provides a host of
important ecosystem functions and services. It helps reduce the impacts of anthropogenic carbon
release by transporting, oxidizing and storing greenhouse gasses like carbon dioxide and methane.”
It provides important natural resources to humans, from fish stocks to potential new medicine,
mineral or energy resources.” Off the U.S. west coast, the upwelling that makes the California
Current one of the most vibrant and productive marine ecosystems in the world is an example of
deep-sea nutrient regeneration, where the bounty of the deep sea is brought back to the surface to
fuel primary production and thus harvestable fish stocks.® Finally, the living marine habitat of the
deep sea, including the corals found beyond 3,500 meters off California, are a crucial foundation of
this important ecosystem. In fact, scientists refer to cold-water corals found on deep shelf, slope,



and abyssal plain habitats as “ecosystem engineers” because of their role in creating habitats used
by invertebrates and fish.’

The deep-sea floor can generally be divided into two broad zones: continental margins (~ 200
meters to 4,000 meters depth) and abyssal plains (generally dominated by soft sediments and found
from ~ 4,000 meters to 6,000 meters depth).® Within these broad zones there are important regional
habitats that inject additional structural and biological diversity, such as seamounts, canyons,
hydrothermal vents and methane seeps. Combined, deep-sea ecosystems are the largest
environment on Earth, with over 63% of the surface area of the globe found deeper than 200
meters. Marine life is similarly concentrated here: 50% of total marine benthic biomass is found
below 3,000 meters.’

Unprotected seafloor deeper than 3,500 meters makes up ~ 40% of federally managed ocean waters
in the Exclusive Economic Zone (EEZ) of the U.S. West Coast. This area is found off California
south of the undersea feature known as the Mendocino Ridge. The diversity of habitats found in this
region has long been recognized, for example the National Oceanic and Atmospheric
Administration’s Fisheries Service (NOAA Fisheries) describes this area as follows: “features that
occur beyond 3500m include hydrothermal vents, soft-bottom sediments, and hard bottom areas
with biogenic habitats such as deep sea corals.”*® While the presence of these features is
recognized their location and abundance is still largely uncharted. For example, it is estimated that
globally over 100,000 seamounts over one kilometer in height remain uncharted.™

Despite its vast size and importance as an ecosystem, the deep sea remains among the least known
and understood environments on Earth. According to a National Research Council report, some
estimates suggest that as much as 95 percent of the world ocean and 99 percent of the ocean floor
are still unexplored.*? This limited exploration presents fundamental and recognized challenges to
sustainable management of extractive industries in the deep sea. For example NOAA’s Deep-Sea
Coral Research and Technology Program states that “Currently, it is impossible to ascertain the
overall extent of deep coral communities, much less their condition or conservation status in U.S.
waters, because so many of the deeper areas these communities inhabit have been explored
incompletely or have not been explored at all.”** The deep sea off the U.S. West Coast is no
exception. NOAA Fisheries recently described the state of deep-sea habitat surveys in this area:
“seabed habitat mapping has been conducted only over continental shelf and slope and inland seas,
and coverage of those areas is very patchy across the West Coast. The abyssal plain and
continental rise remain largely un-described for seabed type and extent.”**

Despite the limits of our knowledge, we have learned enough to say that the deep-sea floor is a
vibrant ecosystem whose biodiversity rivals that of coral reefs.'> The deep-sea floor features
extensive areas of living marine (biogenic) habitat, three dimensional structures created by
organisms including corals and sponges. Deep-sea corals are fragile, bottom-dwelling animals that
grow at depths greater than 50 meters with certain species capable of living for more than 4,000
years if undisturbed.'® Throughout their extensive lives, deep-sea corals are thought to form
essential fish habitat."” While we do not know the precise distribution of deep-sea corals off
California, we do know they occur in the federally-managed waters deeper than 3,500 meters.*®

While corals are obvious epicenters of biodiversity, much of the total deep-sea diversity is found
living in or on mud. These are areas fueled by a steady but slow diet of falling “marine snow”
(comprised of mucus, fecal matter, and body parts) with periodic and dramatic “feasts” of organic
matter delivered quickly due to a bloom of marine creatures miles above on the surface.*®



Occasionally larger food deposits occur, such as “whale falls” that bring an unexpected bounty of
food to the deep sea and result in a unique community that can persist for a century.?’ Each of these
deposits to the deep sea bring with them carbon from the atmosphere, helping to mitigate global
climate variability. Concurrently, the activity of animals on the seafloor release the nutrients
trapped in this deposited food so they may later fuel the phytoplankton that shallower water
fisheries need to thrive.?

In addition to the supporting and regulating services that the deep-sea delivers, the mystery of the
deep sea provides important cultural and historical services to society. Each new scientific
expedition to the deep ocean floor yields new discoveries ranging from novel species, such as a
carnivorous sponge found off California,? to entirely new habitats, such as new methane seeps
found right offshore of San Diego in 2012.%% In December 2014, deep-sea life made headlines all
over the world when an expedition to the Mariana Trench set a new world record for the deepest
observation of a living fish, an unidentified and possibly new species of snailfish filmed at 8,143
meters (26,872 feet).>* Just this year off California, researchers from NOAA led a team that located
and surveyed the wreck of the World War Two aircraft carrier USS Independence in water half a
mile deep within the Gulf of the Farallones National Marine Sanctuary.®

These areas and the services they provide are not impervious to human impacts.”® Climate change is
expected to pervasively impact the functions of the deep sea in several ways as a result of ocean
acidification, declining oxygen and productivity, and increasing temperature.?” In addition to these
global stressors, the deep sea and its ecosystem services are under increasing demand and pressure
on multiple fronts, including fishing, hydrocarbon extraction, and mining.2 NOAA Fisheries,
discussing the seafloor beyond 3,500 meters off California, stated that “all or most of the deep sea
environments are likely to be highly sensitive to impact, including very low levels of fishing effort
(e.g. a single trawl), and have extended recovery times (over 7 years). Thus, they can be very
sensitive to bottom trawling and would take a long time to recover from this impact.”?®

The aforementioned extensive lifespan of deep-sea corals is clearly irreconcilable with
requirements in U.S. fisheries law to minimize adverse effects to essential fish habitat that are more
than minimal and not temporary, as any fishing impacts cannot be considered temporary on human
time scales.® The impacts of trawling on these communities has also been shown: deep-sea coral
communities that have experienced trawling have a three-fold decrease in the diversity and density
of fauna present.*'Further, impacts such as this that result in biodiversity loss have been found to
result in an exponential decline in the functions that occur in the deep sea.** There is little question
that deep-sea habitats will be exposed to multiple human impacts in the coming decades with
unknown ramifications to the ecosystem services they provide. However physical disturbance from
extractive fishing practices, if it occurs, would likely exacerbate or overshadow these other stressors
by modifying the structure and biodiversity of the deep.

Protecting pristine deep-sea floor is consistent with an ecosystem-based approach:

Almost twenty years ago, in its report to Congress, the Ecosystem Principles Advisory Panel
(EPAP) articulated basic policies for implementing EBFM that included two key recommendations
consistent with a precautionary bottom trawling closure beyond 3,500 meters: (1) proactively
evaluate the effects of potential new fisheries in advance and (2) apply the precautionary
approach.® Additionally, the EPAP further articulates the importance of habitat protection in its
report for both target and non-target species.** More recently, over 200 scientists and policy experts



developed a consensus statement on EBFM that highlighted scientific understanding of marine
ecosystems and articulated the vision of the scientific community when it recommends ecosystem-
based management for the ocean. This 2005 statement includes recommendations that bolster the
case for protecting the abyssal plain areas off California now. In particular, the signatories to this
statement include the following as one of nine key elements of marine ecosystem based
management: “Require evidence that an action will not cause undue harm to ecosystem functioning
before allowing that action to proceed.”* They also articulate what it means to apply a
precautionary approach, stating that “levels of precaution should be proportional to the amount of
information available such that the less that is known about a system, the more precautionary
management decisions should be. "%

Conclusions

In light of the current lack of information on the remote seafloor beyond 3,500 meters, including the
fact that corals and other biogenic habitat are known to exist there but are largely unmapped, it is
clear that a precautionary closure is appropriate. The impacts of fishing there cannot be adequately
estimated or analyzed at this time given current information, except to say that there would almost
certainly be detrimental impacts.

Therefore it is the consensus of the undersigned scientists that protection of this valuable and
vulnerable area is a sensible and scientifically defensible action. It is consistent with the best
scientific information available and with an ecosystem based approach to management. We
recognize and appreciate the past efforts of the Council to implement an ecosystem based approach
and to protect important habitats, and we now encourage you to include alternatives to close waters
beyond 3,500 meters to bottom trawling.

Sincerely,

Andrew Thurber, Ph.D.

Assistant Professor (Senior Research),
College of Earth, Ocean, and
Atmospheric Sciences

Oregon State University

Corvallis, OR

Peter Auster, Ph.D.

Research Professor Emeritus, Department
of Marine Sciences and Northeast
Undersea Research Technology and
Education Center

University of Connecticut at Avery Point
Groton, CT

Matthew Bracken, Ph.D.
Associate Professor, Ecology and
Evolutionary Biology

University of California, Irvine
Irvine, CA

Larry Allen, Ph.D.

Professor, Chair, Department of Biology
California State University Northridge
Northridge, CA

Jack Barth, Ph.D.

Professor and Associate Dean of Research,
College of Earth, Ocean, and Atmospheric
Sciences

Oregon State University

Corvallis, OR

Sandra Brooke, Ph.D

Research Faculty, Coastal and Marine Lab
Florida State University

Tallahassee, FL

Diva Amon, Ph.D.

Post-doctoral researcher, Department
of Oceanography

University of Hawaii at Manoa
Honolulu, HI

Jeff Bowman, Ph.D.

Postdoctoral Fellow, Biology and
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Lamont-Doherty Earth Observatory
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Alex Brylske, Ph.D.

Professor of Marine Science, Marine
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Clifton Buck, Ph.D.
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University of Georgia
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Associate Professor of Biology, Department
of Natural Sciences

Baruch College, City University of New
York

New York, NY

Sarah Hardy, Ph.D.
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Professor, School of Ocean Earth
Science and Technology
University of Hawaii at Manoa
Manoa, Hl

Erik Sperling, Ph.D.
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Assistant Professor, Microbiology,
College of Science

Oregon State University
Corvallis, OR

Wiebke Ziebis, Ph.D.
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International Signatories: Many of the ecosystem services provided by the deep sea extend far
beyond the jurisdictions of one country. While the stakeholders for the extractable resources in this
area are U.S.-based, the stakeholders for the regulating services provided by the deep sea are the
global population. As the alternative proposed here has ramifications far outside of the U.S. EEZ, we
have included signatories from outside of the U.S. to show support for this letter.

Veronica Aguilar Sierra, M.S.
Marine biodiversity analyst,
Direccion General de Analisis y
Prioridades

Comisién Nacional para el
Conocimiento y Uso de la
Biodiversidad

Mexico City, Distrito Federal,
Mexico

Renald Belley, M.Sc.

Ph.D. Candidate, Ocean Sciences
Memorial University

St. John's, NL, Canada

Daniel Brutto, MSc, MBA, BSc
(Hons)

Marine Ecological Surveys Ltd
Bath, Somerset, United Kingdom

Thomas Dahlgren, Ph.D.

Associate Professor, Department of
Marine Sciences

University of Gothenburg
Goteborg, , Sweden

Sylvie Gaudron, Ph.D.
Associated Professor, UMR8187
LOG

Sorbonne Universités, UPMC
Paris, France

Lea-Anne Henry, Ph.D.
Research Fellow, School of Life
Sciences

Heriot-Watt University
Edinburgh, Scotland, United
Kingdom

Nina Keul, Ph.D.

Postdoctoral Research Scientist,
Institute of Geosciences
Christian-Albrechts-Universitat zu
Kiel, SH, Germany

John Luick, Ph.D.
Principal,

Austides Consulting
Australia

Louise Allcock, Ph.D.

Lecturer, Ryan Institute

National University of Ireland Galway
Galway, Co Galway, Ireland

Holly Bik, Ph.D.

Birmingham Fellow, School of
Biosciences

University of Birmingham
Edgbaston, West Midlands, United
Kingdom

Jackson Chu, M.S.

PhD Candidate, Department of
Biology

University of Victoria

Victoria, British Columbia, Canada

Fabio De Leo, Ph.D.

Researcher, staff scientist, User
Engagement - Science Services

Ocean Networks Canada, University of
Victoria

Victoria, British Columbia, Canada

Luciano Gomes Fischer, Ph.D.
Researcher, NUPEM - Ndcleo de
Desenvolvimento Socioambiental de
Macaé

Federal University of Rio de Janeiro
Macaé, Rio de Janeiro, Brasil

Tammy Horton, Ph.D

Research Scientist, Ocean
Biogeochemistry and Ecosystems
National Oceanography Centre
Southampton, Hampshire, United
Kingdom

Marcelo Kitahara, Ph.D.

Assistant Professor, Marine Sciences
S&o Paulo Federal University
Santos, Sdo Paulo, Brazil

Lara Macheriotou, MSc

PhD candidate, Marine Biology
Ghent University

Ghent, East Flanders, Belgium

Oliver Ashford, MA, MSc

D.Phil Student, Department of Zoology
University of Oxford

Oxfordshire, United Kingdom

Alastair Brown, Ph.D.

Research Fellow, Ocean and Earth
Science

University of Southampton
Southampton, Hampshire, United
Kingdom

Mark Costello, Ph.D., BSc

Dr, Institute of Marine Science
University of Auckland
Auckland, New Zealand

Elva Escobar, Ph.D.

Professor, Director, Instituto de
Ciencias del Mar y Limnologia
Universidad Nacional Auténoma de
México

Mexico, D.F., Mexico

Adriana Gracia, M.Sc.

Ph.D. Student, Biology

National University of Colombia
Barranquilla, Atlantico, Colombia

Jeroen Ingels, Ph.D.

Postdoctoral Research Fellow, Marine
Ecology and Biodiversity

Plymouth Marine Laboratory
Plymouth, Devon, United Kingdom

Kerstin Krdger, Ph.D

Marine Monitoring Strategy Manager,
Marine

Joint Nature Conservation Committee
Aberdeen, Scotland, United Kingdom

Ellen Pape, Ph.D.

Postdoctoral Scientist, Marine Biology
Research Group

Ghent University

Gent, Oost-Vlaanderen, Belgium



Abigail Pattenden, Ph.D.

Funding Manager, Materials and
Surface Science Institute
University of Limerick
Ballina/Killaloe, County Tipperary,
Ireland

Eva Ramirez-Llodra, Ph.D.

Senior Researcher, Marine Biology
Norwegian Institute for Water
Research

Oslo, Norway

Christopher Roterman, DPhil
Associate researcher, Department of
Zoology

University of Oxford

Oxfordshire, United Kingdom

Wade Smith, Ph.D.

Postdoctoral Researcher, Institute of
Oceans and Fisheries

University of British Columbia
Vancouver, British Columbia,
Canada

Chris Yesson, PhD

Research Fellow, Institute of
Zoology

Zoological Society of London
Greater London, United Kingdom

Roser Puig, Ph.D.

Researcher, Public International Law
University of Barcelona

Palamos, Spain

Esther Regnier, Ph.D.

Doctor, Economics Institute
Christian-Albrechts University
Kiel, Schleswig-Holstein, Germany

Javier Sellanes, Ph.D.

Associate Professor, Marine Biology
Universidad Catolica del Norte
Coquimbo, Chile

Andrew Sweetman, Ph.D.

Chief Scientist, Marine Environment
International Research Institute of Stavanger
Stavanger, Norway

Additional international signatories as of 9/14/15

Maria Baker, Ph.D.
Postdoctoral Research Fellow,
Deepseas Group

National Oceanography Centre
University of Southampton
Southampton, United Kingdom

Luciano Gomes Fischer, Ph.D.

Post Doc Fellow, Nucleo de
Desenvolvimento Socioambiental de
Macaé

Federal University of Rio de Janeiro
Rio de Janeiro, Brazil

Ronald E. Thresher, Ph.D.
Principal Investigator, CSIRO
Marine & Atmospheric Research
Hobart, Australia

Natalie C. Ban, Ph.D.
Assistant Professor, Environmental Studies
University of Victoria
Victoria, BC, Canada

Daniel Pauly, Ph.D.

Professor and Principle Investigator
See Around Us, Fisheries Centre
The University of British Columbia
Vancouver, BC, Canada

Sofia Ramalho, MSc

PhD student, Departamento de
Biologia

Universidade de Aveiro
Aveiro, Portugal

Murray Roberts, PhD
Professor, Centre for Marine
Biodiversity & Biotechnology
Heriot-Watt University
Edinburgh, Midlothian, United
Kingdom

Arvind Singh, Ph.D.

Dr., Marine Biogeochemistry
GEOMAR Helmholtz Centre for
Ocean Research Kiel

Kiel, Schleswig-Holstein, Germany

Sven Tatje, Ph.D

Associate Professor, National
Oceanography Centre Southampton
University of Southampton
Southampton, United Kingdom

Maria Dornelas, Ph.D.
MASTS Lecturer

Centre for Biological Diversity
Scottish Oceans Institute
University of St Andrews
Scotland, United Kingdom

Morgan S. Pratchett, Ph.D.
Professorial Research Fellow, ARC
Centre of Excellence for Coral Reef
Studies

James Cook University

Townsville, Queensland, Australia



Notes:

! PEMC, Amendment 19 Final EIS, December 2005, page ix
2 Ibid.; see also NOAA Fisheries, Amendment 19 Record of Decision, March 2006, pp. 24-25
* Thurber, A.R., Sweetman, A.K., Narayanaswamy, B.E., Jones, D.O.B., Ingels, J., Hansman, R.L. 2013. Ecosystem
Iunction and services provided by the deep sea. Biogeosciences 11(14), 3941-3963.

Ibid.
° Ibid.
® Ibid.
" L.A. Dodds, Roberts, J.M., Taylor, A.C, Marubini. F. 2007. Metabolic tolerance of the cold-water coral
Lophelia pertusa (Scleractinia) to temperature and dissolved oxygen. Journal of Experimental Marine Biology and
Ecology. 349: 205-214.
8 Gage, J. D., and P. A. Tyler. Deep-sea biology: a natural history of organisms at the deep-sea floor, Cambridge
University Press. 1991
® Wei, C.-L., Rowe, G. T., Escobar-Briones, E., Boetius, A., Soltwedel, T, Caley, M. J., Soliman, Y., Huettmann, F.,
Qu, F.,Yu, Z., Pitcher, C. R., Haedrich, R. L., Wicksten, M. K., Rex, M. A, Baguley, J. G., Sharma, J., Danovaro, R.,
MacDonald, I. R., Nunnally, C. C., Deming, J. W., Montagna, P., Lévesque, M., Weslawski, J. M., Wlodarska-
Kowalczuk, M., Ingole, B. S., Bett, B. J., Billett, D. S. M., Yool, A., Bluhm, B. A., Iken, K., Narayanaswamy, B. E.:
Global patterns and predictions of seafloor biomass using random forests, PLoS ONE, 5, e15323,
doi:10.1371/journal.pone.0015323, 2010.
9 NOAA Fisheries, Amendment 19 Record of Decision, March 2006, p. 25
' \Wessel, P., Sandwell, D. T., Kim, S.-S. 2010. The global seamount census. Oceanography 23: 24.
12 National Research Council, Committee on Exploration of the Seas, Exploration of the Seas: Voyage into the
Unknown ISBN: 0-309-08927-1, 228 pages, 7 x 10, (2003), at p.16
13 Lumsden, S.E., Hourigan, T.F., Bruckner, A.W., Dorr, G. (eds.) 2007. The State of Deep Coral Ecosystems
of the United States. NOAA Technical Memorandum CRCP-3. Silver Spring MD, at p.32
¥ pacific Fishery Management Council, March 2014 Briefing Book, Agenda Item D.2.c Supplemental NW/SWFSC
Report, page 3
> Hessler, R., and H. L Sanders. 1967. Faunal diversity in the deep-sea. Deep Sea Research and Oceanographic
Abstracts. 65-78.
'8 Huseba, A.A., Nattestad, L., Fossaa, J. H., Furevik, D. M., and Jargensen, S. B. 2002. Distribution and abundance of
Esh in deep-sea coral habitats. Hydrobiologia 471: 91-99

Ibid.
18 See Entnoyer and Morgan, Occurrences of Habitat-forming Deep Sea Corals in the Northeast Pacific Ocean: A
Report to NOAA’s Office of Habitat Conservation, 2003, p. 15 (which documents bamboo coral (family Isididae) at
3,880 meters off Southern California). See also Guinotte, J.M. and A.J. Davies (2012), Predicted deep-sea coral habitat
suitability for the U.S. West Coast, Report to NOAA-NMFS. P. 46 (which documents Scleractinian corals at
approximately 4,000 meters in waters near Davidson Seamount)
1 Jargensen, B. B., and A. Boetius. 2007. Feast and famine — microbial life in the deep-sea bed. Nat Rev Micro 5:
770-781.
20 Smith, C. R., and A. R. Baco. 2003. Ecology of whale falls at the deep-sea floor. Oceanography and Marine Biology:
An Annual Review Volume 41: 311-354.
! Thurber, A.R., Sweetman, A.K., Narayanaswamy, B.E., Jones, D.O.B., Ingels, J., Hansman, R.L.. 2013. Ecosystem
function and services provided by the deep sea. Biogeosciences 11(14), 3941-3963.
22 Lee, W. L., Reiswig, H. M., Austin, W. C. and Lundsten, L. (2012), An extraordinary new carnivorous sponge,
Chondrocladia lyra, in the new subgenus Symmetrocladia (Demospongiae, Cladorhizidae), from off of northern
California, USA. Invertebrate Biology. doi: 10.1111/ivb.12001
2 Maloney, J.M., Grupe, B.M. , Pasulka, A.L., Dawson, K.S., Case, D.H., Frieder, C.A., Levin, L.A., and N. W.
Driscoll. 2015. Transpressional segment boundaries in strike-slip fault systems offshore southern California:
Implications for fluid expulsion and cold seep habitats. Geophys. Res. Lett. 42: 2015GL063778
2 Whitman College, Whitman College professor and students discover new species in the deepest trench on earth, press
release, December 19, 2014
> NOAA National Marine Sanctuaries Program, “NOAA, partners, survey ‘amazingly intact' historic WW11-era aircraft
carrier”, press release, April 16, 2015



http://www.westcoast.fisheries.noaa.gov/publications/nepa/groundfish/groundfish_efh_eis/front-pages-chapters-1-and-2.pdf
http://www.westcoast.fisheries.noaa.gov/publications/nepa/groundfish/groundfish_efh_eis/efh_feis_rod_small.pdf
http://www.westcoast.fisheries.noaa.gov/publications/nepa/groundfish/groundfish_efh_eis/efh_feis_rod_small.pdf
http://oceanexplorer.noaa.gov/about/what-we-do/program-review/national-research-council-voyage.pdf
http://oceanexplorer.noaa.gov/about/what-we-do/program-review/national-research-council-voyage.pdf
http://www.coris.noaa.gov/activities/deepcoral_rpt/DeepCoralRpt2007.pdf
http://www.coris.noaa.gov/activities/deepcoral_rpt/DeepCoralRpt2007.pdf
http://www.pcouncil.org/wp-content/uploads/D2c_SUP_NWFSC_AND_SWFSC_MAR2014BB.pdf
http://www.pcouncil.org/wp-content/uploads/D2c_SUP_NWFSC_AND_SWFSC_MAR2014BB.pdf
http://www.pcouncil.org/bb/2004/0304/G2a_Att1_Mar04_BB.pdf
http://www.pcouncil.org/bb/2004/0304/G2a_Att1_Mar04_BB.pdf
http://www.marine-conservation.org/media/filer_public/2013/03/21/guinotte_davies_2012_small.pdf
http://www.marine-conservation.org/media/filer_public/2013/03/21/guinotte_davies_2012_small.pdf
http://onlinelibrary.wiley.com/doi/10.1111/ivb.12001/full#ivb12001-sec-0008
http://onlinelibrary.wiley.com/doi/10.1111/ivb.12001/full#ivb12001-sec-0008
http://onlinelibrary.wiley.com/doi/10.1111/ivb.12001/full#ivb12001-sec-0008
http://www.whitman.edu/newsroom/whitman-college-professor-and-students-discover-new-species-in-the-deepest-trench-on-earth
http://sanctuaries.noaa.gov/news/press/2015/independence-survey.html
http://sanctuaries.noaa.gov/news/press/2015/independence-survey.html

% Ramirez-Llodra, E., P. A. Tyler, M. C. Baker, O. A. Bergstad, M. R. Clark, E. Escobar, L. A. Levin, L. Menot, A. A.
Rowden, C. R. Smith, and C. L. Van Dover. 2011. Man and the Last Great Wilderness: Human Impact on the Deep
Sea. PLoS ONE 6: e22588.
%" Mora, C., Wei, C.-L., Rollo, A., Amaro, T., Baco, A. R., Billett, D., Bopp, L., Chen, Q., Collier, M., Danovaro, R.,
Gooday, A. J., Grupe, B. M., Halloran, P. R., Ingels, J., Jones, D. O. B., Levin, L. A., Nakano, H., Norling, K.,
Ramirez-Llodra, E., Rex, M., Ruhl, H. A., Smith, C. R., Sweetman, A. K., Thurber, A. R., Tjiputra, J. F., Usseglio, P.,
Watling, L., Wu, T., and Yasuhara, M.: Biotic and human vulnerability to projected changes in ocean biogeochemistry
over the 21st century, PLoS Biol., 11, €1001682, doi:10.1371/journal.pbio.1001682, 2013.
%8 Ramirez-Llodra, E., P. A. Tyler, M. C. Baker, O. A. Bergstad, M. R. Clark, E. Escobar, L. A. Levin, L. Menot, A. A.
Rowden, C. R. Smith, and C. L. Van Dover. 2011. Man and the Last Great Wilderness: Human Impact on the Deep
Sea. PLoS ONE 6: e22588.
2% See NOAA Fisheries, Amendment 19 Record of Decision, March 2006, p. 25
%0 Roark, E. B., Guilderson, T. P., Dunbar, R. B., Fallon, S. J., and Mucciarone, D. A. 2009. Extreme longevity in
proteinaceous deep-sea corals. Proceedings of the National Academy of Sciences of the United States of America, 106:
5204-5208.
31 Althaus, F., Williams, A., Schlacher, T.A., Kloser, R. J., Green, M.A., Barker, B.A., Bax, N.J., Brodie, P., Schlacher-
Hoenlinger, M. A. 2009. Impacts of bottom trawling on deep-coral ecosystems of seamounts are long-lasting. Marine
Ecology Progress Series 397:279-294.
32 Danovaro, R., Gambi, C., Dell’Anno, A., Corinaldesi, C., Fraschetti, S., Vanreusel, A., Vincx, M., and A. J. Gooday.
2008. Exponential Decline of Deep-Sea Ecosystem Functioning Linked to Benthic Biodiversity Loss. Current Biology
18:1-8.
% NOAA FISHERIES, “ECOSYSTEM-BASED FISHERY MANAGEMENT: A Report to Congress by the Ecosystem
Principles Advisory Panel”, 1998, p. 1
% Ibid, at p. 3
% McLeod, K.L., Lubchenco, J., Palumbi, S.R., and A.A. Rosenberg. 2005. Scientific Consensus Statement on Marine
Ecosystem-Based Management. Signed by 221 academic scientists and policy experts with relevant expertise and
Eﬁublished by the Communication Partnership for Science and the Sea at http://compassonline.org/?q=EBM.

Ibid



http://www.westcoast.fisheries.noaa.gov/publications/nepa/groundfish/groundfish_efh_eis/efh_feis_rod_small.pdf
http://www.pnas.org/content/early/2009/03/20/0810875106.full.pdf
http://www.pnas.org/content/early/2009/03/20/0810875106.full.pdf
http://www.nmfs.noaa.gov/sfa/EPAPrpt.pdf
http://www.nmfs.noaa.gov/sfa/EPAPrpt.pdf
http://compassonline.org/?q=EBM

